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The discovery of the Local Bubble (LB)
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• Color excess measurements (Fitzgerald 1968)

‣ Sun situated in interstellar dust hole (~ 50 × 100 pc) 

• Sounding rocket flights (Mc Cammon & Sanders 
1990): Mappings of diffuse soft X-ray background

‣ due to energy dependent absorption: plasma must 
be local

• Lyman α absorption from nearby hot star spectra

‣ HI deficient hole (anti-correlation!)

‣ Displacement model (Sanders+ 1977; Snowden+ 
1991): hot plasma (~ 106 K) pushes HI gas away

• Further constraints for the LB dimensions from …

‣ ROSAT “shadowing experiments” (Snowden+ 1998)

‣ NaI absorption lines towards hundreds of stars with 
known parallaxes (Sfeir+ 1999, Lallement+ 2003) ➔ 
R ~ 60–250 pc (in Gal. plane); open towards poles? 
➔ local chimney?; Welsh+ 1999)

L. Puspitarini et al.: Local ISM 3D distribution and soft X-ray background

Fig. 1. Differential color excess in the Galactic plane, derived by inver-
sion of LOS data (map taken from Lallement et al. 2014). The Sun
is at (0,0) and the Galactic center direction is to the right. Cavities (in
red) are potential SXRB sources if they are filled with hot gas. A po-
lar plot of the unabsorbed (foreground) 0.25 keV diffuse background
derived from shadowing (Snowden 1998a) is shown superimposed in
black (thick line), centered on the Sun. The linear scaling of the X-ray
surface brightness, i.e., the ratio between surface brightnesses and par-
secs, is chosen to be consistent with the physical extent of the LB. Also
shown is the shape of the estimated average heliospheric contribution
to the signal (dashed blue line). This contribution has been arbitrarily
scaled to make it more visible and the heliospheric signal should not be
directly compared here with the measured background.

examples of potential studies based on the combination of 3D
maps and diffuse X-ray emission.

We address in particular the two questions previously men-
tioned: (i) we compare the shapes and sizes of the nearby cav-
ities with the soft X-ray data, in a search for properties of the
nearby hot gas; (ii) we search a potential source region for the
NPS emission in the new 3D maps.

In Sect. 2, we present the inversion results in the Galactic
plane, a model of the soft X-ray emission based on this inverted
distribution and its comparison with the ROSAT 0.25 keV emis-
sion. Uncertainties introduced by the correction from the helio-
spheric emission are discussed. In Sect. 3, we search for IS struc-
tures in the 3D distribution that could correspond to X-ray bright
regions and to the NPS source region. We use ROSAT survey
images, Newton X-ray Multi-Mirror Mission (XMM-Newton)
X-ray spectra and the 3D maps and discuss the possible location
and origin of the NPS. We discuss our conclusions in Sect. 4.

2. Local cavities and inferences about nearby hot
gas

The Local Bubble (LB) or Local Cavity is defined as the irregu-
larly shaped, ∼50−150 pc wide volume of very low density gas
surrounding the Sun, mostly filled by gas at ∼1 million Kelvin
(MK). In most directions, it is surrounded by walls of denser
neutral ISM, while in other directions, it is extended and con-
nected through tunnels to nearby cavities (see Fig. 1). Such a
foamy structure is expected to be shaped by the permanent ISM

recycling under the action of stellar winds and supernova (SN)
explosions that inflate hot MK bubbles within dense clouds.
Hydrodynamical models of the multi-phase ISM evolution un-
der the action of stellar winds and supernova remnants (SNRs,
e.g., de Avillez & Breitschwerdt 2009) demonstrate how high
density and temperature contrasts are maintained as shells are
cooling and condense over the following thousand to million
years, giving birth to new stars. Clouds engulfed by expanding
hot gas evaporate. However, depending on their sizes and densi-
ties they may survive up to Myrs in the hot cavities. This is the
case for the LB: as a matter of fact, beside hot gas, cooler clouds
(∼5−10 pc wide) are also present inside the bubble, including
a group of very tenuous clouds within 10−20 parsecs from the
Sun, the Local Fluff.

Hot gas (T ∼ 106 K) emits soft X-rays and produces a back-
ground that has been well observed during the ROSAT survey
(Snowden et al. 1995, 1997). The 106 K gas is primarily traced in
the 0.25 keV band, while hotter areas appear as distinct enhance-
ments in the 0.75 keV maps, whose sources are supernova rem-
nants, young stellar bubbles or super-bubbles (Snowden et al.
1998). In the softer bands a fraction of the X-ray emission is
generated in the Galactic halo, and there is also an extragalactic
contribution.

With the assumption that the Local Bubble and other nearby
cavities in the ISM are filled with hot gas, then in principle
knowledge of the 3D geometry of the ISM may be used to syn-
thesize SXRB intensity distributions (maps), as well as spectral
information to compare with observations. This can be done by
computing the X-ray emission from all empty (low density) re-
gions, and absorption by any matter between the emitting re-
gion and the Sun. Provided maps and data are precise enough,
it should be possible to derive the pressure of the hot gas as a
function of direction and partly of distance. This is what we illus-
trate here, in a simplified manner, using only the X-ray surface
brightness. This work will be updated and improved as higher-
resolution 3D maps become available.

Figure 1 shows the large-scale structure of the local ISM as
it comes from the inversion of stellar light reddening measure-
ments. About 23 000 color excess measurements based on the
Strömgren, Geneva and Geneva-Copenhagen photometric sys-
tems have been assembled for target stars located at distances
distributed from 5 to 2000 pc. The photometric catalogs, the
merging of data and the application to this dataset of the robust
inversion method devised by Tarantola & Valette (1982) and de-
veloped by Vergely et al. (2001) and Vergely et al. (2010) are
described by Lallement et al. (2014). This inversion has pro-
duced a 3D distribution of IS clouds in a more extended part
of the solar neighborhood compared to previous inversion maps.
E.g., clouds in the third quadrant are mapped as far as 1.2 kpc.
On the other hand, this dataset is still limited and precludes the
production of high resolution maps. The correlation length in the
inversion is assumed to be of the order of 15 pc, in other words
all structures are assumed to be at least 15 pc wide. As a con-
sequence of this smoothing and of the very conservative choice
of inversion parameters (made in order to avoid artefacts), the
maps do not succeed in revealing the detailed structure of the
local fluff in the Solar vicinity, whose reddening is very low due
to both a small gas density and a small dust to gas ratio.

Along with the mapping of the dust clouds, quite paradox-
ically those datasets are especially appropriate to reveal voids
(i.e., cavities), essentially due to a bias that favors weakly red-
dened stars in the database. The maps indeed show very well the
contours of the LB, seen as a void around the Sun, and a num-
ber of nearby empty regions (Lallement et al. 2014). Among the
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Credit: Lallement+ 2014
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• LB is result of local SN explosions (e.g., Cox & Smith 2001)

• “Smoking gun” problem: no young cluster near solar system

• Search for moving group (Berghöfer & Breitschwerdt 2002) ➔ 
Pleiades subgroup B1

• Fuchs+ (2004) analysed volume complete sample (D ~ 400 pc) 
using HIPPARCOS and ARIVEL (x-p) phase space data 

• Selection criterion: compact in real & vel. space ➔ 79 B stars

• Cluster age: compare to isochrones in CMD ➔ τc ~ 20–30 Myr

• COM-trajectory derived from epicyclic eqs.

• Stars entered LB at Δτ ~ 10–15 Myr ago

• Most probable trajectories: using Gaussian error distr.

• MS lifetime of SN progenitors: τ = 1.6 × 108 (M/M⊙)−0.932 yr        
(for 2 ≤ M/M⊙ ≤ 67)

• Number of past SNe: IMF (1 star per bin!) for young massive 
stars (Massey+ 1995) ➔ 14–20 SNe exploding inside LB

• Explosion times: texp = τ − τc (Assume: coeval star formation)

• Combining most probable trajectories & explosion times ➔ 
most probable explosion sites

The origin of the Local Bubble

Credit: Fuchs+ (2006)
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The origin of the Local Bubble

272 D. Breitschwerdt et al.

Fig. 4 Top: Colour-coded
temperature map in the range
10 ≤ T ≤ 107 K for a slice
through the data cube
(representing the Galactic
midplane) of a 3D LB
high-resolution simulation
representing the present time (i.e.
14.5 Myr after the first explosion)
with the LB centred at (175,
400) pc and Loop I shifted
200 pc to the right. Bottom:
Same, showing the “future” of
the LB and Loop I at
t = 29.7 Myr. Note that part of
the LB has merged with the ISM,
part has been engulfed by Loop I
(for details, see Breitschwerdt
and de Avillez 2006)

cooler (OVI absorbing) and hotter (X-ray emitting) gas co-exist. This is a direct result of
the turbulent and inhomogeneous density and temperature structure in realistically evolved
superbubbles. Turbulent mixing generates gas in the whole thermally unstable regime be-
tween 105–106 K. While the amount of OVI in the LB has been measured fairly accurately
(see Sect. 3), the source of the soft X-ray emission is more elusive. First of all, it is more dif-
ficult to localize, as there are most likely no dense clouds inside the LB, which can be used
for shadowing experiments, thus allowing us to separate back- and foreground emission.
Secondly, an as yet uncertain amount of soft X-rays will be produced locally by solar wind

• Early LB evolution: smooth and spherical; developing internal structure

• After 14.5 Myr: LB size and ion column density ratios nicely reproduced 
(Breitschwerdt & Avillez 2006 [BA06]; Avillez & Breitschwerdt 2009, 2012)

• Additional constraints from searches of the traces of the involved SN on 
Earth!

• Scenario further tested by means of mesoscale 3D hydrodynamical 
simulations

• Follow LB evolution within self-consistently evolved ISM that 
features …

‣ Galactic fountain flow 

‣ structures on all scales in density and temperature distribution

‣ shear flow generates high level of turbulence ➔ coupling of scales

‣ cloud formation by shock compressed layers ➔ transient features 
➔ generation of new stars

• Initial conditions taken from observations

• Dynamical equilibrium after ~200 Myr

Credit: de Avillez & Breitschwerdt (2010) Credit: Breitschwerdt+ (2009)
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Promising tracer: radionuclide 60Fe (e.g., Ellis+ 1996)

• Produced during late shell-burning phase in massive 
stars; predominantly released by core-collapse (incl. 
electron-capture) SNe (Timmes+ 1995; Wanajo+ 2013) 

• Half-life (t1/2 = 2.6 Myr) long enough to allow for ISM 
travelling from nearby sources and short enough that 
60Fe from early solar system epoch has decayed away

• Indirect detection: 𝛽− decay via 60Co and 𝛾-ray 
emission at 1173 and 1333 keV (Wang+ 2007) 

• Direct detection: Galactic cosmic rays ➔ 60Fe 
sources must have been within the distance high-
energy particles can travel for the duration of t1/2        
(≲ 1 kpc; Binns+ 2016)

Relics of the ‘blast from the past’
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A Crust from the Pacific Ocean

Crust description
Fe-Mn Crust
Depth: 4380 m
Growth rate:
2.37 mm/Myr

Target Isotope: 60Fe
t1/2 = 2.6 Myr
No in-situ production
on Earth

Procedure:
Cutting pieces of
2 mm
Time information:
400000 yr in 1 mm
Measurement with
Accelerator Mass
Spectrometry

Jenny Feige, DPG 2014 Detecting SN Dust on the Earth’s Sea Floor with AMS 4 / 12

A Crust from the Pacific Ocean

Crust description
Fe-Mn Crust
Depth: 4380 m
Growth rate:
2.37 mm/Myr

Target Isotope: 60Fe
t1/2 = 2.6 Myr
No in-situ production
on Earth

Procedure:
Cutting pieces of
2 mm
Time information:
400000 yr in 1 mm
Measurement with
Accelerator Mass
Spectrometry

Jenny Feige, DPG 2014 Detecting SN Dust on the Earth’s Sea Floor with AMS 4 / 12

A Crust from the Pacific Ocean

Crust description
Fe-Mn Crust
Depth: 4380 m
Growth rate:
2.37 mm/Myr

Target Isotope: 60Fe
t1/2 = 2.6 Myr
No in-situ production
on Earth

Procedure:
Cutting pieces of
2 mm
Time information:
400000 yr in 1 mm
Measurement with
Accelerator Mass
Spectrometry

Jenny Feige, DPG 2014 Detecting SN Dust on the Earth’s Sea Floor with AMS 4 / 12

Supernovae and the Local BubbleM. M. Schulreich 6

Im
age credits: http://w

w
w.oceanexplorer.noaa.gov (top right photo), G

oogle M
aps (bottom

 m
ap), D

. Q
uadfasel (all other photos)

Relics of the ‘blast from the past’

Ferromanganese (FeMn) crusts 

• ~20% Mn and ~15% Fe

• Found on sea-mountains and -plateaus, deep-
sea volcanoes and the mid-ocean ridges

• Get elemental composition from ambient water

• Low growth rate (< 10 mm/Myr)

Specific crust 237KD

• Among the biggest FeMn crusts ever 
recovered in North Equatorial Pacific

• Time axes corresponding to thickness of layer

• Time information: 400,000 yr in 1 mm

• Measurement with Accelerator Mass 
Spectrometry
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Relics of the ‘blast from the past’
Analytical study (Feige 2010; Breitschwerdt+ 2016):

• SNR expansion into previous remnant (𝜌 ~ R9/2) ➔ 
low Mach-number shocks due to hot interior

• Outer SB shell expansion due to Weaver+ (1977) 
• 60Fe content (yield taken from stellar evolution) 

entrained and deposited by SN blast waves

Detailed transport modelling in turbulent medium 
requires 
• performing 3D high-res. numerical simulations 
• treating 60Fe as passive scalars
• using self-consistently evolved turbulent ISM as a 

typical background medium (like [BA06])

237KD shows enhanced concentration of 60Fe at a depth 
corresponding to 2–3 Myr ago (Knie+2004; Fitoussi+ 2008)
Can 60Fe anomaly be explained as a consequence of 
the formation of the LB? 

New 10Be Dating of the Crust

The peak shifts from 2.8 - 2.2 Myr
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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
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• Good agreement with crust measurements 
• Results show that LB SNe can be responsible for 

60Fe deposition



Mesoscale ISM simulations using publicly available AMR 
(magneto-)hydrodynamics and N-body code RAMSES (Teyssier 2002) 

• Star formation (IMF; collisionless particles represent massive stars) at 
Gal. rate

• Feedback from stellar winds and SNe

• Solar wind bubble (heliosphere)

• Self-gravity of the gas & Galactic gravitational potential

• Heating & CIE cooling for gas with solar metallicity (using CLOUDY code)

Numerical simulations

M. M. Schulreich 8Supernovae and the Local Bubble

 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



Modeling the Loop I superbubble

Credit: DLR
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• Further “boundary condition” …

• ROSAT PSPC observations 
(Egger & Aschenbach 1995): soft 
X-rays are absorbed by nearby 
neutral shell

• Possibly result of interaction 
between LB and its neighbouring 
SB Loop I (Breitschwerdt+ 2000)

• Applied previous methodology 
on Loop I clusters Tr 10 and the 
Vel OB2 association to pin down 
generating SNe (19)

Credit: Breitschwerdt+ 
(2000)

LIC

Local  Bubble

Loop I  superbubble

Sco-Cen
association

galactic plane

170 pc

ring

ring

shell

shell

wall

HI clouds

Sun

Credit: Egger & Aschenbach (1995)



1. Max. grid refinement around Sun ➔ 
accurate 60Fe flux in every time step

2. Fluxes are given at cell centres ➔ 
average over eight innermost grid 
cells

3. Compute time-integrated flux 
(‘fluence’):

4. Surface density of atoms deposited on 
Earth at time t before present:

‣ Assume isotropic fall-out (cf. Fry+ 
2016) 

‣ 60Fe survival fraction, fU, only 
poorly known; dust factor f ≃ 0.01 
(Fry+ 2015); uptake factor U ≃ 0.5–1 
(Bishop & Egil 2011; Feige + 2012) 
➔ take either fU = 0.06 (cf. Knie+ 
2004) or 0.05 (lower limit)

5. Obtain 60Fe number density for each 
crust layer by summing Σ(t) over time 
intervals divided by thickness of layer

6. Relate n60Fe to the density of stable 
iron (i.e. 60Fe/Fe), given by

Calculating the amount of SN-released 60Fe that arrives on Earth

nFe = xFe⇢crustNA
AFe

= 2.47 ⇥ 1021 cm�3

M. M. Schulreich 10

F = (⇢|u|Z )VA
Amu

�t

Supernovae and the Local Bubble



Chemical mixing simulations with homogeneous background medium
Evolution of the gas column density distribution (cuts through z = 0 and y = 0)

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

Model B (~ WNM)
n = 0.3 cm-3 
T = 6800 K 
Z/Z⊙ = 1
Δx = 0.7 pc
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Model B

Model A

• LB and Loop I form almost coevally

• At first: independent evolution, 
formation of cold, dense clumps due 
to instabilities 

• Later on: shells collide after 3.0 
(model A) and 4.6 Myr (model B) ➔ 
RT unstable interaction layer 

• Shells break-up after 6.5 Myr (model 
A) or never (model B)

• ‘Present’ LB extension: (x,y,z) = 
(800,600,760) pc in model A; 
(580,480,540) pc in model B

• Hydrogen density and temperature in 
‘present’ LB cavity: 10−4.2–10−3.9 cm−3, 
106.9–107.1 K in model A;            
10−4.2–10−3 cm−3, 105.8–107 K in 
model B

• Agreement between computed and 
observed extension of bubbles poor 
➔ ambient medium not known

• Exact extensions not crucial for 60Fe 
transport modelling as long as the 
solar system resides within the LB; 
exception: supershell arrival

Chemical mixing simulations with homogeneous background medium
Volume rendering of the present-day density distribution
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• Inhomogeneities arising from recent SNe are 
smoothed out over time 

• Injection of turbulence by SNRs running into supershell 
➔ generating asymmetric reflected shocks

• Time scale of mixing: 𝜏m ≲ ℓ/a = (100 pc)/(100 km s-1) = 
1 Myr

• 60Fe fairly homogenised since last LB SN occurred 
about 1.5 Myr ago

Chemical mixing simulations with homogeneous background medium
Evolution of the 60Fe mass density distribution (cuts through z = 0 and y = 0)

Model A (~ WIM)
n = 0.1 cm-3

T = 104 K
Z/Z⊙ = 1
Δx = 0.7 pc

Model B (~ WNM)
n = 0.3 cm-3

T = 6800 K
Z/Z⊙ = 1
Δx = 0.7 pc
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Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model A: Entropy maps and modeled 60Fe/Fe content in the FeMn crust

• Three different types of signals:
1. High and sharp sawtooth waves ➔ Sedov-Taylor-phase 

SNRs (exposure time: Δt ≃ 70–130 kyr ~ shell thickness)

2. Weaker, more extended signals trailing sawtooth waves 
➔ blast wave reflected from supershell (SN ‘echoes’)

3. Broad signal at the beginning of the profile (Δt ≳ 300 kyr) 
➔ LB supershell arrival

• All pulses entrain fractions of previously released 60Fe 

• 60Fe should arrive on Earth as dust:

‣ ‘Filtering’ due to partial condensation, loss during SNR 
expansion, collision between SNR and solar wind bubble

‣ Remaining f ≃ 1% with grain sizes ≲ 0.2 µm (Fry+ 2015) 
travel almost ballistically through solar system

‣ Combined with recent uptake factor, U = 0.5–1 (Bishop & 
Egli 2011; Feige+ 2012) ➔ lower limit of survival fraction: 
fU ≃ 0.005

Maximum at t = 2.2 Myr 
due to SNe #14 & 15 + 

reflected shocks
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Results — Chemical mixing simulations with homogeneous background medium
Model B: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model B: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model B: Entropy maps and 60Fe fluence variation
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Results — Chemical mixing simulations with homogeneous background medium
Model B: Entropy maps and modeled 60Fe/Fe content in the FeMn crust

Maximum at t = 2.2 Myr 
due to LB supershell 

incorporating SNe #01-15
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Results — Evolution of the Local Interstellar Medium
Atomic hydrogen number density and gas column density distribution (cuts through z = 0 and y = 0; 180 Myr evol. time)
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Results — Chemical mixing simulations with inhomogeneous background medium
Model C: Evolution of the atomic hydrogen number density distribution (cuts through z = 0 and y = 0)

• Launch LB SNe in “suitable” environment
• search for extended region that remains sufficiently 

thin (n ≳ 0.3 cm-3) at least for a few Myr

• dense gas with enough mass and small flow gradients 
for cluster star formation

• Internal structures after ~8 Myr due to influence of 
ambient density/pressure gradients

• ‘Present’ LB extension: (x,y) = (280,260) pc, |z| ≳ 500 
pc (northern half resembles chimney) 

• Hydrogen density and temperature in ‘present’ LB 
cavity: 10−4.1-10−2.2 cm−3, 104.5-106.5 K



Results — Chemical mixing simulations with inhomogeneous background medium
Model C: Evolution of the 60Fe mass density distribution (cuts through z = 0 and y = 0)
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No interstellar 60Fe background ➔ model gives lower limit of 60Fe content in the local ISM!



Chemical mixing simulations with inhomogeneous background medium
Model C: Comparison between models and crust measurements 
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• Artificial signal broadening due to 4x lower resolution

• Model C is a hybrid of model A and B:

‣ Fewer pulses due to individual SNe than in model 
A, but more than in model B

‣ Mean density ambient LB medium in between 
model A and B  [i.e., (n)VA ≃ 0.2 cm-3]

‣ Supershell arrives later in A than in B ➔ self-
gravity unimportant in LB evolution

LB supershell

SN #14

#15

#16

Maximum at t = 2.2 Myr 
due to SNe #14 & 15 + 

reflected shocks (?)
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Comparison of numerical and analytical solutions

(B)
(C)



• Analytical and numerical computations show that SNe 
creating the LB can also reproduce 60Fe in the crust

• Cluster age derived from stellar isochrones

• Explosion times derived from stellar masses

• Masses derived from IMF using most probable binning

• Cluster trajectory derived from epicyclic eqs. using phase 
space (x-p)-coordinates from Hipparcos & ARIVEL data

• Explosion sites derived from most probable paths of the 
perished moving group members 

• 60Fe yields from stellar evolution calculations 

• Mixing with ISM followed via passive scalars

• Joint evolution of the Local & Loop I SB studied numerically 
for 3 models: two homogeneous and one inhomogeneous 

• Models reproduce both the timing and the intensity of the 
60Fe excess observed with rather high precision 

• Two deposition scenarios:

- individual fast-paced SNRs, whose blast waves can 
become reflected from the LB’s outer shell,

- the LB supershell itself injecting 60Fe of all previous SNe 
over a longer time range

• LB properties observed are best matched by the model with 
inhomogeneous background medium

Summary

60Fe mass density of model B @ t = 2.2 Myr ago

(B)
(C)
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Latest developments

Credit: Nature Education
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60Fe anomaly is global, extended in time 
(Wallner+2016; Ludwig+ 2016), and 
even exists on the Moon (Fimiani+ 
2016).

Pacific 
FeMn Crust
(Knie+ 2004)

North Atlantic
Sediment

(Fitoussi+ 2008)

South Atlantic
FeMn Nodules
(Wallner+ 2016)

Indian Ocean
Sediments

(Wallner+ 2016)

Pacific
FeMn Crust

(Wallner+ 2016)

Magnetotactic bacteria



Further reading and other media

Ancient exploding stars hurled 

radioactive debris at Earth — 

and it’s still here

Washington Post

Proof that ancient supernovae 

zapped Earth sparks hunt for 

after effects
phys.org

Supernova Fallout Hit 
Earth When Human 

Ancestors Were Alive

Air & Space

How Our Oceans Helped Reveal The Closest And Most Recent Exploding Stars To Earth
Buzzfeed

Radioactive material in ocean crusts likely came from nearby star explosions
The Verge

Attack of the stars: Radioactive debris from ancient 

supernova battered Earth millions of years ago

International Business Times (UK)

Exploding stars left recent, 

radioactive mark on Earth

BBC News

Exploding Stars Spat 
Radioactive Debris All 

Over Earth

National Geographic

Finding the Earth-bound evidence for supernovae in the galactic neighbourhood
physicsworld.com
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Further reading and other media
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German quiz show “Wer weiß denn sowas?” (July 2016)

Supernovae and the Local Bubble
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