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2. Observations from 1960 till 1975

In 1960 the decay product of extinct 129I and an unusual abundance pattern for the other,
non-radiogenic xenon isotopes were found in meteorites [7,8]. Noting that 129I exceeded that
expected if the solar system formed from an interstellar cloud, Fowler et al. [9] suggested that
D, Li, Be, B and extinct 129I and 107Pd might have been produced locally, here in the early
Solar System.

Evidence of extinct 244Pu, a nuclide that could only be made by rapid neutron-capture in
a supernova, was reported in meteorites in 1965 [10]. Subsequently it was found that strange
xenon (See Xe-2 in Fig. 1) preserved a record of this rapid neutron-capture at the birth of the
Solar System [11], i.e., xenon isotopes made by different nuclear reactions were not evenly
mixed in the precursor material that formed meteorites. If the SSM obtains, isotopes would
have been uniformly mixed.

Figure 1. Normal Xe-1 and strange Xe-2

Fig. 1 shows the two major types of xenon identi�ed in meteorites in 1972: Normal
xenon (Xe-1) and strange xenon (Xe-2), enriched in the lightest and heaviest xenon isotopes,
124Xe and 136Xe, at the upper right corner [11]. Xe-1 includes the fractionated forms. These lie
along the dashed line in the lower left corner. Similar mass-fractionations have been observed
in the isotopes of other elements. In 1975, an even more serious violation of the SSM was
observed: All primordial helium in meteorites was initially associated with strange Xe-2.

3. Results for 1975 to date

In 1975, studies showed that primordial helium accompanied only Xe-2, not Xe-1, at the birth
of the Solar System [12,13]. Fig 2 shows this for mineral separates of the Allende meteorite
[13]. This link of primordial 4He with Xe-2 is inconsistent with assumptions of the SSM.

The link of primordial helium with Xe-2 at the birth of the Solar System [12-16] sug-
gested an even more drastic form of local element synthesis than that imagined earlier [9]:
The Solar System may have formed directly from debris of a single, local supernova (SN).
The Sun formed on the collapsed SN core. The inner planets formed in the central, iron-rich
region surrounding the SN core where Xe-1 was dominant. The giant Jovian planets formed
primarily from elements in the outer SN layers where Xe-2 was dominant [12,14]. This sce-
nario is depicted in Fig. 3.
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Figure 2. Primordial helium and xenon isotopes in the Allende meteorite

The sequence of events shown in Fig. 3 raised several questions.

� Is nucleosynthesis the only viable explanation for Xe-2?
� Do other heavy elements trapped with Xe-2 display strange isotope ratios?
� Do the links of Xe-2 with helium and Xe-1 with iron extend across planetary distances?
� Does the Sun’s interior contain Xe-1 and abundant iron, with little helium or hydrogen?
� Do meteorites retain a record of mass fraction in the star that produced our elements?
� Does age dating indicate a supernova at the birth of the Solar System?
� Did fusion deplete light elements from the inner part of the Solar System?
� Are luminosity and solar neutrinos compatible with the scenario shown in Fig. 3?

Figure 3. Formation of the Solar System from a supernova [12,14-16]

These questions have all been answered af�rmatively by measurements since 1975.
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3.1. The origin of Xe-2

Proponents of the SSM attempted to explain Xe-2 as a �ssion product of superheavy elements
until 1983 [17]. Then interstellar grains from a supernova were adopted to explain Xe-2
and strange isotope ratios of other elements associated with it [18]. There is no longer any
doubt that Xe-2 is nucleogenetic [18]. However, interstellar grains do not explain the link
of Xe-2 with primordial helium. Further, this proposal is plagued by the lack of evidence of
interstellar grains that are older than their host meteorites or were irradiated with cosmic rays
before being embedded in them.

3.2. Xe-2 linked with other strange elements and helium; Xe-1 linked with iron and sulfur

Fig. 4 shows the strange tellurium isotope ratios found with Xe-2 in the Allende meteorite
[19]. Other tellurium analyses [20-22] con�rmed strange isotope ratios of tellurium trapped
with Xe-2.

Figure 4. Strange tellurium with Xe-2 in the Allende meteorite [19]

Fig. 5 shows evidence the Galileo probe found of Xe-2 on entering Jupiter’s He-rich
atmosphere in 1996 [23-25]. This con�rmed the link of Xe-2 with primordial helium across
planetary distances. In Fig. 5, 77Ct is hydrocarbon counts at 77 amu. Counts at 134 and
136 amu are mostly xenon with a trace of hydrocarbon contamination. This contamination
increased as the probe descended into Jupiter’s atmosphere (left to right). Measurements
ceased when the Galileo probe was crushed by high atmospheric pressure. Xenon in the solar
wind, in Xe-1, and in Xe-2 are shown at (136Xe/134Xe) = 0.80, 0.84, and 1.04, respectively. In
violation of the SSM, Jupiter itself contains strange Xe-2 with,
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(1)

Other measurements con�rmed that Xe-1 is linked with iron, not only in troilite (FeS)
grains of stone and iron meteorites, but also in the planets rich in Fe and S, Earth and Mars
[26-30].
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Figure 5. Strange Xe-2 in Jupiter’s helium-rich atmosphere

3.3. Xe-1 and iron in the Sun

The solar wind contains Xe-1, as predicted, but its light (l) isotopes are enriched relative to
the heavy (h) ones by about 3.5 percent /amu [31]. As shown in Fig. 6, light isotopes of He,
Ne, Ar, Kr and Xe in the solar wind all follow a common mass-dependent fractionation power
law, where the fractionation factor, f, is

� � ��� ����� 4.56 (2)

Figure 6. Excess light isotopes in solar wind

Energetic particles from the Sun may also contain Xe-1 but heavy isotopes are more
abundant there, as if flares by-pass 3.4 stages of mass fractionation [32]. This is shown
in Table 1. The Wind spacecraft recently observed large systematic enrichments of heavy
elements [33] in material ejected from the Sun’s interior by an impulsive solar flare.
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Table 1. He, Ne, Mg, Ar in solar wind and �ares

Isotopic Ratios Solar Wind Solar Flares SW/SF Expected**
3He/4He 0.00041 0.00026 1.58 1.63
20Ne/22Ne 13.6 11.6 1.17 1.18
24Mg/26Mg 7.0 6.0 1.17 1.15
36Ar/38Ar 5.3 4.8 1.10 1.10

Application of Eq (2) to the photosphere further con�rmed the Sun’s predicted
composition: Iron (Fe), nickel (Ni), oxygen (O), silicon (Si), sulfur (S), magnesium (Mg),
and calcium (Ca) are the Sun’s most abundant elements [31]. These even-numbered elements
are made deep inside supernovae. They are the same seven elements Harkins found in 1917
to comprise 99 percent of ordinary meteorites [1].

The probability is very low (P � 2 x 10-33) that Eq. (2) by chance selects from the solar
atmosphere seven trace elements that a) all have even atomic numbers, b) are made deep in
supernovae, and c) are the same elements that comprise 99 percent of ordinary meteorites [1].

Many measurements [34-38] found evidence of severe mass fractionation in lunar and
meteorite samples long before this was recognized as a stellar process [31]. For example,
the abundance pattern of trace elements in the Sun’s photosphere is like that in carbonaceous
chondrites that formed far from the Sun [38]. Fractionation plus spallation explains all the
alphabetical types of neon reported in meteorites, Ne-A,-B,-C,-D,-E etc. [37]. The dashed
fractionation line on the lower left of Fig. 1 and the diagonal line between Xe-1 (lower left)
and Xe-2 (upper right) of Fig. 1 forecast [11] the subsequent �nding of FUN (Fractionation
and Unknown Nuclear) isotopic anomalies [39].

3.4. The supernova at the birth of the Solar System

Figure 7. A supernova produced 244Pu about 5 Gy ago and meteorites started to retain its
gaseous fission product,136Xe, about 0.1 Gy later [40,41].
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Agedatingcon�rmedasupernovaexplosionnearthebirth of thesolarsystem.244Pu(t �����

= 82 My) is only madeby the supernova r-process.It wastrappedin meteoriteswith other
actinideelementslike uraniumand thorium. Kurodaand Myers [40,41] combined244Pu-
136Xe andU,Th-Pbdatingto show that thesupernovaexplosionoccurredabout5 Gy ago,as
illustratedin Fig. 7.

Otherlaboratoriesfoundevidenceof a supernova in isotopicanomaliesandshort-lived
nuclides(t � � � = 0.1-100My) of meteorites.Isotopesof krypton, tellurium andxenonmade
in the supernova by the r-processunderwentchemicalseparationwithin 10,000secondsof
theexplosion[21,42],beforeprecursornuclei like 83Br, 125Sband131I decayedaway. Silicon
carbidegrainsthatstartedto form earlyin thesupernovadebrisgrew largerandtrappedhigher
levels of 26Al (t �

�

� = 0.74 My). Fallout particlesfrom nuclearweaponsalso showed this
relationshipbetweenformationtime,grainsizeandlevel of trappedreadioactivity [43].

Thereis no proof thatfusiondepletedlight elementsfrom theregion wheretheSunand
theiron-richplanetsformed.However, light elementscouldnot exist in stellarregionswhere
fusion producedelementslike iron. As shown in Fig. 2, Xe-1 wasinitially in a primordial
noblegascomponentcontaininglittle helium [12,14-16]. Xe-1 waslinkedwith iron across
planetarydistances[26-31]. Thus,fusionis aviableexplanationfor thepaucityof heliumand
otherlight elementsin theinnersolarsystemwhereXe-1andiron aredominant.

3.5.Thesourceof luminosityandneutrinosin an iron-rich Sun

Figure8. Thecradleof thenuclides

Systematicpropertiesof the2,850nuclidesshown in Fig. 8 revealaninherentinstability
in assemblagesof neutronsrelative to neutronemissionthat may explain luminosity and
neutrinosfrom an iron Sun [44]. Neutronsemittedby the collapsedSN coreat the Sun's
center(SeeFig. 3) mayinitiateachainof reactionsthatgenerateluminosity, neutrinos,anda
solarwind outpouringof 3 x 1043 H+ peryear[44-46]:

(i) Escapeof neutronsfrom thecollapsedsolarcore:
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(ii) Neutrondecayor captureby othernuclides:
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