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Cosmogenic noble gases in silicate inclusions of iron meteorites:
Effects of bulk composition on elemental production rates.
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Abstract

The influence of bulk chemical composition on elemental production rates of neon has been
studied experimentally by investigating mineral samples separated from the iron meteorites Four
Corners, Landes, Linwood and Zagora. The neon in these samples is purely cosmogenic and its
isotopic composition indicates an enhanced production of 2Ne. This is due to the production of
additional secondary neutrons caused by a larger multiplicity in meteorites of high-Z bulk chemistry.

Introduction

Meteoroids as meter-sized bodies are irradiated in
space by high-energy cosmic-ray particles that penetrate
these bodies and interact with its matter. Bauer (1947)
and Huntley (1948) independently proposed that mea-
surable amounts of He should be produced in iron mete-
orites. Paneth et al. (1952) showed that this was indeed
true and that cosmic-ray produced *He/*He ratio is in
the range 0.2 to 0.3 and were thus very different from
atmospheric He. Soon thereafter, also cosmogenic Ne and
Ar isotopes were discovered (Reasbeck & Mayne 1955;
Gentner & Zahringer 1957). Since than, cosmic-ray pro-
duced (“cosmogenic”) stable or radioactive reaction
products have been studied in great detail to investigate
the irradiation history of extraterrestrial matter or the
nature of cosmic rays in the past (see e.g. Anders 1962;
Lal 1972; Reedy et al. 1983; Vogt et al. 1990).

The production rate of cosmogenic nuclides is depen-
dent on the chemical composition of the target material,
the properties of the incident particle irradiation, and the
shielding conditions (pre-atmospheric size of the meteor-
oid and sample’s location within the meteoroid). The ef-
fects of shielding are mainly caused by the fact that in
nuclear reactions initiated by primary cosmic rays sec-
ondary particles are also produced. These secondary par-
ticles, mostly neutrons of smaller energy, cause further
nuclear reactions. Elemental or isotopic nuclide ratios
produced by these low-energy particles are different
from those of the primary high-energy irradiation. Thus,
the shielding of a sample is characterized by elemental or
isotopic ratios of specific cosmogenic nuclides produced
in different percentages by primary and secondary par-
ticles. For example, for shielding corrections of produc-
tion rates of stony meteorites, cosmogenic ?Ne/*Ne is
commonly used (e.g. Eugster 1988), or for iron meteor-
ites, the “He/*®Ar ratio (e.g. Voshage & Feldmann 1978) is
a measure for shielding.

The production rates of cosmogenic nuclides depend
twofold on the bulk chemical composition of the meteor-
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ite. First, the production of a particular nuclide is given
by the concentration-weighted sum of the individual el-
emental production rates from each target element in the
meteorite and, secondly, the elemental production rates
themselves depend on it since spectra and intensities of
secondary particles inside the meteoroid are influenced
by the mean mass number and the mean atomic number
of the bulk meteorite. In particular, the multiplicity for
the production of secondary neutrons is greater in metal-
rich meteorites compared to stony meteorites.

The latter (“matrix”) effect was first suggested by
Begemann & Schultz (1988). This idea is based on mea-
surements of cosmogenic noble gases in metal and sili-
cates of mesosiderites (Begemann et al. 1976). These au-
thors had observed that the concentration of cosmogenic
BAr produced from Ca in silicates (mainly by secondary
neutrons) is larger than expected from the *Ar produced
in metal by the primary irradiation. Begemann and
Schultz (1988) show that the production rate ratio of ¥Ar
from Ca to that of ®Ar from Fe is correlated with the
total bulk metal content of mesosiderites. Also, the ?Ne/
ZINe ratio in these silicate samples is relatively low. This
is explained by an enhanced production of 2Ne via sec-
ondary neutrons and the reaction *Mg(n,a)*Ne.

The matrix effect was also treated theoretically by
Michel et al. (1990) and Masarik & Reedy (1994) using
model calculations which combine spectra of primary
and secondary particles derived from Monte Carlo calcu-
lations of intra- and internuclear cascades with thin-tar-
get cross sections of the underlying nuclear reactions.
These calculations show, for example, that the matrix ef-
fect is most pronounced in the production rate of 2Ne
from Mg, and compared to stony meteorites the *Ne pro-
duction is enhanced by a factor of up to two in silicate
inclusions of iron meteorites.

We report here measurements of concentration and
isotopic composition of neon in silicates separated from
three 1A iron meteorites with silicate inclusions (Landes,
Linwood and Zagora) and from the IB iron Four Cor-
ners. This work was carried out to obtain information on
the matrix effect in iron meteorites which are more metal-
rich than the previously investigated mesosiderites.
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Experimental Methods and Results

Carbon and silicate phases of Landes and Zagora were
separated from the meteorite by anodic dissolution of the
FeNi. After several ultrasonic treatments and quenching
steps with liquid N,, a further separation of different
grain size fractions took place using density and mag-
netic separation techniques. The Four Corners and
Linwood separates were obtained from R S Clarke
(Washington DC) and are leftovers from investigations
by G P Merill and E P Henderson.

The concentration of the elements Mg, Al, Si, K, Ca, Ti
and Fe of selected separates was determined using x-ray
fluorescence (XRF) techniques. The isotopic composition
and concentrations of noble gases were measured using
apparatus and experimental procedures as described by
Schultz et al. (1991). Results are given in Table 1 together
with estimates of the mineral composition of the samples
calculated from its chemical composition.

Figure 1 shows isotopic ratios of neon in a 3-isotope
plot. Cosmogenic ®Ne/#Ne ratios in ordinary chondrites
are rather independent of shielding (®*Ne/?Ne = 0.84 +
0.02) and are found in a narrow area (Fig 1; hatched,
marked “Chondrites”). If the measured neon is a mixture
of cosmogenic gas and a trapped component (solar or

planetary gas, atmospheric contamination) the data
points would be shifted to higher ?Ne/#Ne values. The
low ®Ne/?Ne values indicate, however, that no signifi-
cant abundance of trapped Ne is present in spite of
trapped Ar, Kr and Xe that is commonly observed in
silicate inclusions of iron meteorites (Hintenberger et al.
1969; Niemeyer 1979; Crabb 1983; Jentsch & Schultz
1987). The displacement of many data points to higher
“Ne/??Ne values is discussed below.

The three feldspar-rich samples are characterized by
smaller ®?Ne/#Ne and ?!Ne/?Ne ratios. This is due to the
relatively high concentration of Na in these samples. So-
dium is an element that has a high production rate for
2Ne compared to that of the other two neon isotopes.
Smith & Huneke (1975) observed ?Ne/?*Ne ratios < 0.7
in plagioclase separated from ordinary chondrites. Our
feldspar measurement of Zagora is very similar to this
value. The two Landes samples with a smaller percent-
age of feldspar (and thus Na) are located on the mixing
line between the “pure” feldspar neon ratio and “nor-
mal” cosmogenic neon. Unfortunately, the concentration
of Na was not measured directly in these samples be-
cause NaNO,was used to make the tablets for XRF-mea-
surements.

Table 1.
Chemical and mineralogical information on the investigated separates as well as on their concentration and isotopic composition of
neon.
Meteorite Mg Al Si K Ca Ti Fe Mg/(Mg+Al+Si) Mineral PNe #Ne 2#%Ne “Ne/?Ne
and [wt %] [Wt.% ratio] composition [in 10°cm?STP/g]
sample # Opx Ol Cpx Fsp
[wt.%]

Four Corners

401 195 122 2650075 250 0.13 38 0.414 67 12 12 9 348.1 4079 394.6 0.967
Landes

1364 224 011 26.00.022 120 012 4.0 0.462 81 14 5 - 785 894 913 1.021
1344 219 035 25.70.021 159 0.13 43 0.456 79 14 7 - 75.2 855 880 1.029
1363 269 0.09 23.00.016 .78 0.07 38 0.539 42 54 4 - 848 97.7 985 1.008
1355 46 990 312 036 195 0.07 29 0.100 22 - - 78 152 171 199 1.161
11345 222 037 2560.027 142 0.13 43 0.460 78 15 7 - 79.7 912 928 1.017
11365 23.1 023 2530.022 114 017 41 0.474 74 21 5 - 60.5 689 703 1.021
11366 26.0 0.11 23.70.015 0.69 0.08 3.7 0.522 53 44 3 - 89.9 103.2 103.8 1.006
11353 54 940 31.2 033 198 0.07 26 0.117 26 - - 74 202 227 264 1.162
111343 214 044 2510021 238 0.13 5.0 0.456 70 17 13 - 753 858 87.6 1.021
111347 252 021 23.70.010 149 0.10 39 0.513 49 43 8 86.5 99.8 100.9 1.011
Linwood

425 115 349 308 021 323 014 27 0.252 43 - 13 44 323 366 36.1 0.987
Zagora

1329 23.0 022 2540.015 1.12 0.13 41 0.473 76 19 5 - 91.6 108.2 104.3 0.964
1417 244 015 2460015 099 0.12 3.9 0.496 65 31 4 - 118.0 139.1 1335 0.960
1328 222 024 2550023 121 0.14 48 0.464 63 32 5 - 113.7 133.7 129.2 0.966
11322 235 0.07 2430.013 081 0.11 59 0.490 70 27 3 - 110.8 130.2 1254 0.963
11320 243 0.09 2410017 086 0.11 51 0.501 64 33 3 - 110.1 1299 1240 0.955
11319 23.7 2330026 1.05 0.10 7.1 0.504 59 36 5 - 1126 1326 1275 0.962
11325 253 0.08 22.80.020 254 0.09 43 0.525 33 52 15 - 119.6 1419 1351 0.952
111386 094 118 328 0.63 182 005 21 0.021 9 - - 91 208 231 352 1.523
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