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Introduction:  Several studies [1-6] have indicated 

that chondrules have longer cosmic-ray exposure 
(CRE) ages compared to the corresponding matrix. 
This pre-irradiation can be explained by an irradiation 
either 1) prior to the chondritic accretion in a solar 
nebula setting or 2) in the parent body regolith [3]. The 
most reliable studies [1-3] indicate that pre-irradiation 
is associated with the presence of solar wind (SW) in 
the matrix, thus arguing for the second possibility. 

MET 00426 and QUE 99177 are highly primitive 
CR chondrites, because they have entirely escaped 
thermal metamorphism and were only incipiently in-
fluenced by aqueous alteration [7]. Therefore, both 
represent samples, that have a high probability to have 
retained possible evidence of pre-irradiation. So far no 
noble gas measurements have been performed on these 
two meteorites.  

Methods:  Chondrules were separated using a 
freeze-thaw technique similar to [8]. Important target 
elements were analyzed using INAA on the same sam-
ple material used for noble gas measurements (Ne, He, 
Ar). CRE ages were calculated with 21Nec production 
rates (P21) calculated following [9].  

Results and Discussion: Results from elemental 
abundances and noble gas analysis are summarized in 
Table 1.  

Neon isotopes and components. Figure 1 shows a 
three isotope plot for neon of our chondrule and matrix 
samples. QUE 99177 matrix is dominated by trapped 
neon, whereas chondrules are strongly influenced by 
cosmogenic noble gases (especially QUE-ch2 & ch3). 
All QUE 99177 samples lie on a mixing line between 
cosmogenic Ne and HL-Ne (trapped). In contrast, 
MET 00426 chondrules and matrix are dominated by 
trapped SW. This prevents determination of the 
cosmogenic (22Ne/21Ne)c ratio necessary for a shielding 
correction (s. Table 1). 

Target elements and production rates. The ele-
mental abundances of MET 00426 and QUE 99177 
matrix are consistent with previous bulk analyses [e.g. 
7]. The concentration of cosmogenic neon (21Nec) in 
the chondrules is in most cases higher compared to the 
matrix (s. Table 1). This can be explained by higher 
abundances of magnesium, which is the most im-
portant target element [9, 10].  

CRE ages. Our chondrules and matrix samples 
originate from the same meteorite fragment. Therefore, 
both experienced identical shielding. In view of this, 
we have listed in Table 1 ages, that assume ”normal 
shielding“. Thus, the ages are not accurate, but this 
approach is most reliable for the comparison of the 
ages of the different samples.  

Table 1: Target element abundances for the production of cosmogenic neon (21Nec), concentrations of 20Netr, 21Nec, shielding 
parameters (22Ne/21Ne)c, production rates (P21-1.11), and CRE ages (T21-1.11) of matrix (mat) and chondrules (ch) from MET 
00426 (MET) and QUE 99177 (QUE). P21-1.11 and T21-11 were calculated without shielding correction, i.e. (22Ne/21Ne)c = 1.11. 

 weight Mg Al Si* Ca Fe Ni 20Netr 21Nec (22Ne/21Ne)c P21-1.11 T21-1.11 
MET-mat 17.1 10.8(4) 1.06(4) 20.7(1.2) 1.30(8) 21.9(8) 0.56 453(58) 2.03(25) - 0.27 (1) 7.54 (97) 
MET-ch2 1.26 18.6(7) 2.34(8) 18.6(1.3) 1.72(11) 15.8(6) 1.24(14) 244(34) 2.32(30) - 0.40 (1) 5.79 (78) 
MET-ch3 4.03 17.1(6) 1.41(5) 13.6(1.6) 1.63(7) 25.8(9) 1.76(9) 37.9(4.2) 1.32(13) - 0.36 (1) 3.70 (39) 
MET-ch4 2.17 15.3(5) 1.06(4) 16.6(1.4) 0.98(8) 24.0(8) 1.36(16) 1051(112) 2.15(28) - 0.33 (1) 6.47 (87) 
MET-ch5 2.26 16.7(6) 1.48(5) 19.9(1.3) 1.43(8) 16.9(6) 1.10(16) 151(17) 1.30(11) - 0.37 (1) 3.54 (33) 
MET-ch6 8.39 15.8(6) 1.41(5) 17.3(1.6) 1.26(14) 21.7(8) 1.22(14) 321(40) 4.56(54) - 0.34 (1) 13.2 (1.6) 
QUE-mat 20.3 9.33(3) 0.93(3) 17.0(1.5) 0.91(9) 29.5(1.1) 1.41(17) 20.9(2.7) 0.61(7) - 0.23 (1) 2.62 (32) 
QUE-ch1 1.01 16.6(6) 1.43(5) 15.4(1.5) 1.27(12) 24.2(1.1) 1.43(21) 9.41(1.16) 0.99(10) 1.25(7) 0.35 (1) 2.80 (31) 
QUE-ch2 0.72 19.9(7) 1.46(5) 20.0(1.5) 1.59(13) 12.5(1.0) 1.30 1.04(24) 1.22(17) 1.29(4) 0.42 (1) 2.90 (41) 
QUE-ch3 4.56 17.5(6) 1.41(5) 17.0(1.4) 1.27(6) 20.1(7) 1.34(15) 3.52(43) 1.42(14) 1.27(3) 0.37 (1) 3.81 (40) 
QUE-ch4 3.90 19.1(7) 1.72(6) 20.0(1.2) 2.04(11) 13.6(5) 0.92(17) 3.06(32) 0.47(4) 1.27(5) 0.41 (1) 1.15 (10) 
QUE-ch5 1.67 17.1(6) 1.24(4) 21.7(1.6) 1.47(14) 12.5(5) 0.98 21.4(3.1) 2.68(22) 1.10(13) 0.38 (1) 7.07 (62) 
QUE-ch6 9.99 15.6(5) 1.49(5) 18.1(1.4) 1.53(7) 20.2(7) 1.36(14) 8.15(1.08) 1.31(15) 1.26(6) 0.34 (1) 3.79 (46) 
Weights are given in mg, target element abundances in wt%. *Si was calculated by converting the other major elements into 
oxides, and assuming the remainder to be SiO2. Uncertainties (1 s. d.) are given in parenthesis. Where values are marked in 
gray, concentrations were below the detection limit; the listed values (also used in calculating P21) are 1/2 the detection limit. 
Abundances of 20Netr and 21Nec in units of 10-8 cc/g. P21-1.11 and T21-1.11 are given in 10-8 cc/(g Ma) and Ma, respectively. 
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This is because the ”nominal“ production rates only 
reflect different concentration of target elements and 
the uncertainties introduced by the often imperfect 
shielding correction are avoided. For most MET 00426 
chondrules “nominal” CRE ages are lower than the 
matrix age (Table 1, Figure 2), i.e. we find no evidence 
for pre-irradiation of chondrules relative to matrix 
(except MET-ch6). In contrast, “nominal” CRE ages of 
the QUE 99177 chondrules (except QUE-ch4) are 
enhanced compared to the matrix.  

Chondrules and matrix can be differently exposed 
to cosmic radiation both before they accrete in the 
solar nebula and/or also on the meteorite parent body, 
where they may be size-sorted due to regolith mixing. 
Determining the different exposure setting for 
chondrules and matrix is not straightforward. Howev-
er, there are some clues: 1) High shielding parameters 
(22Ne/21Ne)c of QUE 99177 chondrules (Table 1) sug-
gest an exposure in a near-surface location, for exam-
ple in the uppermost 1-3 cm of a meteoroid with 10 cm 
radius would approximately fit (calculation using the 
model of [10]); 2) In a plot showing Mg/(Al+Si) vs. 
(21Ne/22Ne)c (not shown here) there is a slight shift of 
QUE 99177 chondrules towards SCR, like in the case 
of CR2 El Djouf 001 [2]. This might suggest a pre-
irradiation in the parent body regolith. However, equal-
ly likely is a pre-irradiation of QUE 99177 chondrules 
in a solar nebula setting given the lack of SW and 
because small objects (like chondrules) irradiated by 
GCR will also show high (22Ne/21Ne)c ratios [17]. 

Conclusions:  We have analyzed target elements 
and noble gases in chondrules and matrix samples of 
two highly primitive CR3 meteorites to search for pre-
irradiation effects. “Nominal” CRE ages of chondrules 
are both longer (mostly in QUE 99177) and shorter 
(mostly in MET 00426) than the corresponding matrix 
ages. This is different from previous studies [2], where 
ages of chondrules were always indistinguishable from 
or higher than the matrix. Given the lack of implanted 
SW, QUE 99177 seems the best candidate for solar 
nebula pre-irradiation of chondrules (and matrix) so 
far. In any case, the fact that one chondrule from QUE 
99177 and most chondrules from MET 00426 were 
less irradiated than the matrix indicate a complex his-
tory of these most primitive meteorites.  
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Figure 1: Three isotope plot of neon for MET 00426 (MET) 
and QUE 99177 (QUE) chondrules (ch) and matrix (mat). 
Values for solar wind (SW) [11], Q gas [12], air [13], HL gas 
[14] neon produced by galactic cosmic radiation (GCR) [15] 
and solar galactic rays (SCR) [16] are also shown. 
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Figure 2:“Nominal” CRE ages T21-1.11 for matrix and 
chondrules from MET 00426 (a) and QUE 99177 (b). 
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