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Introduction:  Zag is an H3-6 regolith breccia 
recovered from Morocco (27º20’N, 9º20’W; August 
4th/5th, 1998) totaling at least 175 kg. It consists of 
light-colored metamorphic clasts (45 ± 10 vol%), dark 
clasts exhibiting silicate darkening (~5 vol%), impact-
melt-rock clasts (≤1 vol%), and clastic matrix material 
(50 ± 10 vol%) [1]. It was reported that halite grains 
were found only within H4 parts of the matrix [2 and 
3]. The halites contain fluid inclusions. Zolensky et al. 
[4] concluded that the fluid inclusions are aqueous salt 
solution, which are dominated by secondary inclusions 
trapped along healed fractures (~80% in Monahans). 
This is clear evidence that aqueous fluids were locally 
present after initial halite deposition. Zolensky et al [4] 
suggested that the fluids may have been delivered to 
the asteroid from a salt-containing icy object. 

Whitby et al. [5] determined the I-Xe age of Zag 
halites. The mean age, 4.8 ± 0.9 Ma before Bjurböle, 
gave significant evidence to show that they were 
formed in the early solar system, i.e., older than Al-
lende CAIs [6]. Since halite formation must have been 
a parent body process, this age would require the exis-
tence of sizeable parent bodies before CAI formation. 
Busfield et al. [7] measured the I-Xe age of Monahans, 
showing the scattered ages and later formation than the 
Zag halites. They mentioned that the I-Xe ages of Zag 
by [5] scatter around the mean age to a much greater 
extent, arguing that the significant difference of the I-
Xe ages of both halites require a more sophisticated 
interpretation about the formation age. Instead they 
proposed a model whereby the halites formed 5 Ma 
after Shallowater, equivalent to 5.5 Ma after Bjurböle. 
In the model, parentless 129Xe, which is separated from 
its associated 127I, causes the data to scatter away from 
the formation age towards older ages. If iodine con-
centration is sufficiently high, the parentless 129Xe 
would be masked by in-situ iodine-derived 129Xe. Ac-
tually, the calculated iodine concentration of Monahan 
halite is 421 ± 84 ppb [7], which is significantly higher 
than that of the halite crystals from Zag (8 and 36 ppb; 
[5]). Furthermore, the age is in agreement with the 
timing of aqueous alteration on the carbonaceous 
chondrite parent bodies and ordinary chondrite meta-
morphism.  

For these reasons, it seems plausible that the 
halites in Zag and Monahan were formed on the parent 
body. If so, there may be evidences of some alterations 
in the host rocks. Nevertheless, the host rocks have not 
been studied sufficiently for both meteorites. Their 
noble gas data and I-Xe ages have also never been 

reported. Hence, we performed I-Xe dating as well as 
noble gas analyses for bulk Zag samples.  

Experimental methods:  Specimens used in this 
work were two blocks (A and B) of Zag meteorite. 
They consisted of light-colored metamorphic clasts 
and clastic matrix materials. A visible halite grain, ca. 
0.4 mm in diameter, was found on the surface of the 
matrix in block-B. The samples from the block-B ma-
trix were taken from the portion around the halite grain 
to preserve the crystal for future analysis. Noble gases 
were measured for bulk samples from matrix portions 
in the block-A and –B, and the clasts employing step-
wise heating. Additionally a slice was used for laser 
microprobe noble gas analysis to identify host phase of 
halogen-derived noble gases such as 129Xe. Finally we 
measured heavy noble gases of neutron irradiated sam-
ples from Zag to determine I-Xe age for this meteorite.  

Results and discussion:   
Noble gases for bulk samples.  Light noble gases of 

solar origin are dominant in the matrix samples, while 
they are depleted in the clast materials. cosmic-ray 
exposure age for this meteorite is calculated as about 5 
Ma, which belongs to the major peak at around 7 Ma 
for H-chondrites [8]. Excesses of 80Kr and 82Kr pro-
duced by neutron capture reaction on Br are observed 
only in the matrix samples, indicating high concentra-
tion of Br in the matrix materials.  
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Fig. 1. Plot of 129Xe/132Xe vs. 128Xe/132Xe. 

Excess 129Xe is observed for matrix sample with a 
visible halite grain (in block-B) . 

 
129Xe excess is also observed in the matrix samples 

especially in the sample taken from the matrix in 
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block-B containing a visible halite crystal. The 129Xe-
excess is dominant in temperature fractions of 900 to 
1100°C as shown in Fig. 1. Total concentrations of the 
excess-129Xe are from 2×10-10 to 6×10-10 cm3STP/g in 
matrix samples from block-A and -B, respectively. 
These results indicate that the matrix materials are en-
riched in both halogens and noble gases of solar origin.  

Noble gases by laser microprobe analysis.  Noble 
gas concentrations and isotopic ratios were measured 
for chlorapatite, matrix, metal and carbonaceous chon-
drite-like fragment. Low 38Ar/36Ar of 0.144±0.009 for 
one laser pit at chlorapatite was obtained, which may 
be due to the production of 36Ar by neutron capture on 
35Cl composing the chlorapatite. Concentrations of 
excess 129Xe for chlorapatite grains are much lower 
than those for halite bearing matrix materials. This 
indicates that the chlorapatite is not a main carrier of 
extinct 129I in Zag. Concentrations of trapped heavy 
noble gases Ar, Kr and Xe in the carbonaceous chon-
drite-like fragment are in the range for carbonaceous 
chondrites, supporting presence of carbonaceous chon-
drite fragments in Zag meteorite as reported in [9]. 

I-Xe dating for matrices and clast.  Xe isotopic 
ratios for neutron irradiated samples were measured on 
a modified VG3600 mass spectrometer employing 
stepwise heating at the Radioisotope Center of Univer-
sity of Tokyo [10]. Based on the linear correlations 
appeared in the diagram for 128Xe/132Xe vs. 129Xe/132Xe 
ratios at the temperatures ≥1200°C, we obtained I-Xe 
ages of 17±1 Ma (matrix from block-A), 20±1 Ma 
(matrix from block-B) and 34±7 Ma (clast from block-
A) after the age of Bjurböle. As shown in Fig. 2, the 
determined ages of matrix, which are classified as H4, 
are about 10 Ma later than those for low metamor-
phism chondrites, while the age for clast is in the range 
of high metamorphism chondrites within the error limit. 
Although the concentration of 129Xe excess was larger 
for the matrix from block-B in the stepwise heating 
analysis, only a small difference between the deter-
mined ages was found for the two matrices.  

Since the 129Xe excess extracted at <1200°C 
would be from halites as shown in Fig. 1, the I-Xe 
ages determined here represent the ages of materials 
except halite. Even if the I-Xe ages for halites from 
Zag and Monahans are as young as 5 Ma after Shallo-
water as noted above, the ages for bulk samples ob-
tained in this work show much later resetting events 
for I-Xe system on the Zag parent body compared with 
those for halite crystals. If halite crystal was incorpo-
rated in the Zag matrix before the ages for matrices 
(15-20 Ma after Bjurböle), our results indicate that the 
I-Xe system for materials other than halites was reset.  

Candidates for the events to reset the I-Xe sys-
tem can be listed as thermal metamorphism, shock 
metamorphism, and aqueous alteration. In the case of 
thermal metamorphism, the Zag parent body must 
have been heated at temperatures ≥1200 °C to destroy 
the observed liner correlation between 128Xe and 
129Xe. However, the ancient halites would have 
melted at such high temperatures, because the melting 
point of halite is about 800°C. It is not clear whether 
the shock metamorphism is effective for the reset of 
I-Xe system. Caffee et al. [12] suggested based on 
their shock experiments that I-Xe system was dis-
turbed by the shock metamorphism but could not be 
reset completely. Aqueous alteration looks the most 
unsuitable from the perspective of the preservation of 
halite, since halite is characterized by its solubility in 
water. Nevertheless, it cannot be neglected due to the 
results of water treatment in our experiment, in which 
129Xe excess in matrix remained through the water 
treatment.  

It is suggested by this work that I-Xe resetting 
event occurred at about 20 Ma after Bjurböle, which is 
an additional event to the known two events for the 
Zag meteorite; 1) halite deposition from aqueous fluid 
[e.g., 7], and 2) brecciation by large impacts at 320 Ma 
after Bjurböle [5]. 
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Fig. 2. I-Xe age distribution for meteorites. (After 
Yurimoto [11]. 
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