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Introduction: Carbonaceous chondrites that experienced 

aqueous alteration in their parent bodies might have changed its 
mineralogy and noble gas compositions.  In the previous work 
[1], we performed experimental aqueous alteration with a 
water/rock ratio much higher than that expected in hydrous 
asteroids because it facilitates the reaction of aqueous alteration 
in a limited experimental duration.  In this work, in order to 
simulate the condition close to the environment of hydrous 
asteroids, experimental aqueous alteration was performed to see 
reactions of anhydrous carbonaceous chondrite Ningqiang with 
water vapor.  Bulk Ningqiang powder (μm in size) weighing 600 
mg was loaded into gold tube and kept at 200ºC in an autoclave 
with 50 g liquid water.  The sample powder and liquid water 
were placed separately to make reactions the sample and water 
vapor.  After 0.5, 1, 2, 5, 10, and 20 days, 100mg of the sample 
was recovered and the rest was kept being soaked for another 
days.  Mineralogy and noble gases signatures of altered 
Ningqiang were characterized and the results were compared 
with those obtained in our previous work done with larger 
amounts of liquid water [1]. 

Results and Discussion: Mineralogical differences were 
hardly observed between liquid-water experiment and water-
vapor one.  In both experiments silicates and iron sulfide were 
decomposed, and serpentine and hematite were formed.  In 
contrast to the mineralogical changes, noble gas compositional 
changes differ between the two experiments.  Primordial 
components such as Q and Ar-rich gases were more retained in 
the sample reacted with water vapor than those reacted with 
liquid water.  During the alteration with water vapor, 86% and 
8% of Q and Ar-rich gases, respectively, were retained in 20-day 
sample, whereas lesser portions of Q (28%) and Ar-rich (2%) 
gases were remained during the alteration with liquid water.  The 
elemental ratio in the altered sample suggests that noble gases 
lost during water-vapor experiment were dominated by Ar-rich 
gas.  The 36Ar/132Xe ratio of the released gas was 350, which is 
higher than that during liquid-water experiment (254).  These 
ratios were in the range of Ar-rich gas in enstatite chondrites [2] 
and ureilites [3].  The higher 36Ar/132Xe ratio in the noble gases 
lost during the water-vapor experiment indicates that there was 
higher portion of Ar-rich gas in the noble gases lost during water-
vapor alteration than those in lost noble gases during liquid-water 
one.  These results suggest that selective loss of Ar-rich gas 
occurred during aqueous alteration with water vapor. 
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