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Introduction: The abundance and evolution of volatiles in Mar-

tian magmas is crucial for understanding the volatile cycle and 

degassing processes on Mars over time. Martian meteorite paren-

tal magmas probably contained up to/or >1 wt% water [e.g., 1-3]. 

Evidence can be derived from the phosphate chemistry that acts 

as a monitor of the pre-eruptive volatile concentration of magma 

sources (i) due to the preferred uptake of OH, Cl, and F, but also 

I and Br as shown here, and (ii) with an estimate in time because 

they are ideally suited for chronological studies, i.e., using the U-

Th-Pb system. We investigated phosphates in the Ksar Ghilane 

(KG) 002 enriched basaltic shergottite [4] to evaluate the halogen 

content and timing of volatile-uptake from the mantle source. 

Results and Discussion: Phosphates in KG 002 make up ~3.4 

vol% of the bulk rock and reach sizes of 800 µm with dominating 

merrillite [4]. They are microstructurally homogeneous as re-

vealed by CL imaging implying a simple crystallization history. 

U-Pb chronology by SHRIMP technique, revealed a phosphate 

crystallization time at 80 ± 59 Ma (MSWD 1.6, 2σ), consistent 

with the young bulk rock 40K-40Ar age of 119 ± 30 Ma [4] that 

are even younger than the ages obtained for the most-recently 

crystallizing basaltic/lherzolitic Martian rocks, i.e., ~180 Ma [5]. 

Phosphate petrography and chemistry indicate an igneous origin 

from a volatile-rich, evolved magma source rather than fluid in-

teraction processes. Thus, their chemical fingerprint likely re-

flects a late-stage melt composition of the enriched shergottite 

source region on Mars rather than subsequent hydrothermal pro-

cesses. Apatite grains (n=14) have halogen compositions (in 

µg/g) as follows: F: ~4,800-25,400; Cl: ~11,700-27,700; Br: 

~52-850; I: <0.5-5.4; and merrillite grains (n=11) from F: ≤0.5-

3.4; Cl: ~1.2-156; Br: ~1.7-7.8; I: <0.1-2.0. In agreement with 

[6] Martian apatite is a major carrier phase for halogens and con-

tains less OH-component in contrast to terrestrial, basaltic apa-

tite. Compared to eucrites and chondrites, apatite in KG 002 is 

intermediate in halogen concentration, but comparable to primi-

tive achondrites. This suggests that the late crystallizing magma 

source regions of shergottites are enriched in halogens, with Cl in 

particular compared to eucritic and terrestrial magma sources. 

The high Cl content of Martian minerals is consistent with the 

inferred composition of the Martian mantle [7]. 

Conclusions: Young phosphates, i.e., of 80 ± 59 Ma, with high 

structurally bound Cl and OH, and minor Br and I content reveal 

a relatively volatile-rich environment of high salinity at the time 

of their formation in the shergottite source region on Mars. 
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