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Secondary uranium surficial mineralization is hosted by travertine and calcrete in central Jordan [1]. The paleocirculating water in the combusted bituminous marl has oxidized the dissolved V4+ to V5+ and fixed the uranyl-ion as uranyl vanadate in strelkinite and metatyuyamunite. Carnotite was favored depending on the availability of K in solution. The uranyl vanadate minerals were precipitated from highly alkaline solutions during the dry periods after the precipitation of the thick travertine deposits. 

Figure 1: EDS results: UO3 vs V2O5 correlation of the uranium minerals
Discussion of Results

U and V are associated in the same mineral phases as indicated in the figure above. The travertine is an evidence for discharges of hyperalkaline groundwater in the past [1]. Oxidizing alkaline circulating water oxidized dissolved V4+ to V5+, and  mobilized uranium as uranyl complexes before the precipitation of uranium vanadate minerals as strelkinite and tyuyamunite and carnotite.

[1] Khoury (2012) Environmental and Earth Science. 65:1909-1916.
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