Highlights

1. During weathering and pedogenesis of carbonate rock, U and Th present the characteristics of low content of background values, strong leaching (especially U) and high enrichment.

2. U and Th in bedrock preferentially occur in acid insoluble phase, but their mass percentages in acid soluble phase are absolutely dominant. They in acid soluble phase are mainly adsorbed on the surface of carbonate minerals or occur in cements.

3. By preliminary dissolution from bedrock to powdery rock layer, U and Th released from the carbonate mineral surface or cements are fully leached under alkaline conditions rich in carbonate.

4. During the rock-soil interface reaction, with full dissolution of carbonate components, U hosted in carbonate lattice is also leached, while Th is mainly absorbed in the residues.
5. The evolution of the residues rich in U and Th, formed by the rock-soil interface reaction, leads to their enrichment in soil layer. 
