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Abstract 

The diagenetic transformation of detrital clay minerals significantly influences sandstone reservoir quality, 

with fluid chemistry and temperature playing key roles in dictating transformation pathways during burial 

diagenesis. While these processes are well-documented in basinal settings, the diagenetic alterations of 

sediments in dynamic environments like estuaries remain underexplored. This study investigates the impact 

of fluid composition on the transformation of modern estuarine sediments through hydrothermal experiments 

using sediments from the Gironde Estuary, SW France. A range of natural and synthetic solutions including 

seawater (SW), 0.1 M KCl (SF1), 0.1 M NaCl, KCl, CaCl₂·2H₂O, MgCl₂·6H₂O (SF2), estuarine water (EW), 

and 0.1 M Na₂CO₃ (SF3) were used under temperatures from 50°C to 250°C for 14 days, with a fixed fluid-

to-sediment ratio of 10:1. The results revealed distinct mineralogical transformations driven by fluid 

composition. Dissolution of detrital feldspars and clay materials began at lower temperatures (<100°C). The 

authigenic formation of smectite and its subsequent illitization in K-rich fluids (SW, SF1) occurred between 

150°C and 250°C, replicating potassium-driven illitization processes observed in natural sandstones. 

Additionally, chlorite formation occurred through the conversion of smectite in SF2 and EW. Geochemical 

analysis showed that SF2 produced Mg-rich chlorites, while EW yielded Fe-rich chlorites. This aligns with 

diagenetic trends in coastal environments, where Fe-rich chlorites are typically associated with estuarine 

systems. The resulting authigenic illite and chlorite exhibited morphological and chemical characteristics 

similar to those found in natural sandstones, forming through dissolution-crystallization and solid-state 

transformation mechanisms. In contrast to illite and chlorite, SF3 produced entirely different mineral phases, 

including halite and analcime (zeolite), attributed to the high alkalinity and Na-rich composition of the 

solution. These findings provide valuable insights into the role of fluid chemistry in the diagenetic alteration 

of modern sediments and their implications for the evolution of sandstone reservoirs, which is critical for 

energy exploration and transition. 
  




