
Low groundwater flow is essential in impeding radionuclide migration in the geological 
disposal of high-level radioactive waste (HLW). In the deep subsurface of thick marine sediments, 
groundwater may actually be ancient seawater altered during deposition and burial, termed “fossil 
seawater” in this study. In such cases, groundwater flow is extremely slow because it is not 
affected by infiltration of meteoric water, even after uplift and erosion of strata. Fossil seawater 
is often found in the deeper parts of the Neogene marine sedimentary Koetoi and Wakkanai 
formations of the Tempoku Basin, Horonobe, northern Hokkaido, Japan. Groundwater dating 
using Cl isotopes and He concentration indicates that this fossil seawater may have barely moved 
since uplift of the area began. To confirm the low-flow nature of fossil seawater, its chemistry in 
the Horonobe area and burial diagenesis were investigated by numerical modeling, focusing on 
the effects of dehydration associated with phase transitions of biogenic silica (opal-A, opal-CT, 
quartz), smectite interlayer water dehydration, and drainage and upwelling through porosity 
reduction. Results indicate that groundwater with δ18O values of >0‰, δ2H values of −30‰ to 
−20‰, and Cl− concentrations of ≤80% lower than that of seawater can be formed during burial 
without mixing with meteoric water (Fig. 1). Groundwater formed during burial in the deeper 
parts of the Koetoi and Wakkanai formations may thus have been preserved since uplift, 
confirming that fossil seawater is of extremely low mobility. The results should contribute to 
understanding the dilution mechanism of porewater in marine sediments and the selection of 
suitable site for geological disposal of high-level radwaste. 

This study was undertaken as part of an R&D supporting program titled “Research and 
development on Groundwater Flow Evaluation Technology in Bedrock” under contract to the 
Ministry of Economy, Trade and Industry (2020, 2021 FY, Grant Number: JPJ007597). 
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Case 1: S-I transition from 40˚C, water content of smectite is 10 wt.%.
Case 2: S-I transition from 40˚C, water content of smectite is 15 wt.%.
Case 3: S-I transition from 104˚C, water content of smectite is 10 wt.%.

Cl− dilution due to the burial diagenesis
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Fig. 1. Relationship between Cl− 

concentration and δ18O values 

of porewater from boreholes, 

together with analysis results.  
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