
Chemistry breaks rocks and self-accelerate fluid flow in the lithosphere

MgO + H2O → Mg(OH)2
periclase brucite

ΔVsolid = +119%

Fist exp. report of permeability enhancement 
by volume-increasing chemical reactions

Permeable samples

Moderately 
permeable 
samples

Impermeable  
samples

○ Hydrothermal flow-through experiments to simulate hydration&carbonation

Mechanical-hydraulic behaviors of  
• This study 
• Previous experiments  
• DEM simulations  
• Natural hydro/carbonation 
can  be systematically 
explained by the proposed 
non-dimensional parameter.

○ Controlling factor of 
mechanical-hydraulic behaviors

○ Permeability evolution during the hydration experiments
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Pls. see Uno et al. (2022) PNAS for details
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Original sample size

10 mm

(a) Permeable sample (ϕc0 = 19%, k0   ~ 2 × 10−15 m2)

(b) Moderately permeable sample (ϕc0 ~ 11%, k0   ~ 4 × 10−17 m2)

(c) Impermeable sample (ϕc0 < 0.5%, k0   < 1 × 10−19 m2)

FTMP05 (ξ = 0.08, ΔV/V0 = 0.07)

FTD11 (ξ = 0.12, ΔV/V0 = 0.19)

FTMP04 (ξ = 0.16, ΔV/V0 = 0.16)

FTD15 (ξ = 0.25, ΔV/V0 = 0.36)

FTMP02 (ξ = 0.95, ΔV/V0 = 1.64)

FTP08 (ξ = 0.84, ΔV/V0 = 0.92) FTP06 (ξ = 0.99, ΔV/V0 = 1.22)

FTD10 (ξ = 0.35, ΔV/V0 = 0.59)

Reaction time / Reaction extent

Original sample size

10 mm

(a) Permeable sample (ϕc0 = 19%, k0   ~ 2 × 10−15 m2)

(b) Moderately permeable sample (ϕc0 ~ 11%, k0   ~ 4 × 10−17 m2)

(c) Impermeable sample (ϕc0 < 0.5%, k0   < 1 × 10−19 m2)

FTMP05 (ξ = 0.14, ΔV/V0 = 0.14)

FTD11 (ξ = 0.09, ΔV/V0 = 0.14)

FTMP04 (ξ = 0.17, ΔV/V0 = 0.19)

FTD15 (ξ = 0.28, ΔV/V0 = 0.38)

FTMP02 (ξ = 0.97, ΔV/V0 = 1.72)

FTP08 (ξ = 0.81, ΔV/V0 = 0.95) FTP06 (ξ = 0.91, ΔV/V0 = 1.31)

FTD10 (ξ = 0.31, ΔV/V0 = 0.61)

Reaction time / Reaction extent

Teflon

MgO
Brucite

BrucitePericlase
Fluid flow

10 mmReaction extent • Reaction time

In
iti

al
 p

or
e 

co
nn

ec
tiv

ity

Permeabile sample

Impermeabile sample

Moderately permeable sample
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