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In terrestrial, hydrologic systems characterizing most weathering environments, the balance between 
reactivity and transport governs the extent of fluid-rock interactions. The balance between primary mineral dissolution 
and secondary mineral precipitation regulates the observed chemical and isotopic behavior of fluids interacting with 
regolith.  In such systems, the common method of treating isotope fractionation using irreversible rates fails to capture 
the dynamic balance between both kinetic and equilibrium fractionation and transient shifts between these endmembers 
as a function of transport. As a result, major discrepancies have been observed between laboratory and field generated 
fractionation factors [1]. For environments that constitute a broad range of fluid transit times, the ability of the system 
to equilibrate after chemical perturbations contributes to observed isotopic signatures, thus combining both kinetic and 
equilibrium effects. This complex isotopic behavior arises from the concept of dynamic equilibrium where the forward 
rate of mass forming the secondary mineral is equal to the rate at which mass is redissolved into solution, thereby 
allowing for continued isotopic exchange. DePaolo’s surface reaction kinetic model used this concept to describe 
variability in the fractionation factor in the form of an analytical solution whereby the solid surface composition is held 
at steady state [2]. However, in natural systems that are inherently transient effects that undermine this steady state 
assumption, the accuracy with which observable fractionation factors may be predicted is limited. Here we present a 
transient, reactive transport model involving co-evolving fluid and solid phase isotopic compositions to describe silicon 
isotopic fractionation and reequilibration during amorphous silica precipitation in order to better replicate the 
fractionation factors observed in dynamic weathering environments.  

The transient description of isotopic fractionation due to both kinetic and equilibrium effects is based on the 
model developed by Druhan et al., (2013). The authors modified a linear TST rate law to explicitly treat individual 
rare and abundant isotopes through a coupled set of expressions and implemented this modification in the CrunchTope 
software, an open source, isotope-enabled, multi-component reactive transport model [3]. The numerical model 
supports a solid phase isotopic composition that is dynamic, where the value of this ratio is represented as either the 
bulk composition of the mineral or a subset of the mineral ‘surface’ tracked as a running average of the material 
precipitated from the fluid phase. This approach thus creates a condition wherein the extent to which the fluid phase is 
able to isotopically reequilibrate with the mineral surface should be a function of the surface area to volume ratio. This 
dependence has yet to be directly tested.  In the current study, we compare the transient isotopic equilibration model 
against laboratory data for a series of free drift amorphous silica precipitation batch experiments over a range of surface 
areas. Preliminary results indicate that the transient approach is necessary to more accurately describe the variability 
in the fractionation factors observed in chemical weathering reactions, and that surface area exerts a first order control 
on the extent of isotopic reequilibration. We suggest that this modeling technique is thus necessary in order to improve 
quantitative interpretations of observed stable isotope partitioning during weathering reactions. 
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