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Bentonite plays a key role in many engineered barrier 

concepts for nuclear waste repositories. Gradients in chemical 
composition, temperature, and water potential drive reactive 
transport in bentonite when acting as a barrier. Subsequent 
mineral reactions may influence the long-term performance of 
the material and are thus investigated. 

The experimental approach consists of a compacted, 
saturated bentonite cylinder subjected to a confining pressure. 
In addition to chemical diffusion, an infiltration pressure leads 
to advective transport of an infiltrate through the cylinder [1]. 
As long as hydraulic conductivity (set by Pinf and Pconf) is slow 
compared to kinetics of phase reactions, this approach imitates 
a long-term diffusion-only reactive transport scenario. 

Comparison of reactive transport at room temperature with 
an expected repository temperature of 140°C reveals that the 
same mechanisms operate: ion exchange in smectite, and 
gypsum dissolution. 

Substantial differences of break-throughs and break-outs 
of anionic and neutral tracers, all non-reactive in this system, 
can be explained by anion exclusion from the smectite 
interlayer, where no advection is expected. 

Therefore, the chosen model consists of a double porosity 
approach [2]: the “microporosity” domain (diffusion only), 
where chemistry is determined by charged smectite basal sheet 
surfaces and Donnan equilibrium, and the “macroporosity” 
(charge balanced, advective and diffusive transport). This 
multi-component model fits the experimental data and 
explains the substantial differences in tracer break-through 
behaviour. 

 
[1] Dolder et al. (2013), this volume. [2] Galindez et al. 
(2012), Goldschmidt Conference, 884. 
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The Arabian Shield is the largest area of Neoproterozoic 
juvenile crust on Earth and consists of several oceanic island 
arc terranes. There is rare exposed old (pre-Neoproterozoic) 
crust in the shield and to date, no evidence of it at depth. 
However, many studies have reported pre-Neoproterozoic 
zircon inheritance from igneous and sedimentary rocks and 
even from ophiolites, whose origin is ambiguous. The cores 
are variously interpreted to have been inherited from the 
Khida (sub)terrane, the only continental terrane in the shield, 
attributed to the ‘contaminated’ nature of the shield by 
sedimentary incorporation, or to have survived subduction and 
transport through the mantle.  

While pre-Neoproterozoic zircon core studies have been 
focused on determining their source(s), Neoproterozoic ones 
only slightly older than the host-rocks have received little 
attention, despite  their abundance. The Neoproterozoic cores 
may have the same origin as the pre-Neoproterozoic ones or 
may be derived from another source: wall rocks, recycled 
materials of the juvenile arc crust, undetected older crust 
underneath the shield, or the mantle. In either case, new U-Pb 
and O isotopic data of the Neoproterozoic zircon inheritance 
gives insights into the evolution of the Arabian Shield 

About 10 granite and sandstone samples were collected 
along an E-W transect across six terranes in the Arabian 
Shield. Zircon cores were dominantly targeted (>100 analyses) 
for U-Pb analysis with several rim spots in each sample for 
both inheritance and crystalline ages. The studied granite and 
sandstone were emplaced or deposited at ca. 640–610 Ma 
(Cryogenian–Ediacaran) and slightly older cores (mostly <800 
Ma, Cryogenian) were found. The cores are clearly 
distinguished by discordant zoning and sometimes by different 
Th/U ratios from the surrounding rims. Corresponding stable 
O isotopic data help to determine origin of the cores in the 
Arabian Shield, most components of which are juvenile and 
newly formed. Thus, the new data of the Neoproterozoic 
zircon inheritance will contribute to understanding the 
formation processes and compositions of the terranes in the 
Arabian Shield. 

 


