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ABSTRACT 
Interactions between saltwater and freshwater bear considerable complexity due to the 
density-driven feedback on the flow field. Age-dating of the water therefore would be 
extremely useful to evaluate transport times within this complex flow field, to constrain 
diffusive and dispersive processes in the mixing zone, and to use this information to calibrate 
numerical models of water flow and transport. However, ‘age-dating’ of groundwater is a 
complex concept in itself, because the answers that environmental tracers give do not 
directly match the initial question. This is because of the inherent discrepancy of the human 
understanding of age as single scalar number, and the distribution of multiple ages in any 
sample that influences the tracer interpretation (Suckow, 2014). As if this were not enough, 
some of the most important age-dating tracers are not usable or at least strongly 
compromised in an environment with saltwater-freshwater interaction. 
 
The most evident age-dating tracer that is rendered unusable in a groundwater system with 
saltwater interaction is the cosmogenic nuclide 36Cl. The measured value for every 
application of 36Cl is the isotopic ratio of 36Cl to total chloride. When the chloride 
concentration changes – either due to admixture of NaCl-rich water or due to salt dissolution 
from a geologic deposit like a salt dome – the change in 36Cl/Cl ratio cannot be interpreted 
solely as age information any more. In some cases the overprint with Cl is such that even on 
comparably short time scales of flow (10ky or less) no cosmogenic 36Cl is detectable (Klinge 
et al., 2002; Stadler et al., 2012). 
 
Similarly, radiocarbon (14C) dating of groundwater is usually not possible or at least not 
straightforward in a groundwater system with saltwater – freshwater interaction. The reason 
is the change in solubility equilibrium due to the change in ionic strength. Freshwater being 
in solubility equilibrium with the carbonates in the aquifer will be under-saturated with 
respect to carbonates as soon as the ionic strength increases, either due to mixing with salt 
water or due to ‘salting up’ in contact with a geologic salt repository. This under-saturation 
causes more carbonates to be dissolved, discernible in higher total dissolved inorganic 
carbon (TDIC) – a process also called ‘mixing corrosion’ (Bögli, 1964; Sanford and 
Konikow, 1989). Also for radiocarbon the measured value is actually the ratio 14C/C, where 
C is represented in groundwater by TDIC. Therefore, the radiocarbon ‘clock’ in the mixing 
zone in most coastal aquifers is heavily distorted by diluting the 14C/C ratio with dead 
carbon, rendering corrections difficult to impossible. 
 
Noble gases and the tritium-helium dating methodology (3H/3He) seem to be the ideal tracers 
in such a setting. However, while the application of tritium alone is not impacted, no 
convincing 3H/3He dating study in groundwater is known to the author for the southern 
hemisphere yet. This is mainly because the much lower tritium input on the southern 
hemisphere makes the detection of its decay product tritiogenic helium-3 much more 
difficult in presence of the natural helium background from solubility equilibrium, excess air 
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and terrigenic sources. Besides that, studies have shown that stable noble gas concentrations 
can also be distorted by large salinity gradients (Stadler et al., 2012; Suckow and Sonntag, 
1993). 
 
The most ideal and promising age-dating tracers for application in any setting with saltwater 
interaction are therefore the radioactive noble gas isotopes 85Kr, 39Ar and 81Kr. These are 
anthropogenic (85Kr) or cosmogenic (39Ar, 81Kr) nuclides that do not undergo any chemical 
reaction in the aquifer. They are not influenced by changes in noble gas concentration, and 
their only complication is the inherent mixture of water of different age (the ‘age 
distribution’ that any sample represents), which applies to any tracer. The radioactive noble 
gas isotopes cover time scales from a few decades (85Kr), to centuries (39Ar) and up to 
several hundred thousand years (81Kr). CSIRO develops the analytical capabilities for these 
most ideal tracers in groundwater at its facilities in Adelaide. While the sampling and sample 
preparation capabilities are already in place, the measurement capabilities for 85Kr by gas 
proportional counters will be available in the near future (2016/2017). Also the creation of 
an Atom Trap Trace Analysis (ATTA) facility for all three isotopes has begun, in 
cooperation with the Institute for Photonics and Advanced Sensing (IPAS) at University of 
Adelaide. While gas proportional counting still requires comparably large sample sizes of 
the order of 1000 L, the new ATTA technology has been shown to be able to analyze much 
smaller samples of several liters for 85Kr and tens of liters for 39Ar and 81Kr (Buizert et al., 
2014; Lu et al., 2014; Ritterbusch et al., 2014; Sturchio et al., 2004). 
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