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INTRODUCTION
• Carbonate islands are mixing zones

between fresh and saline waters, with
complex water-rock interactions.

• Secondary minerals preferentially
uptake 6Li, and waters are
subsequently enriched in 7Li. A similar
mechanism controls Si isotope ratios.

• Here we combine δ7Li and δ30Si with
conventional stable isotope techniques
to further understand silicate vs
carbonate reactions in coastal aquifers.

STUDY AREA: Rottnest Island, WA
• Small 19 km2 carbonate island located

18 km from Perth, WA (Fig. 1) inhabited
by tourists and Quokkas (Fig. 2).
Mediterranean climate with
groundwater recharge occurring during
austral winter.

• Quartz-rich (~50 wt.%) Late Quaternary
carbonate eolianite lithology (Tamala
Limestone). High primary porosity with
recharge by piston flow.

• Groundwater processes previously
constrained1. Fresh (F) and Transition
zone 1 and 2 (T1 and T2) groundwater
mixing types (Table 1).

Table 1 Groundwater mixing types1

RESULTS AND DISCUSSION
Li isotopes
• [Li] ∝ [Ca] and [Cl] (Fig. 3a), but not with

[Si] -> carbonate source of Li.
• δ7Li ∝ [Mg] in F groundwaters (Fig. 3b)
• Suggests dissolution of high-Mg carbonate

end-member (δ7Li = 22‰) and 7Li
fractionation driven by low-Mg calcite
formation.

• Variable δ7Li for T1 groundwaters and δ7Li
decreases with depth for T2 groundwaters
from 32 to 15‰ (Fig. 3c).

Si isotopes
• High [Si] in F groundwaters suggesting

rapid silicate dissolution (Fig. 4a).
• No relationship between [Si] and δ30Si (Fig.

4a), or δ30Si and δ7Li (Fig. 4b).
• δ30Si increases with depth for T2

groundwaters towards δ30Si = 0‰ (Fig. 4c).

SUMMARY AND CONCLUSIONS
• Rapid silicate and carbonate dissolution in 

the unsaturated zone following recharge.
• 7Li fractionation driven by high-Mg calcite 

dissolution and low-Mg calcite precipitation.
• Possible dissolution of an end-member 

(δ7Li= 15‰ and δ30Si = 0‰) in the deeper 
mixing zone. Not seawater mixing since 
δ7LiSW = 31.5‰.

• Controls on Si isotope dynamics unclear.
• Dissimilar behaviour of Li and Si isotopes -

> different sources and reaction pathways 
of Li and Si in a carbonate system.
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Fig.1 Digital elevation model of Rottnest Island. Sampling locations (wells) grouped according to groundwater 
mixing types1,where F: fresh, T1: transition type 1, and T2: transition type 2 (Table 1).

Fig.4a) [Si] vs δ30Si, b) δ7Li vs δ30Si, and c) δ7Li vs δ30Si vs depth. Mixing types defined in Table 1.

Fig.3a) [Li] vs [Ca] and [Cl]; b) δ7Li vs [Mg]; c) δ7Li vs depth. Mixing types defined in Table 1.

Fig.2 Native Quokka

Mixing
type

Depth 
(m AHD)

TDS 
(g/L)

3H 
(TU)

14CDIC
(pmc)

14CDO
(pmc)

F (◼) 0 to -1 <1 0.6-1.4 42-95 89-105
T1 (●) -1 to -7 1-21 0.2-1.0 21-97 84-98 

T2 (▲) -5 to -15 7-30 0.0-0.3 8-53 47-67
TDS: total dissolved solids, TU: tritium units, DIC: dissolved inorganic carbon, DOC: 
dissolved organic carbon, pmc: percent modern carbon.


