
Trace (and minor...) elements in speleothems as part of a multi-proxy approach to deciphering past environmental change

Lecture for the Sisal.pages seminar series

This document provides: i) follow-up information to questions asked after the Sisal seminar; ii) aragonite partition coefficients from Oxford Cave
experiments (Day et al., 2021); iii) a visual comparison of partition coefficients from Jamieson et al. (2016), Wassenburg et al. (2016) and Day et al.
(2021).

This initial text is brief, but feel free to e-mail me with questions (chris.day@earth.ox.ac.uk), and I plan to expand on this information in the near
future.

1. Followup information to questions asked after the Sisal seminar

Thanks for all of your questions, here is a brief summary of information that is pertinent to them.

Vanessa: why do the crossplots between e.g. Mg/Cacalcite and Sr/Cacalcite fit a curve rather than a line?

In these crossplots (c.f. examples at minutes 7:13 and 30:30 of the talk), f (the fraction of Ca remaining in solution) is changing, which is impacting
on the values of X/CaCaCO3 on both axes.

The curvature is caused by ‘fD(X)−1’ in the following Rayleigh equation: X/CaCaCO3 = D(X)×X/Cat0solution × fD(X)−1. This can be visualised by
taking a range of values for f (between e.g. 0.95 and 0.35) and plotting e.g. fD(Mg)−1, fD(Sr)−1, and fD(Mg)−1 versus fD(Sr)−1. Start with D(Mg)
= 0.01 and D(Sr) = 0.13, but then it is also helpful to try more extreme values, e.g. D(Cd) = 43 to visualise the impact of D(X) on the shape of the
curves.

Yuval: can you comment on the impact of growth rate on oxygen isotopes?

For oxygen isotopes the impact of growth rate is particularly involved. Partly because rapid carbonate precipitation can deplete the pool of
Dissolved Inorganic Carbonate species (DIC) that may have started off in isotopic equilibrium with the water. This causes the oxygen isotopes in
the carbonate-precipitate to become isotopically heavier. At the same time, the DIC species are slowly re-equilibrating with the large reservoir of
oxygen isotopes in H2O. The rate at which the DIC species re-equilibrate with water is a function of temperature. Understanding and quantifying
these controls is the focus of a large number of studies, including work by Wolfgang Dreybrodt, Weifu Guo, Denis Scholz, Tyler Coplen, Maximillian
Hansen, Martin Dietzel and many more besides. As a rule of thumb, faster dripping stalagmites are less likely to be impacted by the depletion of
DIC, as there is less time for degassing and carbonate precipitation, which deplete the DIC reservoir.
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Nikita: is there a way of getting CaveCalc to model trace-element behaviour in aragonite stalagmites?

For Mg, Ba, and Sr, the simplest approach is to change the partition coefficients in the CaveCalc model database from calcite to aragonite ones. The
choice and location of this database is set in the Graphical User Interface of CaveCalc, c.f. ‘PHREEQC Database Filename’. The database is
typically located in ‘cavecalc\data\oxotope.dat’ with the partition coefficients defined close to line 7336. These database entries define the partition
coefficients and their relationship to temperature. Making this adjustment should provide valid results for the evolution of X/Ca in the solution and
in the precipitating solids.

2. Aragonite partition coefficients from Oxford Cave experiments

In the Day et al. (2021) study, a subset of 20°C experiments precipitated aragonite. This occured by increasing [Mgsolution] to values that are equal
to those of the beaker experiments of Marriott et al. (2004). These aragonite partition coefficients can be calculated from the published solution and
solid measurements in tables 1 and 2 of Day et al. (2021). For convenience they are also provided here in table 1 below.

Whilst this is a small dataset, the advantage of these results is that the aragonite is grown under controlled conditions, with measurements made for
both X/Casolution and X/Casolid, as is required for D(X) = X/Casolid

X/Casolution
.

T SIcalcite interval pH0 pHt Solution Mg/Ca Solution [Mg] D(Li) D(Mg) D(Co) D(Sr) D(Cd) D(Ba) D(U) Mineralogy
oC s mol/mol mol/L
20 0.5 10.1 7.4 7.8 1.9x10-2 6.5x10-5 3.2x10-3 2.5x10-2 9.1x10-1 1.0x10-1 2.2x10 1 1.6x10-1 2.7x10-1 calcite
20 0.5 10.2 7.5 8.1 1.3x10 0 2.5x10-3 1.3x10-2 2.1x10-2 1.1x10 0 2.0x10-1 2.1x10 1 2.8x10-1 2.2x10-1 highMg calcite
20 0.5 10.2 7.7 8.3 3.9x10 0 4.7x10-3 5.8x10-3 1.0x10-3 7.0x10-1 9.9x10-1 3.7x10 0 1.2x10 0 1.7x10 0 aragonite

Table 1: Aragonite partition coefficients calculated from tables 1 and 2 of Day et al. (2021). These partition coefficients apply to a subset of experiments at 20 ◦C,
that investigated the effect of [Mg]solution on carbonate precipitation.

3. Visual comparison of partition coefficients from Jamieson et al. (2016), Wassenburg et al. (2016) and Day et al. (2021)

The extensive studies of Jamieson et al. (2016) and Wassenburg et al. (2016) have many data points and carefully discuss mechanisms that can
cause shifts between calcite and aragonite within an individual sample. The partition coefficients from Day et al. (2021) are from a single
experiment, but from aragonite growing in controlled conditions for which measurements are available for both the solid and the solution
composition. There is encouraging agreement between the D(X) of all of these studies. Chris Theaker has completed more aragonite-specific
experiments in the Oxford Cave, that will be available in due course.
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Figure 1: Figure adapted from Wassenburg et al. (2016) to include D(X)aragonite from Jamieson et al. (2016) and from Day et al. (2021).
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