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Chemical weathering of silicate rocks is a key control on the long-term climate, via
drawdown of atmospheric CO2. Magnesium isotopes are increasingly being used
to trace weathering, but are often complicated by several coincident fractionating
processes. Here we examine Mg isotope ratios of waters stemming from beneath lava
flows from the 2010 Eyjafjallajökull eruption. Travertine calcite was observed directly
precipitating from these high-TDS (total dissolved solids) waters, and were also sampled.
This system therefore provides the opportunity to study natural Mg isotope fractionation
by calcite. Riverine δ26Mg increase from −2.37 to +0.43% with flow distance, as
isotopically light travertine precipitates (δ26Mg = −3.38 to −3.94%). The solution
Mg isotope ratios also co-vary with pH, calcite saturation indices and Sr/Ca ratios,
strongly indicating that they are dominantly controlled by carbonate precipitation. Using
experimental isotopic fractionation factors and the measured δ26Mg values, we can
predict the compositions of the precipitated travertines that are within uncertainty of the
directly measured travertines. Hence, in some systems, Mg isotopes can be used to
quantify carbonate precipitation.

Keywords: weathering, carbonate, travertine, magnesium isotopes, basalt

INTRODUCTION

The chemical weathering of silicate rocks drives a key, and likely dominant, CO2 removal process
in the long-term carbon cycle (Walker et al., 1981; Berner et al., 1983; Berner, 2003). The chemical
weathering of basaltic rocks, in particular, is thought to have a significantly greater influence on
global atmospheric CO2 concentrations than would be expected from their global extent, with
estimates suggesting they are about an order of magnitude more efficient at CO2 drawdown than
a comparable area of felsic continental crust (Meybeck, 1987; Gaillardet et al., 1999; Dessert et al.,
2003; Wolff-Boenisch et al., 2006). As such, studying basaltic weathering reactions provides the
opportunity to understand globally significant processes.
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Therefore, tracers that inform on weathering fluxes, rates or
processes have been sought. Recently, attention has focussed
on magnesium isotopes (Tipper et al., 2006b; Pogge von
Strandmann et al., 2008; Foster et al., 2010; Higgins and Schrag,
2010; Teng et al., 2010; Tipper et al., 2012a; Opfergelt et al.,
2014; Pogge von Strandmann et al., 2014), because Mg is
one of the elements directly involved in CO2 sequestration,
via weathering of Mg-silicates which consumes protons and
creates alkalinity and the precipitation of dolomite or high-
Mg calcite in the oceans. In principle, Mg isotope behavior
in the oceans is relatively simple, with continental weathering
serving as the dominant Mg source, and hydrothermal removal,
dolomite formation, and low-temperature clay formation all
acting as sinks (Holland, 2005; Tipper et al., 2006b; Pogge
von Strandmann et al., 2014). However, the study of global
rivers has revealed a large range in dissolved Mg isotope
ratios (Tipper et al., 2006a; Brenot et al., 2008; Pogge von
Strandmann et al., 2008; Tipper et al., 2008, 2010; Wimpenny
et al., 2011; Huang et al., 2012; Pogge von Strandmann
et al., 2012; Tipper et al., 2012a,b; Liu et al., 2014), and it
has become clear that, like all major elements, Mg and its
isotopes are affected by a wide range of processes. The balance
of carbonate to silicate in a catchment plays a significant
role, with carbonates being isotopically lighter than silicates
(Tipper et al., 2008; Pogge von Strandmann et al., 2014).
The amount of Mg isotope fractionation during carbonate
precipitation also appears to be dependent upon mineralogy
(Immenhauser et al., 2010; Wombacher et al., 2011; Geske
et al., 2012; Saulnier et al., 2012; Geske et al., 2015), organic
vs. inorganic precipitation (Chang et al., 2004; Pogge von
Strandmann, 2008; Saenger and Wang, 2014), precipitation rate
(Mavromatis et al., 2013), fractionation mechanism (Buhl et al.,
2007), and potentially speciation (Schott et al., 2016), resulting
in a wide range in isotope ratios. In addition, Mg isotopic
fractionation occurs due to the silicate weathering process itself,
owing to both preferential incorporation and adsorption of
Mg isotopes by secondary minerals (Pogge von Strandmann
et al., 2008; Opfergelt et al., 2010, 2011; Huang et al., 2012;
Pogge von Strandmann et al., 2012; Tipper et al., 2012a; Liu
et al., 2014). Finally, the uptake of Mg by plants causes variable
isotope fractionation (Black et al., 2006; Bolou-Bi et al., 2010,
2012).

To a great extent, the difficulty of interpreting the Mg
system is enhanced because none of the above processes occur
in isolation. In this study, however, there is that possibility.
In 2010, the eruption of the Eyjafjallajökull volcano created
a spring outlet from under the new lava flow. The water
in this stream was shown to have extremely high total
dissolved solids (Olsson et al., 2014), and travertine (calcite)
was observed precipitating from these waters at several points
downstream. It is therefore possible to examine Mg isotope
fractionation occurring during precipitation of a single inorganic
carbonate phase (travertine calcite). This precipitation occurs
at rates far faster than other secondary mineral (e.g., clay)
formation, consequently it is likely that calcite is the only
Mg-bearing secondary phase forming. Here, we measure the
Mg isotope composition of these waters and travertines,

to determine isotope behavior during rapid natural calcite
precipitation.

SAMPLES AND SETTINGS

The 2010 Eyjafjallajökull flank eruption occurred after 18 years
of seismic activity, and began from the Fimmvörðuháls ridge
on the 20th March (Figure 1), and lasted until the 12th of
April. Following this, an explosive summit eruption started
on the 14th of April and finally ended in May 2012. It
was this explosive eruption that gained international fame by
shutting down European airspace from the 15th to 20th April
2010.

The samples were taken from a spring emerging from under
the alkali basalt lava of the 2010 Eyjafjallajökull flank eruption
within 3 months of the eruption (October 2010). The water
from the spring was then further sampled downstream (Olsson
et al., 2014). While no travertine was observed at the point of
emergence from under the lava, significant travertine precipitated
downstream, which was also sampled.

MATERIALS AND METHODS

The Eyjafjallajökull samples were collected as detailed in
Olsson et al. (2014). Briefly, field measurements of temperature,
conductivity and pH were made. Alkalinity titrations were
determined within 24 h of sampling. Samples were filtered
through 0.2 µm cellulose acetate filters, and stored in pre-cleaned
vials. Elemental concentrations were determined by ICP-OES and
ion chromatography.

Mg Isotope Ratios
Samples were purified using dilute HNO3 as an eluent,
using the AG50W X-12 resin, and analyzed on a Thermo
Finnegan Neptune MC-ICP-MS at the Bristol Isotope Group
(BIG) (Pogge von Strandmann et al., 2011, 2012), using
a sample-standard bracketing method relative to the DSM-
3 standard (Galy et al., 2003). Each sample was measured
four separate times during an analytical procedure, repeat
measurements being separated by several hours, but during the
same analysis session. Each individual measurement consisted
of 20 ratios (84 s total integration time), giving a total
integration time of 336 s/sample for the total single analysis.
Reported uncertainties (Table 1) are the 2sd of these four
repeats. Inter-laboratory comparisons using this method of
seawater [−0.82 ± 0.06%. 2sd, n = 26 (Foster et al., 2010)],
silicate rock standards (Pogge von Strandmann et al., 2011;
Teng et al., 2015), and low temperature carbonates, soils and
river waters (Shalev et al., 2018) have been published. The
long-term external analytical reproducibility for δ26Mg, based
on these standards, is ±0.07%. Standards analyzed during
the analytical sessions for this study’s samples were seawater
(δ26Mg = −0.83 ± 0.04%, 2sd, n = 2) and BCS-CRM 513a
limestone (δ26Mg = −4.47 ± 0.03%, 2sd, n = 1), which are in
agreement with published values (Foster et al., 2010; Shalev et al.,
2018).
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FIGURE 1 | (a) Map of Eyjafjallajökull. The red dots mark the eruption sites, the solid bar represents an expected dyke intrusion and the back box shows the sample
area (modified from Olsson et al., 2014). (b) Detailed 3D map of sample area (background image from Google Maps).

RESULTS

Travertines
XRD analyses by Olsson et al. (2014) showed that calcite was
the only crystalline phase in these travertine samples. The
concentrations of several elements of the travertines analyzed
in this study, including Ca, Mg, Si, and Al increase with flow
distance. This also causes the Mg/Ca ratios to increase with
flow distance from 8.7 to 11.8 mmol/mol (Olsson et al., 2014),
which is a similar range to other inorganic calcites (Mucci, 1987;
Busenberg and Plummer, 1989). Overall, these travertines have
identical partition coefficients to experiments conducted on pure
systems for most elements (Olsson et al., 2014).

The δ26Mg values of the analyzed travertine are low, ranging
from −3.94 to −3.38% (Table 1). These values are within the
range of previously measured calcites (Chang et al., 2004; Pogge
von Strandmann, 2008; Immenhauser et al., 2010; Wombacher
et al., 2011; Mavromatis et al., 2013; Pogge von Strandmann et al.,
2014). There is no clear trend with distance, or with elemental
ratios such as Mg/Ca.

Riverine Samples
All sample analyses, locations and elemental data are given in
Table 1, and also in Olsson et al. (2014). The pH of the waters
exits the lava flow at 6.6, but increases to 8.4 within ∼1300 m,
after which it remains approximately stable (Figure 2A). Most
elemental concentrations in solution (Ca, Mg, Na, Si, K) also
decrease with distance (Table 1). The individual relationships
between the elements leads to Mg/Ca ratios increasing with
distance, from 0.69 to 1.23 mol/mol (Figure 3A), i.e., two
orders of magnitude higher than the corresponding travertines,
which is expected from calcite partition coefficients (Mucci,
1987; Busenberg and Plummer, 1989; Olsson et al., 2014). Ca/Sr
ratios decrease (from 857 to 810 mmol/mol), providing a strong
indication that carbonates are precipitating along the flow-line
(Figure 3B).

The dissolved δ26Mg value at the spring outlet from the
lava field is −2.37%, which is considerably lower than rivers
or springs reported from other basaltic settings, although still

over 1% higher than the travertines. This sample underwent
repeated analysis through full chemistry, with both results within
analytical uncertainty (Table 1). Springs from active lava fields
have not been sampled before, but basaltic rivers have not been
reported with δ26Mg < −1% (Pogge von Strandmann et al.,
2008; Huang et al., 2012; Pogge von Strandmann et al., 2012; Liu
et al., 2014). No travertine was observed at this location, possibly
because of limited degassing at that time, right after the water
was exposed to the atmosphere, which resulted in relatively low
supersaturation, precluding nucleation and growth of the calcite.
Downstream from this sample, the δ26Mg shifts to higher values
with flow distance to +0.43% (Figure 4). Travertine, calcite, was
observed precipitating at locations below the outlet site after
prolonged degassing as reflected by the in situ partial pressure of
the carbon dioxide (pCO2, Figure 2C), as is also consistent with
the high saturation state of the water with respect to calcite and
decreasing Ca/Sr ratios with flow distance (Figure 2B).

Calcite saturation states, calculated using the PHREEQC
program (Parkhurst and Appelo, 1999) show the calcite SI rapidly
increasing from 0.19 (i.e., within uncertainty of saturation) at
the outlet, to ∼1.7 (i.e., heavily super saturated) by ∼1300 m
of flow (Figure 2B) (Olsson et al., 2014). The uncertainty on
the saturation index must take the uncertainty on the analyses
into account, and then propagate them through the PHREEQC
calculations. Using our Hanna pH meter’s certified accuracy
(±0.1 pH units), analytical uncertainty on Ca concentrations, and
a conservative ±10% on alkalinity titrations, this propagates to
±0.4–0.5 SI units. Uncertainty on temperature measurements is
too small to cause additional significant error.

DISCUSSION

Elemental Ratios
These samples provide the opportunity to examine Mg isotopes
in complementary rivers and rocks. However, for the travertines
and waters to be truly complementary, it must be determined
that the sampled travertine was actually precipitating from these
post-eruptive waters. This is confirmed because no travertine
was observed at those locations before the eruption. Further,
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FIGURE 2 | (A) Evolution of water pH with flow distance; (B) calcite saturation
indices (the error bars represent the propagated uncertainty on snap-shot
PHREEQC calculations); (C) pCO2 concentrations in the solutions.

the travertine was observed to be actively precipitating during
the sampling campaign (during which time the water chemistry
was stable). Relatively shortly afterwards, as the water chemistry
changed back to “normal,” the travertine started to dissolve
again (Olsson et al., 2014). Further evidence that the waters and
travertine are directly linked (and therefore can inform on paired
fractionation) comes from the observation that the elemental
partition coefficients between the sampled waters and travertine
are identical to those determined in precipitation experiments
conducted on pure systems (Olsson et al., 2014).

One of the key elemental ratios used for determining
carbonate precipitation is Ca/Sr (e.g., Jacobson and Blum, 2000;
Jacobson et al., 2015). Icelandic basalts have molar Ca/Sr ratios
of ∼750–2000 (Gíslason et al., 1996; Jacobson et al., 2015),
while Icelandic spar carbonates have considerably higher ratios
of ∼6500 to 360,000 (Jacobson et al., 2015). It follows that
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FIGURE 3 | (A) Mg/Ca ratios of the solutions and travertine solids with flow
distance. (B) Similar graph for Ca/Sr ratios.

FIGURE 4 | Mg isotope ratios of rivers (closed diamonds) and travertine (open
squares) with flow distance from the source under the lava flow of the 2010
Eyjafjallajökull eruption.

the precipitation of calcite from solution will drive the Ca/Sr
ratio of the solution to lower values than the initial basaltic
ratio. The Eyjafjallajökull travertines have an average Ca/Sr ratio
of 2500 ± 240 mol/mol, while the Ca/Sr of the river waters
decreases almost linearly with distance from 857 to 810 mol/mol
(Figure 3B). It is highly likely that this decrease is due to calcite

precipitation, as other secondary minerals that affect both Ca and
Sr, such as heulandite or stilbite have Ca/Sr ratios lower than
basalt (Jacobson et al., 2015), and therefore their precipitation
would drive solutions to higher values. Overall, this provides
further evidence that calcite was actively precipitating from these
waters when they were sampled.

Mg Isotopes
It is unknown exactly why the stream sample from directly
beneath the lava flow is so isotopically light for Mg (−2.37%,
Figure 4). Dissolved inorganic carbon (DIC) and Ca
concentrations in that sample are very high, while the pH
is up to ∼2 units lower than in downstream samples [33 mM,
6.2 mM and pH 6.6, respectively (Olsson et al., 2014)], and this
is the only sample in which calcite is not highly supersaturated
(SI calcite = 0.2 ± 0.5 – bearing in mind the uncertainty in
such snap-shot derived saturation indices). This suggests that
the light Mg isotope ratio is due to dissolved pre-existing
subsurface carbonate and/or the infiltration of magmatic CO2,
where the former is known to be isotopically light (Li et al.,
2012; Mavromatis et al., 2012, 2013; Saenger and Wang, 2014),
and/or subsurface water-basalt interaction and precipitation
of isotopically heavy Si-Al silicates (Wimpenny et al., 2010,
2014) and iron containing phases like ferrihydrite, also driving
waters isotopically light. Further, hydrothermal waters generally
act as an Mg sink, and hence removal processes could impart
substantial isotopic fractionation.

The source spring at the base of the lava flow is approximately
at saturation with respect to calcite (SI = 0.2 ± 0.5), and the
saturation state and pH rise as the water flows downstream
and releases CO2 to the atmosphere, eventually leading to
calcite precipitation (highest calcite SI = 1.7 ± 0.5). Continuous
degassing and calcite precipitation down-stream lowers the in situ
partial pressure of CO2 in the water from 10−0.5 bars in the source
spring to 10−2.6 bars 3.1 km downstream from the springhead
(Figure 2C) (Olsson et al., 2014). As shown in Figure 4,
dissolved δ26Mg water values begin to increase as isotopically
light travertine-calcite is deposited.

The initial increase in δ26Mg is very rapid: after 220 m of
flow, solution δ26Mg has increased from −2.4 to −0.9%. By
780 m of flow, it has increased to−0.4%. Interestingly, this rapid
increase is not matched by Mg concentrations or Mg/Ca ratios,
which are stable for the first 780 m. However, the pH and pCO2
change rapidly in that early section (Olsson et al., 2014). Thus,
as pH increases, δ26Mg increases with a strong linear correlation
(Figure 5A). Equally, there are similar strong changes in the
calcite SI and in Ca/Sr, which again show co-variation with the
δ26Mg of the river waters (Figure 5B), implying that it is the
precipitation of calcite that is driving the Mg isotope ratios of
the solutions isotopically heavy, and hence that Mg isotopes are
useful tracers of carbonate precipitation processes in these waters.

Modeling Calcite Precipitation Using Mg
Isotopes
Given that the Eyjafjallajökull eruption provides the opportunity
to examine a system that appears to be a natural laboratory
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FIGURE 5 | Co-variations between solution δ26Mg and pH (A) and Ca/Sr (B).

for calcite precipitation, we can test whether dissolved Mg
isotope ratios can be used to estimate the amount of carbonate
that is precipitating. The average measured fractionation factor
between the stream samples and their corresponding travertines
is α = 0.9965 ± 0.00047 (126Mgsolid−soln = −3.53, with a range
of −2.98 to −4.14), which is within the range determined
by experimental studies (Mavromatis et al., 2013; Saenger and
Wang, 2014). Using the starting composition of δ26Mg =−2.37%
(the composition of the stream emerging from the lava field), we
can calculate the fraction of Mg remaining in solution relative
to that precipitated in carbonates. For this we use a Rayleigh
relationship, with the above fractionation factors, and the isotope
composition of each stream sample.

f =
[

δs + 1000
δi + 1000

] 1
α−1

where δi is the δ26Mg composition of the initial solution, δs is
the δ26Mg composition of the same, and α is the fractionation
factor (Pogge von Strandmann et al., 2012). This then assumes
that 100% of Mg is in solution in the initial sample, and following
this, the fraction decreases to a minimum of 51% at the furthest
point along the stream flow, as increasing amounts of travertine
are deposited.

The partition coefficient of Mg into calcite (i.e., the Mg/Ca
value) also increases with both the saturation state of calcite and
the precipitation rate (Mavromatis et al., 2013). Extrapolating
this linear relationship of DMg−CC vs. �calcite to the PHREEQC-
calculated calcite saturation index of these rivers [0.2 ± 0.5
for the initial location, up to 1.66 ± 0.5 where travertine is
precipitating (Olsson et al., 2014)], yields partition coefficients
(DMg/Ca) between ∼0.008 for the initial location, up to
∼0.017. Interestingly, Mavromatis et al. (2013) have also shown
that the fractionation factor between experimental calcite and
fluid decreases with increasing precipitation rates (or partition
coefficient). However, in our data, there is a wide spread in
126Mg of ∼0.5% for a near-constant DMg value. In addition,

our 126Mg data do not fall along the same trend line. There are
several possibilities as to why the experimental and observational
data do not dovetail here, including effects by temperature (the
Eyjafjallajökull samples formed at over 20◦C lower temperatures
than the experimental samples), pH (pH was higher by almost
2 units in the natural samples), or fluid composition. This may
imply that more experimental work is required to understand any
changing α values with precipitation rates, and are therefore not
used in our modeling. There is also a postulated speciation effect
on Mg isotope fractionation (Schott et al., 2016), implying that a
pH increase will drive carbonate δ26Mg lower. We have factored
this effect into our model, but for the Eyjafjallajökull samples the
effect on the final calcite Mg/Ca ratios is small (<5%) and within
uncertainty (discussed below). The same study (Schott et al.,
2016) also suggests an effect whereby declining alkalinity results
in higher aqueous δ26Mg values, of approximately −0.01%/mM
alkalinity. Along the sample flowline here, this would cause the
river δ26Mg to change by ∼0.1%. Correcting for this would
change the final Mg/Ca ratio by <3%. We have not factored this
correction into our final calculations though, because the results
of Schott et al. (2016) were the result of calculations rather than
measured data, and in any case the effect is very small and within
our uncertainty.

Calculation of the Mg/Ca in calcite using only their isotope
composition and the partition coefficients (calculated directly
when corresponding travertine deposits exist, otherwise using the
average) yields ratios that are close to those actually measured
(Olsson et al., 2014) (Figure 6 – we note here that Olsson et al.
provide both EMPA and leaches of travertines, where Mg/Ca are
virtually identical in both):

[x] =
[

(x)solution
f

− (x)solution

]
D

where [x] could either be [Mg] or Mg/Ca, depending on
what partition coefficient (D) is used. The largest source
of uncertainty is inherent in the experimental saturation vs.
DMg/Ca relationship of Mavromatis et al. (2013), and this is
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FIGURE 6 | Comparison of the measured molar Mg/Ca ratio of the travertine
deposits, compared to the ratios calculated solely from the Mg isotope
composition of the dissolved load (plus fractionation factors and partition
coefficients). The dotted line represents a 1:1 relationship. The error bars
represent propagated analytical and thermodynamic uncertainties.

factored into the uncertainty calculations for the travertine
Mg/Ca. The uncertainties (Figure 6) are propagated from
the analytical uncertainty, the (fixed) uncertainty on the
saturation index (included in the partition coefficient D) and
the published uncertainty on the fractionation factor, combined
using standard error propagation (Ku, 1966). These uncertainties
are approximately ±60% for the travertine Mg/Ca ratios. For the
samples for which corresponding travertine exists, the median
calculated [Mg] of the calcite is within a factor of 1.3–1.5
of that actually measured in the travertines, and all samples
are within uncertainty of the measured Mg/Ca. Hence, this
approach confirms that it is possible to determine the elemental
composition of precipitated carbonate from the Mg isotope
composition of stream waters.

Further, if the water flow rate is known, the calcite
precipitation rate can be calculated using the Mg partition
coefficient into calcite. Olsson et al. (2014) determined the flow
rate of 0.44 m3/s for sample 10EF74, sampled 220 m from
the lava flow. The small drainage area this close to the source
yields a runoff rate of ∼1.5 × 1011 l/km2/yr, which translates to
precipitation of ∼3200 t/yr calcite. Uncertainty on this estimate
includes analytical uncertainty, and the error on the partition
coefficient, runoff, and catchment area. Assuming that the latter
two are ±10%, this yields a rate of 3200 ± 420 t/yr calcite. Based
on PHREEQC modeling, Olsson et al. (2014) estimated that
9100 t/yr CaCO3 precipitated, assuming that Ca only precipitated
as calcite. Our estimate calculates that ∼35% of Mg in this
sample precipitated into calcite, and this difference in usage
efficiency (i.e., how much of dissolved cations are sequestered
into calcite) likely causes the difference between our estimate
and that of Olsson et al. (2014). Other estimates of volcanic-
induced carbonate precipitation includes the 1996 eruption
beneath Vatnajökull ice cap, which is estimated to have produced
around 1.8 × 1010 mol of C, from which ∼1.1 × 106 t was

precipitated as carbonate in 35 days (Gislason et al., 2002), giving
a rate of ∼1.15 × 107 t/yr CaCO3. During the 2002 glacial flood
of the Skaftá River, 2.3 × 105 t CO2 was drawn down due to
carbonate precipitation during the 7 day flood (Galeczka et al.,
2015).

Overall, then, the 2010 Eyjafjallajökull eruption was relatively
minor in terms of calcite precipitation, but this study does show
that Mg isotopes can be used to estimate carbonate, and hence
CO2, precipitation in natural, or potentially artificial settings.
A recent study has reported Mg isotope ratios in waters from the
CarbFix mineral carbonation (artificial carbonate precipitation
and CO2 drawdown) experiment, also in Iceland (Oelkers et al.,
2019). In this experiment, δ26Mg values in the groundwaters
become lower with time by ∼0.7%, which is interpreted as due
to the formation of Mg-silicates. In other words, in the CarbFix
groundwaters, Mg uptake by secondary silicates significantly
outweighs uptake by carbonates, while in these Eyjafjallajökull
samples the processes appear reversed. This is likely due to
the overall precipitation rates: in Eyjafjallajökull, the carbonate
precipitation rates are extremely fast due to the high TDS, and
significantly outweigh the secondary silicate precipitation rates
(Olsson et al., 2014). In CarbFix, TDS is significantly lower
(Mg concentrations are 2–3 orders of magnitude lower), and
carbonate precipitation rates are slower (years, rather than a few
weeks). Hence it is possible that Mg isotopes can inform on either
or both silicate or carbonate precipitation rates, depending on the
setting, and in particular the kinetics of reaction.

CONCLUSION

This study analyzed Mg isotope ratios in river waters stemming
from beneath a new lava flow from the 2010 Eyjafjallajökull
eruption. Travertine carbonate was observed precipitating from
these highly concentrated waters, and these travertines were also
analyzed. The δ26Mg of the waters increases with flow distance,
in keeping with the precipitation of isotopically light calcite. The
riverine Mg isotope ratios also co-vary with pH and calculated
calcite saturation indices.

Given the presence of both complementary waters and calcite
(i.e., the travertine was directly precipitating from these waters),
and that the composition of the precipitated travertines has
been measured, this study provides an opportunity to test
whether calcite Mg/Ca compositions and precipitation rates can
be estimated solely from their Mg isotope composition. The
Mg/Ca ratios determined solely from Mg isotope ratios are within
uncertainty of those directly measured in the travertines. The
overall calcite precipitation rate (∼3200 t/yr) is ∼35% of that
calculated for these samples from a PHREEQC model (Olsson
et al., 2014). This is consistent with Olsson et al’s assumption that
all Ca precipitated only as calcite, while calculations using Mg
isotopes suggests that only 35% of dissolved Mg is incorporated
into calcite.

Overall, then, this suggests that in scenarios where carbonate
precipitation is strongly enhanced, such as volcanic eruptions,
Mg isotopes can be used to estimate CO2 draw down when other
data are not available. This may also be possible in engineered
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CO2 sequestration reactions, but will depend on the reactions
kinetics of the carbonate compared to any secondary Mg-silicates.
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