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ABSTRACT 11 

Recent studies have uncovered the potential of Mg isotopes (δ26Mg) for studying past 12 

ocean chemistry, but records of such data are still scarce. Dolomite has been suggested as a 13 

promising archive for δ26Mg of seawater. However, its enigmatic formation mechanism, and 14 

the difficulty in precipitating dolomite in the laboratory at surface temperatures, decreases 15 

confidence in the interpretation of δ26Mg from the rock record. To evaluate factors 16 

determining the δ26Mg of dolomite, we studied pore-water and sediment from Dohat 17 

Faishakh Sabkha, Qatar: one of the rare environments where dolomite is currently forming. 18 

The δ26Mg values of the dolomite (-2.56‰ to -1.46‰) are lower than seawater (-0.83‰), 19 

whereas δ26Mg values of pore-water (-0.71‰ to -0.14‰) are higher. The isotope 20 

fractionation accompanying dolomite formation is generally in accordance with an empirical 21 

fractionation from the literature, extrapolated to the Sabkha’s temperature (-1.84‰ to -22 

1.51‰). The results suggest that evaporated seawater is the sole source of Mg and 23 

isotopically light dolomite is the major sink, so that the δ26Mg of the dolomite-forming pore-24 

water is equal to or greater than that of seawater. Thus, provided that the lowest δ26Mg value 25 

among several dolomite samples is used and the formation temperature is known, similar 26 

sabkha-type dolomites can be utilized as an archive for δ26Mg values of ancient seawater. 27 

 28 

INTRODUCTION 29 

Reconstructions of the oceanic Mg budget are important to our understanding of the 30 

past Earth because important surface processes, such as weathering, mid-ocean ridge 31 

volcanism, and carbonate precipitation, control oceanic Mg inputs and outputs (e.g., 32 

Elderfield, 2010). Recent studies have shown the potential of Mg isotopes to enhance our 33 

understanding of the Mg budget of the past oceans (e.g., Tipper et al., 2006; Shalev et al., 34 

2019). A few pioneer studies have produced Cenozoic seawater δ26Mg records from Ca-35 
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carbonate archives (Pogge Von Strandmann et al., 2014; Higgins and Schrag, 2015; 36 

Gothmann et al., 2017). However, the scarcity of such record data, and differences between 37 

existing datasets, currently limit this approach. 38 

Dolomite, a common sedimentary rock constituted by the homonymous mineral 39 

CaMg(CO3)2, has been suggested as a promising archive for seawater δ26Mg, because Mg is a 40 

major element in dolomite and, therefore, it is less sensitive to post-depositional alteration 41 

than other substrates (e.g., Geske et al., 2012; Hu et al., 2017). However, the use of dolomite 42 

is more complicated than Ca-carbonate archives. For example, the δ26Mg of marine-derived 43 

dolomite-forming solutions may be altered by contributions of Mg from sources other than 44 

seawater (e.g., Azmy et al., 2013), or by a Rayleigh distillation effect due to dolomite or Mg-45 

evaporite precipitation (e.g., Li et al., 2011; Blattler et al., 2015; Shalev et al., in rev.). 46 

Furthermore, the mechanism of isotope fractionation between dolomite and its parent solution 47 

is not fully understood (e.g., Li et al., 2015). Many factors have been suggested to affect the 48 

isotope difference between dolomite and solution, Δ26Mgdol-aq, including: temperature, 49 

aqueous speciation, precursor mineral formation, precipitation rate, and others (e.g., Geske et 50 

al., 2015a,b; Schott et al., 2016). In particular, because microbes and their extracellular 51 

polymeric substances (EPS) are considered to be an important catalyst for dolomite formation 52 

(Petrash et al., 2018), it is possible that the Δ26Mgdol-aq may also be influenced by biological 53 

factors. 54 

Previous studies, aiming at quantifying Δ26Mgdol-aq values, have yielded a wide and 55 

often inconsistent range of results (e.g., Li et al., 2015). Higgins and Schrag (2010) suggested 56 

that Δ26Mgdol-aq is between -2.7 and -2.0‰ for deep-marine dolomite. In contrast, higher 57 

values (-0.7 to +0.1‰) were reported for recent sabkha dolomite in Abu Dhabi (Geske et al., 58 

2015b). Li et al. (2015) suggested a temperature-dependence equation for Δ26Mgdol-aq, based 59 

on experiments at high temperatures: 60 
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 61 

Δ26Mgdol-aq = -0.1554(±0.0096) x 106/T2, (1) 62 

 63 

where Δ26Mgdol-aq is the isotope difference between a dolomite and its forming solution and T 64 

is the temperature in Kelvin. Extrapolation of this equation to low-temperatures yields a 65 

Δ26Mgdol-aq in accordance with that suggested for deep-sea dolomite (Higgins and Schrag, 66 

2010), but different from a previous sabkha study (Geske et al., 2015b). Theoretical 67 

calculations predict fractionation factors that are different from each other and from the 68 

experimental and natural data (Rustad et al., 2010; Schauble, 2011). 69 

To evaluate factors determining the Mg isotope signature of dolomite, we studied 70 

pore-water and sediment from Dohat Faishakh Sabkha, Qatar. This coastal sabkha is among 71 

the very few environments in which dolomite is currently forming (e.g., Illing et al., 1965). 72 

This sabkha is an ideal ‘natural laboratory’ because: 1) sediment contamination from aeolian 73 

particles is minimal due to a location protected from the wind; 2) dolomite content in the 74 

sediment is high, up to 80-90% (e.g., Illing and Taylor, 1993) and 3) dolomite occurs in 75 

association with evaporitic minerals (aragonite, gypsum), which are often found in ancient 76 

sedimentary dolomite sequences (Wells, 1962). 77 

 78 

GEOLOGICAL SETTING AND METHODS 79 

Dohat Faishakh Sabkha is a marine evaporitic tidal-flat on the western coast of the 80 

Qatar peninsula, and includes a lagoon, an intertidal zone and a supratidal zone (Fig. 1; Illing 81 

et al., 1965; Illing and Taylor, 1993; Al-Disi et al., 2017). Most of the sediment in the lagoon 82 

and the intertidal zone is comprised of authigenic aragonite. The supratidal flats are the most 83 

saline zone, with authigenic dolomite and gypsum as the main sediments (e.g., Illing et al., 84 

1965). The surface of the intertidal zone is fully colonized by microbial mats, which are also 85 
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present, gradually degraded toward the land, below the surface of the supratidal zone 86 

(Brauchli et al., 2016). These mats have been suggested to play an important role in the 87 

formation of dolomite (Bontognali et al., 2010; Brauchli et al., 2016). Lagoon water 88 

occasionally floods the supratidal zone, partly evaporates, and infiltrates the sediment. Lateral 89 

flow back to the lagoon is likely to take place (Illing and Taylor, 1993). Sediment 90 

temperature is 32±6°C (Müller et al., 2019). 91 

Sediment cores of ~0.5m each were taken at three sites: DFn1, DFBM, and DFn3 (Fig. 92 

1C and Table SI1). Pore-water and lagoon water were extracted immediately after the 93 

collection of the cores in the field, using Rhizon devices. Cores and pore-water samples were 94 

then stored at ca. 4°C. Site DFn1 was sampled during three trips to identify seasonal 95 

variations. The sediment cores were sampled in the laboratory (Table SI3) and powdered. 96 

Then, ~20mg of each sample was used for XRD analysis. Selected samples, in which 97 

dolomite comprises ≥58% of the carbonates, were used for Mg isotope analysis. In such 98 

samples, the bulk δ26Mg can be considered as the dolomite signature because the Mg 99 

contribution from other minerals is small. Solid samples were washed first with milli-Q 100 

water, to remove soluble salts, and then dissolved in HNO3. The methods used for chemical 101 

and isotope analyses followed those described in Shalev et al. (2018a; 2019), and are 102 

summarized in the SI. 103 

 104 

RESULTS 105 

Major cations, mineralogy and Mg isotope results are presented in Tables SI3-4. The 106 

lagoon water is about twice concentrated relative to seawater and the pore-water is more 107 

concentrated than the lagoon (Figs. 2A-B). No significant seasonal change in concentration is 108 

observed at site DFn1. Lowest concentrations are observed at site DFn3, in the intertidal 109 

zone. Mg concentration, [Mg], is highest at site DFBM (supratidal zone) and generally 110 
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decreases with depth, whereas Na concentration, [Na], is highest at site DFn1 (supratidal 111 

zone) and is generally constant with depth (Fig. 2A-B). Mg isotopes are not fractionated in 112 

the lagoon, whereas all pore-water samples are enriched in 26Mg, and all sediment samples 113 

are depleted in 26Mg relative to the seawater source (Fig. 2C). A similar pore-water trend 114 

toward higher δ26Mg values with depth is observed at sites DFBM and DFn3, but not at DFn1, 115 

where the δ26Mg values are generally constant. These trends are not reflected in the dolomite 116 

samples. No dolomite δ26Mg values from DFn3 are reported in Figures 2-4 because the 117 

sediment at this site is mostly comprised of aragonite and does not contain dolomite (Table 118 

SI4). 119 

 120 

DISCUSSION 121 

The 26Mg-enriched pore-water (Fig. 2C) indicates that dolomite formation at the 122 

Dohat Faishakh Sabkha is ongoing over the residence time of the pore-water. The 123 

contribution of isotopically heavy magnesium from silicate minerals (e.g., Teng, 2017) is 124 

expected to be negligible due to their low abundance in the sediment (Table SI4). Mg-125 

evaporites, which may form a 26Mg-depleted sink (e.g., kainite; Shalev et al., in rev.), are not 126 

expected to precipitate at such relatively low degrees of evaporation, within the gypsum 127 

facies (e.g., Shalev et al., 2018b). Indeed, they were not observed in XRD analyses. 128 

Aragonite and calcite may also form a 26Mg-depleted sink (e.g., Wombacher et al., 2011; 129 

Mavromatis et al., 2013) but, due to their low Mg content, this Mg sink is relatively small. 130 

Furthermore, despite significant seasonality in rainfall, expected to dilute the pore-water 131 

during the rainy season, no seasonal change in concentration has been observed in the pore-132 

water (Fig. 2A-B). This observation excludes potential contribution of Mg from runoff or 133 

shallow groundwater. The generally constant [Na] with depth (Fig. 2B) is also inconsistent 134 



7 
 

with a groundwater contribution. Therefore, it is concluded that seawater is the major source 135 

of Mg to the pore-water, and that sedimentary dolomite is the major sink. 136 

The isotopic difference between sediment and pore-water samples at the same depth, 137 

Δ26Mgsed-PW, is between -1.97‰ and -1.57‰ (Fig. 3A, except for one sample: -0.86‰). For 138 

most samples, this isotopic difference is in accordance with -1.84‰ <Δ26Mgdol-aq< -1.51‰ 139 

(Equation 1; Li et al., 2015), as expected for dolomite precipitating in the temperature range 140 

for these sites, 32±6°C (Müller et al., 2019). It should be noted, though, that the pore-water is 141 

not necessarily the precipitating solution of the dolomite present at the same depth. Indeed, 142 

the formation of dolomite likely required hundreds of years, while the pore-water values 143 

represent a snapshot. Therefore, Δ26Mgsed-PW is not necessarily expected to be equal to 144 

Δ26Mgdol-aq. Despite this caveat, the good agreement between the measured and the expected 145 

fractionations suggests that temperature is the major factor determining the Mg isotope 146 

fractionation in this sabkha system, and that any vital, rate, or other effects play a minor role. 147 

The microbial mediation process proposed for explaining sabkha-type dolomite formation is 148 

not expected to cause a metabolism-related Mg isotope fractionation (Brauchli et al., 2016). 149 

Magnesium is not assimilated by microbes, which catalyze the incorporation of Mg into the 150 

carbonate mineral by producing EPS that promote dehydration of aqueous Mg2+ (Bontognali 151 

et al., 2014). It is, however, possible that the interactions between Mg2+ and the EPS cause an 152 

isotope fractionation that is in turn recorded in the dolomite. Our data suggest that such 153 

hypothetical EPS-related fractionation is limited or even absent. 154 

The δ26Mg values of pore-water from each site are linearly correlated with both 155 

ln[Mg], where the slope gives Δ26Mgdol-aq for a Rayleigh model, and 1/[Mg], which simulates 156 

binary mixing (Figs. 3B-C). Thus, we suggest that the δ26Mg of pore-water evolved by 157 

Rayleigh distillation due to dolomite formation, and/or by mixing of such dolomite-forming 158 

solutions, from seawater that is evaporated to a different degree at each site. Since Mg is 159 
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conservative during seawater evaporation (as long as there is no dolomite or Mg-evaporite 160 

formation), [Mg] rises as evaporation progresses, while δ26Mg does not change (blue arrow in 161 

Figs. 3B-C). Thus, for each site, the Mg concentration before the onset of dolomite formation 162 

can be calculated from the intersection between the correlation line and the marine δ26Mg 163 

value (Figs. 3B-C). Then, a degree of evaporation of seawater (DE) can be calculated by: 164 

 165 

DE = [Mg]i/[Mg]SW, (2) 166 

 167 

where i and SW are intersection and seawater, respectively. The results suggest that the DE is 168 

6.6–6.7 at DFn3, 8.3–8.5 at DFn1, and 10.5–10.9 at DFBM. This further suggests that the 169 

pore-water is evaporated to the gypsum – or beginning of halite – facies, supporting the lack 170 

of any Mg-evaporites. 171 

At the DFBM and DFn3 sites, the uppermost pore-water sample is the least evolved 172 

relative to the intersection and [Mg] decreases with depth, while the δ26Mg value increases 173 

(Figs. 3B-C). Furthermore, the slope on the ln[Mg] diagram (-1.69±0.35‰ for DFn3 and -174 

1.35±0.32‰ for DFBM; Fig. 3B) is within the range expected from Rayleigh distillation, with 175 

an isotope fractionation as derived from equation 1 (Li et al., 2015), -1.84‰ to -1.51‰. This 176 

suggests progressive Mg loss to dolomite with downward percolation of evaporated seawater. 177 

However, it is also possible that the deep dolomite-forming pore-water mixes back with the 178 

pore-water from the upper parts of the sediment at each site. Unlike sites DFBM and DFn3, 179 

[Mg] and δ26Mg values at DFn1 show no specific trend with depth and the slope in Figure 3B 180 

is much less negative (-0.85±0.22‰). This might suggest that the uppermost pore-water at 181 

this site mixes with dolomite-forming pore-water from a different place in the sabkha, such as 182 

the DFn3 site (Fig. 3C). This further implies that there is no ongoing dolomite formation at 183 
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DFn1 and, consistently with its landward location in the regressive sedimentary system, that 184 

the dolomite at this site is older. 185 

It can be concluded, then, that the δ26Mg values of dolomites in the Dohat Faishakh 186 

Sabkha are determined by three factors: 1) the formation temperature of the dolomite, which 187 

determines the isotope fractionation factor (though minor vital, rate, or other effects cannot 188 

be ruled out); 2) the extent of prior Mg removal into dolomite from pore-water, which 189 

enriches the pore-water in 26Mg via a ‘Rayleigh effect’; and 3) the extent of mixing with less-190 

evolved evaporated seawater, which lowers the δ26Mg values of the pore-water back towards 191 

the seawater value. Thus, the dolomite with the lowest δ26Mg, which was precipitated from 192 

pore-water with the least Rayleigh-evolved δ26Mg, can be used for seawater reconstructions 193 

(though, it will always be a maximum limit for seawater δ26Mg).  Indeed, applying this 194 

approach to the Dohat Faishakh Sabkha dolomite results in retrieval of the modern seawater 195 

value (Fig. SI2). 196 

 197 

CONCLUSIONS 198 

The dolomite in the Dohat Faishakh Sabkha, Qatar, derived its Mg from evaporated 199 

modern seawater. An isotope fractionation, Δ26Mgdol-aq, of -1.84‰ to -1.51‰, as calculated 200 

by Equation 1 (Li et al., 2015) for the local temperature, is in accordance with the pore-water 201 

and sediment data. Mg loss into dolomite is shown to alter the [Mg] and δ26Mg values of the 202 

pore-water, enriching it with 26Mg by a ‘Rayleigh effect’. Mixing of such altered pore-water 203 

with unaltered evaporated seawater may reduce this 26Mg-enrichment, but δ26Mg values 204 

never go below the value of the original seawater (-0.83‰). Thus, it is concluded that, 205 

provided the lowest δ26Mg value among several dolomite samples from the same system is 206 

used and the formation temperature is known, dolomite can be utilized as an archive for 207 

δ26Mg values of ancient seawater. Also, tools such as Ca isotopes (e.g., Higgins et al., 2018), 208 
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can be used to trace the extent of Rayleigh distillation. Lastly, to use this approach, some 209 

preliminary conditions, which are met in the Dohat Faishakh Sabkha, should apply: 1) 210 

seawater is the major source of Mg to the system; 2) no Mg-evaporites present; and 3) 211 

dolomite is the major carbonate phase in the samples used. 212 

 213 
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 341 

FIGURE CAPTIONS 342 

Figure 1. Geological setting of Dohat Faishakh Sabkha. (A) Location map. (B) Schematic 343 

illustration of the geological setting (after: Illing and Taylor, 1993). (C) Sampling sites (red 344 

points) are distributed along the transect originally studied by Illing et al. (1965). The sites 345 

studied by Brauchli et al. (2016) are also shown (white arrow). Satellite images from ©2019 346 

Google (Imagery ©2019 CNES/ Airbus, Maxar Tech., Map data ©2019). 347 

 348 

Figure 2. Depth profiles of pore water (PW) and sediment (SED). Colors: DFn1 – green, 349 

DFBM – orange, DFn3 – grey, Lagoon – cyan square, Seawater – vertical blue line. A) and B) 350 

[Mg] and [Na] in water samples. DFn1 sampling trips: green (3/2016), yellow (11/2016), and 351 

blue (2/2017). Error bars are 5% analytical error. C) δ26Mg values of pore-water (solid 352 

circles) and sediment (empty diamonds). Error bars are 2SD. 353 

 354 
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Figure 3. δ26Mg values in the Dohat Faishakh Sabkha. A) Isotopic difference between 355 

dolomite and pore-water samples at the same depth, Δ26Mgsed-PW. Error bars are propagated 356 

2SD. Black lines show the expected fractionation for 32±6°C (equation 1; Li et al., 2015), 357 

with its uncertainty (dotted lines). B) and C) Pore-water δ26Mg values vs. ln[Mg] and 1/[Mg], 358 

respectively. DFn1 – green, DFBM – orange, DFn3 – grey. Error bars are 2SD. A linear 359 

correlation (colored solid line; ±SE shown as dashed lines), Y=aX+b, is shown for each site 360 

(a and b are indicated with 95% confidence limits in parenthesis). One outlier, with the 361 

largest error, is not considered in the correlation for site DFn1. Seawater (SW) and the lagoon 362 

water results are shown by the black arrow. The seawater evaporation trend, without any 363 

dolomite formation, is shown by a blue arrow. [Mg]i is the Mg concentration (in mM) at the 364 

intersection of the correlation and the evaporation lines. 365 

 366 

 367 

1GSA Data Repository item 201Xxxx, Mg isotope measurements details, Supplementary 368 

Figures SI1-2, and Supplementary Tables SI1-4, is available online at 369 

www.geosociety.org/pubs/ft20XX.htm, or on request from editing@geosociety.org. 370 
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SUPPLEMENTARY INFORMATION 14 

Mg Isotope Measurements 15 

XRD analyses were done using a Bruker AXS D8 Advance Diffractometer. There 16 

was no further preparation of the pore-water samples, except for the Mg column chemistry 17 

described below. Concentrations were measured on a Thermo Scientific Element XR ICP-18 

MS. Mg was purified using 0.5M and 2.0M HCl on Bio-Rad AG® 50W-X12 (200–400 19 

mesh) resin in 30 ml Savillex Microcolumns. A yield of close to 100% and a total matrix 20 

element/Mg ratio of <0.05 were measured for each sample. Magnesium isotope ratios were 21 

measured on a Thermo Scientific Neptune MC-ICP-MS using a standard-sample bracketing 22 

method. The δ26Mg values are reported relative to DSM3. Results of pure Mg solutions and 23 

natural reference materials are identical within error to the values reported in the literature 24 

(Suppl. Table 2; e.g., Foster et al., 2010; Ling et al., 2011; An and Huang, 2014, Shalev et al., 25 

2018a). The δ25Mg versus δ26Mg results determined in this study plot on a single line with a 26 

slope of 0.512 (Suppl. Figure 1), suggesting no major influence of isobaric interferences on 27 

the measured Mg isotope ratios. 28 

  29 
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Supplementary Figures 30 

 31 

 32 
Supplementary Figure 1. δ25Mg versus δ26Mg values of samples and reference materials measured in this 33 
study. Data from Supplementary Tables 2-4. Grey – reference materials; Blue – pore water samples from DFS; 34 
Yellow – sediment samples from DFS. Error bars are 2SD of each result. The data are in accordance with a 35 
regression line (dotted) that crosses close to the origin and has a slope of 0.512, typical of mass dependent 36 
fractionation of terrestrial material. 37 
 38 

 39 

 40 

Supplementary Figure 2. Reconstructed δ26Mg values of seawater as calculated from DFS dolomites. Colors: 41 
DFn1 – green; DFBM – orange; True seawater – blue line. An isotope fractionation of -1.67‰ (for 32°C, in 42 
equation 1; Li et al., 2015) was used. Boxes indicate the results within the 2SD on the δ26Mg of the dolomite. 43 
Error bars show the further uncertainty results from the uncertainty on the temperature (±6°C).  44 
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Supplementary Tables 45 

 46 

Supplementary Table 1: Core sampling sites location 47 
Core  Latitude Longitude  
DFn1 25°38'13.4''N 50°57'31.9''E 
DFn3 25°37'31.5''N 50°57'39.2''E 
DFBM 25°38'05.4"N  50°57'35.3"E 

  48 



5 
 

Supplementary Table 2: Mg isotope results of reference materials processed through the same Mg separation 49 
and instrumental procedures as the samples. 50 

Material and replicate a δ26Mg (‰) 2SD (‰) δ25Mg (‰) 2SD (‰) n 

DSM3      

Pure Mg passed through column 0.00 0.06 0.01 0.04 4 

      
Cambridge-1      

A -2.60 0.21 -1.37 0.20 3 

B -2.59 0.08 -1.37 0.13 4 

C -2.52 0.08 -1.28 0.08 3 

D -2.54 0.05 -1.31 0.02 4 

E -2.61 0.18 -1.32 0.22 4 

F -2.58 0.09 -1.33 0.11 4 

G -2.60 0.21 -1.31 0.22 4 

H -2.71 0.11 -1.37 0.02 4 

I -2.68 0.07 -1.39 0.02 3 

Pure Mg passed through column -2.59 0.10 -1.35 0.12 4 

Average -2.60 0.11 -1.34 0.07 10 

Literature b -2.61 0.05 -1.34 0.04  
      

Seawater      

A -0.82 0.06 -0.41 0.03 4 

B -0.79 0.13 -0.43 0.13 4 

C -0.79 0.06 -0.41 0.09 4 

D -0.79 0.05 -0.40 0.05 4 

E -0.83 0.14 -0.42 0.18 4 

F -0.81 0.08 -0.43 0.14 8 

G -0.90 0.08 -0.44 0.02 4 

H -0.88 0.11 -0.49 0.03 4 

Average -0.83 0.09 -0.43 0.06 8 

Literature c -0.83 0.09 -0.43 0.06 90 

      

Jdo-1 Dolomite      

A -2.28 0.06 -1.19 0.05 4 

B -2.34 0.09 -1.22 0.09 4 

Literature d -2.35 0.15 -1.23 0.09 11 

      

CRM-512 dolomite      

A -1.86 0.09 -0.92 0.11 4 

B -1.93 0.02 -1.01 0.02 4 

Literature d -2.03 0.17 -1.05 0.09 6 

      
DSW-1      

Dead Sea brine -0.50 0.08 -0.24 0.10 4 

Literature d -0.58 0.12 -0.30 0.07 8 
a Different column chemistry replicates are indicated by A-H, except for replicates A-I of the pure Mg Cambridge-1, which 51 
include the MC-ICP-MS measurements only; b An and Huang (2014), Shalev et al. (2018a); c Ling et al. (2011); d Shalev et 52 
al. (2018). 53 
  54 
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Supplementary Table 3: Major cations concentrations and Mg isotope results of pore water from DFS. 55 

   Major cations Mg isotopes 

Location Sampl. date Depth Na Mg K Ca δ26Mg 2SD δ25Mg 2SD n 

  cm mM mM mM mM ‰ ‰ ‰ ‰  

Seawatera   460 55 11 11 -0.83 0.09 -0.43 0.06 8 

Lagoon water Mar-16 0 847 103 17 22 -0.83 0.04 -0.44 0.02 4 

Lagoon water Nov-17 0 731 86 15 18      

DFn1 Mar-16 5 4021 373 64 27      
DFn1 Mar-16 10 n.a. 382 67 25 -0.68 0.03 -0.37 0.01 4 

DFn1 Mar-16 15 4051 377 64 28      
DFn1 Mar-16 20 4120 385 62 26 -0.68 0.07 -0.37 0.02 4 

DFn1b       -0.71 0.06 -0.39 0.01 4 

DFn1 Mar-16 25 n.a. 386 69 24      
DFn1 Mar-16 30 3847 363 63 26 -0.64 0.07 -0.30 0.07 2 

DFn1 Mar-16 35 n.a. 396 71 23      
DFn1 Mar-16 40 n.a. 392 69 23 -0.70 0.04 -0.38 0.01 4 

DFn1 Mar-16 45 4138 378 62 26      
DFn1 Nov-16 8 4498 396 70 29      
DFn1 Nov-16 23 4392 388 72 28      
DFn1 Nov-16 33 4345 386 71 28      
DFn1 Nov-16 43 4159 366 70 30      
DFn1 Feb-17 10 3942 359 65 24      
DFn1 Feb-17 20 4137 380 68 24      
DFn1 Feb-17 30 4239 384 66 24      

DFn1b Feb-17 30 4323 394 68 24      
DFn1 Feb-17 40 4054 365 66 26 -0.65 0.01 -0.35 0.01 4 

DFn1 Feb-17 50 3862 339 64 29 -0.59 0.04 -0.29 0.01 4 

DFn1 Feb-17 60 3792 347 61 27 -0.69 0.13 -0.35 0.13 4 

DFBM Nov-17 9 3384 529 79 15 -0.69 0.04 -0.36 0.02 4 

DFBM Nov-17 19 3533 477 81 20 -0.58 0.04 -0.31 0.02 4 

DFBM
b       -0.60 0.06 -0.36 0.01 3 

DFBM Nov-17 29 3439 434 81 26 -0.47 0.05 -0.26 0.02 4 

DFBM Nov-17 39 3308 394 73 31 -0.39 0.03 -0.22 0.02 4 

DFBM Nov-17 49 3328 366 78 41 -0.23 0.05 -0.13 0.01 3 

DFBM Nov-17 59 3479 359 80 50 -0.14 0.07 -0.08 0.02 3 

DFBM
b Nov-17 59 3348 351 74 52      

DFn3 (inside 
mat) Nov-17 2 988 117 18 24      
DFn3 Nov-17 8 2849 332 53 25 -0.69 0.07 -0.35 0.02 4 

DFn3b Nov-17 8 2785 328 53 24      
DFn3 Nov-17 18 2862 316 56 27 -0.63 0.08 -0.30 0.04 4 

DFn3 Nov-17 28 2772 298 53 30 -0.49 0.04 -0.27 0.02 4 

DFn3 Nov-17 38 2790 292 51 33 -0.48 0.05 -0.23 0.05 4 

DFn3 Nov-17 48 2588 271 52 34 -0.36 0.06 -0.19 0.01 4 
n.a. not analyzed; a Seawater concentration data from Riley & Chester (1971); isotope data from current study; b 56 
Replicate. 57 
  58 
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Supplementary Table 4: Mineralogy and Mg isotope composition of sediments from DFS. Dol – dolomite, Ara 59 
– aragonite, Cal – calcite, Gyp – gypsum, Hal – halite, Q – quartz. 60 

  Mineralogy Mg isotopes 

Location Depth Dol Ara Cal Gyp Hal a Q δ26Mg 2SD δ25Mg 2SD n 

 cm wt% wt% wt% wt% wt% wt% ‰ ‰ ‰ ‰  

             
DFn1 17 0 0 0 93 7 0      

DFn1b 17 0 0 10 90 0 0      
DFn1 30 48 0 0 21 30 0 -2.56 0.13 -1.27 0.03 4 

DFn1 33 78 0 0 9 12 0 -2.53 0.09 -1.28 0.10 4 

DFn1 37 80 0 0 6 14 0 -2.40 0.06 -1.25 0.02 4 

DFn1 43 68 0 0 8 18 6 -2.33 0.06 -1.21 0.01 4 

DFn1 48 83 4 0 0 11 3 -2.39 0.04 -1.25 0.08 4 

DFn1b 48 79 6 0 0 16 0      

DFn1c 48 80 0 0 0 20 0      

             
DFBM 10 0 0 16 47 37 0      
DFBM 20 22 0 8 36 33 0 -1.46 0.06 -0.76 0.01 4 

DFBM 30 37 0 4 0 53 6 -2.03 0.10 -1.05 0.04 4 

DFBM 40 21 3 5 0 67 4 -2.05 0.06 -1.05 0.04 4 

DFBM 50 34 10 6 0 45 5 -2.21 0.04 -1.12 0.03 4 

DFBM 60 33 17 7 0 42 0 -2.10 0.11 -1.09 0.06 4 

DFBM
b 60 35 17 0 0 48 0      

             
DFn3 14 0 71 0 0 29 0      
DFn3 34 0 73 0 0 27 0      

a Halite might be an artifact of the pore water evaporation that occurs in the laboratory. 61 
b Duplicate. 62 
c Replicate. 63 
  64 
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