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Response to the comment “Uranyl-chloride speciation and uranium transport in hydrothermal 

brines: Comment on Migdisov et al. (2018)” by Dargent et al. 

A.A. Migdisov 
1*

, W. Runde 
1
, A.E. Williams-Jones 

2
, H. Boukhalfa 

1
, R. Roback 

1
, and A. 

Timofeev 
2 

 

1
Los Alamos National Laboratory, P.O. Box 1663, M.S. J535, Los Alamos, NM 87545, US 

2
Department of Earth and Planetary Sciences, McGill University, 3450 University Street, 

Montreal, Canada, H3A 0E8 

 

We welcome the comments provided by Dargent et al. (2018) and appreciate the effort they have 

made to evaluate our recently reported data on the stability of uranyl(VI) chloride complexes as 

function of temperature (Migdisov et al., 2018). We also appreciate the opportunity provided by 

the editor to clarify issues in our manuscript that were not clearly articulated or in error.  

Before addressing the issues raised in Dargent et al. (2018), we would like to point out that we 

did not question the quality of the spectroscopic data reported in Dargent et al. (2013). Our main 

concerns are related to spectra deconvolution and formation constants reported in Dargent et al. 

(2013) for uranyl chloride species. These reported values suggest abnormally high stability for 

the complexes with high chloride number, not only in solutions of hyper-salinity, but also in 

solutions of much lower salinity. In Migdisov et al. (2018), we identified a number of potential 

weaknesses in the study of Dargent et al. (2013), which could have affected the accuracy of the 

formation constants that they derived. As we were not sure whether or not these weaknesses had 

led to the derivation of erroneous formation constants, we decided to perform an independent 

experimental check. The main goal of our work was not to confirm or disapprove the occurrence 

of UO2Cl4
2-

 and UO2Cl5
3-

 in solutions of extreme salinity, but rather to re-evaluate the stability of 
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lower uranyl chloride species and to confirm or refine the values of the formation constants for 

these species reported in Dargent et al. (2013). 

In the following sections we will address the issues and concerns raised by Dargent et al. (2018): 

(1) the validity of our modelling calculations, and (2) the misuse of the thermodynamic data 

reported in Dargent et al. (2013).   

(1)  The purpose of the modelling calculations presented in Migdisov et al. (2018) (last two 

paragraphs of our 15 pages paper) was not to make a definitive statement about the 

transport of uranium in the hydrothermal systems responsible for the formation of 

unconformity-type uranium deposits. Instead our goal with these calculations was to 

demonstrate that under very conservative conditions, the concentrations of U observed in 

fluid inclusions from unconformity-type uranium deposits can be reached without forcing 

the system to oxidize uraninite to UO3. We believe that we achieved this goal. Indeed, the 

concentrations measured by Richard et al. (2011) in fluid inclusions range from 

micromoles to millimoles per liter, and the values returned by our calculations (tens of 

micromoles) fall in the middle of this range. Higher concentrations could be produced, 

for example by a shift in the redox conditions from those for UO2/U3O8 (employed in our 

calculations) to those Fe2O3/Fe3O4, or the formation of chloride species with higher 

chloride numbers, as proposed by Dargent et al. (2013). We agree with Dargent et al. 

(2018) that the two U(VI) chloride species are insufficient to model the U(VI) solution 

speciation in solutions in hyper-saline brines.  Under those conditions, species such as 

UO2Cl3
-
 and UO2Cl4

2-
  are known to form at ambient temperature as has been 

spectroscopically verified for U(VI) and Pu(VI) by Runde et al. (1996) and others. 

However, thermodynamic constants for the first two U(VI) chloro complexes must be 
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included in such modeling effort, even at high chloride concentrations.  We remind 

readers that the purpose of our study was to report robust formation constants for uranyl 

species and to show how these data may be used. It was also our hope that our study 

would contribute to the development of comprehensive models for the formation of 

unconformity- and other types of uranium deposits, but we saw this as the task of other 

researchers. Thus, we cannot accept the criticism of Dargent et al. (2018) that we have 

claimed to be able to accurately model the behavior of uranium in the hyper-saline 

hydrothermal fluids that are believed to be responsible for the formation of unconformity-

type uranium deposits. 

(2) Dargent et al. (2018) are correct in noting that, in comparing our results with the data 

reported in Dargent et al. (2013), we used the values of the stepwise formation constants 

(Table 2 of their paper) as if they were simple formation constants (). Indeed, after 

analyzing the data reported in their paper, we came to the conclusion that this table must 

have accidentally and erroneously reported the data as referring to stepwise formation 

constants.  

The reasons for this misinterpretation are as follows: 

a. Inconsistency in reporting data: Table 2 and Table 4 in Dargent et al. (2013) are self-

contradictory: they report significantly different stability for UO2Cl2°. Table 4 in 

Dargent et al. (2013) compares the values of log10  obtained in their study with 

those reported in the literature for ambient conditions. Accordingly, in Migdisov et 

al. (2018) we used the value in Table 4 (0.74) for our calculations at these 

conditions. However, we noticed that this value is inconsistent with the presumed 
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value of 1.16 derived as the sum of the first two stepwise constants in Table 2 

(0.40±0.14 and 0.76±0.28). It seems that the value in Table 4 (0.74) was directly 

transferred from the log10K2 value of 0.76 in Table 2, which refers to the stepwise 

formation constants. Changes in the value from 0.76 to 0.74 can be interpreted as the 

temperature correction from 21 to 25 °C. If this is not the case, it is not clear why 

Dargent et al. (2013) in Table 4 reported the value, which does not align with the rest 

of their data (see Figure 1a of their comment). 

b. Inability to reproduce speciation plot (Fig. 5b in Dargent et al. (2013): We were not 

able to reproduce the species distribution reported by Dargent et al. (2013) in their 

Figure 5b for 1M LiCl, 21 °C based on the reported stepwise formation constants. 

This Figure suggests that at these conditions the aquo ion UO2
2+

 represents about 

70% of the mass balance of uranium in solution, and other species are below 20%; 

calculating the speciation using the values reported in Table 2 resulted in only ~20% 

of UO2
2+

, ~30% of UO2Cl2°, and ~40% of UO2Cl3
-
 (values vary depending on the 

activity model applied).  

c. Disagreement with published data: The values for the stepwise constants reported in 

Table 2 of Dargent et al. (2013) are quite inconsistent with published data. For 

example, these constants suggest (Figure 1) that at 21 °C uranyl chloride complexes 

predominate over the free uranyl-ion at a chloride concentrations as low as 0.2 mol/l 

and that in solutions with concentrations of free chloride ions greater than 0.4 mol/l, 

the predominant uranyl species is UO2Cl3
-
. This contradicts the conclusions of other 

studies suggesting much weaker affinity of uranyl to chloride at ambient conditions. 

Uranyl species with high chloride numbers indeed have been observed in aqueous 
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solutions. However, the study of Soderholm et al. (2011), to which Dargent et al. 

(2018) refer, concluded that at ambient temperature, the average number of chloride 

ions coordinated to the uranyl ion exceeds 2 only in solutions having a total 

chlorinity greater than 3 mol/l (Figure 6 and Table 2 in Soderholm et al., 2011). 

Similarly, Hennig et al. (2005) observed species with a chloride number > 2 in 

solutions having chloride concentrations of 3 to 9 mol/l.  

d. If the data reported in their Table 2 are taken to be log10  values, they return a 

species distribution much closer to that reported in the literature for ambient 

conditions and similar to that reported on their Figure 5b for 1M LiCl, 21 °C. 

For the above reasons we assumed that Dargent et al. (2013) had misidentified the nature of their 

formation constants in their Table 2. Considering their comment, we acknowledge this error, and 

use this response partly as an erratum. Figure 11 reported in our original paper is incorrect; the 

corrected version of this figure is provided in this response as Figure 1. In comparing our 

formation constants for UO2Cl2
o
 to those of Dargent et al. (2013), we urge readers to refer to 

Figure 1a in Dargent et al. (2018) instead of Figure 10b of Migdisov et al. (2018). 

In Figure 1 of this response, we compare the distribution of uranyl species calculated using the 

data of Migdisov et al. (2018) with that correctly calculated using the data reported by Dargent et 

al. (2013). As is evident from this figure, the disagreement between our data and the data 

reported by Dargent et al. (2013) is much larger than we concluded in Migdisov et al. (2018). 

Significantly, this disagreement is considerable, not only for the field of hyper-saline chloride 

solutions (log m(NaCl)>0.5), but also for the field of more dilute solutions, including those 

employed in our experiments. Moreover, our recent study (Timofeev et al., 2018) also does not 

support their speciation model. These experiments did not reveal any evidence for the 
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predominance of UO2Cl3
-
, UO2Cl4

2-
, or UO2Cl5

3-
 at either 300 or 350 °C, despite the fact that 

these species are predicted by Dargent et al. (2013) to be predominant or significantly 

contributing within the range of NaCl concentrations employed in the study. On the contrary, the 

data of Timofeev et al. (2018) confirm our predictions and demonstrate unequivocally that the 

main complex controlling uranyl speciation at a chlorinity between 0.1 and 1.5 m is the neutral 

species UO2Cl2°. We also note that the values of the formation constants derived in Timofeev et 

al. (2018) for UO2Cl2° at 300 and 350 °C are in excellent agreement with the formation constants 

derived in Migdisov et al. (2018) for lower temperature. Whereas the study of Migdisov et al. 

(2018) was conducted using UV-visible spectroscopy, that of Timofeev et al. (2018) involved 

determining the solubility of U oxides in acidic NaCl-bearing solutions under controlled redox 

conditions. We believe that the excellent agreement between two studies performed using very 

different experimental techniques is compelling evidence for the high accuracy of the formation 

constants derived by them. Furthermore, we believe that, in combination, these two studies 

demonstrate convincingly that the values of formation constants reported by Dargent et al. 

(2013) for uranyl complexes with high chloride numbers are overestimated.  
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Figure caption 

Figure 1. Erratum to Figure 11 from Migdisov et al. (2018): a-d) Distribution of uranyl-chloride 

species as a function of the logarithm of total molality of NaCl in aqueous solutions calculated 

for 25 to 300 °C based on the data obtained in this study. Shaded areas show the range of 

concentrations not covered in our study (contribution of other species is not excluded). e-h) 

Distribution of uranyl-chloride species at the same conditions calculated using the data reported 

by Dargent et al. (2013).  
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