
1. INTRODUCTION

2. OBJECTIVES

3. MATERIALS AND METHODS

STUDY AREA
 The Ojo de Liebre Lagoon is located in the dry area of the Vizcaino 
Desert (Baja California Sur, Mexico), near the town of Guerrero Negro.             
The scarce precipitation, extensive tidal flats and constant wind were the 
perfect conditions for evaporites to form in the margins of the lagoon.           
After 1950 a salt producing company was created, which grew to become 
the world’s largest open salt works (51% owned by the Mexican state and 
49% by Mitsubishi Corporation). The concentration ponds have constant 
salinity conditions controlled by pumping and gravity flow (Figure 1,  Table 1)  

1)To differenciate the behavior of lanthanides and trace elements under a water column salinity gradient along the evaporation sequence of 
hypersaline ponds of the ESSA saltern at Guerrero Negro, Baja California Sur.
2) Try to establish the relationship between lanthanide relative enrichment patterns and microbial mat bacteria and archaea abundances 
along vertical profiles at hypersaline ponds. 

Salinity (‰)

Ojo de Liebre Lagoon 38.8

Pond 1 (calcite/dolomite) 49.3

Pond 2 (calcite/dolomite) 76.0

Pond 3 (calcite/dolomite) 82.1

Pond 4 (bacterial mats) 81.6

Pond 5 (bacterial mats) 99.8

Pond 6 (bacterial mats) 126.1

Pond 7 (gypsum/anhydrite) 124.0

Pond 8 (gypsum/anhydrite) 122.7

Pond 9 gypsum/anhydrite) 146.4

Pond 10 (gypsum/anhydrite) 174.6

Pond 11 (gypsum/anhydrite) 238.1

Pond 12 (gypsum/anhydrite) 253.5

Pond 13 (gypsum/anhydrite) 255.8

Crystallization Ponds (NaCl) 262

Residual brine 290-330
Figure 1. Study area and sampling stations 
(Modified from Huerta-Diaz et al., 2012) 

Mexico
Baja California peninsula

5

1 2 †3 3 4
Konstantin Choumiline , Alejandro López-Cortés , Mario Martin Grajeda-Muñoz , Evgueni Shumilin , Dmitry Sapozhnikov

1Earth Sciences, University of California Riverside, Riverside, California 
2Environmental Planning and Conservation, Centro de Investigaciones Biologicas del Noroeste, La Paz, Baja California Sur, Mexico
3Oceanology, Centro Interdisciplinario de Ciencias Marinas - Instituto Politécnico Nacional, La Paz, Baja California Sur, Mexico
4V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry - Russian Academy of Sciences, Moscow, Russian Federation

Source: NASA

LANTHANIDE BEHAVIOR IN HYPERSALINE EVAPORATION PONDS AT 
GUERRERO NEGRO, BAJA CALIFORNIA, MEXICO - AN ENVIRONMENT WITH HALOPHILES

LANTHANIDE BEHAVIOR IN HYPERSALINE EVAPORATION PONDS AT 
GUERRERO NEGRO, BAJA CALIFORNIA, MEXICO - AN ENVIRONMENT WITH HALOPHILES

 Lanthanides are known, in some cases, to be sensitive to changes in water column or sediment chemistry, a fact that allows them to be used as 
environmental fingerprints. Nevertheless, the behavior of these elements in hypersaline environments is insufficiently understood, especially in 
those colonized by bacteria, archaea and eukarya halophiles. Extreme environments like the mentioned exist in the artificially-controlled ponds of 
the “Exportadora de Sal S.A.” (ESSA) salt-producing enterprise located in Guerrero Negro (Baja California Sur, Mexico).
Altough this specific system has been and its still being througly studied by groups of biologists and biogeochemists, especially focusing on the 
anoxygenic photosynthetic and chemosynthetic processes at the pond with microbial mats (Des Marais, 2003; Jørgensen and Des Marais, 1986); 
oxygen production rates and its relation with diurnal cycles (Fike et al., 2009); way less is known about dissolved trace element concentrations in 
ponds (Shumilin et al., 2002), trace elements and degrees of trace metal pyritization in a microbial mat vertical profile (Huerta-Diaz et al., 2011; 
2012).  On the other hand, studies focusing on lanthanides and their evaluation as potential indicators of processes in hypersaline environments 
have not been done. This is the approach of the current research.

Table 1. Range of salinities of Ojo de Liebre Lagoon                   
in contrast to the ponds at ESSA saltern   

4. RESULTS AND DISCUSSION

SAMPLING
 Bottom sediments from the ponds and the lagoon were 
collected with a grab sample.  A 30 mm microbial mat core was 
obtained from Pond 5 in 2004 (Figure 1).

ANALYSES AND DATA TREATMENT
 After a usual pretreatment, samples were analyzed for major, 
trace elements and lanthanides using the ICP-AES, ET-AAS and 
INAA techniques. Certified reference material (NIST SRM 
1646a, IAEA-356 and  IAEA SD-N-1/2) allowed to endorse the 
analytical data.
 A scanning electron microscope was used in order to 
perform the microbiological description of the microbial mat 
core from Pond 5.  

MICROBIOLOGICAL DESCRIPTION OF THE CORE
 The microbial mat core (Figure 1) is dominated by a 
filamentous, bundle-forming cyanobacteria Microcoleus 
chthonoplastes with less presence of Spirulina sp. and others. 
Some of the microorganisms identified are shown in the 
scanning electron microscope image on Figure 2 and 
schematically in the Figure 3. 
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Figure 2. Scanning electron microscope images of 
the bacterial mat core from Pond 5, emphasizing 
on some of the described groups of organisms  
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Figure 3. Schematic of some of the bacteria 
found along the core from Pond 5  

VERTICAL DISTRIBUTION OF LANTHANIDES ALONG THE CORE
 Two groups of elements could be distinguished with similar trends of shale-normalized values: La, Ce, Pr and Nd (Figure 4a) group versus            
Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu (Figure 4c). The first group (Figure 4a), mostly of light lanthanides, had two prominent peaks at 15 mm and 
around 22 mm, whereas the second (Figure 4c), dominated by heavy lanthanides, showed only slight increase at 15 mm and none at 22 mm. 
Vertical distribution of prokaryotic cells of this stratified mat (Figure 4g) shows filamentous bacteria and cyanobacteria with a cell abundance and 
morphotype richness maxima of prokaryotic cells in a chemocline from 3 mm to 7 mm depth which co-exists nine morphotypes of aerobic and 
anaerobic prokaryotes Microcoleus chthonoplastes, Leptolyngbya, Cyanothece, Geitlerinema, Spirulina, Chloroflexus, Beggiatoa, Chromatium and 
Thioploca. Below the 7 mm depth, oxygenic photosynthesis is already depleted. 

6. REFERENCES

    The vertical trends of shale-normalized lanthanide values of the microbial mat core from ESSA Pond 5  tend to associate La, Ce, Pr and Nd as 
one group versus Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu as another.   
 The vertical variability of shale-normalized lanthanide values, Ce anomaly, Eu anomaly and uranium concentration not always correlate with 
cell abundances and morphotype richnesses of prokaryotes found in the core from Pond 5.  This might be the effect of complex physicochemical 
and/or biological mechanisms, that cause a preferential adsorption of selected lanthanides to the cell walls of specific bacteria. 
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Figure 4. Vertical profiles of lanthanide concentrations (a,b,c), Ce anomaly (d), Eu anomaly, (e) all normalized with North American Shale Composite (NASC), in contrast to uranium 
content (f) and to the abundances of microorganisms from the core collected at ESSA Pond 5  
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 The highs of the shale-normalized lanthanide values of La, Ce, Pr and Nd (at 15 mm core depth) seem to correlate with the morphotypes of 
anoxygenic phototrophic bacteria Chloroflexus and Chromatium and few bundles of Microcoleus chthonoplastes whereas the lows were associated 
with low abundances of cells and morphotype richnesses of these groups of prokaryotes. Europium  showed independent trends from other 
lanthanides, being closer to the light lanthanide behavior (Figure 4a). Europium anomaly (Figure 4e) presents a similar trend to that of Ce anomaly 
(Figures 4d). As an additional fact, the trace element uranium, (Figure 4f) commonly associated to organic-matter-rich-sediments and in some 
cases a representative of reducing conditions, seems to be enriched similarly to the light lanthanides Ce, Pr and Nd. It is hard to withstand at this 
point, but the preliminary results might suggest a preferential adsorption of light versus heavy lanthanides to the cell walls of some specific types 
of bacteria (Takahashi et al., 2005). This might be a pure physicochemical effect or a biological mechanism. 
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5. CONCLUSIONS
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