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Abstract:  The Great Salt Lake (GSL) is a shallow, 

terminal lake that exhibits a maximum and a mean depth 

of ∼9.0 m and 4.3 m, respectively. The construction of 

a rock and gravel railroad causeway in the late 1950s 

segregated the lake into north and south arms (Figure 1), 

and the restricted flow of water between these two 

“arms” resulted in the development of a salinity gradient 

[1][2]. The north arm salinity is typically at saturation 

(∼5 M, 270–300 g/L TDS), whereas the salinity in the 

south arm surface brine is substantially lower (∼ 2.5 M, 

140–150 g/L TDS) due to freshwater inputs via three 

rivers [2].  

GSL is also sulfur-rich and its sediments were 

reported to contain high contents of heavy metals and 

metalloids. It was previously shown that concentrations 

of sulfate in GSL could reach up to 7% of the total salt 

[3]. Such high concentrations of sulfate support an 

active community of sulfate reducers (SRB) that 

produce sulfide at high rates within GSL sediments [4].  

Dissolved sulfide may accumulate to up to ~ 4 mM at 

certain sites whereas drop below 2 μM at others [5], 

indicative of significant variations in sulfide oxidation 

and removal mechanisms across the lake. The intense 

solar radiation in the area of GSL can penetrate through 

the relatively shallow water depths and reach the lake 

bottom microbial communities, likely making the 

photosynthesis-driven primary production a most 

critical player in sustaining bacterial sulfate-reduction, 

which is closely tied to the sequestration of metals and 

metalloids. In comparison to the reductive part of the 

sulfur cycle, less is known about the microbial 

communities driving sulfide-/sulfur-oxidation. It is 

known that anoxygenic photosynthetic bacteria that 

belong to purple sulfur bacteria exist in significant 

abundances in the microbial communities isolated from 

water columns and sediments of GSL [6][7]. Purple 

sulfur bacteria thrive in anoxic sulfidic environments 

where sunlight can penetrate, and have caused blooms 

in some of the reservoirs in western Texas during past 

dry years. Scientific data regarding how these purple 

sulfur bacterial blooms form and their environmental 

effects remain elusive, however. The continuing 

changing climatic conditions (e.g., the drought 

condition that has been affecting most regions of the US 

West) may favor the growth of such halophilic, 

anoxygenic photosynthetic sulfur-oxidizers through 

expanding euxinic conditions within certain areas of 

GSL. Thus, there is an urgent need to scrutinize the 

population dynamics as well as environmental roles and 

functions of these anoxygenic photosynthetic bacteria in 

face of fast changing climatic conditions, especially 

how such groups may contribute to balancing the 

overall microbial ecosystems and affect the metal cycles 

in GSL. Obtaining relevant knowledge will help to 

better predict the evolution of GSL and to formulate 

corresponding management plans. The current fragile 

condition of GSL in terms of continual freshwater loss 

and salinity increase may also have implication for 

understanding the ancient conditions on Mars and 

search of life in those niches.   

The focus of our current study is on the mechanisms 

of interaction among anoxygenic photosynthetic sulfur-

oxidizers (especially purple sulfur bacteria), sulfate-

reducers, dissolved metal species, and metal sulfide 

precipitates within GSL under various salinities. We 

will quantify the rates of microbial sulfate-reduction and 

oxidation at six sites of GSL (indicated in Figure 1) 

Figure 1. Satellite image of the Great Salt Lake and 

proposed sampling sites for water columns and sediments. 

The railroad causeway that separates the lake into south 

and north arms and the proposed field sites are indicated. 
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through measuring the expression of marker gene dsrA 

and gene combination dsrA + pufL/M, respectively, in 

the isolated microbial biomass from water samples at 

various depths and lake bottom sediment. We will also 

measure the field parameters including the water pH, 

conductivity, sulfide and sulfate concentrations, and 

dissolved oxygen levels, and characterize the aqueous 

geochemistry of the sediment pore water and quantify 

the metal and metal sulfide content of the sediment. Our 

key hypothesis is that the expansion of anoxygenic 

photosynthetic sulfide- and sulfur-oxidizers are critical 

for sustaining a healthy microbial community within the 

GSL in face of reduced fresh water input and increased 

salinity. We note that we are only at an early phase of 

carrying out this work.  
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