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Introduction: Geologically active ice-ocean worlds 

are promising astrobiological targets due to their po-

tential for harboring liquid water and generating chem-

ical disequilibria [1, 2]. While Earth’s ocean is Na-Cl 

dominated, previous studies suggest the oceans, brines, 

and ice shells of other ice-ocean worlds could have 

substantially different chemical compositions [3, 4, 5]. 

While there have been an ample amount of studies on 

ice-ocean/brine interactions on Earth, the majority of 

the research focuses on Na-Cl dominated systems. To 

properly constrain the thermochemical dynamics and 

habitability of ice-ocean/brine systems found on other 

planetary bodies, terrestrial analogs reflecting a diverse 

set of chemistries must be studied as well [6]. Biogeo-

chemical analysis of these terrestrial analogs can be 

used to inform predictive models of ice-ocean/brine 

system evolution on other ice-ocean worlds (e.g. rem-

nant/relict Martian ice-brine systems [7], perched wa-

ter bodies within the ice shell of Europa [8, 9]). An 

exceptional and accessible testing ground for under-

standing ice/brine dynamics in compositionally diverse 

systems is the hypersaline lakes of central British Co-

lumbia’s Cariboo plateau [6]. These endorheic, hyper-

saline lakes are subject to hot, arid summers and frigid 

winters – creating an interesting cycle of stressors to 

study. Significant evaporation during the hotter season 

in combination with a lacking source of freshwater to 

replenish the lakes lead to their high salinities (~30 – 

40 wt %) [10]. The lakes boast an assortment of chem-

istries [MgSO4, Na2CO3, MgCl2, NaCl] (despite their 

geographical proximity) making them a unique and 

valuable terrestrial analog to investigate the biogeo-

chemistry of chemically diverse ice-brine systems. 

Fieldwork:  In February 2020, ice/brine samples 

from five lakes (Salt Lake, Last Chance Lake, Basque 

Lake 1, Basque Lake 2 and Basque Lake 4) were taken 

at progressive depths for biogeochemical analysis (ion 

composition, cell counts). Additional fieldwork com-

pleted during the February 2020 season included the 

retrieval of HOBO temperature loggers installed in 

September 2019 to capture the temperature evolution 

between seasons within the lake ice, as well as outside 

the system, permeability tests, and a geophysical sur-

vey to characterize the conductivity structure under-

neath the ice.  

Results: The overall trend in bulk ionic concentra-

tion and cell density was an increase with depth, how-

ever appreciable salt and biological entrainment occurs 

at all depths. There is a particularly interesting excep-

tion. The structure of Basque Lake 2 includes an inter-

nal brine layer at a depth of 5 cm encased by ice layers 

both above and below, with an underlying brine layer 

at 13 cm. The internal brine layer is highly concentrat-

ed with MgSO4 and contains around 2.5x106 cells per 

milliliter - the highest recorded for all the samples. 

Brine layers (both internal and underlying) are charac-

terized by a drastic increase in salt concentration and 

cell density compared to ice layers. The data has im-

portant astrobiological implications for ice-brine sys-

tems on other planetary bodies like Europa, Enceladus, 

and Mars. Layers in which brine was present proved to 

be hospitable microenvironments for any biology with-

in the system. The entrainment and potential preserva-

tion of the biological activity within the brine is vital to 

understand for future spacecraft missions searching for 

biosignatures within the ice shells of ocean worlds [6, 

11]. We additionally observed salt hydrate precipita-

tion and brine supercooling, thermochemical processes 

that can impact the longevity and biosignature preser-

vation capabilities of aqueous systems in low tempera-

ture environments [9, 12]. 

Acknowledgements: This work was funded as part 

of the Oceans Across Space and Time program of the 

NASA Astrobiology program, grant 80NSSC18K1301, 

PI B.E. Schmidt, in collaboration with grant 

80NSSC18K1088, PI A. Pontefract. 2020 fieldwork is 

also supported by an Astrobiology program Lewis & 

Clark grant, PI Buffo.  More information about OAST 

and its investigators can be found at: 

http://schmidt.eas.gatech.edu/oast. 

References: [1] Hand, K. P., Carlson, R. W., Chy-

ba, C. F. (2007) Astrobiology 7(6), 1006-1022. [2] 

Vance, S. D., K. P. Hand, and R. T. Pappalardo (2016), 

Geophys. Res. Letters, 43(10), 4871-4879 [3] Kargel, 

J. S., J. Z. Kaye, J. W. Head, et al (2000) Icarus, 

148(1), 226-265 [4] Zolotov, M., Shock, E. (2001) 

Journal Of Geophysical Research: Planets, 106, 

32815–32827. [5] Zolotov, M. Y. (2007) Geophy. Res. 

Letters, 34(23) [6] Buffo et al., (in review) 

Astrobiology. [7] Rapin et al., (2019) Nature 

Geoscience, 12(11), 889. [8] Schmidt B., et al. (2011) 

Nature, 7374, 502. [9] Chivers, C., Buffo, J., Schmidt 

B. E. (2021) JGR: Planets 124. [10] Renaut, R. W., et 

al. (1989) Sedimentary Geology, 64, 239–264. [11] 

Schmidt, B. (2020), The Astrobiology of Europa and 

the Jovian System, Planetary Astrobiology, 185. [12] 

Schopf, J. W. et al. (2012) Astrobiology 12(7). 

8109.pdfTerrestrial Analogs 2021 (LPI Contrib. No. 2595)


