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Introduction: A 100 km2 field of fossil 
microbialites surrounds the terraces of a high-altitude 
(4,500 m) altiplanic paleolake in South Bolivia. The 
paleolake reached its peak volume at the end of the 
Pleistocene ~13,500 years ago and has been receding 
since due to climate change [1,2]. As a result, two 
residual lakes were formed, Laguna Blanca and 
Laguna Verde. Fossils are observed from the peak 
stages down to the current water level of these two 
lakes where cyanobacteria colonies are still 
producing structures. This continuum makes it 
possible to track the impact of increased pressure 
from extreme factors on receding habitats both in the 
geological record and in the modern lakes in a 
physical environment that present close analogy to 
ancient Mars [3]. In this study, we: 

 (1) Characterize the biological, geological, and 
mineralogical environment of the paleolake over time 
along a stratigraphical transect; and 

 (2) Track habitat and species changes through 
the fossil record and into the current lake in order to 
understand the evolution of life through habitat 
reduction (e.g., evaporation) and modification of 
aqueous physical environment (e.g., increased 
salinity, decreased water column, increased UV 
impact). Collected rock and water samples were 
processed for geochemistry, water chemistry, 
petrography, palynology, salinity index, diatom 
survey (diversity and abundance), and radiocarbon. 

Geological Context: Both Laguna Blanca and 
Laguna Verde are supplied by hydrothermal springs 
averaging ~15oC. The warmest spring is located in 
Thermales (36oC) and feeds Laguna Blanca to the 
North through a channel. Small, dried, and closed 
pools on the terraces of the paleolake indicate that 
hydrothermal water was also supplied to the lake 
during early Holocene. Hydrothermalism is explained 
by ongoing local magmatic and volcanic activity. The 
basin is surrounded by volcanoes that can reach over 
6,000 m high, many of them dormant only and some 
still active: 40 km South of the site, Lascar is one of 
the most active volcanoes of the Andes and erupts 
regularly nearly every seven years. Activity from the 
crater (H2O vapor) is visible daily. About 60 km to 
the North, another volcano is maintaining permanent 
geyser activity. After 10,000 years of inactivity, a 
new hot spot was identified in ASTER imagery on 
Chiliquès in January 2002. Regionally, the 

abundance of hydrothermal springs, geysers and 
mudpots provides ample evidence of residual heat.  
Although they are in the process of separating, 
Laguna Blanca and Laguna Verde are still connected 
today by a ~ 100 m long x 10 m wide x 0.03 deep 
channel. From the analysis of the ancient terrace 
record and a hand-held sonar sounding profile 
performed in 2003, we inferred that the ancient body 
of water was at least 45 m deeper than the residual 
lakes [4]. Although still connected, they present, 
noticeable physical and chemical differences, which 
affect the diversity and abundance of present-day life 
in each of the basins [3,5]. 

Results: A first order survey of the microbialite 
field indicates that there are at least six different 
structure types, all biogenic. We collected and 
analyzed representative samples to reconstruct the 
paleoenvironment and diversity of life during the 
rapid and significant climate change that took place 
over the past 10,000 years. Our investigation is 
multidisciplinary and involves astrobiology, geology, 
petrography, morphology, mineralogy, environment 
through palynology, and microbiology. Together 
these disciplines provide a unique perspective while 
their synergy generates an overall picture of the 
evolution of habitats and life through the geological 
record up to present that can be applied to planetary 
exploration.  

Stratigraphy. Both satellite imagery (15-90 
m/pxl resolution ASTER Vis/NIR/TIR 15 channels) 
and Global Positioning System (GPS) field survey 
were used to map the boundaries of the paleolake and 
its ancient shore levels. On the ground, GPS points 
were acquired every 100 m (or less to characterize 
sudden changes in shoreline directions) [3]. This 
mapping and field reconnaissance were used to 
identify a candidate site for the geological transect 
prior to field work. Paleoshores, terraces, and main 
geological units were located within the paleolake 
boundary. A stratigraphic transect was performed in 
the terraces of Laguna Verde to initiate the 
reconstruction of the paleolake history. The site for 
the transect was selected on the South shore of 
Laguna Verde at a location where the stratigraphy 
was well preserved. The highest record of lacustrine 
history at this site was found at 4,378 m ± 13 m. The 
lake deposits are at the contact of older lava deposits 
from the local strato-volcano Juriquès. The 
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stratigraphic sequence down to the most recent 
material (4,340 m ± 5 m) is mostly that of 
fossiliferous carbonates and calcareous sediments 
intercalated with volcanic material, essentially lahar 
deposits and andesite. Petrographic sections show the 
increased presence of volcanic material in some of 
the samples, suggesting that volcanic and lacustrine 
activity were contemporaneous in the early stages 
[Fig.1]. Volcanism is also associated with a 
significant reduction in fossils number, species 
abundance and diversity in the lake samples.  

Radiocarbon. The samples show that the 
maximum peak of activity occurred at the end of 
Pleistocene (13,500 yr). When combining the 
topographic and stratigraphic survey with the 
radiocarbon analysis results, a sharp decline in water 
depth is observed between 8,500 BP and 6,300 BP, 
where the paleolake lost approximately 25 m in 2,200 
years (~ 1.1 cm ⋅ yr-1). This result is consistent with 
paleoclimate studies performed in Bolivia, showing 
the transition from the late Pleistocene humid phase 
(precipitation P = 500 mm ⋅ yr-1) to an increasingly 
drier climate from early Holocene up to present time, 
where P ≤ 100 mm ⋅ yr-1 in most of the Potosi region 
[1,2].  

Geochemistry. The geochemical analysis 
provides the chemical and isotopic characteristics of 
rocks and sediments in the stratigraphic column and 
their evolution in time as markers of changes in the 
paleolake influenced by geological, climatic, and/or 
biological events. Major elements and trace elements 
were obtained from Fusion-Inductively-Coupled 
Plasma (FUS-ICP); total digestion ICP multi-element 
analytical procedure; whole rock analysis through X-
Ray Fluorescence (XRF) and XRF pressed pellets. 
Other bulk chemistry analyses included: CI INAA 
(Instrumental Neutron Activation Analysis); S, SO4 
(Infrared); and Rare Earth Elements (REE). 
Abundance patterns of the REE in aquatic 
environment provide indications about changes in 
chemical properties over time. Results indicate clear 
modifications through time of  the percentage of 
CaO, Na2O, MgO, and SO2 in the analyzed rocks 
that can be attributed both to evaporation due to 
climate change, variations in the hydrothermal supply 
of the lake, and also to changes in the type of 
microbial organisms and their abundance. 

Paleoenvironment. Palynologic analysis, 
diatoms, salinity index, and microbialite thin sections 
were performed by the Biostratigraphy Lab, Texas 
[6]. Samples were demineralized as part of the 
palynology residue concentration. The residues were 
sieved through a 10 µm mesh screen to remove small 
particles that would be unidentifiable in transmitted 

light microscopy. Several of the kerogen residues 
contained abundant filamentous sheaths of probable 
cyanobacteria or trichomes.  

Depositional environments were interpreted for 
each sample based on the palynology content. In all 
cases, the site of deposition was found to be 
transitional between aquatic and lake margin (shore). 
The terrestrial pollen and spores describe the nearby 
source environments, while the aquatic pollen, 
spores, diatoms and algae are more indicative of the 
environment and actual site of deposition. 
Cyanobacterial filament sheaths are present in most 
samples. Their abundance, as well as the diversity of 
species overall (e.g., diatoms, ostracods) vary as a 
function of time and provide information about the 
salinity index in the paleolake, water temperature, 
hydraulic energy, desiccation events (seasonality). 
The initial Principal Component Analysis (PCA) 
shows an increase of species related to  higher 
salinity index over time. Palynology, diatom, and thin 
section analyses also identify species that did and did 
not survive environmental changes, as well as 
fluctuation in population abundance and recovery 
time. Some species where tracked from the peak 
stage of the paleolake to the current residual lakes. 

 
Fig. 1 - Volcanic and lacustrine activity: Fragment of  
andesite rimmed by carbonate in agglomerate with minute 
relict algae  (13,470 BP). Cross-Nichols, FoV: 2.3 mm. 
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