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With an area of about 14 million km2 and about 99.6% of its free surface covered by ice, Antarctica is the most 

isolated continent. Within the ice-free areas of Maritime Antarctica sits the Byers Peninsula, at the western end 

of Livingston Island. The Byers Peninsula is the largest ice-free area of the South Shetland archipelago, extending 

over 60 km2. In the present dissertation, we examined the potential use of chemical elements as indicators of 

long-distance transport and climate phenomena. With this purpose, 99 samples of the sedimentary sequences 

of three lakes (Escondido, Cerro Negro and Domo) were analyzed to determine the presence of trace elements 

(As, Cd, Pb, Co, Cu, Cr, Mn, Ni, V, Zn). These elements are good long-distance transport indicators, namely of 

eruptive events, since their concentration increases when tephras occur. On the other hand, in the lake records 

of Byers Peninsula they have not reported clear climatic signals, as they have not translated a behaviour that 

allows translating climatic phenomena. 

Contrarily, the increasing C/N trend shows a long-term climatic trend towards warmer conditions since the Mid-

Holocene. Therefore, this research shows evidence of the need to have multi-proxy characterizations of lake 

sediments in order to achieve a better comprehension of terrestrial ecosystems, including processes such as 

long-distance transport and climate conditions. 
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1. Introduction  

Antarctica is the most isolated continent, being the 

last territory to be discovered in the late eighteenth 

century, early nineteenth century (Zarankin & 

Senatore, 2005). Antarctica is also the coldest and 

driest continent, with the highest average altitude. 

It is still poorly known and is and the best-preserved 

continent from the environmental point of view. Its 

location, however, does not protect it from the 

negative impact of human activity. Despite the 

natural barrier of the Antarctic Ocean, volatile or 

semi-volatile chemical compounds can reach 

Antarctica through atmospheric transport or ocean 

circulation (Szopinska, 2016). 

The northernmost part of this continent is the 

Antarctic Peninsula, which further north reaches 

62° south latitude. In this sector over the past 60 

years the average annual temperature has risen by 

about 2.5°C, with average summer air temperatures 

rising by about 1.5 °C, values approximately 4 times 

higher than the global average (Vaughan et al., 

2001). However, it is important to note that from 

1998-2000 the average annual temperature 

dropped slightly as a consequence of the increased 

frequency of El Niño events and increased solar 

incidence (Turner et al., 2014). 

The impact that climate change has on the dynamics 

of terrestrial and aquatic ecosystems of scarce ice-

free areas (0,4 % of the Antarctic peninsula) is still 

little known. One of the most extensive deglaciation 

areas of the western part of the peninsula lies in the 

South Shetland Islands, on the Byers Peninsula, 

Livingston Island. In this peninsula, there is the 

largest biodiversity of Antarctica (Toro et al., 2007), 

which includes a wide variety of plants and animals 

in a relatively small area (60 km2), as well as 

considerable geological and archaeological aspects 

(Zarankin & Senatore, 2005). With innumerable 

lakes, lagoons and a large variety of streams, it is a 

place with unique limnological characteristics. Thus, 

in 1966, through Recommendation IV-10, the Byers 

peninsula was nominated for environmental 

protection in the category of Specially Protected 



Area No. 10, being designated Antarctic Specially 

Protected Area number 126, in 2012. 

The study of lake sediments allows an 

understanding of the processes that have affected 

its basin since its formation, namely climate, 

environmental and anthropogenic changes. One of 

the techniques that can be useful to know better 

these processes is to carry out an exact 

characterization of the geochemistry of the 

sediments. 

The present work has as main objective to 

investigate the application of some chemical 

elements as indicators / tracers of environmental 

processes such as volcanic eruptions and climatic 

variation. For this, lake sediments of the Byers 

peninsula were studied in Livingston Island and 

sediment sequences from three distinct lakes 

(Escondido, Cerro Negro and Domo) collected in 

November 2012 were studied. 

2. Sampling and methods 

2.1. Study area 

The Byers peninsula is on Livingston Island and is the 

largest ice-free area of the South Shetland 

archipelago, with an area of approximately 60 km2 

(Ruiz-Fernández & Oliva, 2016). Byers has a West-

East extension of 9 km, and a North-South extension 

ranging between 3 and 7.8 km (López-Martínez et 

al., 1996). 

The Byers peninsula is influenced by a polar climate, 

with high relative humidity (90%), very cloudy sky 

most of the time, frequent fog and relatively 

abundant precipitation, about 800 mm/year 

(Bañón, 2001). The mean annual temperature is -

2.8° C, with a moderate thermal amplitude between 

-27.4 and 9.3 °C, and in the summer it is recurring 

slightly positive temperatures (Bañón et al., 2013) . 

According to these characteristics, a pronounced 

thaw is observed in summer, which provides 

favourable conditions for a faster pedogenesis, that 

is, a more accelerated soil formation process 

(Moura, 2014). 

The water resulting from the melting of the surface 

snow, the Rotch Dome and three small glaciers in 

the north-western region of the peninsula, together 

with the high annual precipitation, results in a 

considerable number of surface water in the 

peninsula (López-Martínez et al., 1996). Part of this 

water infiltrates, another part is retained on the flat 

surfaces, giving rise to temporarily flooded areas, 

lakes and ponds. As the lake depressions and 

infiltration zones become saturated, surplus water 

flows along a drainage network. Given the 

intermittent flow, these channels are generally dry 

except during periods of melting or when these 

channels are close to glaciers (Toro et al., 2013). 

López-Martínez et al. (1996) found that lakes occur 

mainly on platforms within the peninsula, at the 

headwaters of drainage basins, and on coastal 

terraces close to the coast, and are often poor in 

nutrients and limpid. 

Byers has over 65 lakes and ponds of considerable 

size, occupying an area of about 0.92 km2, or 1.5% 

of the total area of the region. Byers lakes have a 

maximum depth of 8.6 m (Toro et al., 2007). 

2.2. Sampling sites 

In the present work three lakes were sampled 

(Escondido, Cerro Negro and Domo). The studied 

lakes are relatively small (area <5 ha), shallow 

(depth <5.3 m), and are located at an altitude 

ranging from 45 to 100 m. These lakes are also 

covered with ice except in the 2 to 3 months 

corresponding to the summer period (Oliva et al., 

2016). 

Lake Escondido lies in a depression surrounded by 

three peaks, whose heights vary between 110 and 

120 m, with a round catchment basin and uneven 

coastline. Its depth decreases in the East-West 

direction, reaching 5.3 m depth in the eastern zone 

(Oliva et al., 2016). 

Lake Cerro Negro is located in an amphitheater-like 

glacial circus near the top of Cerro Negro, between 

two peaks (Oliva et al., 2016). From very steep 

slopes, Cerro Negro is the lake under study with a 

lower catchment basin (1.5 ha) and has a maximum 

depth of 4.5 m (Ruiz-Fernández & Oliva, 2016). 

Lake Domo is 300 m from the glacial Rotch Dome 

and is the shallowest lake (< 2m) of the three lakes 

under study. Standardized soil indicates intense 



cryoturbation processes reworked by mass loss 

activity (Oliva et al., 2016). 

2.3. Methods 

In November 2012, during fieldwork of the 

HOLOANTAR project supported by the Antarctic 

Program of Brazil, Chile and Uruguay, sediment 

cores were collected in three lakes of the Byers 

Peninsula: Cerro Negro, Domo and Escondido (table 

1). The surface of the lakes was covered with ice at 

the time of sampling, allowing the ice from the lake 

to be used as a drilling platform. 

The sediment colors were collected from the 

deepest part of each study lake using a 60 mm 

UWITEC gravity corer connected to a 6 m telescopic 

aluminum rod to collect undisturbed water-

sediment interfaces, whereas gravity corer 90 mm 

UWITEC was used in the deepest lake (Escondido) to 

collect its sedimentary sequence. 

Complete sedimentary sequences were collected 

from all lakes, except for the base sediments (5 - 10 

cm) of Cerro Negro, a total of 12 colors, 4 of 

Escondido, 3 of Cerro Negro and 5 of Dome. 

Afterwards they were separated, describing the 

main sedimentary characteristics, and stored a 

room at a temperature of + 4 ° C. 

The Escondido lakes (50 samples), Cerro Negro (29 

samples) and Domo (20 samples) were separated 

from the sediments of the Escondido lakes (50 

samples) in the laboratory of the Institut de Ciències 

de la Terra Jaume Almera-CSIC (Barcelona). The 

selected samples are representative of the 

sequence of organic mineral layers and tephas in 

each core. In Lisbon, 100 mg of each sample was 

collected for subsequent geochemical 

characterization. 

In March 2016, in order to determine trace 

elements present in the sediments, the collected 

sediment samples were digested, a total of 99. 

It was previously necessary to dry a part of each 

sediment sample at 40 ° C in the greenhouse in 

order to eliminate the moisture present in them, 

avoiding the loss of volatile compounds present. 

The samples were ground in an agate mortar in 

order to obtain a uniform powder, of particle size 

less than 63 μm, and transferred to identified plastic 

tubes (Caetano et al., 2008). 

For each digestion about 100 mg of pellet was 

weighed accurately and the material was 

introduced into a Teflon pump. 1 mL of royal water 

(35% v / v HCl and 65% v / v HNO 3 in a ratio of 3: 1) 

and 6 mL of hydrofluoric acid (40% v / v HF) were 

added to each pump. Royal water allows the 

solubilization of all metals due to the strong 

oxidizing power of nitric acid and free chlorine. 

Hydrofluoric acid destroys the silicates and 

aluminosilicates present in the sample. Each pump 

is placed in the oven at 100øC for one hour and then 

in a sand bath at 100øC until the contents are 

completely dry (Caetano et al., 2008). 

Subsequently, 2mL of HNO3 was added to the 

contents of each pump and allowed to dry in a sand 

bath at 100 ° C for 1 hour to remove HF (Baker, 

2014). After this time, the contents were 

transferred to a 45 mL tube, which was checked 

with distilled water. 

The digestion option used for the treatment of 

sediment samples is considered total digestion, in 

which strong acids are used during the laboratory 

procedure. The method considered allows to 

dissolve the crystalline lattice of the silicates, thus 

releasing the associated metals (Amaro, 2014). 

For the quantification of trace elements present in 

the samples the technique of Plasma Coupled Mass 

Spectroscopy (ICP-MS) was used. By comparing the 

counts obtained for a selected isotope against the 

calibration curve generated for this element, it is 

possible to determine the concentration of each 

element present in the study sample (Baker, 2014). 

3. Results and discussion 

Table 1 shows the maximum and minimum values 

of the concentration of each element in each lake 

under study  

 

 

 



Table 1: Variation of the concentrations (ppb) of the determined trace elements (minimum, maximum and difference). 

The concentration and depth profiles of each 

element for the samples of Escondido lake show a 

very similar behaviour, in which the concentration 

of a global form increases from 160 to 140 cm, 

remaining relatively constant from 140 to 60 cm 

deep, and oscillating to the surface. 

For the sediments of Lake Cerro Negro, again the 

profiles of the concentrations of the various 

elements as a function of depth behave very 

similarly. In a global way, the concentration varies 

very little in depth, although there are some peaks. 

From a very general point of view, it is possible to 

verify that the profiles of nickel and chromium; 

cadmium, vanadium or manganese; and copper and 

zinc have a similar variation. 

In the case of the sediments of Lake Domo, the 

profiles of the concentrations of the various 

elements as a function of depth vary very little and 

behave very identically. As in the Cerro Negro 

sediments, the concentration varies very little in 

depth, but there are some peaks. By observing the 

behaviour of the concentration in depth it is 

possible to ascertain that lead and arsenic; And 

cobalt and copper are correlated since the 

concentration of the same behaves identically, 

presenting the same concentration peaks. 

3.1. Tephras 

In Escondido, there are four major moments in 

which large concentration peaks can be identified. 

Three of these peaks coincide with the existence of 

tephras (~ 1800, 2300 and 3800 years cal BP) 

previously identified in Liu et al., 2016 and Oliva et 

al., 2016 (Figure 4-4). 

The results of Aymerich et al., 2016 reinforce the 

existence of tephras of ~ 1800 and 2200 years cal BP 

(~ 20 and 27 cm) (Aymerich et al., 2016). However, 

for 2700 years cal BP (~ 40 cm) it is possible to 

identify a new concentration peak, not identifiable 

in the graphs constructed from the original 

concentration values. This new peak in 

concentration may be related to the presence of a 

new cryptotefra (tephra that is not visible). This 

finding is in accordance with the one developed by 

Aymerich et al., 2016 that identified a cryptofera in  

Escondido at 43 cm (Aymerich et al., 2016). It is also 

noted that after the penultimate eruption, marked 

by tephra 2 (2200 years cal BP), the chemistry of the 

lake changes significantly. The concentration of all 

elements, without exception, decreases abruptly. A 

possible cause for this behaviour may be the fact 

that the oldest eruptions, marked in the profile by 

tephra 3 and 4 (figure 1), occurred in a terrestrial 

environment, while the two most recent eruptions 

occurred in the marine environment. This may have 

altered the chemistry of the lake and thus justify the 

most recent concentrations. 

In Cerro Negro the concentration of the elements 

under study and consequent evaluation of the 

presence of tephra in the profile is not performed 

so easily. However, it is possible to identify 5 

concentration peaks in the profile, of which three (~ 

1800, 3100 and 3800 years cal BP) coincide with the 

tephra identified by Oliva et al. (2016). It is 

identified a fourth peak for approximately 4500 

years cal BP and a fifth for 6250 years cal BP, which 

may be related to the presence of a cryptotephra 

(figure 2). 

 

 V Cr Mn Co Ni Cu Zn As Cd Pb Lago 

Min. 
14,17 1,52 47,98 2,36 0,97 5,88 8,15 0,20 0,08 1,09 

Escondido 

Max. 325,52 35,31 769,01 20,29 18,56 67,32 99,02 3,23 0,40 14,30 

∆ 311,34 33,79 721,03 17,93 17,59 61,44 90,87 3,03 0,31 13,21 

Min. 202,06 6,18 442,29 16,58 6,17 48,50 66,89 0,86 0,24 3,41 Cerro 
Negro Max. 334,89 73,90 1021,82 24,76 39,59 82,02 111,34 3,65 0,33 7,60 

∆ 132,82 67,72 579,53 8,19 33,42 33,53 44,45 2,79 0,10 4,19 

Min. 220,09 9,14 652,26 17,64 6,63 50,60 71,33 1,28 0,25 3,15 Domo 

Max. 292,11 20,13 881,94 22,55 10,74 62,21 89,90 2,27 0,57 4,21 

∆ 72,03 10,99 229,68 4,91 4,11 11,60 18,57 1,00 0,32 1,06 



 

 

 

 

 

 

 

 

 

Figure 1: Profile of concentrations (ppb) of the various elements studied as a function of age for the sediments of Lake 
Escondido. 



In the case of Escondido and Cerro negro, when 

tephras occur in the profile it is possible to verify the 

occurrence of concentration peaks, that is, the 

concentrations of the elements under study 

increase in the presence of volcanic particles, which 

may be a good indicator The presence of these 

minerals. 

In the case of the Dome, since there is no peak 

concentration of the elements under study, it is 

confirmed that there is no tephra. These results are 

in accordance with previously developed studies, 

since the Domo is a recent lake at the geological 

scale, accounting for about 1800 years BP cal. At the 

time of the eruptions recorded by Escondido and 

Cerro Negro it did not yet exist and as such, it has 

no record of them. 

3.2. C/N ratio 

Due to the large size of the catchment area of the 

Escondido, the accumulation of particles in the 

same occurs through wind as well as leaching, when 

melting of the ice of the surrounding area in the 

periods when there are higher temperatures. This 

feature also promotes the development of 

organisms that will dictate the content of organic 

matter (carbon) in the lacustrine environment. 

For the Escondido C / N values under study, a few 

important peaks stand out: there are about 2700, 

2200 and 1800 years cal BP. In these periods the C/N 

ratio steeply declines as well as correspond to the 

presence of tephra. The presence of tephra in the 

lake during these periods promotes an increase in 

the proportion of nitrogen to carbon and thus a 

reduction of the C / N ratio. 

Figure 2: Profile of concentrations (ppb) of the various elements studied as a function of age for the sediments of Lake 
Cerro Negro. 

Figure 3: Profile of the C / N ratio as a function of depth 
for Lake Escondido. 



From 1800 to approximately 1200 BP cal, the C / N 

ratio has been increasing. This trend of growth is in 

line with the climate behavior observed in the 

Antarctic Peninsula (Bentley et al., 2009). The 

increase of the temperature verified promotes the 

biological development in the lacustrine 

environment and thus the increase of C / N, since 

the proportion of carbon is superior to the one of 

nitrogen. 

In contrast, the Cerro Negro has a small basin. In this 

way, the sediments of this lake preserve a more 

atmospheric signal, that is, the sedimentation 

process occurs essentially via wind. The shallow 

depth of the lake also limits the development of the 

biological community and thus, the C / N ratio of the 

sediments of the Cerro Negro lake is lower than that 

of the Escondido. 

4. Conclusions 

The studied elements, namely As, Cd, Pb, Co, Cu, Cr, 

Mn, Ni, V, Zn, appear to be good indicators of 

volcanic events. This fact can be observed in the 

occurrence of tephra as the concentration values of 

said elements increased, presenting characteristic 

peaks. 

Apparently, these elements are not good indicators 

of climatic phenomena since they do not present a 

characteristic behaviour and that can be associated 

to these phenomena. On the other hand, the C / N 

ratio is a good tracer of climatic phenomena since 

the increase of this value may be associated to the 

increase in temperatures. In the present study, this 

ratio increased according to the trend of 

temperature increase in the peninsula recently 

observed. 

For the study of phenomena of long-distance 

transport and climatic phenomena, sediment 

samples are more indicated than water samples, as 

they result from long-term deposition processes 

and in turn higher concentration values. 
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