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Abstract 
A new permanent geophysical station was installed in the Seymour-Marambio Island, 
Antarctica, for monitoring electromagnetic, CO2, and CH4 gas signals. Those signals 
require specialized low noise instruments and the survey shall be carried out in places far 
away from cultural noise, such as populated human settlements. The most suitable place 
would be near the Earth's poles, where noise is the lowest possible. To measure these 
variables, the Geophysical Instrumentation Laboratory (Laboratorio de Instrumentación 
Geofísica - LIG) of the Universidad Nacional de Colombia, in a partnership with the 
Instituto Antártico Argentino (IAA) under the Argentinean National Antarctic Direction 
(Dirección Nacional del Antártico - DNA), deployed the COCOAonMEAT project, 
oriented to design, built and install a low-cost station with time synchronization via GPS 
and data transmission in almost real-time. Since January 2020, the project monitors 
continuously (24/7) seven variables: three magnetic components, two electric dipoles, 
methane (CH4), and carbon dioxide (CO2) gas. Due to operative facilities and its low 
electromagnetic noise, the place chosen for its installation was the Argentinean 
Marambio Scientific Base in the Antarctic Peninsula, with the Multidisciplinary 
Antarctic Laboratory's collaboration (Laboratorio Multidisciplinario Antártico en la Base 
Marambio - LAMBI). This station provides valuable information on electromagnetic 
signals and greenhouse gases related to regional tectonic activity and local perturbations 
associated with global climate change. 
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Introduction     
 
     Earth's magnetic field and its conse-
quent generated electric field on the soil 
provide valuable information about the in-
ner Earth's structure, as shown by geo-
physical methods like geoelectric, magne-
tometry, and magnetotelluric – MT (Erkan 
2008). The last one has gain popularity in 
the previous decades due to its low cost-
benefit ratio. Moreover, surveys require a 
relatively short duration  (1-48 hours) with 
minimal impact on the soil (Simpson and 
Bahr 2005). 
     The valuable information obtained by 
the MT image allows subsurface resistivity 
images, being possible to discern from 
superficial phenomena such as the pres-
ence of water or underground ore deposits 
to deep structures such as the lithosphere-
asthenosphere boundary - LAB (Corbo-
Camargo et al. 2013) or the Curie Point 
Depth (loss of the magnetic properties of 
minerals as a response to the thermal struc-
ture of the lithosphere)(Afshar et al. 2017). 
The MT method uses natural geomagnetic 
field variations on the ionosphere and light-
ning storms and consequent orthogonal 
electric field surface signals to establish 
the subsurface resistivity and map struc-
tures up to 600 km depending on sampling 
and survey duration (Simpson and Bahr 
2005). 
     The two below-specified Latinamerican 
institutions have joined to evaluate tem-
poral changes of apparent resistivity esti-
mated by MT method. The Geophysical 
Instrumentation Laboratory (Laboratorio de 
Instrumentación Geofísica - LIG) of the 
National University of Colombia (Univer-
sidad Nacional de Colombia) has been 
active for more than 13 years in testing 
and installing a variety of equipment for 
geophysical surveys, especially seismologi-
cal, magnetic and electrical instruments. 
The LIG receives signals from the Na-
tional University Seismological Network 
(Red Sismológica de la Universidad Na-
cional de Colombia - RSUNAL). Current-

ly, it has eight seismological stations with 
broadband and short-period seismic sen-
sors, three of them are multiparametric 
(i.e. associated with magnetic and electric 
field sensors) completing a total of 8 chan-
nels per station. All the data acquired is 
sent near real-time to a computer server in 
Bogotá (Solano Fino 2017, Vargas et al. 
2018). On the other hand, the National 
Antarctic Direction (Dirección Antártica 
Nacional - DNA) carries out the program-
ming, planning, coordination, direction, 
control, and dissemination of the Argen-
tine Antarctic activity ([1] - Ministerio de 
Relaciones Exteriores, 2019). Joining the 
LIG and DNA lead the project called 
COCOAonMEAT (Cooperation Colombian 
-Argentinean on Magneto - Electric Anoma-
lies in Tectonics). Its primary aim is to 
detect electromagnetic or gas signals be-
fore tectonic or magmatic events happen.  
     There are several hypotheses on how 
those signals can be tectonically associated. 
The VAN team proposes seismic electric 
signals (SES) potentially detectable before 
earthquakes and represented by changes 
on the ground electric field from minutes 
to several hours (Varotsos et al. 2002, 
2006, 2013).  Several authors have brought 
an explanation that different frequency 
bands incorporated in the SES can be re-
lated to the magneto-hydrodynamic effect, 
piezomagnetic effect, electrokinetic effect, 
among others (Freund 2011, Petraki et al. 
2015). 
     The Marambio Base, built in 1969, is 
an important Argentine Antarctic scien-
tific base operated by the Argentinean Air 
Force (Fuerza Aérea Argentina - FAA). 
Fig. 1 shows the location of Seymour-
Marambio Island and the base at the north 
of it. Its soil is mostly permafrost desert 
with extremely little vegetation (some 
algae and mosses). Its fauna on land is 
restricted to birds such as skuas and a 
colony of Adélie penguins ([2] - Ministerio 
de Relaciones Exteriores, 2018) – Fore 
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review see (Montalti and Soave 2002). 
The penguin colony is a restricted area 

located on SE coast of Seymour Island 
(Emslie et al. 2018). 

 
Material and Methods 
 
     The signal coupling and recording de-
vice of the permanent geophysical station 
has two acquisition systems fed through    
a high-efficiency DC-DC converter from 
12 V to 5 V, each one composed of: 

 Raspberry Pi 3 B+ (CPU) 
 ADC (24 bit, up to 4 differential 

channels) 
 GPS with antenna 

     There are two independent acquisition 
systems. Each one was assigned a different 
name: MRB3 and MRB4, belonging to the 
A0 network. This information is relevant 
for external users that need to access the 
recorded datasets.  
     The sensors used for magnetic and elec-
tric field measurement are a Bartington 
Mag648L triaxial magnetometer with low 
noise and range of ±60 µT ([3] - Bartington 
Instruments, 2015) and four copper ground 
pole electrodes 70 cm each. The magne-
tometer was buried in a 75 cm-deep hole 
to avoid rapid fluctuations in surface tem-
perature with the three axes (components) 
oriented north-south, east-west, and verti-
cally following the right-hand convention. 
In comparison, the electrodes were installed 
at a depth of 80 cm, with their upper con-
nection protected by silicone to prevent 
corrosion. Each electrode was connected 
to the acquisition system with a 1.2 cm 
diameter copper cable protected by an ex-
treme temperature-resistant polymer. The 
arrangement of the four electrodes that 
make up the two dipoles N-S (124 m) and 
E-W (80.6 m) is presented in Fig. 1. 
     Carbon dioxide (CO2) and methane 
(CH4) measurements are made with MG811 
and MQ-4 sensors, whose working range 
is 0 to 5 V, with a sensitivity of 350 to 

10,000 ppm for the MG811 and 300 to 
10,000 ppm for the MQ-4. The gas sensors 
were installed in a J-inverted structure 
made with PVC pipes to protect it and 
guarantee a differential pressure, allowing 
air circulation through the sensor. An ex-
ternal fiberglass box with an internal poly-
ethylene foam lining for thermal insulation 
protects an interior isolated case, as well as 
connections, battery, and the power regu-
lator. One hole was made in the lower cor-
ner of the box for entering the cables, 
which was also waterproofed with silicone. 
The acquisition system, sensors, and pro-
tection case are shown in Fig. 2. The infor-
mation acquired by the eight channels sys-
tem is shown in Table 1. 
     Due to operative facilities and its low 
electromagnetic noise, the permanent geo-
physical station was installed near the Mul-
tidisciplinary Antarctic Laboratory's col-
laboration (Laboratorio Multidisciplinario 
Antártico en la Base Marambio - LAMBI). 
The LAMBI provides continuous electrical 
power that feeds a 12V-20Ah battery back-
up through a regulator to power the acqui-
sition system.  
     Everything is controlled using Python 
language and existing libraries (acquisi-
tion, time synchronization, and commu-
nication modules), making it robust and 
scalable. The information acquired by the 
station in the LAMBI is sent every minute 
via FTP to the server located in the LIG, 
located in the Department of Geosciences 
of the National University of Colombia 
(Universidad Nacional de Colombia) at 
Bogotá for storage and provide to external 
users that request datasets. 
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Fig. 1. Marambio Station and Seymour-Marambio Island location on the Antarctic Peninsula, 
permanent geophysical station location back to the LAMBI building on the Base and North-South 
and East-West dipoles (yellow lines). 

 
 
     The algorithm used for the systematic 
analyses of the datasets collected is being 
updated constantly. The MT method im-
plies a quotient between electric and mag-
netic horizontal orthogonal components 
(i.e. N-S magnetic and E-W electric sig-
nals) in the frequency domain on over-
lapping time windows over a defined pe-
riod; fastest and more efficient ways to 
obtain this quotient and the following val-
ues are improved frequently. The central 

issue is mapping apparent resistivity anom-
alies on the subsurface with depth being    
a function of both the computed resistiv-
ity and the chosen period (for details of  
the procedure, see e.g. Simpson and Bahr 
2005); these estimations shall be corre-
lated with energetic tectonic or magmatic 
events and discarding any no-tectonomag-
matic electromagnetic perturbation using 
the high latitude Kp-index (see e.g. Ranga-
rajan and Iyemori 1997).  

 
Channels Nomenclature Signal Sensor 

1 A0.MRB3.02.HFN N-S magnetic field Mag648L 
2 A0.MRB3.02.HFE E-W magnetic field Mag648L 
3 A0.MRB3.02.HFZ Z magnetic field Mag648L 
4 A0.MRB3.03.CO2 Carbon dioxide MG811 
5 A0.MRB4.01.HQN N-S electric field Cupper electrode dipole 
6 A0.MRB4.01.HQE E-W electric field Cupper electrode dipole 
7 A0.MRB4.03.CH4 Methane MQ-4 

 
Table 1. Nomenclature of each variable acquired by the Permanent Geophysical Station of the 
COCOAonMEAT project. 
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Fig. 2. Multiparametric Geophysical Permanent Station in the Seymour-Marambio Island. Upper 
left: Block diagram and acquisition system picture; upper right: MG811 and MQ4 gas sensors 
used; down from left to right: Mag648L magnetometer, copper electrode, PVC J-inverted structure 
for gas sensors, and external protection box (blue). 

 
 
Results, Discussion and Conclusions 
 
    The international collaborative COCOA 
onMEAT project currently provides valu-
able data on the electromagnetic field and 
CO2 and CH4 gases. Earthquake precursor 
signals have been discussed over a cen-
tury, but recently the magnetotelluric (MT) 
approach is at stake. Fig. 3 shows the 
subsurface apparent resistivity map over 
14 days in Seymour-Marambio Island, ob-
tained with the installed station and or-
thogonal electric and magnetic channels, 
as is suggested by the MT method. It also 
includes seismic events more significant 
than Mw4.5 obtained from the USGS Cata-
log ([4]-USGS, 2021), most of them from 
the Shetland Plate at around 230 km. Fig. 3 
also includes the high latitude Kp-index 
for geomagnetic storms available on the 
NOAA web page ([5]-National Oceanic and 

Atmospheric Administration, 2021) to dis-
regard this source of noise. The anomaly 
map in the middle shows the resistivity 
percentage variance, which is useful for 
determining the smallest changes. After 
August 29th, 2020, some resistivity anoma-
lies are detected, and several seismic 
events occur in the region. The top of the 
apparent resistivity map and the anomaly 
map shows a stable limit of low resistivity 
at < 200 m, probably related to the perma-
frost layer over the sea level. Finally, the 
CO2 and CH4 gas measurements show a 
rapid peak by the end of August 29th, 
2020, which is being analyzed in the frame 
of hypotheses of the earthquake cycle 
(Chen et al. 2018, Lobkovsky 2020, Yue 
2013). 
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Fig. 3. Magnetotelluric apparent resistivity map and anomaly map from august 31st to September 
3rd, 2020, including near seismic events and geomagnetic storms Kp – index, and CO2 and CH4 
gases measurements in parts per million (ppm). Notice the anomaly around august 29th, the gases 
peak, and the subsequent events. 

 
 
     Hence, robust analyses would be re-
quired to establish trusty patterns for ade-
quately describing geophysical precursor 
occurrences. This monitoring system based 
on electromagnetic signals and greenhouse 
gases will understand the tectonic behavior 
of some continental margin regions. So 
far, we have seen similar behavior in the 

central region of Colombia with a resistivi-
ty anomaly previous to an M6.2 event at a 
110 km distance from the station (Vargas 
et al. 2021). We intend to collect robust 
datasets to describe it as a global phenom-
enon that will require other stations in the 
world, but now we are starting with these 
two regions. 
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