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Abstract

After the volcanic eruption of January 17%, 2002, Goma Volcano Observatory
(OVQ) initiated carbon dioxide (CO,) monitoring in the fractures south of
the Nyiragongo volcano and at the northern edge of Lake Kivu. During the
period from March 17", 2017 to June 10™, 2020, twice a week, a GA 5000 ga-
someter was used for CO, in the fractures as well as in the mazukus, respec-
tively, as part of a project funded by the Kingdom of the Netherlands through
the Lake Kivu Monitoring Program (LKMP) in Rwanda. The level of volcanic
activity was determined by the volume of gas emitted by the volcano and
measured by a DOAS and the seismicity measured by a network of 15 seis-
mometers managed by the OVG. The results show that the concentration of
CO, in the active fractures from recent Nyiragongo eruptions varies with
volcanic activity and the occurrence of a large earthquake in the East African
Rift; but in the mazukus there is almost no relationship between CO, content
and volcanic activity. The study also shows that the influence of carbon dio-
xide in mazukus on the carbon dioxide into the Lake Kivu waters remains a
major research question. The purpose of this study is to establish the rela-
tionship between the existing Carbon Dioxide (mazukus) in the Northern
watershed and that of the deep waters of Lake Kivu.
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1. Introduction

Seven hundred million people in the world live under the permanent threat of a
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volcano, most of them in high density areas (Coulais et al., 2004).

The lava lake of Nyiragongo volcano was born five months after its January
17" 2002 eruption, in May 2002, and highlighted in November 2002 (OVG,
2002). Since then, the plume of gas from the volcano has been polluting the en-
vironment on a daily basis, generating acid rain and deposits that probably feed
the waters of the rivers and Lake Kivu located about 18 km to the south (Yalire
et al., 2010).

Indeed, the harmful gases contained in this plume can be the reason for sever-
al diseases in humans, animals and even cause environmental destruction. Con-
tamination occurs as a result of the absorption of ash and hair from Pele con-
taining harmful elements as well as gases that pollute the atmosphere. These
various volcanic products are capable of attacking the human respiratory tract,
causing asthma, eye irritation (conjunctivitis), skin diseases (dermatitis), diarr-
hoea, etc. (Hansell & Oppenheimer, 2004).

Haroun Tazieff has long believed that the study of volcanic gases was an im-
portant key, if not among the principal keys, to understanding the mechanisms
of eruptions and especially to predicting them. During an eruption, fluids often
precede solids and are therefore “warning signs”.

Therefore, it would be important to control the threat from volcanic gases in
the region. It depends mainly on the type of gas and its toxicity and concentra-
tion. Since a volcano releases several types of gas, especially volcanoes that are
permanently active such as Nyiragongo and Nyamulagira, the gases that affect
the health of the population and are therefore harmful should be studied in
depth (Cuoco et al., 2013).

On the other hand, fresh fractures from the eruptions of Nyiragongo volcano
contain Carbon Dioxide (CO,) whose concentration varies in relation to the
volcanic activity (Yalire et al., 2010). These fractures run along the flanks, but
those in the south cross the city of Goma and plunge into Lake Kivu. The same is
true of ancient fractures visible only towards the northern shore of the lake,
where the various CO, exit points called mazukus are located. The concentration
of carbon dioxide in these points is too high but varies too little and does not
seem to have a direct relationship with the activity of the volcanoes as it’s the
case for the active fractures of Nyiragongo (Yalire et al., 2010). Some mazukus
are detectable on the old fractures at the fronts of the lava flows, on the other
hand, other fractures are completely covered by flows (Smets et al., 2009).

Thus, the northern watershed of Lake Kivu constitutes a large reservoir of
carbon dioxide from which gas-rich infiltrated rainwater feeds the deep waters
of Lake Kivu through subaqueous springs (Schmid et al., 2004). This lake cur-
rently contains 300 cubic kilometers of carbon dioxide and 60 cubic kilometers
of methane, which can rise through volcanic vents, which is more than 300 times
the volume of gas contained in the waters of Lake Nyos, which caused 1,700
deaths when it erupted (Le lac Kivu menace ses riverains’, Courrier international
(Afrique Centrale, 2009)).
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Also, surface and deep waters never mix because of the depth of the lake and
its low exposure to winds, preventing convection. At present, the surface waters,
although colder, are indeed less rich in salts than the deep waters (Schmid et al.,
2005).

Deep waters are about 2°C warmer than surface waters, but they are much
richer in salt (up to 6 grams per litre). This salt richness affects the density of the
water and considerably increases the energy required to cause complete mixing
of the lake waters (Descy, 2012).

The gases from Lake Kivu have been clearly studied by several cited authors.
The same is true of the gases in the mazukus towards the northern edge of Lake
Kivu. However, a proper relationship between these two aspects has been eluci-
dated. The study verifies whether the gas from the northern watershed of Lake
Kivu which constitutes also the southern part of Virunga active volcanoes really

influences the enormous volume of gas located in the deep waters of Lake Kivu.

2. Materials and Methodology

In this study, a British-made GA 5000 gasometer with an accuracy level of 0.03%
was used, with a metal probe connected to the gasometer by a plastic casing ap-
proximately 10 mm in diameter. The principle consists of introducing the probe
into the ground and sucking the gases through the gasometer.

The numerical values of the volume of different gases contained in the soil
such as carbon dioxide (CO,), methane gas (CH,), hydrogen sulphide (H,S),
carbon monoxide (CO), oxygen (O,) are displayed on the gasometer screen.
Several field trips were made for several reasons. Firstly, the sites are extremely
numerous and run from Goma to Sake covering a distance of about 27 km. Se-
condly, each site should be monitored twice a month to ensure that the concen-
tration of gas in the mazukus as well as in the active fractures did not vary.
Measurements were made every fortnight in the mazukus and every week in the
active fractures.

The value of carbon dioxide (CO,) attracted attention as its volume is very
high in the mazukus (Kasereka, 2017) and the same gas is found in Lake Kivu at
a considerable volume (Schmid et al., 2005).

The concentration of other gases is too random in the different sites surveyed
at the northern edge of Lake Kivu while the volumes of methane gas (CH,) and
hydrogen sulphide (H,S) are very high in the lake waters.

Sixty-five sites with a carbon dioxide concentration greater than or equal to
10% in the north near Lake Kivu were used in this study as can be seen on the
map below. All recorded data were encoded in an Excel file for processing.

Using the results obtained in previous work, the carbon (C) isotopic signature
in both mazukus (on land) and in the water of Lake Kivu was used to check for
some correlation that could lead to the conclusion whether the source of carbon
in mazukus (Figure 1) is the same as that in Lake Kivu.

The map shows that all the mazuku sites are mainly located not far from the
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Figure 1. Location map of the Mazukus.

northern coast of Lake Kivu and on the fronts of the lava flows as the direction
of the lava flows are North-South.

So we can see why there is a lot of bicarbonate in the deep waters of the lake
because the CO, from the mazukus enters as aqueous CO, and not as CO,gas.

Meanwhile, the surface waters of Lake Kivu are almost devoid of CO,.

3. Results and Discussion

It should be considered that theoretically during the water-gas contact (i.e.
rainwater from the northern catchment of Lake Kivu that infiltrates is brought
into contact with the CO, gas of the mazukus (as shown in Figure 2) to become
aqueous CO,. This aqueous carbon dioxide reacts with water to form carbonic
acid (H,CO;) which in turn reacts to form the carbonate ion CO;  and the hy-

drogen carbonate ion or bicarbonate ion HCO; .

3.1. Mazukus Carbon Dioxide Data Used

From the above the graphe, it is worth noting that the highest concentration of
carbon dioxide was observed at the Bulengo site with 70.7% CO, by volume; fol-
lowed by Bikumbo 1 and Bikumbo 2 with 69.3% and 69.1% CO, by volume re-
spectively (see Figure 2). These values did not vary significantly throughout the
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the periods from April to

October 2018 and from the end of May to October 2019 show a substantial in-

periods that most often correspond to
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On the other hand, on the active fracture at Munigi, the graph of Figure 4
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active fractures at Bugarura 1, 2, 3 and 4 and Munigi respectively give values that

study period. This confirms previous works on mazukus such as (Smets et al.,
Looking at the graphs of Figure 3, it can be seen that the measurements in the

2009; Yalire et al., 2010).
the increase in activity in the central crater of Nyiragongo volcano.

crease in carbon dioxide concentration,

fluctuate at any given time. However,

3.2. Active Fractures
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Figure 3. Bugarura sites CO, variation.
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Figure 4. Munigi site CO, variation.

shows a clear variation of the carbon dioxide content respectively during the pe-
riods from 01/06/2017 to 31/05/2018; from 26/10/2018 to 13/06/2019 and from
22/08/2019 to 12/03/2020. These variations are very important because they suf-
ficiently show a certain correlation with the different periods of activity of the
active volcanoes of Virunga, especially that of Nyiragongo. The fading of the
curve would mean a significant decrease in the activity of the Nyiragongo lava
lake.

3.3. Isotopic Signature

For Frédéric Bruneut b, 2007 the fractionation between CO, gas and aqueous
CO, is as follows: ¢ CO, gas (aqueous CO,) = (0.0049 + 0.0015) x T — 1.31 +
0.005 — 1.29 — 1.19. This fractionation is caused by the difference in the diffusion
coefficients of two carbon atoms (**C and *C).

According to Davidson (1995), this fractionation can be smaller and depends
on the initial CO, signature of the soil. With the weathering of rocks and contact
with surface water, CO, will percolate into the soil and form carbonic acid. This
acid then participates in the weathering of the rocks. CO, + H,0O = H,CO,

A few years later, several studies (Blavoux, 2004; Rightmire & Hanshaw, 1973;
Fritz et al., 1978; Parada et al., 1983) used the §"C of soil CO, to understand the
isotopic evolution of dissolved CO, in the groundwater system.

However, allochthonous carbon has an isotopic signature that depends on the
vegetation present in the basin. It therefore varies between —26%o and —12%o
depending on the proportion of plants present.

For carbon of autochthonous origin, the §"°C depends on the isotopic signa-
ture of CO,. Indeed, during photosynthesis of phytoplankton, a fractionation of
the order of 20%o occurs. Therefore, considering that CO, in the carbon cycle
and the isotopic compositions of carbon reservoirs, surface waters is of the order

of —10%o and therefore the isotopic signature of the organic matter produced is
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of the order of —30%o.

But according to (Tedesco et al. 2010), the §"°C-CO, in mazukus from the
northern edge of Lake Kivu varies from

—6.76%o0 to —5.29%o. In contrast, the §"°C-CO, of dissolved gas samples in the
main basin of Lake Kivu varies between —5.43 %o and —5.60%o for a depth vary-
ing between 320 and 475 m.

In the Gulf of Kabuno basin, the value is —10.29%o thus different from that
found in the mazukus.

From the isotopic data recorded by the various authors, it should be con-
cluded that the origins of CO, in Lake Kivu, the Gulf of Kabuno and mazukus
are apparently different. The isotopic value of CO, in the waters of Lake Kivu
varies between —5.43%o and —5.60%o at a great depth but does not give an idea of
the isotopic value for surface waters which are in contact with the areas covered
by mazukus. This means that we can maintain the hypothesis according to
which the CO, of the northern watershed of Lake Kivu infiltrates directly lower
not as gas but rather as biocarbonate ion associating with the deep waters of this
lake.

4. Conclusion

The northern rim of Lake Kivu remains a carbon dioxide rich area mainly from
mazukus lodged on ancient fractures, most of which were located on the flow
fronts. These flows were visibly north-south in a direction towards Lake Kivu.
This area covered by the southern slopes of the volcanoes is a huge reservoir of
carbon dioxide which is first transformed into bicarbonate ions before feeding
the deep waters of the northern part of the Lake. The carbon isotopic signature of
the carbon dioxide from the mazukus shows an apparent difference compared to
that of the carbon dioxide from the deep waters of Lake Kivu in its northern part.

The active fractures, i.e. those linking the active Virunga volcanoes to Lake
Kivu, do not appear to be feeding carbon dioxide into the lake at the moment,
given the minimal values recorded. These carbon dioxide concentration values
lead to a decrease in the graphs to show that the current activity of the Nyira-
gongo volcano is decreasing.

Globally, the isotopic values of carbon dioxide in the mazukus, lake Kivu and
the Gulf of Kabuno almost do not match. It is, therefore, curious to note that the
surface waters of Lake Kivu do not undergo a significant influence of Carbon
Dioxide (CO,) from mazukus. A more in-depth study remains useful in order to
be able to compare the isotopic values of CO, in deep lake waters with those of
CO, in surface waters. This is very important as this study would allow us to

draw definitive conclusions.
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