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Abstract 

The Monoun Maar Volcano (MMV) is a polygenetic small-volume volcano within the Cameroon Volcanic Line (CVL), 

characterized by volcanic eruptions and CO2-rich fluid interactions. Among its deposit sequence, a pyroclastic deposit unit is 

identified containing encrustations of ferrous carbonates, whose associated iron and genetic links remain poorly constrained. 

This study integrates petrographic, stable δ13C and δ18O isotopes, and palaeosalinity-paleotemperature modelling to elucidate the 

origin of siderite within this pyroclastic ejecta. Siderite occurs as pale yellow-brown massive aggregates within or at the border 

of some clasts, associated with pyroxene, plagioclase, and olivine. Isotopic data show δ13CVPDB values ranging from -6.0 to 

-5.2‰, consistent with a magmatic CO2 source or the oxidative degradation of organic matter. δ18OVSMOW values are relatively 

high, around 31.4 to 32.3‰, suggesting a freshwater depositional environment influenced by meteoric water and magmatic CO2. 

These isotopic values are also consistent with an authigenic carbonate formation likely affected by CO2 emissions from 

submerged volcanic chimneys, although an allogenic origin might also be considered. Calculated palaeosalinity (Z = 115.2 to 

117.34‰) is quite high, indicating saline hydrothermal fluids. Calculated paleotemperatures (T = 247.93 to 248.03°C) are 

consistent with hydrothermal systems or magmatic-hydrothermal interactions. The calculated palaeosalinity and 

paleotemperatures support the involvement of high-temperature, CO2-rich fluids interacting with sediments and tephra from 

earlier eruptive phases at the bottom of the MMV crater. These findings contribute to a better understanding of the polygenetic 

eruptive evolution of the Monoun maar and highlight the role of carbonate mineralization in such volcanic settings. 
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1. Introduction 

Maar volcanoes form from phreatomagmatic eruptions 

when rising magma interacts explosively with groundwater, 

intersecting the country rocks to create a shallow or deep 

crater depending on the depth of the explosion locus [29-31, 

52, 53]. Additionally, during the progression of the eruption, 

magma and water fluxes may undergo waning or waxing 

stages, leading to variations in eruptive styles, including 

strombolian and/or effusive activities [2, 16, 33, 37, 47, 48]. 

Monoun Maar Volcano (MMV), located within the Cam-

eroon Volcanic Line (CVL), is primarily known for its lake, 

Lake Monoun, which garnered global attention following a 

limnic CO2 eruption in 1984 that resulted in 37 fatalities, 

underscoring the importance of ongoing geological investi-

gations. Despite this necessity, it was only recently that the 

first description of the eruptive evolution of the volcano was 

proposed [37]. Through comprehensive volcanostratigraphy, 

geochemical constraints, and geochronological dating, these 

authors determined that the MMV is a complex polygenetic 

maar comprising five stratigraphic units from three 

WSW-ENE aligned craters. 

Previous studies following the limnic eruption focused 

primarily on the lake's geochemistry, bathymetry, and gas 

emissions [13, 19, 20, 24-27, 42, 45]. Among these works, it 

was revealed that the deep-water sediments of the lake contain 

a significant amount of siderites (FeCO₃ ) and are also satu-

rated with magmatic CO2 inputs from submerged vents [26, 

32, 42, 45]. For instance, Sigurdson et al. [42] attributed the 

high Fe²⁺  levels that formed the iron siderites in these sedi-

ments to the reduction of laterite-derived ferric hydroxides, 

implying an allogenic origin, meaning that these carbonates 

were transported from elsewhere, potentially carrying isotopic 

signatures from the surrounding environments. 

However, carbonates can have an authigenic origin, indi-

cating that they might form in place during sedimentation, 

often influenced by local geochemical conditions, especially 

under an influx of carbonate-rich fluids. The presence of 

siderite in crater lake sediments, particularly those influenced 

by deep magmatic fluid circulation, points to a distinct and 

fascinating origin story. Unlike siderites in typical lacustrine 

environments, which primarily derive their components from 

weathering and oxidative degradation of organic matter 

within the lake's catchment, siderites found in crater lakes are 

often intimately linked to hydrothermal activity and volcanic 

degassing. In such settings, deep magmatic fluids ascend 

towards the surface, carrying a significant payload of dis-

solved minerals and gases. The key contributions of these 

fluids to siderite formation include: 

1. Elevated Carbon Dioxide (CO2) Supply: Magmatic de-

gassing releases significant CO2 into the crater lake, 

dissolving in the water to form carbonic acid, which 

dissociates into bicarbonate (HCO3
−) and carbonate 

(CO3
2−) ions, the essential components for carbonate 

minerals like siderite. This carbon source often gives 

siderite a distinct isotopic signature, differentiating it 

from those formed from organic or atmospheric carbon. 

2. Iron (Fe) Source: Hydrothermal fluids are often enriched 

in dissolved iron (typically as Fe2+) leached from the 

surrounding volcanic rocks or directly exsolved from 

magma. These fluids can directly vent into the lake 

bottom or interact with existing sediments, increasing 

the local concentration of dissolved iron. 

3. Creation of favourable geochemical conditions: 

1) Anoxia: Volcanic crater lakes can become stratified, 

with deeper anoxic (oxygen-poor) waters. This condi-

tion is crucial because it allows dissolved ferrous iron 

(Fe2+) to remain in solution and be available for siderite 

precipitation. If oxygen were present, iron would rap-

idly oxidize to ferric iron (Fe3+) and precipitate as iron 

oxides/hydroxides. 

2) pH Modulation: The influx of acidic volcanic gases 

(like SO2, HCl) can initially lower pH, but subsequent 

water-rock interactions and the buffering capacity of 

the system, along with CO2 dissolution, can create lo-

calized zones with pH conditions suitable for carbonate 

precipitation. 

3) Temperature: While not always a primary driver for 

precipitation, hydrothermal inputs can influence bottom 

water temperatures, potentially affecting reaction ki-

netics. 

Although Lake Monoun might fulfil the precedent condi-

tions favourable for an authigenic development of the sider-

ites found there, this aspect has never been explored, nor their 

genetic links to the eruptive processes. According to Stix and 

de Moor [43], long-term influx of carbonate-rich fluids under 

a sealed volcanic system can lead to hydrothermal eruptions 

fuelled by overpressurization of magmatic gases. Such hy-

drothermal eruptions might also occur when magmatic gases 

supply a nearby hydrothermal system through open-vent de-

gassing, vaporizing liquid water, and causing these eruptions. 

The pioneer study by Nche et al. [37] identified five strat-

igraphic units in the MMV: a surge unit on a thick paleosol, 

weathered scoria fall, and lava flow in the NW crater rim. In 

the SE part, these units are overlain by a scoria fall and a 

voluminous surge unit, covered by a second paleosol. Two 

additional units of about 19 m and 2 m thick respectively 

separates the deposits recognized as units C and D in the SE 

rim. These units consist of alternating layers of lapilli ash, tuff, 

coarse tuff breccia, and lapilli at the base, with carbonate 

precipitates encrusting most clasts, and medium tuff breccia at 

the top with the absence of carbonate precipitates. 

The present study focuses on this particular siderite-rich 

unit to investigate the authigenic origin of these siderites and 

their importance to the eruptive history of the MMV. Using 

stable isotopic composition (δ13C, δ18O) combined with pe-
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trography analysis, and paleoenvironmental modelling, we (1) 

determine the sources of carbon and oxygen in siderite, (2) 

reconstruct the paleoenvironmental conditions during car-

bonate precipitation, and (3) propose a genetic model for 

siderite enrichment. Our findings broadened discussions on 

maar volcanism associated with carbonate precipitation and 

provide insights into CO2-related geochemical interactions in 

maar lake systems. 

The Monoun Maar Volcano 

The MMV is in the Noun Plain, a complex Quaternary 

volcanic field within the CVL. Situated in the western part of 

the Foumbot volcanic field of the Noun plain (latitude 

05°35'N and longitude 10°35'E) along the CVL, the MMV 

(Figure 1) is characterized by a large irregular maar crater 

comprising three WSW-ENE coalesced craters housing Lake 

Monoun [12, 42]. The lake has an estimated surface area of 

0.62 km², a perimeter of 5.37 km, with maximum depths of 46 

m (western), 101 m (central), and 56 m (eastern) basins [12]. 

 
Figure 1. a) Map of Cameroon showing the West region; b) Location (box) of the MMV in the West region; c) Hydrographic Map of the MMV. 

Sample and photograph locations (1 [MB57]; 1 [MB58]) are shown on an embedded hydrographic map. 

The MMV cut through the Precambrian basement complex, 

comprising fractured and weathered gneisses, migmatites, and 

granites and trachytes intruding amphibolites [21, 37, 50]. 

Overlying these formations are Quaternary volcanic lava 

flows (basalts and rhyolites), pyroclastic surge deposits, and 

pyroclastic fall deposits, indicative of episodic volcanic ac-
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tivity. 

 
Figure 2. Photographs and photomicrographs of Siderite showing 

spherulitic textures in cross polarized and plane polarized light: a) 

outcrop, b) hand specimen, c), d), e), f), g), and h) showing massive 

aggregates of siderite (Field of view: 4x). 

Tephrostratigraphic studies reveal that the crater walls 

consist of exposed tephra and lava flows, with the highest 

peak at 1162 m.a.s.l. on its southern flank. The deposit se-

quence can be divided into 7 stratigraphic units from top to 

bottom [37], the NW part comprising of a pyroclastic surge 

(unit A) resting on a thick paleosol and overlain by weathered 

scoria fall (unit B) and vesicular lava flow (unit C) having 

xenoliths of the basement and phenocrysts of olivine and 

pyroxene. In the SE part, the sequence continues with unit D 

(Figure 2a) which comprises of three sub-units with variable 

amounts of carbonate precipitates occurring as encrustations 

on the pyroclastics (alternating lapilli ash and tuff, coarse tuff 

breccia, lapilli), unit E (medium tuff breccia) [Kouokam et al., 

in preparation], unit F (fresh scoria fall), and unit G (volu-

minous pyroclastic surge). There is a thin paleosol layer 

between the lava flow (unit C) and the scoria fall (unit F) in 

the NW part [37]. 

2. Methods 

2.1. Thin Sections Preparation 

Polished thin sections of the unconsolidated pyroclasts 

were prepared to identify the primary types of carbonates in 

two distinct layers forming the siderite-rich unit. Grain 

mounts were created at Vancouver Petrographics in Canada. 

This process involved embedding the bulk loose sample in a 

polyester resin, mixing it in plasticware, and cutting and 

polishing it using minor modifications of standard hard rock 

thin sectioning equipment and techniques. The slides were 

then observed with a light microscope under plane-polarized 

light and cross-polarized light in the Geology laboratory of 

the Higher Teacher Training College, The University of 

Bamenda. 

2.2. Stable Carbon and Oxygen Isotopic Ratios 

Measurement 

With the aid of a pocketknife, about 20 g of carbonate was 

collected by randomly picking coarse pyroclasts from each 

of the bulk samples collected from the two layers as indi-

cated above, and scraping off the carbonate encrustations 

onto a piece of paper, ensuring only the collection of the 

carbonate encrustations (Figure 2b). These were then packed 

and sent for δ13C and δ18O isotopic analyses. The analytical 

procedure involved powdering about 1mg of material, which 

was then reacted with 100% anhydrous phosphoric acid in a 

vacuum chamber at 72°C for 4 hours. The CO2 released was 

analysed using a Thermo-Finnigan DeltaPlusXP Continu-

ous-Flow Isotope-Ratio Mass Spectrometer (CF-IRMS) 

coupled to a Thermo-Finnigan Gas Bench II. The δ13C and 

δ18O values are reported in Table 1 using the delta (δ) nota-

tion in permille (‰), relative to Vienna Pee Dee Belemnite 

(VPDB) and Vienna Standard Mean Ocean Water 

(VSMOW), respectively, with precisions of 0.1‰ for δ13C, 

and 0.4‰ for δ130. The analyses were performed at the 

Facility for Isotope Research, Department of Geological 

Sciences, Queen University, Canada. 

 

 

http://www.sciencepg.com/journal/earth


Earth Sciences http://www.sciencepg.com/journal/earth 

 

164 

Table 1. Stable Isotopic composition (‰) of iron carbonate samples of the Monoun Maar Volcano. 

Sample δ
13

CVPDB δ
18

OVSMOW δ
18

OVPDB Z (‰) T (°C) 

MB57 -5.2 32.3 1.38 117.34 247.93 

MB58 -6.0 31.4 0.47 115.25 248.03 

 

3. Results 

3.1. Petrography 

Macroscopically, samples of the carbonates from the MMV 

exist as whitish encrustations on the pyroclastic deposits 

(Figure 2a and 2b). Microscopically, siderite (Si) occurs as 

pale yellow-brown massive aggregates within or at the border 

of some clasts (Figure 2c-h). In addition, the samples have 

crystals of pyroxene (Px), plagioclase (Pl), and olivine (Ol). 

3.2. Stable C-O Isotopic Compositions 

The δ13CVPDB, δ18OVSMOW, and δ18OVPDB values of siderite 

in the pyroclastic of the MMV range from -6.0 to -5.2‰, 31.4 

to 32.3‰, and 0.47 to 1.38‰, respectively (Table 1). Values 

for δ18OVPDB are based on Coplen et al. [6] as follows: 

δ18OVPDB = 0.970028 δ18OVSMOW - 29.98      (1) 

4. Discussion 

4.1. Origin of the Iron in Siderite 

Previous studies suggest that the tephra dispersed around 

MMV is infertile due to the high amounts of siderite found in 

the derived soil [32]. This was corroborated by Sigurdsson et 

al. [42] who suggested that the crater floor sediments con-

tained unusually high Fe2+ levels, which were attributed to the 

reduction of laterite-derived ferric iron gradually input into 

the lake, implying an allogenic origin. 

Several studies in the world propose that the origin of 

iron-forming siderite in volcanic tephra result from: 

a) weathering of Fe-rich rocks which were uplifted near 

coal-bearing basins [41]; 

b) leaching of the basement basin [18]; 

c) rapid interaction between hydrothermal fluids/magmatic 

gases and volcanic ash falling into the basin [44]; 

d) pyroclastic rocks subjected to hydrothermal alteration 

immediately after ashfall deposition [55], with the hy-

drothermal solutions either being heated-meteoric so-

lutions with temperatures between 25-50°C and 200°C 

[7, 36] or ascending hydrothermal fluids with temper-

atures above 200°C [14]. 

Due to the volcanic origin of the MMV deposits, the origin 

of iron in the siderite could correspond to options c or d. 

Several lines of observations suggest that option (d), 

which argues for hydrothermal alteration of the pyroclastic 

materials immediately after ashfall, isn’t likely plausible 

here. For example, the siderite encrustations are found only 

in one unit, while tephra layers above and below this unit 

lack their presence [Kouokam et al., in preparation]. The 

siderite incrustations are not concentrated in a single layer, 

but rather diffusively distributed in the deposits (Figure 2). 

The probable source and the flowing paths of the hydro-

thermal fluids responsible for such a siderite distribution 

within a deposit in dry conditions cannot be traced, hence 

precluding option (d) as a viable process for any authigenic 

origin for the studied siderites. 

On the other hand, option (c) requires that tephra from 

previous eruptive episodes, which occurred at the start of the 

formation of the MMV, fell back in the crater. These were 

then affected by hydrothermal fluids over a long period (for 

example, hot fluids produced by the heat transfer from the 

cooling dike that fed the first eruptive episode or a chimney 

beneath the crater). Issa et al. [20] assumed that the majority 

of the measured magmatic CO2-flux from the MMV was 

produced by the oxidation of siderites that are currently found 

at the bottom of the lake, suggesting that volcanic activity 

and/or magma degassing persists at depth. 

As mentioned earlier, Lake Monoun present conditions 

such as elevated CO2 Supply, influx of hydrothermal fluids 

capable of leaching the surrounding volcanic rocks to produce 

Fe or directly venting Fe into the lake bottom, but also cre-

ating favourable geochemical conditions (stratification that 

enhance anoxic environment, influx of acidic volcanic gases 

(like SO2, HCl) that lowers the pH, and hydrothermal fluids 

that increases the bottom water temperatures). 
14C analysis depicts the source of the lake carbon to be most 

likely 90% from volcanic exhalations within the crater [20, 

42]. Fouepe et al. [12] corroborated this by identifying two 

depressions on the eastern crater floor of the MMV as the 

major gas feeding source, with the absence of a sonar signal of 

CO2 bubble rise suggesting the gas entering into a dissolved 

state in the lake water. 

4.2. Origin of Carbon and Oxygen in Siderite 

Studies by [13, 20, 26, 27, 42] demonstrated that deep 

waters of the MMV are dominantly composed of CO2 with 
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minor CH4, having δ13C values in the range of -9.16 to -3.4 

and -54.8, respectively. In addition, the 14C of the lake waters 

indicates that only 10% of the carbon is modern, hence giving 

an apparent age of 18000 years. All these findings attribute 

the great majority of the source of carbon within the lake to 

long-term emissions of CO2 from volcanic exhalation from 

vents within the crater. They also corroborated the study of 

Fouepe et al. [12] regarding the small depressions containing 

high concentrations of CO2-enriched fluids (> 82.5%) on the 

east and south walls of the eastern basin, representing the gas 

feeding source beneath the lake. In addition, the absence of 

the sonar signal of CO2 bubble rise at this depression suggests 

that the gas is entering the lake in a dissolved state in the water, 

hence implying that sediments or eruptive deposits may be 

covering the conduct of CO2 at these points. 

Derry et al. [10] and Kaufman et al. [22] suggested that 

the oxygen isotopic composition of carbonate samples is 

relatively sensitive to the effects of temperature alteration 

when exposed to atmospheric conditions, strong tectonic 

movements and hydrothermal activity for long periods, 

hence, will not preserve original information of the source. 

To this end, it is generally accepted that a δ18OVPDB > -5‰ 

indicates the unaltered nature of the rock, δ18OVPDB between 

-5 and -10‰ indicates light alteration, while a δ18OVPDB < 

-10‰ indicates strongly altered rock. The calculated 

δ18OVPDB values of the analysed samples in this study range 

from 0.47 to 1.38 (Table 1), suggesting the unaltered nature 

of the samples. 

The combined study of carbon and oxygen isotopic com-

position in carbonate deposits represents a powerful method 

to fingerprint carbonates of different origins. The sources of 

carbon and oxygen include sedimentary organic matter, ma-

rine carbonate, hydrothermal and skarn carbonate, man-

tle-derived carbonates, and atmospheric carbonates [1, 9, 11, 

15, 17, 34, 38, 46, 56, 57]. Generally, the δ13CVPDB and 

δ18OVSMOW values ranges from -30 to -10‰ and 24 to 30‰ 

respectively in sedimentary organic matter [15], from -4 to 

4‰ and 20 to 35‰ respectively in marine carbonate [38], 

from -10 to 4‰ and 6 to 12‰ respectively in mantle-derived 

fluids [9, 46], from -20 to 4‰ and 2 to 40‰ respectively in 

hydrothermal and skarn ores [3, 35]. 

According to the modelling in Figure 3a 

(δ13CVPDB/δ18OVSMOW diagram) designed to identify carbon 

and oxygen in carbonates of different sources, the studied 

samples do not show any corresponding type of carbonate but 

are just closer to the carbonates of marine origin and organic 

origin, suggesting their authigenic and allogenic nature. 

Figure 3b indicates that the carbon and oxygen in the car-

bonates derived mainly from modern soil carbonates, con-

firming the accuracy of the analysis and the suitability of the 

diagram, and that of Figure 3c which suggests carbonate from 

chimneys and veins precipitated from fresh and evolved 

meteoric waters influenced by deep CO2 fluids. 
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Figure 3. The δ13C / δ18O discrimination diagrams showing the isotopic composition of siderite in unconsolidated tephra of the Monoun Maar 

Volcano: a) modified from [17, 55]; b) after [38] with additions from [3, 4, 36]; c) after [8] with additions from [5, 35]. Sample IDs (MB57; 

MB58) are embedded on the graphs. 
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4.3. Paleoenvironment Conditions 

Many authors have ventured into determining the palaeosa-

linity (Z) and palaeotemperature (T) of the waters associated 

with the formation of carbonates (calcite and siderite) in rocks 

and pyroclastic ejecta, using of the isotopic composition data of 

carbon and oxygen [28, 49, 51]. For instance, Keith and Weber 

[23] proposed that the Z for marine and freshwater carbonate 

rocks from the Jurassic and subsequent eras can be delimited 

based on the δ13C and δ18O values as follows: 

Z = 2.048 (δ13C + 50) + 0.498 (δ18O +50)    (2) 

with values of δ13C and δ18O relative to the VPDB standard. 

As a result, if Z > 120, it depicts a marine phase, and Z < 120 

depicts the freshwater phase. Therefore, because the studied 

samples are in a Quaternary volcanic field [50], no age 

correction is necessary as suggested by Keith and Weber 

[23]. The results of the Z calculated by Equation (2) yield 

values of 117.34 (MB57) and 115.25 (MB58), asserting a 

freshwater environment. According to Schopf [39], the 

range of δ13C values for carbonate rocks originating from 

different sources varies from -15 to -5‰ for freshwaters and 

from -5 to 5‰ for marine waters. The results of this study 

show δ13C values ranging from -6.0 to -5.2‰, corroborating 

a freshwater environment. Although this conclusion sup-

ports the idea, the thermal conditions necessary for the 

formation of the siderite remain a key factor in understand-

ing their origin and the relationship with the eruptive history 

of the volcano. 

Several studies have demonstrated that temperature has a 

significant effect on the oxygen isotope [49, 51, 54], making it 

possible to calculate the palaeotemperature of oxygen using 

the empirical formula Equation (3) of Shackleton [40]: 

T (°C) = 16.9 - 4.38 (δ18Oc -δ
18Ow) + 0.10 (δ18Oc - δ

18Ow)2 (3) 

where δ18Oc represents the value of the analysed sample 

relative to the VPDB standard, and δ18Ow represents the value 

of the analysed sample relative to the VSMOW standard. 

Compared to the calculation of Z, the δ18O values in this 

equation do not require age correction for the samples as they 

are unaltered (δ18OVPDB > -5‰, see Table 1). 

The results of the T calculated by Equation (3) show that 

the environmental temperature that prevailed during the 

formation of the studied siderites ranges between 247.93°C 

(MB57) and 248.03°C (MB58). 

This result corroborates the volcanic origin (Figure 3b), an 

indication of high temperature carbonate-rich hydrothermal or 

magmatic-hydrothermal fluids emanating from the sub-

merged volcanic vent with temperatures above 200°C [14] 

which participated in the generation of a significant amount of 

siderite, as previously thought off in the previous studies [12, 

42]. The heat could come from the cooling dike that fed the 

preceding eruption, but also from the magma degassing and 

CO2 seepage at the bottom of the lake. 

4.4. Genetic Model for Siderite Enrichment and 

Implications for the Eruptive Evolution of 

the MMV 

The following genetic model may be suggested to elucidate 

the origin of the siderite in the localised pyroclastic ejecta at 

MMV. Before the formation of the siderite-rich deposits, the 

first volcanic episode resulted to the formation of units A 

(surge), B (weathered scoria) and C (lava flow). This initial 

phase of the eruptions was later accompanied by a period of 

quiescence (0.1-0.3 cal. ka; [11]) during which magma de-

gassing favoured the formation of siderite. Some of the py-

roclastic ejecta, together with the allochthonous sediments, 

were brought into the deeper parts of the eastern basin. This 

formed a natural seal that prevented the escape of magmatic 

CO2 into the lake water, followed by overpressurization. 

Solutions began to boil, separating gas-rich vapours, accu-

mulating and forming gas pockets with steadily increasing 

pressures. When this high gas pressure exceeded lithostatic 

pressure, it led to a blow-out or explosive phreatomagmatic 

eruptions, ejecting tephra deposits rich in siderite into the 

atmosphere, which later on accumulated, producing unit D rich 

in dispersed siderite deposits. Subsequent eruptions then fol-

lowed without significant repose periods either in the western 

and central basins, producing tephra deposits of units E, F and 

G, with the clasts not possessing siderite encrustations. This 

could be probably due to the fact that there was no time break 

necessary enough for the magmatic CO2-flux to recharge from 

the sub-volcanic vents at the bottom of the crater. 

5. Conclusion 

This study presents a first comprehensive study on the 

origin of carbonate deposits within the tephra deposits of the 

MMV based on petrographic, isotope geochemistry, and 

paleoenvironmental modelling using δ13C and δ18O. 

1) The δ13CVPDB and δ18OVSMOW values of siderite in the 

pyroclastics range from 31.4 to 32.3‰, and -6.0 to 

-5.2‰, respectively. This is an indication of a combi-

nation of meteoric waters (fresh water, contributing 

sediments rich in carbonates) and CO2 emanating from 

volcanic vents. 

2) The palaeosalinity (Z) and palaeotemperature (T) of the 

carbon and oxygen isotopes were calculated using the 

age-non corrected isotopic data. The Z values range 

from 115.25 to 117.34‰, whilst the T values vary from 

247.93 to 248.03 °C. This is an indication the siderite 

originated from fresh water sources, with a great con-

tribution of high-temperature hydrothermal or mag-

matic-hydrothermal CO2-rich fluids emanating from 

the eastern crater basin. 

3) After the formation of units, A-C, the tephra ejecta to-

gether with allogenic sediments were later deposited 

into the eastern crater basin, forming a natural seal fa-

vouring the gradual accumulation of CO2-flux (over a 
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reposed period of 0.1-0.3 cal. ka) and also preventing 

the escape of these high temperature CO2-rich fluids. 

This led to overpressurization, leading to phreato-

magmatic eruptions ejecting tephra deposits that ac-

cumulated to form the localized unit D rich in dispersed 

siderite deposits. Different volcanic episodes then en-

sued (without a repose time), producing units, E-G, not 

containing siderite encrustations. 

These results point to a long-term magma degassing after 

the first eruptions that initiated the formation of the maar, 

followed by a period of volcanic quiescence favouring the 

formation and accumulation of siderites. This was then suc-

ceeded by another eruption inside the crater ejecting the 

siderite-rich sediments that composed the studied deposits. 

Abbreviations 

MMV Monoun Maar Volcano 

CVL Cameroon Volcanic Line 
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