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Résumé — Indices du volcan de boue "Boulganack" dans la péninsule de Kerch (Ukraine -
Crimée), étude de la boue et du gaz : conséquences pour le potentiel pétrolier — De par leur origine
profonde, les sédiments et les gaz rejetés par les volcans de boue sont des indices riches d’information
pouvant étre utilisés par les compagnies pétrolicres lors des phases d’exploration, I’étude des parametres
géochimiques des fluides permettant d’évaluer et préciser le potentiel pétrolier régional.

L’activité des volcans de boue est particulicrement intense dans les régions du Caucase, d’ouest en est :
péninsule de Kerch en Crimée, Kuban en Russie et Azerbaidjan, cette activité onshore se prolongeant en
offshore : mer Noire a I’ouest et mer Caspienne a I’est.

Une méthodologie d’échantillonnage et des protocoles analytiques ont été développés sur les volcans de
boue onshore de ces régions et plus particulierement appliqués sur le volcan de boue de Boulganack dans
la péninsule de Kerch.

Trois missions ont été organisées par I'IFP en 2000, 2001 et 2002 afin de récupérer des échantillons de
boue et de gaz avec la contribution du Museum National d'Histoires Naturelles de Kiev. L’objectif était,
d’une part, I’étude des variations spatiales des effluents des différents évents du volcan de Boulganack et,
d’autre part, la réalisation de prélevements hebdomadaires pour observer les variations temporelles dans
les différents évents.

Des techniques d’échantillonnage ont été developpées pour récupérer des sédiments non pas directement
a la surface de I’évent mais en descendant un appareillage par gravité dans la cheminée du volcan de
boue de facon a éviter les problémes de biodégradation de surface qui peuvent altérer la qualité de
I’échantillon. De méme, pour les gaz émis sur les lacs de boue, un systeme a ét€ mis au point pour créer
une ligne de fluide depuis le lieu d’émission jusqu’a la terre ferme. Deux des évents de Boulganack
atteignent en effet de grandes profondeurs : 40 m a Pavlov et presque 20 m a Oldenburg.

En ce qui concerne 1’étude des gaz, les proportions de N,, CO,, H,S, O, et hydrocarbures (méthane a
butane) ont été mesurées. La composition des gaz varie d’un évent a ’autre. La majorité des évents de
Boulganack rejette 90 % de méthane et 10 % de CO, avec une tres faible présence d’hydrocarbures plus
lourds (éthane) uniquement localisés sur 1’évent d’Andrusov. Pavlov expulse autant de CO, que de
méthane (50/50). De I’azote est quelquefois également enregistré (Pavlov, Obrudchev, Central Lake).
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Ces rejets sont interprétés comme étant thermogéniques (sécheresse du gaz, peu d’hydrocarbure).
Comparé a cette grande variabilité spatiale (d’'un évent a l’autre), les variations temporelles
(enregistrement hebdomadaire) sont beaucoup plus faibles et peu significatives.

Les quantités d’hydrocarbures libres, dans les sédiments extrudés par les volcans de boue de la province
de Kerch comparées a ceux d’Azerbaidjan montrent des teneurs beaucoup plus faibles dans les volcans
de boue de Crimée. Les quantités d’hydrocarbures libres dans la boue semblent en outre étre un critere
déterminant permettant de classer les provinces pétrolieres. Dans la péninsule de Kerch, les analyses par
chromatographie des hydrocarbures des échantillons de surface présentent un fort taux de dégradation.
En revanche, ceux prélevés en profondeur dans les gryphons ne sont pas biodégradés et ont une signature
identique a celle de la formation du Maikop avec une matiére organique d’origine terrestre.

La modélisation de la génese des hydrocarbures confirme le role principal de la formation du Maikop
comme source effective des hydrocarbures. Toutefois, dans la péninsule de Kerch, les roches meres de
type III seraient surtout favorables a la génese de gaz.

Abstract — Oil Seeps from the "Boulganack" Mud Volcano in the Kerch Peninsula (Ukraine -
Crimea), Study of the Mud and the Gas: Inferences for the Petroleum Potential — Mud volcanoes act
as prospecting indices in the exploration of oil and gas deposits with gases and muds excreted. A
methodology and an analytical protocol have been developed in order to classify the petroleum provinces
according to the geochemical information available from the mud volcanoes. Such a study allows us to
evaluate the potential of the petroleum system beneath.

The Crimean-Caucasus region is renowned for mud volcano activity with well-known areas from west to
east: Kerch Peninsula, Kuban and Azerbaijan.

A methodology concerning the geochemical sampling and analysis of the mud volcanoes located onshore
was applied to the Kerch Peninsula. Three field trips were organised by IFP in 2000, 2001 and 2002 in
order to collect geochemical data, in agreement with the Museum of National History in Kiev. During
these geological and geochemical surveys particular attention was given to the Boulganack mud volcano,
which is a favourable site for the study of mud and gas samples due to the variety of the types of
the vents.

Specific tools were built in order to take samples of mud, up to 20 m deep in the vents, and gas more than
25 m away from the bubbling point in safe conditions in the deep mud lakes. Moreover, monitoring of the
sampling of the gas was undertaken on the Boulganack mud volcano for one year in order to study the
variation in the composition of the gas in time and space in the various vents.

The proportions of nitrogen, carbon dioxide and hydrocarbons (methane to ethane) were measured. The
vents of the Boulganack mud volcano present about 90% of methane and 10% CO,, with a few percent of
heavier hydrocarbons in one particular vent: Andrusov. Pavlov expelled more CO, (25% to 40%), with
the greatest temporal variations. Only Obrudchev expels as much carbon dioxide as methane (50/50).
Sometimes, nitrogen was also measured (Pavlov, Obrudchev and Central Lake).

The high dryness of the gas implies a loss of heavy hydrocarbon compounds relative to a typical thermo-
genic gas. Chemical gas compounds are highly dependent from one vent to the other.

The comparison of the quantity of hydrocarbon included in the mud released from the mud volcanoes of
the Kerch Peninsula and those of Azerbaijan (used as a reference) shows very little hydrocarbon in the
mud from the mud volcano in the Crimea, whereas accumulations of hydrocarbons exist in the fluids
expelled from mud volcanoes in Azerbaijan. In fact, the ranking of the petroleum provinces is linked to
the occurrence of the free hydrocarbons in the mud excreted by mud volcanoes. Analysis by chromatog-
raphy of the saturated hydrocarbons presents a high degree of biodegradation when the samples are
taken at the surface. When they are taken with the core barrel at greater depth in the vents, the hydrocar-
bons are preserved with a typical continental origin which can be compared with the organic matter of
the Maykop formation.

The modelling of the hydrocarbon window geohistory confirms that the hydrocarbons are mainly pro-
duced within the lower Maykop. The generation of gas is favoured, in agreement with the quality of the
type II1 source rocks in this western part of the Caucasus.
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INTRODUCTION

Mud volcanoes bring to the surface sediments, fluids and gas
that may come from deep horizons, and so the sampling and
studying of these products may help to understand better the
petroleum system in frontier petroleum exploration areas.

The Crimean-Caucasus region is renowned for mud vol-
cano activity with well-known areas from west to east: Kerch
Peninsula, Kuban and Azerbaijan.

The Taman and Kerch Peninsulas (Fig. 1) are located
between the Caucasus in the east (Russia) — which is an
incratonic range with a tertiary evolution integrated within
the alpine compression — and the Crimea (Ukraine) in the
west, with a complicated and active structuration since the
end of the Jurassic.

The Indolo-Kuban basin corresponds to a fore deep in
front of the Great Caucasus. The depression of Taman and
Kerch, built up during the Oligocene-Miocene — at the edge
of the hercynian Scythian platforms (Russia) contains about
85 oil and gas fields on both sides of the strait as well as
unexplored structures in the Black Sea (Fig. 2).

In the Kerch Peninsula, the older known sediments are
carbonates of Jurassic age. The series of carbonate deposit
continues during the Cretaceous, which remains a possible
target as potential source rock [1, 2]. During the Oligocene-
Miocene the deposition of the Maykop Formation contains
sandstone reservoirs which play an important role in petroleum
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Figure 1

Location of the Kerch Strait between the Azov Sea and the
Black Sea.

exploration. The quality of these reservoirs increases in
the eastern part of the Kerch Peninsula. The Oligocene-
Miocene deposits also contain clays which are potential
source rocks with a transition between the marine and conti-
nental organic matter from the lower Maykop to the upper
Maykop. The thickness of the Maykop series can reach up to
6000 m in the paleo depression of the Indolo-Kuban, the
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Oil and gas fields in the Kerch Strait (Kerch Peninsula/Ukraine and Taman Peninsula/Russia).

Red = oil field, orange = condensate, yellow = oil gas, green = gas.
Notice the unexplored offshore structures in the Black Sea.
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Figure 3

Location of the mud volcanoes onshore correlated with the thickness of the Maykop formation in the Kerch Strait [4].
Red dots represent the location of the mud volcanoes.
In blue, the mud volcanoes mentioned in the text.
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Figure 4

Localisation of the vents on the Boulganack and Tarkhan mud volcanoes.
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Sorokin and the Tuapse troughs (Fig. 3). The mud volcanoes
are generally located in the vicinity of the depocenters of the
Maykop series. All the mud volcano areas are characterised
by high pore fluid pressure and in the Indolo-Kuban Basin
pore pressure may exceed more than twice the hydrostatic
pressure [3]. The Boulganack mud volcano was chosen due
to the various types of vents existing on the site: gryphons,
satellite craters, flank vents and small lakes (salses).

The Boulganack mud volcano with a form of calderas
(Fig. 4) is characterised by relatively weak and continuous
activity [5, 6]. It is strongly affected by the presence of
water-saturated layers in the upper part of the sequence [7].
Numerous vents spit out small amounts of gassy mud and
water. In a unique site the Boulganack mud volcano shows
different types of morphology of vents:

— Andrusov (No. 1 in Fig. 4 / N 45°25°39” — E 36°28°41”)
is the main crater. It shows gradual and progressive out-
flows of solid material spreading as a fresh circular cake
of mud covering an area of about 2000 square metres
(Fig. 5). This outflow of mud in connection with the
feeder channel includes numerous pieces of solid rock
fragments. At the periphery of the central vent, smaller
vents exist, though most of them are inactive while very
few gas and liquid exhausts occur (Fig. 6). During the one
year of monitoring, between June 2001 and June 2002, the
sampling site of the Andrusov vent moved following the
migration of the active vents along the flank (Fig. 7). As a
rule, the Boulganack mud volcano is rather quiet, but on
1st September 1986, the Andrusov mud cone produced a
triple violent eruption reaching 20 m in height.

Figure 5

In 2001-2002 the extrusion of the mud on Andrusov (main
crater) reached 20 m in diameter.

Figure 6

Active and dead vents on the Andrusov flank.

Figure 7

Migration of the satellite vents on the Andrusov flank showing their temporary activity: in June 2001 gas sampling 10 m away from the old

dead vent (DV).

In March 2002 the active vent (AV) was again located 10 m further downward.
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— Tishenko (No. 4 in Fig. 4 / N 45°25°33” — E 36°28°25”)
and Abikha (No.3 in Fig.4/N 45°25°33” — E 36°28°42”),
located at the periphery of the main crater (Andrusov),
have a classical cone shape about 1.5 m high. They are
characterised by the absence of solid rock fragments and
emit mud, water and gas with a bubble of 10 mm in diam-
eter every 2 s.

— Central Lake (No. 5 in Fig. 4/N 45°25°21” — E 36°28°39”)
and Pavlov (No. 2 in Fig. 4 /N 45°25°34” — E 36°28°44”)
are satellite craters with a lake (salse) and a bubbling point
and some smaller gas vents at the border (Central Lake).
They emit mainly water and gas (one bubble of 120 mm
in diameter every 8 s). In March 2002, during a survey
using an inflatable dinghy, it was possible to sound the
shape of the lakes and to determine the depth of the stable
substratum. Pavlov has nearly vertical edges with the
maximum depth of the sounding line being around 38 m,
while in Central Lake it reaches only 6 m (Fig. 8).

— Oldenburg (No. 6 in Fig. 4 /N 45°25°28” — E 36°29°07”)
is also a collapsed area characterised by more than about
ten puddles, generally of one to two metres in diameter,
with vertical sides which reach a depth of twenty metres.
Only a few of them emit bubbling of gases, which on the
whole is equivalent to a bubble of 100 mm in diameter
every 10 s.

— Obrudchev (No. 7 in Fig. 4/N 45°25°08” — E 36°28°50”)
has very little activity, with no overflowing of mud, very
few exhausts of water, and only some small bubbles
of gas (equivalent to a bubble of 8 mm in diameter
every 2 s).

The Boulganack mud volcano is close to the Tarkan mud
volcano, which presents two main vents: a classical cone,
“Shilov” (A), and a collapsed area with salse, “Trubetskoy”
(B).

The geochemical study was only focused on the different
vents of the Boulganack mud volcano.

1 SAMPLING

Several types of procedure were used in order to sample the
natural gas seepage directly from the bubbling on the active
gryphons.

A sealed glass tube in which the vacuum has been
previously released allows sampling of 10 cc of gases which
are necessary to analyse the global chemical proportions.
This only requires threading the protective cap of the tubes
through a needle located at the top of a bell-shaped glass cap
(Fig. 9). Generally, several samples are taken from the same
gryphons in order to test the reproducibility of these analyses.

PAVLOV

CENTRAL LAKE

i

® Bubbling point

Figure 8

L e e
2 4 6 8 10 12 14

Cross-section through the Pavlov and Central Lake vents showing the depth of the stable substratum (data obtained during a survey in March

2002).
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Figure 9

Gas sampling on Abikha during the one-year monitoring.

During the one-year monitoring, the weekly sampling
consisted of taking gas samples in sealed glass tubes from
every vent of the Boulganack mud volcano, i.e. Obrudchev,
Oldenburg, Great Lake, Pavlov, Abikha and Tishenko, and
several secondary vents characterised by temporary activity
on Andrusov. Some gaps in the monitoring existed due to the
bad meteorological conditions, particularly in winter.

For the lakes, a technique was developed in order to
recover the gas from the edge in safe conditions. The gas
bubbling at the surface of the lakes was headed up with a
floating jar and then moved in a flexible tube several tens of
metres long (Figs. 10-12). This methodology, named
“Chapka Monomaha” (”Tsar’s hat”), was, in fact, similar to
the technology used in the 1930s when local people recov-
ered the gases of the Central Lake for industrial purposes in
order to dry the mud and to recover boron which, with

Figure 10

Central Lake: gas sampling with the “Chapka Monomaha” 25 m away from the bubbling point occurring at the centre of the lake.

Figure 11

Launch of the “Chapka Monomaha” and sampling of gas samples 10 m away from the bubbling point on Pavlov.
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Figure 12

Gas sampling with the “Chapka Monomaha” from one of the
Oldenburg pools.

®or. 9, 11
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Figure 13

Industrial recovery of the gas from the bubbling point on
Central Lake in the 1930s.

iodine, is of high content in the mud flowing out of the mud
volcanoes (Fig. 13). The “Chapka Monomaha” was also
used to estimate the outflow of gas coming from the main
vents.

Concerning the sampling of the mud, it is necessary to
avoid the material taken straight from the surface of the vents
(i.e. in the layer within the first few metres) in order to obtain
representative information concerning the free hydrocarbons
contained in the mud.The first cause which modifies the rep-
resentativeness of the samples can be called “the cream
effect” . Depending on the outflow of the mud and the size of
the various vents, a concentration of the elements contained
in the mud at the surface is possible due to the alternation of
rainy and dry seasons. A sample taken at the surface repre-
sents the balance between the outflow, the evaporation and
the rain. The “cream effect” is also the consequence of the

segregation of the products according to their density: the
thin layer of hydrocarbon at the surface of the gryphon is
consequently not representative of the outflow of free hydro-
carbons excreted from underneath.

A second cause affects the quality of the hydrocarbons
excreted due to the microbial activity which grows within the
mouth of the mud volcanoes. In fact, the proto-life colonises
the surface and walls within the gryphons. Due to this bacter-
ial colonisation, the hydrocarbons are highly biodegraded.

In order to avoid both the problems of biodegradation and
the “cream effect”, a core barrel composed of a tube 30 cm
in length and 3 cm in diameter with a protective cap at the
top was made (Fig. 14). The core barrel is ballasted and goes
down into the liquid mud by itself, reaching the stable sub-
stratum at maximum depth (the length of the ropes being
50 m). The protective cap at the top is opened when the core

Plug at the base

Figure 14

Core barrel enables us to sample mud at the deepest point of the vent (left: Oldenburg/19 m deep; right: Tischenko No. 4 /3 m deep).
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barrel has reached its maximum depth, i.e. when the passage
inside the vents is too narrow or tortuous for the core barrel.
After the rising, the core barrel is drained through a plug at the
base and only half of the material is retained, This is located
in the lower part of the core barrel in order to avoid contami-
nation and mixing with the surface mud during the rising of
the core barrel. With such a device, samples of mud were
taken in the Boulganack mud volcano from up to 38 m depth
in the Pavlov Lake and 19 m in one of the Oldenburg pools.

2 GAS COMPOSITION AND ASSESSMENT
OF THE VENT FLUX IN THE BOULGANACK MUD
VOLCANO; COMPARISON WITH THE ACTIVITY
OF OTHER MUD VOLCANOES IN THE VICINITY

During a period of one year, between June 2001 and June
2002, samples of gas, collected in vacutainers every week
from each vent selected, were regularly sent to the geochemi-
cal laboratory of IFP in order to be analysed. The proportions
of N,, CO,, H,S, O, and of hydrocarbons from methane to
ethane were measured by gas chromatography using a

Varian chromatograph. The surfaces of the peaks on the
chromatogram are a function of the quantity of the com-
pounds. A calibration is realised according to the response
coefficient of the detector to each of the gases and the whole is
standardised to obtain the global composition.

The various vents of the Boulganack mud volcano contain
generally about 90% methane and 10% CO,: Oldenburg,
Abihka, Tishenko 1 & 4, Andrusov 2 & 6, and Central Lake
(Fig. 15). Heavier hydrocarbons like C,H, ethane occurred
only in the satellite vents of the main crater Andrusov (vents
Nos. 1,4, 5 and 7) where plastic mud extrudes.

Pavlov, and above all Obrudchev, expelled more CO,
(25% to 40%). Central Lake has the greatest temporal varia-
tions. Obrudchev expelled as much carbon dioxide as
methane (50/50).

Puffs of nitrogen were occasionally measured in Pavlov,
Obrudchev and Central Lake.

Chemical gas compounds are highly dependent from one
vent to the other (Fig. 15). Chemical heterogeneities, a few
metre scales geographically, imply complex fluid circulation
near the surface. On the other hand, gas compound variations
versus time seem to be smaller, and not really significant.

Boulganack Observation made by
Individual Gryphons the authors during Vent Flux C,H, CH, CO, N,
and Salses two field trips organised m3 y! m3 y! m3 y! m3 y! m’y
in June 2001 and March 2002
Andrusoy "ens 145 &7 one bubble of 10 mm diameter
every 3 s 6 0.1 5.6 0.1 0.09
Andrusov "¢"s2 &6 one bubble of 10 mm diameter
every 3 s 6 0 5 1 0.03
Tischenko "/ one bubble of 10 mm diameter
every 3 s 6 0 58 0.2 0.02
Tischenko "4 one bubble of 10 mm diameter
every 2's 8 0 7 1 0
Pavlov nine bubbles of 28 mm
every second (with the Chapka) 3262 0 2172 961 129
Abihka one bubble of 10 mm diameter
every 2 s 8 0 7 1 0.01
Central Lake one bubble of 120 mm diameter
every 8 s 3567 0 2889 202 476
Oldenburg @/ vents all pools are equivalent to a bubble
of 100 mm diameter every 10 s 1651 0 1473 178 0
Obruchev one bubble of 8 mm diameter
every 2's 4 0 2 2 0.09
Boulganack Vent Flux All gas C,H, CH, CO, N,
m? y! 8517 0.1 6567 1345 605
% 100 0.002 77.1 158 7.1
gy! 7.6 x 106 124 4.4 % 10° 2.5x10° 7 % 10°
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Most of the vents present a carbon isotopic ratio of
methane ranging from —37 to —40%o, which are typical values
for thermogenic methane produced by thermal decomposi-
tion of the organic matter in the deep formations [8]. Carbon
dioxide is mainly generated by thermal decomposition of
carbonate rocks and not mantle-derived [9].

The vent-flux, deduced from the bubble diameter and
bursting frequency, is highly variable according to the type of
gryphon.

The higher outflow of gas in the Boulganack mud volcano
occurs from the salses i.e. Pavlov and Central Lake, and to a
lower extent in the Oldenburg pools. A lower outflow of gas
is produced by the bubbling at the top of the cone shapes of
Abihka and Tischenko. Around the main vent of Andrusov,
which extrudes mostly plastic mud without bubbling, very
little gas escapes except from the satellite vents. Obrudchev
is virtually dry.

Nearby, the gas which escapes from the various vents, the
disseminated micro-seepage also has to be taken into consider-
ation. The pervasive micro-seepage flux from the soil
surrounding the mud volcano is a fundamental component of
the total gas output and can be estimated in the range of
0.1 g m? d'! [10]. Considering that the Boulganack mud vol-
cano occupies an area of about 1 km? (not taking into account
the area covered by ancient mud breccias), the total gas output
by the disseminated micro-seepage would be in the range of
36.5 x 10° g per year. So the “invisible” contribution would be
about five times higher than the “visible” gas escaping through
the vents. The total emission for Boulganack would thus be
estimated at 44 tons per year of dry gas composed of 77%
methane, 16% carbon dioxide, 7% azote and very little ethane.

Four types of activity generally characterise the evolution
in time of the mud volcanoes:

— Type 1: short and fierce explosion with a very high
column of gas burning and a great volume of mud ejected,
— Type 2: eruption of breccias without explosion of gas,

which means that the conditions are not favourable to a

spontaneous combustion of the gas due to its composition

or the speed of the ejection,

— Type 3: slow extrusion of plastic mud covering a large
surface and producing a high volume of solid material,

— Type 4: continuous mud flow from various types of vents

(dome, salse) lasting years.

During the monitoring study in the years 2000 to 2002, the
Boulganack mud volcano had only an activity of types 3 and
4, with a total production of CH, from the various vents
which can be estimated at 6500 m?/year and 1300 m>/year of
CO,. Nevertheless, activity of type 2 is also known from the
explosion on 1st September 1986, but no recent activity of
type 1 has been reported.

Activity of type 1, i.e. with explosion and gas burning is,
however, well known in nearby mud volcanoes of the Kerch
Peninsula.

Figure 16
Eruption of the Dzau-Tepe mud volcano in 1914 by Shteber [6].

Figure 17

Eruption of the Dzhardzhava mud volcano painted by V.I.
Kantemirov [6].

Catastrophic eruption of the Dzau-Tepe mud volcano
(N 45°09°00.8”, E 35°55’49.4”, see location in Fig. 3), which
means “enemy top” in the Turkish language, occurred in
March and August 1909 and more violently in March 1914
(Fig. 16). Mud was tossed 40-60 m up. Later in 1925, 1927
and 1942, mud volcanoes erupted many times but not so cat-
astrophically. We must also keep in mind the legend of the
awful eruption at the beginning of the XVIIth century, when
the erupting mud destroyed a settlement.

In 1930, the Dzhardzhava mud volcano (N 45°20°21.9”, E
36°25°01.7”: see location in Fig. 3), which means in Turkish
“enemy’s ravine”, located 2 km west-south-west of Kerch,
erupted with a mud flow of about 500 m in length and a burst
of smoke and fire lasting 15 minutes (Fig. /7). The mud
volcano breccias were oil-stained and leaking gas for a long
time. In the spring of 1982, new explosions happened, bring-
ing more than 100 000 cubic m of mud to the surface, with
eruptions up to 10 m high.

On the other side of the Kerch Strait, the activity of the
mud volcanoes in the Taman area is also characterised by
catastrophic explosions, burning for several hours a huge
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quantity of gas accumulated and sealed by a mud plug during
a long period of time (often several decades, depending on
the periodicity of the explosive phases).

Four hours before the explosion, when geologists visited
the site of the Karabetova mud volcano (Russia -
N 45°12°16” — E 36°47°05” — see location in Fig. 3) on 6th
May 2001, no forewarning signs could be observed. Two
months later, when we visited the site with Russian geolo-
gists, no sign of gas or water emissions could be observed,
except for the slow extrusion of mud from the main crater.

The explosion produced impressive marks with a system of
hectometre cracks characterised by a width of more than a
metre and a depth often exceeding 3 m (Fig. 18). The
excreted lumps of mud, thrown out and weighing tons, had
preserved their grey colour or been transformed into “brick”
when burned by the gas. After an explosion, as soon as the
mixture of air and methane is in proportions of 5 to 15% of
the gas, the baiting of the ignition can either be caused by the
production of sparks, due to the shocks between the fractured
and erupted rocks at the surface and, for example, marcassites

Prof. E. F. Shnyukoyv

Figure 18

Fissuring observed two months after the explosion of the Karabetova mud volcano (Russia), which occurred on 6th May 2001.
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or pyrites, or by the spontaneous ignition of the mixture of
the gases compressed by the shock wave of the explosion
(the temperature of spontaneous ignition for methane being
about 550°C). Such explosions are comparable with the
Unconfined Vapour Cloud Explosion (UVCE) which can be
modelled with Computational Fluid Dynamics models [11].

The Lok-batan mud volcano — which means “drowning
camel” — (Azerbaijan N 40°18°16.8”, E 49°42°32.6”) is
renowned for its impressive eruptions [12, 13].

At least 19 eruptions have occurred since those of 1828:
1864, 1887/major one, 1890, 1900, 1904, 1915, 1918, 1923,
1926, 1933, 1935/major one, 1938, 1941, 1954/major one,
1959, 1972, 1977, 31st March 1980 and 25th October
2001/major one [14-18].

Hjalmar Sjogren, geologist who worked with the Nobel
Brothers near Baku, related one of the more intensive explo-
sions which occurred on the night between January 5th and 6th
1887: “The first eruption, which took place shortly after 11:30
p.am., was followed by a somewhat less violent one at midnight,
and a third one about 15 minutes later. The ball of fire was
about 75 meters high, full of clumps of mud, stones and burn-
ing gases. Also, a lot of mud flowed out, not erupting so high
up. Gradually, the flames and the heat lessened to a more
steady rate which lasted until 5 o’clock in the morning”, [19].

The more recent eruption, which occurred on the 25th
October 2001, was comparable, as mentioned by the BBC’s
Clare Doyle: “There was a big explosion, and a huge flame
started coming from the hillside. The flame was about three
hundred metres high. It was surrounded by dense black
smoke, and lots of mud was being thrown into the air. The
biggest flames burned for about five minutes. Then there was
another huge explosion, and then they calmed down about 10
or 20 m high. The flames could be seen from 15 km on the
day of the explosion and were still burning, although at a
lower level, three days later” (Fig. 19).

Photo Phil Hardy / from BBC NEWS 29th October 2001, Clare Doyle in Baku.

Figure 19

Eruption of the Lok-batan mud volcano in Azerbaijan on 25th
October 2001.

from GREINERT J. et al. (2006)

Figure 20

Typical echograms recorded in June 2003 [23], from the mud
volcanoes in the Sorokin Trough (Dvurechenskiy mud vol-
cano /DMV, Nameless Seep Site /NSS & Vodyanitskiy mud
volcano /VMV), blue plains are in the 1500 and 1000 m
water depth, the black arrow points towards north.

According to the data issued from the mud volcanoes of
Azerbaijan [13, 20] the volume of gas produced during such
an explosive phase is in the order of magnitude of 120 x 10° m?
(i.e. 8 x 10'° g if we consider that the gas is only methane),
and the gas produced after such a phase by the projected
breccias is estimated at 2 cm? per kilogram, which represents
a few thousand m? of gas. In the Dashgill mud volcano
(Azerbaijan N 39°59°48.6”, E 49°32°13.8”) a vent flux
reaching 40 x 103 m3 was measured just after an eruption.
Several weeks later it was at 8 x 10> m? and after a year,
according to the same authors, it stabilised at 200 m? day in
this particular mud volcano.

Thus, the volume of gas escaping during the explosive
phases is far higher than that produced daily during the mud
volcano’s period of quiescence (80 000 tons instantaneously
compared to the 40 tons/year produced in the case of
Boulganack). Every mud volcano is a particular leakage
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point and the volume exhausted yearly depends on the seal-
ing property of the mud, the design of the chimneys, the con-
nection with a deep source of material, with or without frac-
turation, efc. But the daily, monthly and yearly escape of gas
by a mud volcano is not representative of the global quantity
of gas discharged in the atmosphere if we do not take into
consideration the quantity of gas produced during the explo-
sive periods, i.e. the catastrophic events [21].

Mud volcanoes also exist offshore the Kerch Peninsula,
in the Black Sea, as described in the TTR 11 cruise [22].
They are identified by hydroacoustic plumes. The outflow of
the gas on the mud volcano onshore can be compared with
the methane bubbling (i.e. free gas-releasing) cold seeps
which are identified by hydroacoustic plumes in the water
column. In the Sorokin Trough (location in Fig. 3), south-
east of the Indolo-Kuban Basin, regular observation deduced
from hydroacoustic surveys at different periods of time [23]
on the Dvurechenskiy mud volcano (DMV), Nameless Seep
Site (NSS) and Vodyanitskiy mud volcano (VMYV) also indi-
cate a variation in the activity of these mud volcanoes with
periods of intense high flares (Fig. 20).

3 RESULTS OBTAINED FROM THE MUD SAMPLES
TAKEN IN THE VENTS OF THE MUD VOLCANOES

The mud samples contain different kinds of information,
deduced from classical geochemical study. The kerogen
included in the mud is representative of the geological
formation where the mud volcanoes take root. As a conse-
quence, it is indicative of the type of organic matter related to
the quality of the potential source rocks underneath.

The concentration of kerogen being diluted within the
whole volume of the outflow of mud, parameters such as the
percentage of Total Organic Carbon (TOC) or the petroleum
potential (S2 peak) issued from the Rock-Eval analysis [24]
must not be interpreted in the same manner as the classical
samples taken on the outcrops.

On the field, the alternation of the sedimentological facies
causes a fluctuation of the geochemical parameters (TOC,
S2) which are easy to interpret yet do not exist in the mud.

The source rocks related to the Maykop formation
(Oligo-Miocene), from samples (wells or outcrops) taken
from Azerbaijan and from the Kerch Peninsula, have differ-
ent petroleum potential (Fig. 21). In Azerbaijan the source
rocks have values of S2 of Rock-Eval which often overstep
20 kg HC/ ton of rock and even reach up to 120 kg HC/ ton
of rock. In contrast, most of the samples from the Kerch
Peninsula rarely overstep 2 kg HC/ ton of rock which is con-
sidered as the minimum value for a potential source rock.
Concerning the total organic carbon (TOC): in Azerbaijan
the TOC can reach up to 20% and in the Kerch Peninsula the
highest value of TOC in the Maykop formation is about 7%
(Fig.22). These differences reflect the variation in the pale-
ogeographic framework when, during the Oligo-Miocene
period, the deposition of aquatic organic matter was more
favourable in the eastern part of the Caucasus (Azerbaijan,
Caspian Sea) while terrestrial organic matter was preserved
on the edge of the Scythian platform [25].

Considering the same geochemical parametres contained
within the muds sampled in the mud volcanoes of these two
provinces sampled in 2000 and 2001 [26, 27], there are no
significant differences — which means that TOC and S2 are

Maykop source-rocks (rock samples): TOC versus S2
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Figure 21

TOC versus S2 in the field samples of the Maykop Formation.
Comparison between the Kerch Peninsula and Azerbaijan.
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Figure 22

TOC versus S2 in the mud volcano samples: comparison
between the Kerch Peninsula and Azerbaijan.
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Figure 23

Quantity of free hydrocarbon in the mud, comparison
between mud volcano samples in the Kerch Peninsula and
Azerbaijan

not discriminating factors for the mud samples (Fig. 22), and
do not allow us to identify accurately the potential of the
source rocks beneath due to the dilution of the kerogen
within the volume of mud.

However, other information obtained from the mud
includes the quantity of free hydrocarbons, which charac-
terises the efficiency of the petroleum system and the ability
of the source rocks to generate oil and gas.

Two kinds of analyses give information concerning the
petroleum system beneath:

— the quantity of free hydrocarbons in the mud samples
determined by the peak S1 of the Rock-Eval and/or the

quantity of extract resulting from a leaching of the mud

sample with a solvent (dichloromethane),

— the chromatographic analysis of this extract, which allows
us to identify the origin of the organic matter (marine ver-
sus terrestrial).

The comparison of the quantity of hydrocarbons included
in the mud released from the mud volcanoes of the Kerch
Peninsula and those of Azerbaijan clearly shows that there
are very few free hydrocarbons in the mud from the mud vol-
cano in the Crimea, although accumulations of hydrocarbons
exist in the fluids expelled from the same structures in
Azerbaijan (Fig. 23).

Analysis by chromatography of the saturated hydrocar-
bons shows:

— a high degree of biodegradation when the sample is taken
at the surface, which is the case in the narrow gryphons
where the core barrel cannot be used at depth, e.g. in the
Samoiylov mud volcano/Kerch Peninsula with 0.10%
extract (Fig.24),

— or a perfect chromatogram for the samples taken
with the core barrel at a greater depth, e.g. 17.5 m at the
Boulganack mud volcano in the Oldenburg vent, even if
the percentage of extract is very low: 0.01. Due to the
absence of biodegradation, the distribution of the N
alcanes presents an imparity in C25, C27 and C29, and a
continental origin of the organic matter can be inferred for
this sample (Fig. 25).

The chromatograms of the saturated hydrocarbon can also
be compared with those of field samples taken from the out-
crops of the Maykop formation in the Kerch Peninsula, north
of Feodocia city (Fig. 26). They also show a great imparity in
nC23, C25, C27, C29 and C31. The quantity of total organic
carbon is higher in the field samples, 1.4% to 3.5%, because,
unlike in the mud, the kerogen is not diluted.

KERCH-SAMOIYLOV

Surface % extract 0.10
TOC: 0,9%
S2: 0.52 kgHC/T

S1: 0.03 kgHC/T

Figure 24

Chromatogram of saturated hydrocarbons

Chromatography of the hydrocarbons in a sample taken at the surface: Samoiylov mud volcano.
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KERCH-BOULGANACK - Oldenburg vent

% extract 0.01
TOC: 0.3%
S2:0.21 kgHC/T
S1:0.02 kgHC/T

Depth: 17.5 meters

e

Figure 25

Chromatogram of saturated hydrocarbons

Chromatography of the hydrocarbons contained in a sample taken with the core barrel at great depth (17.5 m) in the Oldenburg vent of the

Boulganack mud volcano.
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Figure 26

Chromatograms of saturated hydrocarbon from field samples of Maykop in the Kerch Peninsula.

The mud coming from different geographic areas well
known for their high mud volcano activity: Trinidad,
Azerbaijan, Taman, Kerch, Sicily, and Makran, presents a
great range of variation in the content of free hydrocarbons.
Whatever the area, all the samples of mud were exclusively
taken with the same methodology of the core barrel at the
maximum depth in the vents. The richness in free hydrocar-
bons for these samples is shown in Figure 27: on the
abscissa SIRB, which is the S1 peak of the Rock-Eval
analysed from the bulk sample, plus {S2RB - S2RD},
which represents the difference between the peak S2
obtained on the bulk sample (= RB) and then after extraction

with dichloromethane (= RD), i.e. the part of the signal of
the Rock-Eval which does not correspond to kerogen sensu
stricto; in ordinate the % extract is the quantity of hydrocar-
bon from classical dichloromethane extraction. The petro-
leum provinces of Trinidad and Azerbaijan clearly outpass
the other provinces; Kerch is in the third position. Thus, the
ranking of the petroleum provinces appears obviously linked
to the occurrence of free hydrocarbons in the mud excreted.
And the study of free hydrocarbons in the mud volcanoes
can allow us to standardise the petroleum provinces. This
can be particularly interesting in the frontier areas and high
prospectivity zones in terms of petroleum exploration.
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Figure 27

Content of free hydrocarbons analysed in the mud, sampled exclusively from the core barrel at the maximum depth of the vents, in different

provinces well-known for their mud volcano activity.

4 MODELLING OF THE HYDROCARBON WINDOW
GEOHISTORY

In relation to the origin of the hydrocarbons in the mud, the
hypothesis of the generation of hydrocarbons from the
Maykop series on both sides of the Kerch Strait has been
tested, based on the geothermal studies [28], the evaluation of
the oil and gas potential of the Maykop series of the Indolo-
Kuban basin [29] and the Kerch-Taman structuration related
to the hydrocarbon generation [30].

In this study the results from the indices of maturity based
on the Tmax of the Rock-Eval were used and combined with
GENEX software in order to relate the hydrocarbon window
geohistory.

In the Kerch Peninsula, at the present time, the Maykop
is located deeper than 2.5 kilometres. It has reached a stage
of maturity close to the oil window, corresponding to a

vitrinite reflectance above 0.7 (Fig. 28). At this early stage
of maturity the production of hydrocarbons is, however, not
completely efficient for terrestrial organic matter (type III),
which requires more energy than aquatic organic matter
(type II) to produce hydrocarbons. The generation of oil is
also relatively limited, partly due to the type of the source
rocks, which belong to terrestrial origin and are mainly gas-
prone. On average, the petroleum potential reaches 1.5 mg
hydrocarbons per gram of rock (or kilo of HC per ton of
rock) in the Fontanovka-8 and Boulganack-1 petroleum
wells (Fig. 29).

The base of the Maykop belongs to the oil window (vitri-
nite reflectance fluctuates between 0.7 and 1.0) from the
lower Miocene, and due to the mainly type III organic matter
(terrestrial origin), the genesis of the hydrocarbons starts
moving only around 12 Ma BP, i.e. during the middle
Miocene (Fig. 30).
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CONCLUSION

Mud volcanoes act as very powerful prospecting indices in
the exploration of oil and gas deposits. Geochemical samples
of mud issued from the mud volcanoes give information
about the petroleum system beneath, provided that they are
not oxidised or altered by microbiological activity.

The quantity of free hydrocarbons and their origin allow
us to evaluate the petroleum potential of the provinces,
between an oil province with a classical type II marine
organic matter or a gas province with a terrestrial origin (type
). The ranking of the petroleum provinces is linked to the
occurrence of the free hydrocarbons in the mud excreted.

In the same manner, the methodology applied to the deep
offshore mud volcanoes would allow us to evaluate
the potential of the petroleum system beneath. Further
information about future prospecting in the deep offshore
will depend on the ability to take samples devoid of any
alteration/oxidation processes at the bottom of the sea floor

and to characterise quantitatively and qualitatively the
organic compounds which exist in the mud.

In the Kerch Peninsula the organic matter in the mud and that
released from the kerogen in the field samples belong to the type
T origin. Consequently, the petroleum potential of the source
rock would remain rather a gas province for this area. Offshore,
toward the Black Sea, this approval could be qualified if the
organic facies of the Maykop was similar to those existing in the
Kuban area with a type II origin, i.e. oil-prone.

The main types of gas produced by the Boulganack mud
volcano are methane and carbon dioxide. The variation in the
the gas exhausted depends from one vent to another, but
there is little variation in time, either in quantity (outflow) or
quality. Such a detailed study provides reference data for the
quantification of the geologic source of fossil hydrocarbon
gases and CO, to the atmosphere during the quiescent period
(years to centuries). However, the quantity of gas generated
by the eruptive periods (hours to days) makes it more
difficult to estimate the global gas flux in the atmosphere.

BY WAY OF AN EPILOGUE
Location: Sidoarjo, Surabaya, East Java.
28th May 2006 date of the beginning of the extrusion
of the mud. The origin of the extrusion was connected with a
drilling originally looking for gas production (methane).
Outflow of mud during the first days: 5 000 m’/day!
Outflow of mud in November 2006: 50 000 n’/day!
Temperature of the mud: 60°C.
Gas associated: H,S.
50 square kilometres covered by the mud!
Displaced people by the thousand!
Still in activity in December 2007 .
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