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created by fluids filling pores and fractures, which form 
channels communicating with each other and with the 
surface. In zone III, pressure gradient is determined 
by the weight of the overlying rocks. Rocks of this 
zone are characterized by low fracturing and porosity, 
and if they contain water, this water is in a chemically 
bound state. 

As for zone II – the zone of so-called abnormally 
low and abnormally high reservoir pressures (Dobrynin 
and Serebryakov, 1989), until recently it did not 
receive a clear explanation. The prevailing view was 
that this zone is formed in oil and gas basins due 
to inhomogeneous lithological transformation and 
compaction of sedimentary rocks with increasing 
pressure and temperature with depth. 

This explanation is true, but only in part. In the 
biosphere concept, this zone arises primarily due to the 
decomposition of water in the fields of hydrocarbons 
generation. The process is so intense that free water at 
the depths of the oil window physically ceases to exist. 
Owing to the transformation of H2O into H2 and CH4 
degassing into the atmosphere, there is a shortage of 
reservoir pressures (piezo minimum), which serves as 
a kind of “pump” (Barenbaum, 2015a), sucking water 
from the upper and lower horizons. 

Another effect is the fact that the water repeatedly 
involved in the hydrocarbon synthesis is enriched with 
deuterium – a heavy isotope of hydrogen. According 
to data (Zykin, 2012), the associated waters within 
gas reservoirs and containing acidic components, have 
abnormally high deuterium contents, which are not 
found in any other natural objects (Fig. 7). 

Moreover, in case when formed hydrocarbons fill up 
geological traps (reservoirs) and can stay there for a 
long time, then light H2, together with most of the CH4, 
N2 dissolved in groundwater and unreacted CO2 are 
degassed into the atmosphere (Table 2).

As is known, oil and gas formation processes are most 
intensively taking place at the depths of “oil window” 
(Fig. 5), where the temperature and pressure conditions 
are determined by hydrocarbons phase composition 
(Batalin et al., 1992, Batalin, Vafina, 2008). 

Fig. 5a (Barenbaum, Batalin, 2001) shows the 
results of the phase PT-diagram calculation for a 
hydrocarbons mixture having typical gas-condensate 
composition: СН4 (70-85%), С2Н6-С4Н10 (5-10%), 
С5+(10%). According to calculations, this HC mixture 
can exist in a homogeneous state only from the outside 
of the two-phase region. Inside this region, the mixture 
is divided into two phases: gaseous – “gas” and liquid 
– “oil”. Isopleric lines show the percentage of liquid 
phase in the mixture. Straight line characterizes the 
change in PT conditions with depth on the continents. 
The points of the straight line intersection with the 
isopleric lines determine the percentage of «oil» in 
the initial mixture at different depths. Fig. 5b shows 
the curve of “oil” percentage change with the depth 
according to the diagram in Fig. 5a. The calculation 
explains well the position and shape of the oil window 
in the largest oil and gas basins of the world (Sokolov, 
Ablya, 1999). In case of changes in the composition 
of HC mixture and thermobaric conditions, the oil 
window can be deformed and displace along the depth 
axis (Lapshin, 2000; Batalin, Vafina, 2008).

Oil and gas formation also causes another effects. 
The first of these is the failure of groundwater hydraulic 
connection with the surface in the oil window, which 
is characteristic of relatively shallow depths (Fig. 6). 

In zone I, the growth of pressure with depth is 

Fig. 5. Phase diagram of the hydrocarbon mixture with 
isoplers (a) and the oil saturation curve corresponding 
to this diagram (b): inclined dashed straight line – depth 
scale corresponding to the hydrostatic gradient typical of 
continents; S is the critical point of the mixture
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Fig. 6. Changes in reservoir pressure with depth within 
sedimentary basins caused by the total hydrodynamic 
pressure zonality in the subsurface crust hydrosphere 
(according to Dzh. Uolter and B. Vud (1989) with changes). 
The numbers indicate zones of hydrostatic (I), transition (II) 
and lithostatic (III) pressure gradient
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Extent of groundwater decomposition in the 
Earth’s crust 

In solving this problem, we proceed from the fact 
that polycondensation synthesis of hydrocarbons and 
degassing are processes reflecting different sides of 
the same phenomenon caused by hydrospheric waters 
circulation through the Earth’s surface and their 
decomposition in the rocks of the Earth’s crust with the 
formation of hydrocarbons and hydrogen.

Therefore, being connected by formula (1), CH4, 
CO2 and H2 degassing into the atmosphere not only 
characterize the intensity of the modern HC formation, 
but also make it possible to judge the mass of water 
decomposing within the Earth’s crust. 

Let us note that the degassing process is exceedingly 
uneven. According to G.I. Voytov (1986), gas emission 
in oceans is higher than on the continents. The bulk of the 
gas enters the atmosphere through the faults of the Earth’s 
crust, primarily through the mid-ocean ridges (Fig. 8). 

Maximum degassing occurs in the southern 
hemisphere of the Earth (Syvorotkin, 2002). The 
composition of gases and their intensity also vary, 
showing cyclicity from several minutes to several years 
(Voytov, 1991). In general, similar amounts of CH4 and 

CO2 at a level of ~ 2.5×1014 g/year are degassed from the 
depths of the globe (Table 2). In later articles (Voytov, 
1999; Syvorotkin, 2002), these estimates were increased 
by about an order of magnitude, so that they can be taken 
equal to ~ 1015 g/year. Hydrogen degassing rates should 
also be considered much higher than in Table 2 (Larin 
et al., 2010). 

Let’s show that the results of our experiments on 
the water decomposition satisfy quite well the actual 
data. To this end, let us assume that annually ~2×1019 g 
of water comes under the surface, which transfers 
~ 3×1016 g/year of CO2 to the rocks of the Earth’s crust. 
A part of this amount of CO2 interacts in rocks with 
H2O, participating in hydrocarbons synthesis according 
to reaction (1). Another unreacted part of CO2, which 
is about an order of magnitude smaller, degasses into 
the atmosphere. 

Let’s consider the part of CO2 that took part in the 
formation of hydrocarbons. According to formula (1), 
it takes 2.75 g of CO2 and at least 2.2 g of H2O to form 
1g of CH4. Let’s suppose that all methane formed is 
degassed from the subsurface. Then, to explain its flux of 
~ 1015 g/year into the atmosphere, then ~ 2.75×1015 g of 
CO2 should be consumed annually. Taking into account 
that CO2, in addition to methane, also participates in 
the synthesis of heavier hydrocarbons represented by 
oil and bitumen remained in the depths, for a mass of 
CO2 annually entering the Earth’s crust in an amount of 
~ 3×1016 g, this estimate looks quite acceptable. 

We now turn to the water flow rate. According to 
the formula (1) an unlimited amount of H2O may be 
involved in this reaction. Moreover, the synthesis of 
hydrocarbons consumes a mass of H2O approximately 
20% less than amount of consumed CO2; all the excess 
H2O goes to the formation of H2. Therefore, if ~ 1016 g 
of groundwater decomposes annually in the processes of 
oil and gas formation, this amount is enough to explain 

Fig. 7. Variations of hydrogen isotopic composition in natural waters and objects (Zykin, 2012)

Fig. 8. Main degassing channels associated with the world 
rift system according to V.L. Syvorotkin (2002)
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the data of Table 2 on methane and hydrogen.
In this regard, we note that in our experiments 

was decomposed the maximum ~ 0.1÷1 g per liter of 
carbonated water. If we proceed from this result, then 
in case of ~ 2×1019 g/year water circulation through the 
Earth’s surface , the decomposition rate of H2O will be 
~2×1019×(10-4÷10-3) ~1015÷1016 g/year. That coincides 
with our estimate of groundwater decomposition rate 
according to CH4 and CO2 degassing data. 

Thus, the rate of water decomposition in our 
experiments is not so far from the rate of this process, 
on average across the globe.

Conclusion
The results of the experiments, as well as arguments 

and facts allow us to state the following:
1. In the Earth’s crust, in reactions of hydrocarbon 

polycondensation synthesis, annually decompose ~ 1016 g 
of groundwater containing dissolved CO2. This process 
involves not only meteogenic (on the continents), but 
also marine (through the mid-ocean ridges and zones of 
deep faults on the continents) waters. 

2 .  The hydrogen produced dur ing water 
decomposition, most of the CH4 and unreacted CO2 
are degassed into the atmosphere, while the HC and 
part of methane remain in the depths forming oil and 
gas accumulations in case of favorable conditions. Of 
course, part of the formed hydrogen combines with O2 
again turning into H2O.

3. The main mass of CH4, CO2 and H2 is degassed into 
the atmosphere not from the deep bowels of the Earth, 
but from the rocks of the Earth’s crust and above all from 
its sedimentary cover. The main role in the processes 
of oil and gas formation and degassing is played by 
decomposition of water in the Earth’s crust circulating 
through the surface on the continents. Mass of such water 
is ~1021 g, and its cycle time, like that of the biosphere 
carbon cycle, is about 40 years (Barenbaum, 2004). 

4. It should be assumed that the decomposition 
of H2O mainly occurs in the upper 5 km layer of the 
Earth’s crust. With a mass of free water in this layer 
of ~ 6×1022 g (Shvarcev, 1996) and a decomposition 
rate of ~1016 g/ year, their life time in the underground 
hydrosphere will be ~6×1022 g /1016 g/year, which is 
approximately ~6 million years. 

5. Amount of free water on Earth is 2.1×1024 g. Of 
these, 1.37×1024 g is in the World Ocean and 0.73×1024 g 
is in the underground hydrosphere. Most of the 
underground hydrosphere waters-4 are represented by 
deep-seated waters circulating beneath the continents 
along permeable horizons, ensuring the geological 
circulation of water through the mid-ocean ridges. 
According to data (Baskov, Kiryukhin, 1993), every 
8 million years a mass of water equal to the volume of 
the World Ocean pass through the rift zones of the axial 

parts of the middle oceanic ridges. Therefore, the rate 
of the geological water cycle of the hydrosphere can be 
found as 2.1×1024 g / 8×106 years = 2.63×1017 g/year. 

This value coincides with the rate of circulation on 
Earth of atmospheric oxygen and biospheric carbon, 
which together with hydrosphere water cycle form a single 
geochemical system on our planet (Barenbaum, 1998).

These estimates of the rate and extent of groundwater 
decomposition in the Earth’s crust should be taken into 
account when assessing the petroleum potential of the 
subsoil.
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