














Water-free oil reservoirs: origin and morphology

with an increase in effective porosity from practically
zero values to 11-22%. This followed from the data of
cathodoluminescence studies (study of polished sections
impregnated with luminophore material) on SEM, which
showed that the reservoir properties of the Bazhenov
rocks are associated with cracks and caverns, opening
up to 0.1 mm, “loosely” filled with secondary sulfates
(Figure 8).

The data obtained on acid leaching and secondary
hydrothermal mineralization in BF rocks allow us to
assert that the formation of a reservoir in tight clay
rocks is possible only as a result of external action of
aggressive high-temperature fluids, and not as a result of
internal rock reserves (structural reorganization of clay
minerals and oil formation processes).

When a reservoir appeared in clayey rocks of BF,
crystals of secondary minerals had a “swelling” effect,
not allowing cracks to close, which are usually not
preserved in clay rocks.
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Fig. 8. The morphology of the void space in the “bazhenites”:
a) numerous cracks along the bedding, magnification 50%;
b) leaching caverns, magn. 50". Note: white — cavities filled
with fluorescent material

Possible cause of waterlessness in oil
deposits

Common in the two considered cases of anhydrous
oil deposits is the formation of a reservoir as a result of
hydrothermal action, i.e. the reservoir zones were formed
as a result of leaching of dense, initially substantially
impermeable rocks with high-temperature solutions. As
aresult, a reservoir was formed, the void space of which
is characterized by a complex system of caverns and
leaching cracks, partially filled with secondary minerals,
in an almost impermeable matrix.

The temperature of the influencing fluid is recorded
by the complex of secondary minerals that fill the
leached zones, because the composition of the resulting
hydrothermal minerals is determined primarily by
the temperature of the incoming solution, and not
by the composition of the converted rocks. Thus,
solutions with a temperature of 400—-600°C correspond
to ore mineralization, often containing chlorides;
solutions with a temperature of 200—-400°C correspond
to kaolinite-quartz-barite-alunite mineralization;
solutions with a temperature of 200-300°C correspond
to montmorillonite-hydromica-calcite-laumontite
association. Probably, it is precisely the effect of high-

GEORESOURCES www.geors.ru

grhe

T.A. Kireeva

temperature solutions that is associated with the dryness
of the formed reservoir.

It is known (Volostnykh, 1974) that argillization
of primary silicates, i.e. formation of secondary clay
minerals (kaolinite, hydromica, montmorillonite), a huge
amount of water is consumed: up to 2-10® tons of water
per 1 km?® of kaolinized rock, and 2 times more in the case
of the formation of secondary montmorillonite. Fissures
and caverns in the basement hydrothermal reservoir
of the White Tiger oil field are filled with the calcite-
laumontite-kaolinite mineral association, the formation
of which required a large amount of water. We emphasize
that secondary clay minerals of the basement of the
White Tiger field are represented not only by kaolinite,
but also by mixed-layer minerals of the hydromica-
montmorillonite type, which, in addition to OH groups,
also contain water molecules in the interlayer spaces.
In addition, a mineral such as laumontite, the content of
which in the granitoid reservoir of the White Tiger field
is very significant (Shnip, Dzyublo, 2019), also contains
water molecules in the crystal cavities.

In the case of hydrothermal development of
BF rocks, sulfates of iron, aluminum, sodium and
calcium were formed: iron-aluminum alum — (Fe, Al),
(SO,),"13H,0; alunite — K, SO, -10H,0; jarosite — (K,
Fe) SO, 12H,0; mirabilite — Na,SO,-10H,0; iron
sulfate - FeSO,-7H,O; gypsum —CaSO,-2H,0. All these
minerals are crystalline hydrates containing from 2 to
13 water molecules. Consequently, the formation of the
hydrothermal reservoir in the BF rocks also took place
with the absorption of a significant amount of water.

The absence of formation waters of sedimentogenic
origin can also be explained by the flow of oil into the
reservoir together with the supplied endogenous, rather
than squeezed out pore (sedimentogenic) waters, which
was substantiated in (Kireeva, 2018).

However, it is not excluded that in the case of the
White Tiger field, the associated waters did exist,
but they were simply not penetrated by drilling. The
possible existence of underlying waters, of hydrothermal
rather than sedimentogenic origin, is indicated by the
discovery of hydrothermal waters in an isolated block of
the basement of the field. The formation of an artificial
oil-water contact (AOWC) at depths of 3800—-4500 m
could lead to the cutting off of natural OWC zones, i.e.
zones of contact between oil and underlying salt water
of hydrothermal genesis. Recall that hydrothermal water
in the well 110 was received at a depth of 4493 m.

In the case of oil accumulations in the rocks of the
Bazhenov formation of the Salym area, it is likely that
all the water was absorbed by the rock, because The
thickness of Bazhenov formation in this area does not
exceed 50 m.

Thus, the waterlessness of some oil deposits
confined to “unconventional” reservoirs, i.e. to rocks,
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the porosity of which was formed as a result of intense
leaching effects of high-temperature fluids, is a natural
consequence of their formation — the incoming high-
temperature water is absorbed by the rock.

We emphasize that the goal of the article was only
a possible explanation of the existence of waterless oil
deposits, without carrying out balance calculations of
the amount of water that could be absorbed by the rock
during the formation of secondary minerals (kaolinite,
laumontite, etc.). Such a calculation is possible, but
requires data on the exact quantitative content of
secondary “water” minerals per unit volume of the
reservoir, which the author does not have.

Conclusion

Consideration of two oil fields with the absence of
underlying formation waters allows us to conclude that
the formation of a reservoir as a result of the leaching
effect of high-temperature fluids is common.

In both cases, a complex of minerals of clearly
hydrothermal origin was found in the cracks and caverns
of the reservoir: native silver — barite — anhydrite —
kaolinite — laumontite (White Tiger oil field) and sulfates
of iron, aluminum, sodium and calcium (oil field of the
Bazhenov formation at the Salym area).

By the species composition of secondary minerals, it
is possible to determine the temperature of the affected
solutions, which varied from 600 to 200°C in the case of
the White Tiger oil field, and in the range of 350-450°C
in the case of BF rocks.

Hydrothermal alteration of crystalline rocks with
the formation of secondary clay minerals, zeolites and
minerals-crystalline hydrates occurs with the absorption
of huge amounts of incoming water by the rock (up to
4-10® tons of water per 1 km?® of altered rock). Perhaps
this is the reason for the waterlessness (absence of free
gravitational waters) of oil fields, the reservoir of which
is of hydrothermal origin.
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