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BAS

E DRILLING AND ITS GEOLOGICAL FOUNDATION

HEADITY Yu. A, Kosygin

In the USSR the drilling of base [Fase "opornoye," is probably used here as
in the gecdetic use of base or reference point; a series of these base shafts

geo-

logical wells in a broad network over the Russian platform and in the Caucasus,
Central-Asis, and Siteria is now widely employed for the study of deep levels,
along with various other geolcgical, stratigraphic, and geophysical studies.

previously uninvestigated territories.

Base drilling is a very important method for locating oll and gas on vast

It detacts coal-bearing strata beneath

the cover of comparatively young deposits and reveals the characteristics of
geological structures and the distribution of mineral fuels at great depths.
In ccnjunction with geophysical methcds base drilling is especially effective

in rapldly solving problems of geclogical structure at great depths.

It in-

itiates a new epoch in the search for oil, gas, and coal, and in the geological

study of deep strata,
singlergeneral plan is the most important characteristic of this method.

The drilling of base wells according to the state’s

The

importance of base drilling for geological prospecting works can be compared
with that of afforestation for agriculture in the Stalin Five-Year Flans.

As long ago as 19236, the founder of Soviet petroleum geology, Academiclan
I. M, Gubkir, recommended that the oil content of the central USSR be deter-
‘mined by the drilling of a sexies of structural wells in latitudinal and longi~
tudinal directicns. .

Another important Soviet geclogist, Acdemician P. I. Stepanov, employed base
drilling to solve one cf the mest important problems of goal geology -- the detec-
tion of the c¢oal depnsits of the east Donbass for clarification of the geolegical
picture of the Greater Donbass.

Base drilling, previously applied to comparatively small areas, became &
general state ingtrument and was applied to vast ereas only after World War II,
on the basis of a government decree initiated by Stalin.
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Study of the base wells already drilled rapidly solved problems of the geo-
logy of deep strata of vast areas and oriented future prospecting works in the
central, western, and southern regions of the Russian platform, where the depth
of the crystallic foundaticn or the main feetures of Paleozolic stratigraphy had
already been estsblished in many places. Theoretical and practical geological
studies of wells drilled in the last 2 years were of much greater importance than
all preceding studies on the deep structure of the central regions.

i B

Bage drilling also produced important results the first time that it was
ysed in the rorthern Caucasus. The well at Chernyy Rynok showed the distribution
of Maykop depcsits in the facies of the Predkavkaz'ye {lands ncrth of the Caucasus)
flexure towards the north; this permitted demwarcation of the northern boundary of
this important oil-bearing structure after comparison with data of wells in the
Arteziap ard Astrakhan regioms, :

One of the most important characteristics of base driliing is the strict
scientific foundaticn for locating wells, based upon the evaluation of all geo-
logical and gecphysical data. Base wells ere net laid out on geometric equi-
lateral networks, since, if this were the case, the geological conditions of the
individual wells wculd not have been considered.

The locaticn of wells ard the prcblems o be sclved by them are determined
by the geoleglcal characteristics of the regions to be studied by base drilling.

The study by base drilling planned for all parts of the USSR which are of
interest vwecause of their gas-bearing or cil-bearing potentiaiities is based
uvpon the principle of drawing up a regiopal division which mogt fully reflects
natural geological conditions goverming pesaible oil- and gas-bearing potential-
ities, coal-bearing belts, etc.

Buck & regional divisicn is based upon tectonic characteristics which per-
mit one t¢ unite various sectizns having identical genesis, history, facial
characteristics, and, congequently, geochemistry of oil and gas deposits and
similar tectonic structures. The probleme to be solved by base drilling wmst
be clearily defired for each section so identified.

By generalizing extensive faciual data; Soviet geologists have created tec-
tonic systems that reflect the developmental hietory of large structural elements.
The tectonic system for the USSR published iz 1938 by A. D. Arkhangel‘skiy and
N. 5. Shatskiy and subsequentiy revised iz the most complete generalization of
USSR geoclogy. This system shows the depth of the foundation for individual sec-
tions of the platform which, according to Academician I. M. Gubkin, is of ex-
treme practical importance for evaluating the oil potentialities of platform
regions and for evaluating the cil potentielities of platform regions and for
laying ocut base wells.

Without entering into a detalled evaluaticn of this system as a basis for {
base drilling, we note thet it permits one to divide the territory of the USSR
into large tectonic regions characterized by unity or definite genetic and struc-
tural similarity and to defins the problems to be golved by base drilling for !
the maln types in these regiomns.

We can distinguish: (a) ancient platforms, Russian and Siberian; (b)
Paleozoic folded regions or young platforms, inciuding the Uralo-T'ien-Shan folded
region; and (c) young Alpian fclded regions, namely the folded region of the
southern USSR und the folded region of the Far East. The geological structure !
and historical development of ancient platforms, young platforms, and folded re- !
glons are essentlally different, and thus the principles governing the location
and prcblems of base drilling wvary with the regions.
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Tne ancient platforme are characterized by metamorphic folded crystallic
foundaticns, which represent the lower structural stage, and by a sedimentary
nonmetamorphic and cowparatively slightly dislocated cover, which is the upper
structural stage. There 15 a sharp boundarybetween foundation and cover, plus
marked discontinuities of depcsits andnencenfeemities in stratification, so that
foundation and cover cen eazily be distinguished.

e

The foundation 1s metamorphic ard is fused by intrusions; consequently, it
cannct be considered tc pessess promising o1l snd gas depesits. 01l and gas de-
posite are concentrated ir the sedimertary cover, which 1s irregularly dis-
tributed over the surfsce ¢f the fourdaticn, that is, in some places the cover
iz sbeent and foundaticn rocke cxcp out on the surface, which in other places the
cover may be quite deep.

The parts of the ancieat platform where the foundation is not covered by a
sedimentary cover, that is; shield: or crystaliic masses (for example, Baltic
shield, Ukrainian crystsilic wassif, Aldsn shield, Anabar massif), are not
promising zones with »eapect to o1l and gaz, and base wells should not be drilled
there. Ail remainipg sectionz of ancient piatforms, for example, slopes of
shields, depressicns, urderground sheives (znteclisez), are promising and must

Since geolcgical studies to determine the direction of searches for gas
and 0il are concerned only with rocks of the sedimentary cover, the base wells
must be drilled through the ssiimentary layer to the crystallic foundation.
In the deeper depressions, like the Caspian synsclise, for example, where the
sedimentary cover is 6-8 kilcmeters deep and the base wells cennot be drilled
down tc the foundation because cf technical difficulties, the task must be
limited to the study of the uppex part of the deposits forming the sedimentary
cover. In this case, it is efficient to merk off in the sedimentary cover on the
basis of all available geological and geophysical data "base" Eeferencg] gtra-
tigraphic levels to which the base wells must be drilled. For example, in
planning basge drilling in the Caspian depression, geologists selected the Paleo-
zoic deposite underiying rock =alt ag the baze level. 1In places without avail-
able dats upca which ¢ pian & Ttase levsl, driiling mist be planned for the
maximum depths technically attainable.

Base drilling down to bese levels must also be conducted in boundary flex-
ures, that is, in exfreme zomes of plstforms where the crystallic foundation
recedes to great depth: in spproaihing fclded zones. Boundary flexures are re-
glons of tremsition of a platform into & folded {geosynclinal) zone, but they
may be considered with respzct to structure as deeply depressed boundary parts
of a platform. :

Tc locate base wells cn ancient platf‘c::ms requires a detailed regional' i
division of the platforms with izolation of the most important positive and
negative structures {anteclizes apd syneclises), vhich generally determine the b
facial variations in the prospective cil-bearing strata that make up the sedi- i
hentary - cover. This regional division must be based upon the characteristics !
of the historicc-geological develcpment of the individual sections of plat-
forms with a selecticn of those structural features and elements which are most
stable through the history of the platform.

Since the main ¢il-bearing and gas-besring regions of the Russian platform
known at present are connected with the Middle and Upper Paleozoic eras (Devon~
ian, Carbonifeérous, FPermian), Upper Paleozoic structure should be taken into
consideration; but attention zhsuld also bde given to data on the spread of Lower
Paleozoic and Mesocenozoic sirats. .

The base wells drilled on the Ruzsian platform have answered & number of
questions concerning the deep structure of the Baltic depression, the Belorussian
massif; the Dneprovsko-Denets depreszicn, and the scuthern xim of the Moscow
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syneclise. The tcp priority prcblems of base drilling are:; the Caspian depression,
the Yergeni massif, the scuthwest USSR, the central and northern parts of the Mos-
cow symeclise, and the Predksvkez'ye. In particular, the tracking of Iower Paleo-
zoic deposits east and ncrtheast of the Baltic and leningrad regions in the depths
of the Moscow syneclise is of great Interest, Solution of this problem may ex-
pand considerably ths potential cil resources of the central and northern parts

of the Russian platform. A number cf important problems must be solved by base
drilling in the Caspian depressicn: the geclogical nature of the gravitational
maxima found in the depression's center; the facial compositicn and structure of
the subsalt deposits frem the stendpcint of their probable oil content; and bound-
aries of the belt where the Caucasus-type Paleogene wedges into the south Caspian

depression.

Young platforms both differ frow and resembie oid platforms. Young platforms,
the same &s old, consist of two geslcgical elements,; the folded foundation and the
sedimentary cover. The fcided foundation, huwever, is formed not only by pre-
Cambrdan deeply metvamorphicized vocks &and dislocsted rocks, but also by a whole
ccaplex of Paleozcic rocks from Cambrian to Permien and rocks which are metamor-
phicized to varying degrees. Thue, the folded foundation of young platforms are
more mobile because of their lover consolidation than the foundation of old plat-
forms; an example is the Fergana depression, which formed in the bedy 'of a young
Upper Paleczolc platform because of movements of its foided foundation in the
Mesozoic and Cenozoic eras. .

Tke folded foundaticn of youngpilztforms iz characterized by nonhomogeneity.
In some sections the fclded foundaticn was formed at the end of the“Paleozoic,
and in others in the Lower Paleczoic or even pre-Cambrian. Thus, young platforms
inciude sectione which have the eppearsnce of minjature ancient platforms or sec-
tions with Badeozoic or more asncient {Caledcnian) folded foundations.

The ebove statements are well i1lustrated by recent works in the South Urals,
where there were established. elewents of different ages, and particularly the

Mugodzhari anticline fcld, which is a secticn of the pre-Cambrian fold; character- :
istically, it 4id not undergc substantial movements in the Mesczoic and Cenozoic }
eras.

Since the age’ of the fclded foundation within a young platform can be dif-
ferent in different sections, the stratigraphic range encompazsed by rocks of the
sedimentary cover is first extended and then contracted. Thus, the section of
the sedimentary platform cover to be studied by base drilling for oil and gas
will, in places, include oniy Cenczcic snd Mesozcic deposite and in other places
will also include Paleczoic deposits.

In summation, it can be said that young platforms differ from old platforms
by the greater complexity of histecrical development and tectonic structure.

Thus, it £ollowst...t base drilling on young platforms is marked by more com-
plex problems. For example, felded foundations whose rocks may contain beds of
oll and gas if they are not strongly metsmorphiczized must be studied in some
reglons as well as the sedimentary cover, which may include Paleozcic as well as
Mesocenozoic depesits.

This means that base drilling for young platforms camnot be defined in
such general form s for ancient platforms » but instead requires consideration of
the individual chaeracteristics of the regions to be drilled. Base drilling can
solve very important theoretical and practical prcblems connected with cil and ges
prospecting in young platforms in Ustyvrt, the Karakum desert, the tertiary de-
pressions of Central Asia, and the West Siberien plain.

The oil-bearing deposits of Manygshisk under the tertiary sediments of Kara-

kum enrd Ustyurt must be revealsd by base drilling, and the deep layers of the
Kuznets, Minusinskiy, and Karaganda basins muat also be studied by base drilling.
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Base drilling on young platforms is of nc less importance for detecting
coel-bearing strata. Of great interest, in particular, is the detection of the
coal-bearing Carboniferous in the Kulundinsk steppe and of Mesozolc coal-bearing

strate in the Turgay Strait.

Young felded regicns sre characterized by the presence of practically a
single structural stage, formed by Messzolc snd Cenozolc rocke. The lower struc-
tural stage (dislocated and metamorphicized Baleozoic ) usually is submerged to
very great depths, practically inasccessible by drilling, or comes to the surface
inside montain ranges, where it is subjected to strong tectonic and thermal effects
and therefore ie not of interest in gas and oil prczpecting.

For purposes of practical evaluation, young folded reglons must be subjected
to regional dfvisior. Large mountain ranges, which are usually zones that are
orographically strongly partiticned and uplifted, metamorphicized and fused by
intrusions, are not favorable for the organization of base drilling because of
their low potertisl, since strong dynamic and thermal effects cause thinning and
destruction of gas and oil accumulations in these zomes (high mountains and parti-
tioned topography are also very unfavorable since they indicate substantial drain-
.age of rock massifs), and because of the complex tectonic structure and the sb-
sence of gross structures withir which the layers would have static homogeneous
stratification for considexablie lengths. Actually, base drilling is a completely
Justified method only when it can be used to discover extensive oil or gas de-
posits.

Foothill depressions are struciures which frequently correspond to boundary
flexures of platferms; intermontane (inner) depressions, on the other hand, are
highly promising zcnes. Examples are the Carpathian flexure; the lands north
of the Cautasus; the Rionsk and Kurinsk depressions, the depression of south-
west Turkmenia, etc.

Submersion zcnes of mountain ranges, which are essentially the same as foot-
hill and intermontahe depressions, are also important objects for base drilling.

An exception is strongly dislocated buf weakly metamorphicized zones, that
15, sectlons of fcothill snd intermentane depressione, reaching towards the central
zonee ¢f geosunclinal mountain eystems {regions of Kakhetiya and the Carpathian
slopes). They can be promising and way be of enough interest to organize base
drilling. The common deficiency of such zcnes is the strong tectonic partitioning
which naturally limtts the application of base drilling.

Base drilling in foothiil and intermontane depressions and also in regions of
submersions of mountain ranges and systems must reach down to certain definite
reference stratigraphic levels, selected in each case with consideration for the
characteristics of the region.

From the above it fellows that the geological conditions for the most ef-
fective use of base drilling exist on ancient platforms, situated om a pre-
Cambrian folded Foundation. This in no wey lessens the importance of base drill-

Ing in folded regions where ccnditions of strong tectonic partiticning must be
" taken into consideration in laying out the wells.
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