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TRANSLATOR'S NOTE

a) All the hollows are referred to in this paper by

two general terms: depression and downwarp, even though

'some of them are probably known in English as trenches,

"troughs, basins, etc.

b) The word bay is also used in reference to gulfs,

inlets, etc.

c) The word strait is also used in reference to

sounds, etc.

d) Geographic names appear in the text in Russian,
without any particular system: 1in some instances the authors
attempted to render the pronunciation of these names (the
way they think these words ought to be pronounced), in others
transliterated them (with many mis-spellings, reversals of

syllables, etc.).



Ser ies: 0il and gas geology and geophysics.

VNIIOENG,* Moscow, 1970.

Problems of geology and oil-gas content of the North
American Arctic regions are examined in this review. Prod-
uctive and potential oil- and gas-bearing basins on this
territory and in the shallow-water area of the Arctic Ocean
adjacent to this territory, are here defined and described.

Modern views on tectonic peculiarities and on the history of

geological evolution of the northern part of the Canadian
Platform, southern periphery of the Hyperboreal platform and
geosynclinal region of the Canadian and Alaskan Cordilleras

are here outlined. Potential oil and gas resources in all

these basins are evaluated, and the territory is divided
into zones with respect to their potential oil and gas

content. The state of the oil and gas industry in these

regions is here characterized, and possibilities of its

further development are examined. Brief data on oil and gas
resources of the Soviet Arctic regions, as well as a general
outline of pqtential 0il and gas reserves in Arctic and
Subarctic regions are présentéd here.

This work is designed for broad circles of the

specialists involved in prospecting for oil and gas, as well

_ *A]11-Union Research Institute for the organization,
administration and economy of petroleum and gas industry.




as for teachers of petroleum institutes and technical

colleges.

Authors: M. Sh. Modelevskii, N.S. Tolstoi.

p.3
INTRODUCTION

The problem of oil and gas resources of the Arctic
regions attracted particular attention after the discovery
in 1968, of the immense oil field in the basin of the
northern slope of Alaska (the Prudhoe Bay). Prior to that,
one single economic oil producer was known in Alaska. This
was the basin of Cook Bay, where some 10 million tons of oil
were»recovered in 1969.

In 1969, the presence of economic oil and gas

W

w2o2rrz2 ¢ in the American Arctic has been further céfroborated
by the discovery of new oil fields in the region of Prudhoe,
a gas field on Melville Island, as well as of the .ocieinr:
0il seepage on the coast of the Beaufort Sea. The resources

- (both producing and potential) of the known fields élone are
close, with regard to the category, to the A + B + C, + C»
sum and exceed at the present time 1 milliard tons of oil
and 800 milliard cu. m. of gas. There is no doubt that
Arctic regions of the USA and Canada may becomé in the near
future one of the largest centres of oil and gas recovery in
the world. _

The authors attempted to estimate the predicted oil

and gas resources, and to establish the main patterns of



their distribution in the Arctic and Subarctic regions of

America. The most important data obtained by the middle of
1970, are presented in this work.

Trans-Arctic regions of both the USA and Canada have
been so far little studied from the geological viewpoint,
even though a series of geophysical and borehple investiga-
tions has been carried out in these regions. Many problems
related to the geological structure and oil~-gas coAtent of

this territory and of the Arctic Ocean offshore areas adja-

cent to it, remain unsolved or controversial. The views

expressed by the authors in this work, are based on an

analysis of the materials published in the foreign and

Soviet press during the last decade. The chapters entitled

"Geological outline", "Producing and potential oil- and gas-

bearing basins," "Possibilities of oil.and gas récovery and

transport" were written by N.S. Tolstoi, while M. Sh.
Modelevskii is the author of the chapters "Potential oil and
_gas resources," and "Certain data on the presence of cil and

gas in the Soviet Arctic."

Geological Outline ™

The principal tectonic constituents of the region %L
examined are the northern Precambrian part of the Canadian
Platform and the southern periphery of the Precambrian

p.4

Hyperboreal platform, which are separated by the geosynclinal




Franklin belt and Brooks anticlinorium, as well as the
northwestern Mesozoic Cordilleras of Alaska and Canada,
which enclose the Anadyr'-Seward median mass, and the north-
eastern Pacific zone (Fig. 1).

The pericratonnal border of the Canadian platform,
located between the Canadian Cordilleras and surface out-
crops of the Archean shield, consists mainly of Paleozoic
rocks overlain in the periphefy by Mesozoic formations. 1In
the east of this territory sedimentary beds have a thickness
of 1000-2000 m, in the west, i.e., in the region corresponding
to the Mackenzie river basin (Mackenzie downwarp), they
measure up to 5000 m,in thickness /54/. Within the bound-
aries of this downwarp, Mesozoic rocks are represented
mainly by clay shales and sandstones overlying with a marked
angular unconformity schistose-arenaceous Middle Devonian
beds, which enclose occasional reef-building bioherms and
occur upon carbonaceous Silurian deposits. The latter occur
with a marked unconformity upon Ordovician and Cambrian
leposits, which are in contact with the Archean foundation.
The recent intermontane Eagle Plain depression appears to be
the northwestern extension of the Mackenzie downwarp and is
separated from the latter by Riéhardson dislocations, while
the Liard plateau, separated from the Mackenzie downwarp by
Franklin dislocations, represents its southern extension.
The northwestern part of the pericratonnal border of the

Canadian platform, located between the geosynclinal Franklin



belt 1in the north and Canadian Cordilleras in the west, is
referred to by B. Kh. Egizarov /14/ as the Mackenzie projec-
tion.

The northern periphery of the Canadian platform,
superposed by Paleozoic sediments, bears the name of the
North Canadian platform. It is divided in two parts. Its
southern half is enclosed between the surface outcrops of

the Canadian shield and the regional sublatitudinal fracture.

This part corresponds to the northern pericratonnal border

of the platform. The portion of the platform that is

located to the north of the regional fracture and is adja-
cent to the folded Franklin belt, appears to correspond to |

the foredeep formed as a result of the development of this

belt. The early Paleozoic and Middle Paleozoic rocks,

which fill the negative structural elements of the peri-

cratonnal extremity, do not exceed 2-3 thousand meters in

thickﬁess, whilerin the foredeep these formations exceed
4000 m.in thickness. The depths at which the foundation of
the Canadian Platform occurs /13, 54/ indicate the presence
in the northern periphery of the platﬁorm of several

p.5
depressions and syneclises that are separated by horst-1like
and arched uplifts of the foundation.
' The foundation of the precambrian Canadian Platform

is raised and crops out at the surface on the horst-like

Boothia elevation east of the Baffin land, as well as in the
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arch of the Minto elevation (Fig. 1)*. Two large syncclises
having a submeridional trend, are located between the eleva-
tions mentioned above. These are the Jones-Lancastcr syne-
clise (in the east) and the Melville-Victoria-Streis** syne-
clise (located centrally). The latter assumes a sublatitu-
dinal trend in the region of the Melville Strait. The Foxe
depression is located in the east of the North Canadian'plat—
form and has a northeastern trend. The Wollaston dépression
is found in the west of the platform and has a latitudinal
trend. It has been estimated that the thickness of sedi-
mentary beds in the Foxe depression varies from 300 to 1000
m, and that the profile is hefe represented by Cambrian,
Ordovician and Silurian deposits. It is probable that rYOCXS
of the same age and lithological composition, but of a
smaller volume also fill the Wollaston depression. The

overall thickness of deposits in the most markedly sagging

portions of the syneclises is over 3000 m, and it increcases

_further in the direction of the foredeep.

Cross-sections of the Jones-Lancaster and Melville-
Victoria-Streis syneclises characterize most thorouanly
sedimentary beds of- the northern periphery of the Canadian

Platform.

#A11 the illustrations are presented in the
appendix.

**Pransliteration. (Translator)



Cambrian, Silurian, Ordovician and Devonian deposits
are here represented by limestones with interlayers of argi-
llaceous conglomerates, Cambrian and Ordovician silicon
concretions, Silurian dolomites, Upper Silurian and Devonian
marlstones and aleurites. Psephytic terrigenous rocks
.represented by conglomerates and sandstones, occur alongside
the carbonaceous formations only in the lower strata of the
Cambrian cross-section and in the bottom layers of the
Ordovician. Evaporitic varieties are virtually absent from
the cross-sections of these depressions. A relatiwvel:s
thick gypsiferoué bed is known only £from Middle Crdowvician
deposits.

Jones-Lancaster and Melville-Victoria-Streis syno-
clises are separated by the Boothia horst-like elevation.
Large fractures demarcate the zones, where the cdevih «f
occurrence of the crystalline foundation changes dractically,
These fractures have been established with the heln o7 zco-
physical data on the boundary of this elevatiocn witih
eastern slope of the Melville-Victoria-Streis sy ol .. £o
far no linear dislccations have besn detected abiw
fractures, but the presence of fault disturbanco. oLooi -l

pattern of variations in the thickness of the dui

indicate that such dislocaticons may be found on ti- = .7 o L

.

- the syneclises. Linear displacements may have ot

< .

the faults, along which the most intensive rolea. o




tensions, produced during the early Paleozoic, then Cenozoic
stages of tectonic activization, took place.

The Franklin geosynclinal belt (with the exception
of its northeastern extremity) represents in the present-day
Structural plan a system of complexly built folded regions
of the general miogeosynclinal type of development. These
regions are composed essentially of Lower and Middle Paleo-
z0ic carbonaceous formations. The geosynclinal zone under-
went in the course of its development two particularly
intensive stages of tectonic activization. The most ancient
(i.e. the early Paleozoic-Caledonian) stage occurred on the
boundary between the Silurian and Devonian. The Cornwallis
folded zone, having a submeridional treﬁd, is located on the
islands of Cornwallis and Bathurst (eéstern shore), on the
Grinnell peninsula and in the offshore areas surrounding
these islands, and it formed as a result of this activiza-
tion. The miogeosynclinal Brooks belt in Alaska, located
within the boundaries of the modern Brooks range, is the
other folded zone, which formed during the early Paleozoic.
At that time it had a submeridional orientation, which per-
sisted until the Middle Mesozoic /10/, whereupon the Brooks
belt assumed a sublatitudinal trend.

The Lower Variscian (Hercynian), which occurred
between the Late Devonian and Middle Pennsylvanian, was the
next stage in the forﬁation of the major portion of the

Franklin geosynclinal belt. Sublatitudinally elongate zones
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(such as Parry and Ellesmere) formed at that time. The
extreme northeastern part of the Ellesmere zone (the- north
of Ellesmere) consists of formations reflecting the eugeo-
synclinal type of development. In the geological literature
‘it is referred to as the "Northern Ellesmere geosynclinal
.region." Th;ck beds of greywackes, polymictic sandstones,
conglomerates and clay shales, as well as volcanic lavas and
tuffs are found here. The degree of metamorphization of the
éntire cross-section of deposits is here considerably higher
than in other parts of the Franklin geosynclinal belt.
Certain Soviet and American geologists are inclined to
believe that the Northern Ellesmere eugeqsynclinal region,
or at leastAits northwestern part in the Axel-Heiberg region,

p.7
represents a Gledonian folded system andris a continuation
of the caledonides of Greenland /56/ or of the caledonides
of the Cornwallis folded zone /1/, which can be traced
farther north under younger deposits of the Sverdrup down-
warp, beyond the boundaries of the Lomonosov range.

In the eastern half of the Ellesmere Island the
trend of the Central Ellesmere folded belt is submeridional.
To the south of it and farther on to the Devon Island sub-
latitudinal trends predominate. This drastic change in the
folding treﬁd of the Franklin belt suggests that the belt is
draped upon a rigid bu%ied foundation block, which consoli-

dated at an earlier date and above which the Sverdrup
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downwarp is situated in the present-day structural plan.

The data of R. Thorsteinsson and E.T. Tozexr /38/
on the presence of large disjunctive dislocations, which cut
through the sedimentary beds and penetrate as far as the
‘Paleogene-Neogene deposits, also mefit,attention. These
dislocations are extensively developed along the boundary
line of the folded belt with the Sverdrup downwarp. Intru-
sions of magmatic rocks have been frequently recorded along
these dislocations; moreover, the disturbances are often
responsible for the rectilinear character of the shore lines.
The above authors associate their formation mainly with
Cenozoic movements. It is possible, however, that similar
dislocations alcng the northern boundary of the Parry,
Cornwallis and Ellesmere folded structures reflect ancient
fractures, which separate them from the Sverdrup depression.
West of the Cornwallis.Island the Franklin geosynclinal belt
extends along the southern extremity of the Parry archi-
pelago. The Cornwallis folded zone originated earlier than
the Parry and Central Ellesmere geosynclines; it has a sub-
meridional trend and structural elements of a different
character.

The southwestern division of the Franklin geosyncline
has been established by American, Canadian and certain
Soviet geologists on a tentative basis, since so far there
is no direct geologicai evidence of its existence. It has

been visualized as a natural extension of the Parry folded



_Neogene-Paleogene deposits. This is also the case on the

12

province, which turns sharply south in the southern extremity

of the Prince Patrick Island, then changes its trend to sub-

latitudinal, while passing through the west of the Banks

Island, and extends thereupon through the Liverpool Bay in

the region of the northern spurs of the Richardson and

British Mountains; then it links with the Brooks range*. At
the present time the Banks Island reveals no sign of Upper

Paleozoic (Hercynian) folding. However, the Upper Paleozoic

(Hercynian) Parry folded zone occurs northeast of the island

p.8

and structures, which L.J.: Martin /25/ assigns to the

Upper Paleozoic folded zone because of their similarity to e
the Parry zone formations, have been detected southwest
(northern part of Richardson Mountains) and east of the

Mackenzie River delta. It may therefore be assumed that the

Franklin geosynclinal belt does not discontinue around the

Banks Island, but is buried here under a thin mantle of boreal

shores of the Liverpool Bay, in the region of the Eskimo

Island and Mackenzie River valley, where geosynclinal forma-
tions of this zone are superimposed by a thicker, essentially

Mesozoic sedimentary complex. @

*The portion of the Franklin geosyncline which
extends between the Parry zone and the Brooks range is
referred to as the Mackenzie-Banks folded zone.
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Narrow folds having a sublatitudinal trend, develop
in the Parry zone. These folds are composed of Lower and
Middle Paleozoic carbonaceous rocks. The intensity of
folding decreases towards the Canadian Platform. Narrow
anticlines give way to slopingly arched structures, where
certain superjacent strata have a nearly flat pitch. A
similar situation has been observed in the Eliesmere zone,
where Paleozoic deposits form extensive folds that are often
complicated by upthrow faults and thrusts. Here, too, the
folding dies out in the direction of the Canadian Platform.

The Cornwallis zone is formed of submeridionally
elongate folds, which are often complicated by disturbances.
Narrow anticlines with steep walls are here extensively
developed. The anticlines are separated by broad syne-
clines. ‘This zone reveals a number of specific features.

In the west and in the east it is distinctly delimited by
fractures, which represent the northern extension of the
sutural boundaries of the horst—like‘Boothia elevation.
Regional angular unconformities have been recorded in Middle
and Upper (?) Silurian and in Middle Devonian deposits. The
presence of reef complexes in the Middle and Upper Siluria
deposits is of considerable interest, since no such complexes
have been observed so far in any other marginal areas of the
Franklin geosyncline. The occurrence of Silurian reefs in
the Cornwallis zone shows that thgg zone had attained a con-

siderable degree of stabilization by the Silurian, i.e. at



14

the time when thick carbonaceous geosynclinal formations
were still in the process of development in ‘other folded
regions.

The character of the structures and, what is more
important, their submeridional trend persist even farther
morth, beyond: the boundaries of the Sverdrup depression.
This circumstance led I.I. Atlasov et al /1/ to extend the

Cornwallis miogeosynclinal zone into the Northern Ellesmere

eugeosyncline and farther north, inside the boundaries of

the Lomonosov ridge. The time of formation of the Corn-

wallis folded zone should be regarded as Early Paleozoic,
p.8

and its development should be related to the formation of

+he horst-like Bobthia élevation. Vertical movements also

occurred in this zone during the Cenozoic, & circumstance

reflected in the trend of the structural forms found in the

central area of the Sverdrup depression (Fig. 1).

While examining the sublatitudinal Paleozoic

Franklin geosyncline, extending along the northern border of’

the Canadian Platform over a distance of more than 3000 km,
we must note its interrelation with the folded system of the
Brooks range. The latter has a sublatitudinal trend and

changes in the north to the foredeep of Northern Alaska. It

porders in the south on the eugeosynclinal zone of Central

Alaska. N.A. Bogdanov (1963) regards the Brooks range as

the western extension of the Franklin geosynclinal belt.
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The two do have a number of features in common, but they
also reveal certain differences. During the Lower Paleozoic
this territory, as well as the Franklin geosyncline, were
intensively warped. Thick terrigenous beds formed here.
Thereupon, during the Late Silurian—-Early Devonian, the
Caledonian fdding occurred here, as it did in the Cornwallis
folded zone. However, on the territory of thé Franklin
geosyncline there was virtually no sedimentation dﬁring the
period subsequent to the Upper Devonian-Middle Pennsylvanian
folding, whereas in the region occupied now by the Brooks
range, Hercynian folding did not occur, and intensive
descending movements accompanied by the accumulation of
thick terrigenous beds reoccurred in this region during the
Devonian. Ascending movements began to p;edominate'on this
territory again only during the_Late Carboniferous-Early
Permian. The Paleozoic ended in Alaska without orogeny, and
the Cordilleran geosyncline continued its existence (accord-
ing to Geist* and Greek*) even duriné the Early Mesozoic, up
until the Triassic inclusively. Geosynclinal development
was completed within the boundaries of the Brooks range by
the Early Jurassic,.and the Franklin geosyncline formed
during the Upper Devonian-Middle Pennsylvanian. The new

phase of the tectonic activization, which began in the

*partly transliteration, partly guesswork. In
another place the first name is spelled as Geits. I think
that it should probably be Gates. (Translator)
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Brooks range during the interval between the Middle Jurassic
and Lower Cretaceous, was the same as the synchronous-activi-
zation of the western Cordilleras, and it corresponded to the
Nevadan stage of activization. Certain American researchers
believe that the region of the Western Cordilleras failed to
complete the full cycle of geosynclinal development.

p.10

The Franklin belt is thus a structurally complex
region of geosynclinal development, a region consisting of
elements which differ in-age and which represented during
definite periods individual and separate geosynclinal
regions. These regions became amalgamated during the final
stage of development of the entire geosynclinal zone. V.E.
Khain /41/ mentions Theﬁis and the Pacific zones as examges
of such polycyclic belts situated between two older plat-
forms or between a continent and an oceanic platform. These
zones took an entire megacycle to develop.

The Franklin geosyncline forms a fairly extensive
junction with the northern portion of the Western Cordilleras
(the Brooks range anticlinorium) in the north of the Yukon
territory in Canada. The Franklin geosyncline and the Brooks
range anticlinorium should probably be regarded as one
single geosynclinal belt separating the Canadian and the
Hyperboreal Platforms. However, it must be kept in mind
that the geological higtory of these two geosynclines 1is

different. Therefore, the Brooks range anticlinorium 1is not
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a direct continuation of the Franklin gosyncline, but repre-
sents the northern extension of the Canadian Cordilleras on
the territory of Aléska. This may be seen from the differ-
ences in the time and extent of the tectonic activity on the
territories of these two geosynclines, as well as from the
formatioﬁ?éomposition of the cross-section in these geotec-
tonic regions and in the territories surrounding them.

Formational compositions of the Lower and Middle
Paleozoic deposits are faily similar in the Canadian Plat-
form and in the Franklin folded belt, which demarcates this
platform (Figs. 2, 3, 4). Essentially carbonaceous complexes
with subordinate guantities of terrigenous rocks and with
scarcely any volcanic rocks are found here everywhere. More-
over, the carbonaceous complexes differ mafkedly in thickness.
In the Jones-Lancaster and Melville-Victoria-Streis syne-
clises these deposits commonly do not exceed 3-4 thousana
meters’ in thickness, whereas in the folded zones their
ickness increases markedly (up to 5800 m.in Cornwallis,
6400 m,in Parry, over 6000 m,in Ellesmere) .

Thus, during the Lower-Middle Paleozoic the northern
extremity of the Canadian Platform waé involved in the down-
warping, the amplitude of which.increased drastically
towards the north and attained its peak in the miogeosyn-
clinal region of the Franklin belt. The first intensive
uplift of the foundation blocks, demarcated by the submeri-

dional fractures, occurred in the Silurian. t resulted 1n
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the separation of the horst-like Boothia elevation and of

p.ll
the Cornwallis zone. The effect of these movements also
spread farther to the north, into the territory of the
Sverdrup downwarp. The ‘transverse submeridional barrier,
which divides the Franklin folded belt in two parts (Parry
and Ellesmere), and the Sverdrup depreésion into the western
and eastern zones of downwarpihg,;ggggﬁlggg§Jforming during
the Early Paleozoic. At the end of the Devonian the thick
complex of carbonaceous deposits in the Franklin folded belt
became.intensively dislocated.

Deposition of thick beds of fragmental rocks predom-
inated on the islands of Melville, Bathurst and in the south-
east of the Ellesmere Island from the Middle Devonian, and,
beginning with the Upper Dewvonian, continental formations
measuring up to 3500 m.in thickness were deposited on this
territory /38/. The area of distribution of these depoéits
extends in a continuvous band from east to southeast, from
the southern extremity of the Ellesmere Island to the Banks
Island. R. Thorsteinsson and E.T. Tozer believe that the
formation of psephytic rocks during thé Upper Paleozoic is
related to the intensification éf the tectonic activity,

which resulted eventually in Orégény in this belt. It may

2

&

o ssumed that the foredeep between the Franklin belt and
the Canadian Platform formed preciscly at this time, during

the final orogenic stage of development of the geosynclinal
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Franklin belt.

This hypothesis cannot be corroborated at this time
by direct geological evidence. We can merely assume that
the appearance on the southern slopes of the folded belt of
‘psephytic beds represented by conglomerates, sandstones,
'sands, arenaceous-argillaceous deposits-with coal interlayers
in the upper strata of the cross-section /36,48,63/, marks
the initial phase of the molasse filling of the foredeep.

The geological structure and development of the
extreme northern regions of America have been examined in
the works of manf researchers.

History of the geological evolution of Arctic terri-
tories and h;story of the formation of the'Arctic Ocean
attracted particularly close attention of researchers at the
beginning of the XX century. Still in 1910, Taylor examined
the theory of the continental drift with regard to the
Arctic Ocean basin. This researcher believed that the drift
proceeded from the North Pole towards the Egquator, and
assumed that Furasia and North America existed initially in
the form of one single continent situated in the region of
the North Pole. In Taylor's opinion, the separation of these
continents resulted in the formation of the Arctic basin.

p.1l2

Kop?en and Wegener /57/ believed that a rather small

ocean existed in the Arctic territorv even prior to the

separation of the continents, and that this ocean kept
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increasing in size as North America drifted westwards, away
from Europe, while rotating around a point located in the
Northern Arctic region. During the subsequent years both
Soviet and foreign geologists developed this theory further.
In 1937, Du Toit /47/ suggested a hypothesis on the

"origin of the Arctic and northern Atlantic basins, which is
based on the theory of the continental drift. This resear-
cher believed that the individual blocks bounding the Arctic
basin, rotated independently from one another and differed
in size.

| Carey /47/ proceeded from Du Toit's hypotheses and
concluded that the Arctic basin had formed as a result of a
scissor-like drift of continents, the rotation centre of
which was located in tﬁe south of the Central Alaska. The
triangular southern portion of the territory enclosed
petween these radii, coincided with the Canadian deep-water
basin. The third side--the base of the triangle--is the
"megaskol"* or the shift extending from Spitzbergen to
Severnaya Zemlya. Carey refers to such a rift expansion as
the sphenochasm. He believes that the recurvature of the
orogenic belts of the Alaskan Cordilleras is the result of
the rotation of the blocks, the movement of which created
the Arctic sphenochasm. In his opinion, the Lomonosov range

represents a more markedly viscous section of the crust

*Transliteration. (Trahslator)
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stretched across the Arctic sphenochasm. The Alpha-
Mendeleev range is probably similar to it in nature.

Irving Taillor /62/ proposed a hypothesis on the
origin and evolution of the Arctic territory enclosed
between the Brooks range in the west and the Franklin geo-
synclinal belﬁ (Parry-Ellesmere) in the east. Prior to the
Devonian, this territory (referred to by the author as the
Canadian basin}formed part of the Canadian Platform. Later
on it was separated from this platform by the Paleozoic
geosynclinal folded zone, which divides on the territory of
vukon (Worthern Canada) to form two branches with a submeri-
dional trend. The western branch is the miogeosynclinal
belt of the Brooks range, the eastern branch is the miogeo-
synclinal Parry-Ellesmere belt.

The splitting up of the continent surrounded by
these folded belts, occurred, in Taillor's opinion, in
several stages. It began during the Early Jurassic, when

the territoryv of the Arctic Alaska detached itself from the

,

p.-13
Canadian Arctic Archipelago, a process accompanied by an
active intrusion of mafic rocks in thé northeastern, central
and southern parts of this conﬁinent. The absolute age of
these rocks is 190 million years. The next stage was char-
acterized by the intrusion in the south of Alaska of mafic
and ultremafic masses that are 150-160 million years old.

The Early Cretaceous stage was marked by an active



22

sedimentation within the boundaries of the foredeeps, by the
formation of large thrusts in the region of the Brooks range,
and by the appearance of plutonism. The breaking up of the
continents attained its peak at the end of the Early Creta-
ceous and terminated in orogeny. At that time the Canadian
‘Arctic Archipelago and Alaska began to assume a position
similar to their present position.

Apparently}continental and shelf-underwater regions
of the marginal Arctic Ocean seas are confined within the
boundaries of the North American continent to the remnants
of an ancient, probably Precambrian platfoim,~which is known
among Soviet geologists as the Hyperboreal platform. 'Thesé
remnants are found north of the geosynclinal Franklin belt
and Brooks range, and déﬁarcate the deep-water Canadian basin
in the south. Various researchers view the origin of this
basin in different ways.

At the present time most researchers believe that
depressions in the ocean floor were not there originally,
but arése at a certain stage of the geological history /3,4,
41,60/. This conclusion is equally valid with regard to the
depressions in the internal .and marginal seas, where the
crust has a two-laver structure and consists of a "basaltic"
and a sedimentary (often fairly thick) layer /20,58/. V.E.
Khain /42/ finds evidence of the "secondary" nature of
oceanic and suboceanic depressions in the correlation of

their contours (i.e, contours of the areas devoid of the
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"granitic layer") with the trend of the folded zones of
various ages that are demarcated by thesé contours. It has
been observed that the inconsistency is the greater, the
more ancient are the zones forming the clorzs of the
depression. Thus, reciprocally perpendicular correlations
have been recorded between the trends of the Archean beds
and of the lower strata of the Proterozoic oﬂ the northern
shore of the Gulf of Guinea and on the southern shére of
Westefn Australia on the cne hand, and corresponding bound-
aries of the Atlantic and Indian Oceans, on the other. In
younger folded’zones, particularly (as V.E. Khain’pointed
out) beginning with thel‘m’%lixﬁZOnes,'the contours of the
oceanic and suboceanic depressions become progressively more
consistent with the trend of the folded zones. In Khain's
opinion, this circumstance shows that, beginning with the
p.1l4
Proterozoic, the formation of oceanic and suboceanic
_depressions was a lengthy and graduai (multi-stage) process.
Further evidence of the "secondary" origin of the
depressions with an oceanic or similar crust may be found in
the paleogeographic (particularly paleobiogeographic) data,
in the presence in the oceans of sections with a conti-

nental crust, in the fact that the modern continental slope

*The word Ba kal (Ba.kalian ) appears to refer to
the geological age. (Translator)
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is by nature a fault (a circumstance established in a number

of regions, for example, along the edge of the North.
American basin of the Atlantic Ocean), as well as in the
fact that continental structures extend beneath the ocean
‘waters.

V.E.iKhain /42/ believes that at the present time
there are two opposite views on the evolution of the oceanic

crust at the expense of the continental crust (the so-called

process of oceanization). One of them (the mechanical

theory) is based on the principles of the tectonic mobilism:

the oceans formed when large continental masses (Laurasia,
Gondvana Land) broke up, as a result of the horizontal dis-
placement ("spreading”) of their fragments, exposure of the
subcrustal substrate and neogenesis of the oceanic crust in

the places of such "hiates."

The other trend in the interpretation of the process

of oceanization is based on the principles of the tectonic

fixism: the oceans formed as a result of the collapse of

the continental crust and its subsequent or synchronous

transformation into the oceanic crust. This process has

been given the name of basification and it probably charac-
terizes only the physico-chemical aspect of the process of |

oceanization. There are two main versions of this process.

Metasomatosis is the first such version, however, it raises

certain geochemical problems, since it is not clear what

happens to the excess silica and alkalis. The second
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version postulates the assimilation of the "granitic layer"
of the crust by the basaltic melt rising from the mantle /4/ .
This version embodies certain geophysical contradictions.
In particular, it violates the principles of isostasy:
granite should sink in the basalt, but in reality it does
not sink. The oceanic scale of the suggested processes is
also rather improbable; and so is their purely mobilistic
interpretation. A number of facts does, however, support
the theory of oceanization: such are the presence of
"microcontinents" within oceanic depressions /17/, the
extension of continental structures at considerable dis-
tances under the waters of the oceans.
p.15

The existence of the Eyperboreal Platform has been
postulated in 1936, by N.S5. Shatskii /43/, who believed that
this platform extends under the waters of the Arctic Ocean
into the Beaufort Sea, East Siberian and Chukchi Seas, and
is bounded in the south by the Franklin geosynclinal belt.
T+ has been later established that the Hyperboreal Platform
is separated in the east by the Lomonosov range. N.S.
Shatskii related the formation of this platform to the sub-
sidence of a large section of the earth crust along abyssal

~

‘aults in the foundation.

4

v

The broad shelves and relatively small dimensions of
the baéin, the surface topography of the Canadian, Greenland,

Baltic and Anabar Precambrian shields, as well as the
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development and trends of the Paleozoic orogenic belts,
which extend beyond the boundaries of the Atlantic Ocean
through the Urals, Novaya Zemlya, Norway, Spitgbergen,
Eastern Greenland, Canadian Arctic Archipelago, Severnaya
Zemlya and Novo-Sibirskie Islands, led A.J. Irdley* /17/ to
suggest that the Hyperboreal Platform was a mainland in the
pre-Paleozoic times. Results of analyses of the conditions
under which the Paleozoic geosynclines formed in Aiaska,
also appear to corroborate this hypothesis. It may be
assumed from these data that the removal source for the
accumulation of certain beds was located to the north of the
present mainland at the place, where the deep-water Canadian
basin is found today. The fact that North America and
Europe have a common Paleozoic marine fauna is another
important argument in favour of this hypothesis.

The seismic investigations carried out by Oliver,
Ewing and Press /59/ in 1952, in the southern Arctic basin,
_appear to suggest that the parameterg of the wave lengths
recordad by these researchers, are characteristic only of
continental structures and do not apply to the areas with

the oceanic type of crust. Later on they stated, however ,**

*Guesswork. Irdli in the text. (Translator)

**A portion of the sentence seems to be missing.
Translated literally, the beginning of the sentence goes as
"

follows: "Having nevertheless emphasized later on . . ..
(Translator)
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that the floor of the Arctic basin bears an oceanic crust
and, therefore, cannot be regarded as a submerged portion of
mainland. This conclusion disagrees with the theories post-
ulated by a number of Soviet geologists in 1930-1950.

One possible way of solving this problem would be to
study the southern, maily offshore and shelf areas of the
Hyperboreal Platform, and to carry out composite geophysical

‘ p.16
investigations of the Hyperboreal Platform and of the parts
of the Canadian Platform adjacent to it. It is, indeed,
possible that the continental type of crust exists at fhe
present time only in marginal areas of the Hyperboreal Plat-
form, and that in the deep-water Canadian basin the crust is
oceanic in appearance due to the submergence and basifica-
tion of the continental crust, or because various sections
of the platform floated apart as a result of the continental
érift /62/.

Gravimetric investigations in the south of the Arctic

basin, in the Beaufort Sea and on the shelf of the Canadian

rrchipelago and Northern Alaska established distinctly

-

G ages with a gradient of more than 100 g7

[0
Fh
t

ined gravity s

=

(Fig. 1). They may reflect the abyssal faults, along which
the Hyperboreal Platform subsided. Positive closed gravity

anomalies have been recorded at some of the stages. These

*gals.
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anomalies may reflect the magmatic intrusions, which had
wedged in along the faults.

Large depressions (Sverdrup, Beaufort, and the down-
warp of the Arctic slope of Alaska) are located in the
'southern peripheries of the Hyperboreal Platform. Geolog-
.ical structure and peculiarities of development of these
elements are related genetically to the evolution of the
Hyperboreal Platform as a whole.

The Sverdrup downwarp is an epigeosyncline developed
within the boundaries of the Paleozoic Franklin folded belt.
The data available at the present time merely.allow us to
state that this downwarp began to fill in the middle of the
Carboniferou; and that this process continued until and
during the Cenozoic. This is corroborated by the distinctly
defined angular unconformity between the non-dislocated post-
Pennsylvanian beds, forming part of the infilling, and the
presumed pre-Pennsylvanian folded foundation. Tt is impor-
tant to note that this break has been detected only in the
periphery of the depression, in the north of the Ellesmere
Island, on Axel-Heiberg islands, as well as on the boundary
between the Sverdrup depression on the one hand, Parry,
Cornwallis and Ellesmere fdded zones on the other.

The Sverdrup downwarp is composed of Mesozoic and
(to a lesser extent) Cenozoic arenaceous-argillaceous sedi-
mentary rocks, as well'as of argillaceous and evaporitic

Permo-Pennsylvanian formations. The overall thickness of
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the infilling in the trough is 9-12 km. Numerous breaks
have been detected in the marginal portions of the Sverdrup
downwarp, particularly in the lower strata of the Permo-
Pennsylvanian cross-section. No significant breaks in the
sedimentation have been:recorded during the post-Permo-
p-17

Pennsylvanian period and up until the Paleogene deposits,
which occur transgressively upon older sediments. The
presence of diapiric structures in the central portion of
this depression is its characteristic feature. The diapiric
structures consist of anhydrites, gypsum and, possibly,
Permo-Pennsylvanian salt. The most intensive manifestations
of diapirism are associated with the tectonic activization
of the development of the downwarp during the Cenozoic.

Diapirism was so active in the Sverdrup depression
that Canadian and American geologists synchronize it, as a
rule, with the [ ulf-Costa halotectogenesis. Rock salt has

.
not be foun

o

here thus far, although it probably does occur

at a greater depth. Evaporite beds contain fragmental
volcanic rocks and limestones enclosing a Paleozoic fauna.

A characteristic feature of the diapafism is that it is
distinctly defined in the centfal portions of the depression,
but peters out gradually towards its folded marginal border.
This pattern has been established on the Axel-Heiberg islands,
as well as on the territery located north of the Mokka Fiord.

Stratified evaporites have also been found in a number of
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places in the folded zone adjacent to the downwarp. These
evaporites form, as a rule,jcomplex structural relationship i

with the enclosing beds of rocks. R. Thornsteinsson and

E.T. Tozer /38/ attribute the most marked plastic deforma-

tions of evaporites to the effect of the tectonic activiza-
tion during the Cenozoic. The demarcation line of the range
of the Paleogene-Neogene boreal—transgressive structures of

the Beaufort formation bounds the Sverdrup depression in the

north-northwest. It has a distinctly linear outline and

appears tco coincide with the scarps, as well as with the
aults which are associated with these scarps and along
which the territory of the Hyperboreal Platform, adjacent

from the north, had subsided.

The Sverdrup hollow is thus a large depression

filled with subplatform formations. These formations are

now dated as Pennsylvanian to Paleogene-Neogene inclusively.

The contact of these deposits with the subjacent geosyn- =
clinal formations has been established only in the marginal
areas bordering on the folded belt. So far the folded found-
ation has not been exposed within the Sverdrup depression.

It is known that the boundary line bethen the downwarp and
the Franklin belt is rather disfinctly defined and that it
passes through large, extensive abyssal fractures. The
boundary has been traced on Ellesmere, Melville, Prince

Patrick and on other islands of the Canadian Arctic




31

Archipelago. It is important to note that the trend of the
Franklin geosynclinal belt varies rather markedly. Wwithin
the boundaries of the Ellesmere Island the trand of the
folded belt changes from sublatitudinal to submeridional at
an angle of 600, while on the territory of the Devon Island
it changes from the submeridional to sublatitudinal at an
angle of 90°. The fact that the Sverdrup depression is
surrounded by the geosynclinal belt suggests that the
depression developed above a deeply submerged foundation
Elock and represents an exogonal foredeep characteristic-of
endogonal angles of a platform. V.S. Zhuravlev (1969) studied
the nature of similar depressions and noted that they are

the ancient Pre-

=h

characteristic of the marginal areas o
cambrian platforms, where intensive downwarping, intensive
sedimentation associated with the downwarping, and active
salt tectogenesis occur.

Two depression areas separated by the transverse
Ellef-Ringnes elevation (which is probably the northern
extension of the Boothia horst-like uplift of the founda-
tion) can be established on the territory of the Sverdrup
downwarp. In the Eastern Sverdrup depression the foundation
occurs at the depth of 11-12 km, (according to certain data--
14 to 18 km), in the Western Sverdrup depression it is at
the depth of 7 to 9 km. The Ellet-Ringnes elevation is
superposed by a sedimeﬁtary mantle measuring approximately

3000 m, in thickness. The Sverdrup hollow probably cannot be
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regarded as a superposed epigeosynclinal depression. Only
its northeastern extremity may be classified (though tenta-
tively) as such. This extremity is enclosed between the
Otto and Tanquary fiords (Ellesmere Island), is bounded by
disjunctive dislocations in the east of the Axel-Heiberg
islands and probably formed in the place of the abyssal
fracture, which separates the éugeosynclinal and the miogeo-
synclinal regions on the Ellesmere Island. This relatively
narrow triangular territory is the most markedly elevated
portion of the Eastern Sverdrup depression. It is filled
with Permian and Carboniferous formations having a thickness
of 1000-3000 m. No distinct boundary has been detected
between these two territories. The transition between them
is-probably gradual.

The Beaufort depression is located in the southern
periphery of the Hyperboreal Platform. It occupies the
northern part of the Mackenzie delta and the coastal areas
of the Besaufort Sea shelf. The southern boundary of the
depreséion passes along the abyssal fracture at the junction

p-19
of the Northwestern projection of the~Canadian Platform with
the western extension of the Frénklin miogeosynclinal belt
(i.e. the Mackenzie-Banks zone). The depression is bounded
in «the north by the Beaufort elevation located under the
waters -of the Arctic Ocean. Its western boundary passes

along the slopes of the Martin elevation and Brooks range.
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Tectonic data on the Beaufort depression are
extremely scant. It is now known that this hollow is heter-
ogenous in structure. Its southern border occurs above the
Paleozoic geosynclinal Mackenzie-Banks zone, whereas its
remaining portion overlies a deeply submerged block of the
Hyperboreal Platform. The deepest drill-hole was made here
in the southern extremity of the Richards Island. It
exposed only Paleogene-Neogene, Cretaceous and, possibly,
partly Jurassic sub-platform deposits to the depth of 3800 m.
It has been established that the most markedly submerged ™
portion of the downwarp was located during the Cenozoic 65
km,east of this drill-hole and was situated not within the
boundaries of the present-day delta of Mackenzie (as it was
previously believed) but 160 km,farther east, at the place
of the‘pre—Pleistocene paleodelta.. American and Canadian
geologists and geophysicists have also noted that the
thickness of the sedimentary fillingi%his depression
increases northeast of the Tuktoyaktuk peninsula, towards
and under the waters of the Beaufort Sea, where their thick-
ness in the most markedly submerged area exceeds 10,500 m,
/50/.
| The western and southwestern pericratonnal border of
the Hyperboreal Platform is situated within the boundaries
of northern Alaska, as well as in the Arctic Ocean and
Chukchi Sea shelf areas. The pericratonnal border is

bounded in the north and northeast by abyssal faults, along

AR - A
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which the Canadian basin may have subsided. The Brooks
range and its extension beneath the waters of the Chukchi
Sea (in the direction of the Wrangell Island and farther
north) form its southern and eastern boundaries, while the
underwater Mendeleev range acts as its northern boundary.
The region of the pericratonnal subsidence of the
Arctic slope of Alaska and the Chukchi platférm projection,
on which the northern and southern Chukchi elevatibns are
located, can be established within the pericratonnal border
of the Hyperboreal Platform. I.P. Atlasov et al /1/ refer
to this projection as the Hyperboreal Block. It formed
during the Arcﬁean-Proteeroic and Epiproterozoic. A con-
siderable portion of the Hyperboreal Block co;sists of

plateau-basalts. B. Kh. Egiazarov /14/ regards this terri-

tory as the Hyperboreal table, which underwent descending

movements during the Mesczoic and Cenozoic. A large portion

p.20
of the table is occupied by a field 6f extensively developed
effusives which have a basic composition and date back to
the Upper Cretaceous and Paleogene.

The pericratonnal depression of the Arctic slope 1is
bounded in tﬁe south by the Brooks raﬁge. It includes the
submontane Colville downwarp, Umiat depression in the east
and Chukchi depression in the west. The two depressions are
separated by theAtransverse Meade—garrow elevation.

During the Jurassic the anticlinorium of the Brooks
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range underwent an intensive bulging and the submontane
Colville downwarp began forming along its northern boundary.
Sedimentation continued in the latter until the Upper
Senonian /25/. The hollow is filled mainly with Triassic
'and Cretaceous formations having an overall thickness of
‘more than 7 km. The Colville depression is bounded in the
west by the Tigara elevation, in the east--by the horst-1like
Romanzof elevation, which originated during the Paleogene-
Neogene. It should be noted that during the Jurassic the
Romanzof elevation represented an extension of the Colville
depression; Carboniferous and Devonian, éossibly also Pre-
cambrian deposits crop out in the main within the boundaries
of this elevation. Mesozoic deposits have been preserved
here and are exposed iﬂ structural basins.

The Tigara block elevation is represented by com-
plexly dislocated and faulted Devonian, Carboniferous and

Lower Mesozoic rocks. In the opinion of Miller et al /25/,

t-h

this elevation formad during the Paleogene-hkeogene. The
most intensive orogenic movements occurred on the territory
of the Colville hollow during the Late Paleocene and post-
Paleocene. The deformation:of the deposits 1s most inten-
sive in the southern part of the depression, is moderate in
its central part, and is weak in its northern portion.
During the major part of the Paleogene-Neogene, tho Colville
depression represented a large elcvation, which was cven-=

tually degraded by weathering to a low plain; during the
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Quaternary epoch this territory became uplifted anew.

The remaining continental portion of Alaska, located
north of the Colville trough, is known in the American geo-
logical literature under the name of the Arctic coastal
plain. Geological and geophysical investigations have shown
that sedimentary mantle rocks represented mainly by carbon-
aceous Paleozoic and terrigenous Mesozoic deposits and
having a nearly flat pitch, occur here upon the rocks of the

p.21
Precambrian foundation. The thickness of these deposits
does not exceed 5000 m.in the lou-lecvzl . sections, and varies.
from 1000 to 3000 m;in the uplifted areas. The Hyperboreal
Platform (which includes this territory) began subsiding
during the Early Mesozoic, giving rise to the Arctic Ocean.
The Barrow arch appears to represent a portion of the conti-
nental massif, which had been preserved as a positive
Strucﬁural element throughout the entire Mesozoic. Its
southern extension, traced in the form of the arched Meade
uplift, has been established on the basis of geophysical
data. The Meade dome originated during the Upper Cenomanian
or Turonian. The bedrock exposed in the dome has been dated
as Cenomanian or Albian.

During the post-Cretaceous the territory of the
Colville depression was somewhat uplifted and deformed, as a
resul£ éf which structural elements, such as the Chukchi and

Umiat depressions, the transverse Barrow-Meade elevation,
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the Martin, Northern and Southern Chukchi elevations became
better defined. Structural peculiarities of these depressions,
the time of their formation, their history of development

and the composition of the deposits filling these depressions
are probably fairly similar. Theories on the structure of
the depressions are pased essentially on the data of geo-
physical investigations and on the drilling done on the
Barrow-Meade elevation and inrthe coastal area of the Umiat
depression. The depth of occurrence of the foundation is
over 5-6 km:in both depressions. The sedimentary mantle was
stripped most thoroughly by drill-holes in the Umiat
depression during the drilling operations in the region of
Prudhoe Bay (Fig. 5). However, SO far even the deepest
drill-holes failed to penetrate beyond the Carboniferous
depésits.

The conjugated canadian and Hyperboreal Platforms
reveai both simiiarities and diiferences in their tectonic
features and in the history of their evolution. The Canadian
Platform is raised in 1its present-day structural plan and is
devoid of . sedimentary mantle in its major portion (the
Canadian Shield). The Hyperboreal Platform is - .o (in
comparison to the Canadian Platform) to the depth of 3500 m.
within the boundaries of the Canadian basin, and is covered
by\waters of the Arctic Ocean; however, it is probably alsc
devoid éf sedimentary mantle over most of its extensicn.

Intensive downwarping and sedimentation occurrcd
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initially at the boundary separating these two platforms,
then spread gradually over their peripheries. Descending

p.22
movements of the maximum amplitude occurred in the sublati-
tudinally elongate zone, coinciding in the modern structural
plan with the Franklin geosyncline.

The time and tectonic results of the downwarping, as
well as the age of the deposits accumulated here, vary.
Paripheral portions of the Canadian platform periodically
underwent downwarping and were filled with sediments mainly
during the Lower and :iddle Paleozoic. The North Canadian
platform and the foredeep conjugated with it, formed as a
result of this warping. The descending movements ended in
the north of the Canadian Platform ;nd in the geosynclinal
belt during the Devonian-Early Carboniferous, and culminated
in the Paleozoic folding responsible for the formation of
the Franklin folded belt.

Peripheries of the H:

Y

'perboreal Platform probably
underwent the most intensive downwarping later, at the end
of the Paleozoic, during the Mesozoic, in certain places
even during the Cenozoic. This 1is corfoborated by the
presence of a sedimentary sub—piatform mantle under the
waters of the Beaufort Sea and in the northern delta of the
river Mackenzie, as well as in the North Alaskan foredcep.
The maximum downwarping compensated by intensive sedimenta-

tion, concentrated here in the peripheries of the Hyporboreal




Iy

39

Platform, in the Sverdrup depression and, to a lesser degree,
in other regions.

I+ should be noted that many ancient Precambrian
platforms reveal features in the development of their peri-
pheries, which are common for all of them. V.S. Zhuravlev's
(1969) works on the Russian Platform show that its charac-
teristic peculiarity resides in the formation of deeply
downwarped marginal areas marked by intensive manifestations
of salt tectogenesis, i.e. the areas referred to by the
author as the exogonal depressions. A similar phenomenon
may be observed in the North African platform, where several
large foredeeps, united in the modern plan into the Algerian-
Libyan syneclise /34/, became detached one after the other
during the Paleozoic, Mesozoic and even Cenozoic. "The
formation of the Sverdrup depression and of the syneclises
of the North Canadian Platform should probably be also
regarded as a manifestation of this process, a process
characteristic of Precambrian platiorms.

The folded Cordilleran belt constitutes the south-
western boundary of the Hyperboreal Platform and the western
boundary of the Canadian Platform. This transcontinental
structural element represents a multiple complex of mountain
ranges, massifs, plateaus and ridges. The Alaskan range,

p-23
st. Elias mountains, Coast Range, Cassiar and Mackenzie

mountains are situated on the territory examined. This
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territory is bounded in the south by the Canadian Rocky
Mountains. This Mesozoic folded belt consists of two-

parallel branches which differ in geotectonic development.

The eastern division is miogeosynclinal with regard to its
development, the western division is eugeosynclinal. In

spite of the considerable extension of this belt and despite

the specific geological structure of its individual elements,

it forms at the present time one single geotectonic unit.

Its development consisted of several different stages and was

characterized by a repeated reconstruction of the tectonic

plan, by alternation of the geosynclinal cycles, and by the
magmatism accompanying these cycles. At the time of the ’ i

Nevadan orogenv (during the Middle Mesozoic) the eugeosyn-

clinal portion of the belt became deformed, partly meta-

morphosed, and was invaded by a multitude of typhons. The

miogeosynclinal area underwent repeated deformations as a

result of several phases of folding during the Late Mesozoic;

the Laramide orogeny (Late Cretaceous-Paleocene) was the

most important one of these phases. Cordilleran structures

are, however, superimposed in certain places upon folded

zones which had become consolidated at an earlier date. For
example, a portion of the Cordilleran folded zone on the
territory of British Columbia underwent folding in the
Middle Palebzoic (the Cariboo) orogeny, as well as in the
Late Paieozoic, during.the Cassiar orogeny.

The development of Cordilleras in the Paleogene-Neogene

“
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was fairly complex, since during this period depressions
were filled, orogenic movements reoccurred in certain places,
intensive volcanic activity and block shifting began as a
result of the development of paralleland transverse faults.
Transverse faults or fracture zones varying in depth, in
extension and length of development, are one of the major
structural features of the Cordilleran folded belt. F. King
/53/ believes that the presencé of transverse faults is
rasponsible for the differences in the geological structure
of individual segments of the Cordilleran belt.
p.24"
B. Kh. Egiazarov /14/ established on this territory

the inner and the outer zone of the mobile Pacific belt.

0

The outer zone includes the Mesozoic North Alaskan folded
system, the eastern part of the Novosibirsk-Chukchi folded
zone and the Anadyr-Seward median mass of the Precambrian-
Early Paleozoic stabllization. The inner zone comprises the
South Alaskan and Korvakski-Kamchatka Cenozoic folded systems.
The eastern part of the Cordilleras in Canada,
northeastern Alaska and Chukchi peninsula 1is represented.by
a region of the miogeosynclinal type af development. It is
composed essentially of carbonaéeous Paleozoic and terri-
genous Mesozoic deposits, which underwent intensive deforma-

tions during the Late Cretaceous and Paleogene. Th

(0]

deformations resulted in the development of elongate linear

folds and.dislocations with a break in continuity, which
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pound these folds and which formed mainly during the Lama-
ride folding phase. Slopiﬁg thrusts develop in certain
places along the eastern boundary of this region. The
region at the junction of the Brooks and Mackenzie anti-
clinoria is the most complex sector of this province. The
folds are here squeezed and form a broad, sudden bend
because of the presence of a block elevation éimilar to

that of the Richardson mountains /14/. This complex tec-
tonic junction encloses a Middle and Late Paleozoic folding,
which (in F. King's opinion) is comparable in character to
the folding of the Franklin belt. F. King believes that the
constriction of the Canadian Cordilleras is caused by the -
junction of the Mesozoic and Cenozoic Cordilleran structgres

with formations of the Franklin belt. The region, where

Brooks range structures are linked with the structures of

the Mackenzie mountains, represents a zone of conjugatioh of
mesozoids and paleozoids of the Chukchi-Brooks branch with
the Cordilleran mesozoids. It is pfobable /4/ that meso-
zoids and paleozoids of the Chukchi peninsula and Brooks
range are both very similar and structurally related to the
folded formations of the Arctic Canada, i.e., to the Franklin
geosynclinal belt, rather than to the Cordilleran belt. The
North Alaskan folded system of the Brooks range anticlinoriun
is represented by a complex of essentially linear structures.

The position in space and the morphology of these structures

are determined by the trend of the geosynclinal zones, as
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well as by the presence of the Hyperboreal Platform in the
north and Anadyr'-Seward median mass in the west. Struc-
tures of the Bréoks range form two branches in the eastern
p.25
part: the northeastern and the southeastern branches, which
circumscribe the northwestern projéction of the Canadian
Platform known under the name of the Mackenzie projection.
The former branch probably extends farther to join
the Mackenzie-Banks belt (the Franklin geosynclinal belt),
while the latter branch passes through the Ogilvie mountain
region (the Mackenzie anticlinorium) and links with the
Canadian Cordilleran structures. The eastern part of the
jovosibirsk-Chukchi peninsula folded zone répresents the
western extension of the Brooks range anticlinorium on the
territory of the Verkhoyansk-Chukchi province. The Mackenzie
anticlinorium forms the southern porticn of this belt. It
also includes contemporaneous mountain formations, such as
the Ogilvie and Mackenzie mountains. Judging from the
cross-sections described by L.J. Martin /24/, Archcan found-
ation rocks, late Precambrian and Cambrian deposits,
Ordovician and Carboniferous rocks ranging in age fron

Silurian to Middle Devonian, inclusively, participate in the

formation of these structures in the central rcgion. LULppor
. C/ * 0 -
Devonian shists and sandstones with carbonaccous rooi

lenticles have been detected in the Mackenzie depression,

¢ . .
while Cretaceous shists and sandstones are found in a2
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cross-section at a higher level. Late Precambrian rocks
occur upon Archean granites and metamorphic rocks in the
southern part of this region; these rocks underlie Cambrian
to Middle Devonian carbonates that are superimposed by Upper
Devonian schists, and give way farther up the profile to
sandstones, schists and sandstones, séhists and_carbonaceous
rocks ranging from Mississippian to Permian in age; Mesozoic
schists and sandstones occur at a still higher level in the
cross-section. Geological structures of this regicon are
represented in the main by simple anticlinoria that are
complicated in certain places by faults and rather insigni-
ficant dislocations of strata. )

L.J. Martin /24/ believes that the above deposits
strike both eastwards and westwards. The northern sector of
this territory is located in the northern part of the
Richardson mountains, i.e. in the zone, where the junction
of the Franklin folded belt with the Brooks range anticlino-
rium and Richardson dislocations is presumed to be. This is
the most complex sector with respect to structure. We would
probably encounter here {recambrian and Cambrian rocks(that
may be represented by the series varying in age from Ordo-
vician to Middle Devonian), as well as Mississippian,
Pennsylvanian and Permian rocks superimposed by Mesozoic and

p.26
" Cenozolc formations. fhis territory underwent three, perhaps

even four orogenic phases. The most ancient Late Cambrian
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orogeny took place only in the central part of the Mackenzie
mountains. A regional uplift of the southern part of this
territory occurred between the Precambrian and Cambrian. No
corresponding stratigraphical break has been found,  however,
thus far in the cross-section of the northern part of this
region.

The geotectonic history of the Canadian Northern
Cordilleras has been insufficiently ellucidated for.the
period between the Cambriaiu and Middle Devonian. Certain
data allow us to assume that a general uplift occurred on
this territory in the Early Ordovician and around the Late
Silurian. The oldest orogeny in the north of this territory
is the tectonic activization, which took place on the boun-
dary of the Middle and Late Devonian. The Silurian and even
older schists,‘hornfels and carbonaceous rocks known from
this region, are markedly dislocated and faulted, whereas
the Mississippian deposits that are found in the border of
the mountainous formations and are rebresented by carbona-
ceous rocks, are, as a rule, displaced to a negligible degree.
L.J. Martin concluded that the orogenic movements which were
accompanied by rock deformation and faulting, occurred prior
to the deposition of the carbonaceous Mississippian rocks.
This hypothesis is corroborated by the changes in the dis-
tribution of facies which took place on the boundary between
the Middle and Late Devonian. - Whiié Middle Devonian deposits

on the territory of the northwestern Canada consist of
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carbonaceous raocks with interlayers of schists, Upper

Devonian deposits are represented here by sandstones and e |
ferruginous schists, whereas the sediments south of the
spurs of the Brooks anticlinorium (Barn and British moun-
tains) consist essentially of conglomerates.

A break in sedimentation occurs on the boundary of
the Upper and Middle Devonian, a circumstance indicating
that the territory became uplifted at that time. Regional
unconformity between the rocks of different facies deposited
during these periods, indicates local movements of the earth
crust. The unconformity has been recorded in-Central and
Western Alberta, in the south of the Northwestern Ter;i—

tories, in the north of the Franklin mountains and in the

p.27
southern part of the Richardson region. The activization

was approximately synchronous with the break between the

Middle and Upper Devonian and probably coincided with the

orogeny in the northern part cf Cordilleras and in the

southwest of the Brooks range anticlinorium. The age of the

guartzitic intrusion of the mountain Fitton (the northwestern |
slope of the Barn mountains) 1is 353 million years. Baads-

gaard et al /44/ believe that the intrusion of granites -
corresponds to the Early-Middle Devonian. The next orogenic
cycle recorded in the north of the Yukon territory, probably

took place during the Early Pennsylvanian. Pennsylvanian -

deposits in the northern regions of the Richardson mountains
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and in the areas bordering on these regions occur with a
considerable angular unconformity upon older beds.

Near the eastern periphery of the Richardson moun-
tains, Pennsylvanian rocks underlie deposits, which vary in
age from Cambrian to Upper Cambrian. In L.J. Martin's /24/
opinion, it is therefore obvious that horst-forming pro-
cessés took place during the Late Paleozoic. Baadsgaard et
al /44/ established with the help of radioactive dating that
granites of the 0ld Crow range (eastern extension of the
Brooks anticlinorium) are 220 million years old, a circum-
stance further corroborating L.J. Martin's hypothesis.

The absence of Lower and Middle Triassic rocks, as
well as the relatively small thickness and areal extent of
Permian, Upper Triassic, Jurassic deposits and of the
bottommost Cretaceous horizons show that a large portion of
the area located on the boundary of the Mackenzie platform'
projection and within this projection, was somewhat raised
during the interval betweén the Paleozoic and Cenozoic,
perhaps even later. Angular unconformity between the Lower
Permian and Upper Jurassic beds was, however, detected
(tentatively) by J.A. Jeletsky only on‘the eastern slope of
the Richardson mountains. It is‘therefore, impossible to
maintain that a significant geotectonic activization took
place during this period.

-The Lower Cretaceous period was the next stage of

the geotectonic activization in this region. The age of the
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granites dated by Baadsgaard et al /44/ in the British
mountains (Eastern part of the Brooks range) is 95 million
vears. At the end of the Lower Cretaceous (Albian) the
Brooks range was uplifted. Rejuvenation of the British

p-28
mountains took place. J.A. Jeletsky /65/ recorded two
unconformities and corresponding breaks in sedimentation,
which occurred during the Early Cretaceous. One of them
occurred at the beginning of the Lower Cretaceous, the other
one--on the boundary of Aptian and Albian. This researcher
notes further that washout and unconformity have also been
recorded at the beginning of the Upper Cretaceous in ;he
northern part of the Richardson mountains and west of these
mountains.

As is well known, rocks of the lower Upper Creta-
ceous horizons overlie more ancient formations east of the
Richardson mountains and in the northern part of the Franklin
mountains. L.J. Martin /24/ does not think, however, that
‘these data suffice to determine the scale of orogenic move-
ments during this period.

Formations of the middle part of the Upper Creta-
ceous are the youngest dislocated rocks found in the
northern part of the Canadian Cordilleras. Deformation
(folding) of these rocks may have occurred at the end of the
Late Cretaceous. The fact that continental Paleogene

deposits are not dislocated in the mountain regions and in
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the regions adjacent to them may serve as supporting
evidence for this hypothesis.

According to Hume's /51/ data, these deposits in the
northern part of the Franklin mountains are of Lower Eocene
age. It would appear that the orogenic movements terminated
on this territory not later than in the Early Eocene, i.e.
before the orogeny, which took place in the Cénadian Rocky
mountains.

The Brooks range consists of Paleozoic rocks. Its
northern portion is represented by slightly metamorphosed
Devonian and Carboniferous deposits forming squeezed folds
of a latitudinél trend. The folds are often faulted and are
overthrust in the northward direction. The southern portion
of the Brooks range consists of metamorphosed rocks-and of
Lower Paleozoic limestones.

The Siiurian, Devonian and Carboniferous deposits
accumulated in the Paleozoic geosyncline of the modern
Brooks range, are up to 4500 m_in thickness. D. Miller et
<;l /25/ believe that the major source of removal for the

accumulation of these deposits was the Paleozoic shield

I

4

located to the north of the present-day mainland, i1.e. the

p.29
southern periphery of the Hyperboreal Platform. A portion
of this platform (situated in the area occupied at the

present time by the Brooks range) began subsiding at the

end of the Paleozoilc. The conformable occurrence of
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Triassic rocks upon the Carboniferous deposits shows that no
significant orogenic movements occurred on this territory at

that time. Tectonic movements, which resulted in the forma-

tion of the Brooks range, probably began during the Jurassic.
This is evident from the wedging of mafic and ultramafic

‘intrusions, which began during the Late Jurassic. During

this period a geanticline formed here. This geanticline was

subjected to extremely intensive ascending movements, and

represented in the Early Jurassic the principal source of

removal for the premontane Colville depression.

D. Miller et al maintain that the Early Cretaceous
orogenic movements led to the deformation and metamorphosis"
of the rocks occurring in the Brooks range province, and
resulted in the fbrmatibn of structures having a latitudinal
trend. The bulging of this territory, which began in the
Albian, continued throughout the Cretaceous, whereas vol-
canic activity was here at its peak only during the Late
Cretaceous. Further deformation of rocks and formation of
structﬁres having a latitudinal trend, took place in the
Paleogene.

An eugeosynclinal region is located south and west
of the miogeosynclinal zone of the Alaskan and Canadian
Cordilleras. This region is enclosed between the two Great

Alaska-Cordillera fracture zones, i.e., Denali (in the west)

and Tintina (in the east). Volcanic rocks represented

mainly by basalts and andesites, as well as by greywackes,
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clay shales, conglomerates and hornfels, are extensively
developed within the poundaries of this region.

The cross-section of the Paleozoic rocks in the
eugeosynclinal region differs markedly from that of the
rocks which form the miégeosynclnal portion of Alaska. This
territory 1is characterized by the presence of marine sedi-
ments, lack of thick volcanogenic deposits, sustained
thickness and lithology of the rocks, graded rock debris,
predominance of finely fragmental and carbonaceous rocks in
the cross-section. The latter rocks accumulated during the
Late Devonian, Mississippian and Permian. In the territory
of Alaska the eugeosynclinal region is divided in two parts:

p.30
the Central zone‘which extends from the Brooks range in the
north to the Alaska and Aleutian ranges in the south, and
the Southern zone which includes the arch-shaped Alaska and
Aleutian ranges, Mentasta and Nutzotin mountains, as well as
the coastal ranges and valleys of the gulf of Alaska, which
are located farther south.

Rocks of every geological epoch, beginning with the
precambrian, have been found in the Central Alaska. Rocks
of the belt* series, and in some regions still older,
markedly metamorphosed Birch Creck crystalline schists are

\

here equivalent to precambrian deposits. This region

*Pransliteration. (Translator)
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underwent severalrorogenic phases, some of which were accom-
panied by the formation of intrusions. Marine Cambrian,
Ordovician and Silurian sediments became deposited mainly in
the region located between the Alaska range and Yukon River.
The Lower Paleozoic attains here a thickness of 6100 m. The
Cambrian system is represented by limestones with subordi-
nate interlayers of black clay shales. Ordovician deposits
hgfgfazglwidely distributed; they are represented by schists
ranging from grey to black*, by argillites, siliceous rocks,
greywackes, quartzites, limestones. Silurian formations are
composed of limestones and dolomites. In a number of sec-
tors these rocks had been deformed, but D. Miller et al /25/
believe that the deformation was not accompanied by intru-
sive activity.

The Devonian to Permian complex of deposits occurs
with an angular unconformity upon Silurian and even oldef
formations. Marine Mississippian and Devonian deposits are
widely distrikuted in Central Alaska and attain, in certéin
areas, a thickness of over 600 m. These deposits consist of
limestones, black clays and schists, very thick siliceous
rocks, qguartzites, sandstones, and aré represented in a

number of places by volcanic rocks of the greenstone type.

*punctuation has been omitted in this sentence, as a
result of which it is not clear whether the phrase "ranging
1.t

from crev +o black" refers to the schists, or to the
o P4 14
argillites. (Translator)
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Ser ies: 0il and gas geology and geophysics.

VNIIOENG,* Moscow, 1970.

Problems of geology and oil-gas content of the North
American Arctic regions are examined in this review. Prod-
uctive and potential oil- and gas-bearing basins on this
territory and in the shallow-water area of the Arctic Ocean
adjacent to this territory, are here defined and described.

Modern views on tectonic peculiarities and on the history of

geological evolution of the northern part of the Canadian
Platform, southern periphery of the Hyperboreal platform and
geosynclinal region of the Canadian and Alaskan Cordilleras

are here outlined. Potential oil and gas resources in all

these basins are evaluated, and the territory is divided
into zones with respect to their potential oil and gas

content. The state of the oil and gas industry in these

regions is here characterized, and possibilities of its

further development are examined. Brief data on oil and gas
resources of the Soviet Arctic regions, as well as a general
outline of pqtential 0il and gas reserves in Arctic and
Subarctic regions are présentéd here.

This work is designed for broad circles of the

specialists involved in prospecting for oil and gas, as well

_ *A]11-Union Research Institute for the organization,
administration and economy of petroleum and gas industry.
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belt 1in the north and Canadian Cordilleras in the west, is
referred to by B. Kh. Egizarov /14/ as the Mackenzie projec-
tion.

The northern periphery of the Canadian platform,
superposed by Paleozoic sediments, bears the name of the
North Canadian platform. It is divided in two parts. Its
southern half is enclosed between the surface outcrops of

the Canadian shield and the regional sublatitudinal fracture.

This part corresponds to the northern pericratonnal border

of the platform. The portion of the platform that is

located to the north of the regional fracture and is adja-
cent to the folded Franklin belt, appears to correspond to |

the foredeep formed as a result of the development of this

belt. The early Paleozoic and Middle Paleozoic rocks,

which fill the negative structural elements of the peri-

cratonnal extremity, do not exceed 2-3 thousand meters in

thickﬁess, whilerin the foredeep these formations exceed
4000 m.in thickness. The depths at which the foundation of
the Canadian Platform occurs /13, 54/ indicate the presence
in the northern periphery of the platﬁorm of several

p.5
depressions and syneclises that are separated by horst-1like
and arched uplifts of the foundation.
' The foundation of the precambrian Canadian Platform

is raised and crops out at the surface on the horst-like

Boothia elevation east of the Baffin land, as well as in the
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(such as Parry and Ellesmere) formed at that time. The
extreme northeastern part of the Ellesmere zone (the- north
of Ellesmere) consists of formations reflecting the eugeo-
synclinal type of development. In the geological literature
‘it is referred to as the "Northern Ellesmere geosynclinal
.region." Th;ck beds of greywackes, polymictic sandstones,
conglomerates and clay shales, as well as volcanic lavas and
tuffs are found here. The degree of metamorphization of the
éntire cross-section of deposits is here considerably higher
than in other parts of the Franklin geosynclinal belt.
Certain Soviet and American geologists are inclined to
believe that the Northern Ellesmere eugeqsynclinal region,
or at leastAits northwestern part in the Axel-Heiberg region,

p.7
represents a Gledonian folded system andris a continuation
of the caledonides of Greenland /56/ or of the caledonides
of the Cornwallis folded zone /1/, which can be traced
farther north under younger deposits of the Sverdrup down-
warp, beyond the boundaries of the Lomonosov range.

In the eastern half of the Ellesmere Island the
trend of the Central Ellesmere folded belt is submeridional.
To the south of it and farther on to the Devon Island sub-
latitudinal trends predominate. This drastic change in the
folding treﬁd of the Franklin belt suggests that the belt is
draped upon a rigid bu%ied foundation block, which consoli-

dated at an earlier date and above which the Sverdrup
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the time when thick carbonaceous geosynclinal formations
were still in the process of development in ‘other folded
regions.

The character of the structures and, what is more
important, their submeridional trend persist even farther
morth, beyond: the boundaries of the Sverdrup depression.
This circumstance led I.I. Atlasov et al /1/ to extend the

Cornwallis miogeosynclinal zone into the Northern Ellesmere

eugeosyncline and farther north, inside the boundaries of

the Lomonosov ridge. The time of formation of the Corn-

wallis folded zone should be regarded as Early Paleozoic,
p.8

and its development should be related to the formation of

+he horst-like Bobthia élevation. Vertical movements also

occurred in this zone during the Cenozoic, & circumstance

reflected in the trend of the structural forms found in the

central area of the Sverdrup depression (Fig. 1).

While examining the sublatitudinal Paleozoic

Franklin geosyncline, extending along the northern border of’

the Canadian Platform over a distance of more than 3000 km,
we must note its interrelation with the folded system of the
Brooks range. The latter has a sublatitudinal trend and

changes in the north to the foredeep of Northern Alaska. It

porders in the south on the eugeosynclinal zone of Central

Alaska. N.A. Bogdanov (1963) regards the Brooks range as

the western extension of the Franklin geosynclinal belt.
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the separation of the horst-like Boothia elevation and of

p.ll
the Cornwallis zone. The effect of these movements also
spread farther to the north, into the territory of the
Sverdrup downwarp. The ‘transverse submeridional barrier,
which divides the Franklin folded belt in two parts (Parry
and Ellesmere), and the Sverdrup depreésion into the western
and eastern zones of downwarpihg,;ggggﬁlggg§Jforming during
the Early Paleozoic. At the end of the Devonian the thick
complex of carbonaceous deposits in the Franklin folded belt
became.intensively dislocated.

Deposition of thick beds of fragmental rocks predom-
inated on the islands of Melville, Bathurst and in the south-
east of the Ellesmere Island from the Middle Devonian, and,
beginning with the Upper Dewvonian, continental formations
measuring up to 3500 m.in thickness were deposited on this
territory /38/. The area of distribution of these depoéits
extends in a continuvous band from east to southeast, from
the southern extremity of the Ellesmere Island to the Banks
Island. R. Thorsteinsson and E.T. Tozer believe that the
formation of psephytic rocks during thé Upper Paleozoic is
related to the intensification éf the tectonic activity,

which resulted eventually in Orégény in this belt. It may

2

&

o ssumed that the foredeep between the Franklin belt and
the Canadian Platform formed preciscly at this time, during

the final orogenic stage of development of the geosynclinal




(I03RTSUBRIL) "UOTIRISITISURILy

1snIo 8yl JO UOTIOSS SNODSTA ATpaxiém oxow e sjuosaxdax
sbuel aosouoworT 9yl ‘uoTuTtdo STY Ul -wseyoouayds OTIDAY 2U3
po3eoID YDdTIUm JO Juswaa0OW SY3 tgypOTq 9Yl IO uOTIRIOI 3BYI
JO 3Tnsax 9yl ST SBIDTTTPIOD URHSEIV oy3 JO s3yoq oTusboio
sy3 JO 8In3jeaAIndaX oY} U} SSASTTSY SH -wseyoousyds oyl
se uoTrsuedx® 3ITI ® YyOns 03 sIoFsd Aoxen eATuez vARUIABADS
03 uobieqzaTds wox buTpuslxs 3IITYS SYF A0 «, TOMsebau,
sya ST--oThueTI3z 9yl JO °SSBY SUYI--9P1IS PITYY SYL °"UTseq
1o3em-deosp ueIpeUR) SUl UITM PISPTOUTOD ‘TTpeI 9s9Yl USIMID]
pesoToud X101TIIo3 °2y3z Jo uorirod uisyinos TeTnbuetay
syl -exsely TeI3us) 9yl JO yjnos auz Ut pPo3e00T Sem UDTUMm
JO ©I3USD UOTIRIOX BYF fSJUSUTIUOD JO 33ITIP OYTI[-IOSSTIOS
' JO 1InSeI ® Se pswIoI pey UTSBq DTIDIV Y3 1eyUyl popnouocd
pue sssoayizodAy s,3TOL Ng WOII peposooad /Ly/ AsxeDd
'ezfs uT
" poISIJTP pukR ISYjoue SUO WOIT AT3uspusdopuT pe3e30x ‘utrseq
oTy0Iy oyl buTpunod sHOOTY TenpTATPUL 2y3 3Byl poASITSq ISYD
_Iess9a STYL °3IITIP TeIUSUTIUOD 3Y3l IO AxosUl Syl UuO pIaseq
ST YoTyMm ‘sSuTseq OTIUBRTIVY UISYIIAOU pue ©130IY¢ °U3 3IO utbhtIo |
ay3 uo sTssayjzodAy ® poasebbus /Ly/ 3TOL nd '1¢6T UI
* 19y3angy Axosyl sTUl padoTaasp sisTboTO®b ubpToOI0J puR 3ISTAOS
yaoq saesAk auenbesgns syl Buxinq -uothar OTIOIY UISYJION
2yl uT pe3jeool juTod B puUnNoOI® fut3zelzox STTUYM ‘sdoang woId

Xeme ‘spiemisem po3ITIP BOTISWY YIION S® 92TS UT puTSELIOUT

0¢



22

sedimentation within the boundaries of the foredeeps, by the
formation of large thrusts in the region of the Brooks range,
and by the appearance of plutonism. The breaking up of the
continents attained its peak at the end of the Early Creta-
ceous and terminated in orogeny. At that time the Canadian
‘Arctic Archipelago and Alaska began to assume a position
similar to their present position.

Apparently}continental and shelf-underwater regions
of the marginal Arctic Ocean seas are confined within the
boundaries of the North American continent to the remnants
of an ancient, probably Precambrian platfoim,~which is known
among Soviet geologists as the Hyperboreal platform. 'Thesé
remnants are found north of the geosynclinal Franklin belt
and Brooks range, and déﬁarcate the deep-water Canadian basin
in the south. Various researchers view the origin of this
basin in different ways.

At the present time most researchers believe that
depressions in the ocean floor were not there originally,
but arése at a certain stage of the geological history /3,4,
41,60/. This conclusion is equally valid with regard to the
depressions in the internal .and marginal seas, where the
crust has a two-laver structure and consists of a "basaltic"
and a sedimentary (often fairly thick) layer /20,58/. V.E.
Khain /42/ finds evidence of the "secondary" nature of
oceanic and suboceanic depressions in the correlation of

their contours (i.e, contours of the areas devoid of the
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development and trends of the Paleozoic orogenic belts,
which extend beyond the boundaries of the Atlantic Ocean
through the Urals, Novaya Zemlya, Norway, Spitgbergen,
Eastern Greenland, Canadian Arctic Archipelago, Severnaya
Zemlya and Novo-Sibirskie Islands, led A.J. Irdley* /17/ to
suggest that the Hyperboreal Platform was a mainland in the
pre-Paleozoic times. Results of analyses of the conditions
under which the Paleozoic geosynclines formed in Aiaska,
also appear to corroborate this hypothesis. It may be
assumed from these data that the removal source for the
accumulation of certain beds was located to the north of the
present mainland at the place, where the deep-water Canadian
basin is found today. The fact that North America and
Europe have a common Paleozoic marine fauna is another
important argument in favour of this hypothesis.

The seismic investigations carried out by Oliver,
Ewing and Press /59/ in 1952, in the southern Arctic basin,
_appear to suggest that the parameterg of the wave lengths
recordad by these researchers, are characteristic only of
continental structures and do not apply to the areas with

the oceanic type of crust. Later on they stated, however ,**

*Guesswork. Irdli in the text. (Translator)

**A portion of the sentence seems to be missing.
Translated literally, the beginning of the sentence goes as
"

follows: "Having nevertheless emphasized later on . . ..
(Translator)
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places in the folded zone adjacent to the downwarp. These
evaporites form, as a rule,jcomplex structural relationship i

with the enclosing beds of rocks. R. Thornsteinsson and

E.T. Tozer /38/ attribute the most marked plastic deforma-

tions of evaporites to the effect of the tectonic activiza-
tion during the Cenozoic. The demarcation line of the range
of the Paleogene-Neogene boreal—transgressive structures of

the Beaufort formation bounds the Sverdrup depression in the

north-northwest. It has a distinctly linear outline and

appears tco coincide with the scarps, as well as with the
aults which are associated with these scarps and along
which the territory of the Hyperboreal Platform, adjacent

from the north, had subsided.

The Sverdrup hollow is thus a large depression

filled with subplatform formations. These formations are

now dated as Pennsylvanian to Paleogene-Neogene inclusively.

The contact of these deposits with the subjacent geosyn- =
clinal formations has been established only in the marginal
areas bordering on the folded belt. So far the folded found-
ation has not been exposed within the Sverdrup depression.

It is known that the boundary line bethen the downwarp and
the Franklin belt is rather disfinctly defined and that it
passes through large, extensive abyssal fractures. The
boundary has been traced on Ellesmere, Melville, Prince

Patrick and on other islands of the Canadian Arctic
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which the Canadian basin may have subsided. The Brooks
range and its extension beneath the waters of the Chukchi
Sea (in the direction of the Wrangell Island and farther
north) form its southern and eastern boundaries, while the
underwater Mendeleev range acts as its northern boundary.
The region of the pericratonnal subsidence of the
Arctic slope of Alaska and the Chukchi platférm projection,
on which the northern and southern Chukchi elevatibns are
located, can be established within the pericratonnal border
of the Hyperboreal Platform. I.P. Atlasov et al /1/ refer
to this projection as the Hyperboreal Block. It formed
during the Arcﬁean-Proteeroic and Epiproterozoic. A con-
siderable portion of the Hyperboreal Block co;sists of

plateau-basalts. B. Kh. Egiazarov /14/ regards this terri-

tory as the Hyperboreal table, which underwent descending

movements during the Mesczoic and Cenozoic. A large portion

p.20
of the table is occupied by a field 6f extensively developed
effusives which have a basic composition and date back to
the Upper Cretaceous and Paleogene.

The pericratonnal depression of the Arctic slope 1is
bounded in tﬁe south by the Brooks raﬁge. It includes the
submontane Colville downwarp, Umiat depression in the east
and Chukchi depression in the west. The two depressions are
separated by theAtransverse Meade—garrow elevation.

During the Jurassic the anticlinorium of the Brooks
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initially at the boundary separating these two platforms,
then spread gradually over their peripheries. Descending

p.22
movements of the maximum amplitude occurred in the sublati-
tudinally elongate zone, coinciding in the modern structural
plan with the Franklin geosyncline.

The time and tectonic results of the downwarping, as
well as the age of the deposits accumulated here, vary.
Paripheral portions of the Canadian platform periodically
underwent downwarping and were filled with sediments mainly
during the Lower and :iddle Paleozoic. The North Canadian
platform and the foredeep conjugated with it, formed as a
result of this warping. The descending movements ended in
the north of the Canadian Platform ;nd in the geosynclinal
belt during the Devonian-Early Carboniferous, and culminated
in the Paleozoic folding responsible for the formation of
the Franklin folded belt.

Peripheries of the H:

Y

'perboreal Platform probably
underwent the most intensive downwarping later, at the end
of the Paleozoic, during the Mesozoic, in certain places
even during the Cenozoic. This 1is corfoborated by the
presence of a sedimentary sub—piatform mantle under the
waters of the Beaufort Sea and in the northern delta of the
river Mackenzie, as well as in the North Alaskan foredcep.
The maximum downwarping compensated by intensive sedimenta-

tion, concentrated here in the peripheries of the Hyporboreal
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pound these folds and which formed mainly during the Lama-
ride folding phase. Slopiﬁg thrusts develop in certain
places along the eastern boundary of this region. The
region at the junction of the Brooks and Mackenzie anti-
clinoria is the most complex sector of this province. The
folds are here squeezed and form a broad, sudden bend
because of the presence of a block elevation éimilar to

that of the Richardson mountains /14/. This complex tec-
tonic junction encloses a Middle and Late Paleozoic folding,
which (in F. King's opinion) is comparable in character to
the folding of the Franklin belt. F. King believes that the
constriction of the Canadian Cordilleras is caused by the -
junction of the Mesozoic and Cenozoic Cordilleran structgres

with formations of the Franklin belt. The region, where

Brooks range structures are linked with the structures of

the Mackenzie mountains, represents a zone of conjugatioh of
mesozoids and paleozoids of the Chukchi-Brooks branch with
the Cordilleran mesozoids. It is pfobable /4/ that meso-
zoids and paleozoids of the Chukchi peninsula and Brooks
range are both very similar and structurally related to the
folded formations of the Arctic Canada, i.e., to the Franklin
geosynclinal belt, rather than to the Cordilleran belt. The
North Alaskan folded system of the Brooks range anticlinoriun
is represented by a complex of essentially linear structures.

The position in space and the morphology of these structures

are determined by the trend of the geosynclinal zones, as
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carbonaceous raocks with interlayers of schists, Upper

Devonian deposits are represented here by sandstones and e |
ferruginous schists, whereas the sediments south of the
spurs of the Brooks anticlinorium (Barn and British moun-
tains) consist essentially of conglomerates.

A break in sedimentation occurs on the boundary of
the Upper and Middle Devonian, a circumstance indicating
that the territory became uplifted at that time. Regional
unconformity between the rocks of different facies deposited
during these periods, indicates local movements of the earth
crust. The unconformity has been recorded in-Central and
Western Alberta, in the south of the Northwestern Ter;i—

tories, in the north of the Franklin mountains and in the

p.27
southern part of the Richardson region. The activization

was approximately synchronous with the break between the

Middle and Upper Devonian and probably coincided with the

orogeny in the northern part cf Cordilleras and in the

southwest of the Brooks range anticlinorium. The age of the

guartzitic intrusion of the mountain Fitton (the northwestern |
slope of the Barn mountains) 1is 353 million years. Baads-

gaard et al /44/ believe that the intrusion of granites -
corresponds to the Early-Middle Devonian. The next orogenic
cycle recorded in the north of the Yukon territory, probably

took place during the Early Pennsylvanian. Pennsylvanian -

deposits in the northern regions of the Richardson mountains




uT pue suoTHaI uTeIUNOW SYJF UT PSIROOTSTIP 30U dI° s3Tsodap
sushooTed TLIUSUTIUOD LU 3D0BF SBYJ °SNOs8de3IxI) 93°8]

2Yy3 IO pUD 9U3 3B PaIINDdDO0 aarYy JArW SHOOI 3sdU3 JO (butpTo3)
uoT3eWIOIS(Q T SBISTTTPIAOD uevTpRUR) 33 JO 1xed uxsyjlaou

SY3l UT PUNOJ SMOOI POILDOTSTP 3S9HUNOA 2yj 8Ie SNO|D

—-e391) 1addn syx 3o aed SIppIu 2Y3F JO SUOTIPWIO]

‘potaad sTUl HUTIND sSjusW

—oaou DTUSHOIO JO STEDOS SYJ SUTWIADISP 0F SDTIINS BIRP 9S3YI.
Jeyl ‘Isa9m0y ‘HUTY3Z 3IOU S80P /yg/ utiIer "Lt Tsurejunouw
uTTyURII oyl JO 3xed UISYIIAOU DY} UT PUR SUTBIUNOU UOSPIBUDTYH
52Uyl JO 3ISEBS SUOTIBWIOF FUSTOUR 9I0W STTISA0 SUOZTIOY SNO3D

-e391) Ioddn I9MOT 9U2 JO SOOI ‘umouy TT=M ST SY

s suTRIUNOW

sseyl JO 31SoM pUBR SUTRIUNOW UOSPIRYDTY @Yl JO 3Ied uI8yl Iou
eqﬁ uT snosodeiaa) Iaddn 8yl Jo butuuTbeq Syl 3 pPIpIOoOSI
usaq OSTE 2A®BY A3TWIOJUOOUN pUB JNOYSM IBUZ I23YFInF S9530U
Ioydiesssl STYL -UeTqIyY pue uwvtldy JO KArxepunog 2131 UO--3UO
I9Yy30 2Y3 ‘snosoelaa) ISMOT =2U3x JO putuutbog BYylz e PIOIINID0
weyl JO sup ‘snosdelsi) ATAed 2yl HUTINP PaIANDIDO0 YITUM
‘yoT3elUSWIPSS uT syeeaq buTpucdseIACD pue SSTFTWIOFUODUN
om7] pepiooex /G9/ AysisTsr vy L odeld 003 SUTeIUNOU

gg-d

ysT3Tag oyl JO uorieusaniey +po33TTdn sem sbuex s300Ig

oya (UeTqIy) SNO2DRISID IDMOT Y3l JO pud 3yl IV *saeslk
UOTTTTIW G6 ST (9Hbuex syooad =yl 3o qaaed uxsiseq) SsuTelIUNOW

ysT3TIg 92Ul uT /yy/ Te 3I° parebspeed Aq pa3ep so3tueib

8V



50

Triassic rocks upon the Carboniferous deposits shows that no
significant orogenic movements occurred on this territory at

that time. Tectonic movements, which resulted in the forma-

tion of the Brooks range, probably began during the Jurassic.
This is evident from the wedging of mafic and ultramafic

‘intrusions, which began during the Late Jurassic. During

this period a geanticline formed here. This geanticline was

subjected to extremely intensive ascending movements, and

represented in the Early Jurassic the principal source of

removal for the premontane Colville depression.

D. Miller et al maintain that the Early Cretaceous
orogenic movements led to the deformation and metamorphosis"
of the rocks occurring in the Brooks range province, and
resulted in the fbrmatibn of structures having a latitudinal
trend. The bulging of this territory, which began in the
Albian, continued throughout the Cretaceous, whereas vol-
canic activity was here at its peak only during the Late
Cretaceous. Further deformation of rocks and formation of
structﬁres having a latitudinal trend, took place in the
Paleogene.

An eugeosynclinal region is located south and west
of the miogeosynclinal zone of the Alaskan and Canadian
Cordilleras. This region is enclosed between the two Great

Alaska-Cordillera fracture zones, i.e., Denali (in the west)

and Tintina (in the east). Volcanic rocks represented

mainly by basalts and andesites, as well as by greywackes,
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drilled in the vicinity of Houston, a seepage of gas was
recorded at the depth of 169-236 m, from coal-bearing -
Paleogene-Neogene formations. The gas detected in 1955, by
the reconnaissance borehole, which was drilled to the depth
of 1175 m near the western shore of the: Knik Arm Bay,

p £9
probably originated in the same Paleogene-Neogene coal-
bearing deposits. In this territory there is no evidence of
o0il shows associated with Eocene and still younger Paleogene
formations, however, the rocks filling the intermontane
depression, may have served as sources of gas production.

In the Kopner* depression, a borehole was drilled in
1955-1956, to the depth of 1468 m. Small gas and oil seep-
ages were recorded duriﬁg the drilling. Gas manifestations
from deposits of Cretaceous age have also been observed in
one of the structural drillholes. Aeromagnetic and gravi-
metric works, as well as geological survey have been carried
out on the territory of the bkasin, as a result of which a

have been discovered. Reconnaissance

n

number of structure
drilling carried out in these structures yielded, however,
no significant results so far.

Upper Triassic bituminous carboniferous deposits are
known in the basin of the Alaska peninsula. 0il shows have

been detected in denudations of Middle and Upper Jurassic

*Transliteration. Copper? (Translator)
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rocks, which also enclose arenaceous bands. The lenticular
occurrence and the marked lithological lateral variation of
the sandstones show that they formed under coastal conditions.
Upper Cretaceous deposits include bituminous sandstones.
Paleogene-Neogene deposits have on the whole a continental
appearance, hold little promise and could have scarcely been
source rocks of petroleum. However, they might have served
as reliable reservoirs for the accumulations of the oil and
gas, which migrated from the underlying marine Mesozoic
deposits.

All this allows us to regard rocks of this age as
potential oil- and gas-bearing beds, and to take them into
account alongside the rocks of the Mesozoic beds when esti-
mating the predicted reserves of this basin. The largest of
the reliably established areas of oil and gas concentration
in the Alaska peninsula basin are the areas confined to the
centrél part of this basin. O0il and gas shows from Upper
and Middle Jurassic deposits have been detected; bitumen has
béen encountered in Upper Triassic formations; and Lower

Jurassic rocks contain bituminous sands.

Potential oil and gas resources

The data on lithology, thickness, range and depth of
occurrence of the most promising complexes of deposits
p.70

presented above in conjunction with the information
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available on the geological history of the basins and of the
0il and gas shows known to us (from both denudations and
wells), were used to estimate the potential oil and gas
resources of all the basins located on the territory of the
Arctic and Subarctic regions of America. The estimates were
made to the depth of the sedimentary mantle of 5 km. In the
areas examined in the adjacent off-shore regions the evalua-
tion was done to the depth of 300 m.or less. The overall
areal extent of the regions of promise is 2800 thousand sq.
km., of which approximately 1500 thousand sq. km. (i.e. 53%)
represent shallow-water areas.

The saturation-balance method developed by the NIL-
Zarubezhgeologii* /27,30/, was used in estimating the poten-
tial oil and gas resources. This method is based on the
direct correlation between the rate of accumulation of oil
and gas and the capacity of natural reservoirs (hydrodynamic

systems) of the oil- and gas-bearing basins. This method is

particularly convenient for tn:

th

v

(O
3]

valuatich of oil and gas
resources in relatively unexplored regions, on which there

2

are no data required for the objective ¢

&}

lculation of pre-
dicted reserved by other methods (according to the averaged
structure or hectareage}

The estimates were made separately for each large

stratigraphic complex of deposits. Those complexes word

Vv o<

*Research Institute of Geology in Foreign vounit:
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tentatively regarded for this purpose as lithologic-
stratigrephic valuation complexes /32/. Valuation sections
were established within the range of potentially promising
deposits of each complex. These valuation sections usually
correspond to large geostructural elements of the basin
(foredeeps, platform depressions, median elevations), less
often to various portions of the basin differing in hyp-
sometric position (rims and central parts of depressions),
or to relatively small structures (ancient downwarps, young
superimposed basins, etc.).

The capacity of the natural reservoir of one or
another complex was determined within each given valuation
section as the product of the surface area of this section
and the value of the productive arenaceousness or carbona-
ceousness of the complex (the ratio of the permeable portion
of the complex enclosed between the regional structures
impervious to water, oil and gas, to the overall thickness
of the complex). The total capacity of the natural reser-
voirs of all the sections represents the capacity of the
natural reservoirs of the given complex, and the sum of
these latter capacities reprcsents the total capacity of
natural reservoirs of the given basin.

The ratio of the volumes of oil and gas in produc-
tive horizon to the capacity of the natural reservoir (i.e.
of a section, complex, basin) is known as the oil or gas

p.71
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concentration coefficient (of a section, complex, basin).
The highest values of this coefficient are naturally charac-
teristic of local sections, i.e. of 0il or gas pools and
traps. As the capacity of the natural reservoir increases
(i.e. as we move towards the progressively increasing surface
area of a complex), the values of the coefficient decrease,
since the oii and gas volumes increase at a considerably
slower rate than does the capaéity of natural reservoirs:
the former are limited by the value of the proven and poten-
tial petroleum reserves, whereas the latter are relatively
unlimited. An analysis of the actual corrélations between
the geological oil-gas reserves and the capacities of
natural reservoirs of the sections enclosing these reserves,
was carried out in various oil- and gas-bearing basins of the
USSR and abroad. This analysis has shown that the depend-

ence of the oil or gas concentration coefficient on the

capacity of the natural reserveir appears in the form of a
descending, gracdually flattening out curve, (known as the

"Napol'skii's curve" in honour of the researcher, who dis-
covered this dependence). The maximum value of the concen-
tration coefficient, towards which the curve rises asympto-
tically, while the cawvacity of the natural reservoir
incireases to infinity, corresponds to the threshold concen-
tration of hydrocarbons in the basin, to the threshold
retaining capacity of the hydrodynamic system of this basin,

i.e. to the maximum amount of oil or gas capable'of
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accumulating in the form of productive concentrations. The

threshold value of the concentration coefficient can there-
fore be referred to as the index of the retaining capacity
of a basin. The value of the index proved to be independent
both of the type of the oil- and gas-bearing basin, and of
the age and thickness of the sedimentary formations compos=
ing the basin. It varied within the limits of 0.00012-
0.00018 for oil and 0.0013—0.d023 for gas, and was equal on
an average to 0.00015 and 0.00185, réspectively. Deviations
from the mean values do not exceed 20-25% in different
individual basins. The precision of calculations is
approximately equal to this figure, since the reliability

of the values characterizing the geological oil and gas
reéerves of the A + B category, on .the basis of which the
concentration coefficients were calculated, is also scarcely
higher than #* 25%. We can therefore formulate the hypothe-
sis tﬁat the total value of potential 0il and gas resources
in a given basin is determined to a great extent by the
capacity of the natural reservoirs of this basin and of its
hydrodynamic system. It should coﬁrgspond to approximately

0.00015 of this capacity for oil, 0.00185--for free gas.

p.72

In calculating potential oil and gas resources, the

\
threshold value of the concentration coefficient should Lo

used only in the events, where the capacities of natural

reservoirs of the valuation sections are very large and
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proceeding from the predominant lithological features of the
given complex, since there are no factual data on the dis-
tribution of permeable zones in the cross-section. The data
available (Figs. 2, 4, 7) show, however, that the cross-
sections of the sedimentary mantle of the American Arctic

and Subarctic regions reveal certain lithological and

stratigraphic features similar to those of the cross-sections

of certain thoroughly explored Soviet oil- and gas-bearing

basins. For example, basins of the Hyperboreal Platform

resemble those of the eastern periphery of the Russian

Platform (Timan-Pechora and Volga-Urals); basins of the
northern part of the Canadian Platform are similar to those‘
of the northwestern periphery of the Russian Platform;
basins of the intermontane depressiqn in the Cordilleras
resemble certain Central Asian basins (Afghan-Tadzhik,

p.73
Fergana basins). This circumstance enabled us to use in the

C

48]

lculations the mean values of the coefficients of the
productive arenaceousnaess and carbonaceousness that were
obtained for the Amsrican Arctic basins from the values
known for the aforementioned basins ofithe USSR (with
corrections for the specific geological conditions). For

example, if readily permeable terrigenous deposits predomin-

ate,significantly in the cross-section of a complex (within
the boundaries of a valuation section), the content of

natural reservolrs in this cross-section drops from 20-25%
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(thick, essentially arenaceous Eocene beds of the Cook Bay
basin) to 10-15% (the argillaceous-arenaceous cross-section
of the Mesozoic deposits in the Sverdrup basin). In carbon-
aceous deposits, the average content of natural reservoirs
in the lithological-stratigraphic complex was estimated as
equal to 10% by analogy with that of most carboniferous
cross-sections in the USSR. It decreased to'3—5% in the
event of heavily clayey limestones, and it increased occa-
sionally (for example, when reef-building limestones pre-
dominated in the cross-section) to 20-30% (western part of
the Mackenzie basin). In the presence of terrigenous-
carbonaceous déposits, intermediate values of the coeffi—"
cient of productive capacity of the lithological-
stratigraphic complex were used; the choice of the values
depended on whether terrigenous or carbonaceous rocks pre-
dominated in ﬁhe cross-section.

The predominant physical state of hydrocarbon con-
centrations (oil, gas, gas-oil, gas condensate pcols) was
determined for each valuation section. In doing so, the
geological history of this section and the probable average
conditions within the productive horizons were taken into
account /28/1 The regions, in the geological development of
which the tendency to steady downwarping predominated and
the pressure in productive horizons never dropped below the
valuation of the-saturation press&fe {i.e. where conditions

were unfavorable for the liberation of dissolved gas into
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the free phase), were regarded on the basis of these hori-
zons as essentially oil-bearing regions. The regions, which
lagged behind in the general subsidence and which were up-
lifted during different periods of their geological develop-
ment, i.e. the regions, where the pressures in productive
horizons have been consistently lower than the saturation
pressures of the oils of the same age, should contain dry
free gas in their most markedly elevated sections, gas-oil
pools (to a lesser degree o0il pools) in their relatively low
areas. The nobile zones, where the descending vertical

p.74
movements repeatedly gave way to ascending movements, enclose
an intricate combination of different types of pools. Pools
of gas condensates, gas condensates-oil and oil should
predominate in their deep-seated horizons. The upper hori-
zons, where pressures in the productive strata may be either
lower than or comparable to the saturation pressures of oils
should enclose in principie 0il, gas-oil and gaé pools. The
guantitative ratios of the liquid and gaseous phases in the
interior of t

e earth are characterized in each valuation

0

section by the mean value of the G index of the ratio of
phases. This index is calculated from the value of the

ratio of the mean o0il saturation pressure in the given complex
to the mean pressure within productive horizons in the given
section. of this complex /26/.

Potential oil and gas resources are calculated
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according to the formulae, which take into account the
capacity of the natural reservoir, the value of the oil and
gas concentration coefficient and the value of the phase
correlations coefficient. These formulae are modifications
of the formulae proposed by M. S. Napol'skii /30/, and of

those developed by M. Sh. Modelevskii and E.I. Parnov /27/.

Predominantly oil~bearing sections.

QNP = VR . wH < dN million tons; (1)
0 G

GLsgp = ————  milliard cu. m. (2)
7 (1L - G)

G = Vv E ) + F - 10°° omilliard cu. m. (3)

Sections in which cas-oil pools predominate.

Ve ¢, P - F +10°
G = —= = milliard cu. m.; (4)
SGP
1 -G
Gogp (1-G) * AN ‘
Q = million tons; (5)
NP '

(1.6 G - 0.6) F ;0”3

_*The characters used in these formulae, are a
mixture of Cyrillic and Latin. To avoid confusion with the
V. symbol, I shall use a small r to denote this particular
index. (Translator) o
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0.6 Qnp

G L ' (6)
LGP aN -« v _

Sections in which cas condensate and o0il pools predominate.

First of all, resources of free gas are estimated
according to the formula (4); thereupon oil resources are
calculated according to the formula (5). These total oil

resources include both liquid oil and the condensate, which,

when found in the rocks of the productive horizon, is

dissolved in the gaseous‘phase. In order to differentiate

these reserves, the possible maximum reserves of the conden-

sate must be calculated according to the formula

Q. = — million tons; (7)

liguid oil reserves Q%p are then calculated according to the

formula

million tons. (8)

Oxp = Qe T Y%kepr

Should the Q value, determined according to the

GK+Pr
formula (7), prove to be greater than the QNP value, deter-
mined according to the formula (5), it would mean that under

these particular conditions of occurrence the entire oil is

represented by the gaseous phase (condensate).

Symbols used in the formulae (1) - (8):

VR - volume of natural reservoirs, cu. km.;
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wH - 0il concentration coefficient, % (thousandth frac-
tions);

QG - gas concentration coefficient, $%;

G ~ index of phase correlations, fractions;

r - index of the content of petroleum fringes in the

total volume of the gas-oil or gas condensate-oil

pools (determined from the known G value), fractions;

v - volume coefficient of dissolved gas, cu.m./cu.m.
< 10 3;
F - volume coefficient of free gas, cu.m./cu.m.;
dN - density of oil, g/cu.cm.;
dGK - density of condensate, g/cu.cm.;
p.76
QNP - potential oil resources, millions of tons;
GrGP - potential resources of dissolved gas, milliards of
cu. m.;
GCGP - potential resources of free gas, milliards of cu. m.

Results of the calculations are shown in Tables 2-5
and in the schematic map of potential hydrocarbon resources
of producing and potential oil- and gas-bearing basins of
northern Canada, Alaska and of the off-shore areas adjacent
to these regions (Fig. 9). The values of potential resources

correspond to the sum of the subgroups D; and D, to the
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500 m.depth of the sedimentary mantle and to the 300 m,

isobath of the ocean floor.

In the Arctic slope basin the Umiat and Chukchi

depressions, the Barrow-Meade elevation separating these
depressions, as well as the Southern Chukchi elevation and'
the premontane Colville downwarp were chosen as valuation
sections. The total surface area of the Umiat depression is
75 thousand sg. km., some 30 thousand sqg. km. of which are
covered by the Arctic Ocean. The Chukchi depression occu-
pies an area of 210 thousand sqg. km., of which 140 thousand
sg. km. are in submarine regions. The mean thickness of
Paleozoic and Mesozoic terrigenous-carbonaceous complexes
of deposits in these depressions are 3000 and 2500 m,
respectively, while the average depth of their occurrence
is 5000-2000 m. The capacities of natural reservoirs in the
Paleozoic and Mesozoic complexes come to approximately 30
thousand cu. m. in each of these complexes in the Umiat
depression, to about 50 thousand cu. km. in the Chukchi
depression. The mean values of the saturation pressure of
oils in the Paleozoic complex were chosen by analogy with
the Timan-Pechora basin of the Russian platform and were
regarded as equal to 120 atmospheres; those of the Mesozoic
deposits were selected by analogy with the West Siberian
basin, and were estimated as equal to 100 atmospheres. The
steady tendency of these depressions to subside throughout'

the major part of thelr geological history, allows us tc
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rate them as essentially oil-bearing (mainly if the condi-
tions correspond to those, where the rocks occur at a mean
depth of 2-5 km). This does not mean, of course, that pools
of free gas cannot be found in these regions, particularly
in the subsurface horizons. But on the whole such pools
would represent a negligible fraction of the total potential
hydrocarbon resources. In this instance the value of the
index of the ratio of phases was determined as equal to
0.02-0.03 for the Chukchi depression and to 0.02-0.10 for
the Umiat depression (for the Paleozoic and Mesozoic
deposits, respectively). Potential resources of oil and
p.77
dissolved gas were estimated according to the formulae (1)
and (2) as equal to 19.5 milliard tons and 240 milliard cu.
m. for the Chukchi depression, as 6.9 milliard tons and 220
milliard cu. m. for the Umiat depression. About 70% of the

potential oil and 40% of the potential dissolved gas resources

-~

o

in

siorns belong to their submarine areas.

O
[of)

of tnese tw iep

b

These estimates of potential resources have been corroborated

O

by the discovery in 1968-1969, of several oil fields with
immense reserves in the Umiat depression, on the coast of
the Arctic Ocean. The mean deﬁsity of the potential
resources in both depressiocns comes to 100 thousand conven-
tional tons/sq.km.

The Barrow-Meade elevation occupies an area of 41

thousand sqg. km., of which 25 thousand sq. km. are located
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within the boundaries of the shelf. The thickness of the
productive complexes of deposits and their depths of occur-
rence are here considerably smaller than in the adjacent
depressions. For the purpose of estimates the thickness of
Paleozoic and Mesozoic terrigenous-carbonaceous complexes
was regarded as equal to 2000 and 1000 m, respectively,
while their average depths of occurrence were estimated as
equal to 800 and 600 m. The capacities of natural reser-
vnirs were calculated as equal to 11 and 6 thousand cu./km.

i

Fh
Q

The speci tectonic conditions of this region, are res-
ponsible for the fact that it remained hypsometrically up-
lifted over lengthy geological periods of time. These
conditions and the low present-day pressures in productive
horizons (considerably lower than saturation pressures of
0ils) allow us to classify the Barrow-ieade elevation as a
region bearing mainly gas and gas-oil. As is well known,
several small gas and gas-0ll pools have been detected here
in Jurassic deposits on tie mainland. The value of the
index of the phase ratio varies from 0.85 in the Paleozoic
to 0.94 in the Mesozoic devosits. Potential resources of
oil and of free and dissolved gas were~estimated in the
Barrow-ileade elevation accordiné to the formulae (4) - (6)
as equal to 400 million tons, and 300 and 100 milliard cu. m.
Ovex 60% of these resources belong to the shelf portion of
this elevation. The mean density of the potential resources

is 20 thousand conventional tons/sq.km.
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The Colville downwarp covers an area of 180 thousand
sq. km., 120 thousand sqg. km. of which are located under the
waters of the Arctic Ocean. The mean thickness of the
terrigenous-carboniferous Paleozoic deposits and of the
éssentially terrigenous Mesozoic sediments are 3 and 3.5 km;,
respectively.- Natural reservoirs of thése complexes have a
capacity of 32 and 43 cu. km. The mean depths of occurrence
used in the estimates are 5000 and 2000 m. Because of the
highly active tectonic conditions of the foredeep, repeated
reversals in the sign of vertical tectonic movements, and
considerable amplitude of these movements, the Colville
downwarp is regarded as a region where gas condensate and,

p .8
to a lesser degree, oil.pools predominate (at the mean
depths indicated above). Gas-oil and oil pools may occur
mainly in the upper horizons of Mesozoic age, which occur
at relatively small depths. As was mentioned in the pre-
ceding chapter, several small gas and oil pools have been
discovered here in Cretaceous deposits at the depths of
200-560 m. Potential oil and free gas resources of the
Colville downwarp have been estimated according to the
formulae (7) and (8) as equal to 550 million tons and 5300
milliard cu. m. The mean density of the potential resources
was calculated as equal to 30 thousand conventional tons/sq-
km. The shelf portion of the downwarp accounts for 75% of

its total oil and gas resources.
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On the whole, potential resources of oil and gas
amount in the Arctic slope basin to 27,300 million tons and
6200 milliard cu. m. Condensate accounts for some 600
million tons of the total petroleum resources, and 560
milliard cu. m. of the gas represent the gas associated with

0il pools.

In the Sverdrup basin, the territories (mainland and

offshore) situated within the boundaries of the Eastern and
Western Sverdrup depressions, as well as the Ellef-Ringnes
elevation, separating these depressions, were chosen as
valuation sections. Furthermore, the low—levél central
areas and the relatively uplifted marginal portions of the
depressions were also selected as such.

The surface areas of the East Sverdrup and West
Sverdrup depressions are 140 and 100 thousand sq. km.,
respectively; of these éreas 60 and 45 thousand sqg. km.,
respectively, are situated in the shelf zone as far as the
300 m.isobath. The mean thickness of the Mesozoic and
Cenozoic terrigenous deposits used in the estimates are 9000
and 500 m, while their mean depths of occurrence are 4000 and
1000 m, respectively. Both depressions are treated as
regions of a lengthy steady downwarping, therefore as
regions, where oil pools predominate in iesozoic deposits.
Pressures in productive horizons of these deposits are
probably considerably higher than saturation pressures of

0il by dissolved gas. Only the uppermost horizons of the
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Jurassic-Cretaceous deposits, which occur at a depth of less
than 1000-1200 m, may enclose gas-oil and gas pools along-
side oil. This is corroborated by the seepages of oil from
Jurassic deposits at the depth of 1400 m, and of gas from
‘the depth of 1100 m, which were recorded in 1969, on the
island of Melville. The Cenozoic deposits are essentially
gas-bearing, since they are relatively thin and are

p.-79
represented to a considerable extent by continental sedi-
ments (including carboniferous rocks) occurring at small
depths.

Potential oil and gas resources of the Eastern and
Western Sverdrup depressions, have been estimated as 7000
million tons and 500 milliard cu. m., respectively, in the
former, as 11,000 million tons and 900 milliard cu. m. in
the latter. Somewhat less than 50% of these resources occur
in the offshore region of the Arctic Ocean. The mean den-
sity of the potential resources is 116 and 119 thousand
conventional tons/sqg.km.

The Ellef—Rinqnes elevation covers an area of 45
thousand sqg. km., two-thirds of which are located under the
ocean waters. The terrigenous Mesozoic deposits having a
total thickness of up to 3000 m.and occurring at an average
depth of 2000 m} are the only sediments of promise on the
territory of this hyps&metrically elevated structural

element. It is presumed that these deposits enclose mainly
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gas condensate and oil pools. The capacity of natural
reservoirs is 27 thousand cu. km. The potential oil and
free gas resources are here 200 million tons and 800
milliard cu. m., respectively. The mean density of the

potential resources is 22 thousand conventional tons/sq.km.

The total potential hydrocarbon resources of the

Sverdrup basin are as follows: 26,200 million tons of 0il,

including 200 million tons of condensate, 400 milliard cu.

m. of dissolved gas, 2600 milliard cu. m. of free gas.

®
sl

Raaufort basin were

[

Potential resources of

estimated in the same manner. The low-lying central area,
which is completely covered by the Beaufort Sea,and the
outer border located on the mainland, were treated here
separately. The overall surface area of‘the basin is 100
thousand sq. km., including 70 thousand sq. km. which are

located below the sea. The potential hydrocarbon resources
: P

of the Paleozoic and Mesozoic deposits occurring at the

average depths of 5 and 2 km.in the central region, and at

1500 and 800 m on the outer border, are as follows: 6900

million tonscof oil, 900 milliard cu. m. of gas. The mean

density of the potential resources is 100 thousand conven=
tional tons/sq.km. within the boundaries of the water area,

and 55 thousand conventional tons/sq.km. on the mainland.

The Jones-Lancaster basin occupics a surface arca of

1

approximately 230 thousand sq. km., 35% O which 1s covered
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by coastal waters. Lowef and Middle Paleozoic terrigenous-
carboniferous and carboniferous deposits are here sediments
of promise. These deposits have an average thickness of
1-2 km. The areas chosen here as valuation sections are the
p.80
central downwarped zone and the raised border, the platform
part of the basin and the premontane downwarp. The promis-
ing complexes occur in the former at the depth of éOOO—BOOO
m, in the latter--at the depth of about 1000 m. (Upper
Paleozoic only), in the downwarp--3500-2500 m. The low-
lying platform portion of the basin has been rated as éssen—
tially oil-bearing, the raised border area--as gas-bearing.
The premontane trough is believed to be an area enclosing
mainly gas condensate and oil pools. Potential resources of
0il and of the gas aécompanying'the 0il, have been estimated
as equal to 2700 million tons and 100 milliard cu. m. in the
low-1lying platform part of the basin, as 3000 million tons
and 900 milliard cu. m. in its bordef area. Moreover,
resources of free gas were estimated as equal in the latter
to a volume of 1300 milliard cu. m. Potential resources of
the premontane downward have been estimated as equal to 100
million tons'of 0il, 600 milliard cu. m. of free gas. The
mean density of potential resources in these parts of the
basin is equal to 32, 46 and 17 thousand conventional tons/

sq.km. The total hydrocarbon -resources of the Lancaster

basin amount to 5800 million tons of oil and 2900 milliard
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cu. m. of gas.

In the Melville-Victoria basin, which covers an area

of 400 thousand sq. km. and more than half of which is
situated under the ocean, the valuation sections selected
included the low-level central areas and the raised marginal
platform zones, as well as the premontane downwarp. Poten-
tial oil and gas resources of these sections were estimated
by analogy with similar sections of the Lancaster basin, by
applying to these sections the appropriate mean densities

of potential resources calculated for ahalogous sections of
the latter basin. Paleozoic deposits of the Melville-
Victoria basin enclose 10,400 million tons of oil and 6300

‘milliard cu. m. of gas.

Tn the Wollaston and Foxe basins Paleozoic deposits

offer a certain interest only in the central, most markedly
downwarped portions of the basins, where the mean depth of
_occurrence of these deposits is appréximately 600 m. These
basins are believed to hold little promise, and are essen-
tially gas-bearing. Potential resources of free gas are
estimated as egual to 200 milliafd cu. m. in the former
basin, as 500 milliard cu. m. in the latter. The mean
density of potential resources is here equal to 4-6 thousand

conventional tons/sg.km.

The northern part of the West Canadian basin

includes within the boundaries of the region examined the
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Anderson elevation, Hyland Plateau and Peel Plateau. The
total surface area of this territory is approximately equal
to 210 thousand sg. km. Carboniferous, often reef-building
Paleozoic deposits measuring 250-700 m.in thickness, are
here sediments of promise. These deposits occur at the
depth'of 800-1000 m.in the Anderson elevation and Peel
Plateau, at 3000 m.in the Hyland Plateau. In.the most

p.81
markedly uplifted sections these deposits appear to bear
mainly gas-oil, but in the relatively low-level sections they
are believed to be essentially oil-bearing sediments.
Potential oil and gas resources of this region have been
estimated as 200 million tons and 360 milliard cu. m. Mean
densities of the potential resources are rather low: 2-3
thousand conventional tons/sq.km, in the Anderson elevation
and Hyland Plateau, and up to 6 thousand conventional tohs/

sq.km. in the Peel Plateau.

The Mackenzie basin is situated on the upper course

of the Mackenzie River and covers an area of some 30

thousand sq. km. Sediments of promise are here carbonaceous,

to a considerable extent reef-building deposits of Paleozoic

-

(mainly Devonian, Silurian and Ordovician) age, having a
mean thickness of about 500 m, and the mean depth of occur-
rence of 1000 m. - The latter circumstance leads us to regard
this basin as an area enclosiﬁg mainly gas-oil and oil pools,

with concentrations of gas in a subordinate position. One
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single oil field (Norman Wells) isknown here so far. The
productive horizon (Middle Devonian) occurs in this field at
the depth of 300 m. Potential oil resources of this basin
have been estimated as equal to 100 million tons, potential
gas resources--as equal to 140 milliard cu. m. The mean
density of the potential resources is 6 thousand conven-

tional tons/sg.kmn.

The Cook Bay (Cook Inlet) basin covers an area of 20

thousand sq. km. Half of this territory is located under
the waters of the bay. Terrigenous deposits of Mesozoic and
Paleogene-Neogene age are here sediments of pfomise. The
Mesozoic deposits, haviﬁg a thickness of 1000-1200 m, were
evaluated as a single unit, whereas the Cenozoic deposits
were subdivided into three lithological-stratigraphic valua-
tion complexes (in the ascending order): basaltic strata,
the Hemlock formation and the upper horizons of the Kenai
formation. Their thickness is 200-1200 m. The marginal and
central portions of the basin were chosen as valuation
sections. The mean depths of occurrence of Cenozoic deposiﬁs
on the territory of the brmer were calculated for the esti-
mates as egual to 2500-3000 m, of Mesozbic deposits~-as
equal to 4000-4500 m. In the latter the respective depths
were calculated as equal to 4000-5000 and 5000-6000 m.

The central part of this basin . underwent steady

downwarping during the Mesozoic and Cenozoic. It is

regarded as essentially oil-bearing in all of its valuation
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complexes. The marginal, tectonically more active part of
the basin has been rated on the basis of its Mesozoic’
deposits and upper Cenozoic horizons as a region which

p.84
encloses both oil and gas condensate pools. Gas and gas-o0il
pools may also be encountered in most markedly uplifted
structures, in the upper horizons of the Paleogene-Neogene
deposits found in the marginal part of the basin. These
deposits occur at the depth of 1000-1500 m, where pressures
in productive horizons are probably comparable with satura-
tion pressures. This pattern of 0il and gas distribution
in the Cook Bay basin agrees perfectly with the information
available on. the fields that have already been discovered.
As is well known, oil péols have been detected here in
Cenozoic rocks at the depths ranging from 1600 to nearly
5000 m, and gas pools have been recorded at the depths of
900-1100 m. |

Potential oil resources of this basin have been

estimated as egual to 1350 million tons, of which close to
550 million tons occur in the central portion of the basin
covered by the waters of the bay. Gas resources have been
estimated here as equal to 180 milliard cu. m. he sub-
marine territory of the Cook Bay accounts for 700 million
tons of oil and for 40 milliard cu. m. of gas of the total
resources of this basin. The mean density of the potential

resources in this basin as a whole is 66 thousand conventional
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tons/sq.km.; the marginal area has a somewhat higher density
(76 thousand conventional tons/sqg.km.) than the central zone

(where the density is 55 thousand conventional tons/sq.km.).

Potential 0il resources of the Nushagak and Yukon-
Flats-Kandik basins were estimated in a similar manner. The
raised marginal zones, where the promising Cenozoic and
Mesozoic deposits have a small thickness and a small depth
of occurrence, and the relatively low—lével central areas,
where the depth of occurrence and the tﬁickness of these

complexes are approximately twice those of the marginal

zones, were chosen in both these basins as valuation sections.

Potential oil and gas resources of the other intermontane
depressions in Alaska were also estimatéd with the help of
the mean densities of analogous complexes—of deposits from
the basins, where these resources were calculated by means
of more reliable methods.

The total potential geological resources of oil and
natural gas of the Arctic and Subarctic basins of America
were estimated on the basis of the factual data available in
early 1970, as equal to 92.6 milliard tons and 24.5 trillion
cu. m., respectively (Table 2). - Free gas accounts fbr 19.2
trillion cu. m. of the total gas resources. The remaining
amount represents the gas associated with oil pools. At the
progableAmean coefficient of the oil yield equal to 30%, the

recoverable portion of the potential oil resources amounts

to 27.7 milliard tons; at the coefficient of the oil yield
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equal to 50%, it is equal to 46 milliard tons, etc. The
recoverable portion of the potential resources of dissolved
gas is 2.6 trillion cu. m. at the coefficient of recovery of
the gas equal to 50%, that of free gas at the 80% coefficient
of recovery is 15.2 trillion cu. m. (Table 3). Over 60% of
potential oil and gas resources occur in the underwater shelf
areas. Some 45% of potential oil and gas reséurces are
concentrated in the basins located on the USA territory and
in American submarine regions, about 55% occur on the terri-
tory and in the submarine regions of Canada.

The largest resources of oil and free gas arc con-
centrated in tﬁe basins of the southern periphery of the
Hyperboreal Platform, and on the territory of the 1attcrj-in
the Arctic slope and Sverdrup basins.

Basins of the northern part of the Canadian Platiorm
range second with regard to their oil and gas resourccs
among the Arctic and Subarctic regions of America. liasins
of the intermontane depressions in Canadian and Alaskan
‘éordilleras occupy the third place (Table 4).

Recoverable potential oil resources of tho e ic
slope basins have been estimated as egual to 8-13 mili::
tons.

In the course of over a hundred years of ti ity
of petroleum industry in the USA, close to 16-17

tons of recoverable o0ill reserves (according to the sun ¢

the categories A + B + C; + C,) have been surveycd. oy
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milliard tons of these reserves have already been extracted.
Potential recoverable oil resources of the USA (excluding
the Arctic regions) were estimated in 1966, by the Mining
Bureau of the USA as equal to 138 milliard tons. Potential
recoverable gas resources were estimated around that date by
the Institute of Gas Technology of the USA as equal to 49.5
trillion cu. m., and are eqgual to 52.5 trillion cu. m.
according to our estimates, maae at the beginning of 1969
(Modelevskii, 1970). Recoverable resources of gas in the
Arctic slope basin amount to 4.8 trillion cu. m. This basin
thus contains about 10% of all the potential oil and gas
resources of the USA.

In the basins of Sverdrup and Beaufort, potential
recoverable resources of oil amount to 10-16 milliard tons,
of gas--to approximately 3 trillion cu. m. The Jones-
Lancaster, Melville-Victoria, Wollaston and Foxe basins,
situatéed behind the Arctic Circle, contain 5-8 milliard tons
0f 0il and over 7 trillion cu. m. of gas. We can therefore
expect to find 15-24 milliard tons of oil and over 10
trillion cu. m. of gas in the high Arctic of Canada.

According to the estimates of the Geological
Resources Committee of the Canaaian Petroleum Association,
potential recoverable oil resources in the rest of the
country amount to 16 milliard tons, gas resources--to 20.5
trillion cu. m. We mavy thus see that as a result of the

intensification of prospecting in the Arctic regions,
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potential oil resources have virtually doubled in Canada,
those of gas--increased one and a half times.

Basins of the intermontane depressions in Central
and Southern Alaska also play an impdrtant part in the
overall potential oil aﬂd gas resources of American Arctic
and Subarctic regions. It is interesting to note that the
only basin of this region, where successful economic oil
extraction has been going on for several years, is the Cook
Bay basin, which does not contain the largest potential oil
resources. This basin is at par with the St. Elias*, Alaska
peninsula, yukon-Flats-Kandik basins, and encloses consider-
ably lower potential‘resources of petroleum than either the.
Nushagak, or the Bethel-Yukon-Koyukuk basin.

| Stratigréphic distribution of potential oil and @s
resources is highly interesting (Table 5). The oil and gas
resources are divided nearly equally (in terms of the
conventional equivalent) between the Mesozoic and Cenozoic
deposits. These resources constitute approximately 90% of

the total resources oif the basins ewamined. If we keep 1in

[

mind that at the depths exceeding 5 km, to which some 60% of
the cross-scction of the Hyperboreal Platform basins is
confined and which we did not take into account, productive
horizons are probably represented mainly by Paleozoic

.

deposits, it becomes obvious that the part played by these

*gt. Edias in the text. (Translator)
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deposits in the total oil and gas resources of the Arctic
regions of America 1s even greater. In the meantime, nearly
all the surveyed oil and gas reserves of these regions are
associated with Cenozoic and Mesozoic rocks, a circumstance
indicating that immense new fields will be eventually dis-
covered in the northern regions of the USA and Canada.

It is also interesting to note that the oil fraction
decreases in more ancient rocks, while the gas fraction
increases. This means that we may find mainly gas pools in
the deep-seated.Paleozoic deposits of the Hyperboreal Plat-
form basins.

Our estimates of potential oil and gas resources of
the American Arctic and Subarctic regions can be checked
only against similar estimates found in the foreign litera-
ture. And it is very difficult to make such a comparison.
The valuations published abroad are often contradictory and

p.9%0
speculative. The figures presented in these estimates
commonly refer to some geographic regions (for example, the
coastal plains and the shelf of the A;ctic slope of Alaska,
the region of the Mackenzie River, Arctic Archipelago, etc.)
without strict geographic allocation or geological substan-
tiation and analysis of these figures. Lastly, in the
fofeign literature potential resources commonly mean recover-
able résﬁurces, yet the conventional recovery coefficients

used are never indicated. Furthermore, none of the
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valuations published gives the thickness and depth of the
sedimentary mantle and oéean floor, for which these estif
mates are valid. Comparison of the results obtained by the
authors of this review with the data available in the
foreign press is therefore highly tentative and can serve
merely as a rough verification of our results.

The figures of potential (recoverable) oil and gas
resources of the high Arctic regions of North Ameri;an (it
is not ciear whether the South Alaskan basins, located
south of the Arctic Circle, are included into this terri-
tory) that are gquoted most frequently in tﬁe foreign
literature, are 21-22 milliard tons of oil and 25-26
trillion cu. m. of gas. According to our estimates, these
resources amount to about 28 milliard tons of oil (23
milliard tons, if we exclude the South Alaskan basins) and
about 18 trillion cu. m. of gas (15 trillion cu. m. without
the South Alaskan basins). Potential 0il resources of the

the Mackenzie and

O
th

~regions situated within the boundaries
vukon river basins, Arctic Archipelago and the adjacent
underwater shelf, are estimated in Canadian journals as

oximately equal to 14.5 milliard tons. The recoverable

193]
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potential oil resources of the Beaufort, Sverdrup basins and
of the northern part of the Canadian Platform, which is
analogous to these regions, amount, according to our esti-
mates, to approximately 15 milliard tons.

Keeping in mind what we said earlier about the
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nature of the comparisons made between our estimates and
those published in the foreign press, we can conclude that
the data obtained by the authors of this review represent
fairly objectively the true amounts of the oil and gas
resources of the Arctic and subarctic regions of America.
These data provide an objective picture of the main patterns
of distribution of these resources over the territory and in
the cross-section, as well as of the relative impoftance of
individual basins and various stratigraphic subdivisions of
their sedimentary infilling in the total bulk of potential
oil and gas resources. |

p;91

Possibilities of recovery and transport of oil and gas.

In spite of the fact that the Arctic regioﬂs are
virtually unexplored, in spite of the difficulties asso-
ciated with the drilling, exploitation of the wells and
transport of oil in the high Arctic conditions, in spite of
the high production and exploitation costs, the development
and exploitation of new fields on the shores of the Prudhoe
Bay is a matter of the near future. All the oil fields
discovered in the American and Canadian Arctic regions will
be rapidly developed, provided they contain significant
reserves. The enormous sums paid by American, Canadian,
British and French companies for exploration rights in the
Arctic regions at the most réceht auetion in 1969, corro-

borate this assertion. The income from this auction amounted
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to approximately $1 milliardat the average price of $2- to
$28 thousand an acre, whereas the price of lease sections
during the preceding year did not exceed $17.00 an acre,
and while the total income from the previous 22 sales of
exploration rights amounted to mere $90 million. The
biggest bidders at the 1969 auction were large companies,
such as the Mokil, Phillips, Standard 0il of éalifornia,
Getty, Hunt, British Petroleum, which have extensive exper-
ience in northern mining and are naturally disinclined to
waste large sums of money. Intensification of the pros-
pecting for and production of oil in the Arctic regions is
regarded as a hajor means of reducing the dependence of the
0il industry of various capitalist countries upon the
unreliable import of oil from the Middle East and Africa.
The first region in line for exploitation 1s the
Prudhoe Bay, where three new fields (apparently quite lafge
ones) were discovered in 1969. Production of oil in this
region could rise to 50 million tons.by 1975. Bv that time,
r?ecovery'of 0il in the Cock Bay basin may be as high as 11-
12 million tons. The overall level of oil extraction in the
American and Canadian Arctic regions in 1980, may be csti-
mated as 120;130 million tons a year, if we take into account
the probable discovery of new fields. About 100 million tons

-

of this total production would be recovered in Alaska, 20-30

million tons in Canada.

Prospecting for oil fields and exploitation cf thosc
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fields in the Arctic regions involve extremely large invest-
ments. Drill rig and workers can often be transported only

p.92
by air, since transportat;on by land is virtually impossible.
The possibility of using hovercraft as the main means of
transport is therefore now seriously debated. The foreign
press emphasizes at the same time that in the'long run it is
more profitable to use in the Arctic regions airborne trans-
port rather than by land routes. Thus, the use of a freight
aircraft in the northwestern Alberta to transport some 3.6
thousand tons of equipment at a distance of 300 km, cost.
$274 thousand.. To transport this freight by trucks would
cost at least $490 thousand, if we take into account the
construction and repair cost of the roads. Transportation
of a tpn of freight by plane frqm Fairbanks to Prudhoe costs
$160.00, i.e. the same as the transportation of this freight
by a tractor train, which would take 28 days.

The possibility of using subﬁarines for exploratory
purposes also attracted a great deal of attention. The
Council for the Development of marine mineral resources of
Canada concluded an agreement with Sweden for the purchase
of three "Neétune" submarine boats having a tonnage of
approximately 1000 tons and a length of 61 m. These boats
will be used for seismic survey of the Arctic waters, and

they can operate below the ice cover all the year around by




b

155

using the ISZ* system of navigation. The boats would emerge
on the surface through natural or artificial clearings in
the ice, which can be made with the help of a special equip-
ment mounted on these boats. The cost of a submerged
kilometer of seismic profile would amount to $750.00 or

even $1000.00, if the survey includes various special
investigations, beside the prospecting for oil. The main
submarine base will be built in 1970-1971, on the Eﬁand of
Ellef-Ringnes.

In the course of the many years .of the survey and
prospecting carried out prior to 1969, a total of 602
reconnaissance and exploratory wells had been drilled in
Alaské. 0il was tapped by 231 of these wells, gas by 57 .
wells, while the remaining 314 wells proved to be dry. The
overall effectiveness of the prospecting and exploratory
drilling operations during the period of 1944 to 1968, was
fairly high and amounted to 48% /2/. The scale on which
the drilling is conducted has been increacing at a parti-
cularly high rate during the last few years. In 1966, 50
wells had been cbmpleted (154 thousand meters). This
number includes 38 prospecting wells (121 thousand meters)
and 12 ewploratory wells (33 thousand meters). In 1968, 104
borcholes were completed (332 thousand meters), including 18

prospecting boreholes (52 thousand meters) and 86 exploratory

*Transliteration. (Translator)
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wells (280 thousand neters) - The effectiveness of the
drilling operations has also improved. In 1966, 40% of the
wells proved to be productive, in 1968 the number of produc-—
tive wells increased to 80%.

The high degree of cffectiveness was obtained due to
a drastic increase in the scale of exploratory drilling at
a simultaneous reduction (to a half) of the prospecting
drillinq,-because it became necessary to develop tﬂe large
oil fields of the Cook Bay explored in 1965-1968. The

p.93

number of wells drilled on the mainland and in the ocean in
1966, was 32 (98 thousand meters) and 18 (56 thousand
meters), respectively, while in 1968, 17 wells (41 thousand
meters) were drilled on the mainland and 87 (291 thousand
meters) were made in the sea, i.e. the scale, on which the
offshore drilling was conducted (mainly in the Cook Bay
water area), increased during these years more than 5 times.
However, after 1968, the number of the ofishore drill rigs
dropped by more than 30% (from 18 in 1967, to 12 in 1969),
while on the mainland their number increased more than 5
times. This is due to the fact that in 1969, 15 drill rigs
were moved to the prudhoc Bay, 6 of which came from the Cook
Bay (in addition to the two used for the prospecting-
exploratory drilling in 1968). While the major drilling
operations were centered in.l966—l967, in Alaska, in the

Cook Bay region, where 90% of prospecting drill-holes and
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100% of exploratory wells were made during this period, in
1968-1969, the centre of prospecting and exploratory works
moved to the Arctic slope. By the end of 1969, 25 pros-
pecting boreholes were drilled in the region of the Prudhoe
Bay; 80% of these wells proved productive at the time, when
17 others were still being drilled.

During the period of 1959-1968, a total of 226
reconnaissance boreholes and test wells were drilléd in
Alaska; 186 of them were reconnaissance boreholes, 40--
extension wells. Fifty-two of these wells proved to be
productive. The overall effectiveness of the reconnaiésance
and exploratory drilling in the course of the 10 years thus
amounted to 23%, of which 15.6% refer to the reconnaissance
boreholes, 57.5%--to extension wells. The increase of
reserves per meter of the reconnaissance and exploratory
drilling in Alaska during this period is twice that recorded

in Canada, and more than 5 that of the USA indices. If we

_take into account the proven oil reserves of the Prudhoe

field (which were not included into the statistical data of
1968), then the 1968 increment in the reserves per meter of
reconnaissance and exploratory drilling was 14.4 thousand
tons (in the petroleum ecuivalent), i.e. nearly 200 times

the average increment recorded in the USA during this period,
and 100 times that reported in Canada for the same 10 years

(Badovskii et al, 1970).

If we recalculate the 1968 increment in the reserves
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(in the units of the petroleum equivalent) in Alaska
(including Prudhoe) per reconnaissance-exploratory borehole,
it amounts to 41.5 million tons versus the mean values of 112
thousand tons in the USA and 205 thousand tons in Canada
fecorded for the previous 10 years.

The high geological effectiveness of the prospecting
and exploratory operations in Alaska is accompanied by high

p.94
technological and economic indices of the drilling effici-
ency (Table 6).

The extremely difficult conditions, under which
drilling is organized and conducted in the Arctic slope,
raise the cost of these operations. The mean wages of drill
team members in Alaska ére $62.40 an hour as compared to
$30.60 an hour in Texas. The cost per well and per meter of
drilling is here also considerably higher (Table 7).

But the biggest problem assoclated at the present
time with the development of the Arctic oil resources is not
the difficulty or the cost of drilling, but the transport of

p.95
the Arctic oil, since there are virtually no consumers in
the Arctic regions proper. In 1968, 17% of the oil extracted
in Alaska, was used for the local needs, while the remaining
0il was exported to the West Coast of the USA and to Japan.

Transportation of the Arctic oil is one of the most

difficult technological problem which the oil industry has
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ever encountered. It still has not been decided whether the
preference should be given to tankers, or to oil pipelines.
Fach of these means of transportation has advantages and
disadvantages.

The only decision adopted so far is to build a 960-
kilometer long oil pipeline, measuring 1220 mm. in diameter,
between the Prudhoe Bay and the ice-free Valdez harbour on
the southern shore of Alaska. 320 kilometers of the pipe-
line length will be laid across the marshy tundra, 480 km--
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in the permafrost regions, where the temperatures fluctuate
between 62 below zero and +32°C. The cost of the pipeline
construction has bsen estimated as $900 million. The cons-
truction is supposed to be completed by 1972. The oil
moved along this pipeline, will then be shipped by sea to
the West Coast of the USA and to Japan.

However, at least half of the 0il, which will be

(0

Alaska, is destined for the

]

recovered on the Arctic coast O
central and eastern regions of the USA. It has therefore
béen proposed to build a 2600 kilometer-long pipeline with

a diameter of 1219 mm, from the Prudhoe Bay, across the
Mackenzie River valley and western Canada to Edmonton (prov-
ince of Alberta), where this line would be linked with the
already existing Edmonton-Chicago pipeline. The transporta-

tion of oil along this pipeline would cost $10.00-$11.00 a

ton.
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The ice-breaker "Manhattan", a tanker with a tonnage
of 115 thousand, completed a trial voyage in the middle of
1969. It covered 16 thousand miles from Philadelphia to the
Prudhoe Bay by way of the "Northwest passage". The cost of
the voyage was $40 thousand. Should it .be found expedient
to ship the Axctic oil in this manner, it would be necessary
to build a port and loading-unloading installations at a
distance of 12-48 km.from the shore. The cost of this con-
structions has been estimated as‘equal to $150-$500 million.
Moreover, tankers having a total tonnage of 12 million tons,
would have to be built by 1980, an operation requiring
additionalA$2.4 milliard of capital investment. The qost of
the transportation of oil by tankers from the Prudhoe Bay to
the East Coast of the USA has been estimated as $6.60-$7.40
a ton.

It is entirely possible that nuclear submarine
tankers, having a cargo-carrying capacity of the order of
170 thousand tons, will seriously compete with the ordinary
tankers. Such nuclear tankers may be introduced in 4-5
years. It has been estimated that the cost of the trans-
portation of o0il by such tankers would be much lower than
the use of pipelines. The American company "General
Dynamics" proposed a project for construction of 6 sub-
marine tankers measuring 274.5 m.in length, 42.7 m.in width
and 25.9 m,in height. .The boats (having a tonnage of up to

170 thousand) would be able to transport some 160 thousand




161

tons of oil under the Arctic ice, where the temperature is
stable (minus ZOC), where there is no wave disturbance, etc.
The o0il can be shipped in this manner from the Arctic
regions to the Atlantic and Pacific coast of the USA, as
well as to Japan and Western Europe. The distance from
Alaska to Tokyo and from the mouth of the Mackenzie River to

p.97
Rotterdam is 7500 km, whereas the distance from the Persian
Gulf to Japan and Western Europe is now 15,000 and 20,500
km, respectively.

Gas produqtion increased considerabiy in Alaska
during the last 10 years, alongside the production of oil.
while in 1959, the two productive wells of the Cook Bay
yielded 0.91 million cu. m. of gas, by 1968, the number of
productive wells increased here to 22 and the total produc-
tion of gas amounted to 2.8 miliiard cu. m. During the
period of 10 years (1959—;969), 6.68 milliard cu. m. of gas
had been produced, 66% of which was revresented by free gas,
34%——by'the gas associated with oil pools.

The maﬁor bulk of the recovered gas is used to main-
tain the pressure in the productive horizons of the oil
fields located nearby. Thus, 3;3 million cu.m./day of gas
from the Kenai field are used for this purpose in the Swanson
River field. Due to the use of secondary recovery methods,
about 13 million supplementary tons of o0il were extracted in

the Swanson River field. A small portion of the gas (up to
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4%) produced is burnt in torches on the site. This is
mainly the gas associated with .0il pools.

The new discoveries in the Arctic make the problem
of the utilization of natural gas particularly urgent.

In the Prudhoe field, the recoverable reserves of
the o0il pool gas alone (not counting the gas pools éroper,
which occur in the upper intervals of the cross-section)
appear to be in excess of 50-100 milliard cubic meters.
Or.ce the Prudhoe region is developed, exploitation of the
small proven gas pools of this region will also become
economically expedient. After the 1969 diséovery of oil
fields in this region and of gas fields on Melville and in
the Cook Bay, it would not be an exaggeration to estimate
the overall explored (proven and potential) reserves of gas
in the American Arctic for 1970, as equal to 300-320
milliard cubic meters. The reserves of natural gas in this

region will undoubtedly increase further in the near future.

0

A project for the construction of a gas pipeline
from the Prudhoe Bay to the Canadian and USA border across
the Northwestern Territories anderitish Columbia, ﬁa% been
developed. The length of the‘gds piéeiine would be 3300 km,
its diameter 2000-1200 mm. The éonstruction of the gas
pipeline should be completed by 1978. Its carrying capacity
would be as high as 220 milliard cu.m./year. California is
expected to become the principal consumer of this gas.

Projects of special pipelines for transportation of the
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Arctic gas in a rarified state to industrial regions of the
USA and Canada are also under consideration.
p.98

The large chemicals and gas industrial compound
located 120 km.southwest of the city of Anchorage, will be
an important consumer of this gas. TwoO plants, which
produce ammonia and carbamide and have a capacity of 530 and
350 thousand tons/year, respecfively, were built here in
1268. The plant producing ammonia will be consuming 1.7
million cu.m./day of gas from the Kenai field.

Japan will be one of the major consumers of the
Alaskan gas. It will be exporting about 1.5 milliard cu. m.
of rarified gas yearly in the course of 15 years. For this
purpose, a gas rarifying plant with a capacity of 3.8
million cu.m./day, was built in Nikiski in 1968. The gas

will be shipped by tankers.

Qata on the oil and cas rascurces of the Soviet Arctic.

The aforegone shows that an immense new oil- and
gas-bearing region has now been discovered in the northern

periphery of the American mainland and in the shelf -areas

adjacent to it. With regard to its potential resources

U
Q)

(about 117 milliard tons in conventional petroleum equiva-
leﬁt), this region is at part with the Western Siberia,
Ural-Volga region and Northern Africa.

A large portion of the oil and gas resources of the
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American Arctic is confined to the basins situated along the
southern periphery of the Precambrian Hyperboreal Platform.
The structure of these basins, as well as the thickness, age,
lithological and facies composition of the infilling depo-
sits are similar in many respects to the structure and sedi-
mentary infilling of the o0il- and gas-beéring basins
situated in the eastern periphery of the Russian Platform
(Volga-Ural, Timan-Pechora basins). Basins of both'these
groups are boundary basins (according to the classification
suggested by I.V. Vysotskii and V.B. Olenin, 1969), with
distinctly defined broad platform regions and relatively
narrow premontane downwarps. The main potentially promising
deposits in these basins with respect to oil and gas are
Middle-Upper Paleozoic and Lower Mesozoic terrigenous and
carboniferous sediments. The similarities established
between these basins, show that the values obtained by us
and by certain fofeign researchers, when estimating the
Eotential cil and gas resources of thé USA and Canadian
Arctic Basins, are not exaggefated.

This also shows that potential o0il and gas resources
of the Soviet -‘Arctic. (both on the mainland and in theaff-
shore areas) should be re-evaluated, and that the data from
the prospecting in North America should be taken into account
in these estimates. More than half the total shelf area of

- p.99

the Arctic Ocean is located in the territorial waters of the
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USSR. The large Timan-Pechora oil- and gas-bearing basin
opens into the Barents Sea, the West Siberian basin opens
into the Kara Sea. Another large basin may be discovered
within the boundaries of the East Siberian Sea.

The Arctic portion of a number of proven and poten-
tial o0il- and gas-bearing basins, situated in the northern
regions of the Soviet Union and in the shallo&—water areas
of marginal seas adjacent to these regions, are characterized
here in brief. The descrivtion is based on the data from
published materials of the investigatioqs carried out by the
NIIGA, VNIIMORGEO, geological organizations of the North,
Siberia and Far.East of the USSR, as well as from the most
recent monographs dealing with the oil- and gas-bearing

offshore regions /18,21/.

European USSR. In the Arctic sector of the European

USSR the o0il and gas-industry is concentrated in the large
section of the northeastern periphery of the Russian Plat-
form, which is located between the eastern slopes of Timan,
western slopes of the Northern and Arctic Urals, and Pai-
Khova. This section is known in the literature under the
name of the Timan-Pechora oil- and gas-bearing basin. Its
northern part extends under the waters of the Pechora and

Barents Sea. O0il and gas shows have been repeatedly

recorded in the north of the Barents Sea shelf, on the

Spitgbergen and Franz Josef Land archipelagos. R. M.

Demenitskaya and L.E. Levin /16/ believe that the entire
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Barents Sea hollow can be regarded as one single perioceanic
Barents Sea - Norwegian megabasin. The territory of the
Timan-Ural syneclise may be a constituent of this megabasin
/22/. At the present level of information about this prob-
lem, it is probably more correct to talk of two separate
basins (i.e. the Timan-Pechora and the Barents Sea basins),
even though they may not be divided by a distinct hydro-
geological barrier. .

The ancient European Platform, the Barents-Kara
tableland and the Ural-Pai khol foredeep of the Novaya Zemlya
folded system of hercynids are the tectonic constituents of
the region examined. The most reliable data available on
the conditions of occurrence, stratigraphic volume and
lithological composition of the potentially gas- and oil=-
bearing sedimentary beds found within the three aforemen-

tioned structural elements, are presented below.

The Barents-Kara tableland 1s accessible to direct

“surveying in the east of the Spitsbergen archipelago, on
the PFranz Josef, and in the west of the Severnaya Zemlya
archipelago, beyond the boundaries of the region examined.
The geologiéal and.éeophysicai data available so far, are
insufficient to subdivide the shelf portion of this table-
land into tectonic zones.
- ' p.100
Sedimentary beds are divided here in two structural

stages: the Upper Paleozoic and the Mesozoic-Cenozoic. The
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Upper Paleozoic stage is represented in the Spitsbergen by
thick beds of Permo-Carboniferous age, occurring with a
marked angular unconformity upon slightly dislocated
Devonian deposits. This upper stage is subdivided in its
furn in two sub-stages: the Lower Meso;oic (Triassic-
Jurassic) and the Upper Mesozoic-Cenozoic (Cretaceous-
Neogene). The Lower Mesozoic sub-stage of the Franz Josef
Land includes the coastal-continental and marine deposits of
the Uppér Triassic, as well as of all the divisions of the
Jurassic system. These deposits have a thickness of up to
1500 m. Deposits of the Upper Mesozoic-Cenozoic sub-stage
occur unéonformably upon horizons ranging in age from Volga
to Norian—Rhaétian, inclusively, even upon the Middle
Carboniferous rocks (in -the southern extremity of the George
Land). The Mesozoic sedimentary and effusive rocks are
intruded by a multitude of cross-cutting and parallel bodies
of dolerites and gabbro-dolerites. A thin, virtually unde-
formed complex of Upper Pleistocene and Holocene marine,

less often glacial rocks occurs at a still higher level.

The Burcrean Platform is represented on the terri-

tory of the shelf by the submarine extensions of the Timan-
Y

Pechora zone and Bol'shaya Zemlya syneclise. The sedimentary
mantle is subdivided in three structural stages: the pre-

Devonian, the Upper Paleozoic and the Mesozoic-Cenozoic.
The foundation descends in a scalariform manner from the

Timan ridge to the Urals along longitudinal faults having a
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northwestern trend. Transverse fractures dissect it in the
northeastern direction. The combination of the transverse
and longitudinal fractures in the foundation accounts for
the formation of large separate foundation blocks in the
Timan, Pechora ridge and Pechora depression. In the latter
the depth of occurrence of the foundation on the uplifted
blocks is 2-2.5 km, in the low-lying sections--3 to 4 km.
Linear dislocations of the sedimentary mantle fofmed along
the zones of junction of these blocks. The angles of tilt
of the flanks of local structures vary from a few fractions
to several degrees; their amplitudes are up to 250-300 m.
Dislocations of the Pechora ridge have an echelon-like
arrangement, and the angles of dip increase on the sides of
flexures to 40-50°. Flexures of the sedimentary mantle
change in the foundation to faults with an amplitude of
1000-1500 m.

The geovhysical and geological surveys carried out
in the Barents Sea by the LGI, OMGR and NIIGA, established
a tectonic relationship between the marine extensions of the
Timan-Pechora zone and the continental part of this zone,
which are defined by a system of trans&erse faults having a

p.101

northeastern trend. These faults are responsible for the
echelon-like junction of the structural elements, as well as
for the- fact that northwest of the Kanin island the regional

northeastern tilt of the foundation surface changes from
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northeastern to southwestern. The character of the junction
between the Timan-Pechora zone and the Baltic shield is
determined by the presence of a deep downwarp along its
southwestern periphery. This downwarp encloses a sedimentary
mantle measuring several kilometers in tﬁickness. The down-
warp was detected mainly on the bais of the data from marine
geophysical investigations.

The structure of the sedimentary mantle of the
Bol'shaya Zemlya syneclise is controlled by the reciprocally
perpendicular systems of faults of southeastern and south-
western trends. The former occur mainly on the mainland, the
latter—--on the territory of the sea. Movements of foundation
blocks along the faults resulted in the formation of a
number of elevations and depressions. On the mainland they
can be readily detected with the. help of gravimetric and
seismic data (the Kolva and Upper Kolva ramparts) or on the
basis of the data from geological surveys (the Chernyshev
ridge). On the shelf negative structural elements are
demarcated on the basis of the filling of depressions by the
youngest Paleogene-Neogene deposits. Furthermore, submarine
extensions of elevated zones of the mainland have been

mapped in the Pechora Sea by means of seismic investigations.

The Novava Zemlva - Pai Khoi foredeep is situated in

the eastern periphery of the Barents Sea sheif, along the
folded system of hercynids bearing this name. This system

consists of two structural elements: a geosyncline
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‘(Paleozoic) and a post-geosyncline (Mesozoic-Cenozoic). The
former is subdivided in its turn, in three sub-stages:

Lower Paleozoic, Lower-Upper Paleozoic and Upper Paleozoic
/6/. The lower sub-stage formed during the Cambrian. In
.the region of junction of the recent Ural and Pai Khoil
‘structure, as well as in the entire Yugorskii peninsula, the
Cambrian structures have a northwestern trend inherited from

a past period. In the south of Novaya Zemlya the axes of

the folds make a wide turn assuming eventually a latitudinal

trend. This reversal of the trend affects the trend of the

structures occurring in the underwater extension of the

Bol'shaya Zemlya syneclise. The Lower-Upper Paleozoic sub-
stage reflects the interval in the geological history
ranging from the Ordovician to the Lower Carboniferous in
the northwest of Novaya Zemlya, to the Upper Carboniferous
in the more southerly regions of the archipelago. The

Upper Paleozoic sub-stage embraces the intervals between the
Lower-Upper Carboniferous and the Late Permian. In certain

places it also includes the Triassic.

p-102

Formations of the Mesozoic-Cenozoic stage £111 in
) o

three superimposed depressions of the shelf: the Mezdushar-
skii, Admiralteistvo and Russkaya Gavan'. There are vir-
tually no data on the abyssal structure of these depressicns.
It may be assumed that transverse dislocations, determined

by the trend of the folds of more ancient structural stagcs,
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occur within the boundaries of these depressions.

The territory of the Timan-Medvezhinskii zone and
Bol'shaya Zemlya syneclise, together with the superimposed
depressions of the pre-Ural and pre-Pai Khoi foredeeps, 1is
classified by I.0. Brod /7/ as the southeastern part of one
single (Timan-Pechora) basin opening into the Barents Sea.
Tt is entirely possible that the elevations located on the
Spitsbergen and Franz Josef aﬁchipelagos will prove to
represent the northern boundaries of this basin.

The extreme southeastern part of this basin contains
several milliard tons of proven and predicted oil'and gas
reserves in the sub-Domanik beds of Devonian age. However,
over a considerable portion of the Barents Sea shelf these
devosits are either lacking or are of continental origin
/8/. The southeastern part of the sub-Domanik deposits on
the shelf, i.e. the submarine extension of the large anti-
clinai elevations of the Bol'shaya Zemlya syneclise (Kolva,
Upper Kolva, Sorokin, etc. ramparts), are the most promising
sub~Domanik sediments. Middle and Lower Devonian horizons
occur here (according to the data fromnarine seismic surveys
and from the drilling in the Usa region) at the depths of
4-5 km. These horizons are probably composed of essentially
terrigenous rocks having a thickness of up to 300-500 m, and
enclose mainly concentrations of low-density oil.

Upper Devonian and Permian-Carboniferous carbona-

ceous and terrigenous rocks form on the mainland the second
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stage of productive oil and gas reserves. Apparently these
deposits are extensively developed on the territory of the
Barents Sea shelf. Large oil fields have been detected in
this complex, in the Bol'shaya Zemlya syneclise (the Kolva
rampart) and in the Pechora depression, while gas fields
have been discovered in the Upper Pechora depression of the
pre-Ural downwarp and in the Denisov downwarpl The main
potentially promising oil- and gas-bearing deposité of this
shelf are associated with the underwater extensions of the
uplifted zones of the Bol'shaya Zemlya syneclise. It must
be kept in mind that the formation of the traps in Lower
Permian deposits may have been determined on the territory
of the modern Barents Sea shelf by the salt-dome tectonic.
p.103

This type of tectonic is very characteristic of the regions
marked by descending pericratonnal movements of the Eurocean
Platorm. Permian-Carboniferous deposits of the superimposed
_Novaya Zemlya - Pai Khol aepressions‘and of the pre-Ural
downwarps (Korotaikhinskii, Mezhdusharskii and others) also
held considerable promise with regard to the prospecting for
oil and gas. -

| 0il and gas shows have been recorded in the Mesozoic
and Cenozoic deposits in the process of structural core
drilling of wellg in a number of sections of the Bol'shaya
Zemlya syneclise. In 1969, the Sgcpkinskii gas field,

associated with deposits of Triassic age, was discovered in
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the northern part of the Denisov downwarp. Horizons of
bituminous rocks have been detected in these deposits on the
Spitsbergen and Franz Josef Land. In the marginal portions
of the shelf the thickness of the Post-Paleozoic beds does
not exceed 2-2.5 km, but in the central part of the present
Barents Sea basin it may measure up to 5-6 km. It must be
kept in mind that the fairly intensive manifestations of the
Mesozoic volcanicity in the northern part of the shelf may
have had an adverse effect on the conditions of preservation
of hydrocarbon deposits, while in the southeast, near the
Timan~-Pechora basin, no such phenomena took place.

Thus, judging from a conjunction of proven and pre-
sumed factors, central and southeastern regions of the
Barents Sea shelf hold a considerably greater promise of
0il and gas than its northwestern peripheries. These
factors are as follows: the presence of the sub-Domanik

Devonian deposits, the persistent predominance of subsi-

]

dence over ascending movements, a predominance compensated

Yo

by the accumulation of a thick sedimentary mantle during the

163}

Paleozoic and esozoic, the absence of magmatic activity at

rh

the platform stage of development.

Asian USSR. Northern parts of the West Siberian,

Tunguska and Verkhoyansk-Vilyui (Lena-Vilyui) oil and gas
basins, as well as the Enissei-Khatanga, Kolyma and North
Yakutian (Indigirka-Khroma) basins are located in the Arctic

sector of the Asian USSR. Depressions of the East Siberian
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Sea, eastern part of the Laptev Sea and northeastern zone of
the Kara Sea appear to represent independent possible oil-

and gas-bearing basins of the Arctic Ocean water area.

The foundation of the West Siberian basin consists

of folded complexes, which consolidated during the Bayka-
lian, Salairian, Caledonian and Hercynian epochs. The depth
of occurrence of the foundation surface attains 6-7.5 km,
and the principal tectonic zones have essentially a sub-
meridional orientation /33,40/. The West Siberian tableland

p.104
is shaped in the form of a calicular depression and has an
overall surface area of 3.4 sq. km. The Arctic portion of
the basin occupies approximately a quarter of this territory.
Twé structural stéges (the Paleozoic¢ - Lower Mesozoic and
the Mesozoic-Cenozoic stage) have been established in the
cross~-section of the sedimentary mantle. The overall thick-
ness of the sedimentary infilling in the pre-axial zones of
internal depressions of the Subarctic basin (northern part
of the Purskii trough) has been established by M. Ya.
Rudkevich as egqual to 6.5-7.5 km. This researcher also
postulates that the Subarctic part of the West Siberian low-
land underwent an active uplift at the close of the Oligo-
cene and during the Neogene, and that this uplift resulted
in ﬁhe displacement of the northern border of the depression
to the éouth, towards the Ob' gulf, and in the general-

tapering ocut up the cross-scction of both the depression
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itself, and the large structures, which complicated this
depression. It has been noted that the large internal
elevations of the northern and pre-polar parts of the low-
land are characterized by a lengthy consedimentary growth,
which continued at a farly intensive rate until the end of
the Mesozoic.

Seven o0il- and gas-bearing horizons Have been esta-
blished in the Jurassic-Cretaceous deposits: the Lower-
Middle Jurassic, the Upper Jurassic, the Lower-Middle
Valanginian, the Upper Bavly, the Hauterivian-Barremian,
the Aptian-Albian-Cenomanian and the Upper Cretaceous hori-
zon. By the béginning of 1976, over 120 oil and gas fields
ha.  been discovered in this basin. Some of these fields are
unique with regard to their reserves (the Urengoiskii,
Samotlorskii, Zapolyarnyi fields). The proven reserves of
this basin exceed 8 trillion cu. m., and its predicted
reserves amount to several tens of trillions cu. m.

The report summarizing the véluation of potential
0il and gas resources in the West Siberian lowland /31/
mentions that thick argillaceous-arenaceous Jurassic and
Cretaceous beds occur in the northern areas of this lowland
(the so-calléd Northern oil- and gas-bearing province) and
that a number of oil and gas fields have been discovered
here (Novoportovskii, Tazovskiil and othérs). These fields
are confined to iarge positive stgﬁctural elémentg (domes
and megaramparts). The Nydovskii, hurmisnkii,»MéﬁérKhetskii

-
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and Messoyakhskii fields are the mbst promising ones among
them.

The authors evaluate the potential of the Kara Sea
offshore area. It is assumed that the thickness of the
sedimentary platform mantle is here 2-3 km.and that gas
pools, confined to Jurassic and Lower Cretaceous deposits,
predominate in this region. V. G. Vasil'ev et al [9/ believe
that oil and gas-oil fieids are also extensively developed

p.105
in these deposits. R.M. Demenitskaya and D.E. Levin /16/
suggest that the most promising objects for prospecting for
0il and gas are confined to the submarine extension of thé
Koltogdrskii—Urengoiskii downwarp, which is filled in this
region with Mesozoic-Cenozoic deposits over 4 km,iﬁ thick-
ness. However, the water area of the West Siberian basin
is generally less Qromising with regard to oil and gas than
is the adjoining mainland.

In the opinion of R.M. Demenitskaya and L.E. Levin,
the northeastern part éf the Kara Sea holds no promise of
0il or gas. The downwarp near the northwestern shores of
Severnaya ZeﬁlYa constitutes here an excéption. The spatial
relations of this downwarp with the Barents Sea basin are
not clear. I.S. Gramberg /12/ believes that deposits of the
Devonian system may prove to be potentially promising in
this downwarp. It is possibie that the North ﬁara Sea and

Barents Sea basins are separated by a bend. 1In this event




b

177

the North Kara depression should be regarded as an independent

possible oil- and gas-bearing basin.

The Enisei-Khatanga oil- and gas-bearing basin is

confined to a downwarp whch bears the same name, but is
referred to occasionally as the pre-Taimyr downwarp. It is
situated in the zone of junction of the East .Siberian and
West Siberian Platforms with the Taimyr folded reg%on. The
basin borders in the east on the West Siberian basin, in
the south and southeast on the Tunguska and Lena-Vilyui
basins; it is bounded in the north by the Taimyr upland
(Byranga mountains), in the northeast—--by the submarine
extension of mesozoids of the Yana-Kolyma folded zone.

In D.B. Tal'virskii's opinion /35/, this downwarp
represents a superimposed éyneclise of the East Siberian
Platform. Its crystalline foundation consists of Archean
and Lower—ﬂiddle_Prbterozoic rocks. The platform mantle
ranges from Riphean to Cenozoic, inclusively, in age. The
sedimentary mantle is subdivided in three structural stages:
the Upper Proterozoic -Lower and Middle Paleozoic, the Upper
Paleozoic - Lower Mesozoic, and the Mesozoic-Cenozoic
stage. -

The bottom stage is composed essentially of carbona-
ceous, to a lesser degree arenaceous—-argillaceous deposits
ranging in age from Riphean to Devonian, inclusively. The
Riphean deposits are represeﬁted by uﬁiform, rhythmically

built beds having a terrigenous-carbonaceous composition.
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The Devonian rocks often consist of evaporite formations,
which compose the cores of salt domes and the gypsum.cap-
rocks overlapping these domes. These formations have an
overall thickness of several hundred meters, and underlie

argillaceous~dolomitic deposits. The total thickness of the

Lower-Middle Paleozoic rocks in the Turukhansk-Noril'sk

p-.106
region is approximately 6000m.

Rocks of the middle structural stage are represented
by terrigenous-carboniferous formations of Carboniferows and
Permian age. These deposits are overlain by thick beds of
volcanic rocks (traps). These rocks occur with a marked
unconformity upon essentially carbonaceous deposits of the
lower structural stage. The overall thickness of these beds
exceeds 6000 m.

The Mesozoic-Cenozoic deposits are represented by
marine, lagoon and continental terrigenous formations of
Triassic, Jurassic-Cretaceous and Pliocene-Quaternary age,
which have a total thickness of 7-8 km or more. This
Compiex resembles along general lines the platform mantle
of the West Siberian lowland.

In deposits of the bottommost structural stage the
main rocks holding a promise of oil and gas are the jointy
carbonaceous and terrigenous interlayers occurring in the
subsaliferous depositsl An economically insignificant

seepage of o0il was recorded from these deposits in one of
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the areas. The rocks of the middle stage areegually prom-
ising: o0il seepages have been recorded from terrigenous
Permian and Triassic deposits in the Nordvik-Khatanga
region.

The principal productive complex is represented at
the present time by Mesozoic deposits. Gas pools have been
discovered in these deposits in six areas located at a dis-
tance of 150-225 km,from Noril'sk. The proven gas reserves
rade it possible to build and bring into operation the
Messoyakha-Noril'sk gas pipeline.

The predicted reserves of gas in this basin have
been evaluated as equal to 1.5 trillion cu. m. (Avrov et al,
1965). The western part of the basin, particularly the
marginal zones of- the downwarp, are’the most promising

objects of search for new fields.

According to V.G. Vasil'ev's data (1965), the

northern part of the Verkhoyansk-Vilyui oil- and gas-bearing

basin extends into the Arctic sector of the Asian USSR.

This portion of the basin is bounded by the slope of the
Anabar-0Olenek anteclise and by the Vexrkhoyansk folded region.
In the modern structural plan thejba§;n is a heterogenous
formation composed of the ﬁergéd Verkhoyansk foredeep and
Vilyui syneclise. In the map of the oil- and gas-bearing
baéins Qf the world (I.V. Vysotskii, V.G. Levinson et al,
l967),.the Anabar-0Olenek anteclise is amalgamated with this

territory into one single Lena-Vilyui basin. The foundation
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of the basin was stripped by a key well in the northern
part of the Verkhoyansk downwarp, and was dated as Proter-
ozoic /8/. On the territory of the Anabar-0Olenek anteclise
p.107
the foundation is represented by Archean formations. Sedi-
mentary rocks are here represented by Riphean, Paleozoic,
Mesozoic and (to a lesser degree) Cenozoic deéosits having
a total thickness of 18-22 km.in the Verkhoyansk do&nwarp,
and 12 km,in the Vilyui syneclise. In the lowest-level
portion of the Vilyui syneclise, Mesozoic rocks constitute
at least 5-6 km.of the cross—-section, whereas in the
Verkhoyansk dowﬁwarp about 70% of the cross-section of the
sedimentary mantle consists of Paleozoic deposits.

The stratigraphic range of the possible o0il and gas
content in this basin is very large (from the Sinian to the
prer Cretaceoug, inclusively). Lower Cambrian, Ordovician,
Silurian, possibly Upper Paleozoic and Mesozoic deposits are
here the most promising rocks. A gas;bearing region cf
ééonomic importance has been detected in the central part
of the Verkhoyansk downwarp. Five fields with the proven
total gas reserves of 252 milliard cu. m. and with some 2
trillion cu. ﬁ. of predicted gas reserves /9/, were dis-

covered on -this territory. Productive terrigenous deposits

-are here of Jurassic and Triassic age. Intensive o0il and

gas'éhows have been recorded in Cambrian deposits of the

northern flank of the Aldan anteclise. The main region of
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prospecting for new fields in Mesozoic deposits is the
central part of the Vilyui syneclise, in Cambrian deposits--
the northern flank of the Aldan anteclise and the southern
border of the Anabar-Olenek anteclise. The total predictedA
reserves of natural gas 'in this basin are estimated as equal

to nearly 13 trillion cu. m. /9/.

The Tuncguska possible oil- and gas-bearing basin is

one of the largest (with regard to its areal extent) basins
of the Soviet Asia. The Arctic sector of the USSR includes,
however, only the northmost peripheral portion of this basin.
The basin has been very little explored. The Tunguska syne-.
clise (i.e. the principal geostructural element of the basin)
represents a large intraplatform depression composed of
Riéhean and Paleozoic terrigenous—carboniferous beds with a
total thickness of 9-11 km. Of these deposits, 2.5-3.5 km,
are represented by Paleozoic rocks. The oil and gas poten-
tial is here associated mainly with Cambrian deposits, to
which numerous oil and gas shows are confined /8/.

The parageosynclinal depression /1/ of the Laptev
Sea is situated on the territory of the depression bounded
in the west by mesozoids of the Yana-Kolyma folded zbne, in

the east--byv the Novosibirsk-Chukchi peninsula folded zone.

o

his

3

pression is filled with Upper Cretaceous-Neogene

DJ
@

[y

deposits. The thickness of the sedimentary mantle in this
p.108

depression 1s aepproximately 2 km, and the depression appears
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to represent an independent basin, i.e. the Laptev Seca

possible oil- and gas-bearing basin. There are, however,

also somewhat different views on the subdivision of this
region into oil- and ganbearing zones. R.M. Demenitskaya
and L.E. Levin /16/ assume that the Verkhoyansk downwarp
closes at the latitude of the Olenek projection, which
serves here as a divide between the Verkhoyvansk~Vilyui and
Anabar-Laptev oil-gas basins. At the present time khis is
an open problem. On the whole, these authors have a favour-
able opinion of the Laptev Sea depression with regard to its

oil and gas potential.

The Kolvma oil- and gas-bearing basin is located in

the northeastern part of the Kolyma platform /8/ or‘Kolyﬁa
massif /39/. The most promising.region with regard to oil
and gas is heré the Moma-%yryanskii depression situated in
the direct vicinity~of the Arctic Circle. The depression is
composed of thick (up to 6-7 m) beds '‘of Mesozoic deposits,
in the cross-section of which coastal-marine and lacustrine
argillaceous-arenaceous formations occur alongside the
lacustrine-continental effusive-sedimentary carboniferous

deposité.

The North Yakutian (Indir*-Xhroma) basin is situated

*Probably another mistake and should be Indigirka.
(Translator)
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on the territory of the Yana-Indigirka lowland and in the
adjacent coastal regions of the East Siberian Sea. A.A.
Trofimuk /39/ refers to this region as the Maritime depres-
sion, and points out that it resembles from the geological
viewpoint the Upper Mesozoic-Cenozoic depressions of Alaska.
A.A. Trofimchuk believes that the o0il and gas potential of
this depression is greater than that of the Moma-Zyryanskii
hollow. |

R.M. Demenitskaya and'L.E. Levin /16/ refer to this

region as the Indigirka-Chukchi peninsula possible oil- and

gas-bearing basin, and assume that this basin extends into

the East Siberian and Chukchi sea basins. However, at the
present level of our knowledge of the geological structure
of these depressions, we cannot reject the possibility that

an independent Chukchi - East Siberian oil- and gas basin

may be situated on the territory of these depressions. The

shelf of these sea basins is located within the boundaries

[oF]

of the submerged blocks of the Hyporboreal Platform, enclosed

between the mountainous formations of the geosynclinal

=

Mesozoic structures. B. Kh. Egiazaroy /14/ isolated here
the East Siberian parageosynclinal depression, which is
filled with Upper Cretaceous and Paleogene deposits and is
p.109
analogous to the Laptev Sea basin and to the North Alaskan
depreséibn (the depression of the Arctic slope). In the

northeastern direction, the roof of the foundation subsided
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to the depth of 10 and more kilometers. Other researchers
assert that the sedimentary mantle of the East Siberian
syneclise ijs filled mainly with carbonaceous~terrigenous
rocks of paleozoic and Mesozoic age /16/. These researchers
pelieve that the oil and gas potential of the East giberian
shelf is at par with that of the submarine mainland peri-
phery of the Barents Sea. .

A group of intermontane depressions of the ‘south-
eastern Chukchi peninsula and northern kamchatka f£oOrms
several small oil- and gas—bearing basins. among them the
basins located closest to the Arctic circle are the penzhina,
West Kamchatka; Kamchatka-Olyutorskii pasins and ehe soviet
portion of the Anadyr‘—Seward hasin, which extends under the
waters of the Bering Sea into the Central Alaska.

These basins are composed mainly of terrigenous and
carboniferous aeposits of Upper Cretaceous—Cenozoic age, and
attain a thickness of several kilometers. all the pbasins
encose & profusion of oil and gas shews. In 1969, & produc-—
tive gas seepade from arenaceous Focene rocks was reported
near the city of Anadyr'. Tn general these basins reveal a
considerable geoloqical resemblance to the oil- and gas~
bearing basies of the Southern and Central Alaska,»described
here earlier.

A composite map illustrating the oil and gas poten-—

tial of the Arctic and gubarctic regions, 18 presented in

Fig. 10. The total surface area of the territory holding &
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promise of oil and gas is 10.5 million sg. km. above the
60th parallel, 7.5 million sq. km. inside the Arctic Circle.
Over 5 million sqg. km. of the potentially promising terri-
tory represents shallow-water areas of various sea basins
of the Arctic Ocean. These figures are :fairly close to the
data presented by M.K. Kalinko /18/, who estimated the total
surface area of promising and possibly promising areas in
the Arctic Ocean as equal to 4 million éq. km. Of the total
promising territory in the Arctic and Subarctic regions,
about 8 million sg. km. (i.e. 76%) are located on the Soviet
mainland and in the territorial waters of the USSR. Highly
promising sections occupy approximately one-third of this
surface area. The Arctic slope basin, the Beaufort and
Sverdrup basins have the highest oil and gas potential in
the American Arctic. Basins of the Soviet Arctic, which are
at part with these American basins, are the Timan-Pechora,
p.110
Barents Sea basins, the northern part of the West Siberian
basin and, possibly, the Chukchi - East Siberian basin. As
a result of the survey and prospecting works carried out in
the American and Canadian North, the predicted oil and gas
resources of the Arctic USSR territories should be re-
evaluated and raised accordingly, and the potential oil and
gas resourceé in the adjacent water areas should be estim-
ated anew. |

It is thus evident that the Soviet Arctic (including
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its shallow-water areas) represents one of the largest oil
and gas reserves, a locale for future development of the oil
and gas industry of our country, and may become one of the
principal objects of prospecting for oil and gas within the
next 10-20 years.

At the modern rate of development of the oil and gas
production, improvement inrthe organization methods, drill-
ing techniques and exploitatioh of wells under a variety of
climatic conditions, it is difficult to predict the exact
date, on which the development of the oil and gas resources
in the Soviet Arctic will begin. It is, however, obvious
that these resources must be taken into account in the
objective long-term (i.e. to the years 2000-2050) planning
of the development of national resources.

In order to gain a correct perspective for the
future surveying and prospecting for oil and gas in the

Soviet Arctic (both on the shelf and on the adjacent main-

land territories), a large-scale marine reconnaissance of
the entire shelf area should be initiated. It should include

a systematic study of the natural geophysical fields (mag-
netic and gravity fields) in conjunction with the regional
GSz* profiles, as well as a series of regional MOV* profiles

in addition to those already available. The purpose of

v

*These symbols probably refer to the gravity and
magnetic profiles, respectively. (Translator)
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these investigations is to elucidate the main features of
the floor of the sedimentary horizons on the territory of
the shelf, as well as of the earth crust as & whole.
Reconnaissance survey of the shallow southeastern part of
‘the Barents Sea, in the East Siberian Sea and Laptev Sea
.should be continued in order to define precisely the struc-
tural pattern of the principal complexes of the sedimentary
mantle not only in the water areas, but also on the main-
land adjacent to these areas. It is easier to study geology,
oil and gas content of coastal areas by .approaching these
areas from the sea, than under the conditions. of the tundra,
which is accessible with difficulty. In o;der to provide a
general valuation of the oil and gas resources for a number
of regions, it appears expedient to drill deep parametric
boreholes and to carry out a detailed geophysical survey on
the Kolguev peninsula, on one of the Novosibirskie islands

and in the Spitshergen archipelago. All this will enable us

(v

to select in future the main cbjects of prospecting for oil

and gas more rationally and objectively.
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TABLE 1

0il and Gas Discovered in the Arctic and Subarctic Regions of America
(according to the data of 1970)

Age of productive deposits
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(cont'd)

Age of productive deposits
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*Transliteration.

(Translator)



Geological Potential 0il and Gas Resources of the Arctic and
Subarctic Basins of America (to the depth of
5000 m,and to the isobath of 300 m)

150

TABLE 2.

2820 1490

ig??iié?g Potential resources
in thousands
Basins of sg. km. .
0il, millions of tons
Tg;z; 823:? Paleo- Meso~ Ceno- qoioq
area zoic zoic zoic
Hyperboreal Platform 890 590 17600 42800 -
Arctic slope 500 330 13900 13400 -
Sverdrup 290 140 - 26200 -
Beaufort . . 100 70 3700 3200 =
Canadian Platform 1000 360 16500 - -
Lancaster . . . . 230 80 5800 - -
Melville-Victoria 400 210 10400 - -
Wollaston . . . . 40 10 - - -
Foxe . . .« « .+ . 90 60 - - -
Mackenzie . . 30 - 100 - -
Northern part of the
West Canadian
Basin . . . . 210 - 200 - - 200
~Cordilleras 930 540 1600 7200 " 6900 15700
Cook Bay . . 20 10 - 150 1200 1350
Nushagak 280 220 - 1600 2200 3800
Alaska Peninsula 40 30 - 200 1600 1800
St. Elias . . . . . 50 - 40 - - 1900 1900
Yukon-Flats-Kandik 30 - 1300 1000 - 2300
Bethel-Yukon-Koyukuk 380 210 100 3500 - 3600
BEagle Plain 30 - 100 - - 100
Copper . . . . 20 - - 150 - 150°
Tanana . . . . 30 .- - - - - -
Selawik . . . 50 30 100 600 - 700
TOTAL . 35700 49100 6900 92600
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TABLE 2 (cont'd)

Potential resources

Basins plsgolyed gas, _ F;ee gas,
milliards cu. m. mllllards cu. m.
Palgo— Me;o— Cepo- Total Palgo— Meso— Cepo- Total
zoic zoic zolc zolc zolc zolc
Hyperboreal '

Platform . 300 1000 - 1300 3700 3300 1800 8800
Arctic slope 200 400 - 600 3700 1900 - 5600
Sverdrup ... - 400 - 400 - 800 1800 2600
Beaufort ... 100 200 - 300 - 600 - 600
Canadian

Platform . 3200 - - 3200 7200 - - 7200
Lancaster .. 1000 - - 1000 1900 - - 1900
Melville- o

Victoria 2100 - - 2100 4200 - - 4200
Wollaston .. - - Co- - 200 - - 200
Foxe ...ec.0 - - - - 500 - - - 500
Mackenzie .. 40 - - 40 100 - - 100
Northern

part of

the West

Canadian

basin .... 60 - - 60 300 - - 300
Cordilleras 100 400 300 800 100 700 2400 3200
Cook Bay ... - 10 20 30 - 100 50 150
Nushagak ... - 60 140 200 - 500 100 600
Alaska

Peninsula - 10 60 70 - 100 100 200
St. Elias - - 80 80 - - 100 100
yukon-rlats- :

Kandik 70 60 - 130 - - 200 200
Bethel-Yukon

-Koyukuk 10 200 - 210 - - 1700 1700
Eagle Plain 10 - - 10 100 - - 100
Copper ..... - 10 - 10 - - 50 50
Tanana ..... - - - - - - 100 100
Selawik .... 10 50 - 60 - -~ 100 10

TOTAL 3800 1400 100 5300 11000 4000 3200 10700




Recoverable Potential 01} and Gas Resources of Arctic and
Subarctic Basinsg Oof America (to the depth of
5 km, and to the isobath of 300 m)

Potential resources

Basin 0il, millions Dlssgived
Fegii ' 4

oL tons milliards

- of cubic

K=0.3 . meters

Hyperboreal Platform

Arctic slope
Sverdrup ., , c e e L, .
Beaufort , | . e . 500

Canadian Platform . | . 4300 8250 1550
Lancaster , , | . . 1700 2900 o 500 1500
Melville—victoria . 3100 5200 1000 3400
Wollaston e e - - - 100
Foxe . s e e 0L - - - 400
Mackenzie | e .. 30 50 20 50
West Canadian basin . 70 100 30 250
Cordilleras (Canadian
and Alaskan) | . - e 4600 7700 400 2500
Cook Bay . | e e ., 400 700 20 120
Nushagak e e e, 1150 1900 100 500
Alaska Peninsula . . . 550 800 30 150
St. Elias . e ... 550 950 - 40 80
Yukon—Flats—Kandik o 700 1150 60 . 50
Bethel~Yukon—Koyukuk . 1000 - 759 100 1400
Eagle Plain . o e . 30 50 10 80
Copper . ., . . .« e .. 20 50 10 20
Tanana ., |, c e e . - - - 50
Selawik , . . e ... 200 300 30 50
TroraL . . ., | 27700 46000 : 2600 15200

—_—




TABLE 4

Distribution of Potential 0il and Gas Resources of the Arctic and Subarctic Regions of America
in the Main Groups of Basins (to the depth of 5000 m.and to the 300 m .isobath)

. . , Conventional
0il Dissolved gas Free gas equivalent
Basin
millions o milliards o milliards o millions o
of tons ° of cu. m. ° - of cu. m. © of tons
_

yperboreal Platform . . 60400 65.0 1300 125.0 8800 . 46.0 70500 - 60.0
Arctic slope . . . . . 27300 - - 600 - 5600 - 33500 -
Sverdrup .+ « « « « .« o 26200 - 400 - 2600 - 29200 -
Beaufort . . . . . . . 6900 - 300 - 600 - 7800 -
anadian Platform . . . 16500 18.0 3200 60.0 7200 37.0 26900 23.0
Lancaster . . . . . . 5800 - 1000 - 1900 - 8700 -
Melville-Victoria . . 10400 - 2100 - 4200 - . 16700 -
Other basins . . . . . 300 - . 100 - 1100 - 1500 -
ordilleras . . . . . . 15700 17.0 800 15.0 3200 . 17.0 19700 17.0
[ - = -

Cook Bay . . + « . . . 1350 - 30 - 0 : wwww -
Nushagak . . . . . . . 3800 - 200 - 500 _ 5070 -
Alaska Peninsula . . . 1800 - 70 - 100 - 5080 _
St. Elias . . . . . . 1900 - © 80 - 100 3 5530 _
Yukon-Flats-Kandik . . 2300 - 130 - 1700 _ mmmo _
Bethel-Yukon-Koyukuk . 3600 - 210 - 350 _ Hmmo -

Other basins . . . . . 950 - 80 - >

TOTAL . .+« « « « . 92600 100 5300 100 ¢ 19200 100 117100 100

_&_,.v ,



s

TABLE 5

Distribution of potential oil and gas resources in the arctic and Subarctic busins of wacrica vy the wain

stratigraphic coumplexes of deposits (to the uepth of 50Uux. end to the 300me izob.h ),

. y 1

Groups of 0il . Dissolved gas Free gas OMMMMQWWMMM

Basin 8

millions o milliards o milliards o millions o

of tons s of cu. m. ° of cu. n. ° of tons °
perboreal Platform . . 60400 100 1300 100 8800 100 70500 100
Cenozoic . . . . . . . - - - - 1800 ’ 20 1800 2
Mesozoic . . . . . . . 42800 71 1000 77 3300 38 47100 67
Paleozoic e e e e e 17600 29 uoo. 23 3700 42 21600 31
nadian Platform e e e 16500 100 3200 100 7200 100 26900 100
Cenozoic . . . . . . . ~ - . - - - - - -
Mesozoic . . . . . . . - - - - - - - -
Paleozoic e e e e e . 16500 100 3200 100 7200 100 26900 100
rdilleras e e e e e . .Hmuoo 100 800 100 3200 100 19700 100
Zenozoic . . . . . . . 6900 44 100 13 2400 75 9400 48
vesozoic . . . . . . . 7200 46 400 50 700 22 8300 42
Paleozoic « e e e e . 1600 10 300 37 100 3 2000 10
PAL: . . . « . . ... | 92600 100 5300 100 19200 100 117100 100
lenozoic . . . . . . . 6900 7 100 2 4200 22 11200 10
1esozoic + ¢ . < . . . 50000 54 1400 26 4000 21 55400 47
meﬂONOHO c e e s o 35700 39 3800 72 106000 57 5050" 43
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TABLE 6

Technological and Economic Indices of the Drilling for 0il

and Gas in Alaska during the Period of -1959-1968

Values
Indices of
Indices
. . thousands of m, 1291.5
Total drilling, boreholes . 378
Including:

' ; 600.1
reconnaissance and exploratory wells . . . . . . . 556
producing wells . . . . « « « + « + + 4 e . _%%%;i

Mean depth of the wells (of all the types) in mo.o. . 3020
Mean depth of reconnaissance -and exploratory wells,
IN M, & v v v e e e e e e e e e e e e e e e e e e e e e 2650
Mean depth of producing wells, in m, . 3420
Increment in proven reserves (in conventional equivalent)
millions of tons 210
Total capital investment in the oil-producing industry
(in millions of dollars) 1000

Including:

the prospecting and exploratory works 93.9

Mean number of wells per drill rig 5.8
Mean drill rig sinkage (in thousands of meters) 17.5
Mean cycle speed, in m/st.* - mes.¥ 1455
Specific capital investments in prospecting and surveying
per ton of increment in the reserves, calculated in terms
of the o0il equivalent, dollars/tons 0.45

*Transliteration. (Translator)
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TABLE 7

Relative Cost of Drilling in Alaska and in Other 0il- and
Gas-Producing States of the USA (according to the
data of N.A. Badovskii, V.V. Shimanovskii,

N.S. Tolstoi)

Alaska . . . . . 21 2720 1268 473.0
Texas e e a e e 12730 1462 56 40.0
mainland . . . 12636 l462 55 36.6
sea e e e e . 34 2900 347 123.3
Louisiana . . . 5395 2040 132 66.6
mainland . . . 4494 1800 85 46.6
sea e e e e e 901 3230 367 116.6
California . . . 2601 1065 59 56.6
mainland . . . 2541 1620 54 50.9
sea . . . . . 60 1065 258 163.3
Oklahoma . . . . 4009 1340 53 40.0
USA e e e e e . 44481 1310 56 . 43.3
mainland . . . 43486 1280 49 40.0
sea . . . . . - 225 3110 360 116.6
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APPENDIX,

Fige,l, Schematic tectonic map of the northern periphery of the Canadian
Platform, of its geosynclinal border and of the portions of the Hyperbto=
real Platform adjscent to the Cenacian Platform( dravm by N.5.Tolstoi on
the basis of the data from the works by V.F.¥ing,1969; T.Payne,1955;
"R.Thorsteinsson and E,Tozer, 190L; I.r.Atlasov' et al, 1964; B.Kh,Egiaza=

“rov, 1969),

Canadien Plctlorm: — l-Precembrian foundation exposed on the surface H

2~Contour lines of the Pretambrian foundstion; 3=Proven direction of the
dip of strata; 4- Syneclises, depressions and pericratomnal dovnwarps,

Hyperboreal Platform: roredeeps: 5~ Gn the mainland; 6-In water areas;

7-Depressicus in the outer corners of the platform; 8-Ramparts and large
local elevations; 9-Diapiric structures, . .

The Proterozecic folded belt of Creenland: 10-Eaykalids of the Northeastern

The Paleozoic fclded Franilin belt: 1l=- Region of the Larly Paleozoic

Cornwallis miogeosyncline and of the liorthern Greenlay nd; region of the

Late Paleczoic folding; 12-The Piri®es, pllesacre, liackenzie-Banks miogeo=

syncline; 13-~The Korthern sllecuere eugcosyncline,

The 1’

L belt of Alostn cnu Gomasas The miegeosynclinel province:

L~ Anticlinoria; 15-lepre esions; wae eugeosynclinal provinces lé=anticlie

noria, elevatiens; l7-lepressions,

*If this is the autcor listed in the biblieg sraphy, the intials are Ph.B,.

N

(Tr lulubol‘)

\\\\\




(Fig.1l, continued)

The Cenozoic folded belt of Alaska and Canada: The eugeosynclinal pro=

vince: 18-anticlinoria; 19-synclinoria, depressions; contour lines
along the Mesozoic marker surfaces in depressions; 20-Nushagak - the
floor of the Jurassic, Cook Bey = the rocf of the Middle Jurassic, Cop-

=y = the roof of tue Jurassic, St.olias = the roof of the Cretaceous,
b

matic rocks: 23~ intrusive; 24= cffusive; 25- abyssal master faults;

26—~ cisjunctive dislocaticnse

Gravity terreces desarcating the Hvoerboreal Platform with its foredeeps

and devmimres: 27— detected; 28 preswaed; 2%9= superimposed WQuaternary

3 : - S AR P N S O ey
derressions of the Cordilleras,  laclhin ena Lenada,
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14 — awruapurel; /3 — uHTPysiiBHBIE TNOPOAB; J6 — 3BDHY3MUBHbLIE | NOPOIL 17 — pcxonaespil yroaw; /8 — KoukD2ULE, {.9
Kpeuens; 20 — mnepephiesl B ocaakonaxonacrint; 2/ — OpexruHil; 22 = 6paxuiDOBAHHBIE KOHFAOMepaThl; 23 -— apKO30BHE MRCTHAH
: 24 — KB2DIWITHY; 25 — GuTyMBl

FO¥

350
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Fig,2, Correlation scheme of the summary lithologicél-ﬂstratigraphic
cross=sections of the southern periphery of the Hyperboreal Platform

( by N.S.Tolstoi ).

1= conglomerates; 2= sandstones; 3= sands; 4= aleurites; 5- argillites;
6~ schists; 7=~ clays; 8= clayey limestones (maxj;stones); 9= limestones}

110- calcareous éhales; 1l= dolomitized limestones; l2= dolomites; 13-gyp-

sum; lh= anhydrites; 15- intrusive rocks; 1l6= effusive rocks; 17~ mineral

(fossil) coal; 18- concretions; 19= silicon; 20~ breaks in sedimentation;

2~ breccias; 22- brecciated conglomerates; 23— arkose sandstones; 24-

—quartzites; 25= bitumens,

The figures typed in red on the drawing stand for:

1-System; 2-Division; 3= Stége; 4= Series; 5= Suites and horizons; 6=Jua-
ternary; 7- Paleogene~Neogene; 8—Cretacéous; 9=Jurassic; lO=Triassic; 1ll=
Permian; l2-Carboniferous; l3-Devonian; lhmPre-Déevonian 3 15~Upper; l6=Low=
er; 17-Upper; 18-Micdle; 19-Lower; 20-Mis siséippian; 2l -Haestrichtian;
22=Campanian; 23=Santonian ;' 24=Coniacian; 25-Turonian; 26=Cenomanianj; 27=
Albian; 28-Aptian; 29-Barremian; BO-Hauterivian; 31l=Valanginian; 32=Col=
ville; 33=Nenashak®; 34=Sagavanirktok ;35-Kogosukruk; 36=Sentinel Hill;

37-Talavak; 38=5Sibi*; 39=-Ninalak*; LO=-Grandstand; Ll-Topagoruk; 42-Fort=-

ress Mountain; 43-Dumalik’; Lh=Ckpikruak; A5-Kamik; L46-Kingak ; 47~Shublik;

L8-Ivishak; L9-Eluka®iek; 50-Lisburne; 5l-Kayak; 52-Kanaput®; 53-Weller

ATransliteration,(Iranslator),

“efgaganavirktok in the text,Probably another mistake,(Translator )
%riliina Lake? (Translator ),

ol (Praneh stor.

T AT ey e




Mountain; 54=Saddlerochit; 55-System; 56=Division; 57-Stage; 58-Group, suite,
horizon; 59-Quaternary; 60—PaleogenefNeogene; 61-Crétaceous; 62=Upper; 63=
Lower; 64=Little Bir*; 65=Slater River; 66=Sans Salt; 67-System; 68-Stage;
69~Group, suite, horizonj; 70-Thickness in meters; 7l-Paleogene-lNeogene; 72—
Cretaceous; 73-Jurassic-Cret§ceous; Th=Jdurassic; 75=Triassic; 76=Permian;
77=Permo-Carboniferous; 78-Carbonifercus; 79-Devonian; 80-Ordovician-Silu-
rian; 8l=Lower; 82-Upper; 83-Lower; 84-Undifferentiated; 85=Lower; 86—
Middle; 87-Upper; 88-Middle; &9-Lower; 90-Upper; 9l-Undifferentiated; 92—
Upper; 93-Upper; 94=(same as 80); 95-Eocene; 96-Paleocene?; 97~-Pennsylva=-
nian; 98-Undifferentiated; 99-Beaufort ; 1Q00=BEurica S und- lOluKanguk'lOZ-
Hassel; 103-Christopher; 104=Isachsen; 105~ (Illegible) Bay; 106-Deep Bay,
107-(illegible); 108~ (1lleglble) 109-Jaeger; 110-Seivik’; 111-Kheivergs;

112-Blaa* Mountain; 113-Bjdrn; 1lh-Donovan; 1l5-Intrepid; 1l6-Allen; 117-

“Transliteration, Probably should be Little Bear,.(Translator).
110,111,112-Transliterations. (Translator ),

#*ransliteration,Jaeger? (Transletor),
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l:»

l-System; 2=uaternary; 3-Pal eogene; L=Cretaceous; 5=Permo=~Carboniferous
(undifferentiated); 6-Uevonien; 7-Silurian; g=Cambro-Ordovicien; 9-Cambrian;
10-Proterozoic; ll=Divisicn; 12-Neogene; 13=Upper; 14~-Lower; 15-Upper;
16-tiddle; 17~Undiff erentiated; 18-Upper; 19=liiucle; 20-=Iower ; 2.-Upper;
22-Lower; 23=Group,suite,iorizon; 2l=Uapiti*; 25-Kotaneelee; 26-Fort lielson;
o7-Sally; 28-3ikanni; 29-Bakinkhos®; 30-Imperial; 3l-Xhort River; 32-
Nasharmie; 33=hnidless*; 34=lianetoe; 35-Arnica; 36=lchougal ; 37=iount Cape;
3g=Yukon=-gatarina*®; 39=ilondike~kazina’™,

B

e

1-System; 2=-3ilurion; 3-Ordovicien; L=Sambrian-Brdovician; 5-Cambrian; 6-
Precambrian; 7-vivisim; 8-Upper; 9-iiddle; 10-Lower; 1l=Uppsr; 12-idudle;
13-Undifierentiated; lh-Group, suite, horiza; 15-Bail Lodge, -Ship Pointj

16~Turner Cliff; 17-Gellery.

shen; 2-Jevenion; 3-Silurian-vevonianj 4-Silurisnj 5-Urgovician; 6-Yamb-
rien; 7-sivicicn; @-Ugper; 9-dudle; lo"""x\xl.l crentiated; 1l-Uoper; 12-ldddle
13-Lover; lh=iddle; 15-lover; lé-Precusbria 5 17-Group,suite,horizon; 18-
fed boy; 19=-almn 2oy 20-Cormwallis; 21~ cnotuni 7/ lianetend 7%, Cang weber ,Cape
Clay, Kess?/ieve?® fiord; Z22-~Cape wocd, Cepe x;er‘;t, Police rost,

ene; 3=3ilwien=-vevonien; L-sidurian; 5=Ordovician;

l-cystan; 2= g_lco ene=ie

‘(3

G-Vambricn; Tolrecamirian; 7-Uivision; 8~Undiiferentiated; 9-Upper; 10-rddcl

-t AP

3 e

1l~Lower; 12-.iudle; 13-Lower; lh-idddle; 15=Lowxur; 16=Group,saite horizon;

STronsliter.iion, (Tronslztor).
swrProbably lictwdless, (ranslator ).

.
2

&3



17-Coose Fiord; l8-ied Bay; 19=ilan Bay; 20-Cornwallis; 21~Eleanor River;
Crocker Bay; 2-lieito?/Neipo?* River, Iingo?3iiinto?* River, Bear Point,
Rabbit Point, | | | |

E,

1-Systex; 2-3ilurian; 3~Ordovician; L-=Yambrian=Ordovician; 5-Cambrian;
6=Precambrien; 7-Division; 8-ifiddle= 9=Lower; 1O0=Upper; .ll=liiddle; 12-Undif-

ferentiated,

Trarsliterat.oi, (Ifranslator).
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Fig.h,

peiad S R BA &S
A

1-System; 2-Triassic; 3-Permian; A4-lississippian; 5-vevonian; 6=5ilurian;

7=Carvo-Ordovician; g-Division; 9=Upper; 1O-Lower; 1ll=Upper; 12-iiiadle;
lB-»aner, lh=idcdle; 15-Group,suite;horizan; lé—Siksikpa.k; 17-Lisourne;
18-& atalc®; 19-Kar xa‘/uu, 20-tiunt-Fox/Toxe; 2L=-Skaiit™,

B

1-System; 2-Devonian; 3=Silurian-vevonianj 4=Silurian; 5-Ordovician; 6=
Camorien=Ordovician; 7-Bivision; 8=-Upper; 9=-idddle; 10-Imdifferentiated;
11-Upper; 12-iiddle; 13-Lowsr; lh-Upper; 15-iicdle; 16=Upper; 17=Undif=-

ferentiated; 18-Group,suite, horizon; 19-Melville Island 20-Tbbett; 2L=

Kenros-Hert, i
e
1-System; 2-Devonian; 3~Silurian; L4-Ordovician; 5-bivision; 6=Upper; 7-

liddle; 8-dddle; 9-Lower; 10-Upper; ll=iiddle; l2-Lower; 13-Upper; lb=

Middle; 15-~Graup,suite,horizon; 1l6~Cope Pnillips.,

1-System; 2-Pemngylvanian; 3-vevonian; h-Silurian-bevonian; 5=3ilurian;

6-Ordovicieans T-Division; S=idwule; 9-Undiiferentiated; 10-Upper; 1l-
2 2 2 L

ddle

;5 12-Lower; 13-tdadle; lh-Group,suite,horizon; 15- ntrepid Pay;

16-Diseopointment; 17-Cape Faillips; 18-iew bay; 19-dlen Soyj 20-Cormwal-

lis; 21-Zleanor Hiver,

sPransliteration, (Translator ).




E_
1-3ystem; 2-aleogene; 3-Uretaceous; 4-Permian; 5-Permo~(illegible); 6=
Devonian; 7=Silurian-bevonianj 8=-Silurian; 9~Ordovician; 10-(illegible);
N <Carvonizerous; 12-Proterozoic; 13- Division; - 14-Neozene;
15=Upper; l6-MHiddle; 17-Lower-iiddle; 18~Undifterentiated; 19-Upper; 20-
liddle; 21=(illegible); 22=Upper; 23-hiddle; 24~Undifierentiated; 25-
Fjddle; 26=Group,suite,horizon; 27~Gresly Fiord, Donovan,(illegible); 28-
~Good Hill/Gocdaill; 29-ilan Bay; 30-Cornwallis, Cape Kolkhoun®, Ganiake™,
Daz’ Day (or:Ganickedaz oy ), Cape Baird; 3l-ileanor River; 32-Cape Rawson;

33-iount bisraeli; 3L-bail Harbour; 35-View Creck; 36=-Tryul?Toyul?* Grozp,

l-tystem; 2~Feleogene-heogene; 3-Uretaceous; L-Sermo=Sarboniierous; 5-Or~

o
©
“
(=N
0
]
0

lovician; 6-Protorozoic; 7-=Division; &~Zudle; 9-Group,suite,horizum;

-y

10-Chaplen/Chaplain Ezher®, 11-Taina 12~-Barn; 13-iacllintock; 14=Cape

Colwizia,

) A
PR ol B 23
LSS ANV O LN N7
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Page 7,

1-System; 2-Quaternary; 3-Neogene-Paleogene; L=Cretaceous; 5-Jurassic; 6-
Triassicy 7-Permian; 8~Carboniferous; 9-Division; 10-Fost-Focene; Jl-Eocehe;
12-Upper; 13=Lower; lh~Upper; l5-tiiddle; 1lé=Lower; 17-Upper; l8-Llower; 19=
ﬁpper; 20-Lower; 2l-Upper; 22-Lower; 23~Group,suite yhorizon; 24-hskaj; 25=
Tsadaka; 26~ilishbone; 27-Chickaloon; 28~Arkose; 29-Matanuska; 30-Naknek*;
31-Chinitna; 32-Tuxedni; 33-Talkeetna; 3L4-Nikolaij; 35-Lithology; 36=Glacial=
alluvial depositsj 37-Gravel, sand, conglomerate; 38-Sandstones, argillites,
schists, conglomerates with coal seams; 39-Schists, sandstoncs with inter-
layers of conglomerates; LO-Dark fine-grained limestones with (illegible ),
tuff=-conglomerates and arkoses; L41-Basal conglomerates, schists, arkoses,
sandstones; L42-Schists; A43~Sandstones, schists, conglomerates, arkoses; Ly
Voleanic rocks; 45-Schists, limestones; Lb6-Greenstone rocks (effusives and
their pyroclasts); L;?-Basalt;s, tuffs, tuff breccias, argillites, ..si]_iceous
roecks, limestones; L8~Volcanic rocks, argillites, limestones, siliceous
rocks, conglomerates; h9-Thickness; 50-Group,suite,horizon; 51= Kenal; -

52~ Hemlock; 53-Nikolaij 5h=Iithology; 55-Glacial=-alluvial aeposits; 56=sand =
stones, argillites, conglomerates, schists; 57~ sandstones, conglomerates,
ampelites; 58-Basal Tertiary continental rocis; 59-tarine meta-sediments,
mainly argillites; 60-Volcanic rocks; 6l-limestones, volcanic rocks; 62=

greenstone continental rocks (effusives and their pyroclasts); 63~Thickness;
Transiiteration, (Translator),
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6li=Group,suite,horizon; 65-Kenai; 66=Hemlock; 67-Koguak™; 68~Lithology;
69~Glacial=-alluvial deposits; 70=Sandstones, argillites, conglomerates,
schists; 71l-Sandstones, conglomerates, ampelites; 72-Basal Tertiaty con-
tinental rocks; 73-tarine and continental sandstones and argillites; 7h-
Marine schists and sandstones; 75-Marine meta-sediments (argillites?);
T6=Volcanic rocks; 77-limestones, yolcanic rocks; 78-Greenstone rocks (ef=
fusives and their pyroclasts); 79~Thickness; 80~Group,suite,horizon; 81~
Koyalagvik
Naknek; 82-Chinitna; 83-Tuxedni/;8h-Kamishak; 85-Lithology; 86=Glacial—
alluvial deposits; 87-Schists, arkoses, sahdstones; 88-larine argillaceous
shales; 89-Sandstones, schists, conglomerates, arkosess Arenaceous schists,

conglomerates; 90-Volcanic rocks; 91l-Hornfels, siliceous rocks,clay shales,

limestones,

[y

*Transliteration, (Translator ).
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Fig.9.

1-Boundaries of the proven and possible oil~- and gas-bearing basins; 2= The
300m, isobath. Density of potentdal oil and gas resources in the conven-
tional oil equivalent, thousands of tons/ sq.km.; 3~over 100; 4= 50 to 100;
.Sf 30 to 50; 6=10 to 30; 7= 5 to 10; &- less than 5,
Basins: I~ arctic slope (a= South Chukchi eleve;tion, b= Chukchi depression,
c; Barrow-iieade eievation, d= Umiat depression, e=Colville downwarp); II-
Beaufort; III- Sverdrup ( a=ies Sierdrup depression, b= Illef-iingnes ele=
vation, c= nast Sverdrup depression); IV-liackenzie; Ve West Canadian; VI-
Wollaston; VII= kelville=victoria; VIIi- Jonszs-Lancaster; IX~Peary-Blles-
mere; X~ \andels xey  alle Selawilg KIIi— Anadyrt=Seward (a=Yukon=
Koyukuk depression, b-Bethel depression, c—= Anadyr! depression); XIV= Yukon=-
=Flats-Kandik; XV-Eagle Piein;  XVI-Tenena; XV II~tushagak; XVIII~- Alaska

peninsula; XIX- Cook Bay; XK= Copper; XXI=-St.Zlias,
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X{_V,’bi’ll.'_l'.’»b
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10, Cxesiarhyeckast KapTa NCPCMeKTHB  He()Tera3oHOCHOCTH Apxtrin w CyGapxthii coctasuan M. I Moaeaesckuit  u H. C
Toactoit, 1970):

~— Tpaxiusl HedTera30HOCHLIX H BO3MOANO ECTEra30HOCHBIX 6ACCeiinos; 2 — rpaHiibl KPYREbIX TEOCTPYKTYPHDIX 3IEMENTOD BHYT-*
© Gacceiinon; 3 — 064aCTH BbiX02a (YHAZMCHTA HQ MOBEPNHOCTL; 4 — 0073CTH PACIPOCTPGHEHIA  MATOMOLUHOT (meree 500 )
0C210UilOrC YeX1d; § — craaauaTbie 05.1aCTH:
feopuL NEpenexTugrOCTI: 6 — BBICOKONCPCACKTHBNLIZ, 7 — mepcuexTusHbie; 8 — MatonepcnexTusubie; 9 — TYyGOKOBOAHDBIE
b B GOCMCPCREXTHBHbIe TEPPUTODHil H 2K33TOPILL, 10 — rpaununl 30H Pa3ANUMOIl NEPCIEKTHALOCTIL
rccennut: | — Mezencwi, [/ — Tuxano-Tlesoperiti, /1l — Bapenuesomopcxuil, JV — Bocrouno-Kaparuil; V — 3ananro-Cubup-
wiy, VI — Ennceit-Natauwresuit, VI — Tyurycexuit, VI — Jileno-Biaoexil, IX — Jlantesuscpesnuii, X — Cepepo-SikyTekui,
— Koamickui, X1 — Uyxotcxo-Boctotio-Crbitpexitil, XIII — Omotopexpfi, X1V — Mewsuncxui, XV — Anaapipo-Cbroapackiti,

I — Ceiesnx, XVII — Hvwarax, XVI/[ — Taunana, XIX — Tloayoctposa Aascka, XX — 3aausa Kyka, XX/ — Cenr-9auac,
VIl — Konnep, XX/{] — IOxou-®aerc-Kauaux, XXIV — lira-Tlaein, XXV — Apktuveckoro ckaona; XXV/— Bogopra, XXVII—

senapyn, XXVII[ — cesepuas  Hacib 3anaano-Kanaicxoro Gacceitna, XX/X — Maxkensy, XXX ~— Meapitaa-Baxropusd,
X! — BoAizacton, XXX/[ — Baujeas, XXX{II — Osioxac-flauxacrep, XXXIV——- doxc, XXXV — Tyasouosa 3ajuea,
. XXXVI — Tapu-3acaup .



Fig,10.

Schematic map of oil and gas prospects in the Arctic and Subarctic regions

(by M.ShoMedelevskii and N.S.Tolstoit 1970),

1-Boundaries of producing and possible oil= and gas=bearing basins; 2-Boundaries

of large geostructural elements of internal basins; 3=regions marked by foun-

dation outcrops; -,h-{iegions of distribution of thin(less than 500m. in thickness)

sedimentary mantle; 5-Folded zones,

Degrees of promise: 6-highly promising; 7-promising; 8-of little promise;

9-Beep-water depressions and territories of submarine regions,which hold no pro-
mise; 1O-boundaries of the zones varying in degree of promise,

Basins: I=-Mezenskii; IT-Timan~Pechora; III-Barents Sea; IV-East Kara; V-

West Siberian; VI-Enisei-Khatanga; VII-Tunguska; VIII-Lena=Vilyui; IX-Laptev :

Sea; X= North Yakutian; XI-Kolyma; XII-Chukchi-Bast Sjberian; XTIl -0lyutorsxi:

XIV-Penzhina; XV —Anadyr'-Sewaer 3 LVI-Selawik; XVII=-Nushagak; XVIII-Tanana;

XIX-Alaska peninsula; XX=Cook Bay; XXI-St.E.ias; XXII=Copper; XXIII-Yukon-=
Flats-Kandik; XXIV-Eagle-Plain; XXV-Arctic slope; XXVI-Beaufort; .JC{VII-Sver—
drup; XXVIII- Northern part of the West Canadian basin; XXIX-MHackenzie;
III-Melville-Victoria; XXXI-Wollaston; XXXII-Wandels; XXIII-Jones—=Lancaster;

XXIV-Foxe; XXXV-Hudson Bay; XXXVI-Parry-£;lesmere,




