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PREFACE

The Franz Josef Land archipelago is situated in the outermost, not easily accessible, part of the
northeastern European Arctic. Geologists

severe obstacles when working in the archi-

pelago, not only in moving between islands but also between capes on one and the same island.
Unpredictable ice conditions along the sounds and straits and commonly occurring weather conditions that prevent flying are responsible

these difficulties. When they are overcome, the 85%

ice cover and extensive block fields

make stratigraphical correlation very difficult.

Consequently, even though all but a few

that have visited the archipelago have under-

taken geological exploration, we still do not possess a full geological picture of Franz Josef Land.
However, a wealth of good data, mainly
but not always accessible, publications,

in recent decades and presented in numerous,
been awaiting revision and synthesis. A number of

authors have jointly endeavoured to take on this
From the outset, this work has formed
North Barents Geotraverse", which is

here.

of the joint Norwegian-Russian project entitled "The
a basis for resuming geological exploration in

Franz Josef Land. The authors hope that

monograph will be of interest to Arctic geologists and

wider circles of scientists who wish to take

closer look at the geology of these islands, which are

a mere 900 km from the North Pole.
This manuscript was compiled and the illustrations were prepared by permission of the management of VNII Okeangeologia, whose support is gratefully acknowledged. The authors wish to express their special gratitude to Richard Binns for his inestimable help as scientific and language
consultant. He has put a great deal of effort into making the text more accessible to western readers, both geologically and linguistically.

also like to thank Dr. Anders Solheim of the

Norwegian Polar Institute for help in publishing the monograph in the Institute's Meddelelser series, and Mrs. Annemor Brekke, also of the Norwegian Polar Institute, for preparing the manuscript
for print.
V.D. Dibner
Editor
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1. HISTORY OF THE GEOGRAPHICAL AND GEOLOGICAL
EXPLORATION OF FRANZ JOSEF LAND - V.D. DIBNER
A naval officer, Nikolai Gustavovich Schilling, an active member of the Russian Geographical
Society, wrote in an article published in 1865: ".. .it is hardly possible that one group of the Spitsbergen islands could keep huge masses of
occupying space measuring several thousand square
miles, in a permanently similar position
Spitsbergen and Novaya Zemlya. Does not this
circumstance, as well as relatively easy access to the northern part of Spitsbergen, suggest that
between there and Novaya Zemlya there is a hitherto unknown landmass which stretches northwards farther than Spitsbergen and retains ice" (Schilling 1865) (see also Kremer 1957, 1961 and
Dibner 1959a). This land proved to be Franz Jose! Land, discovered by the Austro-Hungarian
Polar Expedition in 1873. Thus, Schilling's
was splendidly corroborated (Fig. 1.1).
Fifty-seven years later, in 1930, Gunnar
a Norwegian geologist, advanced his version of the
discovery of Franz Josef Land by
sealers in the same year of 1865. This was related to
the beginning of the extension of hunting
beyond the north and east coasts of Nordaustlandet in the early 1860's. He claimed
the sealing ship "Spitsbergen" with skipper
Nils Fredrik Rennbeck and a harpooner
Johan Petier Aidijarvi sailed and sealed on an
easterly course from northeast Svalbard and after
miles discovered new land which they called
North-East Spitsbergen, or Rennbeck Land. ill Horn's view, it was Alexandra Land, or the Prince
George Land islands. The sealers kept their
a secret so as to keep their competitors away
from good hunting grounds. This could be demonstrated by the old log books, but they were
destroyed by a fire in the 1920's (Horn
The honour of really discovering and first exploring Franz Josef Land goes to the AustroHungarian Expedition headed by Julius
Carl Weyprecht (Payer 1876). This expedition
used the "Tegetthoff", a sailing vessel fitted with an engine. In August. 1873, the "Tegetthoff" was
surrounded by ice and later in the month it drifted to the southern periphery of the archipelago.
Payer wrote that the sun suddenly emerged from
the clouds and lit up the outlines of land of
an alpine character in the northwest. The
in the vicinity of Wilczek Island and in
November 1873, Payer visited it and ascertained
it was composed of dolerite.
Payer made three sledge journeys in
On the first, he discovered and explored capes
Tegetthoff and Frankfurt on Hall Island and continued up Austrian Strait to Wiener Neustadt Island
and farther north past the islands of Kane,
Rainer and Hohenlohe to Rudolf Island (Fig.
1.2). He rounded the latter from the west and reached Cape Fligely, the northernmost extremity of
the archipelago. On his return trip
second
he found Litke, Hochstetter, Berghaus,
Klagenfuhrt and other islands. On his third
journey, he explored the southeastern part of
McClintock Island. Payer believed that many islands west and east of Austrian Strait were parts of
major land areas, and he called them
Land and Wilczek Land, respectively, thus immortalising the names of the sponsors who funded the Austro-Hungarian Expedition.
Payer collected a variety of data on the nature of the archipelago, including its geological structure.
Some of these data have still not lost
significance. In particular, he noted an extensive
development of dolerites, building up characteristic columnar cliffs, similar to those on the east
coast of Greenland. The northern islands were dominated by coarse-grained, olivine-bearing rocks,
whereas aphanitic rocks, resembling basalt. were common in the south. Payer was the first to
suggest that Franz Josef Land is part of an ancient volcanic region embracing Greenland, Spitsbergen, Jan Mayen, Scotland and other areas, thus anticipating later notions of the Brito-Arctic
plateau-basalt province. On the islands visited by Payer, vast accumulations of dolerites and basalts
form the flat summits of table mountains. Professor Tschermak, who studied Payer's collection,
noted that in their texture, composition and other details, the dolerites of Franz Josef Land resembled those of Spitsbergen (Payer 1876). According to Payer, sedimentary rocks were represented
by quartz sand and sandstone with carbonate cement (we now know that these are unambiguously
characteristic of the Upper Triassic and Lower Jurassic continental deposits), and he saw shale in
talus displaying imprints of flora and silicified wood.
Fig. 1.1 Sketch map of the Franz Josef Land islands.
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Fi X. 1.2 Julius Payer's sledging party ar Cape Saulen IStolbovoi), Rudolf Island <Payer 1876).

Payer also co nsidered the recent glaciation of the arc hipelago and noted the unusually coarse
granularity of the ice. the small amount of till and the low position (about 300 m) of the fim line.
He ex plic itly co nclud ed that only Franz Josef Land "v. . ex hibits the true severity of high-Arctic
nature".
Among the ex plorat ion wor k thur fo llowed the Austro-Hungarian Expedit io n. the British exped itions under Leigh Smi th (1880-1 882) and Jackson ( 1894- 1897 ). and the Nor wegian Expedi tion
under Nanscn (1895- 1896 ) are of particular interest.
Durin g his ex ped ition. the English yachtsman Leigh Smith erected a house of planks on Bcll
Island in 1881. and called it Ei ra Lodge. Le igh Smith and his co mpa nions were unable to winter
there beca use the ir yac ht "Eiru' was trapped in the ice near Non hbroo k Island and sank not far
fro m Ca pe Flora. where the explorers had to winter in a turf hut. In summer 1882. they ca me in
boats to the edge of the pack ice near Maroch kln Strait (No vaya Zemlya). where they found the
" Hope". wh ich had been sent to searc h for them .
Eira Lod ge is the olde st building preserved in Franz Joscf Land. By chance. it was erec ted
where no snow accumulate!'> and it has surv ived the action of ice from insid e and outside . It has
bee n visited by. among others. the crew o f the icebrea ker "Krassin" ( 1928 ). the present author
( 1953) . and the geologists Vu. Mikh ailov and G . Vidrnin-Lobzin of the Institute of Arctic Geo logy
in Leningrad (19 77 ).
Th e Leig h Smith Exped itio n disc overed the island s of Nort hbrook . Bell . Mabel. Bruce. George
Land. A lcxandra Land and the interve ni ng strai ts. including the largest one. British Channel (Grant
1881. Markham 188 1. 1883. Mo ntefiore 1894 ). On the se islands. the naturalist J. Grant col lected
geo logical mate rial which was examined by Solms & Graf (1904). On Bell and Mabe l islands. thc
expedition members fou nd Upper J urassic beds (O xford ian cla ys yield ing belemnites). o verlying
ba..altic sheets and remains of fossilised wood . also encountered at Gray Bay on George Land.
.-\. notable contribution to the geog raphical and . especially. geological expl oration of the archi pelago \\ as made by the Jack scn-Harm swonh Expedition in 1894-97 (Jack son 1899 ). which es tabli..hcd \\ inter quarters o n Cape fl o ra. Th e expediti on mem bers ex plored Northbrook. Koettlitz.
v an-en. Scou-Kehie. Hooker. Eton. BTUce . windwcrth. Mabel. Bell. George Land. Alexandra
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Fig. J.3 x orwegran Polar In..mute personnel setting up a memorial at the site where Nansen and Johansen

wintered at Cape Xorvegia. Photo: X. Heinu . 1940.

.

Land. Arthur, Luigr. Salisbury. Jackson and other islands. Koeulitz (1898. 18991 made geological
observations on most of these. mainly ne" Iy discovered. islands. He described series of basalt
sheets and ascertained their effusive nature and their great difference from the holocrystalline
roc ks. dolcr ites. described by Payer in the north-central part of the archipelago. He described outcrops of underlying Jurassic marine deposits. from which a rich fauna was collected, He also
mapped young marine terraces and described the morphology of recent glaciers and evidence of
ancient glaciation. The geological collections made by Kocttlitz were studied by the petrologist
Teall and the palaeontologist Newton (Newton & Tea1l 1897. 1899 ).
The Cape Cook section (southeastern George Land). described by Koettlitz (1 899 ). remains of
special interest 10 the present day. He noted outcrops of sand and clayey shale. along with seams of
sporinite coal. and these are now believed 10 be of Lower Carboniferous (Viscan) age. It cannot be
ruled out that the underlying bituminous shale (yielding plant remains and fish scales) is an equivalent of the Frasnian domanik Iacies. known on the Timan-Pechora plate. in the Urals and on
Novaya Zemlya (Dibner 1970. 1978 1.
The famous Polar explorer Fridtj of Xansen. who was in command of the Norwegian North
Polar Expedition on the "Fram' 11893- 96 ). and his companion Lieutenant Hjalmar Johansen. left
the "Fram" in spring 1895 and embarked on a ..ledge journey towards the Pole. They reached 86"
I~ ' N. setting up a record for that nme. and then turned southwards. eventually reaching Franz
Josef Land. In early August 1895. they came to a little grou p of islands which were almost entirely
sno w covered. The men therefore called them Hvidtenland (White Land ). Nansen and Johansen
..... intered at Cape Norgc on Jackson Island. and in ..pring they left there in kayaks on a very hard
and perilous voyage toward.. Cape Flora. where they met the British Jackson Expedition. During
his crossing of Franz Jcsef Land from northea...t to southwest. Nansen made some general geographical and geological ob..ervations I F i~ .... 1.3 & 1.4 ).
Together. Jackscn and Nansen proved that Franz Josef Land is an archipelago. not the southern
extremity of a land area stretching far north. as ..orne geographers had believed, Nansen e...tablishcd
the presence of a ubiquitous devetopmem of basalt crossing the archipelago, These rocks. describcd by Professor Bragger tNansen l 897bJ. were shown to vary in texture from porpbyritic to

,
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Fig. l A Log (driftwood) from the

ruins of the hut built by Nansen
and Johansen. Photo: N. Heintz.
1990.
amy gdaloidal and 10 have vesicles filled with zeolite and calcite. Coar se-grained basalt on
Cape McCli ntock showed a
doleritic texture, resemb ling
the dolerit es and basalis of
Spitsbergen. The basalt of
Nansen's collection mostly differs from the plateau basalt of
northwestern
Europe.
the
.Faeroe Islands. Iceland and
Gree nland by having low co ntents of olivine and magnetite.
Nansen only observed basalt
underlying sedimentary rocks
in the Cape Flora area. Here he
made a bed-by-bed description
of
a section of Jurassic (Aale ..
•
nian. Bathonian. Callovian )
marine deposits from which he
collected a rich fauna. as well
as collecting plant fossils from the continental beds between the basalts (Nansen I897a. b. 1900,
Nathorsr 1900. Pom pecky 1900 ). An assemblage of Jurassic and Lower Cretaceous pollen and
spores from the co llectio n Nansen made at Cape Flora was studied by Smelror ( 1986).
At the turn of the century. a number of expeditions were fired with the ambition of being the
first to reach the North Pole. Some embarked from bases on Pranz Josef Land. then regarded as the
most suitable starting point for a deci sive push northwards. These expeditions. including the Wellman Expediti on ( 1898- 99). the Duke of Abruzzi Expedition (1899- 1900). the Ziegler Expeditions
( 1901- 1902).1903- 1904) and the Scdov Expedi tion ( 1912-14). ignored the consistent pattern in
the motion of old ice in the central Arctic recognised by Schilling as early as 1865. and tried in
vain to reach the Pole from Franz Josef Land. i.e. against the vigorou s drift of the pack ice. However. they made notable co ntributions to the scientific investigat ion of the archipela go.
The following is a brief acco unt of the geo logical and geographical exploration undertaken by
these ex peditions,
In summer 1898. an expedition led by the American journalist Waiter Wellman. using the
Norwegian sealer "F rithjo f". circumnavigated Wilczek and Salm islands. and reached Cape Tegetthoff on Hall Island. In spring 1899. the sledge party came to Rudolf Island. but Wellman and his
companions reached no further than latitude 82 0 • from where they returned to Cape TegetthofT.
Simultaneously. Lieutenant Evelyn B. Buldwin. a meteorologist. mapped the cast coast of Wilczek
Land and the newly discovered Graham Bell Island. In August 1899, the expedition was picked up
by the Norwegian scaler "Capella". The islands of Alger, Brice. Bliss and Pritcbett were discovered on the way back to Nor w'ay. In other respects, the scientific results of the Wellman Expedition were rather modest (Well mun 1899). as its main purpose was the pretence of a dash for the
Pole. which had practically no chance. or even hope. of success . In 1920, Nansen wrote that the
whole point had been to know what material was expected by newspapers. and in this respect Wellman had had no match.
In summer 1899. the Duke of Abruzz i Expedition. sailing on the "Stcl la Pa lare", entered the
Victo ria Sea and reached 8]0 04 ' N where winter quarters were established in Teplitz Bay on the
west coast of Rudolf island. From there. a group led by Umberto Cagni and two auxiliary parties
made a futile dash for the Pole. Cagni reached the record position of 86 0 34' N. The mem bers of
one of the auxiliary pan ics. Querini. Ollie r and Stek ken. perished in the ice on their way back. in

---

-
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August 1900, the expedition left Franz Josef Land on the "Stella Polare". While wintering in
Teplitz Bay, the explorers measured magnetic field variations and gravity, and studied the basic
rocks making up Rudolf Island. Petrographical descriptions of the rocks were made by Colomba
(1903), Piolti (1903) and Spezia (1903). Dolerites were found to dominate on Cape Germany and
Cape Saulen, a coarse-grained basalt flow was noted on Cape Auk, basalts on Cape Fligely and
amygdaloidal basalts in Teplitz Bay.
In 1901-1905, two expeditions funded by the American millionaire William Ziegler, operated
in Franz Josef Land. The first one, led by Baldwin, reached the archipelago with three vessels in
summer 1901. In spring 1902, a sledging party took provisions to Rudolf Island. An advance
towards the North was not even attempted, and in August 1902 the "America" took the expedition
from the archipelago without any scientific investigations having been made.
In 1903, aboard the same vessel, the Ziegler Expedition in charge of Anthony Fiala, a photographer, returned to Franz Josef Land. In the open Victoria Sea, the vessel penetrated to 82° 14' N
and then returned to Teplitz Bay to winter there. Depots were established on Cape Flora and Alger
Island, which were used by separate parties of expedition members. Fiala made some pushes
northwards, but failed to get beyond 82° N. In August 1905, the expedition returned to Europe with
the "Terra Nova" (Fiala 1907). Failure to achieve its main objective, to reach the Pole, was compensated for by a considerable collection of scientific material. A map showing the central-eastern
part of the archipelago and the islands of McClintock and Hooker, was greatly improved. William
Peters and Russel Porter studied magnetic field variations, tidal currents, made weather observations and studied the geology. Seams of brown coal were found in the Cape Flora area, on Coal
Mines Island, and on Cape Washington and Cape Richthofen; fossils were collected from the
underlying Jurassic deposits on Cape Flora (Whitfield 1906, Fleming 1907).
In summer 1901, the first Russian icebreaker, the "Yermak", under the command of the noted
scientist and designer of the "Yermak", Admiral S.O. Makarov, cruised along the southern coasts
of the archipelago (Makarov 1943). It was the third voyage made by Makarov to the Arctic. During
their stay on Hochstetter Island, Weber, a geologist on the expedition, described basaltic sheets and
thin, interlayered, coal-bearing seams, exposed on the coast (Weber 1908).
In 1913, the first Russian Arctic Expedition, led by Lieutenant George Sedov, came to Franz
Josef Land in the schooner "St. Foka". The expedition wintered in Tikhaya (Calm) Bay on Hooker
Island. In spring 1914, Sedov, who was ill at the time, made a suicidal attempt to sledge to the
North Pole. He died not far from the southern coast of Rudolf Island, where he was buried by his
companions, seamen Linnik and Pustoshny (Kushakov 1920, Yesipov & Pinegin 1933). W. Wiese
surveyed the coastline of the islands of Hooker, Leigh Smith and Royal Society, and made observations of tidal currents and ice conditions (Wiese 1924, 1928). Pavlov (1921) made geological
and glaciological observations. In 1954, a small part of Pavlov's collections was found in the
Chernyshev Central Museum of Geology and Prospecting in Leningrad.
In summer 1914, some of the crew of the schooner "St. Anna" (Lieutenant Brusilov Expedition)
led by the first mate Vl. Albanov, reached Cape Mary Harmsworth, the western extremity of the
archipelago, after an exhausting journey over drift ice. From there, only two men, Albanov himself
and a seamen named Kondrat, succeeded in reaching Cape Flora in kayaks. They were taken from
the cape by the Sedov expedition on its way home. Albanov's book (A1banov 1917) contains many
brief, but precise and vivid, descriptions of dangerous straits and sounds, glaciers, sea cliffs and
wildlife from the southwestern part of Franz Josef Land.
In 1925, a British expedition led by Commander EA. Worsley and Grettir Algarsson on the
sailing schooner "Island" visited the waters north of Spitsbergen before sailing to the southwestern
islands of Franz Josef Land. They went ashore at Cape Barents (Northbrook Island), whose basic
magmatic rocks were studied by the geologist S. Bisset, and also made some hydrographical and
hydrological observations in British Channel (Bisset 1927).
By a Decree of the Soviet Government, Franz Josef Land was claimed as Soviet territory on
April 15th, 1926.
An expedition led by Professor R. Samoilovich visited the archipelago aboard the icebreaker
"Krassin" in 1928 while searching for the Nobile expedition on the airship "Italia". Samoilovich
and Ivanov described outcrops of basalt and found coal fragments in talus after landing at Cape
Neale on George Land (Belyankin & Vlodavets 1931, Samoilovich 1931).
The western part of the archipelago was visited in summer 1930 by a scientific expedition led
by the Norwegian geologist Gunnar Horn aboard "Bratvaag". Home (1932) described an occur11

rence of basalt underlying sedimentary strata at Camp Ziegler on Alger Island, and also surveyed
Cape Flora and Hunter Bay on Northbrook Island, the southern capes of George Land (Forbes,
Stephen and Grant), and Cape Mary Hannsworth, the western tip of Alexandra Land. Horn's
samples of fossilised wood from the basalt series were studied in detail by Florin (1936), who also
revised collections made by Grant. Koettlitz and Nansen, and identified new species and even
genera of ginkgoaceous flora, all of which he assigned to the Wealden.
In 1929, the icebreaker "Sedov" carried an expedition from the Institute for the Exploration of
the North, in Leningrad, to the north coast of Tikhaya Bay where a polar station, the first on the
archipelago, was established. R.L. Samoilovich and LM. Ivanov made geological and geomorphological observations on Hooker Island, where they collected a Jurassic fauna. They also surveyed
the islands of Newton, Nansen and Cape Brook on Rudolf Island (Samoilovich & Ivanov 1931,
Samoilovich & Bodylevsky 1933).
In 1931, LM. Ivanov, using the Tikhaya Bay station as his base, studied the geology of coalbearing beds (interlayered with basalt) and mapped coal seams on the islands of Hooker and ScottKeltie (Ivanov 1935). Petrological studies of basaltic and sedimentary rocks collected by Ivanov
on Cape U golny (Coaly) on Hooker Island, were made by Vlodavets (1934) and the fauna in the
sedimentary rocks was described by Ognev (1933), who assigned it to the Callovian and possibly
lower Oxfordian.
.
In summer 1931, an expedition on the airship "Graf Zeppelin" sent by the International Society
"Aeroarctic" made a photogrammetrical survey of the western and northern islands of Franz Josef
Land (George Land, Alexandra Land, Rudolf Island and Hvidtenland), Professor Samoilovich, the
leader of the scientific group, made important geomorphological and glaciological observations.
The outlines of the islands, the degree of their dissection and the extent of ice-covered areas
proved to be substantially different from those shown on existing maps (Samoilovich 1933a, b).
In spring 1932, LM. Ivanychuk. a surveyor, found an outcrop of "quartz dolerite" on Cape
Heller, George Land, and roughly surveyed the islands of Alger and Hayes, as well as the Komsomol Islands, which he, himself, had discovered. Basalt was- noted on all the capes of Bolshoi
Komsomolsky Island (Ivanychuk 1934).
In summer 1932, Lupanova (1932) studied outcrops of basic magmatic rocks on the northwest
coast of Hooker Island (capes Markham, Dundy, etc.), Scott-Keltie Island and the west coast of
Rudolf Island (Teplitz Bay to Cape Germany). In her petrological account, Lupanova (1953) also
described samples collected by Ivanychuk (1934) on Cape HelIer and the Komsomol Islands.
Lupanova was the first to note the peculiar, fine-grained to pegmatitic schlieren in the basalts and
dolerites.
Also in 1932, an expedition from the Marine Institute, "Plavmornin", led by Professor N.
Zubov, surveyed the coasts of the islands making up Hvidtenland. The two largest islands, which
Nansen had named after his wife Eva and daughter Liv, proved to be a single island, since named
Eva-Liv. Zubov (1939) suggested that a hollow on the island had been mistaken by Nansen for a
strait. However, taking into account the rate at which the sizes and outlines of Franz Josef Land
glaciers are now known to vary, it can be assumed that two islands did indeed exist when Nansen
and Johansen found them, but they have subsequently become united owing to the expansion of ice
caps.
In 1933-34, T.N. Spizharsky (Arctic Institute, Leningrad), using the Tikhaya Bay polar station
as his base, visited the islands of Hooker, Scott-Keltie, Koettlitz, Nansen, Pritchett, Koon, Kane,
Alexandra Land (Cape Mary Harmsworth) and part of Alger Island to study their geology. In addition, from the schooner "Lensovet", he made observations of the northern coasts of George
Land, the south coasts of Champ, Northbrook and Mabel islands, the north coasts of Jackson and
Ziegler islands, all the coasts of Payer, Greely and Bell islands, the west coast of McClintock
Island, the northwestern extremity of Salisbury Island and the southwest coast of Alexandra Land.
Collections made by Spizharsky were studied by the petrographer Test (1937) and the palaeontologist Ryabinin (1936), who examined a vertebra of an upper Callovian-lower Oxfordian plesiosaur
from Hooker Island.
Based on his own and other observations, Spizharsky (1937a, b) outlined the geology of the
archipelago as follows. The oldest sediments were marine in origin, yielding Aalenian and Bathonian fauna at Cape Flora. They are overlain by marine Callovian sediments exposed on the islands
of Bell and Hooker. Continental psephitic and psammitic strata on the northern part of Hooker
Island, and on Nansen, Pritchett and other islands, which yielded unidentifiable plant remains,
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were also assigned to the Callovian. These beds were placed in the Rhaetian by Nathorst (1900) . a
decision essentially supported by studies of plant. spore and pollen collection" subsequently made
from the archipelago. as well as by the examina tion of a drill core. The presence of marine Jurassic
post-Callovian and Valanginian bed". inferred by Ognev ( 1933) and supported by later studies. was
questioned by Spizbersky. He assumed that the basalts overlying the sediments were of Haurerivian-Barremian age. Spizharsky also noted numerous dykes and was the first to infer the presence of central-type volcanoes. He also made observations on structural geology. palacogeography,
Quaternary geology and geomorphol ogy (Sprzhars ky 19300) and cons idered that the recent glaciation of the archipelago was analogous to that of Antarctic islands (but not to Antarctic co ntinental
glaciation. as mentioned in some later workv). Spizharsky recogni sed the follow ing types of gfaciers on the islands of Franz Josef Land : I ) ice caps. 2) alpine glaciers. 3) valley glaciers. -l- ) glacier
tongues. 5) ice-ridge glaciers. 6 ) relict glaciers. A" a whole. the glaciation of the archipelago was
characterised by the predom inance of ice sheet!' and a wide range of glacial forms (Spizharsky
1936b).
Shortly after World War 11. two polar stations. Tikhaya and Rudolf (in Teplitz Bay) were made
operative again. A third. named after Van Nagursky (1888- 1976). the first Russian polar pilot. was
established on Alexandra Land in 1952. In the same year. I. Mazuruk. a well- known polar pilot.
discovered that a German military meteorological station had been operating on Alexandra Land
durin g World War 11.
Expedition activity resumed. and in 19-1-7-t9 a Glaciological Expedition from the Arctic Institute in Leningrad was active in the archipelago under the leadership of P.A. Shumsky. It estabfished a permanent glaciological station on the Ciurlionis ice cap (Tikhaya Bay). which operated
until 1952.
In 1952- 53. the Western Expedition organised by Trust "Arktikraz vedka". made an aerial
photographic survey of the archipelag o. thus providing good opportunities for geological and
gfaciomorphological studies. which comme nced at once.
In spring 1953. a Geological Expedition from the Institute of Arctic Geology in Leningrad. led
by V.D. Dibner. made detailed airborne geological and glaciomorphological surveys across the
entire archipelago. V.D. Dibner and V.K. Razm spent 10 weeks carrying out: I ) aerial observations
of all rock outcrops and glacier" Ithe latter cover 85Ck of the total land area in the archipelago)
IFigs. 1.5 & 1.6).2 ) brief (0.5- 2.0 hr t surveys on ice-free sites on the islands of Gco rgc Land.
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Fig. 1.5 Tent used by geologists on Graham Bell b land in 1953. Photo: V.D. Dibner.

,
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Fig. 1.6 Plane AN-2 supporting geologist- in 1953: Tikhaya Bay. Photo: V.D. Dibner,

McClintock. KomsomoJ. Nansen. Northbrook. Alger, Greely. Becker. Rudolf and Harley, 3) traverses on Graha m Bell Island. the north coast of Wilczek Land. the northwest coast of Hooker
Island. and some of the central part of Alexandra Land. The aerial observations covered a flying
distance of 14.800 km (requiring over 100 flying hours). and the traverses amounted to 330 km. A
tetal of 770 sites were studied. 600 from the air and 170 during the traverses and the brief surveys
of ice-free land (Dibner 1962a l.
The study of material collected. interpretation of aerial photographs and revision of published data
served as the basis for a Ph.D. thesis entitled "Geological structure. geomorphology and recent
glaciation of Franz Josef Land" defended by the author in spring 1956.
In August and September 1956. L.P. Pirozhnikov and V.D. Dibner again carried OUI field work
in Franz Josef Land. They acquired a relatively large amount of data on the geology of the central
part of Alexandra Land. In addition. using the hydrographic schooner "Nerpa", the author mapped
the southeastern cape of Alger Island. Aagaard Island. the east coast of Hall Island. Cape Tegetthoff (the western extremity of Wilczck Land ). the northern part of Berghaus Island and Cape Leiter
on Graham Bell Island. At the same time. L.P. Pirozhnikov mapped the northeast corner of Hayes
Island. Fersman Island. Cape Greely IMcClinlock Island). Cape Hofer (Wilczek Land) and Dowes
Island. The author also made geological observations along Yermak Strait. thereby covering the
facing coasts of Salisbury and Champ islands. as well as the islands of Hochstctter and Derevyanny (Woody). The material collected provided support for the stratigraphical scheme constructed
JO.OOO sheet of the State Geoon the basis of the studies in 1953. It was used 10 compile the I: I ,fM
logical Map of the USSR and the accompanying text (Dlbncr 1957b).
Considerable advances were made in 1957 by the party led by the author (working from the
Institute of Arctic Geology) and supported by the Hydrographical Expedition of the Main Northern
Seaway Departme nt (Glavsevmorput). In summer and autumn 1957. the geology of the islands of
Hayes. Bolshoi Komsomolsky. Hoffmann and Scon- Keltie, as well as Cape Hansa (Wilczek Land).
the northwest part of Hooker Island and the capes of vasiliev (wiener Neustadt Island) and Goristy
(Champ Island) was studied in some detail. In addition. landings from the hydrogra phical vessel
"Gidrosever" pennined V.K. Razin 10 map the capes of Krugozor (Payer Island). Galkovsky
(Becker Island). Savoia (Luigi Island ). Astra (Champ Island ). Linnik and Kavagli (Salisbury
Island). Gidrosever. Washington and Kasbalot. He also made geological observations along the
coas ts between the landing sites. The sea IlOOT was sampled from the whaleboat. the icebreaker itself and the sea ice.
The work done in 1956---57. and the many years of laboratory study of collections proved very
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fruitful. This is especially true of the stratigraphy. The oldest Mesozoic strata exposed in the archipelago were discovered at Cape Hanza on Wilczek Land. The continental Rhaetian-Lias was
divided into three formations on the basis of palynological data. The distribution and biostratigraphy of marine Middle-Upper Jurassic deposits, Lower Cretaceous terrigenous beds and volcanic
bodies were clarified. Outcrops of marine Cenomanian and Neogene deposits were found on Hoffmann Island. When the entire archipelago is considered, the outcropping sedimentary beds have a
total apparent thickness of about 2200 m. New data on magmatism, block tectonics, geomorphology, Quaternary deposits, recent glaciation and the sea-floor geology of the straits were obtained.
The results of the geological work during the 1953-57 seasons are widely used in the following
chapters, and the many publications cannot be considered individually here. They are therefore
listed in four groups.
1. Overviews of the geology of the archipelago as a whole: Dibner (1957a, b, 1970, 1978).
2. Stratigraphy, palaeontology, lithology, coal-bearing series and palaeogeography:
Korzhenevskaya (1957), Dibner (1958,1960, 1961a, b, c, d, f, g, 1962b, 1973, 1978), Dibner
& Sedova (1959), Dibner & Shulgina (1960, 1972), Shulgina (1960), Dibner & Krylova (1963),
Dibner & Krylov (1970), Dibner et al. (1962), Pirozhnikov (1958, 1961a, b), Shilkina (1960,
1967), Shilkina & Chudaiberdiev (1971).
.
3. Quaternary deposits, geomorphology, recent glaciation, marine geology: Dibner (1959b, 1961e,
1962a, 1963, 1965a, b), Dibner & Radygin (1955), Dibner et al. (1959), Basov (1961),
Kordikov (1963).
4. Igneous rocks and minerals: Pirozhnikov 1959, 1960), Komarova & Pirozhnikov (1960),
Karasik & Dibner (1965), Dibner (1978).

In 1957-59, the International Geophysical Year, the Glaciological Expedition from the Geographical Institute of the Academy of Sciences of the USSR, led by Y.L. Sukhodrovsky, operated near the
Tikhaya Bay station. Stationary observations were made on the Ciurlionis ice cap and the Sedov
outlet glacier...T he whole of Hooker, Scott-Keltie, Alexandra Land and Graham Bell islands were
covered by semi-stationary and traverse observations and almost all the islands in the central group
were covered by aerial observations. The initial results were published in six volumes in 1960-64.
A catalogue of glaciers on Franz Josef Land (Vinogradov & Psareva 1965) and a monograph
dealing with the recent glaciation of the archipelago (Groswal'd et al. 1973) were published later.
Some other geographical, mainly geomorphological, observations were also published (Krenke &
Fedorova 1961, Sukhodrovsky 1961, Groswal'd 1963, Groswal'd et al. 1964, Chigir 1965). A few
measurements on the Ciurlionis ice cap suggest the absence of fresh, above-zero, intra-permafrost
water below the glaciers of Franz Josef Land. In other words, the glaciers rest on frozen ground
(Razumeiko 1963, Neizvestnov et al. 1971).
In 1960, the palaeobotanists L.Yu. Budantsev and LN. Sveshnikova (Botanical Institute, Academy of Sciences of the USSR) worked on the islands of Franz Josef Land. Rich collections of fossil flora taken on Cape Kavagli, Salisbury Island, in the Cape Flora area and at some other sites allowed the ages of Mesozoic deposits underlying the marine Middle and Upper Jurassic and
younger sedimentary strata interbedded with basaltic sheets to be determined more accurately
(Budantsev & Sveshnikova 1961, 1964, Sveshnikova & Budantsev 1967, 1969).
In the same field season (1960), L.p. Pirozhnikov joined L.Yu. Budantsev and LN. Sveshnikova
at Cape Kavagli for a month and took part in collecting specimens. On Berghaus Island, he described the lower 106 m of the section containing Kimmeridgian and lower Volgian fauna. However, poor correlation between his samples and the actual beds resulted in unfortunate contradictions in the stratigraphical column (Pirozhnikov 1961a, b).
In 1960-62, the Arctic and Antarctic Institute organised a new glaciological expedition led by
L.S. Govorukha. This studied recent glaciation on the islands of Hayes, Harley, southern Hochstetter, Ziegler, Arthur, Jackson, Rudolf, Wiener-Neustadt and Wilczek Land. The glaciology of
these islands was almost unknown and the expedition obtained new data which supported the
views previously put forward by the expedition from the Institute of Geography, mainly based on
material obtained on Hooker Island, that a considerable reduction in the recent glaciation was
currently taking place. It was found that not only there, but also on more northerly islands, the
lower boundary of firn alimentation lies relatively high, at about 400 m above sea level. The reduction in glaciation, the last phase of which began during the first decades of the 20th century, is
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responsible for considerable changes in coastlines and, in particular, for the appearance of new
islands from beneath the ice sheets of neighbouring large islands. Hence, the total number of
islands in Franz Josef Land has increased continuously. In 1962, 187 were recognised (Govorukha
& Mikhailenko 1964) compared with only about 150 recorded by aerial photographic interpretation in 1952-53. Data obtained by the 1960-62 expedition enabled a map of avalanche zones and
landscape maps of Franz Josef Land (Govorukha & Simonov 1961, Govorukha 1965, 1968).
In 1962, the Geophysical Expedition organised by the Institute of Arctic Geology and led by
D.Y. Levin carried out an aeromagnetic survey of Franz Josef Land. The data obtained were used
to study the Earth's crust here and to define the areal distribution of volcanic terrane and hypabyssal intrusions; in particular, they allowed dykes to be traced below glaciers and on the sea floor.
Overall, the aeromagnetic data obtained permitted the major features of the geological structure of
the archipelago to be delineated (Volk 1964, Karasik & Dibner 1965, Kovaleva 1975, Kovaleva &
Piskarev 1977).
In 1968, an expedition from the Institute of Arctic Geology, led by Ya.Y. Neizvestnov, studied
the structure and composition of the Lower Cretaceous plateau-basalt series using electrical and
magnetic instrumentation, including the measurement of magnetic properties and densities. With
this end in view, 2000 specimens of igneous rocks were taken on the islands of Alexandra Land,
George Land, Hooker, Scott-Keltie, Hayes and Graham Bell. Surprising data were obtained on the
intense block tectonics of Alexandra Land, where the basalt series is dissected into numerous,
narrow (20-60 m), NW-SE oriented blocks. Transverse (NE-SW) and N-S faults are less evident
(Gusev 1971, Piskarev & Kovaleva 1975).
Associated hydrogeological investigations showed that the basalts of Alexandra Land and,
indeed, the whole of western Franz Josef Land form a great volcanic basin with (i) saline infrapermafrost waters (cryopag) with a temperature of less than O°C, (ii) permafrost zone, and (iii)
superpermafrost waters. The permafrost in Franz Josef Land attains a thickness of more than
200 m, and the temperature in the cryopag zone ranges from -7 to -13°C (Neizvestnov et al.
1971).
In 1968-70, G.P. Avetisov and N.K. Bulin processed earthquake data recorded by seismographs
at the Arkticheskaya station on Alexandra Land and the Hayes station. The epicentres were found
to be located in the Franz-Victoria and St. Anna troughs to the west and east of Franz Josef Land.
At the latitude of the archipelago, magnitudes do not exceed 5 points, but they reach more than 6
points where the troughs cross the continental slope. PS waves allowed the Moho to be recognised
and the composition of the upper mantle to be investigated down to 50 km, namely, crust 23-25
km, "basaltic" layer 10-12 km, "granitic" layer 7-10 km and semi-consolidated Mesozoic deposits
1.5-4.0 km (Avetisov 1971, 1974, Avetisov & Bulin 1974).
During the period from 1973 to 1980, five geological parties from the Institute of Arctic
Geology worked on Franz Josef Land.
In 1973, a party led by Yu.Ya. Livshitz re-examined the Kholmisty Peninsula on Graham Bell
Island. The Upper Triassic Vasiliev Formation, recognised by the author, was divided into two
members. At Cape Kohlsaat, the upper Vasiliev member is disconformably overlain by marine
Upper Jurassic (Oxfordian, Kimmeridgian and Volgian) deposits.
In 1975, Graham Bell Island was remapped by a geological team led by Tarakhovsky (unpubl.
manus. 1976), who subdivided the Vasiliev Formation into three members. This showed that the
beds are most uplifted in the southern part of the Kholmisty Peninsula and under the northern
periphery of the Vodopyanov glacier to the south.
In 1976, N.!. Shulgina, Y.D. Dibner, Yu.A. Mikhailov and D.Y. Sergeev carried out detailed
biostratigraphical studies on capes Lamont and Hofer (Wilczek Land), where Lower Jurassic,
Callovian, Upper Jurassic and Lower Cretaceous deposits, including a sedimentary-effusive sequence, were recognised. On Cape Hofer, an ichthyosaurus skeleton was found in the upper
Kimmeridgian (judging from ammonites) beds. On Cape Lamont, a stock in Upper Triassic (from
palynological data) sandstone pierces sandy and silty beds of middle Volgian age (Dibner 1978,
Shulgina & Mikhailov 1979. Shulgina 1986, Nesov et al. 1988).
In 1977, Yu.A. Mikhailov and G.K. Vidmin-Lobzin (unpubl. manus.) described sedimentary
and volcanic rocks making up Bell Island. These include, in ascending order, (i) the Eira sequence
(equivalent to the Upper Triassic Vasiliev Formation), (ii) the Bell sequence, characterised by
Lower Jurassic foraminifera. (iii) sedimentary-effusive sequence, composed of eleven basaltic
sheets (Hauterivian and Albian).
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In 1979-80, A.Y. Ditmar and coworkers compiled a large-scale structural map of Hayes Island
and studied the Upper Triassic, Middle to Upper Jurassic and Lower Cretaceous sections on the
islands of Salisbury, Champ, Hooker and Mabel. A shield subvolcano was recognised at Nepristupnye (Inaccessible) Rocks (Tarakhovsky et al.unpubL manus. 1980).
In 1977-81, the Nagurskaya, Severnaya and Hayes boreholes were drilled in Franz Josef Land
by the Volgokamskgeologia Association (Gramberg et al. 1985).
The Nagurskaya borehole was drilled in 1977 on the north coast of Dezhnev Bay, Alexandra
Land, and reached a depth of 3204 m. Down to 1900 m, it penetrated a sedimentary cover comprised of (i) basaltic sheets interlayered with clay and coaly mudstone (Barremian-Aptian), (ii)
silty and clayey deposits (Middle Triassic), (iii) mudstone yielding well-preserved fish remains
(Lower Triassic), (iv) bioaccumulated limestone (Upper Carboniferous), (v) coal-bearing sandy
and silty deposits (Lower Carboniferous). This cover overlay a highly deformed metamorphic
basement of Vendian age. Its upper 1000 m consisted of quartzite and the remainder (down to the
base of the borehole) was dominated by phylIite and fine-grained quartz-sericite schist. Substantial
angular unconformities were recognised at the base of the Lower Cretaceous, Lower Triassic and
Lower Carboniferous. The borehole encountered 21 intrusions, varying in thickness from 2 to 20
m. Their ages range from 203 to 94 m.y. (Sinemurian-Cenomanian). The results of lithobiostratigraphical, geochemical and petrographical examinations of core that was recovered are given in
publications by Verba et al. (1980), Selezneva (1982), Tarakhovsky et al. (1983), Kasatkina (1985),
Korchinskaya (1985) and Preobrazhenskaya et al. ( 1985a, b).
The Severnaya borehole was drilled in 1977-79 at the northern end of Graham Bell Island,
reaching a depth of 3523 m. It encountered both Upper Triassic (silty and clayey deposits) and
Middle Triassic (Ladinian and Anisian). These were intruded by six basaltic sheets ranging in age
from the latest Early Cretaceous to the beginning of the Palaeogene (Korchinskaya1985, Vasilevskaya 1985, Preobrazhenskaya et al. 1985a,
The Hayes borehole was drilled in 1980-81 to a depth of 3344 m. The log is very similar to that
from the Severnaya borehole, and both differ greatly from the Nagurskaya borehole. The differences are related to the tectonic contrasts found in the various parts of the archipelago. Seven sills,
ranging from 20 to 73 m in thickness, intruded the Middle to Upper Triassic deposits during the
Early Jurassic and Late Cretaceous (Verba et al. 1980, Tarakhovsky et al. 1983, Preobrazhenskaya
et al. 1985a, b, Vasilevskaya 1985).
The data obtained through the efforts of several generations of geologists are inadequate to enable us to compile a detailed geological map. Even on many islands in the relatively readily accessible southern part of Franz Josef Land (most of George Land, Koettlitz, Nansen, Bromwich,
Pritchett, Royal Society and Leigh Smith), we still only possess reconnaissance data obtained from
the air, unsupported by direct geological observations. On other islands in this area (Northbrook,
Bruce, Hooker, McClintock, Hall, Wilczek, Salm, Hochstetter and Klagenfuhrt), geological work
has only been done on some capes, leaving nunataks completely unknown. North of the Markham
and Yermak straits, the islands of Champ, Wiener-Neustadt, Salisbury and Luigi are also inadequately explored. The central part of Alexandra Land, Hayes Island, the Komsomolsky Islands and
the Kholmisty Peninsula on Graham Bell Island have been studied in greater detail. With a few exceptions (Hoffmann, Becker and Harley islands, and some capes on Greely, Jackson and Rudolf
islands), our knowledge of the geology of all the other islands situated to the north is based on observations from the air made by the author in 1953 and on many landings made by Y.K. Razin in
1957.
Future workers must constantly be aware of the complicated geological structure of the Franz
Josef Land islands, which rules out field mapping on scales smaller than 1:50,000 to 1:100,000.
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2. GEOLOGICAL OUTLINE OF FRANZ JOSEF LAND
- V.D. DIBNER

This chapter briefly outlines: 1) the tectonics of the archipelago, including the deep-seated framework and rift genesis, 2) the structural features of the sedimentary cover and peculiarities in its
development, and 3) the characteristics, of the plateau-basalt series. In addition, it presents some
poorly known (especially in the West) data and new theories which are considered in greater detail
in Chapters 5, 7 and 9.
The Franz Josef Land archipelago measures about 25,000 km-. Together with Svalbard, it forms
an arctic outpost of the European continent. It constitutes the uplifted and strongly dissected
northern margin of the Barents Sea Shelf. In tectono-sedimentary terms, the islands and offshore
areas occupy the northern closure of the East Barents Sedimentary Basin. Their complex morphology is also related to tectonic features.
The Archaean-Proterozoic cratonic basement and its platform cover is believed to have been deformed and metamorphosed during the Svalbardian phase of the Caledonian orogeny. Evolution
continued in association with deep-seated processes in what are referred to as asthenospheric
lenses. These have minimal density. Their rise up to the Moho discontinuity was responsible for
the upwarping of overlying lithosphere. Arches formed by this process began to fracture, especially
above fold zones. This caused their replacement by rift zones which originated in the early Neocomian. The rifts served as pathways for the deep-seated transfer of heat and mass, mostly resulting in the degassing of the asthenospheric lenses. This gave rise to downwarping of the lithosphere above the lenses, which was accompanied by an increase in sedimentation and the eruption
of plateau basalt. The sediment infills that were thus formed are referred to as depocentres. Thus,
the post-Caledonian structural development of Franz Josef Land took place in two principal stages,
an intrarifting stage and a depocentric stage.
Direct evidence for the intrariftic stage has only been seen in cores from the Nagurskaya borehole on Alexandra Land. The drilling revealed a relatively thin cover pierced by some hypabyssal
intrusions. Distinct sequences of Palaeozoic and Mesozoic strata are separated by lengthy gaps.
Below the sedimentary-volcanic series (Barremian-Albian), the borehole passed through Middle
Triassic, Lower Triassic, Upper Carboniferous and Lower Carboniferous strata. At a depth of 1900
m, it entered the Vendian, consisting of rocks which had undergone deformation and greenschist
facies metamorphism during the Svalbardian phase of the Caledonian orogeny at the DevonianCarboniferous boundary, 360 m.y. ago.
The depocentric stage was identified in the Hayes and Severnaya boreholes on the islands of
Hayes and Graham Bell. Geological and geophysical data show that two depocentres, called the
Hallclint and Graharnwil depocentres, overlie stable crustal blocks. Both these boreholes and
numerous exposures in their vicinity, and also above some other crustal blocks, revealed steady accumulations of Anisian and Upper Triassic, essentially silty, deposits which have a total apparent
thickness of about 3400-3500 m. Outcrops on the islands of Graham Bell, Wilczek Land, Hall and
many others suggest that these beds are overlain, as a rule without any break, by a Lower Jurassic,
essentially sandy, sequence. These are overlain by Middle and Upper Jurassic and BerriasianValanginian sandy, silty and clayey deposits, and variegated deposits of Valanginian-Hauterivian
age, this sedimentation being interrupted by many breaks. The total apparent thickness of these
sediments in a composite section is about 1000 m. These data, supplemented by the results of seismic surveys in more southerly parts of the East Barents Sedimentary Basin, suggest that the sedimentary cover in these depocentres attains a thickness of up to 10-12 km. However, gravimetric
data indicate that the maximum thickness is 8-9 km. These figures include the pre-Anisian Triassic
and the Palaeozoic strata. It can also be suggested that the depocentric cover strata are underlain by
the ancient (Proterozoic-Archaean) basement of the crustal blocks appressed between zones of
Caledonian deformation which later served as the loci for fracturing and rifting.
The intrariftic and depocentric structural stages are unconformably overlain by a cover complex
composed of Barremian-Albian sedimentary-volcanic rocks. These include basic effusives and
tuffs, which are a major component of the plateau-basaltic rock association in Franz Josef Land.
Spanning a wide age range, this association includes a hypabyssal intrusive facies, mainly composed of dolerites, including leucocratic, quartz-bearing and (only on Alexandra Land) sub alkaline
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varieties. The dolerites include three generations of dykes, some of which contain characteristic
magnetite-rich swells, and sills which are up to 120 m thick.
Observations on many other islands of Franz Josef Land have revealed hypabyssal intrusions in
the Upper Triassic, Jurassic and Cretaceous strata, including the Cenomanian on Hoffmann Island.
Many K-Ar datings of dykes and sills sampled from the boreholes and outcrops suggest their intrusion between 203 and 34.5 m.y. ago (Sinemurian-Oligocene). The overwhelming majority of
hypabyssal intrusions apparently date from 175 to 92 m.y. (Aalenian-Turonian), whereas the sedimentary-volcanic series, which is extremely rich in igneous rocks, falls into the age range of 123100 m.y.
As was mentioned above, basaltic flows and, particularly, sheets covering both intrariftic and
depocentric cover complexes frequently overlie them with a major, angular, pre-Barremian unconformity, thus providing an approximate minimum age for the uplift, fracturing and rifting.
Hence, the sedimentary-volcanic strata lie on an intensely faulted and eroded surface. The sedimentary-volcanic sequence, and the plateau-basalt series as a whole within and outside the limits
of the sequence, are extremely widespread in Franz Josef Land and mostly determine its physiography. Abundant leaf imprints, silicified wood and, particularly, miospores, enclosed in the interbeds of terrigenous, sometimes coal-bearing. rocks allow the sequence to be subdivided into two
units, the Tikhaya Bay Formation and the Salisbury Formation, of Barremian-lower Aptian and
upper Aptian-Albian age, respectively. The total apparent thickness of the sedimentary-volcanic
sequence (including subordinate doleritic intrusions) reaches 600 m, but geophysical data indicate
a much greater true thickness.
The sea-floor topography, the composition of rock samples from the sea floor and the nature of
magnetic anomalies suggest that basic rocks are also common on the floors of straits and sounds,
and on the adjacent Barents Sea Shelf. For example, north of the archipelago, separate NWtrending dykes can be followed as far as the continental slope and beyond into the Eurasian deepsea subbasin of the Arctic Basin.
A single outcrop of marine lower Cenomanian, about 45 m thick, is known on Hoffmann Island.
This could represent rocks which may directly overlie the Aptian-Albian basalts. Shallow-marine
sediments with an apparent thickness of about 25 m were found near the Cenomanian outcrop. The
composition of foraminifera and miospores suggests a Neogene age for these deposits.
Some pre-Quaternary sedimentary rocks have been dredged from the sea floor. Of particular interest are fragments of organic, locally dolomitic or recrystallised, Pa1aeozoic limestones. These
rocks are similar in composition to, and probably coeval with, the Moscovian (Upper Carboniferous) limestone and dolomite found on Victoria Island, and/or Upper Carboniferous limestones
found in the Nagurskaya borehole. Briquette-like clay, resembling the Upper Jurassic siltstone on
Cape Medvezhy and yielding lower Callovian forms of foraminifera, was found in bedrock
samples taken in bays on the islands of Hooker and Rudolf, as well as in Cambridge Strait.
Quaternary deposits include: 1) Upper Pleistocene glacial drift, related to the continental glaciation of the whole archipelago and laid down mainly below sea level, 2) Holocene raised beach
material, 3) glacial and fluvioglacial drift deriving from recent glaciers, fluviolacustrine, talus,
alluvial (including deposits of ephemeral streams) and aeolian deposits, and also weathered rock
debris. About 85% of the archipelago is covered by ice.
The pre-Barremian cover is locally deformed by flexures and faults, which are particularly well
displayed by the hypabyssal sills. A set of nearly E-W listric faults was found on the islands of
Northbrook and Wilczek Land. The Barremian-Albian sedimentary-volcanic sequence is usually
gently dipping.
Diapiric stocks, represented by Upper Triassic carbonate and terrigenous rocks, emplaced in
younger rocks have been found on Graham Bell Island and on some capes on Wilczek Land, as
well as on Cape Tegetthoff on Hall Island. Some dislocations of a diapiric nature are known to
occur in the Neogene rocks on Hoffmann Island.
The present-day relief is mainly a result of Pliocene faulting. Rift-related structures, such as
secondary rift grabens, were rejuvenated at this time. They appear in the sea-floor topography as
graben-shaped depressions forming relatively deep channels in the straits and sounds, and usually
traceable onto adjacent islands, and in troughs on the adjacent shelf. The rift grabens separate and
flank individual islands and groups of islands, which are recently uplifted crustal blocks characteristically forming the loci of depocentres.
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Section through the Upper Proterozoic metamorphic basement in the Nagurskaya borehole. Key:
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3. STRATIG RAPHY
The strata exposed on Franz l oser Land largely co nsist of Palacozoic (Lower and Uppe r Ca rbo nifero us). Triassic. Jurusvic and Lower Crera ceou ... sedimentary and igneo us rocks: only a few exposures of Upper Cretaceous and Palaeogcnc-Neogenc reeks are known. Deforme d and metamorpho sed Vendian sed imentary roc ks encountered in a borehole ca n be supposed to be a prod uct
o f the Ca ledo nian oro geny, like similar roc ks in nort heastern Svalburd (Ha rland et al. 1993).
Qua ternary scdimems co nsist of Late Pleistocene and Holocene glacial and mari ne sed iments.
mostly block fields and talus on land and bonu m -edim ems on the sea floo r.

3.1 UPPER PROT ERO ZOI C -

\· E ~ D1 A~

L..v. Fedcrov & E.G. Rro t 1997
The Nagurskaya boreholc drill ed in 1977 on the north coa st of Sevemaya Bay. Alexandra Land. at
the western end of the arc hipel ago . passed thro ugh greensc hist-fccies metamorphic roc ks from a
depth of 1895 m to its base at 3 :!~ m. Thi s Upper Proterozoic seq uence ha... been named the
Nagurskuya Formation and con sists of fine-grained quartz ites. phylli res and quartz-sericite scbi...ts
which are inte nsely d islocat ed by ..ubvertica l faults mar ked by shatter zones and cataclastic rocks.
Fourtee n doleritic intru sions made up 806 m. or 63'K. of the total thickness in the borebole (Fig.
3. 1.1) (see Fig . 5.16) . Howe ver, they are cle arly discordant and since the borebcle crossed them at
an ac ute angle their apparent thickness wa-, much greate r than their true thickness. The metamorph ic rocks consist of a lower sch ist and an upper quartzite unit. but the ir true relationship s are
uncertain since a num ber of intrusio ns totallmg 356 m in ap parent thickness separate them (depth
interva l 2554-2910 m ).
3.1.1 Nagurskaya For ma tion - IS . Shkola.

Schist
The schistose unit was encountered in the borebolc at depths of 3202-32~ m. 306 2- 3 160 m.
2948- 3056 m and 29 10-29 15 m and consists of fine-g rained quanz-scricite schists and phyllites.
lis appare nt thickness. incl uding hypabys...al intru..ion v. is 659 m.
The schists arc dark grey with a tinge of green . and foliation su rfaces have a silky sheen. T he
fol iation varies from parallel banding to fl ascr or corrugated. and is marked by thin. light-coloured.
fine-gra ined quartz laminae alternating with thicker. dark beds dominated by coa rse flakes and
tabular megablast... of mica . The laminae are mostly 1- 15 mm thick (Fig. 3. 1.2). but locally reach
30-50 c m. T he rock s are entirely rec rystallised.
hut relict prim ary lamination is visible in some
horizons. Th e rhythmic alterna tion of laminae
and thicker beds. and the co mpos ition o f the
roc ks. sugges t that these sc hists arc reworked
fl yscboid. terri gcnous, sandy and silt y rocks containing little carbonate. In general. they are transitio nal between mctasih stonc and quart zite .
Tiny. subpara llel scricite fl akes defi ne the
..chistosity. which is sometimes emphasised by
the parallel o rientation of small. elongate quartz
grains. Equ idimensional bictitc flake s arc ran dom ly di strib uted and co mmo nly lie transverse o r
obliq ue to the schi stoslty (Fig_3. 1.2).
The schists mainl y have a microporp hyrobl astic texture. but granoblastic . corruga ted and platy
te xtures are seen in places: blastoca taclasric te xture occ urs in sbauer zones. A primary lamination
i.. locall y d iscernible through alternating quartz ose and seric itic lami nae. The groundmass grain
Fig. 3.1.2 Intercalated quartzite and fine-grained
quartz-sericite schist. Borehole depth 3200 m. Full

crze.

,
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size of micaceous layers is commonly 0.05-0.15 mm, whereas that of the quartz-rich intercalations
is about 0.1-0.2 mm.
.
Quartz grains are usually equigranular or slightly elongate (in schistose varieties), polygonal or
sutured, and subangular. Some primary quartz may not have been made up of single grains, but of
mosaic aggregates which have undergone further granulation. In intercalations of pure quartzite, it
is readily seen that fine-grained aggregates of this nature fill spaces between large quartz grains.
These granoblastic quartz aggregates were clearly formed in situ by regeneration of clasts simultaneous with the recrystallisation of the siliceous cement. Small (0.1-0.3 mm), usually anhedral,
porphyroblasts of greenish-brown biotite frequently have a sieve texture produced by abundant
minute inclusions of quartz, ore minerals and plagioclase. Carbonate, when present, sometimes
forms relatively large grains and veinlets. Ore minerals, mostly pyrrhotite, also occur as small porphyroblasts and lenticular, rounded crystals.
In addition to the remnants of sedimentary textures, the schists show well-preserved primary
structures. Primary bedding is doubtless reflected by the compositional and textural differences of
alternating laminae. Extremely fine-grained bands, primarily sericitic but locally rich in ore grains
and minute quartz granules, weave through the scaly groundmass. These bands may represent the
primary argillaceous partings in the silt, the procursor of the schists.
On mineralogical grounds, the fine-grained schists can be divided into two varieties: 1) quartzmica schists made up of 50-60% quartz, 30-40% sericite (muscovite), up to 7% biotite, 10%
plagioclase and potash feldspar, up to 5% chlorite, up to 5% secondary carbonate and up to 2% ore
minerals; 2) calcareous quartz-mica schists, which differ from the first variety by having more carbonate (up to 20%) at the expense of quartz and sericite. Subordinate (10-15%) phyllitic horizons
are intercalated with the quartz-sericite schists. In the upper part, they contain thin (up to 1.5 m)
beds of fine-grained, chlorite-sericite quartzites. The phyllites are dark grey, greenish grey or
greenish brown, fine grained and finely schistose to foliate, with a silky sheen on foliation surfaces. Their composition is identical with that of the quartz-sericite schists and relict textures
suggest that they, too, have originated from silty sediment. Equigranular quartz grains, up to 0.1
mm, form 45-60% of the rock. The primary argillaceous cement is fully recrystallised into minute
sericite flakes (20-45%) interspersed with ore minerals (3-5%). The subparallel arrangement of
the scaly aggregates produces a finely foliated texture.
Accessories for all the schist varieties include leucoxenised sphene, zircon, tourmaline, apatite
and rutile. Ore mineralisation (pyrrhotite, pyrite, chalcopyrite) is ubiquitous, but minor (up to 1%),
and chiefly occurs as thread-like veinlets and chains of lenses superimposed on the schistosity.
Magnetic iron ore is disseminated more uniformly.
The age of the schists was determined by L.N. Ilchenko (pers. comm. 1979) from a rich assemblage of acritarchs and trichomes recovered from samples taken at depths of 3015.3 m,
3045.35 m, 3094.2 m and 3095.1 m. The acritarchs are round to oval in shape, thick walled, and
show a variety of sculptures (cancellate, reticulate, tubercular). The assemblage is dominated by
typical Vendian forms, which differ strongly from Riphean forms. Predominant species are Asperatopsaphosphaera patrialis Schep., A. magna Schep., A. bavlensis Schep., Origmatosphaeridium
rubiginosium Andr., Gramomarginata squmacea Volk., G. sibirica Ilt., Zophomarginata portata
Ilt. and Pterospermophimorpha sumulata Ilt., as well as the trichome Oscillatoites wernadskii
Schej.
The middle portion of the unit is characterised by a corrugated, or flaser, texture formed by
alternating layers of mainly micaceous and mainly quartzose material interspersed with lenticular
intercalations of quartz, up to 3-5 cm long (Fig. 3.1.3). The schist flows round the quartzose
lenses, and significantly larger sericite flakes line the quartz lenses.
Boudinage is common in this part of the schist unit. The boudins mainly consist of quartz or
quartzite. Several varieties of boudinage have been recognised, each marking the increasing plasticity of the deformed rock. They include: 1) incompletely ruptured boudins joined by necks and
forming chains of swells; 2) isolated, sharply angular blocks; 3) barrel-shaped boudins; 4) widely
spaced, lenticular or cylindrical boudins (Fig. 3.1.4).
The schists differ from the overlying fine-grained quartzite in having relatively low values of
Neutron Gamma Rays (NGR) (about 1.6-1.7 arbitrary units) and Epithermal Neutron Gamma
Rays (ENGR) (4.4--4.8 arbitrary units). Igneous rocks within the sequence are characterised by a
sharp decrease in gamma-ray activity from 10-11 to 2.4, or less commonly, 6 mRIh. Fracture zones
22
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Fig. 3. / .4 Finely corrugated and lenticular. finegrained quanz-sericue schist. with completely
transposed. barrel-shaped boudins. Borehole depth
31·0 .7 m. Polished section. full size.

Fig . 3. /.3 Corrugated. fine-grained quartz-sencue schist tallemating. mainly mica-

ceous and mainly quartzose materialI. Lenticular boudins consist of competent.
tine-grained quartzite in an incompetent matrix 0 1 sericite schist. Borehole depth
_, 116.5 m. Polished section. full size.

so metimes show a decrease in appare nt resistivity and are sometimes marked by resistivity anomalies or a relatively greater differe ntiation of the gamma-ray log.
Quartzite
The fine-grained q uartzite form ing the upper part of the Nagurskaya Forma tion was encountered in
the borehole at a depth of 1895- 2555 m. It is more than 650 m thick. including se ven dolcritc
intrusions ranging in thickness from 18 m 10 140 m. These are mostly dykes intruded alo ng fault s.
bUI some are sills. conco rdant 10 the steeply dipping metamorph ic rocks.
The sequence is composed of sericite-feldspar quart zites that are white or light grey with a tinge
of blue. Massive bed s of pure quartz ite alternate with thinly laminated beds which are 0.3-0.6 m
thick and co ntain feldspars and sericite flakes. All primary argilla ceo us material is entirel y recrystallised to scricite. The quart zites are co mmonly rransected by very narrow. vertica l. branching
j oints filled with calcite or a chlorite-mica aggregate. The unit is charac teristically light coloured
and very finely laminated. thus differing sharp ly from the dark rocks of the underl ying schist
seq uence.
The quart zite has an e xtremely to very fine-grained. granoblastic texture . Locally (e.g. thin
section 2266 .3 - the numbe r corre sponds to the depth in the borehole ). the quartzite is shattered.
displaying blastocataclastic texture and brecciat ion. Larger quartz grai ns. sometimes showing evi dence of primary rounding. are embedded in a fine -grained aggrega te of quartz and some ser icite
(loca lly with carbonate ) produced by recrystallisation of argillaceou s-q uartzose sediment. The
boundaries betwee n the clastic grains and the se ricite-q uartz gro und mass are not always discern ible and the texture become s lcpid ogranoblastic. Where a granob lastic mosaic and a sutured texture
is present. the o utlines of primary qua rtz grains are marked by ore dust.
The mineral composition of the q uartzites is rather monotonous. but the minerals vary slightly

,
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Fig. 3. / .5 Sheared. fine-grained quartzite. Borebole depth
236 1 m. Poli shed sectio n. full size.

I
I

in abundance. reflecting a progressive change in the
composition of the original sedimentary rocks from
quartzose-s ilty sandstone to argillaceous-quartzosc
sillstone. The quartzites consist of 6o-S00/0 quartz.
20-25 % feldspar and 3-5% scricite. Some samples
(e.g. thin section 2480 .2) co ntain up to 10% plagioclase . Rutile. zircon, tourmaline and apatite are acces-

sories. Locally. in shauer zones. up

10

3-5% of

secondary carbon ate occurs as aggregates of grains.
or irregularly shaped grain s with inclusions of quartz
and opaque s. Two varieties of feldspar are seen. fresh
lattice- twinned microcli ne and sericitiscd, untwinned
orthoclase.
No "fossils have been found in the quartzite. but its
positio n in the succession and the degree of metamorphism and deformation suggest that. like the underlying schists. it belongs to the folded basement and has
an Upper Proterozoic (Vendian ) age.
The dip of the primary lamin atio n varies from
4Q-65° at different horizons. The rocks are intensely
deformed. They are isocl inally folded and o verfcldcd,
and are transected by many vertical faults marked by
mylonitisation. cataclasis and jointin g (Fig. 3. 1.5). Six
units of metamorphi c rock (depth intervals 2035
- 2052 m. 207ll-2088 m. 2109-2129 m. 2247-2409
m. 2440-2505 m and 2550-2554 m). corresponding
to various tectonic blocks and separated by intrusive
bodies. were recog nised in the drill log.
Where co re material was recove red near the contacts
between quartzites and intrusions. shatter zones and
evidence of dislocation metamorphism were seen in
both the co untry rock s (2266. 1-2272.8 m. 2554.72555.3 m) and the dolerites (2129 .2-2138.4 m).
In the fault zones. the rock is very light coloured.
almost white. highly brecciated and consists of sharply angular fragments of laminated quartzite. 2-3 mm
104-5 cm in size. embedded in fine-grained. carbonate-rich material (Fig. 3.1.6 and Fig. 3. 1.8). Catacl asites are common. represented by deformed and shattered quartz grains embedded in finely granular.
polymineralic cement. Mylonitisation is seen at
depths of 2266. 1-2272.8 m and 2554.7-2555.3 m.
The shattered. finely milled. compact rock (originally
quartzite) displays a distinct. superimposed sehistosity at an angle of 75°. which is probably parallel to
the fault planes.

Fig. 3. /.6 Fine-grained schistose quartzite
with small boudins. Boreholc depth 2 1-l; m.
Polished surface . full size.
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The quartzites show up very well on gamma-ray logs
due to ano malously high NGR and ENGR values and
they and their contacts with intrusive rocks can therefore be easily recognised. On neutron gamma-ray

,

logs. values fo r the q uartz ites are generally 2.3-2.-t arbitrary units. anomalies reach ing 2.8. whe reas 1.5- 1.7 arbitrary units arc typical of the schist seq uence and intru sion s. M uch more significant
variations are see n on epithermal neutron gam ma- ray logs. where values for quartzites are several
times the background val ues: these are show n by a sharpl y di fferenti ated curve. GR values of 6-9
mRJhr arc somewhat lower than those obtained for the schis t seq uence . Taken together, these values sugges t that the rocks have a high den sity. low porosity and low hydrogen content. an extre mely
low ca pac ity to retain mo isture and an insignificant co ntent of hydrous alumi nosilicate s. According
to petroleum geo physics data. the fault zones are marked by a decrease in apparent resisti vity down
to 50 ohm/m. so me decrease in NGR values . an increase in ga mma-ray activity up to 10 mRJh. and
a dec rease in spo ntaneo us pote nt ial (SP) values. Thus. examinatio n of core mat erial and comparison of this with ga mma-ray logs enab les fault zones to be recogni sed at dep th intervals of
203 1-2040 m. 2 120-2 150 m. 22.t7-2272 m. 2320-2326 m and 2480-2490 m.

Metamorphism
Th e present mineral asse mblages of the met amorphic rocks mak ing up the Nagurskaya Form ation
sho w that the sedimentary rock s haw . on the whole. undergone greensch ist facies metamorphism .
The quartzi tes are charac terised by two assemblag es : I ) quartz + sericitc + ore mineral s + microdi ne: 2 ) quartz + scricite + carbon ates + ore minerals ± microcline _ plagioc lase. Th e schis ts have
the follo wing assemblages : 3) quart z + sericite + plagioclase + biotite + ore minerals ± microcli ne
± epidote. 4) quart z + sericite + ore min erals. 5) q uartz + se ricite + carbonates + biotite + chlorite +
ore minera ls ± plagioclase ± epidote . Th e minera l fab ric indica tes that not all these assemblages
are stable. Thus. ass emblage 5. where biotite and replacing chlorite are prese nt. is unstable. and assemblage 2 is stable o nly in the absence of carbonate . The mineral assemblag es suggest that the
rocks of the Nagurskaya Form atio n belong tu two subfac ies of the greensc hist facies. Assemblages
I. 2 and 4 are co nsis tent with the quartz- albite- musco vite-e hlorile subfac ies . and assemblages 3
and 5 co mply with the quartz-albite-epidote-bioti te subfacies . Th e mineral co mpos ition and texture
of the rocks suggest that the quartzites may have derived from sandy sil tstone. the phyllites from
semipelites. and the carbonate-m ica-quartz schists fro m
siliceo us mar l.
Th e roc ks of the Nag urskaya Form ation arc highly
cleaved throughout. with subparallel joints and smallsca le shears inclined at an angle o f 50-60°. SUlphide
minerali sation. represent ed by - pyrrhotite or, less co mmonly. chalcopyrite and pyr ite. is ge nerally developed
alo ng the cle avage . Vertical joints. formed when the
roc k coo led. arc also seen; they are filled with calcite,
representing the fina l phase of hydrothermal minerali satio n. T he bedding dips 20-25° and the schis tos ity 3SO.
measured in unoriented drill core. alth ough intensely
deformed rocks showing disharmo nica lly o verturned
fo lds are seen in places (Fig. 3. 1.7).
AI de pths of 2994-30 10 m and 3062-3075 m. the borehole cross ed fracture zones marked by' tectonic breccia
co mposed of sharp ly angular quartzite fragments. 2- 3
mm to 1.5-2 .5 cm in size. embedded in quartz-sericitech lorite cement (Fig . 3. 1.8). Th e fragme nts d isplay an
indistinct orientat ion at an angle o f 30 ° to the co re axis.
Th e schisroshy is emphasised by veinlets, lenses and
agg regates of pyrrh otite replacin g pyrite.

•

Fig. 3. /.7 Cleaved and folded. fine-grained quartz-sericite
schist. Fissures filled with secondary calci te. Borehole depth
3146.3 m. Polished section. full size.

,
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Fig, 3./.8 Tectonic breccla composed of fragment!'> of fine-grained quartzite in qu an z-serici te
schist. Borehole dep th 3068 . J m. Polished section, full size.

3.2 PALA EOZOI C
Carboniferous
Despite earlier reports of Ca rboniferous coal depo sits and Carboniferous fossils found in drift. the
Nagurskaya bore hole drilled o n Alexandra Land in 1976- 1977 provided the first proof of the presence of Lower and Upper Carbonifero us strata in Franz Josef Land (Figs. 3.2. 1 & 3.2.2).
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Fig. 3.2.2 Section through the Lower and Upper Carboniferous in the Nagurskaya borehole. Key: 1 sand-

stone, 2 siltstone, 3 mudstone, 4 marl, 5 limestone, 6 carbonaceous rocks, 7 coal, 8 quartz-sericite schist,
9 basic igneous rocks, 10 coring intervals, 11 disconformity, 12 ordinal numbers of intrusions.
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3.2.1 Lower Carboniferous - E.N. Preobrazhenskaya, A.F. Dibner, V.D. Dibner & I.V. Shkola
Stratigraphy and lithology in the borehole
The Lower Carboniferous succession rests unconformably and practically horizontally on the
strongly deformed Upper Proterozoic metamorphic rocks. In the Nagurskaya borehole, it occurs at
a depth of 1740-1896 m and consists of a cyclic alternation of sandstone, siltstone and mud stone
with coal lenses and seams interrupted by two dolerite sills (VI and VII) with an aggregate thickness of 53 m. Another dolerite sill (VIII) separates the Carboniferous strata from the underlying
folded basement (Fig. 3.2.2). The thickness of the Lower Carboniferous deposits (excluding intrusions) is 102 m.
The sandstone beds vary in thickness from 0.3 to 10 m, and alternate with dark layers of clayey
siltstone and mudstone. The sandstone is light grey, almost white, medium to fine grained, well
sorted, and consists almost entirely of quartz, Some beds are very hard. Thinly-bedded stratification, picked out by mud stone laminae, is sometimes seen.
Clastic grains are almost exclusively quartz; shale, feldspar and acid effusives usually amount
to less than 1% and only locally reach 10%. The heavy-mineral fraction (zircon, tourmaline,
pyrite) is no more than 0.14%. Cement accounts for about 10%. Pores and grain boundaries are
filled or coated with chlorite and kaolinite, and encrusted rims consist of chlorite. The sandstone
contains recrystallised quartz and corroded calcite. .
The mudstone beds have horizontal and lenticular-horizontal lamination and are dark grey or
black, depending on the content of carbonaceous fossils. They mainly consist of clayey material,
but silty particles occur in extremely fine laminae, lenticules and inclusions which are more light
coloured and mark the bedding. Bedding planes are smooth, flat or gently undulating. An increase
in the clay content marks the gradual transition to mudstone. Grazing traces and related structures
left by deposit-feeding organisms are observed in places.
The mud stones contain abundant plant fossils, thin lenticules of graphitised coal, and lenses and
bands of thinly-bedded anthracite. Large fragments of thin-ribbed arthrophytes and fragments of
pteridosperm leaves are common on bedding planes. Large detritus fragments have a silky sheen
and are graphitised, soiling the hands. The plant fossils are locally replaced by fine-grained pyrite.
Small, graphitised plant impressions with a dull lustre are also seen on bedding planes. Striae-like
detritus fragments (hundredths of a millimetre across), randomly oriented to bedding planes, are
also observed. Aggregates of fine grains and fragments of coal redeposited during the sedimentation process are common.
The nature and distribution of the detritus, as well as the character of the rocks, suggest that the
latter were deposited in a stagnant basin.
Abundant fragments of carbonaceous mudstone, 5 x 7 mm in size, containing lenticules of
crumbly coal and fine pieces of dull. banded coal occur in cuttings from 1890-1895 m. Petrographic study shows that these fragments derive from older coal lenses and seams. Density logging
also indicates the presence of coal seams at a depth of 1890-1895 m.
Carbonaceous material in both the core and cuttings is characterised by the high reflectance of
vitrinite, varying from 3.78 to 4.99(11'). i.e. the material is anthracite. These deposits show a close
Iithostratigraphical resemblance to the Lower Carboniferous Coal Measures of Spitsbergen.
Biostratigraphy
Abundant plant fossils found at a depth of 1776.1-1779.2 m are dominated by the seed ferns,
Mariopteris acuta (Brong) Zeill., Cardiopteris Schimper and Diplotmema Stur., which, according
to Yu.G. Gor (pers. comm.), are common in the Lower Carboniferous and the Westphalian of the
Middle Carboniferous in the European coal basins. A fragment of another seed fern, Sphenopteris
sp., of Euramerican habit, similar in morphology to specimens of this genus from Visean-lower
Serpukhovian deposits, was identified by G.N. Vasilieva (pers. comm. 1992) from the same depth
(1176 m) in the core.
A.F. Dibner examined miospores from the core of the Nagurskaya borehole taken at depths of
1776.1 + 0.4 m, 1776.1 + 1.3 m, 1776.1 + 1.8 m, 1778.1 + 0.1 m and 1778.1 + 1.8 m. Single,
moderately and poorly preserved miospores were found in the macerate of the samples, which consisted of dark grey to almost black, clayey siltstone. The taxonomic composition was relatively
wide-ranging, including both Visean tMurospora aurita (Waltz) PI., M. intorta (Waltz) PI., M. subrotata (Waltz) PI., Densosporites anulatus (Loose) Pot. et Kr., D. lobiatus (Hughes), D. orbiculatus
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(Wallz) Pl. ) and yo unger. Viscan-Serpukhovian. elements tAnulatispontes, Endosporites. Velo·
spora. Diatomozonotritetes and Retialeres i. As slated by Playford (1962.1 963). miospore s of the
genus Retialetes are very typical of the Serpu kho vian o f Spitsbergen. In add ition to these taxa.
miospo res of the genera Leiotritetes. Trachvtritetes. Punctatisporites, Lophotritetes and so me
othe rs. all o f which show a wide range of vertical d istrib ution and. hence. are of no value for
datin g purpo ses. are common.
On the basis of their miospore co ntent. the deposits found at a depth of 1776 .1 + 0.4 to 1778.1
+ 1.8 m arc corre lated with the upper Visean-lower Serpukhovian rocks o f Mount Pyrami den.
Bunsow Land and other pans of Spitsbergcn (Playford 1962. 1963. A.F. Dibner 1986 ). Similar
paly nological co mplexes are know n from the Lowe r Carbonifero us deposits of lhe Moscow.
Donetsk and other basins in eastern Europe. Broader correlations of the Lower Carbonifero us of
Franz Josef Land are feasib le throu gh the palynological "Murospora uurita" zone and a palynological complex yielding "Retiaietes: identified by Playford from materi al fro m Spitsberge n (Playford 1962. 1963). These suggest that. like the deposits of Spitsbergen (according to Playfo rd), the
Lower Carbon iferou s deposits of Franz Jose f Land are corre latable with coe val strata in Poland.
Eng land (beds containing Rotaspora knoxn. the USA (midd le and uppe r hori zons of the Meramec ian and midd le pans of the Chesterian. and Canada (depos its belonging to the Melson and
Gelate Formations and Kanzo Group).
.
Thu s. the palyn o logica l stud ies suggest not onl y the pre sence of upper Visea n-lowe r Serpukho\ ian depo sits in the Lower Carbonifer ous of Franz Jose f Land. but that in the Early Carboniferous
the area of the prese nt Franz Jose f Land arc hipelago was a pro vince of the Euramerican palaeofl oristic region .

.stiscellaneous exposures and erratics
Outcrops of Lower Ca rbo niferous coal. or indirect evidence of Lowe r Ca rbo nifero us strata have
been repon ed fro m various pans o f Fran z Josef Land. Record s of Palaeozoic coal ou tcrop s can be
found in acco unts fro m the Jackson Polar Expe d ition (1894--1 897 ). At Cook Rocks (also called
Twin Rock s) between Cape Steven and Cape Grant on the southern end of Geo rge Land. H. Fisher
found a unit co nsisting of variegated. semi-consolidated sands tone and shale 300 ft (about 90 m)
above sea level. It had an apparent thickness of about 100 feet (30 m ) and dipped very gently
north-nc rtheastwards. A bed o f sub-bitumino us coal. up to 2 feet (60 cm) in apparent thickn ess. lay

r lf: . 3.2.3 Lump of

thinl ~

bedded coal round in the rum' of the Well man Expedition ba-,e. Sample 61. full

'1 / C.
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at its base. The coal burnt brightly in the stove. Unlike the lignitic deposits, typical of younger
strata, the coal was composed of crushed and compressed detritus. Microscopic examination
showed that it contained scattered macro- and micro spores (rniospores), similar to those in the
Coal Measures of the British Isles (Koettlitz 1898, Newton & Teall 1899). The age of the Coal
Measures is now determined as Middle Carboniferous - Westphalian (Bennison & Wright 1972).
Fragments of similar coal composed of compressed detritus and characteristically banded, like
coal from the Nagurskaya borehole (see above), were found by P. Jackson in the lateral moraine
near Cape Richthofen on Luigi Island (Newton & Tea1l1897, 1898).
In 1956, V.D. Dibner found a large lump (10 x 15 x 50 cm) of semi-lustrous, finely banded coal
composed of alternations of vitrain and fusain (sample 61, Fig. 3.2.3) in the ruins of the Wellman
Expedition base at Cape Tegetthoff on Hall Island. Since no cinders were discovered at the site and
the building is known to have been heated by driftwood (Wellman 1899), it may be inferred that
this piece of coal had been collected somewhere in the archipelago. In 1957, another lump of similar coal (sample 1055) was found by VK. Razin in talus at Cape Washington on Ziegler Island.
Investigations by A.P. Dibner showed that the miospores in these pieces of coal (samples 61
and 1055) are similar to those in the Lower Carboniferous coals of the Russian plate and adjacent
regions. These pieces of coal could therefore be assigned to the Lower Carboniferous, probably the
Visean (VD. Dibner 1970, p. 62). Subsequent detailed palynological examinations of the Culm of
Spitsbergen (Playford 1962, 1963) and revision of the material from the above-mentioned samples
support a more precise age range of late Visean-early Serpukhovian. Thus palynological data from
both the borehole and outcrops confirm the presence of upper Visean-lower Serpukhovian deposits
in Franz Josef Land.
Koettlitz (1899) had no doubt that flint pebbles which he collected from the surface of an overturned iceberg grounded near the northern end of Bell Island had derived from conglomerates occurring in Jurassic beds on the neighbouring islands. In pebbles of pale-grey chert, Hind found
radiolarians (up to 0.2 mm across) of the genera Cenosphaera, Cenellipsis and, less commonly,
Xyphostylus(?) and Dorysphaera(?), typical of the lower Culm of Devon, Cornwall and southern
Scotland (Koettlitz 1899). This is in good agreement with modem biostratigraphical schemes
(R. Lipman, pers. comm. 1994). Similar Palaeozoic radiolarians were also found by Hind in the
Upper Triassic-Lower Jurassic sandstones at Cape Gjertrud (Newton & Tea1l1897, 1898).

3.2.2 Upper Carboniferous - E.N. Preobrazhenskaya & I.V. Shkola
Stratigraphy and lithology revealed by borehole data
Upper Carboniferous deposits were found at a depth of 1657-1740 m in the Nagurskaya borehole.
They are 83 m thick and rest disconformably on Lower Carboniferous coal-bearing rocks, the
boundary being marked by a sudden change in lithology revealed by the drilling cuttings and by a
change in the character of log curves.
The sequence consists of massive and very hard, light-grey, bioclastic detrital limestones (Fig.
3.2.4) - brachiopod-crinoid packstones and wackestones. Recrystallised fossil fragments dominated by broken crinoid stems and crushed brachiopod valves account for 60-80% of the limestones. Admixed clayey material amounts to 3-6%. Stylolitic sutures, subparallel to the overall
horizontal attitude of the rocks, were observed on the outer surface of the core.
Logging suggests that the Upper Carboniferous succession can be divided into two parts. The
lower unit (1692-1740 m) consists of relatively compact, fissured water-bearing rock. A bed with a
relatively low carbonate content lies at the base of this unit. The upper unit (1692-1657 m) is composed of less compact argillaceous limestone.
Single brachiopods of the species Spiriferela ex gr. turussica Tscherniak, suggesting a wide age
range from Lower Carboniferous to Lower Permian, were identified by VI. Ustritsky (pers. comm.
1979) at the base of the upper unit ( 1696-1702 m).
M.P. Solovieva and G.P. Sosipatrova (pers. comm. 1979) gave a more precise age range. They
identified a rich assemblage of foraminifers in the same part of the core, including Fusulinella cf.
usvae Dutk., Fusiella sp., Tuberitina maljavkini Mikh., Earlandia elegans Raus., Tolipammina
communis Lip., Trepeilopsis aff. australiensis Crespin, Hemigordus sp., Eolasiodiscus aff. rectus
Potiev., Protonodosaria quadrangula Gerke, P parviformis Gerke, P proceraformis Gerke, Nodosaria cf. braklyi Mikh., N. cf. galinae Gerke et Karav., N. concinna Potiev., Paleotextularia tenuise
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Fig. 3.2.4 Illustrations of the Upper Carboniferous bioaccumulated limestone. Belove: polished surface [x 1.5); Above: photomicrographs
Ix 250) showing. on the left. limestone composed of echinoderms. brachicpod s and algae.
and on the right. limestone composed of brachiopod spines. Nagurskaya borebole . interval
169·U - 1696.3 m.

plata Moroz.• Tetrataxis piata Moroz., T.
pos tminima Potiev., T. mini ta Mor oz., T. heminflata Moro z.. Giobivatvutita cf. donbassica Potie v.. G. mosquensis Reitl .. G. granu4
losa Reitl., Genittina pa ratenius Ge rke,
Am modis cus muitivolu tus Reitl., Endothvra
ex . gr. bradvl Mi kh., Orthoverteila sp. and
others. Thi s asse mblage is rea dily co rre lated
with those from the uppermost Carbo niferous in north east Russia and the Tima nPechora province ; the lowermost Perm ian
cannot be ruled out The lower part of the
same interval (1696.0- 1702 .0 m) yielded the following foraminifers: Protonodosa ria praecursor
(Rause r). Asselodi scus modificatus (POl.). A. aff. rectus {Pot.), Reittingerina umbovata (Rauser)
and R. timanica (Rause r). Pseudofusutinelta aff. usvae (Dutkevich), P. kotla vskyi (Stewart). P. co ndense (Solovieva). P. bella (Grozdilova & Lebedeva j. P. delicata Ski nner & Wilde and P. cf. annae
(Grozd ilova) .
Many of the se species are widel y developed throughout the Uppe r Carboniferous and the
AsseJian (Lo wer Permian ). However. the genera Asselodiscus and Protonodosaria are known to be
co nfined to the Gzcli an and Artin sk ian. Th e assemblage is extremely similar to the Gzelian aS4
scmbl age of the "Ptotonodosaria praecurso r: zo ne on Kol guyev Island. whi ch lies between the
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Kasimovian and the upper Gzelian beds. Since the position of the zone in the Nagurskaya borehole
is not controlled by the ages of immediately underlying and overlying deposits, its younger, Asselian, age cannot be ruled out (V.D. Davydov, pers. comm. 1992).
3.3 TRIASSIC - E.N. PREOBRAZHENSKAYA & I.V. SHKOLA
The full Lower and Middle Triassic succession was found in the Nagurskaya, Hayes and Severnaya boreholes (Figs. 3.3.1 & 3.3.2) and Upper Triassic sediments are present in the Hayes and
Sevemaya boreholes. The uppermost part (Norian-Rhaetian?) is widely exposed on the islands, and
these sections can be correlated with each other and to a composite section based on borehole logs.
The three divisions of the Triassic have mostly been subdivided into stages and substages, the
boundaries of which are determined on the basis of changes in fossil assemblages and analyses of
sedimentary cycles.
As in other arctic regions, the Triassic macrocycle in Franz Josef Land consists of first-,
second- and higher-order cycles, consistent with the stages and substages of the biostratigraphical
framework. Within these cycles, there is a gradual upward variation in the composition of the
deposits, the fossil assemblages and the facies that is consistent with regression from a sharply
defined transgression at the base of each cycle. Index forms of fauna and flora are generally not
present throughout a section, but in individual parts, primarily in mainly marine (lower) horizons.
Stratigraphical boundaries are drawn at the tops and bases of first- and second-order cycles which
are consistent with sedimentation stages and are convenient for section correlation.
Cyclic analysis, based on borehole logs has shown that the Induan(?), Olenekian, Anisian and
lower Camian sediments are represented by marine facies which are most typical for the Triassic
macrocycle. Parts of Ladinian and upper Camian sections are dominated by lagoonal-marine and
lagoonal-continental sediments, The Triassic section as a whole exhibits cycles of two orders,
namely, major (first-order) cycles that are up to 1000 m thick and minor (second-order) cycles that
are 300-700 m thick. Six major and eight minor cycles have been recognised. In some portions of
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the section, cores and logs permit the recognition of cycles of even higher orders, separate cycles
and rhythms being a few h.undred metres, tens of metres or metres, and in places only a few centimetres, thick.
The Triassic deposits contain doleritic sills (Figs. 3.3.1 & 3.3.2).
3.3.1 Lower and Middle Triassic - E.N. Preobrazhenskaya, M.N. Korchinskaya & I.V. Shkola

3.3.1.1 Lower Triassic
Induan sediments were tentatively recognised in the Nagurskaya borehole at a depth of 1657-1290
m where it rests unconformably on Upper Carboniferous limestones. Its thickness (excluding intrusions) is 340 m.
The possible Induan sequence is a cycle of mudstone interbedded with limestone and siltstone
in its lower and upper parts, respectively. The mudstones are dark grey to black and have lenticular-sinuous, locally horizontal, lamination; they contain pyrite. The limestones are up to 0.6 m
thick, argillaceous, light to dark grey, massive, or, less commonly, horizontally laminated. The
siltstones are light grey and horizontally laminated.
At a depth of 1610-1615 m, the mudstones yielded fish imprints with well-preserved cephaIons. These represent a new genus and species, Boreichthys shkolai Selezneva (1982), which according to Selezneva (1982) is similar to specimens of Parleidus, an abundant genus in the Lower
Triassic of North America and Australia. Somewhat higher up, comparable mudstone contains
fragments of foraminifer tests, including Turitella aff. mesotriassica Koch-Zamnetti, Psammosphaera sp., Dentalina sp., Rectoglandulina sp. novo (R. lubrica Gerke), Nodosaria sp., which, according to A.A. Gerke (pers. comm. 1977), indicate the Middle Triassic.The upper part of the
cycle yielded only tiny pieces of plant detritus. The deposits were tentatively assigned to the
Induan because of their stratigraphical position as the basalcycle of the Triassic.
The lower Olenekian was recognised in the Nagurskaya borehole at a depth of 964-1290 m. Its
apparent thickness (excluding intrusions) is about 340 m. Its lower contact was drawn at the top of
the siltstones uppermost in the possible lnduan cycle. It is composed of black mudstones with rare
limestone lenses and clayey siltstone partings. The mudstones contain pyrite cubes or nodules. At a
depth of 1126.5 m, the upper part yielded sporadic bivalves, Posidonia ex gr. mimer Oeberg and
P. ex gr. popovi Bytch., which are abundant in the lower Olenekian almost throughout the Boreal
region. The lower Olenekian mudstones are overlain at a depth of 964 m by mudstones yielding
upper Ladinian bivalves. This implies a considerable stratigraphical gap, but jointing, brecciation
and slickensiding occur at this horizon, suggesting the presence of a tectonic boundary between the
lower Olenekian and the Middle Triassic.

3.3.1.2 ~iddle Triassic
The upper Anisian was encountered in the lower portions of the Hayes (2620-3344 m) and Severnaya (2870-3520 m) boreholes. Its apparent thickness (excluding intrusions) was, respectively, 674
m and 650 m. The deposits represent a large, second-order cycle chiefly consisting of black to dark
grey, sinuously to lenticularly laminated mudstones and clayey siltstones and sandstones in the
lower part. Third-order cycles were also identified. The number and thickness of silty-sandy beds
progressively increase upwards, and the upper portion is mainly composed of grey siltstones and
fine-grained sandstones, which are cross bedded or, less commonly, horizontally bedded. The argi1laceous beds contain disseminated pyrite and glauconite, as well as ironstone, pyrite and, less commonly, calcareous nodules. In the Hayes borehole, the mudstone yielded remains of ammonoids,
bivalves, ostracods, foraminifers, echinoderms, algae and plant detritus. They include typical upper
Anisian ammonoids, namely Frechites cf. hevadanus (Moisisovics) (= Frechites cf. humboldtensis
in Korchinskaya 1985, Plate 2, Figs. 2, 3), Frechitoides cf. migayi (Kipar.), Parafrechites sublaqueatum Bytshkov, Longobardites sp. indet., as well as the bivalves, Daonella dubia Gabb. and
Mytilus eduliformis Schloth. This mollusc an assemblage characterises the uppermost zone of the
Anisian, the Frechites hevadanus zone, in northeast Asia.
Possible lower Ladinian sediments were recognised in the Hayes (2495-2870 m) and Severnaya (2160-2620 m) boreholes where their thickness (excluding intrusions) was 460 m and 310 m,
respectively. Their lower boundary was drawn at the base of a transgressive unit of mudstones containing beds and lenses of poorly sorted sandy-clayey siltstones. This unit contains a peculiar
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assemblage mainly consisting of Ladinian bivalves and rests on fine-grained sandstones with plant
detritus uppermost in the upper Anisian cycle. The possible lower Ladinian consists of rhythmically intercalated units of various argillaceous rocks, including mudstone containing lenses of poorly sorted rock and sedimentary breccia, alternating with siltstones, sandstones and thin conglomerates. Individual units are a few tens of metres thick. This part of the Middle Triassic sequence
is the richest in silty-sandy material and is throughout characterised by poor sorting and an abundance of structures formed by ground water invasion, bioturbation structures and tracks of mud
feeders. Slump structures are also common. A rich assemblage of marine fauna (unidentifiable
fragments of ammonoids, bivalves and foraminifers) is present in the lower portion, but the upper
part contains only small, stunted bivalves, abundant phytoplankton and remains of higher plants.
The bivalves included Dacryomia scorochodi Kipar., Daonella cf. densisulcata Yabe et Schim,
Bakevellia aff. lapteviensis Kurushin, B. cf. ladinica Kurushin, Mytilus hayesaensis Korchinskaya,
Parallelodon sp. and Pallaeopharus sp. The presence of a large Bakevillia, similar to B. ladinica
from eastern Taimyr, Daonella cf. densisulcata and Dacryomya scorochodi suggests a Ladinian
age for the deposits. Their position in the sequence and the lack of upper Ladinian forms allow it to
be tentatively attributed to the lower Ladinian. Of interest is the presence in the assemblage of
specimens of Palaeopharus, more typical of the Upper Triassic, and Parallelodon, almost unknown in the Middle Triassic. Plant remains include Schizoneura cf. grandifolia Krysht. et Pryn.
and Tomiostrobus sp.
The upper Ladinian was recognised in all three boreholes, namely, the Nagurskaya (285-964
m), the Hayes (1415-2160 m), and the Severnaya (1935-2495 m), its thickness (excluding intrusions) being 681 m (apparent), 625 m and 560 m, respectively. Its lower boundary was drawn at
the base of a marker mudstone sequence yielding an upper Ladinian faunal assemblage and overlying the silty-sandy rocks which end the lower Ladinian cycle.
The lower part of the upper Ladinian consists of argillaceous rocks, chiefly mudstones, and the
upper part is dominated by siltstones and sandstones with scattered lenticules of coal. The bulk of
the unit is composed of mudstones that are dark grey, well sorted and Ienticularly-sinuously intercalated with silty and calcareous varieties. It contains concretions of pyrite, phosphatic ironstone
and carbonate, plant remains and abundant faunal remains such as foraminifers, bivalves, echinoderms and, less commonly, ammonoids and ostracods. Especially characteristic are ubiquitous
small specimens of Daonella, accumulations of echinoid spines and tiny oolitoid blue-green algae.
This argillaceous sequence maintains the same lithologies and peculiar faunal and floral character
throughout the three boreholes and is the best Triassic marker horizon in Franz Josef Land. Its
thickness ranges from 200 to 400 m.
The uppermost Ladinian is dominated by fine- to medium-grained, light-grey sandstones. Subordinate mudstones are rich in silty and sandy material and yielded rare bivalves, carbonate phytoplankton and plant detritus.
The rich Daonella assemblage, chiefly found in the lower-upper Ladinian mudstone sequence,
includes typical Ladinian species, such as Daonella subarctica Popow, D. prima Kipar., D. aff.
prima Kipar., D. [rami Kittl and D. cf. nitanae McLearn. Most of them are stunted forms. In addition to these, peculiar little shells identified as a new species, Daonella parva Korchinskaya, are
abundant in all three boreholes. Along with these Daonella, the Severnaya borehole yielded
Nathorstites cf. lenticularis (Whiteaves), an ammonite which is characteristic of the upper Ladinian. The uppermost Ladinian in the Nagurskaya borehole also yielded the following foraminifers:
Glomospira ex gr. gordialis (Park. et Jones), Haplophragmoides sp., Trochaminoides sp., Gondryina aff. triassica Trifonova, Dentalina aft. vetustissima Orb., Ammodiscus cf.filiiformis (Reuss)
and others (identified by A.A. Gerke, pers. comm. 1977). This part of the unit is poor in macrofossils, only a few bivalves, such as Meleagrinella sp., Mytilus hauessensis Korchinskaya and
Myophorigonia sp., being found. In the Nagurskaya borehole, the entire mudstone unit of the
upper Ladinian yielded a rich miospore flora, dominated and subdominated by Florinites pseudostriatus, Labipollis granulatus, Minutosaccus crenulatus, Osmundacidites senectus, Piceites sehatskinskaja, Podosporites amicus, Protohaploxypinus hangri, Raistricida obtusasetosa var. triassica,
Scopulisporites sp., Staurosaccites sp., Thuringisaccus multistiatus. Verrucosisporites morulae and
V. narmianus. According to V.D. Korotkevich (pers. comm. 1979), this assemblage is characteristic

of the Middle Triassic and, probably, the Ladinian.
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3.3.2 Upper Triassic
Upper Triassic rocks were encountered in the Hayes and Sevemaya boreholes and are frequently
exposed throughout the archipelago, The boreholes displayed complete sections through the
Carnian, but the youngest beds occur in outcrops. These two sources of stratigraphical information
are dealt with separately below. Figure 3.3.3 shows a correlation between various sections and the
borehole logs.
3.3.2.1 Upper Triassic ill the boreholes -. E.N. Preobrazbenskaya, M.N. Korchinskaya, T.M.
Pchelina & I. V. Shkola
Lower Carnian
The lower Carnian was recognised in the Hayes 0095-1415 m) and Sevemaya 0605-1935 m)
boreholes. where its thickness
intrusions) is 282 m and 240 m, respectively. Its lower
boundary was drawn at the base of a
sequence containing lower Camian bivalves (see
below); this overlies sandstones which
the Ladinian cycle. The unit is mostly a secondorder cycle, largely consisting of
and
rocks. Intercalations of siltstones and sandstones
mark the completion of higher-order
and often occur in thin, sinuous-lenticular interlaminations with mudstones. The lower
rocks of varied grain size, including sedimentary breccia; slump structures and
are also encountered. Seams and lenticules of coal
appear in the upper part.
Lower Carnian bivalves
Polub.) were found at the base of the
sequence in the Severnaya borehole. ACicordinJ; to V.D. Korotkevich (pers. comm. 1979), a Late
Triassic age for the deposits is
an omnipresent miospore assemblage dominated by
Piceites spp., subdominated
spp. and Neoraistricka spp.Land accompanied by
Concavisporites spp.,
spp., Cycadophites spp., Diskisporispp. and Walchiites spp.
tes microdiscus, Florinites spp.
Upper Camian
The upper Carnian was
in the Hayes (450-1090 m) and Sevemaya (8801605 m) boreholes in a
Its thickness (excluding intrusions) was 640 m
and 725 m, respectively. These beds overlie
lower Carman cycle and contain a Carnian flora.
They are transgressively
a lower Norian fauna. The lower boundary
of the upper Carnian is drawn at the base of a rhythmic alternation of clayey and silty rocks showing evidence of bioturbation.
sorted material and sedimentary breccias are present. Lenticules and thin seams of carbonaceous rock and coal oceur in the upper parts of the cycles. Coal increases upwards. The
rocks
consolidated clay and clay that is silty and
sandy to varying degrees. The rocks contain glauconite, lenses of ironstone, plant detritus and
small fragments of bivalve shells. The
rocks are poorly sorted, but are dominated
by fine-grained varieties.
and rich in carbonate phytoplankton. They contain a
miospore assemblage in which
spp., Nevesisporites spp., Striatopiceites spp. and
Podozamites spp. are subordinate and
spp., Auritulinasporites spp., Duplexisporspp., Zebrasporites spp. and Vitreisporites spp. are
ites gyratus, Stereisporites spp..
accompanying species.
to L.A.
(pers. comm. 1979), such an assemblage suggests a Late Triassic age. A
that included Neocalamites sp., Dictyophillumi'Ti
sp., Asterotheca aff. merianii
and Strobilites sp. (cf. Voltzia novomendensis
Krausel) was found at 740-780 m in the
borehole and at 949-951.4 m and 1411 m in the
Severnaya borehole. According to N.D.
(pers. comm. 1979), the presence of A. aff.
meriani and Strobilites sp.
suggests the Carnian.
Lower Norian
The lower Norian was encountered in the
(45-450 m) and Sevemaya (325-880 m) boreholes, where its thickness was 405 m and 555 m, respectively. Its lower boundary was drawn at the
base of a sequence composed of interbedded mudstone, siltstone and sandstone of lagoonalcontinental origin which overlies
from the coal-bearing beds in the upper part of the
Carnian. A similar gradual transition to the most transgressive stage of the Norian cycle is very
characteristic of the lower Norian
Svalbard (Korchinskaya 1980, Pchelina 1980). Both boreholes display a shift in the transgressive facies towards a middle section composed chiefly of very
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Fig. 3.3.3 Correlation between key sections of
Triassic and Lower Jurassic deposits. Key: I gravel
and conglomerate, 2 siliceous sand and
3 micaceous sand and micaceous schistose sandstone,
-1- silt and siltstone, 5 clay and mudstone, 6 coal seams and lenses, 7 limestone, 8 cross bedding, 9 pyrite
concretions, 10 basaltic sheets. II sills of dolerite and coarse-grained dolerite, 12 macrofauna, 13 foraminifera, 14 mineralised wood, 15 macroflora, 16 saurian bones. 17 location of samples yielding spores and
pollen.
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Fig. 3.3.4 Ice-free Cape Hansa
on Wilczck Land (aerial photograph taken in winter) Key:
I sandy. Holocene raised beaches. 2 hills of subhorizomal
Upper Triassic terrigenous
rocks. 3 outcrops of faulted
lower Norian siltstone and
limestone. which form a local
dome-shaped structure. 4 doleritic dykes cut by strike-slip
faults. 5 glacier. 6 sea ice with
icebergs frozen into it.

com pact clay containing
pyrite. iron stone and calcareous concretions. Siltstone
and fine- to medium-grained
sandstone bands increase in
number and thickness in the
upper part.
Higher-order cycles can
also be recogn ised. Their lower parts yielded bivalves.
ammonoids and forarninifers. whereas plan t debris
and coal lenticules were presen t in their upper pans. Fragments of a whorl of the ammono id Pterosirenues sp. indet . and the bivalve Hotobia ex gr, 00/ ;; Kob. et Ichikawa. i.e. forms which are typ ical of the lower Norian in Arctic reg ions. were found in the middle of the lower Norian
(536.65- 546.5 m in the Scvernaya borehole) . These bed s also yielded foramini fers (Denta lina sp.
(ex gr. matunna Orb. j. Nodosaria sp. (ex gr. radiata Terq.). Ma rginulina sp. and vaglnulinopsis sp.
nov.) which. acco rding to V.A. Basov Ipers. comm.). support a Late Triassic age for the roc ks.

5

6

Post-lo wer No rian
No core has been taken from beds younger than the lower Norian. The Hayes boreho le passed
through the basal part of these beds from 0-45 m. Subseq uent examination of drilling sludge
suggests that this part consisted o f argillaceou s rocks consistent with the basa l part of the upper
Noria n-Rhaetianr") beds (Wilczek and Vasiliev Format ions - see below ).
The same and younger strata were found in the Seve ma ya borehole . which was located on a
nort hward -plunging monoc line. The argillaceo us unit was overlain by sandstc ncs with conglomcrane beds. followed by siltstones. The uppermost 65 m of the strata belong to the lower Lias. dated by miospores taken from exposures close to the bo rehole. Hence. the 325 m thick seq uence
sho uld be assig ned to the upper Norian-Rhae tiant'h - lowe r Lias (see section 3.3.2.2).

3.3.2.2 Outcrapping Upper Triassic
In outcrops (Figs . 3.3 . 1 and 3.3.3) . the Uppe r Triassic is represented by the lower Norian marine
depos its and overlyi ng. ma inly continental. depo sits which. together. form a co ntinuous Upper
Triassic-Liassic sequence.
Lower Norlan - v'D. Dibner & .\-t. \ : Korcninskaya
At Cape Hansa on Wilczek Land. shaly sihstone with thin interbeds of silty, peliti c and bioclastic
limeston es. abo ut 20 m in apparent thickness. lies at the base of the section. These are probab ly exposed here as a result of diapirism I Figs. 3.3,.1. & 3.3.5). A rich fauna of ammonoids and pelecypods was found in the roc ks and 10 pyritised calcareous concretions. From samples co llected
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Fig. 3.3.5 Geological sketch map of
Hansa,
. 1 lower Norian siltstone and limestone, 2 Norian
Norian-Rhaetian(?) sand. sandstone and conglomerate,
siltstone and sandstone. Wilczek Formation. 3
Vasiliev Formation. 4 Kimmeridgian siltstone. 5 doleritic dykes and sills. 6 sandy deposits on the present8
day beach, 7 upper limit of wave-cut

here by Pirozhnikov (1958). Popov 1
identified the ammonite. Cyrtopleurites aff. strabonis
aonoides zone of the lower Carnian
vlojs., a typical form considered indicative of the
also described two new species of ammothe Alps. From the same outcrop,
nites, namely, Hauerites ganzae Popow and
piroshnikovi Popow and identified the peleGoldf., Halobia cf. zitteli Lindstr.
cypods Palaeonello cf. tobieseni Bohm., NucuJa cf.
and Cardinia cf. ovula Kittl.. all of whichare
forms found in the Ladinian and Carnian of
ElIesmere Land and Bear Island. On the basis of all the evidence, Popov assigned these deposits to
V.A.
comm.) identified a number of foraminithe lower Carnian. From the same
rers, including Dentalina gladioides ver,
Gerke, D. ex gr, tenuistrata Terq., Nodosaria
ex gr. alaskensis (Tappan) that are typical for the
aff. mitis (Terq. et Berth.) and
marine Carnian and Liassic deposits in the
Bay area of northern Siberia and in Alaska,
and O.M. Lev (pers. comm.) identified the
Ogmoconcha acutai'I) Gerke et Lev, also
Bay area. However, more recent data from
known from the Carnian and Liassic of the
northeast Asia (Bychkov et a1. 1976) and Spitsbergen (Korchinskaya 1980) show that the ammonoids identified as belonging to the genera Cyrtopleurites, Hauerites and Anasirenites, introduced by Popov, really belong to the genus Pterosirenites that is characteristic of the lower Norian
of the ventral side of Pterosirenites sp., the lower
in these regions. As mentioned above, a
Norian Halobia ex gr. aotii and foraminifers
dated to the Norian occur at the same level in
m. Similar foraminifers were also found by Sokolov
the Severnaya borehole, at a depth of
(pers. comm.) in the "Carnian" (in the sense of Popov) beds at Cape Hansa,
In the bioclastic limestones at the base of the Cape Hansa section, Sedova (Dibner & Sedova
1959) distinguished a spore assemblage dominated by pteridospermaphytes (75%). The dominant
Sed. and others) and Phylothecites (Euryronomorphological groups, Leiotriletes (L.
K-M. and others), are accompanied by
triletes microdiscus K-M., Stenozonotriletes
itertextus Naum. var. triassica K-M., as
rare Hymenozonotriletes politus K-M. and
well as Gibotium, Matonia triassica K.-rvL Mariattiaceae, Osmundaceae and Selaginella. The
pollen spectrum (25%) is represented by
and Bennettitales, as well as a few Coniferae,
Araucariaceae. Podozamites and primitive Pinaceae.
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A similar miospore assemblage was extracted by N.A. Pervuninskaya (pers. comm. 1954) from
a diapiric dyke forming a ridge-like outlier of muddy limestone cutting the younger sandstones of
the Vasiliev Formation on the northern part of Graham Bell Island. This assemblage is dominated
by Matoniaceae (52%) which, in substantially lower amounts (14%), is known in the lower part of
the Norian-Rhaetian(?) of Cape Hansa and in a few forms (1-3%) in even younger deposits.
Norian and Rhaetiani ?): the Wilczek and vasiliev Formations - V.D. Dibnet; A. V. Ditmarj & A.N.
Iarakhovskyi
Outcrops of terrigenous deposits, now assigned to the Upper Triassic, were first found by the
Jackson Expedition on Cape Steven, at the southern end of George Land. Here, approximately at
sea level, Koettlitz found pieces of papery bituminous shale which burnt brightly and were reduced
to white ash (Koettlitz 1898, Newton & Teall 1899). The shale contains abundant imprints of
leaves among which Nathorst identified Phyllotheca cf. columnaris Phil. and other cycadophytes
of Pterophyllum type (Newton & Teall 1897, 1899). Their presence allowed Nathorst (1900) to
conclude that these beds are equivalent to the Rhaetian strata in Van Keulenfjorden and the Bellsund area on Spitsbergen. This correlation was confirmed by Vasilevskaya (1985) who studied the
Late Triassic flora of Spitsbergen, but she considered it older, determining the age of the flora in
both areas as Middle Keuper, i.e. Carnian-Norian. .
An extensive development of terrigenous deposits, analogous to those exposed on Cape Steven,
was found by Spizharsky (1937a, 1947) on Hooker Island, Nansen Island and many other islands.
However, he and Lupanova (1953) correlated the beds, without sufficient reason, with the marine
Middle-Upper Jurassic. In his treatise on the geology of the Barents Shelf, Frebold (1950) correctly suggested the presence of continental deposits, older than the marine Aalenian, in Franz Josef
Land. New data supporting this were obtained by mapping and stratigraphical investigations
carried out in 1953 and 1956--1957. Based on collections examined by N.D. Vasilevskaya (leaf imprints) and I.N. Shilkina (wood), and especially through detailed palynological studies performed
by M.A Sedova, the terrigenous sequence was divided into separate formations (Dibner & Sedova
1959, Dibner 1970). Additional data, particularly on the upper age limit of the sequence, were obtained by Sveshnikova & Budantsev (1969), Yu.Ya. Livshits, AN. Tarakhovsky (, AV. Ditmar
(pers. comms. 1970's), Dibner (1978) and Mikhailov (1979).
Based on an assessment of all the evidence available, the lower Norian marine beds in Franz
Josef Land are thought to be overlain by a terrigenous sequence that has an apparent thickness of
about 750 m. It is mainly composed of medium-grained quartzose sandstone and sandstone containing mica and carbonaceous detritus. In the lower part, the arenaceous deposits alternate with
silty pelitic sediments containing scattered interbeds of grit and conglomerate, and coal seams.
This sequence is widely developed, particularly in the eastern part of the archipelago, and is primarily continental in origin. Based on its content of spores and pollen (290 preparations were
examined and 3300 miospores were diagnosed), leaf imprints and lithology, the sequence is differentiated into the Wilczek and Vasiliev Formations, which are Norian-Rhaetian(?) in age, and the
lower Liassic Tegetthoff Formation.
Wilczek Formation
The Wilczek Formation was named after Wilczek Land where, together with Hayes Island, the best
sections are known. Its total thickness is about 200 m. Lithologically, the formation is characterised by a predominance of well-cemented, fine-grained and silty, cross-bedded sandstone and,
especially, siltstone fragments. Overall, the sequence becomes coarser upwards. Clastic grains are
almost entirely siliceous (80% quartz and 15% quartz-chalcedony cherts). Instead of consisting
only of sandstone with carbonate cement showing Fontainebleau texture, which is typical for the
entire terrigenous sequence, the Wilczek Formation also has sandstones with a siliceous cement
and these are transitional to quartzitic sandstone. The upper beds of the formation contain thin
lenticules of grit composed of small, well-rounded pebbles of quartz, flint and quartzite cemented
with fine-grained quartzose sandstone.
According to M.A. Sedova (Dibner & Sedova 1959), the Wilczek Formation differs from the
marine deposits, here regarded as lower Norian, by having more pollen and spores. Spores of
Hymnorphyllaceae, Cyatheaceae, Dicksonia, Hausmannia, Onychium, Cheiropleuria, Gleichenia,
Todea and occasional Calamites are found. Relatively large numbers of Matonia triassica K.-M.
(6-17%) and other typical Triassic forms, including Flebopteris and Leiotriletes microdiscus var.
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Fig. 3.3.6 Dissected plateau composed of sand and sandstone of the Vasilie v Formation . Kholmisty Peninsula. Graham Bell Island.

limbata K.-M .. characteristic for an assemblage from the Nemtsov Formation of eastern Taim yr
(Kara-Murza 1958). has been preserved in places. Tbe amOURI o f conifer pollen. includi ng archaic
forms such as Lebachia. Striatopodocarpaes and Yirralina. increases significantly in the Wilczek
Formatio n. The content of pollen fro m prim itive pines and. locally. from Bennettitales and Ginkgoales also increases. Caytoniales. Cvcadates and Podocarpaceae pollen appea rs. Th e overa ll
composition of the miospore as semblage in the Wilczek Formation indicates an Uppe r Triassic
age. Some di fferences from the asse mblage in the lower Norian beds suggests a relatively late
Norian age . The WiJczek Formation general ly contains no microfauna. macrofossils or coal. Th is
also makes it similar to the lower "barren" beds of the Nemtsov Formation of eastern Taimyr, tentatively assig ned to the Norian by Sbvedov ( 1957) and to the Camian-e ar ly Norian by Mogucheva
( 1982).

vasiliev Forma tion
The Vasiliev Fonnation (Fig . 3 .3.61 was named after Cape Vasiliev on Wiener-Neustadt Island. the
loca tion of o ne of its most complete and. palyn ologically and Iloristically, well-documented sections. Th e fonnation has a total apparent thickness of 550 m and is charac teri sed by its dive rsity of
lithologies. which is especially evident in the midd le portion. Thi s incl udes a 50-60 m thick unit of
variegated sand and sands tone with abundan t mica. varying in grai n size. and locally containing
beds composed entirely of mineralised wood remains. leaves of equiseta and arau carians. abundant
carbonaceous detritus and pyrite concretions. A particular ly interesting lithology on Cape Gori sty
fChamp Island ) is a poorly consol idated sandstone with flakes of bleached biotite accounting for
more than 50% of the rock. the remainder being co mposed of grai ns of q uartz. flint . feld spars and
a small amount o f very loose. argillaceoust'h cement. Macroscopically, the rock is hardly di scernible from mica schist.
The formation as a .....hole is dominated by fine - to medium-grained sand and. to a lesse r degree .
..andstone. the light fract ion of w hich is notable for a largely polymictic compos ition. Along with
quartz and flint (together only 58c.f ). it con tains fragments o f acid plagiocla se. potash feldspars.
acid effusives. chlorine roc ks. gtaph itic mica schist. coal. etc.
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Fig. 3.3.8 Fauna from core material in the Hayes borehole. I) Gymnotoceras sp., spec. I112354, depth 3132
m, upper Anisian. 2-3) Frechites cf. nevadanus (Moisisovics & Smith); 2) spec. 3/12354, 3) spec. 5/l2354,
depths 2853.9 m and 2878.6 m, upper Anisian. 4-5) Frechitoides cf. migayi (Kiparisova), depths 2847.85 m
and 2851.45 m, upper Anisian. 6) Longobardites sp., spec. 7/l2354, depth 2848.3 m, upper Anisian. 7-8)
Mytilus (Mytilus) eduliformis Schlotheim; 7) spec. 16/l2354, 8) spec. 15/l2354, right valves, depth 2851.6
hayesaensis Korchinskaya; 9) spec. 25/l2354, 10) spec.
m, upper Anisian. 9-10) Mytilus
26/l2354, left valves, depths 2045.8 m and 2380.0 m, Middle Triassic. 11) Daonella dubia Gabb., spec.
12354, right valve, x 3, depth 3203 m, upper Anisian. 12-13) Daonella sp.; 12) spec. 14/l2343, depths
3132.4 m and 2940 m, upper Anisian,
valve, x 3, 13) Daonella cf. dubia Gabb., spec. 13/l2354, left valBakevellia (Maizuria) aff. ladinica Kurushin, spec. 18/l2354,
ve, x 3, depth 2836.3 m, upper Anisian.
left valve, depth 2563.7 m, Middle Triassic. 15-16) Bakevellia (Maizuria] aff. lapteviensis Kurushin; 15)
spec. 19/12354, 16) spec. 20112354, left
depths 2531.8 m and 2778.8 m, Middle Triassic. 17) Palaeopharus ? sp., left valve, depth 2557.6

The formation also includes scattered bands and lenses of silt, siltstone, mudstone and muddy
limestone, as well as gravel and conglomerate. The last two form beds and lenses up to a few
metres thick, primarily within the variegated unit on the islands of Northbrook, Hayes, Wilczek
Land and Graham Bell. The psephites are composed of relatively well-rounded pebbles, up to 10
cm in diameter on the eastern islands. Quartz, chalcedony and quartzite account for 90% of the
pebbles, the remainder being jasper, radiolarite and chert (with Lower Carboniferous radiolarians
in the George Land area), quartzitic sandstone, acid effusives (amygdaloidal porphyry and granite);
on the islands of Wilczek Land and Graham Bell they include fine-grained, muddy limestone with
Middle Carboniferous foraminifers and leptobiolithic coal of Middle Devonian affinity (Korzhenevskaya 1957).
.
Beds and lenses of brown coal,
m thick, have been found in the upper part of the formation on the islands of Champ, Wiener-Neustadt, Bolshoi Komsomolsky, Wilczek Land and
Graham Bell. They consist of thin intercalations of durain, duroclarain and fusain (Dibner &
Krylova 1963).
Work undertaken by Y.D. Dibner in the 1950's was continued in the 1970's by Yu. Livshits,
AN. Tarakhovsky and AY. Ditmar. As a result, the Vasiliev Formation has been best studied on
the islands of Hayes and Graham Bell (Fig. 3.3.6).
On Hayes Island, AY. Ditmar (pers. comm. 1979-80) differentiated the following five units, in
ascending order: argillaceous, dark-coloured, variegated, siltstone-sandstone and sandstone. The
argillaceous unit (50 m thick) is dominated by mudstone. The dark-coloured unit (35 m thick) is
composed of beds of clay and sand with large loaves of sandstone and mudstone and pyrite concretions. The variegated unit (40 m thick) had previously been recognised by Dibner (see above).
The silts tone-sandstone unit (50 m thick) is characterised by the presence of large pyrite concretions (up to 30 cm) and large trunks of carbonised wood (up to 5 m in length). The sandstone unit
(45 m thick) contains thin interbeds and lenses of coal and carbonised wood debris, as well as large
ironstone concretions ranging from 0.3 to 1.5 m in size. The variegated unit is a marker horizon. In
particular, its equivalent at Inaccessible Rocks on Salisbury Island is the upper part of a 220 m
thick terrigenous sequence, and the upper part (Bed 3) of the Eira sequence on Bell Island is a
similar lithology (Mikhailov 1979).
On Graham Bell Island, the Vasiliev Formation was divided by Yu. Ya. Livshits (pers. comm.
1973) into two members and by AN. Tarakhovsky (pers. comm. 1975) into three members. The
Lower Vasiliev Member consists of unconsolidated sand and arenaceous silt with pyrite concretions. In the Middle Vasiliev Member, psammites, accounting for 25-40% of the unit, are represented by sandstone which is cross bedded in places and contains pyrite and ironstone concretions,
carbonised and silicified wood, and lenses made up of small pieces of coal. The Upper Vasiliev
Member is composed of sand with similar concretions, wood and coal.
Fig. 3.3.7 Boreichtys shkolai sp. nov.:
external view, reconstruction, x 2; Lower
Triassic, Nagurskaya borehole, Alexandra
Land (Selezneva 1982).
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Fig. 3.3.9 Fauna from core material in the Nagurskaya , Hayes and Sevemaya boreholes and from
Cape Hansa (outcrops). I ) Daonella subarctica
Popov. lef valve. Severnaya borehole. Graham
Bell Island. depth 2275.25 m. Ladinian. 2) Daonetia f rami Kinl.. spec. 3 1/1235·t depth 2275.7
m. Ladinian. 3) Daonella prima Kipansova. spec.
33/ 12354. right val ve. Hayes borebole. depth
2~3 .3 m. Ladinian. ·H Daoneda aff. prima Kipar isova. lI. 3. spec. 3 Y I235~ . Severnaya borehole.
depth 2331.3 m. x 3. Ladinian. 5.9 and 10) Dew ne/la parva Korchinskaya: 5) spec. 39/1235~. Nagurskaya borehole, Alexandra Land. depth 5 16.0
m: 9 ) spec. 4-1/ 12354. Sevemaya borehole. Gra ham Bell Island. depth 2276.9 m: 10 ) spec.
4511 2354. left valve. Hayes borebole. depth 1900
m. x 3. Ladinian. 6 ) Bake vetlia ex . gr. ladin icu
Kurushin. lower pan of the right valve. Hayes 00rebole. depth 256 2.8 m. Middle Triassic. 7 ) Daoneila dubia Gabb.. x 3. spec. 911 2354. Hayes borebole. depth 2853.8 m. upper Anisian. 8)
Daonella cf. nitanae McLeam.. spec. 5211235·J.
right valve. Hayes borehole . depth 2033.5 m. Ladinian . 11 ) Hatobia cr. korkodonica IPolubot ko ).
spec. 48/ 12354. Sevemaya borehote. depth 1950
m. Grahant Bell Island. lower Carman. 12) Nathorunes cr. temicutaris twbueaves). spec.
WI2354. Severnaya borehole. Graham Bell Island. depth 2275.7 m. x 3. Ladinian. 13) Pterosi" n ;lt'J sp. indd.. spec. 51112354. pan of ventral
surface , Sevemaya borehole. Graham Bell Island.
depth 537 .2 m. x 3. Norian . 14-15 ) Halobia ex.
gr, 001;; Kobayashi er lslandchikawa: 14 spec.
- ~ 1 .:! 35~ : 15) spec. 50112354. right valv es. lI. 3. Se.. emaya borebole. depths 537.2 m and 536.7 m. lower
-, -nan. 16 ) Pterosiremtes 'lo p. (full 'lo izel. Cape Hansa, wilczek Land. lower Norian: collection of L P. Pirozh- . . ,W.spec. 11056 in the Cbemyshev Central Me-cum of Geology and Exploration. SI. Petersburg.

On the islands o f Graham Bell. Hayes and Wiener-Neustadt . me vaslliev Formation has yielded
of araucarian wood. including a new species. Protocedmxvton dibneri (Shilk.) Shilk. cl
Chudaib.. described by Shilkina ( 1960. 1% 7J. She also described P. gregussii (Shilk.) Shilk. et Chu':.Ilh. und Kenoxyton latiporosum IGrarnerl Gotban from me same deposits: these species were also
. -und in much younger. Lower Cretaceous strata (Shilklna & Chudaiberdiev 197 1).
~ : .igmcnts

F" f bicstratigraphical purpo ses. the ste ms of Neoca lamites cr. hoere nsis (Shimp.) Halle . found o n
::;,e islands of Hayes and Wiener-Xeustadt. and the stems of Equisetites sp. and fragments of Dip" ridacea e fronds and of the conifer Podoz amites 'lo p. collected on Bo lshoi Komsomol sky Island
Dibncr 1970 ). are of much greater interest. In 1973. on Graham Bell Island. in the Matusevi ch
3.1y area and the northern part of the Kholmisty Pe ninsula. Livshits collected numerous imprints o f
.nhrophytes of the sa me type . including Xeocalami tes sp.• Equisetites tcherkeso vi sp. nov, and
~,I"tl"vps idCl gen. et 'lo p. indet .. as well as tiny frond fragments of Dipteridaceae, According to N.D.
\ acilevskaya. these find s indicate the Late Triassic. N. boerensis being. in parti cular. typ ical of the
Rbuerian of eastern Gree nland t Birkelu nd & Perch-Nielsen 1976. Vasilevskaya 1985 ).
Unlike the pollen assemblages o f the Wilczek Formation. the se of the Vasiliev Formation ex. ani ned by M.A. Sedova tDibner & Sedova 1959, (based o n 1250 miospores identi fied in 11 0 pre- aranons from specimens co llected in 19 5 3--19 5 7 ) are charac terised by substantially fewer spores
,If such typical Triassic ferns as Leiotriletes gieiche nites Sed.. Ciath ropteris. Cneiropleuria and
/ t-onundaceae , and a larger percentage of pollen of Benneuitates. Ginkgoales and especi ally co nitcrs. typical Tr iassic forms o f which still sun ive. although yo unger tJurassic ) fonns dominate.
Pollen asse mblages showing identical suites of miospore s. such as Coniop teris. Matoniaspori-
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Fig. 3.3. 10 Flor a co llec ted fro m
Mesozoic beds in situ near sea level
at Cook Rocks, Gcorge Land.
I ) Phyllolh eca cf . columnaris Phi ll.;
4-5 ) Zamiop teris
g tossepteraides
Sc hrnalh .: 6-7) Rhipt ozam ites aff
goepperti: 9 ) Asplenium cf . whitbiense
Brongn. (Ne wton & Tea1l 1897.
Plate XI).

cc.

Fig. 3.3.JJ Vasiliev Formation
(Uppe r Tria ssic). Kholmisty Pen insu la,
G raham Bell Islan d. Samples 1- 3.
4a , Equi setites tcherkesovi i Vasilev sk ..
sp. nov.. 1- 2) holotype. spe c.
42112127; 3-4a) spec s. 43, 45/ 12 127.
4b. 5--6) Neoca lamite s sp., specs.
46112 127, 4711 2127. 7- 8) Equisetites
sp.. specs. 48/ 12 127. 49/ 121 27.
Th e speci mens are housed in the
Chern yshev Central M useum o f
Geology and Exp loratio n. SI. Petersburg (Vasilevskaya 1985. Pla te I),
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Fig. 3.3.12 Sections of
Upper Triassic wood. 1-3)
Protoc ed rosylon ddmeri

(Shilk.) Shilk. er Chudaib.
Coli. 570. ~pec . 60;
I ) lateral section. x 110.
2 ) radial section. x 300.
3) tangential section. Jl. 110.
~5) Pratocedroxyton
grt'gussi (Shilk.) Shilk.
er Chudajb. CoIl. 570. spec.
49. radial section showing
pore type in tracheids and
different stages of pore
degradation. x 450
tShilkina 1967. Plate I).

" '. Phlebopte ris. Calamitaceae. .vta rania ceae. Cvatheaceae and Podocarpaceae. primitive coni:·.:r.. (Picei tes. Pinites and Striato pinues s. littatimJ. Cavtonlpollenites. Benn ettitates and Gink »wceae, were d istingui shed from additional collections made by Yu.Ya. Livshltz (pers. comm.
\474 ). A.N. Tarakh ovsky rpcrs. com m. 1975 ). V.D. Dibner (V.D. Korotk evich. pers. comrn. 1977 ).
. . . .V. Ditmar (pers. comm. 1980 ) and Mikhailov C 1979) o n the islands of Grah am Bell . Hayes, Bell
m d Wilczek Land (Cape Hofer j. According to V.A. Kororkev ich . these indicate an Upper TriassicLower Jurassic age for me strata on Graham Bell Island and an Upper Tria.ssic INoria n-Rhaetian)
.Jge for those o n the islands of Hayes and Bell and at Cape Hofer o n Wilcze k Land.
On Hayes Island. the siltstone at me base of the Yasiliev Form ation (specimens 100911957)
~ ieldcd the forami nifer Frondicularia brisaeformis Born . (a single test) and abu ndant Ammodiscus
-p. (ex gr. aspt'r Tarq .) which. according to V.A. Basov (Dibner 1970. p. 70) . have no value for
dating purposes. bur indicate locally alte rnating deposits of a pred om inantly contine ntal. and otherwise coastal. nature. This is also shown by an ichrhyosa urus vertebra fo und in me middle of me
formatio n. which cannot be more precisel y identified (A.K. Rc zhdestven sky, pers. comm. 1958).
In me central part of Hayes Island. near locali ty 285 (psa mmi tes of the Vasiliev Fo rmation ).
E.G. Bra and A.V. Ditmar tpers. co mm. 1980 , collected numerous ironstone concretio ns that were
-caucrcd on the surface. These yielded bivalves (Neo schizodus rotunda (Alb.) and sparse N. cf.
tuevigata (Zi et. j and Unionites sp.). Acco rding to a preliminary conclusion made by LV. Polubotko. they sugges ted an Upper Triassic age . but when she re-examined the fauna Ipcrs. comm.
1992) she expressed a doubt about this age. concluding that the Neosc hizodus more closely resembled spec ies known from the Lo wer Jurassic of north ern Europe . However. the manner in
which the concretions occ urred allows them lO derive from erosion of Lower Jurassic beds that
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Fig. 3.3.13 Miospores from the

Vasiliev Formation (NorianRhaetian), x 700. Cape Goristy,
Champ Island (specs. 684c/448,
1957). Samples 1-10.
I) Araucariaceae,
2) Lebachia,
3) Striatopinites Sed.,
4) Podocarpus cf.
dacrydioides A. Rich.,
5) Podocarpaceae,
6) Pinaceae,
7) Cedrus,
8) Coniferae,
9-10) Pinus, x 700 (Dibner
& Sedova 1959, Plate Ill).

2

.,

8

9

•

to

once overlay the Upper Triassic oenosus that are well documented by their typical Neocalamite
flora, and spore and pollen spectra.

3.4 JURASSIC
3.4.1 Lower Jurassic (Lias) - V.D. Dibner
The Lower Jurassic rocks comprise the upper third of an unbroken sequence of Upper Triassiclower Lias terrigenous deposits named the Tegetthoff Formation after a peninsula on Hall Island.
This formation has been described from the islands of Bell, Hooker, McClintock, Alger, Becker
and Graham Bell (Figs. 3.3.4 & 3.3.5). Its total apparent thickness is about 180-200 m.
Dibner & Sedova (1959) described the following section on the west side of Cape Tegetthoff, in
ascending order:
1. Sand with low-angle cross bedding, inequigranular, light grey; apparent thickness 1 m
2. Pebbles, polymict, with arenaceous groundmass; apparent thickness 3 m Break in outcrop 36 m
3. Quartzose sandstone, inequigranular; cleavage at 4SO to horizontal bedding; apparent thickness
15 m Break in outcrop 15 m
4. Greenish grey siltstone, readily breaking into fragments; apparent thickness 15 m
Break in outcrop 20 m
5. Sand, clayey and greyish yellow with small coal fragments, alternating with similar sandstone
interbeds (0.5-1.0 m); apparent thickness 15 m
6. Flaggy siltstone, dark grey, with bands (0.2 m) of polymict conglomerate; thickness 30 m.
48

r l!t. 3.4./ Cape Galkovsky. Becker Island. locality 1070 ( 1957). Lower Jurassic silt. sandstone and. upper-:1\1' 1,

quartziuc sandstone. up 10

180

m thick. Photo; V K. Razin.

The total th ickn ess is about 150 m.
Muddy limestone. probably belo ngi ng to the Middle to Uppe r Ju rassic marine sediments, over:ics thi s seq uence .
On the whole. the lithology of the Tegenhotr Formation is charac terised by the presence of (i)
mcq uigranular, mai nly quartzose sand with concre tions of pyrite and ironstone and some siltstone•
. md (ii) sandsto ne interbeds. usually with carbonate and. in place s (Bec ker Island ). siliceous cement. As in the wilczek Formation. bed s of quartzi tic sandstone also appear in the seq uence . Scat tcrcd beds and more continuo us thicknes ses of siltstone are fou nd and. less co mmonly, muddy
limestone or. in places. numerous interbeds o f grit and conglomerate. Seams and bed s of coal also
appear in the Tegetthoff Formation o n the island s of Alger and Northbrook (Ho rn 1932. Sveshnikova & Budan tsev 1969 ).
From live samples taken from Bed s 6. 5. 3. :2 and I in the type sec tion descri bed above , M.A.
Sedova (Dib ner & Sedova 1959 ) determ ined a rich miospore assemblage characteri sed by various
fern spores. It contained ab undant Osmundaceae ( 1Q-22!K ). smaller num bers of fern spores, such
a.. Gleichenia and Coniopteris. and a Ie w Onvcnium; Cheirop teura and Cibotium . The pollen spectrum was mainly represented by pollen from archaic pines (24-42Ck). alon g with Bennettitales. Cvcudac eae and Ginkgoates. the percentage o f which decreased fro m 23--29 to 8% upward s. There
was a little pollen of Podocarpus and A raucariaceae. incl uding that of Podozamites. in the assemblage. The sam ples from the upper portion yielded little pollen. This resembled Taxodium or
Cupressaceae. and some forms similar in morphology to the pollen of angr osperms Uu glandaceae).
An instructive sec tio n found at the foot o f the coastal terrace o n Ca pe Flora. 200 m from the
ruins of the Jackson Expedition' s winter quarters. was described by Nansen (Pompecky 1900) and
Dibner (1957a. b). Based on field observations by Budantse v (pers. co mm . 19(0) and pollen analytical data from sam ples whic h he collec ted. the seq uence is. in asce nd ing order :
I. Sa ndstone. fine-grained and micaceous. with large and smal l argillaceous loaves. Apparent
thickness 0.5 m. A pollen spectrum was do mina ted by arc haic conifers. inclu ding Permi an relics
such as Striatoconlferues. Lebacnia and Villa llilltl . Bennettites. Cycadales. Ginkgos. Podozamiles, Araucariaceae and archaic Pinaceae were also observed . Spores are mai nly represented
by Osmundaceae and Ptervdophvta. includin g so me determi ned on the basis o f their morph ology, nam ely. Leiotritetes. Lophotritetes. Periplecotritetes. Camptotriletes. Acan thot riletes and
Hymenozonotriletes. A few spores of algae (Hvs tricho spheridae s. eq uisetums and fern s (Hym e-
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Fig. 3.4.2 Tegetthoff

Formation (Lower Jurassic).
Cape Sedov. Hooker Island,
(spec. 304a. 1957). x 700.
1- 3 ) Pinaceae, 4 ) Pit/us.
x 7no (O ibner & Scdova
1957. Plate VI).

nophytlaceae. Cibotium and Morathiaceae) were also found. M.A. Sedova (Sedova & Dibncr
1959) suggested a probable Upper Triassic age for the assemblage.
2. Sand. fine-grained. quartzose. horizontally and sinuously bedded, in places ocherous. containing pebbles of metamorphic rocks, ubiquitous carbonaceous detritus sometimes forming
bands up to 0.5 cm thick, and lenses of brown coal. The bed is 10.0 m thick. M.A. Sedova
(Scdova & Dibner 1959) studied the pollen spectra of three samples, which are similar to each
other and differ from the assemblage in Bed I. Although conifer pollen is locally abundant (up
[Q 50-75 Ck ), that of the Permian relics was missing. Some of the most ancient spores. such as
Lophotriletes triassica K.-M.. Camptotriletes curvus K.4M. and Hymenoson otriletes were also
absent. There is somewhat less Bennettites pollen. Pollen of ancient pines increases slightly to
dominate the assemblage. All told. the data probably indicate the lower(?) Lias.
3. Siltstone. greenish-grey, fl aggy, with marly(?) nodules and abundant Aalenian belemnitcs and
pe1ccypods (see below). Apparent thickness 8.0 m.

Thus. the Upper Triassic/l.ia s boundary occurs within this section. The Lias (Bed 2) is probably
very reduced (perhaps due to erosion) and is sandwiched between the Upper Triassic deposits
(judging by spores and pollen) and the marine sedirnents, reliably dated as Aalcnian.
Another locality where pollen analysis revealed the lowermost beds of the Tegetthoff Formation
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-ituated at the northern end of Graham Bell Island, near Lake Severnoe (north) and the Sever-

L. Govorukha in 1961 yielded abundant miospores
borehole. A sample (no. 35) collected
Phlebopteris (11), Coniopteris sp. (10), Stenozonopercentages in brackets): Matonia sp.
L. calamitaeformis K.-M. (3), Lophotriletes sp. (4),
(10), Leiotriletes gleichenites Sed.
lotheca (3), Calamitaceae (1), Cibotium sp. ( Hymenozonotriletes sp. (1) and unidentified
Pollen was represented by Picea sp. (1 Paleopicea glaesaria Bolch. (4), Podocarpaceae (2),
iaceae (2), Ginkgoaceae (1), Conifereae (1), Pseudowalchia cocea Bolch. (1) and Quadraelimbata MaL (1). V.D. Korotkevich (pers. comm. 1963) concluded that this pollen spectrum
similar to that determined by M.A. Sedova (Dibner & Sedova 1959) in the Tegetthoff Formation.
Jack of ribbed pollen and the presence of very large conifer pollen suggest that sample 35
be attributed to the Lower Jurassic.
Data on the age of the uppermost beds of the Tegetthoff Formation were obtained on Bell
where Mikhail()y/(1979) recognised the Bell unit, a 25 m thick sandstone with interbeds of
and ironstone concretions. This rests on the palynologically dated Vasiliev Formation sandstone
section 3.3.2.2). The middle part of the
which (as shown by lithofacies) undoubtedly
to the Upper Triassic-Lower Jurassic sequence, yielded an assemblage of foraminifers
.«cll~\minated by Ammodiscus
Gerke et Sossip., Recurvoides sp., Trochamina aff.
Hii??.isirata Schleif., Tr. aff. lupidosa Gerke et
and Gaudryina sp, According to A.A. Gerke
u.A. Mikhailov, pers. comm.
the
indicates the Pliensbachian-Toarcian, or,
probably, the Toarcian.This is
the conclusions of M.A. Sedova (Dibner &
1959) who thought that the
dated, chiefly continental, part of the TegettFormation was probably lower Lias.

V.D. Korotkevich, pers. comm. 1963) thus
palynological studies (Dibner & Sedova
that the pollen assemblage in the
Formation on the islands of Northbrook, Hall,
!llL:Clintock, Hooker and Becker is consistent
the pattern found in the Wilczek and Vasiliev
Formations. Triassic (ribbed) pollen has
completely disappeared, to be replaced by more
Jurassic forms of ferns
lycopods and equisetum. The pollen (PodoCHi 'pus, Bennettitales, Ginkgoales) is more and more dominated by conifers. Very characteristic is
Podocarpaceae and Pinaceae (Fig. 3.4.2),
appearance of extremely large
The assemblage is similar to that described by
known anywhere else from earliertbe
Anabar-Khatanga depression, which is also notPervuninskaya (1958) from the 100\'er Lias of
for an absence of ribbed pollen and an
in the proportion of Osmundaceae. Moreover,
Podocarpus and conifer pollen
show
similarity with those in the TegettFormation. On the other hand, a
age for the uppermost beds on the coast of
Island and the fact that they are
oyerlain by the faunally correlated Aalenian
Cape Flora suggest that the
accumulated throughout the Lias. Large
in the Vilyui syncline and in Aldan in
from conifers typifies the Lower Jurassic
eastern Siberia (Bolkhovitina 1956).
forms of ancient pine pollen were also reby Rogalska (1956) from the Lias of Silesia.
The substantial palynological data outlined above (more than 1600 forms of miospores were
lwjentllled by M.A. Sedova in the
Form.ation) indicate a Liassic age for the Tegetthoff
Formation and clearly demonstrate the
and qualitative differences in the miospore assemblages of this and the Vasiliev Formation. This rules out their coevality, However, within the
i.e. the time when the large conifer pollen
the lower age limit of the Tegetthoff
produced, remains uncertain. It is also necessary to determine the appearance, synchronous to
age limit, of lithofacies features which would be easily discernable when mapping the Tegettof these problems would bring us closer to
Formation and correlated formations.
eetermining the Triassic-Jurassic boundary within the unbroken Upper Triassic-Lower Jurassic
serrigenous sequence.

3.·U Middle and Upper Jurassic - V.D. Dibner & N.I. Shulgina
Middle to Upper Jurassic marine silty and
rocks and occasional carbonates are only patchily
"'rc',p,nTP'" in Franz Josef Land (Figs. 3.4.3 &
because of deep denudation which antedated
volcanic activity in Barremian-Albian time. They yield a rich fauna of molluscs, ammonoids,
reiemnites, foraminifers and other fossils which allow the beds to be correlated between key sec51

Table 3.5.1
Stage

Islands

Substage
Zones and Beds

Hauterivian
Valanginian

upper

Northbrook I.
Cape
Flora

HookerI.
Bear and Mount
CiurlioSedov
nis foot
capes,
Rubini
Rock

Wilczek Land I.
Champ I. Rainer I. Berghaus
Cape
West
I.
Cape
Cape
Flume
Coast
Hansa
Hofer

Nansen 1900.
Pornecky
1900.
Dibner &
Shulgina
1960.
Dibner 1970

Samoilovich &
Bodylevsky 1933,
Spizharsky 1937,
Dibner & Shulgina
1960, Dibner 1970

Yefremova
et al. 1983
a.b

Graham I KlagenBell I.
fuhrt I.
Cape
Kohlsaat

Cyrena spp. Beds

Berriasian/Valanginian boundary beds of continental origin
Berriasian

Buchia unschensis,
B. uncitoides Beds

lower
middle

Volgian

rugosa,
B. gracilis. B. mniovnikensis Beds

middlelower
upper

A. kochi

lower
upper
Oxfordian

middle
lower
upper

Callovian
middle
lower
Bathonian
Bajocian
Aalenian

~

middle
lower
upper
lower
upper
lower

Rasenia spp.
Arnoeboceras ravni
Arnoeboceras alternans
?
Cardioceras corddaturn
Cardioceras percaelaturn
Quenstdtoceras lamberti
Longaeviceras keyserl ingi
Rondiceras tschefkini Beds
Cadoceras elatmae
Arcticoceras ischmae
Beds
Arctocphalites elegans Beds
Tugurites ex.gr. festigatus Beds
Tugurites Iudwigia (?) Beds
Pseudollioceras maclintoki

Sources of biostratigraphic data

Dibner & Shulgina 1960,
Pirozhnikov 1961,
Dibner 1970,
Shulgina & Burdykina 1992

Shulgina & Mikhailov
1979, Meledina et al.
1979, Mesezhnikov &
Shulgina 1982,
Shulgina & Burdykina

1982

Livshit: &
Markelova
1973 unpublished

Kirillov
1974 unpublished

Table 3.5.1.
Biostratigraphical scheme for Middle to Upper Iurassic and Lower Cretaceous marine deposits of Franz
JosefLand.

tions, to the internationally recognised chronostratigraphical zones (Table 3.5.1) and to other parts
of the Arctic (Shulgina & Burdykina 1992).

3.4.2.1 Middle Iurassic
Lower Aalenian
The lower Aalenian has only been found at
Fiume on Champ Island (Figs. 3.4.4 and 3.4.5).
m
are exposed on the western part of the
Rhythmically intercalated Clays and
cape. These, as well as younger Middle
are .flat-bedded and dip very gently westwards. Ammonites and belemnites are uncommon (usually in calcareous clay concretions, but
The presence of the ammonite Pseudolioceras cf.
well-preserved bivalves form lenses of
maclintocki (Haugh.) indicates the lower Aalenian zone of the same name. Oxytoma jacksoni
Pomp., Propeamussium ex gr. olenekense
and Arctica aft. humiliculminata Schur., which
et al. 1983a), may also be mentioned.
are characteristic for the whole of the
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Fig. 3.4.3 Location of key sections of Middle and
Jurassic deposits. 1 southwest end of Northbrook
Island, 2 Cape Sedov, 3 isthmus near Rubini
4 Mount Ciudionis and 5 Cape Medvezhy, Hooker
Island, 6 Cape Fiume, Champ Island, 7 Berghaes
8 Cape Hansa, Wikzek Land, 9 west coast of
Rainer Island, 10 Cape Lamont and II Cape
Wilczek Land, 12 Cape Kohlsaat, Graham Bell Island.
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Upper Aalenian
An outcrop of dark grey clay, 25 m in apparent thickness, with abundant nodules of fossiliferous,
cryptocrystalline limestone, was found in 1957 by VD, Dibner at the foot of Mount Ciurlionis, on
the south coast of Tikhaya Bay on Hooker Island. A fragment of an ammonite was identified by
N.I. Shulgina (Dibner & Shulgina 1960) as Ludwigia sp. indet. (cf. murchisonae Sow.). S.V Meledina (Yefremova et al. 1983b) subsequently revised the identification as Tugurites sp. Both these
ammonites belong to the late Aalenian. Propeamussium olenekense (Bodyl.), Oxytoma jacksoni
Pomp. var. kelimiarense Bodyl., Hibplites(?) cf. beirechi Opp., Discina reflexa Sow. and Lingula
beani Phill. are also present. The presence of Tugurites sp. in the assemblage suggests the upper
Aalenian (Shulgina & Burdykina 1992).
Undifferentiated Aalenian
Aalenian beds are also known from Cape Flora on Northbrook Island, the north coast of Tikhaya
Bay on Hooker Island, and the west coast of Rainer Island.
On Cape Flora, at the foot of the strandline terrace on which the ruins of the winter quarters of
the Jackson Expedition are located, the Tegetthoff Formation sandstone (see section 3.4.1) is overlain by flat-bedded, greenish-grey. flaggy shale with marly nodules, 8-10 m in apparent thickness.
Probably the same unit outcrops a few hundred metres to the northwest, where the beds are at sea
level. Here, in 1953, VD. Dibner collected the bivalves Oxytomajacksoni Pomp. var. kelimiarense
Bodyl. and Pecten (Variamussium) oleneki Bodyl. (= Propeamussium olenekense Bodyl.) and unidentifiable belemnites. According to V.I. Bodylevsky, the fauna suggests an Aalenian age (Dibner
& Shulgina 1960). Nansen (1900) noted that somewhat younger beds are exposed up-dip, east of
the first exposure, at 7-10 m a.s.l. They consist of clay with abundant interlayers of sandy-marly
nodules (up to 30 cm across), cut by calcite veins and containing disseminated pyrite. The nodules
and clay are crammed with fossil fragments among which Pompeckj (1900) identified Oxytoma
jacksoni Pomp., Lingula beani Phill., Discina reflexa Sow. and Hibolites cf. beyrichi Opp. The
presence of Oxytoma jacksoni
associates the assemblage with the Aalenian, although
Pompecky (1900) assigned the
to the lower Bajocian.
A.V Ditmar (pers. comm.
found that the Upper Triassic psammites on the north coast of
Tikhaya Bay are overlain by alternating, 5~20 cm thick, layers of grey clay, yellowish-grey siltstone and dark-grey mudstone,
with lenses of calcareous siltstone and limestone. The sequence has an apparent thickness of 25 m and is abundantly fossiliferous, especially the carbonates. Bivalves dominate. with
numbers of brachiopods and gastropods, and sporadic
belemnites and crinoids. E.S. Yershova (pers, comm. 1981) identified the bivalves Oxytoma jacksoni (Pomp.) and Propeamussium
(Bodyl.) and the brachiopods Discina reflexa (Sow.)
and Lingula beani Phill., which are typical for the Aalenian of Franz Josef Land. She also identified for the first time in the archipelago Arctotis lenaensis (Lah.), Camptonectes (Boreionectes) aff.
giganteus Arkell and Dacryomyo gigantea Zakh. et Schur. The first and last species are typical of
the Aalenian in northern Siberia. Because of the lack of ammonites, she was unable to propose a
more precise age than Aalenian.
A slab of dark-grey siltstone containing a fragment of Oxytoma sp. indet, similar to the reliably
dated Aalenian species Oxytoma jacksoni found at the foot of Mount Ciurlionis, was collected on
the west coast of Rainer Island. The siltstone is about 5 m thick and along with an overlying dolerite sill dips 40° NW (Dibner & Shulgina 1960).
Lower Bajocian(?)
Evidence suggesting the presence of the Bajocian was first obtained at Cape Fiume on Champ Island where VA. Basov (pers. comm.) found an assemblage including Ammodiscus pseudoinfimus
Gerke of possible Bajocian age in the lower part of the middle unit, composed of "banded shale".
As mentioned above, the ammonite Tugurites sp. (ex gr.fastigatus West.), a reliable index species
for the lower Bajocian, was found in talus below this part of the sequence (Yefremova et al. 1983a,
b).

Bathonian
At Cape Fiume on Champ Island (Fig. 3.4.5), the upper part of the middle unit, composed of
banded clay (185-210 m a.s.l.), contains fragments of the ammonite Arctocephalites cf. elegans
Spath, suggesting the lower Bathonian beds of the same name. This agrees with finds of rostra of
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Fig. 3.4.4 Sections of Middle Jurassic deposits.
2 sand and sandstone, 3 silt and siltstone,
4 clay and mudstone, 5 arenaceous limestone, 6 lenses brown coal, 7 sandstone loaves, 8 phosphatic nodules, 9 calcareous and marly concretions, 10
nodules, 11 invertebrate fauna, 12 saurian skeleton,
13 saurian vertebra.
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Fig. JA.5 Cape Fiume. Champ Island. 0-100 m Upper Triassic sand and sandstone: 100-280 m flat-bedded
mainly clayey deposits. Aalernan -Catlo vian; above 280 m lower Cretaceous basaltic sheets. Photo: V.K.

Razin.

.

the belemnites Paramegateuthis nescia Naln. and P. presso Naln. there . Its thickness is 25 m
(Yefremo va e t al. 1983a).

From Cape fl ora on Northbroo k Island. above talus which probably covers the upper Aalenian
and the Bajoc ian. Koettlitz ( 1898) and Nansen (1900) described flat-bedded clays abounding in
phosphatic nod ules and fragm ents of sandy marl. The nod ules are fossiliferous . mainl y pelecypods
and smaller numbe rs of ammonites and be tem nites. Th e a mmonites. origina lly identified by
Pompc cky (1900) as lo wer Callovi an. were later revised by Spath (1932) as upper Bathonian
Arctoc ephalites koeulit-i Pomp .. A. pilaef onnis Spa th and A . eltipticus Sparh. Accordin g to recent
data (Shulgina & Burdykina 1992). am monites of this genus sugges t the lower Bath onian .

A dinoflagellate assemblage composed almost solely of Stephanelvtron reddiffense, Luhodinia
j urassica. Pareodinia ceratop hore. Gonyaulacvs ta jurassica and Tubotuberella eisenackii was
found in three phosphoritic nodules collected by Nensen from talus. but defin itely belonging to the
same Bathonian beds. Acco rding to Sme lror (l986). this asse mblage suggests middle to upper
Callovian-lower Oxfordian. thus conflicting with the evide nce from the ammonoid fauna.
From the south coast of Yury Bay. midway along the north coast of Cape Medvezhy on Hooker
Island (Fig. 3.4.6 ). Dibner & Shulgina ( 1960 ) described an 18- 20 m thick unit of gree nish-grey.
thinly laminated and flaggy, silty cla ystone with numerous nodules of cryptocrystalline limestone.
disseminated pyrite and seco ndary gypsum expo sed in unstab le scree consisting of overlying
basalt s and ruffs. The clayston e and nodules are packed with fossils. chiefly belemnites . The lower
part yielded the am monite A rcncoceras ishmae (K ey s.} already know n from non-systemati c collectio ns made there by R.L. Samoilovic h and I.M . Ivanov (Ogne v 1933. Sa moilovi ch & Bodylevsk y 1933 ). The beds containing the Arcticoceras are no w dated as upper-middle to lower-upper
Bathonian. whereas A rcucoceras ishma e was previou sly thought to be typical of the lowcrmost
zone of the Callovian. Unfortunately. because of landslips of the fossiliferous rock at Cape Medvezhy, precise bed-by-bed collection of the fauna was not possible. A. ishmae was therefore collected together with ammonites that sugges ted different Callovian substages and zones (see below).
Caitovian

The Cal lovian is exposed o n Cape Hofer and Cape Flume (where all three Boreal Cal lovian zones
were first recognised). as we ll as at Tikhaya Bay. Jury Bay and Cape Flora.
At 15-35 m a.s.l. on Cape Hofer. WiJczek Land (Figs. 3.4 .7- 3.4 .9). the sands of the Vasiliev Formation are disconformably o vertain by "brown clay s" whose base yielded the ammonite Cadoceras (Paracadocerass ana barensis Bodyl.. indicating the lower Cal lovian Cadoceras elatmae
zone . The o verlying 10-12 m of roc k yielded the ammon ite Longaeviceras ex gr. keyserlingi; an
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Fig. 3..1.6 Cape Medve zhy. Hooker Island. A middle -upper 8 athonian -Callovian Ilaggy sandy-c lays. B talus
probably covering Upper Jurassic strata. C Lo..... er Cretaceous basalts and tuffs. locality 298. 1957. Photo:
V D. Dibner.

index fos sil of the low er-upper Cal lovian, and the ammonites Quenstedtoceras holtedahli Salf. and
Ebora ciceras motogae (Nik.). suggesting the up permost Call ot..ian. i.e. Quenstedtoceras lambent,
Th e Callovia n part of the " brown clay..·· abounds in large disc-shaped nod ule s (up ( 0 0.5 m across)
o f dar k grey cryptocrys talli ne lime stone showi ng cone-in-cone structure and tran sected by calcite
veinlets. In this respect. the unit stro ng ly rese mble s the Callovian clay at Tikhaya Bay and Yury
Bay (Shulgina & Mik hailov 1979 . Shulgina &:. Burd ykina 199 2).
AI Cape Fiume on Champ Island. the uppermost part o f the "banded clay" (235 -237 m a.s.l.)
co nsists of massive. greenish-grey clay with sporadic nodules o f calcareou s mud stone yielding. not
least. the ammo nite Pseudocadoceras aff. nanseni (Pomp.). whi ch is known from the uppermost
Bathonian and lower Callovian of northern Sibe ria. Its positio n in the section at Cape Fiu mc Indic ares lower Callovian. The lower-upper Cal tovian index fossil. Longaeviceras cf. kevse rlingi
tSo k.). was found abo ve. at a hei ght o f 248-.!55 m a.s.l. The Callovian bed s are about 20 m thick
( Yefremo va et al. 19 83a. Sh ulgin a & Burdykina 1992 ).
On the coasts of Tikhaya Bay and Yury Bay on Hooker Island. along with A rcticoce ras ishmae
which was found in collections made by R.l. Samoilovich at the base o f the Cape Medvezh y section. v.1. Bod yle vsky ide ntified Pseudoc adoc eras nan seni {Pomp.). sugg esting the low er Callovian. C. (Longaevice rass ex gr. nikitini tSo k.). indicating the lower-uppe r Callovian zone. and
Quenstedtoc eras sp.. pointin g to the uppe rmost Callo vian zone tSarnoilovic h & Bod ylevsky 1933).
More over. in a co llection made by l.M . lvanov 2- 14 m a.s.l .• Ognev ( 1933) ide ntified Cudoceras
elatmas. an index species of the low er Call ovian. and the Callovian belem nites Cvli ndroteuthis
tschemvschewi Krimh. and C. tomalites Phil., as we ll as Pachvteuthis cf. pander! Orb. whi ch
sugges ts the Callovian-Oxfordia n. Ognev also cited partly dubio us evide nce for a you nger. Uppe r
Jurassic and Valanginian. fauna (see below I.
In 1980. Cape Medvezhy was invesnguted by l. Petrunin . Although his co llection of bel cmni tes
and . in pan. ammonites is poor as regards vtate of prese rvation and compos ition. an interesting
item is the ammonite Camptonectes cr. bo rea/is Genes.. which is unknown from earlier collections.
According to O .V. C herkesov, it sugges ts the low er-midd le Callov ian (Ditma r et al.. pers. co mm.
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1982). Thus, even though the strata (and fossils) on Cape Medvezhy suffer from landslips, the
faunal composition clearly points to the presence of outcrops (variably concealed by landslides and
talus) of middle to upper Bathonian, and lower and middle Callovian age.
The belemnites Pachyteithis panderi Orb. and P. borealis Orb., and the ammonite Arcticoceras
sp. indet. were identified in collections made on the tombolo between Rubini Rock and Mount
Ciurlionis by R.L. Samoilovich and N.P. Lupanova. According to Vl, Bodylevsky, the belemnites
belong to the upper Callovian and the ammonite to the lower Callovian (Samoilovich & Bodylevsky 1933). Nowadays, the genus Arcticoceras is placed in the middle-upper Bathonian (Shulgina &
Burdykina 1992). In a sample collected here by V.D. Dibner in 1953, G.M. Romanovskaya found a
spectrum with a high content of conifer pollen (51 %) and large amounts of Bennettitales and Ginkgoales (14%). Spores, accounting for 34% of the assemblage, are mainly represented by ferns of
the Osmundaceae and Sellaginella (11
families (Dibner & Shulgina 1960, Dibner 1970).
At 70-80 m a.s.l. on Cape Sedov, in talus under the lower basalt sheet, Spizharsky (1937a, b)
found a large sandy-gritty concretion in sandy clays and sands; it contained a cervical of the shortq,
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Fig. 3.4.7 Section of Upper and Middle Jurassic deposits at Cape Hofer, Wilczek Land. 1 sand, 2 chloritic

sand, 3 laminated siltstone, 4 clay,S limestone, 6 nodules, 7 nodules with faunal remains, 8 saurian skeleton,
9 remains of invertebrates. 10 basalt. 11 dolerite.
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FiK. 3A.8 Cuesta made up of Upper Tnassic. Callovian and Upper Jurassic deposits . Cape Hofer. Wilczek

Land. Photo: V D. Dibner.

necked plesiosaurus Peloneustes cf philarchus (See leyj. Acc ording to Ryabinin (1936 ). it is typica l of the upper Call ovi an -low er Ox fordian. No t far from here. also below the basalt. V.D. Dibner
in 1953 observed an outcrop of silt y clays (7 m in apparent thickness ). similar to the uppe r Bathe nian-Callovian deposits o f Ca pe M edvezhy and unconformably overlying sand and sandstone with
poorly preserv ed plant rem ain s that probably belongs to the Upper Trias slc Vasil iev Formatio n.
Al Cape Flora on Northbrook Island. 150- 172 m a.s.L, above ralus covering the Bath on ian deposits. Koe ttlitz ( 1898 . 1899 ) and Nansen ( 1900) found outcrops of clay with ab und ant cone-incone struc tures and interbeds aboundin g in large arg illaceous sandstone nod ules packed with remains of pelecypods. ammo nites and belemn ites. Recent rev isions of Pompccky 's ori ginal
identifications of various bivalves and am monites co llected. at 168 m a.s.l., along wit h biostratigraphic al dat a. show that different ammonites indi cate di fferent stages (Shulgina & Burdykina
1992). Thus. Pseudocodoceras nanseni (Pomp.) suggests the uppe r Bath onian-lower Cal tc vian.
Rondiceras tscheftini the midd le Call ovian an d Eboraciceras uenotobum (Nik.) the middle-upper
Callov ian. Higher up. at 175 m a.s.l.. in talu s near the overlying basal t sheets. Kocttl itz and Nan sen
found Quensledl iceras l'ertllmnllm tSi ntz.j. which belongs 10 the uppermost Callovian Quenstedticeras lamberti zon e (Shulg ina & Burdykina 1992 ).

Osfordian
The Oxfordian occurs on Cape Fiume t rnosr completely ) and o n Cape Ho fer and Cape Kohlsaat.
where on ly the lowe r Oxfordian wa s fou nd.
At 32-40 m a.s.1. on Cape Hofer. Wil czek Land. the 8 m thick upper part of the "brown clay"
yielded Cardioceras (Cardioceras t cr. co rdatum (So w.). C (C) cf. percaelatum Pavl. and C.
(Scotticardioce ras ) cr. eX£'llm flllll (So w.)). ... uggestin g two zo nes of the lower Ox fordian. the
Ca rdioce ras percaelatum and the Caraioceros cordatum zo nes. although these are not clearly dif-
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Fig. 3.4.9 Callovian sandy-silly de -

posits at Cape Hofer. Callovian
cue sta scarp (see
Fig. 3.4.8). Photo:
V.O.Oibner.

fere ntia ted . Like the Callovian. the lower Oxford ian abounds in disc- shaped argillaccous sandstone
co ncretions (Shulgina & Mikhail ov 1979. Sh ulgina & Burdykina 1992).
At Cape Kohl saat on Graham Bell Island. siliceo us grit and sand of the Upper Triassic vasiliev
Formation is ove rlain by an 8.5 m thick unit of fine - to medi um-grained gre y sand with inrerbcds
of phosphatic nod ules . Near the top is silici fied wood. bones (of saurians'l). ammonites and belemnites (Cardioce ras (Cardiocerast arcticum Pavlow, C (C) praecordatum. C ( C) j acuticum. C
(Sconicardioceras) delicutum (Buc hman) and Pachvteu this e r. pande rianum (O rb.I) which, accord ing to E.S. Yersho va (pe rs. com rn. 19 8 1). suggest the lower Oxfordian Cardioceras cordatum
zo ne. From the same section. I.A. Shilki na (pers. co mm. 1973) identified fragmen ts of tru nks of
Protocarpoxvkm and Sannioxvlon collected by Vu. Livshits (Livshits & Markelova. pers . co mm.
1973 ).
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At Cape Fiume on Champ Island, a 10 m thick unit uppermost in the "massive clay" sequence
lidded the ammonite Cardioceras sp. juv., suggesting the lower Oxfordian (Yefremova et al.
983a).
The upper Oxfordian was found only at Cape Hofer on Wilczek Land, where a 3 m thick unit
occurs at the base of "black clay" which extends up to the middle Volgian (= lower-upper Tithonl. The basal unit is overlain by a thin horizon of calcareous nodules and is dated by the ammoAmoeboceras (Amoeboceras) altemans Buch, an index species of the lower-upper Oxfordian
lone. The ammonites Amoeboceras
freboldi Spath and A. (P.) cf. ravni Spath,
ravni zone, were found above that horizon
hich indicate the uppermost Oxfordian
1992).
Shulgina & Mikhailov 1979, Shulgina &
Lower Kimmeridgian
Kimrneridgian strata have been found at
and Cape Hansa on Wilczek Land, on Berghaus Island and at Cape Kohlsaat on Graham
The lower Kimmeridgian at Cape Hofer occurs 40-63 m a.s.l., where laminated siltstone with
glauconite-rich intercalations rests
upon the Oxfordian clay. It yielded the ammonites
'1moeboceras (Amoebites} kitchini
A.
subkitchini Spath and Rasenia (Rasenia) aff. inconstans Spath, indicating the Amoeboceras
Rasenia spp. zone, equivalent in range to
The lower Kimmeridgian (Yefremova et at 17\.'_'""
On the southeastern extremity of
Hansa
at 10--60 m a.s.l., Pirozhnikov (1958)
observed small outcrops of poorly
si1tstone dipping 25" SE. Overlying sedifrom do1erite sills outcropping from 140 m
mentary strata are concealed beneath talus
~LS.l. From 1Q-15 m a.s.l., the siltstone
calcareous nodules) contains Buchia concentrica
Sow.) and Entolium demissumas wen as the anlffionites Amoeboceras (Amoebites) spathi
Shulg. and Rasenia sp., suggesting the lower
(Dibner & Shulgina 1960).
Upper Kimmeridgian
At Cape Hofer, the lower Kimmeridgian sihstoae is overlain at 63-85 m a.s.l. by similar silts tone
decipiens Spath, A. (Euprinoceras)
containing the ammonites Amoeboceras
kochi Spath and A. (E.) sokolovi
all of
are characteristic of the upper Kimmeridgian
chart 2.10».
the lower part of the Tithonian, after Harland et al.
From 85-94 m a.s.l., the laminated siltstone is interbedded with leptochloritic sands. These beds
are devoid of maerofossils, but V.A. Basov found an assemblage of foraminifers iKutsevella ex gr.
minutissima and Trochamina
which is
over a wide age range from Callovian to
Kimmeridgian inclusive (Shulgina & Mikhailov
Shulgina & Burdykina 1992).
At Cape Hansa on Wilczek Land,
found that the laminated silts tone beReitl., but this was later re-identified (Shulgina
tween 35 and 60 m a.s.l. contained Aucella
Amoeboceras (Haplocardioceras} decipiens Spath and
1960, 1986) as Buchia concretica
A. (Euprinoceras) kochi Spath, which are now index species for the zone corresponding to the
upper Kimmeridgian, were also found.
Samples collected in 1956 on the small
Island (Fig. 3.4.10) from a sequence of thinly
intercalated ferruginous sandstone, arenaceous limestone, siltstone and mudstone contained upper
Kimmeridgian bivalves, ammonoids and belemnites. One ammonite (sample 79/35), originally
identified by N.!. Shulgina (Dibner & Shulgina 1960) as Amoeboceras (Amoebites) bodylevskii sp.
novo and subsequently re-identified by M.S. Mesezhnikov as A. (Euprionoceras) kochi Spath, was
collected from talus at 35 m a.s.l. Amoeboceras (Haplocardioceras) decipiens Spath (sample
79/50) was collected 15 m higher up. At
these species were referred to the lower Kimmeridgian (Spath 1936), but numerous studies later
a suggestion made by Shulgina (Dibner &
Shulgina 1960) of an upper Kimmeridgian age. Thin slabs of limestone and siltstone from 75 m
and 100 m (samples 79/75 and 79/100)
of Oxfordian-Kimmeridgian A ucella ex gr.
bronni Rouill, now revised as Buchia concentrica (Sow.). Hence, the upper Kimmeridgian beds
Mesezhnikov & Shu1gina 1982, Shulgina &
seem to extend up to a height of lOOm (Dibner
Burdykina 1992).
Undifferentiated Kimmeridgian
At Cape Kohlsaat on Graham Bell Island, a thin unit of lower Oxfordian sand is overlain by 25 m
of laminated, black bituminous clay and mudstone, succeeded by 3.5 m of the same rock types in-
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Fig. 3.4. /0 Upper Iura ssic deposits. Berghaus Island. From the base up: A G-15 m Lower Jurassic

(Tegetthoff Formation). 8 15-100 m Kimmeridgian. C 100-175 m middle Volgian(?) "dark sand" facies.
D 175- 345 m middle Volgian(?) " light sand" facies. E 345-375 m Lower Cretaceous basaltic sheet
(o r dcleri tic sill). Photo: Yu.P. Chemokahse v.

terbedded with grey medium-grained sand. The clay contains Amoe boceru s (Amoebires ) j uv. sp. indet., Buchia ex gr. concentrica tSow.) and B. tenuistriata (Lah.), indicating the Kimmeridgian
(E.S. Yershova. pers. comm. 1993).
Volgian
The Volgian (defined as the upper Tithonian or Portlandian according to the chronostratigraphic
scale of Harland et al. (1982. chart 2.10» has been recognised on the Hofer, Lamont and Kohlsaat
peninsulas and on Berghaus Island.
At 126-1 43 m a.s.l. on Cape Hofer (Wilczek Land). the uppermost part of the "black clay" unit.
here represented by laminated siltstone. yielded Dorsoplanites sp. (cr. a/dinger i). Sparh, D. sp.
(aff trip/ex Spath) and Buchia ex gr.fisheriana (Orb.). Beds containing Dorsoplanites spp. suggest
the lower-middle Volgian. Th us. the interval 94-126 m a.s.1. remains undated. It is made up of
thinly flaggy. sooty siltstone and poorly indurated siltstone locally rich in glauconite and containing an interbed of cryptocrystalline limestone concretions some metres above the base. A saurian skeleton (preserved length about 3.0-3.5 m) was found 106 m a.s.l. It is highly deformed.
probably by diapirism. since it was accompanied by foreign fragments of massive siltstone differing greatly from the poorly consolidated. laminated varieties that make up this " black clay" sequence. Based on a photograph (Fig. 3.4.11). L.A. Nesov (pers. comm. 1993) believes this to be a
plesiosaur. Unfortunately. vertebrae and other bones are still awaiting expert examination at the
Palaeontological Institute of the Russian Academy of Science in Moscow. This 94-126 m interval.
separating the upper Kimmeridgian and the middle Volgia n. is tentatively assigned to the lower
Volgian on the basis of a microfaunal assemblage containing Evolutinella emelianzevi and Haploph rag mium etongatum tShulgina & Mikhailov 1979. Shulgina & Burdykina 1992).
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Th e low er pan (0-70 m a.s.l. t of Cape Lament on Wilczek Land is made up of the "dark sand"
unit co nsisting of altern ati ng. cross- bedde d. dark (in pla ces slightly carbonaceous j san d and flat bedded silt. These bed s are un fossi lifcrous exce pt for rare fragments of belemnite ros tra. The upper
part of the "dark sand" 00- 120 m a.s.l. ) co n..ists of alternating bands of grey. bro wn and yellow.
fragmented siltstone and thinl y Ilaggy, semi-co nsolidated calcareous sand. wh ich also forms large
up to 2- 3 m ) loaves. In place s, these ...trata are crammed with fos sil s. suc h as Dorsop lanites sp.
I "c f. g racilis ). D. sp. (aff. max im/lS). Buchia cl'. andersoni (Pa",I.). 8 . sp. tci. lahuseni Pavl.) and 8 .
;:\ gr. fisheriana (Orb.). They are succeeded by a sequence comprised of a "tight grey sand" unit
and light yellow sand interbedded with calcareo u... sand...tones. with large loaves at the base . From
120- 180 m a.s.l.. these strata contain. in addition to the above-me ntio ned fauna . Buchia stantani
rPav l.). B. terebraud oides {Lah. j and B. lahuseni tPavl ). The presence of Dorsoptan ites spp. in thi s
-equence (70-275 m a.s .l.I proves a lower-midd le Volgian age. The occurre nce of Bucbia unschen-is [Pavl. ) in the light-coloured sand from 280- 400 m a.s. 1. ind ica tes that these bed s may be uppe r
volgian-Bcmasi an (Sh ulgi na & M ikbail ov 1979. Shulgina & Burd ykina 1992).
In 1973. on the upper pan of Cape Kohlsaa t o n Gruham Bell Island. Yu.Ya. Li vshit z di scovered the
bit umi no us shale of the Kimmerid gian overlai n by a thin (1- 2 m ) siliceous mud ston c succeeded by
7-8 m of grey ark ose with inrerbeds of medi um-grained . yellow sand contain ing len ses of sooty.
dull coal. The uppe rmost pan of thi s unit contains frag ments
belemnites and Buchia mosquensis
Buch.. B. rugosa (Fish. j. B. grac ilis {Pavlov} and B. mn iovnikensis IPavl.I , an assemblage wh ich .
accordin g to E.S. Yershova (pers. comm. 1972). suggests the lo wer-middle Volgian.
On Berghaus Islan d. above the suggested uppe r limi t (100 m a.sJ.) of the Kimmeridgian de po sits. Lau geite s aff stschurowskii l!"ikit. ). Buchia russiensis (Pavl.). B. g rac ilis (Pavl.) and B. cf.
mosquensis (Buch.I were collected b) Pirozhnikov l196l b) at 106 m a.s.l. N.S. Voronet s {pe rs.
comm. 1960) assigned thi s as semblage to the lo .... er Volgian "e pivirgante' beds which oc cur o n the
Russian plate and in Siberia: according to the recent Arcti c biosrratigra phical scheme (Shulgina &
Burdykina 1992 ). this corres ponds to the upper pan o f the middle Volgian bed s. Figure 3.4 . 10
-hc ws a significant chan ge in colour at a beighr o f 175 m .....hich. by analogy with Cape Lam ont

of

Fi ll. 3..J.JJ Skeleton of ple-io- aur po.., ibl) tn•msported b)' diupirism into middle volgian vil t. Photo: V D.
Iirbucr.
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Fig. 3.4.12 Selection of Middle Jurassic ammonites and belemnites. 1) Pseudolioceras cf. maclintocki

(Haughton), spec. 489-440, sample 309-12, mouldof imprint, side view, Cape Fiume, Champ Island, lower
Aalenian Pseudolioceras maclintocki zone. 2) and 3) Tugurites sp. (ex gr. fastigatus West.); 2) spec.
489-443, sample 309-18, side view of a fragment; 3) spec. 489-444, sample 309-18, side view of half a
whorl, Cape Fiume, Champ Island; the sculpture resembles that of the lower Bajocian species Tugurites
fastigatus (West.). 4 and 5) Pseudocadoceras nanseni (Pomp.), Cape Flora, Northbrook Island, middle
Bathonian-lower Callovian (from Pompecky 1900, Plate 11, Figs. 1, 5). 6a, b) Arctocephalites cf. elegans
Spath., spec. 489-446, sample 309-19a, side view, a) imprint, b) mould; Cape Fiume, Champ Island, lower
zone.
b) Cadoceras (Paracadoceras) anabarense Bodyl. spec.
Bathonian Arctocephalites
489-400, a) side view, b) apertura1 view; Cape Hofer, Wilczek Land, lower Callovian Cadoceras elatmae
zone. 8a, b) Arctoteuthis
ef. pseudo-lateralis Gust., spec. 87-405, sample 475-4, a) ventral
view, b) side view; Cape Fiume,
Island. lower to middle Callovian. Middle Jurassic ammonites and
belemnites from Cape Fiume, Champ Island (Yefremova et al. 1983) and Callovian and Oxfordian ammonites (Meledina et al. 1979) are housed in the Museum of the Institute of Geology and Geophysics, Siberian
Branch, RussianAcademy of Sciences.

(only 65 km from Berghaus Island), can be interpreted as the change from the dark sand to the
overlying light-coloured sand. If this is the case, this light-coloured sand right up to the overlying
basaltic sheet, i.e. to 345 m, is probably also middle Volgian in age (Fig. 3.4.4).
Inferred Middle to Upper Jurassic deposits
In addition to the deposits described above, there are isolated outcrops of marine deposits which,
until studied in detail, can only be tentatively assigned to undifferentiated Middle to Upper Jurassic deposits.
On the islands of Bell and Mabel, in the clay underlying the basaltic sheet, J. Grant, a member
of Leigh Smith's Expedition in 880, found belemnites which were tentatively assigned to the
Oxfordian (Markham 1881) or the Callovian by Newton &. Teall (1897). Unfortunately, deposits
of this age were not confirmed on Bell Island (Mikhailov 1979) or on Mabel Island, mapped by
A.V Ditmar in 1980.
Horn (1932) found belemnites in sandy clay exposed from 150 to 190 m a.s.l. on Alger Island,
above the Lower Jurassic continental deposits, but did not give their age. The general stratigraphical situation suggests a Middle to Upper Jurassic age for these deposits.
M.G. Groswal'd (pers. comm.
observed outcrops of siltstone with abundant belemnites
below basaltic sheets on the Pila
nunatak On the east coast of Hooker Island. This siltstone
probably represents the Callovian silt described above, which is also rich in belemnites On Cape
Medvezhy On the west coast of Hooker Island.
Belemnites which cannot be
identified, but are clearly Jurassic in age (VI. Bodylevsky, pers. comm. 1958), have been found On the beach On the east coast of Brice Island and at the
foot of Cape Frankfurt on Hall Island. These may be Kimmeridgian or Volgian beds extending
from neighbouring Berghaus Island. Fragments of cryptocrystalline limestone, i.e. probably the
same rock which forms large disc-shaped concretions in the Callovian and lower Oxfordian
"brown clay", were collected by A.S. Davydov (NIIGA), a geologist who briefly visited the southwest coast of MacNulty Island, 2-3 km south of the southern tip of Cape Hofer, during a cruise by
the "Nikolai Kolomeitsev'' in 1976.
Correlation of the sections of Middle to Upper Jurassic deposits (Fig. 3.4.4) allows us to estimate their total thickness as 550 m. However, inadequate data are so far available on the structural
geology of Franz Josef Land, including sections that have been studied (such as Berghaus Island
and Cape Hansa), and the complex faulting of relatively recent age implies that further studies
would provide not only more precise data on the stratigraphy and thicknesses of such sections, but
also permit us to discover unknown sections of Middle to Upper Jurassic deposits.

3.5 CRETACEOUS

Both Lower and Upper Cretaceous deposits occur on Franz Josef Land. The Lower Cretaceous
consists of (i) mainly terrigenous marine and continental deposits of Berriasian-Barremian age,
and (ii) a sedimentary-volcanic sequence divided into the Barremian-lower Aptian Tikhaya Bay
64
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Fig. 3.4.13 (p. 67).Selection of Middle and Upper Jurassic ammonites 1) Longaeviceras cf. keyserlingi

(Sok.), spec. 489-452, sample 309-15, side view, imprint, Cape Fiume, Champ Island, upper Callovian
Longaeviceras keyserlingi zone. 2a, b) Longaeviceras ex gr. keyserlingi (Sok.), spec. 489-409, a) side view,
b) external view, Cape Hofer, Wilczek Land, upper Callovian Longaeviceras keyserlingi zone. 3) Cardioceras (Cardioceras) cf. percaelatum Pavl., spec. 489-411, side view, Cape Hofer, Wilczek Land, lower
Oxfordian Cardioceras percaelatum zone. 4-5a, b) Cardioceras (Cardioceras) cf. cordatum (Sow.); 4) spec.

480-432, side view, 5a, b) spec. 489-410, a) side view, b) apertural view, Cape Hofer, Wilczek Land, lower
Oxfordian Cardioceras cordatum zone. 6a, b) Quenstedtoceras (Quenstedtoceras) holtedahli (Salf. et Freb.),
spec. 489-405, a) side view, b) external
Cape Hofer, Wilczek Land, upper Oxfordian Quenstedtoceras
lamberti zone of western Europe or Eboraciceras subordinarium zone of Siberia. 7a, band 8a, b) Eboraciceras mologae (Nik.); 7a, b) spec. 489-402. a) side view, b) external view, 8a, b) spec. 489-404, a) side view,
b) external view, Cape Hofer, Wilczek Land, upper Oxfordian Quenstedtoceras lamberti zone or Eboraciceras subordinarium zone. 9a, b) Amoeboceras (Amoeboceras) alternans (Buch.), spec. 489-419, a) side
view, b) external view, Cape Hofer, Wilczek Land, upper Oxfordian Amoeboceras altemans zone.
10) Amoeboceras (Prionodocerasifreboldi Spath., spec. 489-425, side view, Cape Hofer, Wilczek Land.
Upper Oxfordian Amoeboceras ravni zone. 11) Amoeboceras (Prionodoceras) cf. ravni Spath., spec.
489-416, side view, Cape Hofer, Wilczek Land, upper Oxfordian Amoeboceras ravni zone. 12a, b) Amoeboceras (Amoebites) alticarinatum Mesezhn. et Romm., spec. 4112049, a) side view, b) external view, Cape
Hofer, Wilczek Land, lower Kimmeridgian Amoeboceras kitchini and Rasenia spp. beds. Middle Jurassic
ammonites from Cape Fiume, Champ Island (Yefremova et al. 1983) and Callovian and Oxfordian ammonites (Meledina et al. 1979) are housed in the Museum of the Institute of Geology and Geophysics, Siberian
Branch, Russian Academy of Sciences.
Fig. 3.4.14 (p. 68). Selection of
Jarassic ammonites from Cape Hofer, Wilczek Land. la, b) Zonovia
aff. sachsi Mesezhn., spec. 12112049, a) side view, b) external view, lower Kimmeridgian Amoeboceras
kitchini and Rasenia spp. beds.
Rasenia
aff. inconstans Spath., spec, 61l2049, side view, lower
Kimmeridgian Amoeboceras kuchini and Rasenia spp, beds. 3) Amoeboceras (Euprionoceras] kochi Spath.,
Amoeboceras decipiens and Amoeboceras kochi zones of
spec. 11112049, side view, upper
Franz Josef Land and Spitsbergen. 4,5) Amoeboceras (Hoplocardioceras] decipiens Spath.; 4) spec.
8/12049, side view of a fragment, 5) spec. 9/12049, side view, upper KimmeridgianAmoeboceras decipiens
and Amoeboceras kochi zones of Franz Josef Land and Spitsbergen. Kimmeridgian ammonites
(Mesezhnikov & Shulgina 1982) are
in the Museum ofVNIGRI.
Fig. 3.4.15 (p. 69). Selection of
sp. (aff. triplex Spath.); 1) spec.

Jarassic (TithonianlMiddle Volgian) ammonites. 1,2) Dorsoplanites
side view, Cape Hofer, Wilczek Land, 2) spec. 14/l2049, side
spp, beds. 3) Dorsoplanites sp. indet., spec. 15/l2049,
view, Cape Lament, Wilczek Land,
Cape Hofer, Wilczek Land, Dorsoplanites spp. beds. 4) Crendonites(?) sp. indet., spec. 16/l2049, side view,
Cape Lament, Wilczek Land, Dorsoplanites spp. beds. Volgian ammonites (Mesezhnikov & Shulgina 1982)
are deposited in the Museum of VNIGRI.

Formation and the upper Aptian-Albian Salisbury Formation. The Upper Cretaceous consists of
Cenomanian marine deposits.
3.5.1 Lower Cretaceous
3.5.1.1 Terrigenous sequence - Y.Do Dibner & Nolo Shulgina

Exposures of terrigenous strata of Berriasian-Barremian age are known from Capes Lamont and
Hofer (Wilczek Land), Cape Fiume (Champ Island), the southwest coast of Salisbury Island, and
the islets of Klagenfuhrt and Alger. Comparison of these limited sections suggests a total apparent
thickness of 150 m.
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FiN. J A./6 Selection o f Lower Cretaceous ammonites from Klagenfuhn Island collec ted by Q V Kirillov
(unpubl. rnanus .). Ia. hi v. TemlwpIJychites t Russano va j ef. diptvchus (Keys .), spec. 20112049. al side view.
b) apen ural view. lower Valangmian . proba bly Temnoptvchites svtramcvs LOne of Siberia. 2a, b) Surites sp.
j uv.• spec. 2 1 /1 2~9. a I sid!." \ iew. lit extern al view, Bcrri asian. Ja. b) Borealites antiquus (Jeletzky j. spec.
22112049. a ) side view. b l upert ural view. Berriasian . -ta, b ) Temnoptvchites (Temnoptycnitest aff.rri{lfychijor.
mis (Ni k.j. spec. 23/ 120-l9. a ) "id... \ iew, b J e xterna l view. lower Valanginian. Temnoptvchites svzranicus zone
of Siberia. Sa. bI Iemna ptvc hues IRuvsunovia) aff. diptvchus IKeys.). spec. 24/ 12049. a) side view. b) exrernal view. lo w er valanginian Temnaptvchnes sviranicus lone o f Si beria. 6) Suntes sp.• spec. 25/ 12()..l9. side
view. fragment. Bem asiun. Berria.....sn anI.! Valanginian ammomtes (Shulgm a & Burdykina 1992) are housed
in VN II Oke angeologia.
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Lower Berriasian
At Cape Lamont on Wilczek Land, the middle Volgian "light sand" is disconformably overlain by
the uppermost part of this sequence, which begins with an 8 m thick unit of silt with large loaves of
calcareous sandstone. This is overlain by light-grey and light-yellow sands, which locally show
horizontal lamination. The total thickness is 95 m (Shulgina & Burdykina 1992). The basal silt
yielded Buchia unschensis (Pawl.) and B.
(Pawl.), indicating the Buchia beds, corresponding to the lower half of the Berriasian. This may equate with the Hectoroceras kochi zone
recognised on the Russian plate and in the
Urals and Siberia, as well as in England and
east Greenland. The silt and sand have also
a miospore assemblage with typical Lower
Cretaceous spores, such as Lycopodiaceae,
Osmundaceae, Pelletieria sp. and
Coniopteris sp., as well as pollen of Ginkgo
K.-M., Pinuspollenites sp. and Taxodiaceae
(Cupressaceae) identified by V.V. Pavlov.
Berriasian-Valanginian( ?)
Berriasian-Valanginian(?) strata have been re(:{)g;m~;ed at Cape Lament, Cape Fiume and Inaccessible Rocks.
and silt which disconformably overlie the
At Cape Lament, this unit consists of vaIie~:at(~
intertleddelj, variegated, carbonaceous clay and silt
lower Berriasian rocks. It is composed of
which readily becomes fragmented
has thin
of coal, sand coated by a sooty film, and
& Mikhailov 1979, Shulgina & Burdysandstone with intercalations of
kina 1992). The apparent thickness is 50 m.
have yielded miospore assemblages, including spores of Lycopodium sp.,
sp., Osmunda jurassica K.-M., Anemia sp. Pelletiera sp. and Coniopteris sp. of Early
and pollen of Ginkgo elongata K.-M.
and Taxodiaceae (Cupressaceae).
to V.V. Pavlov (pers. comm. 1978), this poor assemblage probably corresponds to the Bemasian- ,.'allmg;uuan.
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Fig. 3.5.1 Location of Lower Cretaceous sections described in the text. 1 Nagurskaya borehole and 2 Cape

Mary Harmsworth, Alexandra Land, 3 southern capes of George Land, 4 Ben Island, 5 Mabel Island, 6 Cape
Flora, Northbrook Island, 7 Scott-Keltie Island, 8
Sedov and Mount Ciurlionis, 9 Cape Dundy, 10 Cape
Medvezhy, 11 Cape Ugolny, 12 Kirov and Tass
Hooker Island, 13 Cape Dzegudze, Alger Island,
14 Cape Petigaks, Luigi Island, 15 Cape Kavagli, 16 Inaccessible Rocks, Salisbury Island, 17 Cape Washing19 Klagenfuhrt Island, 20 Cape Hofer and 21 Cape
ton, Ziegler Island, 18 Cape Fiume, Champ
Lamont, Wilczek Land.
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At Inaccessible Rocks on Salisbury Island, the base of the unit lies below sea level. Otherwise,
both there and at Cape Fiume on Champ Island, the unit consists of a moderately variegated alternation of terrigenous and tuffaceous deposits, which at Cape Fiume can be seen to disconformably
overlie the Oxfordian clay. The unit is composed of intercalated sand, clay and mudstone. Subordinate clayey tuffite and lithoclastic ruff form sporadic beds, up to 10-15 m thick. The mudstone and
tuff contain fragments of charred wood, and the tuffite includes lenses of hard coal, up to 1.0 m
thick. From these deposits, V. V. Pavlov separated similar miospore assemblages to those found in
the equivalent strata on Cape Lamontfrv.V, Ditmar, pers. comm. 1981).
A section on the northeast coast of Klagenfuhrt Island was examined in 1974 by O.V. Kirillov
(pers. comm. 1975). At the base of the sea cliff, he observed an apparent thickness of 25-30 m of
sand with concretions of arenaceous limestone (up to 0.5 m across) containing ammonoids, belemnites and pelecypods. Among these, N.1. Shulgina identified Cylindroteuthis ex gr. antiquus
Jeletzky and Surites spp., indicating the beds of the same names in the lower half of the Berriasian
(these directly overlie the beds containing Buchia incitoides and B. unschensis). Temnoptychites
(Russanovia) cf. diptychus (Keys.), Buchia keyserlingi (Lah.) and B. sibirica were also found, indicating the lower Valanginian Temnoptychites diptichus beds. This sandstone was overlain by
basaltic sheets interlayered with coal-bearing deposits of the sedimentary-volcanic sequence.

Valanginian-Hauterivian
At Cape Hofer on Wilczek Land, fragments of siltstone were found by L.P. Pirozhnikov in 1957 in
talus below outcrops of basalt. The siltstone had been contact metamorphosed by an underlying
basaltic sheet and bore imprints of the brackish-water pelecypods Cyrena cf. venulina Martins. and
C. cf. uvatica Dunk. which, according to G.G. Martinson (pers. comm. 1958), indicate the Valanginian-Hauterivian (Dibner 1961c, d, 1970).
Hauterivian-Barremian
At Cape Dzegudze on Alger Island, terrigenous deposits occur from 234 to 269 m above sea level,
where they are overlain by basaltic sheets. They overlie beds with belernnites (which cannot be
precisely dated, but which, as shown above, are known to occur in beds no younger than the
Valanginian in Franz Josef Land). The unit consists of a 35 m thick bed of partly red sand and
sandstone with a thin seam of brown coal at the base. The sandstone contains imprints of leaves,
among which Florin (1936) identified Sphenobaiera sp., a ginkgoaceous plant typical of the Hauterivian-Barremian assemblage of plant fossils studied by Florin from deposits interlayered with
basaltic sheets on the islands of Northbrook, George Land and Bell.

3.5.1.2 Sedimentary-volcanic sequence - ¥OD. Dibner
The sedimentary-volcanic sequence rests with a major unconformity on dissected Triassic-Jurassic
rocks and, in places, on Neocomian beds. More or less complete marker sections occur on Alexandra Land, the southern capes of George Land, the islands of Bell and Mabel (southwest coast),
the Cape Flora area on Northbrook Island, the islands of Hooker, Scott-Keltie and Brady, the capes
of Petigaks (Luigi Island), Fiume (Champ Island) and Washington (Ziegler Island), and at Cape
Kavagli and Inaccessible Rocks (Salisbury Island).
Tikhaya Bay Formation Barremian-lower Aptian
From 0 to 283 m in the Nagurskaya borehole (drilled for coal) on Alexandra Land, tuffaceous and
terrigenous deposits alternate with nine sheets (10-71 m thick) of porphyritic plagioclase and
plagioclase-pyroxene basalts. They rest with a major unconformity on the upper Ladinian terrigenous beds. The drilling confirmed the earlier assumption by LV. Shkola that the two upper and
thickest basaltic bodies (intervals 0-71 and 74-114 m) were formed by a series of thin sheets lying
directly one upon the other. This is shown by drilling sludge which contains fragments of vesicular
basalt, typical of the upper, scoriaceous margins of basic lava. Terrigenous beds were found in the
intervals 71-74, 114-118, 135-138, 160-164, 192-195, 214-215 and 252-256 m where drilling
sludge contained pieces of basalt and tuff alternating with pieces of mudstone and smaller fragments of coaly shale and, less commonly, coal. A K-Ar age determination on one of the uppermost
basaltic sheets (sampled at a depth of 49 m) gave 120 ± 8 m.y., indicating late Barremian (Kovaleva & Piskarev 1977, Tarakhovsky et al. 1983). Neither macroscopic plant remains nor miospores
were found in the sludge.
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Fig. 3.5.2 Lower Cretaceous rocks in the Nagurskaya
borehole on Alexandra Land (according to LV.
Shkola) .
1 basalt. 2 coarse-grained quartz dolerite, 3 mudstone,
4 silty mudstone, 5 clayey siltstone, 6 sandstone, 7
brown coal.
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At Cape Mary Harmsworth, the western point
Alexandra Land, Spizharsky (1937a, 1947)
r r r
r
r
r
r
.,
found
a fossilised fir cone, wood and trihedral
c(
OS
'u
needles,
typical of firs, in a fragment of silicified
r r r
>
r r r
r
coal
in
rock debris weathered from basaltic
c(
tn
sheets.
Fedin
(1943) identified the cone as a new
tU
1:
r r r
Papaninia involucrata Fedin, and the
r r r r
::t
wood as Pityoxylonieiggense (Whit.) Krischt.
r r r
1IJ(J
into account that three related conifers
#IS
~
could
not
have grown together, Fedin believed
rrr,..r/ 1ft
that the cone, wood and needles belong to a sinr
species, resembling Elatides curvifolla (Dunk.)
I.
•
I.
r r r r
Nath. of Hauterivian-Barremian age. This agrees
r rr rr
with the Barremian age determined radiometric1" r
for the upper sheet.
. r r r r
Depressions,
about 50-60 m deep, mainly erodr r
_r r r r
ed
in
Liassic
sand
and sandstone were observed
r_ ...
........ ;"" ....
V.D. Dibner on the north coast of Tikhaya Bay
in 1957. They were filled by 8-10 basaltic flows
separated by beds of silty-psammitic tuff ranging
in thickness from 1-2 to 10-15 m. A trunk
charred and unevenly burnt (xylainised and locally
vitrinised) wood was exposed when part of the
tuff bed was removed. Similar thin flows ocat the foot of Cape Medvezhy (south coast of Yury
cur on the surface of Upper Jurassic
Bay), at Cape Frankfurt on Hall Island, and elsewhere. About 10 basaltic sheets, locally separated
by beds of silty-psammitic and agglomeratic
generally directly overlie an erosion surface of
pre-Cretaceous rocks whose depressions are levelled off by basaltic flows. Beds of normal sedimentary rocks (silt, clay, carbonaceous shale, brown coal, etc.) are also present from the lowermost
part of the sequence, gradually replacing the
rocks as the interbasaltic beds upwards. In
many places, the sheets occur one upon the
in which case the boundaries between them are
drawn at amygdaloidal and scoriaceous
at weathering crusts at the top of the sheets, and
on their chilled, near-basal part which commonly contains fragments of fossilised wood.
On Cape Sedov and Cape Medvezhy, these basaltic flows are overlain by basaltic sheets which
are locally interlayered with 5-15 m thick beds of silt, clay, carbonaceous shale, brown coal and
basaltic tuff (Fig. 3.5.3). At Cape Medvezhy, weathering crusts define the boundaries between
some sheets.
The following is a composite section (from the base up) based on partial sections measured at
Cape Medvezhy by VD. Dibner in 1953 and 1957 at a number of localities separated by faults:
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I. Thin basaltic flows, separated by similar sills. Apparent aggregate thickness IS ill. Numerous
fragments of carbonised Lower Cretaceous wood, Keteleerioxylon arcticum Shilkina (Shilkina
1960, 1967), found at an adjacent locality on the cape, were probably derived from this part of
the section.
2. Talus, 30 m
3. Porphyritic basaltic sheet; 32 m
4. Fragmented, chocolate-coloured siltstone; 3 m
5. Talus, 10 m; fragments of calcinised wood and debris of silty tuff with charred plant detritus
were found in the upper part
6. Porphyritic basaltic sheet; apparent thickness 8 m. The upper part is heavily weathered to a
depth of I m
7. Talus, 9 m
8. Compact, bright yellow clay with relict basaltic textures representing the uppermost part of the
weathering crust that began in the upper part of Bed 6; apparent thickness 2 m (total thickness
of the weathering crust including the part hidden by talus, is 12 m)
9. Brown seat-earth and dull coal. passing into silty carbonaceous shale; 2 m
10. Carbonaceous silty shale, 0.5 m; contains poor imprints of leaves, as well as miospores. According to VD. Korotkevich (pers. comm. 1958), the pollen is dominated (72%) by conifers
iPodoramites sp., Protopicea
Pokr., P. biangulina (Mal.) arctica K-M. and Pinus
of the subgenus Diploxylon,
spores (22%) are solely of ferns, mainly from the families
-Cyatheaceae and Osmundaceae, which she thought indicated the Aptian.
11. Basaltic tuff; 1 m
12. Porphyritic basaltic sheet; 30 m
13. Sedimentary and tuffaceous deposits: 5 m
14. Porphyritic basaltic sheet; 20 m
.,
",m
15. Sedimentary and tuffaceous
16. Basaltic sheet 17 m
17. Basaltic sheet; apparent thickness 15 m.
The total thickness of this section 195 m.
The thin flows in the lower
this section on Cape Medvezhy to be correlated with the
Cape Sedov section, also on HOOKt~r
and with sections on Mount Ciurlionis and near the
Voronin glacier studied by N.P. Lupanova in 1932 (Lupanova 1953), as well as with outcrops in
the Cape Dundy area (Fig.
In 1980, A.N. Tarakhovsky showed that the Tikhaya Bay Formation on Cape Dundy is composed of three units consisting
of basaltic lava, which overlie Upper Jurassic clay. The
lower unit starts with a 2.5 m thick
breccia which is usually rich in silicified wood, and this
is followed by several basaltic sheets with an aggregate thickness of 25 to 65 m. The middle unit
starts with carbonaceous mudstone . up to 3.5 m thick, which is succeeded by five basaltic sheets,
partly separated by terrigenous beds, one of which yielded fossilised wood, Keteleerioxylon arcticum Shi1k. (Shilkina 1960, 1967). The middle unit is 25-90 m thick. The upper unit starts with tuff
(3.0 m), which is overlain
a
of porous basalt. The aggregate thickness for all three units
varies from 75 to 180 m
et al. 1980). In agglomeratic tuff (apparent thickness 1.5 m)
underlying the lowermost basaltic sheet at Cape Dundy, Lupanova (1953) found (in 1932) plant
remains in which VD. Prinada
identified imprints of fern fronds (Polypodites arctica
Pryn. and Cladophlebis haiburnensis
et Hutt.) Brongn., the conifer, Pityophyllum staratschini Heer, and the Ginkgoales,
angustifolia Heer. These, as well as Pityophyllum
longifollum Heer, Ginkgo
identified by VD. Prinada in 1925 from M.A. Pavlov's collection, are stored at the Chernyshev Central Geological Museum, St. Petersburg. These identifications were confirmed by Sveshnikova & Budantsev (1969). These plant fossils are in samples of
silty tuffaceous shale, probably collected by M.A. Pavlov in talus at Cape Sedov where the Russian
Polar Expedition overwintered in 1913-1914. A fragment of calcinised wood, assigned by Shilkina
(1960, 1970) to Cupressinoxylon diskoense Walton, was found here on Mount Ciurlionis by VD.
Dibner.
At Cape Flora on Northbrook Island a section from the lower part of the sedimentary-volcanic
sequence, reliably identified by its content of ferns, Ginkgoales and conifers, was described by
Nansen (1900). It overlies the Callovian marine deposits and occurs 172-330 m above sea level.
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Fig. 3.5.3 North coast of Tikhaya Bay where the base of the Tikhaya Bay Formation is exposed (locality

307, 1957). 1 basaltic sheets, 2 basaltic flows. 3 volcanic tuff, 4 Lower Cretaceous silty clay. 5 Callovian
of 30 ID terrace.
silty clay. 6 Lower Jurassic psammite, 7 talus, 8 rear

From the base up it consists of:
1.
2.
3.
4.

5.
6.

7.
8.
9.
10.

First basaltic sheet; 2 m
Clay, highly baked in its upper part,
it into shale to a depth of 0.25 m; 1 m
Second basaltic sheet; 24 m
sp., Thyrsopteris sp., Asplenium petrushinense
Shale, 2 m. Imprints of the ferns
Heer and Onychiopsis sp. and leaves
first identified by A. Nathorst (in Nansen
polaris Nath., Czekanowskia rigida Heer
1900) and later revised by Florin (
and Culgoweria mirabilis Florin. Thin
of shale with imprints of leaves may also have
been collected here by 1. Vogan; Whitfi.eld
referred the leaves to Stephanophyllumi'Ty,
Podozamites(?), Ginkgo polaris Nath. and G. sibirica Heer, Judging by the height above sea
found by the Fiala Expedition (1907) 200 m
level, a seam of brown coal, 0.5-1.0 m
above sea level, also belongs to this horizon.
Third basaltic sheet 42 m
Brown sandstone (0.6 m thick) with
Thyrsopteris sp. and Ginkgo cf. polaris Nath.
(according to A. Nathorst (in Nansen
and with fragments of wood Cupressinoxylon
Imprints of Ginkgoales leaves found by G. Horn
kaettlitzi Seward (identified by A.
in talus of sandstone, probably also derived from here. Among these, Florin (1936) identified,
G. cf. polaris Nath., Czekanowskia
Heer, and Sphenobaiera horniana Florin which was
a new genus and species.
Fourth basaltic sheet; 16 m
Fifth basaltic sheet; 13 m
Micaceous quartz sand with fossilised wood; 1.0 m
Sixth, seventh and eighth basaltic sheets,
17 and 19 m thick, respectively.

Sheet 8 is overlain by ice. The aggregate apparent thickness of the section is 158 m.
Sample C.P.3, collected by Nansen about 200 m above sea level from talus of grey-green mudstone from the bed separating the first and second basaltic sheets, was analysed for miospores by
Smelror (1986). The spectrum is dominated by bisaccate pollen (75%). By analogy with an
assemblage characterising association F of the Relvetiafjellet Formation in Kong Karls Land
(Bjrerke 1977), a combination of bisaccate pollen with rare spores suggests the Barremian, Miospore spectra from samples C.P.2 and C.P.l characterise the shale between the basalts exposed at
210 m above sea level. These spectra are also dominated by bisaccate pollen (80-85%), but the
lack of characteristic spores prevents a dating that is more precise than Lower Cretaceous.
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On the southern ca pes of George Land and Be ll Island. the Lcigh Smi th ( 1 88~ 2 ) and especia lly Jackson (189+-971 Expeditions found a Ginkoaceous flora in talus. Fro m these co llections.
initially examined by E. X ewton (Newton & Teall 1899 1. Flori n (1936) distingui shed four new
spec ies and ge nera of Gin kgoale s. namely. Arctobaiera ftetti. Stephenopbvttum sohnsi, wind wardia
crookullii and Sphenobaier« paucmervis, and the conifer. Elatides curvifotia (D unk. j Nath. (pine
family ). a characteris tic Iorm for the Hautcrivian-Barrem ian of Spitsberg en .
On Mabe l Island. Upper Trias..ic sand is d isconform ably o vertain by twelve basaltic sheets
varying in thickness from 5 to 45 rn (apparent thickness of the uppermost shee t). The sheets alternate with thin (+- 10 m ) bed s of terrigcnous deposits. such as sandstone. sand and laminated. locally carbonaceous siltstone with curbom..ed remains of trunk s and branches. and imprints of leave s.
A miospore spectrum fro m these deposits co ntains:
I. do mina nts: Osmu nduceue l18 'h I
2. subdominants: Pod ocarpus sp. , l OG- I. Lsgodium sp. (9t.f). Ginkgo sp. (6t.f). Pseudapicea (6%)
3. accessories : Piicifera sp. 14q.1. Bennemtales sp. H q.) . Picea exilioides Bolch. (4lk).
Con iopteris sp. O q.I . Dicks oniu dense Bolch. (3 CX). Podozamites sp. (3Ck).
Paleopicea sp. 13'K1
4. sporadic: Setag inelta nnundifonnis K . ·~t.. Cibotium junctum K.·M. and Cbeiropteura
compacta Bolch.
By analogy with the asse mblage he found in the variegated un it at Ca pe Lamen t. V.V. Pavlov
tpcrs. comm. 1982) assigned this assemblage to the Berri asian-Valanginian. Unfortunately, th is
co ncl usion con flicts wit h the stratigraphica l position of the samples. which defi nitely belong to a
yo unger sed imentary-volc anic seq uence . The aggregat e thickness of its lower pan. tentatively
placed in the Tikhaya Bay Formation by V.D. Dibner. is 207 m (Tarakhovsky et al. 1980).
AI Ca pe Fiume on Champ Island and Inacce ssible Rocks on Salisbury Island. basa ltic sheets
with interbedded terri genou .. rocks. eq uivalent to the Tikh aya Bay Formation . rest conforma bly on
variegated tuffaceous-terrigcnous rocks. Ba...altic sheets. 3 to 12 m thick. do minate. The lowest one
is fine grained . The othe r five sheets consist of plagioporphyritic basalt with amygdaloidal margins
accounting for lOCK of each ..heel. The rerri genou s bed s alternat ing with the basalts mainly occu r in
the northwestern pan of Inaccessible Rock s wbere. in the upper pan of the formation. they form
units up to 20 m thick consisting of yellow-grey. locall y cross-laminated sand. silt. clay and mudsto ne with lenses (up to 0.7 m t o f th inly tlaggy coal. The deposits contain silicified and pyritiscd
fragments of trun ks up to OA m aCfOS!>. Si xteen sam ples taken from both sections yie lded sporadic
spo res of Coniopteris sp.. Leio tritetes sp. and Plicifera sp. (fami ly Gleicheniaceaes. and po llen of
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Picea sp.. Pinus sacculife ra «Mu1.J K . · ~ 1.. Podocarpus sp. and A rallcariaceae. typical of the
Lower Cretaceous. The thickness of the forma tion here varies. reaching a maximu m of 130 m
I A. V. Dnmur, pcrs. comm. 198 1).
From talus under the lower basaltic sheet at Cape Washington on Ziegler Island. V.K. Razin in
1957 co llected thin slabs of silrstone sho wing imprints of long. narrow leave s. These were assigned
by N.D. vasilevskaya (pers. comm. ) to Gitlkgoales of the Phoenicopsis type. similar to \\/itld wardia cmokallii. As stated abo ve. thi... anJ other ...pccies of Gink goales on the southern capes of
George Land and Bell Island were found toget her with the co nifer Elatides curvifolia, which is
typical for the Hauteri vian-Barremian of Spit sbergen (Florin 1936 ).
Based o n data from the Nagurs kaya bore hole and Cape Flora. the Tikhaya Bay Forma tion is
estimated to be abo ut 380 m thick.
Salisbury Formation Aptian-Albian
The top of an up 10 50 m thick. regionall y deve loped sill is the tentative lo wer bou ndary of the
Salisbury Format ion. On Hoo ker Island and other central and westerly islands in Fra nz Josef Land.
this forma tion consists of sand. sandstone....iltsrone. clay. carbonaceo us mudstonc. brown coal and
other sedimentary rocks inrcrlayered w ith basal tic sheets which resemble those in the under lying
formation. The rerrigenou s deposits d iffer from similar beds in the likhaya Bay Formation by
being still thicker (up to 60 m j and having a higher coal content.
Cape Kavagfi on Sali sbury Island has, a type section which was first investigated in 1957 by
Y. K. Razin (Dibner 1961c. d. 1970 . and then studied in detail in 1960 by IWO palaeobot anists
(Sveshniko va & Budantsev 1969 1. From the base up. this type section co nsists of:

I. Talus of basalt: 3D-50 m
2. Dolerit ic sill: apparent thickness 60 m
3. Smal l o utcrops of coarse-grained tuffitic sand stone. partl y concea led by talus: apparent thick ness 16 m
4. Carbo naceous shale with poorly preserved leaf im prints: apparent thickness 0.5 m
5. Sand stone. light grey. fine grained. with abundant leaf imprints: appare nt thickness l .S m
6. Talus of basalt and sandstone with abundant fossilised wood and coal fragments; 8 m
7. Brown . semi-lustrous coal with 1\10 0 sihstone partin gs (0. 1 m eac h): apparent thickness 1.2 m
8. Talus of basalt: 60 m
9. Basaltic sheets (seen from a d istance )

Fig. 3.5.5 Ba..ahic -heet-, of the Tikhaya
Photo: Y.K. Radn. 1')57.
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The total apparent thickness is about 120 m.
The light-grey sandstone of unit 5 contains various plant remains. Y.K. Razin collected leaf imprints, assigned by Y.D. Vasilevskaya (pers. comm. 1958) to Taeniopteris, a new species similarto
T. junboana Krysht. from the Lower Cretaceous of the southern part of the Primorski area in southeastern Siberia, the Aldan River basin, the Ogoner-Yuryakh Formation of the lower Lena River
basin, and the Lena-Khatanga basin where the species is typical for the lower Aptian. Very rich
collections were made from the same horizon in 1960 by Sveshnikova & Budantsev (1969). They
identified and described, in particular, the following species (including several new ones): Nilssoniopteris polymorpha Sveshn., Tyrmia solsberiensis Budants. et Sveshn., Heilungia(?) cf. aldanensis Samoyl., Podozamites cf. angustifolius (Eichw.) Heer, Cephalotaxus microphylla Sveshn. et
Budants., Florina borealis Sveshn. et Budants., F. brewifolia Sveshn. et Budants., and Pityophyllum lindstoemi Nath. etc. They considered the assemblage to be Aptian-Albian. A spore-pollen
assemblage was separated by M.A. Sedova from two samples from the same unit. Conifer pollen
dominated, but it also included pollen of Taxodium, Bennettitales, Cycadaceae and Ginkgoales,
sporadic Cedrus and Caytoniales, spores of Sphagnum, Lycopodium. Selaginella (film-like perispores), Coniopteris, Gleichenia and various specimens of the family Schizaceae (Anemia. Mofria,
Lygodiumy. In her opinion (Dibner & Sedova 1959, Sveshnikova & Budantsev 1969), the assemblage indicates the Lower Cretaceous.
At Cape Petigaks on Luigi Island a similar section was described by Y.K. Razin (Dibner et al.
1962) 20 km west of Cape Kavagli where the following was found, in ascending order:
I. Talus of basalt and sandstone: 60 m
2. Composite bed of brown coal containing a 15 cm silts tone intercalation; apparent thickness
1.1 m; the bed is probably coeval with that at Cape Kavagli (unit 8)
3. Talus; 8 m
4. Vitrinised brown coal; apparent thickness 0.5 m
5. Talus; 4.5 m
6. Brown coal; apparent thickness 0.4 m
7. Talus; 5.0 m
8. Brown coal; apparent thickness 03 m
9. Talus; 20 m
10. Basaltic sheets (seen from a distance); apparent thickness 200 m.
These two sections suggest that the apparent thicknesses of separate units of the coal-bearing sedimentary deposits in the Salisbury Formation reach 20 m, whereas judged by talus they are probably 60 m. The total apparent thickness of the formation is between 240 and 300 m.
On Cape Ugolny and Cape Kirov on Hooker Island, Ivanov (1935) and Spizharsky (1937a,
1947) reported exposures of basalts and sedimentary rocks which are tentatively considered coeval
with the rocks at Cape Kavagli and Cape Petigaks. At Cape Ugolny (= Coaly), the following beds
occur above the sill:
I. Basaltic sheet; 12 m
2. Dark grey and brown, thinly platy clay and shale containing silicified wood and imprints of
Asplenium sp., Equisetum sp., Phoenicopsis angustifolia Heer and Podozamites gramineus
Heer leaves; a 3 m thick seam of brown coal, whose upper 20 cm is altered to ash, occurs in the
lower part of the unit; total thickness 10 m
3. Basaltic sheet; apparent thickness 9 m
Unit 2 is probably also exposed to the north at Cape Kirov where Spizharsky (1937a, 1947) described 12 m of slate containing a seam of brown coal (0.5 m) and located between two basaltic
sheets. This outcrop also contains a younger, brown coal seam (1.5 m) and underlying clay (0.3 m).
In "Central Land" on Alexandra Land, three basaltic sheets occur which seem to be younger
than the above strata, as suggested by their content of organic remains. Their total thickness is
about 60 m and they dip very gently northwestwards, the uppermost sheet gradually passing below
sea level. The best outcrops occur in the south, on the east coast of Dezhnev Bay. Thin slabs of
marly slate preserved in hollows eroded in the scoriaceous amygdaloidal margin are found in
debris eroded from the capping basaltic sheet. Near the north coast, a few metres of sand occur
above the basalts. A spore and pollen assemblage of Aptian-Albian age, including conifer pollen
78

-": f( ) represent ed by Pinus subgen. Haptos vton sp.. P. saccuhfera (Mal.) K.-M.. Protopicea
- , -ophvtica Poke. and P. biauguiina ( ~ 1aJ.) var, arctica K.·:\oL and spores of ferns (Coni opteris
~J Hausmannia ) (I Mf ). was discovered by VD. Korotkevi ch in the lower part of the sand. Frag-r ents and entire trunks o f vitri nised and silicified wood. i.e. relics of a fore st destroyed by an even
: oungcr vo lcanic sheet, now removed by ero...ion . al...o occ ur in the block fie ld. Fro m the collection
::-:.IJe hcre by V. D. Dibncr, Shilkina ( 1960. 196 7 ) described new gene ra and species that are
. n.uucteristic for the Lower Cretacecu ... (Keteieer ioxvion arcticum Shilk.. Paleopiceoxvlon a rcti. 0 11 Shi lk. and Podocarpoxvlon sc iadopityoides Shilk.j. as well as Xenoxvton barberi (Se ward j
Krausct. da ted to the Lower Jurassic. and X. Jatipomsum (Cra met ) Gothan and Protoced roxylon
.' rt·gllssii Shilk.. that are known to appear in the Upper Triassic .
On Scou -Keltie Island . two basaltic sheets with a total apparent thickness of abo ut 50 m form
:::<: younges t pan of thc Salis bury Formation . A large fragment of compact yellowi sh-brown
-aprcli te with abund ant imprints of long. narrow leaves of the conifer PityoplrylJum tindstroemi
Xath. was found in 1957 by VD. Dibner on a beach ridge at the eastern end of Scott-Keltic Island .
According to N.D. Vasilcvskaya tpe rs. comm. 19 58 1. the species is characteristic of the OgonerYuryakh Formation of the Bulu n area dower u na River basin) and the Uky Formatio n o f the
lower Ole nek River basin. Since the Ogoner-Yuryakh Form ation was deposited in the period
covering the second half of the Aptian to the beginn ing of the Albian . this P. Iindstroemi occ ur-rence probably suggests the same age range.
The agg regate apparent thickn ess of the Sali sbury Formation is about 250 m. and that of the
entire Barremian-Albian sedimentary-volcanic seq uence is about 530 m.

Summa ry of tire biostratigrapkv of the sedime ntary- volcanic sequen ce
Sveshnikcva & Budar usev ( 19691 believed that the Flora of the Tikhaya Bay Formation was Neocomian. characterised in Franz Joscf Land by a predominance of pteri dophytes and Ginkgoates .
an abundance of co nifers and a co mplete absence of cycado phytes . Based on their own coll ec-
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tions, and revision of specimens studied by Nathorst, Florin and Prinada, they listed the following Neocomian plants: Polypodites arctica Pryn., Cladophlebis haiburnensis (Lindl. et Hutt.)
Brongn., Ginkgo polaris Nath., G. lepida Heer, Stephenophyllum solmsii Florin, Windwardia
crookallii Florin, Culgoweria mirabilis Florin, Czekanowskia rigida Heer, S. horniana Florin, Pityophyllum longifolium (Nath.) Moell, best seen on the islands of Northbrook, Hooker and Bell
and the southern peninsulas of George Land. Although Sveshnikova and Budantsev believed that
these plants characterise the entire Neocomian, the finds of the conifer Elatides curvifolia at
Cape Mary Harmsworth and the accompanying, coeval Ginkgoales (Windwardia crookallii and
others) allow us to leave out the Berriasian and Valanginian, the more so because, as shown in
section 3.5.1.1, only marine deposits of this age are found in Franz Josef Land. Moreover, the radiometric age of 120 m.y. obtained on the uppermost sheet in the Nagurskaya borehole corresponds to the Barremian. This, together with the Aptian spore and pollen assemblage from the
terrigenous bed within the thick series of basaltic sheets at Cape Medvezhy, suggests a Barremian-Aptian age range for the Tikhaya Bay Formation. According to Sveshnikova & Budantsev
(1969), the flora from the Salisbury Formation is Aptian-Albian, This period is noted for a dramatic enrichment in large-leaved cycadophytes (until recently only known from southern regions), as well as large-leaved conifers, together forming a conifer-cycadophytic forest formation. In their monograph, Sveshnikova & Budantsev (1969) presented a list of Aptian-Albian
plants, mostly from collections they made at Cape Kavagli (see above). The same age is suggested by a miospore assemblage from a thin sand overlying the upper basaltic sheet in "Central
Land" on Alexandra Land, and by the Pityophyllum lindstroemi Nath. leaves (late Aptian-early
Albian) from basaltic ta1us on Scott-Keltie Island. An Aptian-Albian age for the Salisbury Formation needs no special discussion.

3.5.2 Upper Cretaceous
Lower Cenomanian - V.D. Dibner
An outcrop of Upper Cretaceous deposns on the south coast of Hoffmann Island, so far the only
definite one known in Franz Josef
was measured by V.D. Dibner in 1957 giving, from the
base upwards:

1. Medium to thickly flaggy
sandstone with muscovite, ranging from medium- to
coarse-grained varieties at the base
the visible section to fine-grained rocks at the top. The
lower part contains unidentifiable
and leaves, as well as a rich fauna of bivalves in which
form, Oxytoma pectinata Sow., and distinguished a
N.!. Shulgina identified the
thickness 15 m.
new species, Nueulana sp. novo
2. Poorly cemented siltstones,
grey, 20 m in apparent thickness. Few fossils, represented by
Schloenbachia aff. subvarians Spath which, according to N.I. Shulgina (in Dibner 1970), is the
ammonite that characterises the lower Cenomanian Varians zone in east Greenland.
Fine-grained, siliceous-quartzose sandstone (about 10 m in apparent thickness) forms Cape Sugrobov at the east end of Hoffmann Island and is probably coeval with the lower part of this sequence.
In the sandstone. N.M. Bondarenko
comm. 1958) found sporadic, poorly preserved spores,
triquetrum and Protopinus, as well as conifer pollen
similar to those of Selaginella;
(Podocarpus flava K.-M. and
sp. of the subgenera Haploxylon and Diploxyloni and
pollen of angiosperms such as
and Extratripollenites. Bondarenko tentatively assigned these
to the Lower Cretaceous, but E.N. Kara-Murza (pers. comm.) believes that the presence of Carya
and Extratripollenites pollen instead suggests the lower Cenomanian. This agrees well with the
presence of faunistically dated lower Cenomanian deposits a few kilometres west of Cape Sugrobov. The Cenomanian deposits of Hoffmann Island are horizontal or dip gently southwards. Their
total apparent thickness is about 35 m.
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3.6 TERTIARY - V. D. DIBNER

Danian
The foraminfera Bulimina pseudopuschi Subbutina, Globigerina trivials Subbotina, Stensioina
caucasica (Subbotina) and other forms typical for the Danian were found in 1958 by Shchedrina
1958) 60-70 m down in a core taken in the northern part of the St. Anna Trough (80° 31' Nand
-0° 31.5' E) during a cruise with the "Sadko" in 1936. The tests were thought to have come from
some nearby islands, as suggested by the presenc~ in the core of Recent, and not only local, relaiively abyssal species (Saccorhiza romosa abyssalica Stsched. and Reophax nodulosus Brady), and
also Elphidium gorbunovi Stsched., a typical shallow-water form. However, if the bottom current
in the S1. Anna Trough was, as now, from north to south when the ooze containing the fossils was
accumulating, islands, or preferably sites where submarine erosion was taking place, on the eastern
periphery of Franz Josef Land are the most probable provenance for Danian deposits.
Eocene
A reworked assemblage of pelagic diatoms, identical to the "Lower Tertiary diatoms in the deposits

of the Simbirsk Region", was identified by Grunow (1884) from collections trawled by the AustroHungarian Polar Expedition (Payer 1876) south of Wilczek Island, between 79° 00' to 79° 15' N
and 59° 15' to 63° 22' E at dephts ranging from 100 to 500 m, The presence of Chaetoceras (cf.
clavigerum) is known to place this assemblage in the Lower Eocene (Kamyshlov after Zhuze
1948). According to Grunow (1884), the Lower Eocene of Denmark (Moler Formation) has as
similiar assemblage of diatoms, Chaetoceras being the most characteristic genus. Lower Eocene
diatoms are probably being washed out south of Wilczek Island, where the water is relatively shallow. The find of a single, reworked foraminfer, Truncorotalia velaschensis (Cushman), in the core
taken in the St. Anna Trough (Shchedrina 1958) should also be noted. This is an index fossil for the
Lower Eocene of the northern Caucasus and Mexico, and was found in the bottom sediments (at
27-33.3 cm) together with the definitely sublittoral fonn Elphidiella gorbunovi Stsched. According
to Schchedrina (1958), this suggests their redeposition following erosion of pre-Quaternary deposits on adjacent land or, in the present author's view. on shallow-water banks and their submarine
slopes on the northeastern periphery of Franz Josef Land.
Miocene (?)
1.5 km northwest of the end of Cape Sugrobov, the Cenomanian sandstone (see above) gives way
to, probably overlying (the contact is concealed by talus and till), cleaved, and locally even folded,
light-grey siltstone, silty mudstone and fine-grained sandstone (Dibner 1961b). The sandstone cement contains scattered microscopic remains of charred plant debris which gives rise to a microlamination. In places. the siltstone and mudstone display thin (up to 4 cm) intercalations of polymict conglomerates. The talus, moreover, contains thin slabs of dark-grey bioclastic sandy
limestone composed of finely broken coquina (partly replaced by calcite) and tiny pebbles of calcareous siltstone cemented with arbillaceous-carbonate material. The total apparent thickness of
the deposits is about 25 m (Fig. 3.6.1). The sequence is overlain by a thin layer of subglacial till.
N.M. Bondarenko (pers. comm. 1959) separated 170 grains of pollen (85.5%) and spores
(14.5%) from samples of these rocks. Conifer pollen accounts for 60% of the spectra. It includes
Pinus of the subgenus Diploxylon (49%) and Picea sp. (9.5%); pollen of Podocarpus, Clyptostrobusi'I) and Psophosphaera is sporadic. Angiosperms, together accounting for 24%, are represented
by Betula (12.5%), Alnus (5.6%), Corylus(?) (2.5%), Juglandaceae (1.5%), Tilia (1.5%) and sporadic Fagaceae. A few grains of Ericaceae and Compositae were also found. Spores of Sphagnum
sp. (8%), Polypodiaceae (5%) and single examples of Botrichium(?) and Equisetum(?) were also
found. According to E.N. Kara-Murza and N.M. Bondarenko (pers. comm. 1959), the presence in
all the samples of Corylus(?) and Iuglarulaceae, as well as Fagaceae and Glyptostrobus(?),
probably indicates the Pliocene.
However, data now available on the biostratigraphy of the Neogene of the Arctic continental
margin indicate that the deposits on Cape Sugrobov probably belong to the continental Lower to
Middle Miocene. This is suggested by the presence of coarse clastics and carbonised plant detritus,
as well as the composition of miosphere spectra with dominance of pine and spruce pollen, subdominance of Fagaceae and Betula, and with Alnus and Corylus as associated species. The species
mentioned are typical for the Lower to Middle Miocene, elsewhere on the Barents-Kara plate.
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Fig. 3.6. / Ou tcrop of Neoge ne Ilaggy -i lty mudstonc at Cape Sugrobov. Hoffmann b land.
Photo: V. D. Dibner.

Attempts to find microfauna in the deposits at Ca pe Sugrobo v were fruitless. The broken shells
are probably remai ns of a littoral fauna and. hence. these Miocene deposits may have acc umulated
in an offsho re basin. the calcareous band s indicating a warm temperate cl imate.
3.7 QUATE R;o.;A RY - Y. D.

D1 B ~E R

With few exce ption!'>. flat. low-lying. ice- free pans of Franz Josef Land have a very thin co ver (up
1-2 m. occasio nally rnoret of late-Pleisroce ne and Holoce ne deposits. mostly forming marine
terraces tstrandlines ). Some glacia l deposits also occur. but they have almost entirely been deposited below sea leve l. The Quaternary deposi ts are composed of locally deriv ed material. as shown
by their angular to sub-angular shape and the close similarity bet ween thei r petrology and mincralogy and the underlying. pre-Qua rcmary rocks.
Three di vision s of Quate rnary deposits are recognised here: I ) upper Pleistocene glacial and
tluvioglacial drift (related to the la't stage of the co ntinental glacia tion of the arch ipelago). 2) marine deposits form ing Holoccne terrace s. 3) recent continental deposits.

(0

3.7.1 Up per Pleistocene glac ia l a nd Iluvioglacia l d rift
Among the oldest deposits recogn ised is glacial drift in the form of dru mlinoid features up to
15-20 m high. The y arc co mmo n in "Central Land" o n Alexandra Land and on the Armituge
Peninsula on the adjacent pan of Gco rgc Land. This glacial drift is cut by recent glac ier snouts and
post-Pleistocene terraces are cut into it. ..uggesting that it is relati vely old. as shown below. On
smoother plateaus which sho w no glacial ploughmarks. such as Cape Nansen and Cape Joh ansen
o n George Land. and the ca pes of Stolbovoi. Schmarda. Helier. Sugrobov and others. glacial drift
takes the fonn of sheets of till. Study of aerial photog raphs suggests that these are also widely
deve loped on the Armitagc Peninsula. southeast of the area with drumlinoid featu res.
The till mostly consists of broken -aones and blocks. generally almost ind istinguishable from products of frost weatherin g. hut a few well -rounded boulders up to 1.5 m in diameter also occur.
Hummocks a few metre s high. very charac teristic of ground morai ne. occur here and there. such as
in the middle of a glacial lake on Alexandra Land and on the Nansen Island plateau (Dibner &
Zagorskaya 195.J. Dibncr 1958 ). In "Central land" and at the west end of Alexandra Land (on
Cape Mar)' Harm sworth l. where the bedroc k is only basalt . boulders and coarse gravel of granitic
rock s. gneiss. quart zite. quanzitic sandstone and some do lomit ic limestone. are present. This material may have been transported from Upper Triassic-Liassic conglomerates found on the southeaste rn islands. Such a northwesterly direction for glacia l transport agrees well with the essentially
northwesterly trend of the drumli noids o n Alexandra Land. althoug h it cannot be ruled out that
so me of the drumlinoid.. are concea led doleriti c dykes on [he sa me trend . that have been smoot hed
by glacial ero sion. Northerly bou lder transport was determin ed on the easte rn margin of Frunz
Josef Land where the author sa" gravelly boulder clay. up to 3.0 m in apparent thickness. con-
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Fig, 3.7. / Van..ed glaciolacu...trine ...ilt, Hayes Island.
Photo: V.D. Dibncr,

•

.

•
•

•

tain ing boulders of quartzi tic
•
sandstone lying on the Neo•
•
gene deposits of Hoffmann Island. The boulders characteris tically co ntain garnets with a
very high refracti ve index .
which are otherw ise only
know n in the Liassic sandstone
on the cast end of Beeker Island. south of Hoffmann Island
(Dibncr 1962a). Another indi•
cation o f nort herly ice tra nsport
is the d iscovery of a gran itic
boulder by Payer (1876 ) on
the basalt of Cape Germany
(Rudo lf Island ) where it may
have been tran sport ed from
Uppe r Triassic-Liassic cong lomera tes kno wn only from the
area sout h of the ca pe.
As the d istributio n of erratics and the position of termi nal
mora ines suggests a relationship between glac ial drift and
the melting of the ice sheer
co vering the whole of the
archipelago. the author tentative ly co rrelates them with
the late-Sartan phase of the
ValdayanfZyryanka
Glacial
(= Weichselian), which has
so far only been identified binstratigraphically on the Kanin
Peninsula (Sam oi lovicb et al. 19'J2 J.
In Romamikov valley on Hayes Island . ~t. G . Groswal 'd and V.D. Dibner in 1957 observed
varved deposits being washed out o f the base o f a marine terrace (G rc swal ' d 1963) (see section
3.7.2). They were compose d of intercalated bl ue loam tabour 3 cm thick ) and light-orange sandy
loam (about 8 cm thick ). and had a total apparent thickness o f about 6 m (Fig. 3.7.1>. In some
places. these typ ical glaci olac ustrine deposits were observed on roches moutonnees of Upper
Triassic sandstone. They are disconformably overlain by a th in (0.2--0.3 m) sheet o f gravelly sand
with many mari ne mo lluscan she lls.

,..

3.7.2 Holoce ne marine deposits
The proposed Holocene age is based on recent opinions that the Holocene epoch began 16.000
years ago (Zubakov 1986) .

Upper terraces
In the western part o f Franz Josef Land. on the rock )" ca pes of such island s as Geo rge Land. Bell
and Mabel . above a set of well-defined lower terraces (sec below). Koeul itz ( 1899) reco rded
narrow platforms cut into the rock at heights o f 50 to 250 m above sea level. and so metimes di sappearing bene ath glacier ice. They were ot herw ise cove red by boulders and pebbles of local
roc ks. generally showing evidence of weathering. Seal and walrus bones were fou nd on the plut-
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Fig. 3.7.2 Terrace-like surface with patterned groun d developed by solitluction on a thin laye r of grave llyloamy deposits al an altitude of ISO-- HiO m on the Ca pe Sedo v plateau " PhOlO: A.N" Radygin.

forms. and Saxica va arn ica and ,\1.\"0 m mcald shells were observed on Ca pe Sedov at a height of
150--- 160 m (Fig. 3.7.2 ). These platform s are assumed to have been formed by mari ne erosion. in
common with plateaus up 10 95- 100 m above sea level on Hayes Island and Graham Bell Island .
Th ey. too . show no eviden ce of g laciat ion and. like any surface that is progressively rising from
sea level . they are relatively highly di ssected by radial fluv ial drainage .
A C- 14 age of around 7445 BP obtained from a 26 m high terrace in the lowe r co mplex (Grosward et al. 1973) ean be used as a basis for estimating the age o f these p latforms. When age estimates are bein g extrapolated for the upper terraces it should be reme mbered that. like comparable
terrace s in Sva lbard . these were ra ised from sea le vel 15-20 times faster than the lower terraces
with an age of 8000-7000 years . Isc static uplift of the arc hipelago to a height of about 100 m
abov e sea level would requ ire only 10.000- 11.000 years (Oroswal'd et al. 1973 ). Th e highest
(250 m) strandlines are believed to be no older than the Holocene (i.e. 16.000 yrs.).

Intermediate terra ces
In their surface features and the degr ee to \\ hich unconsoli dated material is preserved. terraces
eroded into the bedroc k 35-40 m above pre sent sea level are tran sitional betw een the upper and
lower sets of stra ndlin es. Occasional mollusc s (Table 3.7. 1) found there include As/o n e borealis
(Chem n.) var. placenta Morch.. Mya mmcalO L . M. arenaria L. Saxi cava arctica L. and Balanus
sp. Bones of sea ls and whales. ancient dri ftwood (unkno wn at higher levels). and partially di sintegrated algal peat were found on these terraces. Their faunal content and height allow s them to
be ass igned to the o nset o f the Atlan tic period c8()(x)-75oo yr.).
Lo.....er terraces
These terraces. situated betwe en 25-20 m and 5-3 m above present sea level. have also bee n cut
into the rock. Th ey have a well -preserved. thin cover of unconsclidated beach deposits. chiefly
sand . grav el and poorly ro unded stones of mi xed lithologies. and occasionally boulders and
pebbles of basalt and dolerite. Thi s materi al co ntains Iithoth amn ium . coqui na. marin e vertebrate
bones. driftwood . and lenses of algal peat and buried sea ice. as well as ice wedges. Beach rid ges
sometimes occ ur o n the slopes or edges o f the terrace scarps . In many places. lakes are ponded up
by these rid ges. and these were forme rly lagoons. The maximum thickn esse s. abo ut 5 m and o ver.
we re reco rded in rid ges at the edges o f the scarps.
The mo st cle arly exp ressed strand line in Fran z Josef Land is one at a height of 20-25 m. Its
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chiefly sandy deposits have yielded valves of Astarte borealis Chemn. f. typica Morch, Mya truncata var. uddevalensis Hancock and Saxicava arctica (L.) f. typica, sporadic gastropods tMaigarites (Pupillariat cinereus Couth.) and fragments of the loricae of Balanus sp. (Fig. 3.7.3). Partially preserved skeletons of Greenland whales have been found within and on the surface of this
strandline (Fig. 3.7.4). On Hooker Island, Groswal'd (1963) found a partly buried trunk of driftwood which gave a C-14 date of 7445 ± 135 BP. This driftwood, located 25 m above sea level on
the landward edge of the strandline at Cape Dundy, suggests that this strandline formed over a time
span of 1000-1500 years, i.e. 6000-~500 years ago (Groswal'd 1963).
A strandline 15-18 m above sea level has a thin (0.2-0.3 m) cover of sand with numerous shells
and pieces of ancient driftwood (Groswal'd 1963). This strandline often takes the form of a beach
ridge on the slope of the 20-25 m terrace. The shells consist of a mixed assemblage of invertebrates (18 species) including a preponderance of arctoboreal forms such as Balanus crenatus Brugniere, Natica clausa (Cryptonatica, Tectonatiea) Brod. et Sow., Polynites (Eispira) pollidus, Sipho
islandicus Chernn., Astarte borealis f. typica, A. borealis var. placenta Morch., Mya truncata (L.)
f. typica, Saxicava arctica (L.) f. typiea and S. arctica (L.) f. pholadis, essentially arctic species
such as Trophonopsis clathratus (L.), Musculus discrepans Gray, Astarte montagui (Dillw.) f.
typica Jensen., Buccinum groenlandicum (Chernn.), B. hydrophanum Hank. var. elata, B. glaciale
L., Neptunea borealis (Phill.) and Cyrtodaria curriana Dunk., and the high-Arctic species Serripes
groenlandicus (Chemn.). Whale bones are common on this strandline. On Hayes Island, the 15-18
m terrace is cut into roches mouttonees formed of Triassic sandstone and overlying varved deposits
(see section 3.7.1). A C-14 age of 5500 ± 235 BP. was obtained on algal peat on this strandline at
Cape Nagursky on Alexandra Land (Groswal'd et a1. 1964, 1973). This date suggests that the
strandline formed during the climatic optimum (5000-6000 years ago), as corroborated by the
faunal assemblage with its varied composition and abundance of arctoboreal invertebrates, which
contrasts greatly with the very poor fauna in the overlying intermediate and upper strandlines.
A terrace situated 8-10 m above sea level is known from such islands as Hooker, Hayes, Hall,
Graham Bell, Jackson, Luigi. Salisbury and Rudolf, but has. been best studied in the northern part
of "Central Land" on Alexandra Land. There, boulders and pebbles are mixed with red-brown clay
originating as an ancient, lateritic weathering crust of basalt (see section 3.5). In places, the terrace
is covered with algal peats, characterised by the development of patterned ground comprised of
quadrilaterally-shaped polygons.
The deposits of the 8-10 m strandline contain a sparse invertebrate fauna of mainly arctoborea1
and, less commonly, arctic character. On the coast of Dezhnev Bay (Alexandra Land), it consists
solely of Mya truncata L. and Saxicava arctica L. which, together with calcareous crusts of Lithothamnia algae, form a 0.2-0.4 m thick layer. Astarte borealis (Chemn.) var. placenta Morch
supplements these on the tombolo linking Rubini Rock to Hooker Island. Farther east on Hayes
Island. these species, which are very typical for Franz Josef Land terraces, are supplemented by
various arctic species of buccinurns, such as B. hydrophanum Hank. var. elata, B. glaciale L. f.
typica and B. tenue Gray: Neptunea borealis (Phill.) also belongs to this assemblage.
C-14 age determinations were made on two samples of driftwood from the surface of this 8-10
m strandline. The first sample. collected by VD. Dibner in 1956 from the south coast of Alexandra
Land (10 m above sea level), gave an age of 4250 ± 90 BP (Dibner 1961e). The second, taken by
L.S. Govorukha in 1960 from a 10 m high terrace on the northeast coast of Hayes Island yielded a
similar date of 4775 ± 135 BP (Groswa'Id et a1. 1961). The close similarity of the dates suggests
that it is valid to correlate the 8-10 m high strandlines on islands distant from each other in Franz
Josef Land. (This does not include an older terrace belonging to the intermediate complex, whose
isochronous surface inclines eastwards from Alexandra Land (35 m) to Graham Bell Island (5-8
m) (Groswal'd et al. 1973).) According to the Blitt-Sernander scheme, the period covered by these
radiocarbon dates is the subboreal interval, a relatively cold interval following the climatic optimum. and this is consistent with the arctic fauna recorded above.
A 3-5 m high strandline is occasionally found. Near Capes Schmarda and HelIer on Wilczek
Land, it is composed of sand, gravel and poorly rounded dolerite pebbles. The deposits also occur
on Cape Ostry Nos (Payer Island). Cape Pronosnoi (Bolshoi Komsomolsky Island), Yuzhny Oktyabryenok Island, and the Milovzorov skerries where there are 5 m high beach ridges. At Cape Pronosnoi, VD. Dibner collected a poor fauna of arctic and arctoboreal species, namely, Buccinum
glaciale L.. Astarte borealis (Chemn.) f. typica, Mya truncata (L.) f. typica and Neptunea borealis
(Phil1.).
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Driftwood from a 5 m high terrace o n the north coast of Dezbnev Bay. Ale xandra Land. yielded
a C- 14 age of 1550 ± 115 BP tVin ogrado v et al. 1966 ). corres ponding to the middle of the sub. niantic period.
Recent beach ridges and beac hes are composed o f boulders and pe bbles (locally only boulders.
Fig . 3.7.5). cobbles and . less co mmonly. sand and sill. and are dev e loped from the wa ter 's edge to
1.5- 2.5 m above sea level. Th is beac h is ..everal kilometres wide o n Graham Bell 1sland . The de pos its conta in an invert ebrate assem blage dom inated by arcrobo real forms such as Halanus bataI/IIS L.. B. cremll lls Brugniere. Puncturetta 1I (1C1C~'iIlCl (L. l. Margantes cinere us Couth.• Buccinum
irag itex G. Sarr, Natica clau sa Brod . et Sow.. Polvnites pallidus (Brad. et Sow.) . Sip/ill istandicus
C hemn.. Asta rte borea iis (Cbcmn.t f. typica. A. borealis (Cherrm.) var. placenta Morch.. A. COlIl tness« (L.) . Mya truncata L. f. tvpicu, Saxicava a rcticu fL.) f. tvp ica and S. arct ica (L.) f. pholadis.
They are acco mpa nied by essentially arctic species. nam ely. Trophonopsis clathrutrus (L.). Ptici fusus kreve ri IMol l.). Musculus discrepans tGray). ASlant' montaqui (Dillw.) f. typica Jensen and
A. montaqui ( Dillw.) var, wamami Lec he. A h igh-Arctic species. Serripes groenlandicus (C bemn.).
was also found . On the whole . this a..semblage sho w!'> an even greater di vers ity than that listed for
the 15- 18 m srrandli ne. However. the complete lack ofboreal species suggests that it is more co ldenduri ng .

3.7.3 Recent non-marine deposits
Gla cial drift is repre sented b)' lateral. median and . rela tively se ldom. termi nal moraines. as we ll as
ground mo raine .
Lateral and median moraines are form ed where land ice forms pronou nced ice streams. flowin g
slowly dow n ei ther side of a nunatak or cape from wh ich deb ris derived by wea thering falls to
form surfac e moraine . Such latera l moraines are pan icular ly we ll seen alo ngside the Yury Glaci er
on Hoo ker Island. where they ma rk recent stages of g lacier ret reat . Th e oldest morai ne there
( Yury- I stage in the scheme dev ised by P.A. Shum..ky (pers. co mm . 1950 )) is a 10 m high ridge
extend ing: onto the tom bolo link ing the Rubi ni Rock 10 the main part of Hooker Island and traceable alo ng the southern slope of the roc k. Other ice streams on Hooker Island also have similar
coastal and lateral moraines. Comparable features have also been observed on the islands of
Nansen. Brad y, Lulgi. Salisbury, Hall and others in the ce ntral part of Fran z Josef La nd. as well as
on wil czek Land . i.e. on island s with the most highly dissec ted bedroc k topography. Only a few
glaciers and se para te ice streams have termi nal and ground moraines. Ice streams are rimmed by
multiridged morainic ramparts co n..istin g of roc k debri s. clay and bloc ks. At Cape Vasili ev and
e lsewhere . the space betw een (he inner ed ge of the en d moraine complex and the glac ier front is
filled by random conical hum moc ks of grou nd mora ine which become more evident as thc ice
marg in is approached . They appear as the ice melts bac k beyond accumulatio ns of coarse ma teria l
in the subgfacial tunnels (Dibncr & Zagorskava IY5·H.
Recent tl uvioglacial material form.. outwash plains produced in summer by numerous strea ms
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Fig. 3.7.4 Whale skull partly buried in sandy
deposits of the beach ridge crowning the 25 m.
terrace on Alexandra Land. Photo: V.D. Dibner.

which repeated ly change their courses. The
streams pour down the ice sheets and glaciers and. on their way to the sea. wash out
and carry away material from rece nt and
older moraines. The author has observed
well-developed outwash plains on Alcxandra Land and thc Anni tage Peninsula.
where they are made up of sill with stones
and boulder s, as wcll as on the plateau of
Cape Sedov (Hooker Island ), the northern
pan of Nanscn Island, along the southeastern periphery of Hydrcgraphers Glacier
(Hayes Island ), and elsewhere.
Recent glacial and Iluvioglacial deposits are always related to simultaneously
forming lacustrine deposits left by running
water. These lakes and streams constitute
an incipient drainage system fed by me lting ice and snow. or merely snow. However. on Alexandra Land. the deposits do
not differ from the Iluvioglacial drift. In
late July or early August. when the spring flood dec lines. accumulation practically cease s. Stream s
become a number of separate. small lakes located in topog raphic depressions such as rills ahead of
the glacier sno uts. and filled with sill and clay. Most of these ephe meral lakes disappear in early
September. Thu s. o nly flood -plain deposits form here. fluvial deposits. characteristic of stable streams. being unknown in such location...
Alluvial deposits are laid do wn ~y streams on Graham Bell Island and Hayes Island and in
so me oth er similar locations where material o n gro und gradually rising from beneath sea level is
dissected by a network of numero us. relatively stable streams which deposit most alluvium in their
incipient deltas and foredeltas.
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Fig. 3.7.6 Sites where invertebrate fauna were collected on the lower terrace. 1 Alexandra Land, north coast,
2 Alexandra Land, south coast, 3 Cape Crowther, George Land, 4 Wmd Valley, Northbrook Island,
5 Tikhaya Bay, Hooker Island, 6 Cape Medvezhy, Hooker Island, 7 Alger Island, 8 Greely Bay, McClintock
Island, 9 Newcombe Island, 10 Hayes Island, northwest margin, 11 Cape Ostantsovy, Hayes Island,
12 southeast coast of Salisbury Island, 13 northeast coast of Hayes Island, 14 Cape Pronosnoi, Bolshoi
Komsomolsky Island, 15 Storm Bay, Wilczek Land, 16 Dowes Island. 17 Voronin land, Hoffmann Island,
18 Sugrobov land, Hoffmann Island, 19 Kholmisty Peninsula, Graham Bell Island.

Normal lacustrine sediments were found by L.S. Govorukha (Govorukha & Simonov 1965) on
the floor of ancient lagoons now separated from the sea and transformed into freshwater lakes on
the lower terraces. In particular, thin (under 0.5 m) silty and sandy sediment with sapropelic crusts
occurs on the floor of Lake Kosmicheskoe (where the Druzhnaya Observatory and its equipment
for studying the upper atmosphere was erected in 1957) on a 20 m high terrace at the northeast end
of Hayes Island. Govorukha assigned these freshwater (as suggested by diatoms) sediments to the
past 5000 years since they rest on a layer of barren deposits formed by ice-sheet melting during the
Atlantic optimum (6200-5300 years ago). Silty sand containing brackish water and marine diatoms
occurs at a greater depth. This sand was formed during earlier Atlantic stages, before the lagoon
became fresh water 8000--6200 years ago (Govorukha & Simonov 1965).
Mass-movement (debris) deposits consist of stony and blocky material derived from the destruction of basalt and dolerite and by sand and clay deriving from outcrops of Mesozoic sedimentary rocks. On slopes composed of basaltic Iavas or sills in the upper part and sedimentary rocks in
the lower part, these sediments form a steep, talus-covered scarp. On the surface, the talus is usually composed of basalt and dolerite fragments which frequently entirely conceal not only bedrock,
but also debris weathered from the sedimentary rocks. This has to be borne in mind when carrying
out geological mapping of the islands. Mass-movement deposits include coarse fan material accumulating in the lower parts of small hollows and gullies dissecting slopes of sedimentary rocks.
Block fields are mainly formed on basaltic and doleritic plateaus devoid of glacial and marine
deposits. They are composed of stony and blocky material mixed with gravel.
Eolian deposits are found here and there. On Graham Bell Island, even at minus 40°C, the feet
sink into quicksand which does not freeze entirely because of the permanent winnowing of sand
from the Vasiliev Formation. In summer, this process sometimes becomes strongly pronounced.
For instance, on a flight over Graham Bell Island in August 1953, a sandstorm with clouds of fine
sand and dust falling on the nearest glaciers was seen by A.N. Radygin (pers. comm. 1953).
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4. SEDIM ENTOLOGY
Brief data on the sed imeruolo gy of the Proterozoic and Carboniferous strata of Fran z Josef Land
were included in sections 3. 1 and 3.2. Th i.. chapter chiefly concerns the mineral and chemical co mposition and the sed imental')" struc tures of the Mesozoic strata. which are the most w idcspread and
best stud ied part of the Franz Josef Land success ion.

U S EDI~I ENTOI.O GY or TRIASSIC DF.POSITS RECORDED IN BOREII OI.ES E.N. PR EOBRAZII F.NSKAYA. D.V. SE RGF.EV & O.V. MOZHA EVA
Section 3.3. 1 dealt with the stratigraphy of the approximately 5000 m of Triussic rocks logged in
three borehole s. The rocks. were sho wn to be mostly terrigenous and 10 have originated through
cyclic deposition (f ig. 3.3.2 ). mostly in the Midd le 10 Upper Triassic. The lower parts of cycle s arc
composed of shallow-water mari ne deposits cons istent with the initial phase of a transgressio n.
The y co nsist of poo rly so rted. sihy to sandy rocks. argillaceous rocks (with an admixture of silty,
sandy and locally gravelly material ). and sed imentary breccia . Evidence of bict urbatio n. rolli ng
and slumping are co mmo n lFig. 4 . 1). Foss ils are represented by a mari ne fauna comprising ammc ncid s. bivalv es and forami nifers: remains of higher plants are uncommon. Authigenic minerals
are glaucon ite. pyrite and siderite.
.
The middle parts of cycles . represented by deepe r marine deposits. correspo nd with the main transgression phase . They mostly consist of mudsto ne and arglllaceo us siltstone. containing pyrite .
phosphatic nodules and iron..tone concretions. along with local. thin bands of biogenic limestone.

Fig. ./.1 Core fragments (natural size r of rocks belonging 10 the initial phase of transgression (lower pari of
the cycle ). I. Poo rly' sorted cia) e) sihstone v. iLh ..igns of rolling and bioturba tjon. passing into a unit of intercalaring siltstone and mudstone. Lpper Anisian. Hayes boreho le. depLh 3207.5 m. Polished section. 2. Poorly
sorted ctayey-sandy-sln y rocks ..bowing sign.. of small-scale slumping and e iorurbarion. Lower Ladinian.
Hayes borehote. depth .2536.6 m. Polished section. 3. Slumpin g structure..; turbulent lamination in siltstone.
Lower Ladinian. Hayes borehole. depth .2-UIO.6 m. Cure surface . 4. Vertica l and horizontal burrows made by
mud-feedi ng animal s in an undula ting. imerlensin g. poorly sorted mudsrone. siltstone and sandstone unit.
Lower Ladinian. Hayes borehole. depth n !i_l4 m. Core surface . 5. Slum ping structures and lenses of sandy
sed iment in clayey material. Lower Camian. Hayes borehcle . depth 14 13.7 m. Polished section. 6. Rock of
mixed clayey-silly-sandy compos ition v. ith rolling and bioturbation structures. Upper Camian. Sevcrnayu
borchole. de pth 1551 A m. Po lished section. 7. Slumping structures in a unit of undulating. inter1cnsing
clayey siltstonc and sandstone. Upper Camia n. Huyes borchole. depth 967.4 m. Polished section.
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The rocks display horizontal or lenticular-sinuous lamination. Fossils include arnmonoids. bivalves. echinoderms. forarninifers. o...tracods and algae.
The upper pans of cycles are co mposed of off...bore. lagoonal and lagoona l-continental. generally coal-bearing deposits. corresponding to a regressive phase of sedimentation. Fine cyclic interlayering of mudstonc. siltstone and sandstone. locally containing sedimentary breccia. is observed.
Carbonaceous rocks and coal lenses can be found. The rocks are well sorted. They display cross
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F i ll. 4.2 Sedimentary structures: horizontal, lenticular-sinuous and cross

lamination with elements of Ilaser bedding. typical of alternating roc ks in
the upper pan s of rhythms. 8 and 9 are upper Anisian from the Hayes
borebole, depths 3 19-1 and 3 193 m: 10. 11 and 13 are upper Camian from
the Sevemaya borebole. depths 1023 and 1022 m; 12 is upper Camian
from the Hayes borebole. depth 7~5 .9 m. Polished core. full size.

lam ination. lenticul ar-sinuous laminat io n. Ilaser lamination and. less commo nly. horizontal lamination (Fig . ~ .2) . Rare fossils inclu de blvalves and a few foraminifers. Carbonaceous phytoplankton. de trit us of hig he r plants, incl udin g leaves. are co mmon. Auth igenlc minerals are dominated by
titaniferous minerals (whic h ca nno t be identifi ed more precisely ). iron hydro xide (Iimo nite ) and
siderite.
Tran sgressive fades are mo stly deve loped in Middle Triassic first- and second-order cy cles, this
bei ng typical of ma rine successions . Regressive fad es are more common in Ca mia n cycles. T he
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Table 4.1 Average composition of clastics in the Triassic siltstone and sandstones,
given in percentages
Log

Severnaya
borehoIe

Age

No. of
samples

Clast comp.r
type sst.

Qtz

Fe ldspar

Camian

12

PoIymictic

31

20

5

44

Quartzo-

62

16

4

18

7

29

27

14

30

Lower
Ladinian

4

32

30

9

29

Anisian

4

·33

30

8

29

Camian

13

28

34

5

33

Upper
Ladinian

3

57

23

2

18

10

36

24

8

33

4

65

16

2

17

11

30

24

9

37

Upper
Anisian

8

29

26

10

34

Upper
Ladinian

8

69

16

2

13

Upper
Ladinian

Hayes
borehoIe
Lower
Ladinian

Nagurskaya
borehoIe

Mica

Rock
clasts

basal parts of sequences are most
marine, but their thickness is minimal. The upper
Camian consists of microcyclic lagoonal-continental
carbonaceous lithologies dominating.
The Norian cycle, formed during a weak
differs in character, the most marine deposits occurring in the middle-lower Norian.
About 75% of the Triassic terrigenous sequence in the boreholes is composed of argillaceous
rocks. Silty to sandy rocks account for
material increasing somewhat in the Severnaya borehole. Carbonate rocks amount to
and poorly sorted rocks of mixed composition,
chiefly sedimentary breccia and grit, total
the grit mainly occurring in the middle part of the
sequence.
Rocks of mixed composition occur at the base of large cycles. They are common in the lower
part of the Ladinian where the most poorly sorted varieties are encountered. The rocks are grey,
composed of clayey, silty and sandy material, and show a characteristic lenticular lamination and
evidence of sediment rolling. Terrigenous grains are poorly rounded. The deposits are mostly greywackes and contain considerable amounts of rock fragments, feldspar and quartz. Quartzo-feldspathic varieties are less common. The feldspar is chiefly acid plagioclase, and rock fragments are
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mainly composed of acid
and mica schist. The detritus contains up to 10% mica, which is
mostly biotite, sometimes
at the base of the Ladinian. A chaotic arrangement of mica
flakes is characteristic. The
deposits mainly consist of hydromica, chlorite amd small
amounts of mixed-layer minerals; kaolinite is present in the upper part of sequences. Carbonate
varieties containing up to 40%
magnesite of phytogenic origin are present. Characteristic are various co-existing
minerals, such as pyrite, siderite, glauconite, phosphate
and titaniferous minerals. Rocks
mixed composition are generally a few centimetres to a few
metres thick.
Siltstone and sandstone are
distributed, but mainly occur at the top of cycles of all
orders. They are most abundant in the upper part of the section. The grey, bluish-grey or buffishBoth massive and stratified rocks are present. The
grey rocks differ in degree of
latter are mostly cross-stratified or have discontinuous-sinuous stratification, but some have horizontal stratification. The stratification results from the uneven distribution of argillaceous and
carbonaceous material, carbonised plants, carbonate phytoplankton and mica. Graded bedding is
rare. Siltstone and sandstone are
poorly sortea. Siltstone, mixed silty-sandy rocks and finegrained sandstone are the most common lithologies. Medium- to coarse-grained sandstone only
occurs at the top of Ladinian, Carnian and Norian cycles. Detrital material shows practically no
rounding. The siltstones and sandstones are mostly greywackes, quartzo-feldspathic varieties only
occurring in the Ladinian (Table 4.1). The polymictic character of the silty-sandy rocks increases
eastwards. The detritus in these rocks contains quartz grains which are lath-like, acicular, wedgelike or lenticular in shape, i.e, typical erosion products of metamorphic schists. Feldspars are
dominated by acid plagioclase. Mica, mostly buff biotite or, less commonly, muscovite, occurs
throughout the section, locally forming sinuous-lenticular microlaminae up to 1 cm thick. Rock
fragments are dominated by acid effusives and various schists, but occasional fragments of intermediate and basic effusives also occur. The fragments are cemented with argillaceous or sometimes carbonate material. Secondary quartz cement is rarely observed. Argillaceous cement, acof the rock, fills pores and contact rims; in places the
counting for 3-30% (commonly 10-1
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Table 4.3 Comparison of clarkes and mean element contents based on X-ray spectrography and
flame photometry of Triassic sedimentary rocks (Hayes borehole)
- - -

Contents of elements (10-3 %)
Rocks

Ph

SI

U

Th

Rh

K

Na

1
12

0.7
0.8
0.6

11
7
4

2200
1314
965

1072
1496
1445

Mudstone
Siltstone
Sandstone
Terrig. carbo
rocks

(19/13)
(21/10)
(19/13)

1
0.9
0.7

10

0.3
0.3
0.2

(6/7)

0.9

16

0.2

0.9

6

1100

1277

Clarkes after
K. Tarkyan
K. Vedepol

Argill.
rocks
Sst.
Carbo
rock

2

30

0.7

"1

0.37
0.045

1.2
0.17

14
6

2660
1070

960
330

0.9

61

0.22

0.17

0.3

270

40

Argill.
rocks

2

45

0.32

l.l

20

2280

660

Clarkes after
A.P. Vinogradov

The first number in brackets shows the number of
sed by flame photometry.

by X-ray spectrography and the second those analy-

cement is of basal type. X-ray analysis shows
it consists chiefly of chlorite, hydromica and
kaolinite; montmorillonite was found
arenites. Carbonate cement, represented by
calcite or, less commonly, siderite, accounts
occasionally up to 50%, of the rock. Beds,
bands and laminae of siltstone and sandstone vary from a few millimetres to 10 m in thickness.
Some units (mainly silty-sandy) exceed 10 m in thickness.
Argillaceous rocks form an important part of the sequence and consist of dark grey and black
mud stone and claystone, generally more or
and grading into clayey siltstone. The content
of silty material varies from
up to
its uneven distribution being caused by frequent
sinuous-lenticular lamination which shows evidence of rolling and bioturbation. Sandy material
the sequence. Well-sorted mudstones with indistinct
(up to 5-7%) appears in the uppermost part
or horizontal bedding and a conchoidal
are less common. They occur in the Olenekian,
upper Ladinian and lower Carnian. Chlorite and
minerals constitute less than 0.005% of the
rock and the latter are principally hydromica and a little kaolinite, mixed-layer minerals, including
montmorillonite, only being present in Carnian and Norian strata. However, kaolinite is one of the
most common clay minerals in the Nagurskaya borehole (Table 4.2). Lower to Middle Triassic
argillaceous rocks are generally poor in carbonate. They contain some siliceous material, and pymaterial in organic remains and concretions.
rite is always present as both scattered and
Camian mudstones also contain siliceous material, but pyrite is muclJ.,less common. The content of
carbonaceous material increases upwards. Scattered glauconite is present throughout. The laminae,
beds and units of argillaceous rocks vary in thickness from fractions of a centimetre to tens of
metres. Units of intercalating mudstone and clayey siltstone may reach hundreds of metres in
thickness.
Terrigenous-carbonate rocks include siltstone and sandstone cemented with carbonate (calcite or
siderite), ironstone concretions and bands, and rocks containing calcareous phytoplankton. The
latter variety is most common. Scale-like, blue-green algae replaced by dark yellow argillaceous
magnesian siderite are present in all rock types, but are most common in siltstone, Hydrochloric
acid extraction indicates that the carbonate content related to phytoplankton varies from 7-30%,
usually around 15-17%.
The composition of accessory heavy minerals was studied in the silt fraction of siltstones and
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Table 4.4 Comparison of clarkes and mean element contents based on semi-quantitative X-ray spectrography of Triassic sedimentary rocks
Rocks

Name of
borehole

Ba

2

3

Content ofelements (IO~~3°lo)
Cu
Be
Ca

Cr

Co

Fe

Ga

Mg

Mo

Mn

Na

Ni

Pb

Sr

Ti

V

Zn

Zr

10

11

12

13

14

15

16

17

18

19

20

21

6065
1700
3781

0.7
0,4
0,4

159
138
135

4626
4750
4836

13
15
13

2
2
2

30
27
27

897
439
724

39
21
31

9
14
13

23
19
22

0.4
0.4
0.4

148
124
112

4864
4836
4506

12
11
9

1
2
2

31
30
27

935
453
722

88
15
19

7
II

8

27
29
26

4

5

6

7

8

9

Nagurskaya (91)* 212
Hayes (100)
62
Severnaya (55) "" 114

0.7
0.4
0.6

2467
614
1582

5
3
4

27
14
13

2
2
3

14780
8120
14145

3

Nagurskaya (37)
Hayes(55)
Severnaya (77)

200
70
95

0.7
0.5
0.5

2473
1234
1641

4
3
3

30
16
12

2
2
2

14864
7982
12285

3
I

2

6054
1664
2493

Nagurskaya
Hayes (35)
Severnaya (71 )

51
95

0.4
0.5

1280
2471

I

14
13

I

2

6200
8211

I
I

1114
1609

0.3
0.3

91
115

4400
4422

8
6

2
2

26
29

357
625

12

2

13

8
6

23
24

Terrigenous
carbonate
rocks

Nagurskaya
Hayes (35)
Severnaya (18)

58
126

0,4
0.6

4689
7385

2
2

II

I

2

9029
10000

I
I

1686
1769

0.5
0,4

200
192

4457
4846

8
7

I

12

2

33
33

307
569

19
13

12
6

21
25

Argillaceous rocks
SandstoneK.
Carbonate rocks

Clarkesafter
Tarkyan &
K. Videpol

58
1-9
1

0.3
0.01-0.09
0.01-0.09

2210
3910
30230

4.5
9
0.1-0.9 3.5

OA

960 6.8
330 0.2
400
2

2
0.7
0.9

30 460
2 150
6.1 40

13
2
2

9.5 16
1.6 22
2
I.

Argillaceous rocks

Clarkesafter
A. Vinogradov

80

0.3

2530

5.7

660 9.5

2

45

450

13

8

Mudstone

Siltstone

Sandstone

I

2

l.l

1.9
0.03
0.01

4720
980
380

1.9 1500
1.2 700
0,4 4700

10

2

3330

3

0.26
85
0.02 0.1-0.9
0.04
110

1340 0.2

67

20

+'

62
• 3

0"

'1
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Fig. 4.3 Diagram showing the environments under which Triassic sediments were formed. I normal salinity,
11 marine basins with incursions of fresh water, III brackish lagoons, IV freshwater basins, V saline marine
basins, VI potash-type lagoons, VII soda-type
I Alexaadra Land, 2 Graham Bell Island, 3 Hayes
Island, 4 Lower Triassic (I - Induan, 0 - Olenekian), 5 Middle Triassic (A - Anisian, L - Ladinian), 6 Upper
Triassic.

sandstones. A single heavy-mineral complex was established for the Triassic deposits in the three
boreholes, with two associations being predominant.
of mica, garnet and occasional chloritoid,
Firstly, there is a mica-garnet association
andalusite and kyanite. Probably related to
various kinds of metamorphic schists, this
association is widespread throughout the sequence. However, variations in the abundance of its
main components are observed, and the lower part (including the lower Ladinian) is dominated by
mica and the upper part by garnet.
Secondly, an apatite-tourmaline-zircon
is found, also containing minor rutile and
dominated by one or more of the main conmonazite. Different parts of the sequence are
stituents, which may have originated from the erosion of acid igneous rocks, as suggested by
effusives in the silty-sandy strata. Rare grains of
abundant acid plagioclases and fragments of
augite, hypersthene, aegirine, epidote and sphene are found throughout the sequence, together with
occasional fragments of intermediate and
effusives in the siltstones and sandstones, indicating that intermediate and acid igneous rocks were also present in the source area.
The authigenic heavy-mineral association includes magnesium-iron carbonates, siderite, pyrite,
limonite and titaniferous minerals (mixture of finely crystallise sphene, anatase and brookite with
leucoxene). The distribution of authigenic minerals through the sequence is a good indicator of
variations in the redox potential during the sedimentation of second-order cycles. The main indicators of variations in the redox potential are pyrite (reducing conditions), siderite (subreducing
conditions), and titaniferous minerals and iron hydroxides (oxidising conditions). Within the
cycles, authigenic index minerals define a gradual transition from reducing to oxidising conditions.
The sequence clearly exhibits a cyclic replacement (in ascending order) of pyrite by titaniferous
minerals (upper Anisian cycle), magnesium-iron carbonates by titaniferous minerals (lower Ladinian cycle), and pyrite and magnesium-iron carbonates by titaniferous minerals (upper Ladinian
cycle). The Upper Triassic shows evidence of rapidly shifting, rhythmic alternation of subreducing
(siderite) and oxidising (titaniferous minerals and iron hydroxides) conditions.
Semi-quantitative X-ray spectrography, wet chemistry for iron and sulphides, and X-ray powder
patterns for clay minerals were used to determine the chemistry of the Triassic deposits. X-ray
spectrography and flame photometry were used to determine U, Th, Rb, Pb, Sr, K and Na in specimens from the Hayes borehole.
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Abnormally high concentrations of individual elements were not found. Two groups of elements were recognised on the basis of ratios between mean concentrations and clarkes (Table 4.3).
In one group, comprising Ca, o, Fe, Ga, Mg, Ti, ze, Zr, Y, Pb, Sr, Th, Rb and K, the mean concentrations for all the rock types differ from clarkes by less than an order of magnitude. Mean
concentrations of a second group of elements, such as Ba, Be, Cu, Co, Mo, Mn, Ni, V, U, Na for
argillaceous rocks, also differ from clarkes by less than an order of magnitude, but exceed clarkes
by more than one order in sandy varieties, and exceed the clarkes of Co and Mn by two orders of
magnitude.
Comparison of mean concentrations for rock types (Table 4.4) allowed the recognition of a group
containing Ba, Be, Cr, Co, Fe, Ga,Mo, Pb, Ti, Zr, Y, Sr, U, Th and Na. The mean values for these
elements remain almost constant in different rock types, whereas the quantities of other elements
vary with the rock types. Ca and Mn enrich terrigenous carbonates, especially concretions. The
amounts of Cu, Mg, Ni, V, Zn, Rb and K substantially increase in fine-grained rocks. Appropriate
paired correlation coefficients are as high as 0.7-0.9. Cu, Mg, Ni and Ga show the greatest common genetic character with organic matter. In this case, paired correlation coefficients equal
0.4-0.6. Ca and Fe are noticeably associated with carbonate rocks. Sr and Mn are the most characteristic elements associated with calcite. Mn, V and Na usually accumulate in ferruginous
carbonates.
Substantial variations in chemical composition through the sequence or across the area were not
noted.
In general, variations in component ratios in reactive iron through the sequence suggest reducing and subreducing conditions in the Triassic strata in the boreholes. The most oxidising conditions were found in the Carnian rocks, where minimum concentrations of pyrite were only found
in a few samples.
The composition of complex, absorbed and nearly insoluble salts was studied in argillaceous
rocks to determine the palaeohydrochemical depositional conditions of these Triassic strata. The
results were plotted on the genetic
proposed for Mesozoic deposits by Gramberg (1973).
The ratio of the alkalies plotted on the diagram (Fig. 4.3) shows that all the points lie in the field of
normal saline water and saline marine basins. The concentrations of calcium and magnesium oxide
compounds in nearly insoluble salts also points to the marine character of the strata. The Induan,
Anisian (Hayes borehole), some of the upper Ladinian (Nagurskaya and Hayes boreholes), the
Carnian and early Norian rocks were formed in the most marine conditions (normal saline water).
As a rule, departure of salinity conditions from a normal salt content (salinity increase or, less
of cycles of one order or another. Lower Ladinian deposits,
commonly, decrease) occurs at the
which were entirely formed in saline marine basins, are an exception to this rule. Marine depositional conditions clearly prevailed over a greater thickness of strata in the Nagurskaya and Hayes
boreholes in contrast to the conditions indicated by the more arenaceous character of the log and
rarer finds of ammonoids in the Sevemaya borehole.
During the sedimentation, the redox potential for the MnO:MgO ratio (in the composition of nearly
insoluble salts) underwent variations similar to those just described concerning the distribution of
authigenic minerals and reactive iron. The lower portion of the sequence displays reducing and
subreducing conditions, replaced by suboxidising and oxidising conditions in second-order and
third-order cycles. The MnO:MgO ratio varies from 0.03 to 0.1, with 0.03-0.05 predominating.
The Anisian deposits in the Severnaya borehole, with values chiefly around 0.1-0.2, suggesting
purely oxidising conditions, are an exception. A transition towards oxidising conditions, with
MnO:MgO values rising to 0.15, occurred by the end of the early Ladinian. The upper part of the
sequence is characterised by sharp variations in MnO:MgO values (0.03-0.07 to 0.1-0.45),
suggesting frequently recurring reducing and oxidising conditions in late Ladinian and Late Triassic time. Oxidising conditions predominated in the later part of the period in the area where the
Hayes borehole is situated.
Similar lithologies, a common cyclic character and the same fossils and thicknesses throughout
the region suggest identical depositional environments for the Triassic sediments. Usually, the deposits were formed under the same environmental and tectonic conditions in a marine basin characterised by substantial subsidence and very high rates of sedimentation. Sedimentation at the end
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Fig. .J•.J Sandstone

with ripple marks.
wilczek Formation.
Cape Hansa area.
PhOlO: V.D. Dibner.

o f the Ani sian and in
the second half of
the Camian occu rred
in o ffshore shallow
water and under lag-

oon al -co ntine nta l
conditions. respecti vely. T he marine
character of the
Mid dle Triu ssic deposi ts becomes more ev iden t in the area betwee n the Sevemaya borehole and the Hayes and Nagurskaya boreholes. the volume o f sedimcnts formed under notm al salinity conditions. acco mpanied by a domi nance o f red ucing and subo xidis ing conditions. increasing . Th e irreg ularity in the
di stribution o f the sedi ments and the co ntent o f typ ical marine fauna increases in the process. Th e
area o f metamorp hic and ac id igneo us rocks unde rgoing eros ion may have bee n situated east-northeast of Franz Josef Land. as suggested by the co n..iderable coarsening and increasingly polymictic chara cter of the detrital material in the sedimems in the Sevem aya borehole compared with the
Hayes and Nagurskaya boreholes.
Periodic slumping caused by e xtreme rates o f basin floor downwarping occ urred fro m the
beginning o f the Ladinian .

4.2 SEDlMENTOLOGY OF EXPOSED li PPER TRIASSI C A1'o"D J URASSI C·
CRETACEOUS DEPOSITS - \".D. DIB~ER. \".K. RAZIN & z.z. RONKINA
Th is section is main ly based on materi al obtained durin g field work in 1953-1 957 and 1976 . and
o n the result s of laboratory investig ation s IDibner & Sedova 1959. Dibner 1960. 1961a. d. 1970.
1978. Dib ner & Shulgina 1960. Dibner et al. 19621. Microscopy of ce men ted sed imentary rock s
was chiefly carried OUt by Y. K. Razin who exa mined more than 500 thin sections. Abou t 60
minera logical analyses were made. primari ly of Uppe r Triassic and Lower Jurassic rock s. Sam ples
from collections mad e in 1953 and 1956 were anal ysed in the sedi mentologicallaboratory o f the
Institu te of Arctic Geology (NII GA J. Unfortunately. a mixed silty- psammitic frac tion (0.05--0.25
mm ) was exa mined there. Co nseq uently. when collections mad e in 1957 we re being studied. two
fractions. 0 .1--0.25 mm and 0.05--0. 1 mm . were anal ysed to obtain result s that could be compared
with the previous data. Grains were only calc ulated in the 0 .05--{). 1 mm fraction because the fine r
fraction usually contains only a small amount. and little variety. of terrigeno us minerals and has a
high co ntent of authigenic mineral... In \"ie" of the pecu liarities of the psamm itic fraction. the
authors considered it was poss ible to use data from the older analyses. With this aim in mind . the
authigenic minerals only had to be excluded from the sum of th~ lOO'k heavy-mineral fraction.
Th e light-mineral fractio n was determi ned by E.G. Yudovn y.
4.2.1 Lower Norian marine deposits at Cape Hansa
These deposits consist o f dark- gre y. crass-bedded silts rone with thin beds of silly limestone and
numerous calcareo us concretions. Locally. the sihstones show disti nct stratification. even foliation
and boudinage. Oc casional fo lding and dom ing of the Upper Triassic and yo unger beds has been
ca used by diapirism (sec tion 3.31. The o utcropping sediments are about 22 m thick . The cla stic
co mponent o f the siltstones (10-80Ck , is angular grains 1O.05--{). 1 mm). almost all o f which are
fragments of metamorphic rocks or weathered feld spar s. micas and ot her minera ls. Ca rbonised
frag men ts and argillaceous materi al also occur, defining a microlamination . Silico- argillaceous
cement con tains minute Hakes o f mica and chlorite. Authigc nic pyrite is the sole heav y mineral in
the sil tstones. amounting to as much a.. 3.50r.
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4.2.2 Upper Trtassic-Lcwer Jurassic offshore and continental deposits
Wilc::ek Formation (Upper Norian;
The wilczek Formatio n co nsists predominantly of sa ndstones and siltstones and becomes generally
coarser upwards. The clastic component of the sands and sandstones is almost purely siliceous
(SOo/!: q uartz and 15lff flint ]. Si liceo us cement (with so me carbonate cement) transforms the sandstones into quartzitic sands tones. Grits form 2--4 cm thick lent iculcs in the sandstone uppc nn ost in
the Wilczek Formation on the cast coast of Hayes Island. They arc composed of small quartz
pebbles. flints and other hard rocks cemented with fine-gra ined siliceous sandstone with a carbonate matr ix .
The sandstones arc fine gra ined to inequigranular, and inter layered sands are cross bedde d.
mainly siliceous and contain mica and coal dust ; rip ple mark s are occ asionally see n (Fig. 4.4). The
light-mineral fract ion is polymictic . The heavy-mineral fraction in the sandsto nes on Cape Hansa
and Cape Helier amounts ( 0 onl y hundredths of a percent. The rerrigenous co mponent mainly consists of leucoxene and titaniferous minerals. The heavy-mineral fraction in the upper part of the
formation (on the east coast of Hayes Island ) d iffers in co mposition. consisting of equal amounts
of c1 inopyro xene and ore minerals. plus garne t

vasiliev Formation (upper Norian-Rhaetia m
The Vasiliev Formation consists of a variety of lithologies. this being most evident in the midd le
port ion which is co mposed of a 50-60 m unit of varie gated deposits. The light-mineral fract ion of
the sands and sandstones is also polymicnc. The clastic port ion consists o f angular and. less co mmo nly. subrounded grains (0.15--0.5 mm ) of quartz. flint. acid plagioclase and ort hocla se. as well
as fragments of acid effusivc s. chloritised rocks. carbo naceous shale, mica schist. coal dust and so
on. At Cape Go risty on Champ Island and Cape Vasiliev on Wiener-Neustadr Island. quartz reaches
as much as 63- 85CK . In addition to psam mites. the formation contains occas ional bands and lenses
of silt. siltsto ne. mudstone and argillaceous limestone. and also mainly quartzitic grits and
co nglo merates. Coal seams appear in the upper part of the formation.
The varieg ated unit of the formatio n on Cape Goristy. and also some other localities (Haycs
Island. Cape Hofer on Wilczek Land. Gra ham Bell Island. etc.). co nsists of fine-grained siliceo us
sand intercalated with poorl y cemented grey. dark-grey. yellow, brown and bluish sandstoncs containin g a few seams of brown coa l and c ~ pt oc rys ta lli ne ironstone co ncretions (up to 5 cm across).
On Cape Goristy, Pirozniko v (1960 ) fo und intcrbeds (up to several deci metres thick) of poorl y
cemented. brown sa ndsto ne. 50CK of which consists of large. glistening mica flakes (bleached biotire ). the remainder being quartz. flint s. feldspar and a little very loose. argillaceous cement.
Macro scopica lly. the rock is almost indiscernibl e fro m slightly weathered mica schist. Onl y indi stinct cross lamination at an acu te angle ( 0 (he foliation (cleavage ). observed on fresh fractures.
sugges ts the sed imentary origin of the roc k. The co ntent of micas (biotite and muscovite) gradually
decreases eastwards to 1- 2'k on Graham Bell Island.
In samples from the islands of Cham p. Wiener-Neustadt. Salisbury and Hayes. the heavy-mine-
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Fig. 4,6 Sandstone loaf in the

vasihev Formation. central

pan of Hayes Island, PhOIO:
V D. Dibner,

ral fraction varies from a few
tenths of a percent to o ver
6.W , the terrigenous constituents being ore minerals (up
to 56.5%), epidote-zoisite
group minerals (up to 34%),
garnet (up to 23.5%), unidentifiable titaniferous minerals and leucoxene (up to
l ·t 7lf ). A large amount of
staurolite and. in a few sampies. biotite and ch lorite (up
to 4 1.9'K ) are also notable.
Samples from the islands of Wilczek Land. Graham Bell and Becker. however. differ from the
above in having a still lower heavy-mineral content (O.25- 1.75Ck) . In two samples from Wilczek
Land. the terrigenous minerals are mainly biotue and chlorite (6 1.2CK). ore minerals (3.65Ck).
zircon (up to l3.6'k) . garne t (up to 15.7ft). unidentifiable utaniferous minerals and leucoxene. In
the terrigenous suite of twelve samples from Grah am Bell Island. ore minerals (I5.0-59.6CK ).
garne t (9.5- 25.S'k ). unidentifiable ritaniferous mine rals. leucoxene (up to 67.2lf ) and zircon
( 1.2-11.0%) are the essential minerals. Examination of the heavy-mineral fraction of the conce ntrate produced by panning the sands of the Vasilie v Formation on Graham Bell Island showed
that ore minerals are represented by ilr nenite 136.81}). magnetite ( 1.5% ) and occasional fine octahedra of chromite.
The sandstones uppermost in the Va..ihe v Formation are cemented with inters titial. argillaceo us
or pure siliceous (opal"). materia llocally replaced b)' carbonate.
Concretions. in the form of numerou s pyritic nodules (up to 8 cm across). are com mon in the
variegated unit of the vasiliev Formati on (Fig. -t.5 ). With a few except ions. they are ball shaped .
They are buff on the surface . but fractures are a ..reel-grey co lour and show metallic lustre. The
co ncretions are composed of siliceous or ohg omict ic. inequigra nular (even gritty) sandstone, like
the remainder of the format ion. cemented with pyrite. and make up more than 50Ck of the nodules.
On expo sure surfaces. present-day h) pogeni c processes may be responsible for sulphatisation
through the weathering of pyrite . since concreuons are sometimes coated with fine acicules of selenite. and pyrite dispersed in the sand ha, "dovetails' of selenite on its surface.
Large (up to a few metres) sandstone loaves are co mmon in the psammites of the Vasilic v Formation (Fig. 4,6 ).

Tegetthoff Formation (tower Lias)
The Tegetthoff Formation consists of i ncq uigran u l ~ mainly siliceous sands and sandsto nes. The
sandstones generally have a carbonate cement. but in the occasional quartzitic sandstones it is siliceou s. Beds and thicker units of silrstone s and someti mes argillaceous limestones are present. and
here and there numerous interbed s of gravel. poorl y cemented cong lomera te and coal.
Cong lomera tes and grits form lenses and layers varying in thick ness from a few centimetres at
Cape Sedov to a few metres at Cape Tegenhotf . Eastwards . the clasts increase in size from 1- 2 up
to 5-8 cm and decrease in roundness. The psephucs at Cape Tegeuhoff are made up of pebbles of
quanzitic sandstoncs. flints. fine-grained quartzites and limestones. generally in a siliceous sandstone matrix,
Modal analyses show that the clast.. of the Tegenhoff Formation differ in co mposition from
place to place. The light-mineral fraction at Cape Sedov chie fly consists of q uartz (66-74lk ), acid
plagioclase ( 12.3- 18.5'k) and some o rthoclase (3.0·-6,6'k) and rock fragme nts (7.0-9.0'K).
At Cape Tegettboff the light-mineral fraction i.. dominated by q uartz. althou gh this amount s to
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Fig. 4. 7 Boulder of metamorphosed
Middle Devor uan c uuc ular leptobiolith
from the Vasiliev Form ation conglo merates. Kbolmisry Penin sula. Graham
Bell Island. Full size.

no more than 3 1.2-47.0% . Orth oc1ase accounts for 12.9- 25.0'k . significantl y exceeding plagioclase (6.06. 1'k) which. in addition to om niprese nt ac id plagioclasc. also includes
interm ediate and rare basic varieties.
Th e hea-.. y-m inera l fraction amounts
to O.98-3 .82'k . Th e terrigenous portio n is co mposed of ore minerals
(56.3--6 1.6'1:). zircon (9.6-10.2%).
garne t (8.4-9.8'k ). leuco xenc (4.88.MO and a few grai ns o f glaucophane. Authige nic minerals (4. 1-4.9Ck) are represented by pyrite
and limonite. Quart z accoun ts for -W.5-51 .5IK of the light-mineral fractio n in samples from Cape
Gal kovs ky. Orthoc lase 115.8- 19.6'kl and acid plagioclase (17 . 1-20.4<1- ) are almost equ al in
amount. The terrigenous port ion of the heavy- minera l fract ion (about O.6'K) is mainly composed of
garnet O I.5 -83.2'K). which differs stro ngly fro m that which is co mmon in the Upper Triassic and
Jurassic deposit s. Authigenic mine rals are rare or absent.
Petrography ofco nglome rate and g rit ill rile Wilc.::ek. vasitiev and Tegetthoff Formations
Quartz is sheared. crushed and shows undu lating extinction. and fissures are filled with ca lcite. Flint
pebb les co nsist o f minute granules of chalcedo ny showing a variable degree of crystallisation and
form ing spots that may be both cryptocrystalline and medi um grained. In places. the chalcedony. forming spherules up to 0 . 1 mm acro ...v. is acco mpanied by I mm long quart z grains with a parallelfibrous or fibre- radiated texture . The flin t cla sts sometimes resemble fine-grained quart zites. Some
flints in the Vasiliev Formation are coloured pinkish by finely dispersed haematite. They display
irregular acc umulations of minute argillaceo us mate rial co ntaining foliate chlorite as well as cryptocrys talline carbonate and scarce tourmaline . Some pebble s have ab undant . recrysta llised radio laria n
rema ins (0. 1-0.2 rnm l filled with spherules of chalcedony and quartz.. and also foraminiferal tests (?)
which are well defin ed in plane light as thin opaque outline s of clay particles . Crossed polars revea l
that the test wall is made up of microcrystals of chalcedo ny and qua rtz arranged parallel with its
surface. There are also elongate fragments. resembling bryozoans or sponge spicule s. filled with
extre mely fine-grained quart z gran ules. The flints are generally fractured. the fissures (0. 1- 1.5 mm
across) being li lled with micrccry tallin e quartz arra nged parallel with their walls. Loca lly. the
branchi ng and criss-c rossi ng q uartz treaks give the flints the appeara nce of grit.
Radiolarite cla sts consist of rounded remains of 50CK cbalccdo nised and silicified. uniden tifiab le radiolarians Iup to 0 .2 mm) embedded in an al most black silico- argillaceous mass. The rock is
bioge nic . Its parallel microtext ure rese mbles radiolaria n shale. Like the flints. the radiolarites are
traver sed by a netw ork of narrow fi-,s ures healed by microscopic (0.05 mm) grains of q uartz. Individual micrcc rystals and agg regates of pyri te are scattered throu ghout the rock .
Quartz ites are represented by }!:rey. dark-grey. pink and violet varietie s showing granobl astic.
sutured te xture. Quartz grains. 0 .1 to :!.O mm in size. have charac teristic. comp lexly jagged o utlines and und ulating ex tinctio n. In places. abunda nt argillaccous materi al. minute hydromicas and
cryptocry stalline carbonate occur at the boundaries between large grains. Like the quartz. the
q uartzites arc vel)' crushed and fi ......ured . the fissu res being filled with calcite. Rare fragments of
flint. spo radic grains of zircon. and an ad mixt ure of dispe rsed iron oxi des were found in quartzitic
pebb les fro m the variegated unit on Gruhum Bell Island.
QuartJ:itic sand sto ne clasts on Dawes Island and at Cape Hansa o n Wilczek Land have granoblastic texture . Q uartz grai ns lO. I-t1.3 mm ) are regene rated by recrystallisation of siliceous ce ment .
the outl ines o f the original grains being marke d by a thin line of cla y particles. or sometimes minute mica flakes. Rare zirco ns. as \\ ell as epidote. scapolite. biotlte. musco vite and chlorite have
bee n observed in quartzite and quanzitic sands tone pebbl es on Graham Bell Island.
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Fig. 4.8 Average mineral composition of heavy (A) and light (B) fractions (size 0.05-0.1 mm) of Mesozoic
deposits. Heavy-mineral fraction: 1 garnet 2 zircon. 3 apatite. 4 tourmaline, 5 sphene, 6 rutile, anatase,
brookite, 7 undifferentiated titaniferous minerals. leucoxene, 8 epidote, zoisite, 9 amphiboles, 10 pyroxenes,
11 spinel, 12 chloritoid, 13 biotite, chlorite, 14 staurolite, 15 kyanite, sillimanite, 16 ore minerals; authigenic
minerals: 17 pyrite, 18 iron hydroxides. 19 carbonates, 20 terrigenous portion of heavy-mineral fraction.
Light-mineral fraction: 21 quartz, 22 orthoclase, 23 plagioclase, 24 biotite, chlorite, muscovite, 25 quartz
aggregates, 26 weathered minerals and rock fragments.
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Shale clasts are covered by numerous minute hydromica flakes and transected by very narrow
veinlets of microcrystalline calcite and sometimes quartz.
Acid effusives are represented by only one thin section of amygdaloidal porphyry from Cape
Hofer. This is a porous, pinkish-grey rock. Its groundmass is partly micropoikilitic, partly microfelsitic and is generally indistinctly crystalline. It is composed of quartz and minute orthoclase and
albite crystals, as well as amphibole which is opalised or sometimes chloritised. Apatite and zircon
are accessories. Numerous rounded and ellipsoidal pores are filled with quartz and chlorite.
Feldspar clasts are represented by, scarce fragments of chessboard albite and microcline found
in the siliceous grits of the Vasiliev Formation on Hayes Island.
There are two varieties of limestone clasts. The first is microgranular limestone composed of
fibrous aggregates of calcite (lIp to 90-95%) showing fan-shaped extinction, and finely dispersed
clayey and silty material. Sporadic microcrystals of pyrite and grains of glauconite are present, as
well as minute sericite and chlorite flakes. The second variety is cryptocrystalline limestone. Its
groundmass consists of carbonate which is almost opaque in polarised light. Silt-sized grains of
quartz and authigenic pyrite locally fill microfissures and form rims on limonite. The groundmass
also contains abundant foraminiferal remains, encrusted with fine-grained calcite. They include
Parathurammina sp., Tuberitina collosa Reitl., Glomospira sp., Ammovertella aff. vaga Reitl.,
Schubertella sp., Tetrataxis sp., Globivalvulina sp. and single forms of large fusulinids from the
subfamily Fusulina Moell. The latter, as well as Schubertella sp., suggest the Middle Carboniferous (M.P. Solovieva, unpubl. manus.),
Coal clasts include a small boulder of coal (Fig. 4.7) found in 1953 in debris consisting mainly
of quartz and quartzitic conglomerates eroded from the variegated unit on Graham Bell Island
(Dibner 1957a, b). According to Korzhenevskaya (1957), this is a unique example of an ancient
pitch coal, namely, metamorphosed, cuticular leptobiolith, resembling a compact pitch-like variety
of Middle Devonian coal from the River Barzak area in the Kuznetsk Basin.
On the islands of Nansen and Pritcbeu, Spizharsky (1947),found thick beds of conglomerate in
continental, chiefly arenaceous, deposits (later assigned to the undifferentiated Upper TriassicLower Jurassic) overlain by basalts. Along with the usual quartz, quartzite, silicified rock and
limestone clasts, there are pebbles of granitoids, basalts and highly deformed metamorphic schists.
A few calcareous pebbles yielded brachiopods andmicrofossils of Carboniferous and Permian age
as well as rounded solitary corals (Spizharsky 1936a, b).
4.2.3 Middle to Upper Jurassic mariDe deposits
Aalenian
The petrography of this unit has mainly been studied in samples of dark-grey silt, siltstone and
mudstone from three localities on Hooker Island, the southeastern corner of Tikhaya Bay, the foot
of Mount Ciurlionis (upper Aalenian) and the north coast of the bay (undifferentiated Aalenian).
These deposits contain numerous marl nodules whose groundmass consists of calcite and scattered
aggregates of minute pyrite grains with ~ganic matter and is in part limonitised. The texture is
partly spherulitic, partly granoblastic. The clastic material was studied in immersion liquids, which
showed that the light-mineral fraction chiefly consists of quartz (64.8%), acid and intermediate
plagioclase (10.8% and 3.5%, respectively) and orthoclase (11.5%). The terrigenous portion of the
heavy-mineral fraction is almost completely composed of clinopyroxene (87.1%) with some ore
minerals (6.2%). Abundant, intact pelecypod shells, as well as large and small fragments of other
shells, are seen in the central parts of many concretions.
At Cape Flora on Northbrook Island, Nansen (1900) described numerous sandy-marly nodules,
up to 30 cm in diameter, which make up bands reaching 60 cm in thickness in Aalenian clay.
Bathonian
Details concerning the sedimentology are only known for lower Bathonian deposits exposed at
Cape Flora on Northbrook Island, and especially for the middle to upper Bathonian at Cape
Medvezhy on Hooker Island.
At Cape Flora, Koettlitz (1899) and Nansen (1900) described clay crammed with nodules and
fragments of sandy marl. The clay occurs above an 80 m high talus slope developed on Aalenian
beds. The nodules have dark-brown or black cores composed of calcium phosphate, carbonate and
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silica dust, as well as minor iron oxides and organic material. The outer part of the nodules consists
of fine-grained, compact, argillaceous, in places calcareous, sandstone containing muscovite
flakes, The nodules contain a partially pyritised fauna and some plant remains, The Bathonian deposits at Cape Medvezhy, on the coasts of Tikhaya and Yury bays, are greenish-grey, flaggy, clayey
siltstones (very sticky when soaked). Microscopy reveals a homogeneous, isotropic argillo-siliceous mass that is yellow or buff in translucent light and contains numerous, minute hydromica
flakes. Tiny, anhedral carbonate grains and minute pyrite nodules (up to 1.5 mm in diameter),
which may have formed around brown spots of organic matter, are scattered in the mass. Large (up
to 3-4 cm) crystals of gypsum grow where pyrite is most abundant, as the result of its sulphatisation on the exposed surface of the bedrock. Examination of silty material in immersion liquids
showed that basic plagioclase (up to 53%) and various weathered minerals and rock fragments
(33.0%) form most of the light-mineral fraction. The terrigenous portion of the heavy-mineral
fraction (which varies from 0.35 to 7.27%) usually consists 90-100% of clinopyroxene, but one
sample contains only 56.3% of clinopyroxene, and ore minerals (15.5%), zircon (12.1%) and epidote-zoisite group minerals (5.5%) are also common.
Large numbers of globular calcareous concretions (up to 30-40 cm across), generally containing animal fossils, are scattered through the Callovian mudstone. In appearance and composition they are scarcely distinguishable from the Aalenian concretions. They are transected by a network of fissures (up to 1 cm wide), usually forming hexagonal chambers 10-15 cm in diameter.
The fissures are filled with dark-grey calcite crystals growing from the walls to meet each other.
Geode-like cavities, partially or completely filled with light-green, slightly recrystallised calcite,
occur in the largest fissures between two lines of crystals. Hexagonal prisms formed by the calcite
streaks were described by Vlodavets (1934) from samples collected by Ivanov (1935). The concretions contain dispersed pyrite grains, which sometimes have gypsum crystals growing on their
surface. Inside the concretions, gypsum is less common in cavities and fissures.
At Cape Hofer on Wilczek Land, the uppermost Callovian and lower Oxfordian beds are exposed, represented by the so-called "brown
. According to Yu.A. Mikhailov (these and subsequent data on the mineralogy of Upper Jurassic and Neocomian deposits at Cape Hofer and Cape
Lamont on Wilczek Land are taken from Mikhailov et al. (unpubl. manus. 1977)), they are plastic,
fine-grained rocks composed of kaolinite
hydromica (30-35%) and mixed-layer minerals
(15-20%). They abound in half-moon shaped calcareous concretions with a cryptocrystalline
groundmass.
Oxfordian
The Oxfordian is best studied at Cape Hofer (this is also true of the Upper Jurassic rocks). The
lower Oxfordian is the upper part of the "brown day". The upper Oxfordian, Kimmeridgian and
lower-middle Volgian (Tithonian) are represented by a sequence often referred to as the "black
clay". It is dark-grey to almost black argillaceous silt composed of material that differs sharply in
composition from that in the underlying lower Oxfordian and Callovian. The pelitic fraction consists of three clay minerals, kaolinite (65-15%), hydromica (35-15%) and montmorillonite
(70-5%). Unlike the Callovian and lower Oxfordian deposits, ~xed-Iayer minerals are only encountered in occasional samples.
Kimmeridgian
The Kimmeridgian at Cape Hansa on Wilczek Land and on Berghaus Island consists of poorly
cemented, laminated siltstones which contain calcareous concretions at Cape Hansa and arenaceous limestone on Berghaus Island which fossil evidence suggests is partly coeval, partly younger. Macroscopically, the arenaceous limestones largely resemble sandstones. They are thinly to moderately platy, compact, dark-grey rocks. Microscopy reveals that calcite microcrystals, stained
yellowish and locally grey-brown probably by organic matter, account for 80-90% of the groundmass. This carbonate contains shell fragments and microfossil remains, as well as some terrigenous
and authigenic minerals, totalling 10-20% of the rock. Some specimens contain up to 50% clastic
grains and are transitional to sandstone with carbonate cement. These clastic components and fragments deriving from the siltstone at Cape Hansa were also examined in immersion liquids. Their
mineralogy is very similar. The light-mineral fraction is made up of quartz (26.0-47.5%), weathered minerals and rock fragments (3.0-41.7%) and feldspars, dominated by acid plagioclase. The
terrigenous portion of the heavy-mineral fraction (0.05-0.4%) is mainly composed of ore minerals
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(27.5-38.3%), clinopyroxene (7.9-23.6%), garnet (19.0-20.3%), leucoxene (12.4-13.3%), zircon
(5.5-9.2%), apatite (2.04-4.5%) and single grains of glaucophane. Authigenic minerals (13.414.9%) are mostly represented by pyrite, with a little siderite and limonite. Occasional grains of
glauconite were identified in thin sections (Dibner et al. 1962).
Volgian
At Cape Larnont, the lower Volgian part and the lower 50 m of the middle Volgian consist of a different facies, the so-called "dark sand", which is poorly sorted. This is especially true of its basal
part, which comprises a mixture of fractions ranging from clay (0.001 mm) to fine-grained sand
(0.2-0.315 mm). The light-mineral subfraction contains abundant fragments of fine-grained micaceous rocks (up to 50%), approximately equal amounts (15-20%) of quartz and feldspar and some
flakes of muscovite and biotite (up to 5%). The rock fragments are mainly angular. The heavymineral fraction contains garnet (10-20%), staurolite (1.7-5.4%), kyanite (0.2-1.9%) and glaucophane, suggesting erosion of a source area which, like in the Late Triassic, was composed of
strongly metamorphosed rocks. This is also suggested by varieties of micaceous sand which contain numerous platy and lenticular quartz grains, probably derived from gneiss or schist. Indeed,
the composition of the heavy-mineral fraction is identical with that of the Upper Triassic sand, except for the appearance of clastic barytes (0.2-5.5%).
Further up the middle Volgian is the relatively well-sorted "light sand", which forms beds of indurated, fine-grained, relatively well-sorted quartzo-feldspathic sandstone. The light-mineral fraction is dominated by angular fragments of feldspar, quartz and a zeolite-like mineral (laumontite?).
The heavy-mineral fraction differs from that of the underlying beds in having a high content of ore
minerals, approaching 45%.

4.2.4 Lower Cretaceous terrigenous strata
Only the Berriasian and Valanginian beds at Cape Lament have been studied petrographically.
Berriasian
At Cape Larnont, the Berriasian includes the uppermost part of the "light sands", which is rather
well sorted and markedly coarser than the lower part. The 0.200-0.160 mm and 0.160-0.100 mm
fractions total about 50%. The light-mineral fraction here is dominated by angular grains of quartz,
feldspar and laumontite. A higher content of ore minerals, about 50%, was recorded in the heavymineral fraction of the Berriasian sandy beds.
Berriasian-Valanginian
The Berriasian-Valanginian is represented by a variegated unit exposed at Cape Lamont, Cape
Fiume and Inaccessible Rocks and made up of moderately well-sorted, quartzo-feldspathic sands,
which are fine grained in the lower part and medium grained in the upper part. The fine-grained
sandstone is strongly dominated by the 0.200-0.160 mm (26%) and 0.160-0.100 mm fractions
(34%) along with some medium-grained sand and silt)' argillaceous material, 10% each. The
medium-grained sand contains about 40% of the 0.315-0.200 mm fraction, accompanied by an
appreciable amount of argillaceous material (about 20%). The light-mineral fractions of the two
types of sand are very similar in composition, being dominated by angular and subangular fragments of quartz, feldspar and laumontite(?). The heavy-mineral fraction has a predominance of ore
minerals (56-60%), and contains more staurolite (4.7-6.2%) and kyanite (3.4%), as well as single
grains of glaucophane. Two kinds of silty-clayey material are interlaminated with the sandstones.
Practically monomineralic clay consisting of 90% kaolinite occurs in the lower portion (beds 2-5,
2-3), whereas the upper portion has clayey material composed of kaolinite (60%) and montmorillonite (40%). A transitional variety consisting of kaolinite (85%) and montmorillonite (15%) occurs in the middle part of the unit. The mineral composition of the Valanginian clay differs from
that of the Kimmeridgian-Volgian and Callovian-Oxfordian in the lack of hydromica and mixed.
layer minerals, respectively.

4.2.5 Lower Cretaceous sedimentary-volcanic strata
Beds and partings of clay, calcareous and carbonaceous shales, brown coals, siltstones, sands,
sandstones, grits, as well as tuffites and tuffs separate Lower Cretaceous basaltic flows and sheets.
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, Ephemeral-stream type bedding
dipping predominantly eastwards.
Formation, central part of Hayes
Sketch by KF. Nevskaya from
L.p. Pirozhnikov.

Fig. 4.10 Cross-bedded sandstone units,
cemented with readily weathered argillaceous
material: beds dip west-southwestwards. These
units alternate with flat-lying layers of more
resistant sandstone. This erosional remnant is
about 3 m high. Vasiliev Formation, central part
of the Kholmisty Peninsula, Graham Bell
Island. Sketch
KF. Nevskaya from photo
by V.K Razin.

Fig. 4.11 Erosional remnant of
flat-bedded sandstones, central
part of Hayes Island. Sketch by
KF. Nevskaya from photo by
L.P. Pirozhnikov.

Berriasian-Barremian
Samples of thinly platy sandstone from beds separating basaltic sheets on Mount Ciurlionis and
Cape Medvezhy on Hooker Island and overlying and underlying a 2 mm parting of brown coal
were examined petrographically. They are fine- to medium-grained rocks with a psammitic texture.
Their clastic portion consists of subrounded and angular grains of quartz (90%), flints (5%), very
altered feldspars (5%) and sporadic garnets. The silty, fine-grained sandstone also contains minute
flakes of biotite and sericite, and a detritus of carbonised flora. The cement (30--40%) is interstitial,
and is carbonate containing cloudy. amorphous clots of organic matter, or silico-argillaceous replaced by limonite; it contains a few mica flakes. The sandstone includes very thin partings of
coal-clay, shale and brown coal (up to 2 mm). Two samples from the unit associated with the
brown coal were studied in immersion liquids. The light-mineral fraction is mostly composed of
zeolite (thomsonite) in one sample and of highly altered mica(?) in the other. The heavy-mineral
fraction totals 0.23-1.65%. Its terrigenous portion is chiefly clinopyroxene (74.2-82.2%). Authigenic minerals are iron hydroxides and pyrite.
According to Weber (1908), two basaltic sheets separated by polymictic sandstones and grits
(as suggested by drift), and also shale and brown coal, are exposed on a southeastern cape on
Hochstetter Island. A sample of grit housed in the Chernyshev Central Geological Museum was
microscoped by L.A. Chaika (unpubl. report). Small pebbles (up to 1.0 cm) of sericitised mudstone, hornfelsed sandstone, granite-porphyry with a highly sericitised felsic groundmass and
dolerite showing ophitic texture were identified.
Aptian-Albian
Carbonaceous siltstone containing coal seams at Cape Kavagli (Salisbury Island), and silty limestone found in weathered debris at the top of the uppermost bed on Alexandra Land, were examined in a microscope. The carbonaceous siltstone consisted of an opaque mass of highly decomposed detritus (70%) containing sand-sized and silt-sized grains of quartz, flints and plagioclase, as
well as fragments (up to 3-4 mm) of charred wood. Argillaceous material containing minute flakes
of mica was also present. The silty limestone is a very thinly laminated rock with a texture typical
for such sedimentary rocks, and consisting of irregular calcite grains (60%) showing radial or undulatory extinction along with angular quartz and some feldspar, as well as tiny flakes of biotite
and muscovite.
According to N.M. Krylova (Dibner & Krylova 1963), Barremian-Aptian and Aptian-Albian
coals, like Norian-Rhaetian coal in Franz Josef Land, are typical humic rocks, equivalent to the

107

brown coal stage. In composition. they are clarain and ultraclarain. Large fragments of yellowishbrown, platy sapropelite found on beach ridges on Scott-Keltie Island are the sole exception to this
rule. These may have derived from the nearest bedrocks of the sedimentary-effusive strata.
4.2.6 Upper Cretaceous

Cenomanian
On Hoffmann Island, the upper Cenomanian marine deposits are represented by upward-fining,
thickly flaggy, quartzitic sandstone overlain by semi-consolidated siltstone, totalling 35 m in apparent thickness. The sandstone has a granoblastic texture and mainly consists of quartz (85-95%)
and flints which have a jagged outline and are almost adjoined; they have mostly been regenerated
at the expense of the siliceous cement. The clastic portion also includes twinned feldspars (1-2%)
and large calcites. Tiny calcite and siderite grains fill interstices in the rock. Rare flakes of muscovite and biotite and numerous minute grains of haematite occur in the cement, which consists of
aggregates of minute mica flakes and quartz grains mixed with opaque argillaceous matter.
Examination of the clastic material in immersion liquids showed that the terrigenous portion of the
heavy-mineral fraction (0.23%) chiefly consists of leucoxene and unidentifiable titaniferous minerals, tourmaline, zircon and rutile. Pyrite is almost the only authigenic mineral.
4.2.7 Types of stratification - V.D. Dibner, Yu.A. Mikhailov
Two types of stratification. horizontal and cross bedding have been recognised. Cross bedding is
almost confined to the mainly continental deposits. Two varieties occur. The first is characterised
by an alternation of sandstones that have a similar granulometric composition and do not differ
greatly in thickness. These sandstones, with steep foreset beds, may have been deposited in alluvial
fans by ephemeral streams in an arid region (Fig. 4.9). This type of bedding is mostly recorded in
the variegated deposits of the Vasiliev Formation. In the second type (Fig. 4.10), the cross beds are
less steep and the material is more coarse grained and relatively loosely cemented and the cross
beds alternate with thin, flat beds of fine-grained, well-cemented sediment, the cementation being a
result of the concentration of solutions above dense, argillaceous impermeable rocks.
The limited data available show that the cross beds in the Vasiliev Formation dip: (i) westsouthwestwards (the northern part of Graham Bell Island and at Cape Hofer on the southwest end
of Wilczek Land), (ii) eastwards (in central and western parts of Hayes Island and on Cape Vasiliev
on Wiener Neustadt Island), and (iii) westwards (the western part of Hayes Island).
The lower and upper parts of the Vasiliev Formation and the Wilczek and Tegetthoff Formations
are typically flat bedded. The coarseness of these deposits (Fig. 4.11) suggests that these units may
have been deposited in relatively small lakes occupying depressions. Cross-bedded deposits of
alluvial fans may have accumulated around the periphery of the depressions. Horizontal bedding
probably of the same origin is also characteristic of Lower Cretaceous continental (interbasaltic)
deposits. Marine deposits, such as the Kimmeridgian and younger beds on Berghaus Island (Fig.
3.4.10), are generally flat bedded.
Three types of stratification, namely, horizontal lamination, "ribbon" horizontal lamination and
lenticular-sinuous bedding are exhibited by the Callovian and Upper Jurassic deposits at Cape
Hofer and Cape Lamont. Horizontal lamination with 1-3 mm thick laminae is typical for the argillaceous siltstones of the Callovian-middle Volgian "black clays". The lamination is responsible for
the foliate appearance of the deposits. Ribbon horizontal lamination with laminae ranging in thickness from 0.5 to 2.5 cm is formed by rapid interstratification of sands and clayey silts. The boundaries of the laminae are sharply defined, straight and slightly sinuous. Such lamination is displayed
by the early to middle Volgian "dark sands" and by sands deposited in the lower parts of sedimentary cycles in the middle Volgian-Berriasian "light sands". Lenticular-sinuous bedding with 0.5 to
1.5 m thick beds occurs in the upper parts of cycles in the Berriasian deposits. The boundaries of
the beds are outlined by lenticular accumulations of gravel and pebbles. Similar bedding was observed in the upper part of the "yellow sands", assigned to the Upper Triassic.
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5. PLATEAU-BASALT I\IAGi\lATISi\I
The Me sozoic-Ce nozoic platea u basalis of Franz Josef Land are pan of the trans-Arctic plateaubasalt belt first recognised by V.D. Dib ner and A.V. Zimkin (Atlaso v & Dibner 1969. Atlasov Cl al.
1970a. b). The belt em braces a numbe r o f Arctic and subarctic regions and stretches through the
Polar Basin from the North Atlantic to the Northwest Pacific. It includes numerous terrancs of
basic effusive s and associated hypabyssal intrusions. The basalt s are now expo sed on the ancie nt
and young platforms of Gree nland. the Nort h Atlant ic Caledonides and the northern pan of the
Baren rs Shelf plate. and in the Pacific segment they occ ur in the Palaeogene of the O khOISkChukchi volca nic belt. where basic magmas occ ur in the central massifs of north eastern Asia. as
well as in the Mioc ene-Pliocene vo lcanic bell in the De Long Islands and northwest of Wrangel
Island (Gel man & Bely 1963. Kosko 198·h
The follow ing is an acco unt of the petrograph y of the effusives and tuffs of the Lower Cretaceous sedim entary-vo lcan ic seq uence Isheets and a ..hicld subvo lcano ). the stratigraphy of which is
presented in section 3.5. the geology and petrography of the hypabyssal intru sions. the gcoc hemistry of the plateau-basalt associat ion. the magnetic properties of the bas ic igneous rock s. and the
K-Ar geochronology of thc basic magmarism.
5. 1 PETRO GRAPHY OF BASALTI C S HEETS - B.1. TEST
Th is sect ion is based on the petrographic stud) of sam ples collected by VD. Dibne r, L.P. Pirozhnikov and V.K. Razin in 1953. 1956 and 1957 Isamp le numbers from the collections madc in 1956
and 1957 are asterisked j.
The basalts of Franz Josef Land are relatively monotonous in mineralogical composition. comprising olivine basa lis with 6- 12lk olivi ne. and rocks containing significantly less clivine. for convenience referred to as olivine-free basalis. However, the rocks sho w a variety of texture s. depend ing on the degree o f crystallinity relative to glass and varia tions in petrofabrics. For instance . the
author (Test 1937) has earlier recognised a rare inrersertal texture in basa ltic sheets. a very large
gro up of basalis showing tboleiiric texture s ti.e. where glass is distributed more or less evenly in
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the rock) and differing in the presence or absence of microlites and phenocrysts in the glass, and
vitreous textures also differing in the presence or absence of microlites in the glass, or in other
features of the petrofabric. The position in the sheet where the basalt crystallised determines which
variety of basalt forms. For example. the upper parts of sheets and thin (2-3 m) sheets acquire an
amygdaloidal texture and were distinguished by the author as amygdaloidal basalt (Test 1937). The
lowermost part of sheets contains feldspathic hyalobasalt, rich in glass.

5.1.1 Olivine-free basalt
Macroscopically, this is dark grey or brown, locally almost black, fine grained or sometimes
medium grained, in places displaying plagioclase phenocrysts which are locally fawn coloured.
Three generations of plagioclase, two, or very rarely three, generations of clinopyroxene, less
commonly orthopyroxene, two generations of ore minerals, an insignificant amount of olivine,
smoky glass replaced by palagonite, apatite and secondary minerals are recognised.
The first-generation plagioclase consists of separate prismatic or tabular phenocrysts, or, more
commonly, glomeroporphyritic aggregates of a few or many crystals. It is rather evenly scattered
through the rock, usually reaching 10-15%, up to 25-35%. The phenocrysts occur in two sizes:
0.5 x 1.5 mm and 0.5-0.8 x 3.5 mm. In some cases, prismatic crystals are as long as 8.0 mm.
Zoned plagioclases are common; fused grains are less common. The plagioclase is mainly fresh,
but is occasionally zeolitised. Tiny inclusions of ore minerals and buff, mica-like palagonite are
common, and occasional examples of smoky, vitreous material can be observed along cracks. The
plagioclase phenocrysts are labradorite-bytownite in composition.
Second-generation plagioclase helps to form the groundmass. It consists of small, euhedral
laths forming thin multiple twins, 0.1-0.5 mm up to 0.5-1.0 mm in size, and randomly scattered
microlites. It is fresh, except for a few cases where palagoniteis observed along cleavage cracks.
Plagioclase laths are commonly included in pyroxenes and ore minerals, and less commonly in
olivines. This groundmass plagioclase is generally labradorite, rarely labradorite-bytownite.
Third-generation plagioclase consists of very narrow microlites of quite fresh plagioclase enclosed in glass. Their composition is Anm--.45 (symmetrical maximum extinction angles 20-24°).
However, microlites of more acid plagioclase are probably present since refractive indices are
sometimes less than that of Canada balsam.
First-generation clinopyroxene consists of phenocrysts which are less common than those of
plagioclase. They form large, isometric crystals up to 3.0 mm across. Locally, they form simple
twins or intergrowths of several grains, rarely together with plagioclase phenocrysts. The pyroxene
is fresh, mostly colourless, but occasionally fawn or greenish-yellow. It sometimes contains poikilitic inclusions comprised of plagioclase laths. Inclusions of tiny pseudomorphs after olivine, or
minute grains of magnetite, are rarely seen at the edges of pyroxene grains. Magnetite grains sometimes overgrow clinopyroxene. Phenocrystic pyroxene is enstatite-augite.
Second-generation clinopyroxene, along with plagioclase, is a substantial constituent of the
groundmass. It forms fresh, anhedral grains, 0.05-0.1 mm up to 0.4 mm in size, filling interstices
between plagioclase laths, and generally contains poikilitic inclusions of lath-shaped plagioclase.
Second-generation clinopyroxene is usually slightly buff-coloured or, less commonly, slightly
pinkish.
Third-generation clinopyroxene is much less common than third-generation plagioclase. It
forms very minute, optically unidentifiable, anhedral, sometimes acicular, fresh lilac-tinged grains.
The colour suggests that the pyroxene is rich in iron and titanium.
Orthopyroxene is rare. Vlodavets (1934) described hypersthene phenocrysts that were reabsorbed along their margins. He determined the 2V of two crystals as -54° and -55°, and they
had an anomalous extinction angle (CNg) of 6°. Hypersthene phenocrysts are mainly rimmed by
numerous minute grains of clinopyroxene with a low axial angle and positive sign, suggesting
enstatite-augite. The author found a little orthopyroxene in thin sections from sheets at Cape
Medvezhy (thin sections 431s, t, f) and on Scott-Keltie Island (thin sections 289a, b) occurring as
prismatic, sometimes short prismatic or isometric crystals, up to 0.5-1.2 mm long and 0.1-0.4 mm
wide. Poor pleochroism is observed in places. Extinction is straight, rarely up to 2-3°. Rims of tiny
clinopyroxenes are sometimes seen on orthopyroxenes (thin sections 289a*, 431c and 1088e, the
last one from a sheet exposed north of Inaccessible Rocks on Salisbury Island). Single crystals of
plagioclase are locally observed in orthopyroxene phenocrysts.
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Measurements of orthopyroxene made by M.A. Krutoyarsky (unpubl. manus.) on a Fedorov
universal stage indicate enstatite (CNg = 0-2°, 2V = +62 to +66°) and bronzite (CNg = 0-2°,
2V =-80°).
In most of the samples examined, olivine occurs as rare relict grains almost completely replaced
by green or buff palagonite which is always anisotropic; calcite and dolomite occur together along
cracks in the palagonite pseudomorphs, sometimes in the centre of grains. Separate, fresh colourless grains of olivine are less common. Optic axial angles of olivine obtained on a Fedorov stage
vary as follows: 2V =+76 to +90°, Ng - Np = 1.715 - 1.720.
Two generations of ore minerals occur, probably magnetite and titanomagnetite. The first-generation grains are anhedral, or sometimes irregular-rectangular crystals and growths in the groundmass. Pyroxene and plagioclase contain ore minerals as rare isolated grains and ore minerals very
rarely form phenocrysts. Second-generation ore minerals are skeletal crystals, narrow needles and
dust in the hyaline groundmass.
Glass filling interstices between mineral grains in the groundmass and making up the groundmass itself is either smoky, or almost colourless, and shows incipient crystallisation. It is often
packed with ore dust and micro lites of other minerals, locally becoming almost black, and has a refractive index that is less than that of Canada balsam, or is buff, almost opaque, and has a refractive index in excess of Canada balsam. The glass is frequently replaced by palagonite, which occurs as separate spots or veinlets. Palagonite also forms pseudomorphs after olivine, sometimes
replaces augite and plagioclase, and makes up most amygdules.
Apatite occurs as long needles in the groundmass and rarely as hexagonal, isotropic grains. It is
found where the rock is most completely crystallised. Zeolite (analcite) forms rare aggregates in
the vitreous groundmass. Minute (0.01 mm), rounded grains of xenolithic quartz, included in the
magma during its passage through quartz-bearing sediments, occur extremely rarely (thin section
431c from Cape Medvezhy).

5,1.2 Olivine b a s a l t .
Unlike the basalt described in section 5.1.1, olivine basalt (Figs. 5.2 & 5.3) contains an essential
amount of olivine. Test (1937) and Lupanova (1953) recognised basalts whose olivine content
locally reached as much as 6-12% (the islands of Scou-Keltie, Nansen and Hooker). Similar percentages were found in samples subsequently collected by V.D. Dibner and coworkers on the
islands of Scott-Keltie, Hooker (Mount Ciurlionis) and Rudolf (Cape Saulen). Most of these
samples (thin sections 295a*, 312A*. 312B*, 279* and 303*) contain insignificant amounts of
glass, with olivine almost completely replaced by palagonite, or even with complete pseudomorphs
of palagonite after olivine. Olivine basalt containing a great quantity of glass and showing polyintersertal and vitreous textures in the groundmass was also found (thin section 277* from Mount
Ciurlionis). Olivine is almost completely replaced. As mentioned above, the olivine and olivinefree basalts show the same textures (Test 1937) and therefore crystallised in similar environments
(Fig. 5.2:3).
Petrographic studies have shown that the basaltic sheets of Franz Josef Land display a relatively
constant composition and, in some measure, a symmetrical structure across a sheet, as noted earlier
(Test 1937). Thus, the central parts of a sheet are composed of the most crystallised olivine-free
basalts and, less commonly, olivine basalts which have intersertal and tholeiitic textures whose
interrelationships are uncertain. Towards the upper and lower contacts, these basalts are replaced
by increasingly vitreous varieties. Hence, the upper parts of a sheet, composed of very porous
basaltic amygdaloidal rocks, show hyalopilitic and vitreous textures in the groundmass. The
scoriaceous margins of basaltic sheets contain, along with the usual amygdules, large aggregates of
calcite and geodes (up to 20-30 cm) filled with siliceous minerals and calcite which formed during
the final stages of the cooling of the sheet (Figs. 5.3 & 5.4); large aggregates of chalcedony with
plant remains are the latest of these.
Siliceous sinter found on the surface of the upper sheet on Alexandra Land (thin sections 28d,
37 and 38) and in basaltic debris at the foot of Mount Ciurlionis on Hooker Island (thin sections
272b, 247b) is comagmatic and, probably, coeval. The sinter is a porous, orange-coloured rock
composed of almost isotropic opal slightly stained with iron hydroxides and containing a few clay
particles. Hyalobasalts, with hyalopilitic, or sometimes hyalo-ophitic and hyaline, groundmass textures, are observed at the lower boundary which is in contact with sediments and basaltic tuff.
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Fig. 5.2 Phoromicrographs of basalis. I

well-crystallised basalt with a rounded fragment of volcanic glass (typical of tholciites)
from the upper sheet on the Ciurl ionis plateau. Hooker Island: thin section 278 (1957). x
16. plane light: 2 porphyritic-like hyalobasail ·from the base of a thick sheet in the
Cape Kavagli area. Salisbury Island. thin
section 1089a (1957). x 28. plain light: 3
fine-grained olivine-bearing dolerite from a
sill intruded between basaltic sheets which
fonn Scott-Kehie Island. thin section 295a
(1957). x 28. plain light.

Most basaltic sheets have porph yritic.
or locally glomeroporphyritic. text ures
with basic plagioclase (lab radorite-bytownite j and cli ncpyroxene rensta-ute-uugne. augite). typical of basalt. large amount s of ore minerals (magnetite and tiranoma gnetite ) are found. and also locally olivine and. in many samples.
orthopyroxene ten stame. bronzite j. Palagonite often replaces glass in patches. spots and veinlets.
It also generally replaces olivi ne and so metimes augite and plagioclase. makes up most of the
amygd ules and fills interstices between any minerals.
The Nagurskaya borehole on Alexandra Land (drilled through the grabe n that crosses the island
as an extension of the Dezhenev Bay channel) passed through a 400 m thickness of the sedi mentary-volcanic sequence. the upper volcanic sheets of which co nsist of zeolitised. subalkalinc
trachyande site basalt (Pivkareva & Kovaleva 1975).

Contact metamorphic effects
According to Spizharsky (1 9~ 1). Lupanova ( 953) and Dibner (1970 ). the thermal e ffect of the
basalt sheets o n the under lying rocks can be seen to a depth of 0.2--0.4 m. The strongest alteratio n
is observed in clays. which not onf become very compact and acquire a dark red or violet colo ur,
but locally turn into thinly schistosc shale which conta ins fine balls of buff glass and is transected
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Fig. 5.3 Hydrothermal minerals from the top of a basaltic sheet: sinter forms of opal on the left. chalcedony
on the right. Central land on Alexandra Land ( 1956 1.

Fig. 5.4 Geode with opal. rock crystal and calcite from
the amygdaloidal margin of a basaltic sheet Cape
Khromt sov, George Land ( 1953).

by the finest veinlets of calci te. Psammites and pse phites are also substantially contact metamo rphosed (to O.2-OA m ). and coal is graphirised o r turned 10 as h.

5.2 SIIIELD SUBVOLCAI'iOES
5.2.1 1naccessible Rocks - A.S. Tarakhovsky
A subvolcano is located on the southwest slope of Inaccess ible Roc ks o n Salisb ury Island w here it
was di scovered and studied by the au tho r in 1980 (A.N. Tarakho vsky, unpubl. manus.). It is a
shield -type edific e exposed in a cliff for 8 km. lis hei ght vari es from 25 m in the southe ast to
190 m 3.5 km away. in the centre (locality IM I.
The volcanic edifice overlies an eroded surface of sandstone s an d shal es . rounded lava tongues
a pparently having flowed int o depression s in an o ld. rugg ed topo gra ph y. Pockets of calcite contaminated wi th buff iron ox ide s. loc all y with
se mi -transparent calci te (up to 0.5-0.6 m
acros s ). occur in the basal part of the vo lcanic
roc ks .
Most of the edifice cons ists of chilled. vitreous. lava brecci a. It co ntai ns clas ts of bas alt.
particularly in the lower part . which vary in
texture and degree of crys tallisation and
amount to 3O--4{)Ck of the vol ume . They vary in
size fro m a few ce ntimetres up to at least 3 m.
and are mostly rou nded and fused. The number
of xenoliths decrease s upwards. The basalt forming the clasts is mostly amygdaloida l and is
olivine-pyroxene plagiophyric. pyroxene plagi ophy ric or pla giop hyric in co mpositio n. Th e
texture is similar to that o f the gro und mass of
the basalti c sheets de scri bed in section 5. 1.
Th e lava cementing the clasts co nsists of
dark-buff glass containing intact crystals and
fragmen ts o f crystals of plagiocl ase an d cl ino-
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Fig. 5.5 Vitreous lava cementing lava breccia: rounded fragments of quanz and plagioclase in calcitehealed fissures. Thin section 162 ( 1980 ). plain light.
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pyroxene. ro unded and irreg ular frag men ts of basic rocks. and lumps of glass distingu ished from
ce me nting glass by a lighter or dark er colouring. The whole rock is transected by fissures hea led
with calcite. Rounded frag ments of quartz. plagiocl ase and o rthocl ase are co mmon in the fissures
(Figs. 5.5 & 5.6) .
Further up. ridge-like flow s up to 50-70 m long. 3-5 m wide and 2.5-4.0 m high ca n be recognised . Th ey consist of basa lt. similar to that forming the clasts at the base . Th ese flows common ly
sho w fragmentary prismatic or sharp-edged joiming . Small lumps of lava are see n at their base.
whic h othe rw ise consists of volc anic glass. The flows may ha ve pou red out along wide rents in the
xeno lithic 103\"03 wh ich had still not ch illed . Basaltic bom bs and lap illi occur in the lava. Pancakeshaped to ball-shaped bombs vary in size fro m a few ce ntimetres to 1.0 ID across. They exhi bit a
d istinc t amygdaloi da l texture. Whe re the 103\"03 co ntains no bombs or xenol iths, it is bro ken into flat
slabs with subparal lel sides. Fragments of silicified trunks of Xenoxvlon sp. and othe r rem ain s are
sca ttered throughout the 103\'03 suggesting, according to I.A . Shilkina (unpubJ. manu s.). that the subvolca no formed no later than the Lower Cretaceous.
5. 2.2 Cape Fl ora - V.D . Dibner
Nansen (1900) mentioned a gigantic block of basalt (whi ch he ca lled Castle Rock ) standing on the
low raised bea ch at the foo t o f a steep slope on Cape Flora. Northbrook Island " Hoel & Ho hedahl
(1911 ) discussed this and beli eved that it mig ht represent eith er a bloc k fallen from the mou ntain
top. or a volcani c pipe filled with lava. similar to Halvdan Neck. a Qu atern ary volcano on the north
coast of Wood Bay in Svalbard. H. Johansen. Nansen' s compan ion. reported see ing a similar basaltic bloc k (rou nd in cross section ) at another locality on Cape Flora. in the middle of a steep slope
(Nansen 1900 ). Th is was unlikely to have falle n from the mountain top since it co uld not have
stopped in the middl e o f the slope. and it cannot be ruled out that this. and perh aps other bloc ks.
represent embryonic volcanoes.

5.3 HVPABV SSAL I STRUSIOSS - V.D. DIBNER
Medium-grained. bclocry stalli ne ba-...ic rock s were found in Franz Josef Land much earlie r ma n
typic al basahs. For instan ce. as early as 1873. in the first observations made concerni ng geo logical
features in Franz Josef Lan d. J . Payer discovered that Wilczek Lan d was composed o f "columnar"
dolerite. During a sledgi ng journey in 1874 he found similar rock s o n so me islands in eas tern
Fran z Jo sef Lan d from Hall Island .Cape Tegetth off) in the south to Koburg Island and Rudol f
Island (Cape Fligely t in the north. Payer t 1876 ) more tha n once noted distin ct co lumnar j ointing in
dolerites. At some localiti es. the joi nting exce ls in its regular arr angem ent and the splendour of its
tower structure. and at othe r sites it occ upies different angles. ln the same (ea stern ) part of Fran z
Joscf Land, Nanse n ( 1897a ) o bserved outcrops o f co arse-g rained basalt, sho wing well-defined
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Hgs. 5.7 and 5.8 Radial columnar
jointing in the dyke swell o n Rubini
Rock (upper photo) and in a thick
intrusion fanning Shenaw Island.
Ph010 S: V.D. Dibner and a .v. Mironovore spectively .

columnar jointing. Th is basalt forms
Cape Barn. a picturesq ue. high
(up to 100 m) ridge which is as
sharp as a knife blade (it is probably
a dyke ). Nansen also compared
Ca pe Helland with Milan Ca thed ral.
Althoug h neither Nansc n nor Payer
put forward suggestions co ncerning
the geologica l relationship betwee n
igneous and sed imentary rock s. it is
apparent from their observations
that the igneo us rocks they observed
d iffered greatly fro m typ ical basalis
subsequently stud ied in the western
part of Fra nz Josef Land .
Koettlit z (1897. 1898 ) remarked
on this difference. His geological
explorations allowed him 10 suggest
that. along with the basaltic sheets
that were widely devel oped in the
west. there were also sills and
dykes. but he did not hazard a guess
at their preci se spatial distrib ution.
Among other thi ngs. interesti ng
draw ings ca n be see n in Koeulitzs
works which depict rocks sho wing
prominent jointing. amo ng basaltic
shee ts with poor jointing. Pro minently jointed columns are strongly
cu rved in d iffere nt direction">, forming the "curved structure of columnar basalt " (Koeu litz 1897, 1898 1
(Figs. 5.7 & 5.8).
In th is respect. the rock s of sills
and dy kes d iffer grea tI)' from basaltic sheets. only the centre of which
show ind istinct jointing which disappears completely in the uppe r.
amygdalo idal. part .
Geo logical mappi ng in 1953-1 957
and subsequent stratigraphical drilling show conclusively that not only dykes PUI sills are wide ly developed in Franz Josef Land .
They are very similar to effu sives in mine ral compositio n. but differ in text ure.
5.3.1 Dyk es a n d t hei r a p ica l swells
Th e islands of Franz Josef Land and, a.. suggested by ae romagneric. geo logical and hydrological
date . the intervening straits and so und.. have man)' dy kes which form a system covering the entire
archipelago (F igs. 5.9 & 5. 10). They vary in thickness fro m a few metres. to 20--25 m. and oc-
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Fig. 5.9 Sketch map showing the igneous and tectonic structures related to the plateau-basalt association.

Key: I Lower Cretaceous sheets, 2 sills, 3 dykes and their swells, 4 Carboniferous-Cenozoic sedimentary
rocks,5 faults: proved (a) and inferred (h), 6 deep-seated fault zone.
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Fig. 5.10 A-L Detailed sketch maps showing igneous and tectonic structures related to the plateau-basalt
association. A Alexandra Land, B George Land. C Jackson Island, D Champ Island, E Ziegler and WienerNeustadt islands, F Hayes Island, G Bolshoi Komsomolsky Island, H Graham Bell Island, I Hooker Island, J
Hall Island, K capes on Wilczek Land, L Location map for the detailed sketch maps. Key: I sheets: a) exposed, b) buried under a thin cover of Quaternary deposits. Mesozoic-Cenozoic hypabyssal intrusions and
subextrusive piles: 2 sills, 3 dykes and swells, 4 swells filled with agglomeratic tuff, 5 Inaccessible Rocks
subvolcano, 6 sedimentary rocks, 7 glaciers, 8 faults. Outcrops: 9 and 10 studied by geological parties in
1953 and 1956-57, respectively; 11 studied by VD. Dibner in 1976, 12 studied by A.N. Tarakhovsky in
..
1979-80; 13 boreholes, 14 polar stations and observatories.
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casionally form swells as thick as a few hundred metres (the swells are considered below). The
narrowest dykes, made up of harder (glassy) rock, form the highest, ridge-like outliers (Fig. 5.11).
Dyke contacts are almost vertical.
There is no doubt that these dykes constitute the most spectacular linear topographical features
in Franz Josef Land. They usually form abutments of capes, and also occur as separate nunataks,
for instance, the Wullersdorf Mountains on Wilczek Land. In places, dykes, as it were, show
through relatively thin glacier ice, being reflected in the glacial topography (Figs. 5.10 & 5.12).
Dyke ridges also predetermine stationary polynias in the sea ice of straits and sounds. Because
119

Fig. 5./ / Crestal monadnocks along a narrow dyke of vitreous dolenre. Southeast corner of Hayes Island.

Photo: V.O. Dibner.
they disturb the thermodynamic regime in the water body. the sea-fl oo r dyke ridges can be traced
along narrow crevices in the sea ice. often in continuation with dykes on islands. An example is the
dykes in Triningen Strait which are the submarine extension of the Lesgaft skerries. The development of polynias above dykes is the result of a drast ic. local decrease in the depth of the sea and a
corresponding increase in the strength of the current and. according to a hydrologist. 0 .0. Latkin
(unpubl. manus.). a rise of Atlantic water above ridges in the sea-floor topogra phy (Fig. 5. 13). One
dyke that was traced in this way is oriented NW·SE and crosses the islands. straits and sounds of
Franz Josef Land from Hochstener Island across the islands of Hall. Hayes. Champ and Luigi 10
Cape Petigax. a distance of 140 km.
In 196 1. Franz Josef Land was cove red by an aeromagnetic survey on a scale of 1:1.000.000 carTied out by an expedition organised by the Russian Institute of Arctic Geology (D.V. Levin, A.M.
Karasik and coworkers. unpubl. manus.). As a result. the magnetic framework formed by the igneo us bodies and pyroclasts of the plateau-basalt assoc iation. w a'.. mapped. The geographical ranges
of co mplex. reversed T fields coincide with the terranes of the most co mpletely preserved basaltic
sheets whose maximum agg regate thicknesses are observed on the central islands. Zones of quieter
magnetic anomalies. persistent in intensity. are induced by sills of basic rocks.
The most impressive are mulliple, linear T
anomalies. main ly orien ted NW· SE, which
cross "complex" and "quiet" anomaly fields
and which can sometimes be traced across the
whole arch ipelago. They appear to be caused
by NW· SE trending dykes. some of which are
know n to ex ist from direct fie ld observations.
However. when the aero magnet ic data were
being interpreted. a discrepancy between the
usual. modest thicknesses of the dykes (a few
metres) and the width of the lanes of linear
anom alies (a few hund red metres) was evident. According to Volk (1964 ). this can 10

Fig. 5./2 Ooleritic dykes CUlling Upper Triassic
sand and sandstone; the dykes are traceable below
and above glacier ice. Aerial photograph of the
north-central part of Hayes Island.
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Fig. 5. /3 Dykes and steeply dipping
sills o n the island s and bottom of
Triningen Sou nd . Ae rial photograph.
I transgressive intrusions and sills. forming islands. 2 the same on the bottom
of the sound (marked by poly nias ). 3
weak (current-eroded ) ice. 4 ice field .

some extent be caused by a lime lag
in the readings and by "blurring" of
the anomaly with height. but is mainly a result of geological features.
As remarked above . not only dyke
swells and explosio n pipes. but also
the sheets and sills which were fed by
them. and possibly older sheets crossed by the dykes and sills. are noted
for their extreme ly high residual
magnetisation brought about by accumulations of magnetite and titanomagne tite (in schlieren). In view of
this. the large ano malous (mag netic)
effect over the dykes is not surprising.
Moreover. probably an insignificant
proportion of the swells present in
Franz Josef Land have been exposed
by erosion. espec ially co nsidering
that only 15 ~ of the land area is ice free. Many swells may have formed within dykes in places
where they cross relatively soft sedimental)' beds .
The composite effect of magnetite mineralisation. localised in mulristage dyke swells and
through them in proper sheets and someurne... sills. may therefore be sufficient to explain the intense linear magnetic ano malies. both the :\W·SE trending o nes and others. It is therefore no wonder that the linear permanent magnetic anoma ly map (Levin et al.. unpubl. manus. 1963) shows
good agreement with the positions rin plan viewt of dykes mapped directl y or indirectly (through
geomo rphological and hydrological) data. Thi s magnetic map resulted in a grea t increase of
informa-tion o n the distribution of dykes on the islands and sea floor of Franz Josef Land, The information is synthesised in Figures 5.9 and 10 which show an extensive dyke swarm. Analysis of
the gene ral map (Fig. 5.9) shows that the dykes can be divided into three groups on the basis of
their trends (see also Fig. 5. 10).
The first group. which has more than twice the number of dykes in the other two groups. comprises NW-SE trending dykes. including those trending more NNW·SSE (especially o n the northwestern periphery of the archipelago ) and sometimes WNW·ES E. In the south-ce ntral and southwestern pans of the arch ipelago . the dyke !'! CUT'\ e gently round to other trends. resulting in thei r
conce ntric arrangement in the southwestern pan, of Alexandra Land and George Land and the
Bruce Island area. Thi s arrangement may be caused by predyke. arched uplifts of substrate (on
George Land this view is supported b) unexpected Carboniferous outcrops at Cook Rocks), About
55 separate NW-SE dykes (ranging in length from 7- 10 up 10 35-40 km) can be traced across the
archipelago. Their overall length i!'! no less than J(XJO km. They may be divided into five wel ldefined dyke systems. as follows (from nonh to south): a) from Cape Hofer through the islands of
Wilczek Land. wiener-Neustadr and Ziegler. 125 km in length : 2) through Hochsterter Island. Hall
Island. the northwestern end of Hayes Island . Champ Island and Luigi Island. 1-15 km; 3) through
Salm Island. Hall Island. Markham Strait and Leigh Smith Strait. 220 km: -I) thro ugh Smith son
Sou nd. Hooker Island. British Chan nel and Gcorge Land. 115 km: 5) through the southwe st pan of
Nortbbrook Island. Geo rge Land and Alexandra Land. 120 km. These NW-SE trending dykes were
usually active longest. as so me were feeders 10 sills and sheets of different age and others cut the
oldest and slightly differently o riented dykes of the same group. For example. a thick (up to
Il)O- 120 m in separate swells ]. bifurcating dyke forming Cape Tegetthoff (Hall Island) ca n be
12\
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Fig. 5. / 4 Thick. bifurcating dyke (with ...... e lls) on Cape Tegetthoff. Photo: A.N. Radygin.

traced alo ng both its branches as far as the basaltic sheets (base of the lower sheet at a height of
about 250 rn) which it fed. On the west part of Hayes Island. a narrow (1.0-1.5 m) WNW·ESE
(rendin g (300°) dyke is cu t by a wider dyke on a NW-SE trend (3 20° ).
NE-SW Irending dykes vary in length from a few kilometres 10 15- 20 km. They are known to
occ ur as discrete igneous bodies on the islands of Rudolf (Cape Fligelyj . Rainer, Hohenlohc, Karl
Alexa nder (two dykes ). Owcn and Toru p. Those forming the last two islets cut NW-SE trending
dykes. recognised by linear polynius in sea ice. NE-SW (rending dykes are also known from the
islands of Jackson (Cape Kremsmewnsren . Graha m Bell (Cape Leiter ). Wiener-Neustadt (two
dykes transecting the whole island). Coldeway, Northbrook (northweste rn capes). McClintock and
Klagenfuhrt where it is cro ssed by a :"lW-SE trending dyke. The overa ll length of these dykes is
about 120 km.
Dykes deviating from a N-S direction by 5_ 100 (towards NW) form the Lesgaft skcrrics and cut
the onshore and offshore areas of De Long Strait and Jackson Island. and arc also found on the
islands of Alcxand ra Land. Geo rge Land (southern part ). Ncrthbroo k (Cape Gjertrud area). Koeulitz and Lcigh Smith (Cape Wittenburg }, Their total length is about 80 km.
The data currently ava ilable indicate that the ove rall length of all the dykes in Franz Josef Land
is about 3200 km.
Some NW-SE trending dykes have thick magmatic swells. obviously caused by the magma
being enriched in juvenile gases. In particular. this is suggested by the " whirlwind" arrangement of
columnar join ting in some swells (Fig:-.. 5.7 & 5. 14). The swells mostly stand out in the topography
as impressive monadnock s. generally forming large capes. They arc especially typical of the
NW-SE trending dykes. For exam ple. the extremity of Cape Tegetthoff (Hall Island) is made up of
a bifurcating dyke which is 100-120 m thick in separate swells. Both branches of the dyke can be
traced to the basaltic sheets exposed 250 m above sea level. The branches reach the sheets as
typica l feeders. resulting in the triangular shape of the cape (Fig. 5.14). Rubini Rock is well ex-
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Fig. 5.15 Razbitaya I dyke swell formed of silty and psammitic tuffs'and agglomeratic tuff, Hayes Island.

posed on three sides. It is well known in geological and popular scientific literature because of
clear-cut (hexahedral, or sometimes pentahedral or tetrahedral) jointing that diverges at different
angles to the horizontal and locally radiates (Fig. 5.7). Large-scale columnar jointing is also prominent on Cape Antirubini, one of the eastern points of Scott-Keltie Island. Both swells, up to
600 m thick, formed on a very narrow (a few metres wide) dyke, near the surface, which had
already been armoured by some basaltic sheets. The Antirubini swell isin direct contact with the
sheets. The main (lower) part of both swells is associated with a valley-shaped depression in the
surface of Liassic psammites, which was filled with Middle Jurassic clay that was easily absorbed
by magma.
The magma penetrated and chilled in the swells in individual pulses, each of which forced its way
along selvages in the intrusion formed by the preceding injection (Abdullaev 1957). Such a
mechanism for the formation of the Rubini and Antirubini swells can explain not only the arrangement of columnar jointing, but also a surprising uniformity in the petrography of the fine-grained
dolerites that make up the entire complex of relatively narrow intrusions that, together, constitute
the swell.
Another magmatic swell is Cape Barents Rock on Northbrook Island which, in plan view, is
oval-shaped and elongated in a W1\TW-ESE direction. According to Bisset (1927), the Rock consists of olivine dolerite. Its special columnar structure causes it to resemble the chewing surface of
a huge mammoth's tooth when viewed from above. On reconnaissance flights over Franz Josef
Land, VD. Dibner has also seen similar surfaces in dolerite outcrops on Wilczek Island and elsewhere.
A special variety of agglomeratic swells is found on Hayes Island. Usually, where erosion is
relatively deep (Graham Bell and other islands), such dykes are noted for their strict linearity and
narrowness, generally not exceeding 3-7 m. However, on Hayes Island, they are curved (in plan
view) to varying degrees and are impersistent in width, which is known to be characteristic of a
vent formed in a magmatic fissure near the surface. In the southwest part of the island, there are
two or three small intermittent chains of dyke ridges, varying greatly in width. The separate links,
varying from 100-300 m up to 2000-3000 m in length, are associated with "torn" fissures exposed
at the present surface at a depth of only tens of metres from the ancient surface. This is suggested
by the unusual composition (vitroclastic agglomeratic ruff) of a portion of the Razbitaya I dyke (on
the southwest coast of Hayes Island) found by L.p. Piroznikov and studied in detail by VD. Dibner
in 1957. The walls of the dyke, exhumed by erosion, exhibit uneven, but obvious, transitions
(upwards) from light-grey, fine-grained dolerite with quartz amygdules to black silty tuff and then
to agglomeratic tuff crowded with welded fragments of Upper Triassic sandstone and siltstone
derived from the ancient land surface (Fig. 5.15). The agglomeratic tuff forms a stock-like body
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Fig. 5.16 Agg!orneratic ruff swell in a dyke fanni ng the abutment of Cape Washington, Ziegler Island.
Photo: V.K. Razin.

(volcan ic pipe) dissecte d by numerous qu artz veins and containing large geodes filled with quartz.
Relicts of the Uppe r Triassic sandstone and sihstone of the roof. which are hom felsed in the immediate vicinity of the agglomeratic ruff o r dolerite. are preserved in the roof of the swell.
A few kilometres north of the agglomerate-filled explosion pipes. a 30 cm layer of dark-grey.
ferruginou s agg lomeratic tuff composed of a fine-grained . silty, tuffaceous groundmass abou nding
in volcanic bombs was also found in 1957. This sheet directly ove rlies the Upper Triassic sandstone and is overlain by a basaltic sheet that is a few metres thick . Thu s. the pipes can be interpreted as feeders for the basa l agglomerate of the volcano-sedimentary sequence preserved in this
pan of Hayes Island. The next stage in the eruptions was the formation of the subvolcano at In
acces sible Rocks descri bed in section 5.2.
4

Basaltic agg lomeratic tuff has also been fou nd at Ca pe Washin gton on Zieg fer Island, where it
forms a ridge protrudin g as an abutment tFig. 5.16), and in talus from ordinary basalt on Harley
Island. Fina lly. strongly zeo litised agglomeratic tuff forms another exp losion pipe , topographically
expressed as an abutment at Mount Ciurlionis on Hook er Island. Thi s may be generically relate d to
the Rubini Rock swell described above and. togethe r, they may be assoc iated with a NW-SE
tre nding dyke . The same agg fomeratic tuff probably forme d a feeder to the fine-grai ned, silty tuff
(also containing zeo lires}at the base of basaltic sheets on the summit of Mount Ciurlionis.
To summarise . the following sequence of magmatic and exp losive activity took place as the
magma beca me more gaseous: I ) ordi nary dyke. 2) dyke with a magmat ic swell. 3) dyke with an
agglomeratic swe ll. 4 ) aggfomeratic subvolcano. 5) agg lome ratic tuff sheet.
Petrography of the dykes
Narrow dy kes co nsist of porp hyritic. fine-grai ned dole ritc which. acco rding to its deg ree of cry stallisa tion. shows a vitreous, hyalopili ric. inrersertal or. occasionally. ophitic grou ndmass text ure.
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Fig. 5. / 7 Contact of doleritic dyke
cutti ng sedimentary rocks at an angle of
65°, A vitreou s. fine-grained dolerite o utside the cont act l one. B contact zone.
C Lower Tria..sic sihsto ne and clayey
siltstone. Poli..hed section of core material
from the Nagurskaya borehole : the core
is from the contact l one of a discorda nt
intrusion (V ) occ urring in the interval
1355- 1375 m (from data supplied by LV,
Shkola ).

e

Groundmass with a hyaline texture is
typical of selveges and is observed at
localities far removed from the contacts. Hyalopilitic and intersertal tcxt ures are typ ical of the grou ndmass o f
quit e narrow dy kes and margi nal part s
of dykes that are 5- 7 m or more wide .
Their cen tral part s have an ophitic. or
similar texture. and occasionally consist of med ium -graine d. glomeroporpbyritic dolerit e. or a rock transitional
to it. In the central part of an approximately 50 m broad dyke making up
Ca pe Helier. a sa mple of coarse-grained dole rite collected by' V.K. Raz in t unpubl. man us.t represe nts the mos t crystalline exa mple
know n of these hypabyssal intru sion s. The dolemes have ophitic and. in part . tholeiitic textures.
The northern and eastern cliffs of Rubini Rock consist of unusually fine-grained porphyritic dolerite co ntaining phenoc rysrs of plagroclase and augite (local ly bronzite j. accounting for 15-2<Y*. up
to 25-30l'K. of the rock and formi ng glomero porphyritic agg regates of crystals. Th e groundm ass of
dole r ite dykes co ntains titanomagneti te and especially magnetite which may reach 25- 30Ck (see
section 6.4 ).
In Franz Josef Land . the character of the interaction of dyke mag ma with enclos ing depo sits
that arc poo rly ce mented or entirely non-cemen ted. is very evident (Fig. 5. 17 ). Samples take n from
dyke selvages on Graham Bell Island and studied with the aid of crystal optics by L.A. Chaika. are
amygdalo idal fine-grai ned dolerite co mposed of fresh. almost opaque. greenish- buff glass with
rare (3-5lk ) mic rol ites of basic plagioclase 10.3-0.4 mm ). The glass contains scattered. subro unded
grains o f q uartz and irre gular microxenoliths rup to 2.0-3.0 mm ) of siliceous quartzose sandstone
with carbonate ce ment. which were incorporated into the magma when it was intrud ing the psammites. The contact betwee n the micro xenoliths and the glass is sharp . No chemica l reaction between the xenolit hs and hyal obasalt proper has been noted. Sandstone fragments and grains were
also observed in spec imens taken from 1.0 m into the dyke. They di ffer in sho wing partial cry stallisation of the glass. therefore exh ibiting a felsitic texture in places. Only 2.0 m from the con tact.
the dolerite acquires the usual intersen al gro undm as-, texture and lack s xencli thic material. A fta gment o f basaltic scoria. probably representing the out ermost part of the selvage . was found in talus
nea r one of the dykes. Microscopically. the scori u is entirely Iimonitised and has cavities where
plagioclase and augue crystals have been leached out .

5.3.2 Sills
Geological mapp ing in 1953 revealed numerous ...ill.. intruding Upper Triassic and Ju ras...ic deposits. Th ey can not be linked to effusive, bccau ..e of a complete lack of tuffaceous material in the
enclo...ing strata. Moreover. the sills pro ved to con sist o f holocry stalline rocks showing ophiuc
textures. which are known to be absent from even the ce ntral parts of thick ...hee ts and flow s. Also
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Fig. 5.18 Sill (A) at the base of the Tikhaya Bay Formation and an ove rlying basaltic sheet (B ). Ca pe AlbCI1
Markham. Hooker Island . Photo: L.S . Fokin. 1953.

noteworthy is an almost complete lack (even at the actual contact with the overlying rock) of
amygdaloidal rcxtures characteristic of the near-top zone of basaltic sheets.
The sills have large columnar joints. expressed topographically as prismatic columns that are
vertical or occasionally diverge like gigantic beams. In this respect. they are quite similar to thick
dyke swells whose intrusive nature is unquestionable. and they differ from sheets which have
much less evident columnar jointing, if any. in the central parts only. The intrusive nature of the
sills is ultimately proved by the presence of a hot upper contact.
The sills vary in thickness from 20 or 30 m to 100 m. They occur very widely and are limited to
certain stratigraphical horizons. Consequently. like the dykes. they can frequently be traced for
considerable distances from one island to another and probably continue over a vast area. They occur. in ascending order: a t at the boundary between the Upper Triassic wilczek and Vasiliev formations (on the islands of Wilczek Land. Bolshoi Komsomolsky. Hayes. Fersman and Hall), b) at
the boundary between the Aalenian and the overlying deposits (Hooker and Rainer Islands). c) at
the base of the Lower Cretaceous sedimentary-effusive sequence (on the islands of George Land.
Northbrook. Hooker. Alger. Wilczek Land. Ziegler and many others). d) between the Tikhaya Bay
and Salisbury formations (on the i- lan ds of George Land. Hooker. Salisbury. Luigi and others).
These sills. in common with a thick 0 300 m) si1l(?) encountered at the Vendian/Carboniferous
boundary in the Nagurskava borehcle. can therefore be classified as interforrnational. Two sills
(150 and 400 m) were also found in that borehole in the Lower Carboniferous. The Hayes and
Sevcm aya boreho les revealed some sills intruded in the Middle and Upper Triassic, but none were
found in more than one borehole.
Figure 5.18 shows an example (If a "ill which is about 30 m thick. Six samples taken at 5 m
interva ls show that the sill is composed of similar rock to the porphyritic dolerite and coarsegrained dolcrite found in central pans of the thickest dykes. A sample from the centre of the sill is
coarse-grained dolerite. with a coarsely ophitic groundmass. Towards each margin of the sill. the
groundmass texture is successively replaced by ophitic. locally tholeiitic. and intersertal textures.
Above the intrusion. the upper pan of the enclosing sheet of porphyritic basalt is exposed. separated from the dolerite by a steep "carp and differing from il by the absence of columnar jointing
and by having a contrasting groundmass texture. The sill has a zone near its contact that is less
crystallised than (he corresponding position in a sheet and its grcundm ass there displays intersertal
texture with 17- 180/e glass. whereas a basalt sheet only exhibits this degree of crystallisation in its
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central part . Neithe r oph itic nor gabbro-op huic textures have been reco rded in basaltic sheets. even
the thickest o nes.
Sill s ranging in thickness from 5 to 30 m were also observed by V.D. Dib ner in basaltic sheets on
the Arrnitage Peninsula. as well as on Cape Steven. Cape Astro nomic and Cape Fortes (on the
southern part of Georgc Land ). Ca pe Mary Harmswon h and Cape Thom as {Alexandra Land) and
Scou-Keltie Island. All these consist of porphyriuc. locally glomeroporphyritic. dolcritcs with
ophitic and tholeiitic. or imersertal, textures. These doleri tes resemble the rock maki ng up the sill
on Cape Albert Markham.
Very th ick sills were intruded imo the Upper Norian Wilczek Formation o n the north coast of
Wilczek Land . Here. V.K. Ru in (unpubl. manus.I described a thick (60-70 m ) dolerire sill form ing
Cape Willas and creating scarps with co lumnar jointing 2..J.O-300 m abo ve sea level (Fig. 5.19A).
The same sill protrudes fro m beneath the ice in pans of the wall s of the Stremitelny (Rapid)
G lacier valley and crops out extensive ly o n capes Schmarda and Helier. A similar. thick sill forms
Ca pe Kavagf on Salisbu ry Island (Fig. 5. 198 l. Th ese sills consist of medium- to coa rse -gra ined
dolerit e. who se groundmass shows o phitic texture". Th ey are very similar to the rock s form ing the
northern dyke on Juzhny Komscm ol sky Island. being largely crystalline and cont aining quartz.
biotite and brown hornblend e. and loca lly having a fine-grained peg matitic texture. Some samples,
containing up to 8- lOlk olivine. should be cla..vified as olivi ne dolerites and coarse-graine d oli vine
dolerires. The rocks usually show evidence of autome tamorp hism. expre ssed by repl acement o f
augitc by hornblende. and o f plag iocla...e b~ calcite. accompan ied by exsolu tion of silica as
anhedral quartz grain s. Si milar rock also forme the upper shee t on Hoch steuer Island recorded by
Weber ( 1908) . One of his samples. hou sed at the Cbernysbe v Ce ntral Geological Museu m. was
studied by L.A . Chaika t unpubl . manu .... 1 who found it to be olivine dolerite of definite intrusive
on g m.
On the who le. the mineral co mpos ition o f the hypabyssa l intrusions is simi lar to that of the sheets.
Petrographic data obtained by Yu.l. Tomanovskaya and M.A. Knnoyarsk y from samples collected
by V.D. Dibner and V.K . Razin in 1953 show the following main differences. The anorth ite conte nt
of the plagioc lase is no less than 55 moJ.q in the intru sio ns. Clinopyro xene as phenocryst s (up to
0.8 mm across ) fonn s. toge ther with plagioclase and locally onhopyroxe nc. gfomeroporphy ritic
agg rega tes up to 3 .0 cm across. They are espec ially typical o f coarse- and med ium-grained dole rites. Poikiliti c inclu sions o f plagioclase and their mutual intergrowths are locally observed in the
phcnocrysts. Th e groundmass clin opyroxene co nsi..ts o f prismatic and euhedral cry stals (0. 1-0.7
mm ). formi ng simple twins and. in places. microg raphic intergrowths with plagloclase . In some

D
Fig. 5. N Thick ~ i lls forming ~' a rx' ~ Willnv. Wilczek Land l/U and Kavagh. Salisbury Island r Ht, Photos:
Y.K . Ra!.ln and L.Yu. Budanr-c v. re~ rl'~'l i \ d ~ .
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samples, the clinopyroxene is altered to very fine-grained clay minerals, and titanomagnetite and
iddingsite have crystallised in fissures. Autometamorphism in coarse-grained dolerites from Cape
HelIer has slightly amphibolitised the clinopyroxene, or this is sometimes almost completely replaced by biotite. These rocks are also typically protoclastic.
The composition of groundmass orthopyroxene, and of phenocrystic orthopyroxene in mediumand coarse-grained dolerites, is intermediate between clinoenstatite and hedenbergite. The orthopyroxene occurs as long prismatic crystals, which are commonly rimmed by minute grains of
clinopyroxene and magnetite. It is occasionally replaced by iddingsite. In the fine-grained dolerites
on Rubini Rock, orthopyroxene is represented by irregular prismatic grains of bronzite.
Olivine, identified in some thin sections, is usually present in insignificant amounts (1-2%),
forming, sometimes with clinopyroxene, poikilitic inclusions in the plagioclase. In the fine-grained
dolerite of one of the narrow dykes on Graham Bell Island, olivine reaches as much as 15%.
Olivine dolerite and coarse-grained dolerite are particularly characteristic of some dyke swells and
thick sills. The groundmass of hypabyssal rocks also contains ore minerals, up to 10% in dolerite.
Distinct skeletal forms point to titanomagnetite and magnetite, which form uniform growths of
minute (0.1-D.4 mm) anhedral grains and rectangular crystals. In one dolerite sample taken in the
central part of a dyke on Graham Bell Island, magnetite amounts to 30%. Iron oxides, formed by
alteration of magnetite, are seen in a few thin sections.
The glass is light brown to fawn in colour. In dykes and margins of sills, as in sheets, it is heavily vitrified (up to 50%) and is transformed into iddingsite-bowlingite and palagonite. It usually
contains minute microlites of plagioclase or, less commonly, pyroxene, fine needles of apatite and
ore dust, and is consequently almost black in places. In a few samples from fine-grained dolerite
dykes, up to 10% of the rock is made up of fine (0.2 to 0.7 mm) amygdules filled with calcite, zeolite and fluorite, and locally rimmed by iddingsite and palagonite.

5.4 PETROCHEMISTRY OF THE PLATEAU BASALTS - A.N. YEVDOKIMOV
General petrological and petrochemical characteristics of the igneous rocks of Franz Josef Land
have been given by Newton & Teall (l899), Vlodavets (1934), Spizharsky (1937a, 1947), Test
(1937), Lupanova (1953), Dibner 1970} and Tarakhovsky et al. (1983). The following is an account of petrochemical studies carried out in 1991-1993 on samples of volcanics collected by Y.D.
Dibner, Y.K. Razin and L.P. Pirozhnikov in 1953, 1956-1957 and 1976, and by A.Y. Ditmar, AN.
Tarakhovsky and Yu.A. Mikhailov in 1978 and 1980. The samples comprise medium- and coarsegrained dolerites, basalt, tuff, and tuffaceous and volcanic breccia; they show different degrees of
secondary alteration. Samples were collected on the islands of Alexandra Land, George Land,
Hooker, Mabel, Scott-Keltie, Jackson, Champ, Salisbury, Ziegler, Wiener-Neustadt, Hayes,
Bolshoi Komsomolsky, Hall, Wilczek Land and Graham Bell, and additional ones came from core
material from the Nagurskaya, Hayes and Severnaya boreholes. 45 samples came from dykes,
22 from sills and 48 from basaltic sheets and flows, and the subvolcano at Inaccessible Rocks.
100 thin sections from Y.D. Dibner's original thin-section collection were studied, along with
40 new ones made at the University of Oslo from the same collection. Spectral analysis of trace
elements, X-ray spectrography, mass spectrometry and oxide analysis were used to determine the
geochemical composition of the rocks and the isotopic composition of separate elements.
Two sequences of basaltic sheets on the islands of Mabel and Hooker (Fig. 5.20), described by
Yu.A Mikhailov and AV. Ditmar (unpubl. manuscripts in 1979-1980), were studied most comprehensively. At Cape Conrad on Mabel Island, nine sheets are partly interlayered with terrigenous
rocks, the full sequence being about 100 m in thickness. The sheets are Lower Cretaceous in age,
and the sequence lies disconformably on Upper Triassic psammites and siltstones. On Hooker
Island, the section studied consists of a series of stepwise outcrops of volcano-sedimentary rocks
exposed on the northern coast of Tikhaya Bay near Cape Sedov. Samples were taken from four
basaltic sheets, 45 m in total thickness, separated by intercalations of carbonaceous mud stone and
resting disconformably on Upper Jurassic deposits. The Y, Zr, Nb, and also V and Ti, contents increase, although unevenly, and Ni and Cr, as well as A120 3 and MgO, decrease upwards in the
basalts on Mabel Island, which is taken as the type section (Fig. 5.21A & B and Fig. 5.22).
Eighteen analyses for oxides showed, on the whole, a low content of CaO and A1 20 3, and a high
content of total iron relative to their clarkes, thus suggesting a platform type of magmatism,
whereas a low sum of alkalis and a low KlNa ratio indicate an oceanic type of magmatism.
128

MaoeCI.

HookerI.

e

M

-

4

SMPN
• c>

0.'

0

r

r

r

r

A

-

~

r

<0

r

~
j"-

r

r

co r

t:.

t:.

50

.69-10
.69-9
9-8
r .6
·6 9-7

r

r

r

'0'

r

r

~

0,

r

r

r
N

r

-

r

r

7

·69-5

g-.

r

.6

r

.69-3
• 6 9-2

r
r

r

.6 7-1
.69-f

4

'"

e

)

.1

>5

r

r

.

r.

fa

A

4

I

9

I

A

15

I.

ro re.
1ft

t:.

t:.

r

r

r

1

GB

3...

2

1,-;, rol 9

...J
§

I~I to

~4

m

11

I---Is

00

f2

6

.30

r

\

r

'" fO

r

W

V

90

VI

VII

VIII

1'10

150M

.23-2

f
rj

020-6

250
200

r

r

150

r

100

'"

0.

A

0.

6

+50

Ni
+ ;+ .......+_+
+- -+
\

A

0.

-,

A

A

6 ll. to
..
...

-zz

0

u

.!.

0

30

·00

I

~

90

~

120

-.!..

150M

.
t:.

t:.

6

t:. A
80 ~

~

o

I

60

300

I!

r

r

A

11

r

. ..... . ..
. .. . ..
/),

~7

I

30

I

I
I

0

r

r

r

r

ZO

~fJ

r

r

40

0

~~

r

80

x

x

r

.•...•.*..•.•

120

I

~

:0"
~

2.3-5

~

0. i

6 JI'!.'.•
- -<D'
\

2.3-6

f.

A

0

8

·

r

Il

A

t:.

t:.

)(

14

A

• 23-7

A

r

Zr
160

o: 0.

I
/),

200

r
r

240

• %3-0

re re r; ro. 23-4

t:.
t:.

23-9

7

/),

A

I

0.

fa

t:.

r

r

t:.

A

A.
0.

A

r;

A

A

r

7

..

r:

A

·o.·~·:o"?·

.~ :~.:~

r.

0.

t:l.

4045

·

I

re re

oQOOc::»

t:.

r
r

r

.,

A

A.

A

7

i-s

A-

r

r

~

~25

A

5

4

,

A.

re r;, r; r;
re
re r• r;

.. ...
.. , .

>10

A
A

A

fj

~

5.3

.0

20

r

<

t:.

..0

r

r

r

r

A

1':-

r

r

N

SMP N
b

O'

r

r
Lf)

M

r· 7 0-4

Fig. 5.20 Sequences of basaltic flows
and sediments 1 km from Cape Sedov,
Hooker Island, and 2 km NNW of Cape
Conrad, Mabel Island. 1 grit, 2 sand,
3 sandstone, 4 clay and argillite, 5 siltstone, 6 coal, 7 gravel and pebbles,
8 basalt, 9 amygdaloidal basalt,
10 exposed parts of section, 11 fauna,
12 flora, 13 talus.
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Fig. 5.21 Some trace element contents in
basaltic sheets near Cape Sedov on Hooker
Island and on Cape Conrad on Mabel Island
(identified by Roman numerals), in wt. %.
A. Niobium, yttrium and zirconium; B. Nickel
and chromium.

A

129

Fig. 5.22 Content of some oxides in basaltic sheets

on Mabel Island (identified by Roman numerals),
in wt. % x 1~.

20

The data confirm the validity of grouping the
basalts and dolerites of Franz Josef Land within a
normal series of tholeiitic magmas. When plotted
on a Cox et al. (1979) diagram, they occupy the
fields for basalt and picritic basalt (Fig. 5.23).
One analysis, showing high alkalis, falls in the field for hawaiite. This sample derives from a dyke
of taxitic coarse-grained dolerite encountered at a
depth of 2683.4 m in the Nagurskaya borehole.
Some samples with high silica are represented by
points in the andesite-basalt field. In addition,
linear clusters of points delineate two trends of
magma fractionation (Fig. 5.23). They probably
mark two stages of magmatic activity, as suggested by KJAr datings of the intrusions encountered in the Nagurskaya borehole (Tarakhovsky et
al. 1980).
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A point worth noting is that one sample per basalt
sheet has been investigated in the Mabel Island
section, and three or four samples per sheet on
Hooker Island. This allows the scatter in
composition within one sheet and between several sheets to be compared. For example, in four
samples from Sheet III on Hooker Island, Ti0 2
varies from 1.58 to 2.13% surpassing that of all
the other sheets on the island, but some basalts on
Mabel Island contain more Ti0 2 (1.44-2.98%).
The same distribution pattern is displayed by
most major and minor elements. Thus, Figure
5.23 shows an increase in the alkalinity of the
melt from the lower to the upper basalts, arrows
joining points indicating the compositions of the
lowermost and uppermost sheets from the Mabel
Island sequence. The trend in the compositional
variations permits the known relationship between the content of olivine, chromite and/or titanomagnetite and the content of Ni and Cr to be
supported by analyses of samples from Franz
Josef Land. Maximum variations of Ni and Cr
contents are recorded in dyke rocks and basaltic
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Fig. 5.23 Rocks of the plateau-basalt association
57

plotted on a Cox et al. (1979) diagram, Si02 vs.
K20+NazO. HK Hooker Island, MB Mabel Island.

100

Fig. 5.24 Contents of Ni and Cr in
differently oriented dykes, and in
sills and sheets, wt.
% x 10-4. 1 dykes (orientation shown
graphically), 2 sills, 3 sheets.

80

sheets. On the other hand, an
Ni-Cr diagram shows that coar60
se-grained doleritic sills group together, since neither element exceeds 0.04 wt.% (Fig. 5.24).
Bearing in mind the above-menti40
oned similarity in chemical and
mineralogical composition and,
sometimes, textures, the relatively low Ni and Cr contents in samples from sills distinguish them
20
from dykes when samples of core
material are analysed. If, in Figure 5.24, the fields for the NW-SE
trending
dykes are omitted, the fio
elds for sills, basaltic sheets and
80
flows, and NE-SW trending dy120
40
o
kes can be recognised without
overlapping.
In all the basaltic sheets sampled, the contents of Ni and Cr
exceed 0.04 wt.%, and consistently decrease from older to younger basalts. This tendency is readily explained by the fact that the
earlier melt was more basic and contained more olivine and chromite than later magma.
The studies imply that the chemical evolution of the rocks of the plateau-basalt association took
place at the level of both major and minor elements. A distinct increase in alkalinity, the content of
ferric iron and a decrease in Ni and Cr are noted in younger melt. With respect to the major elements, this tendency is also seen on a regional scale, in Svalbard, where basic magmatism continued into the Palaeogene and a high alkali content is typical of the Quaternary volcanoes.
Sills differ from dykes in having consistently low Ni and Cr contents. In doleritic dykes and
especially basaltic sheets, their content unevenly decreases as the rocks become younger.
S.S TIMING OF PLATEAU-BASALTMAGMATISM - V.D. DmNER, V.L. ANDREICHEV,
A.N. TARAKHOVSKY AND I.V. SHKOLA
The ages of the basaltic sheets have mainly been determined indirectly by fossils which date the
interlayered, underlying and overlying terrigenous rocks. The extrusions chiefly date from the
Barremian to the Albian, inclusive. Hypabyssal intrusions were emplaced over a longer period, as
shown by the observations at some localities that basaltic sheets rest with a profound unconformity
on Triassic and Lower Jurassic beds which are locally gently folded along with the emplaced sills.
This suggests that intrusive activity occurred during the Middle-Upper Jurassic. A dyke cutting
Cenomanian deposits on Hoffmann Island determines the upper limit of hypabyssal magmatism
(Dibner 1961b, 1970, 1978).
A number of K-Ar dates from the early-1980's are available (Table 5.1, Figs. 5.25-5.27), some
having been published by Tarakhovsky et al. (1983).
The determinations were made on separate whole-rock samples at the Laboratory of Nuclear Geochronology and Isotopic Analysis in the Komi Republic of the Russian Federation. Radiogenic
argon was measured on an IGEM argon plant and an MI-1305 mass spectrograph by the isotopic
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Fig. 5.25 Location and ages of K-Ar dated hypabyssal intrusions in the boreholes: A Nagurskaya, B Hayes,
C Sevemaya. Symbols of igneous rocks: I dolerite, 2 quartz dolerite and coarse-grained dolerite, 3 leucocratic coarse-grained dolerite, 4 olivine-bearing coarse-grained dolerite, 5 micropegmatitic gabbro, 6 taxitic
coarse-grained dolerite, 7 basalt

dilution technique using Ar's as the standard. Potassium was determined by flame spectrophotometry. The following constants, adopted by the Subcommission on Geochronology at the Russian
1976, were used to calculate the ages: L 38 = 0.58.1 O-lye l; lb =
Academy of Sciences on August
4.962.IO- lOye l ; K40 = 0.0001167 K (wt.
Of the 36 dates in Table 5.1 and Figures 5.25-5.27, 20 were determined on drill core material
from the Nagurskaya, Hayes and Sevemaya boreholes (Fig. 5.25), 1 on a sample from a trial pit for
coal (near the Nagurskaya borehole) and 15 from samples from exposures. Most of the dates (28)
refer to hypabyssal intrusions, 17 of them to dykes (including 1 dyke swell) and 11 to sills, 5 are
volcanics from the sub volcano at Inaccessible Rocks, and one is from the sheet described in section 3.5 in the northern part of Alexandra Land.
The Nagurskaya borehole provided dates for 10 intrusions, 7 emplaced in the metamorphic
basement and 3 in the Carboniferous and Lower Triassic cover. Unfortunately, the paucity of igneous rock core and the complex geology encountered in the boreholes made it impossible to determine the nature of all the intrusions encountered. Intrusions IV and V, occurring in flat-bedded,
undeformed Lower Triassic deposits. might be expected to be sills. However, a core from intrusion
V showed it to be a dyke cutting the Triassic siltstone at an angle of 6SO (Fig. 5.17). The four successive intrusions, VI, VII, VIII and IX, may be thought of as forming a multilayer interformational sill intruded at the unconformity separating the Vendian and Carboniferous strata. The nearly
identical dates of intrusions VI, VIII and IX, within 132-139 ± 9-10 m.y., support this assumption.
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Fig. 5.26 Location of sites where samples dated by K-Ar were taken. The numbers on the map correspond
to those in Table 5.1.

Intrusions XI, XIV and XVIIB (112-115 ± 7-8 m.y.) are probably also sills related to a common
feeder. The nature of other intrusions in the basement and Triassic sediments encountered in boreholes is quite uncertain. In the Nagurskaya borehole, the relatively wide time interval indicated by
the span of dates from 60 ± 4 to 203 ± 14 m.y. (Palaeocene-Sinemurian) is striking. This is accompanied by marked shifts in composition (dolerite, quartz dolerite, coarse-grained quartz dolerite,
leucocratic coarse-grained dolerite, taxitic coarse-grained dolerite). Taking into account that on
Alexandra Land the basaltic sheets underwent boudinage and multiple faulting into narrow (20-60
m) NW-SE trending blocks (Piskarev & Kovaleva 1975), it should be assumed that all the intrusions suffered these tectonic movements since the upper time limit for the deformation of basaltic
sheets is uncertain. This pattern of ages and compositional variations, especially at a depth of
2554-2948 m in the borehole, can be explained by envisaging that all the intrusions are separated
into blocks. The Nagurskaya borehole seems to have passed through blocks of different age and
composition.
Probably it is no mere chance that a sample of dolerite from a sill emplaced in the Lower
Cretaceous basaltic sheets is the youngest rock, 34 ± 2 m.y. old. These sheets occur on the north
coast of Severnaya Bay which, like its north-northwesterly graben extension, is likely to have a rift
origin (see Chapter 7). Judging by their geomorphological patterns, the rifts of Franz Josef Land
seem to be inherited. Being numerous, they could be responsible for long-lasting plateau-basalt
volcanism, including that in the Cenozoic. K-Ar age determinations on the earliest plateau basalts
(203 m.y.) coincide with existing geological data (Lias), whereas the youngest dates are much
younger than other indications suggested (from Cenomanian to Oligocene).
Age determinations were also obtained on nine samples of dolerite, olivine dolerite, fine-grained
dolerite and coarse-grained dolerite (two from sills on Hayes Island and Bolshoi Komsomolsky
Island and seven from dykes on Hayes Island), five samples from lava breccia from the subvolcano
at Inaccessible Rocks, two of them being plagiophyric basalt (144 and 145 m.y. old) and three
porphyritic basalt (240, 252 and 288 m.y. old). These five samples are clearly xenoliths since their
ages exceed those of the oldest volcanics of the Lower Cretaceous sedimentary-volcanic sequence
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with which the subvolcano is associated (indeed, inside the subvolcano, only lava itself can be in situ). The most intense plateaubasalt eruptive activity took place from 175 ± 12 to 92 ± 6 m.y.
ago (Bajocian?/Bathonian-upper Cenomanian). During this period, there were 23 hypabyssal intrusions, and the sedimentary-volcanic sequence and associated subvolcano (125-97 m.y., as suggested by palaeontological data) were formed. The hypabyssal
intrusions not only extend over a wider area (Dibner 1978), but
were spread over a longer period. This is characteristic of plateau
basalts elsewhere (Belousov & Dzotsenidze 1966).

153IJ

Discussion
The Mesozoic-Cenozoic plateau-basalt association is widely de-- - - - 170J)
veloped on the Barents Shelf, embracing the majority of its north175 S
central part. On islands, it can be traced from Spitsbergen to the
easternmost islands of Franz Josef Land, and on the shelf itself,
192.IJ
aeromagnetic data, the composition of rock samples dredged from
200J)
o
'"
o i - - - - 203IJ
the sea floor and characteristic geomorphological features show
that it can be traced from the Brusilov continental slope into the
Eurasian sub-basin in the north to 74° N in the Medvezhy Trough
in the southwest (Dibner 1978). Approximately at the same latitude in the southeast, two coarse-grained doleritic sills intruded
into Upper Triassic deposits were encountered at a depth of
- " " - - 2"OSV(X5)
3365-3500 m in the Ludlowskaya 1 borehole. K-Ar age determi" - - 252SVIK5)
nations on these intrusions yielded Valanginian (131-139 m.y.)
and middle Oxfordian (159 m.y.) ages (Komamitsky & Shipilov
1991). Sills and occasional feeder dykes are probably spread over
this entire area. However, basaltic sheets are known only in Franz
Josef Land and the islands of Kong Karls Land (Smith et al.
- - - - 288 sv(xs)
1979). In Franz Josef Land, there are also numerous dykes, most
of which are feeders to basaltic sheets. Dykes only occur abundantly in Franz Josef Land, and an almost complete absence of
these and of basaltic sheets further west on the eastern islands of
Svalbard makes the existence of sheets there in the past improbable. Also taking into account that in some regions, for instance South Africa (Du Toit 1954), dyke
swarms occur in the central zone of hypabyssal volcanicity, it is evident that a wide distribution of
dykes and, consequently, of related basaltic sheets east of the archipelago, too, cannot be expected.
This is in agreement with the marked reduction in the width of dykes along the eastern periphery
of Franz Josef Land. This suggests that the eastern limit of the subzone of dykes and effusives or,
in other words, the eastern boundary of the central part of the North Barents plateau basalts roughly coincides with the eastern boundary of Franz Josef Land (the western flank of the St. Anna
Trough). The western limit of the central part of the plateau-basalt terrane approximately coincides
with the western edge of Kong Karls Land.
Eastern Svalbard is a terrane of basic hypabyssal intrusions close to Franz Josef Land. In the
central-eastern part of Svalbard, on Barentseya, Edgeeya and Nordaustlandet, the sedimentary
cover is intruded by numerous sills and some dykes of quartz dolerite, olivine dolerite and leucocratic coarse-grained dolerite. They intrude Permian, Triassic and Jurassic to Cretaceous rocks. The
results of 22 K-Ar age determinations indicate an age range of 198-93 m.y. (Pliensbachian to
Cenomanian) for these hypabyssal intrusions (Burov et al. 1976). This is within the period of the
most intense hypabyssal magmatism in Franz Josef Land, but spans a much shorter period, not
least ending much earlier.
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6. PHYSICAL PROPERTIES OF THE ROCKS - E.G. BRO (t

1997)

The physical properties of the sedimentary, metamorphic and igneous rocks of Franz Josef Land
were studied in samples from outcrops and cores, as well as in logs. Density, wave velocity, heat
conduction, susceptibility, natural remanent magnetisation and some other physical parameters
were measured in samples; velocity shooting, thermometry and other kinds of logging were done
in boreholes. Analysis was performed by conventional methods in the field and at the laboratories
of PGa Sevmorgeologia, PGa Volgokamgeologia, VSEGEI and VNIGRI. In different years, the
physical properties of the rocks were studied by, among others, Y.D. Dibner, AM. Karasik, B.Y.
Gusev, Yu.Ya. Livshits, Ya.Y. Neizvestnov, AL. Piskarev, AN. Tarakhovsky, Y.Y. Verba, E.G. Bro
and Y.A. Tyuremnov. Some results have already been published (for references see below). The
preparation of this monograph devoted to the geology of Franz Josef Land provides an excellent
opportunity to collate and summarise the various data obtained.

6.1 DENSITY
Samples taken on the islands of Alexandra Land, Hayes and Graham Bell were used to determine
density (Table 6.1). 8022 density values were obtained on Proterozoic, Carboniferous, Triassic,
Jurassic and Cretaceous deposits and intrusions within them. Most of the data concern terrigenous
rocks. A few measurements were made on carbonates from Carboniferous deposits in the Nagurskaya borehole and lenticular terrigenous carbonate partings and concretions in the Mesozoic
sequence. Data obtained from the Nagurskaya borehole also give an impression of the density of
metamorphic rocks. All the measurements made by A.L. Piskarev and G.A Kovaleva, and a few
on samples from other collections, concern the density of igneous rocks. The lowest values were
recorded for porous sandstone and amygdaloidal basalt, and the highest for carbonate and dolerite
(Table 6.2). The smallest variations were found for metamorphic rocks and the largest for terrigenous deposits and basalts.
Table 6.1 Summary ofdensity measurements in rock samples
Source of information

Sampling site

Age of
rocks

Number of
measurements

Livshits & Markelova
(unpubl. data, 1974)

Outcrops on
A1exandra Land

Lower
Cretaceous

78

Livshits & Markelova
(unpubl. data, 1974)

Outcrops on
Graham Bell Is.

Upper TriassicJurassic

211

Neizvestnov (unpubl.
data, 1974)

Outcrops on
A1exandra Land

Lower Cretaceous

19

Piskarev & Kovaleva
1974

Outcrops on
A1exandra Land

Lower Cretaceous

2436

Tarakhovsky et al.
(unpubl. data, 1976)

Outcrops on
Graham Bell Is.

Upper Triassic

12

Verba et al. 1980

Nagurskaya boreho1e Vendian,

Carbon.
Triassic

1000

Bro (unpubl. data, 1980)

Sevemaya borehole

Middle & Upper
Triassic

2113

Bro (unpubl. data, 1982)

Hayes borehole

Middle & Upper
Triassic

2172
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The author carried out petrophysical studies to explain the consistent regional patterns of density
variations in the terrigenous deposits and the wide range of their values. Density measured in drill
core was correlated with the granulometric composition of the rocks, the mineral composition of
fragmental grains, the carbonate and organic carbon contents, the clay mineral ratios, bitumenoids,
chemical elements and other parameters. It was found that, in common with other parts of the
region (Gramberg 1988), the density value is a function of many of the above parameters, but three
of them are determining factors for the formation of terrigenous rocks, namely I) the granulometric composition initiated during sedimentation and determining solution during diagenesis,
2) the primary carbonate content, which was subsequently enhanced and redistributed, 3) the level
of carbonification of organic matter, indicating the phases of diagenetic transformation. Some of
the other parameters either exert a much smaller influence on density, or correlate with these three
determining factors.

Table 6.2 Range ofdensity variation in different rock types
Rocks

Range. g/cm3

I Sedimentary
1. Terrigenous
2. Carbonate

1.65-3.18
1.65-2.7
2.66-3.18

II Metamorphic

2.67-2.77

III Igneous
1. Dolerite
2. Basalt

1.70-3.10
2.61-3.10
1.70-3.00

An equation derived by Bro (1980), based on the most informative values obtained through
measurements of 104 core samples from the Nagurskaya, Hayes and Severnaya boreholes, serves
as a quantitative expression of derivation:
d = 1.808 + 0.125N + O.OOlSC + 0.OO8Cr
where d is the density in g/cm ', N is the degree of diagenesis, SC is the content of silt and clay as a
percentage of the thin section and Cr is the wt. % of carbonate (dissolved in 10% hydrochloric
acid). The multiple correlation coefficient is 0.860 and the standard error is 0.083. The degree of
diagenesis is subdivided into 6 values. Values 1 and 2 correspond to protodiagenesis, or the immature phases of diagenesis; value 1 is denoted PCI-PC2, and value 2 PC3. Values 3 through 6
correspond to mesodiagenesis, where 3 is the early mature phase (MC!), 4 is the moderately (average) mature phase (MC2), 5 is the advanced mature phase (MC3), and 6 is the overmature phase
(MC4). In additional equations based on material from the Hayes and Severnaya boreholes, the
index N was replaced by H, the depth to the present occurrence. In this case, the multiple correlation coefficients are 0.881 and 0.869, respectively.
Sufficiently high coefficients were mainly formed due to a relationship between the density
value and N or H, and give information on the phases of diagenetic transformation. However, in
the Franz Josef Land area, post-depositional processes have not been confined to diagenesis caused
by deep burial of the deposits. An additional increase in density was created by the mechanical and
thermal actions of intrusions, and, possibly, by deformations and thermal anomalies near a folded
area which may have flanked the north and northeast of Franz Josef Land during the Triassic and
served as a source area. A density increase in the intrusion-enclosing rocks can be traced for no
more than a few metres from the contact and is insignificant on a regional scale. No evidence of
pressure deriving from the presumed folded area has been identified yet, but a slight thermal effect
seems to be recognisable.
The distribution of petrophysical data from the boreholes (Fig. 6.1) indicates that in the Severnaya borehole column carbonification of organic matter increases with depth ahead of a build up in
density. As this pattern is usually observed close to the folded zones it cannot be ruled out that, not
139
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Fig. 6.1 Variations in
density (e), wave velocity
(V) and magnetic susceptibility (z) down the Nagurskaya (I), Hayes (11) and
Sevemaya (Ill) boreholes.
I sandstone, 2 siltstone,
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7 dolerite, 8 basalt.
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only late-Caledonian (see Chapters 2, 7, 9) but also Triassic or post-Triassic, orogenesis manifested
itself near the eastern boundary of Franz Josef Land. If these assumptions are corroborated, an additional independent variable allowing for the effect of the folded area, for example, the distance
from it, should be introduced into the above equation which is, in essence, the simplified empirical
density model.
Measurements of the density of sedimentary rocks in samples from outcrops characterise consolidated rocks only, thus putting unconsolidated silty-sandy and moist clayey varieties, widely
developed on the surface, beyond the scope of these investigations. Measurements on samples of
drill core are more representative, since all the rocks are consolidated below a few hundred metres.
Figure 6.1 shows how the density of terrigenous deposits, which dominate in the sedimentary
cover, increases downwards as a result of post-depositional transformations. On petrophysical sections, analytical data arrange as a band of points. Measurements made on igneous rocks plot at
some distance to the right of the band.
The distribution of points in the band mainly reflects cyclic variations of granulometric composition and changes in the carbonate content. Minima correspond to sandstone with argillaceous
cement and maxima characterise carbonate-bearing terrigenous rocks and carbonates. The lack of
sandstone in the Triassic deposits in the Nagurskaya borehole is responsible for the narrowness of
the band, which shows values from the shallowest depths. The values start to decrease at depths of
about 1430 m in the Hayes borehole and 1990 m in the Severnaya borehole. These changes are
caused by sandstone with a high content of coarse to medium-grained fractions and little carbonate. They probably complete the regressive part of the Ladinian sequence.
The volume of pore space decreases, density differentiation with respect to rock varieties
weakens, and the band of values narrows with a steady downward increase in the intensity of the
post-depositional transformation of the rocks. In the zones of the MC3-MC4 phases of diagenesis,
a sharp decrease in the gradient of the density increase is observed, the maxima approaching the
upper limit that is characteristic for terrigenous rocks. For example, from tpe top to a depth of 2000
m in the Severnaya borehole, the density variation per 100 m is about 0.03 g/cm", but at a greater
depth it is 0.003 g/cnr'. Metamorphic rocks complete the tendency, i.e. the gradient becomes practically zero. Hence, the width of the band in Figure 6.1 is, in practice, determined by differences in
lithology.
The density of igneous rocks mainly depends on the composition of the initial magma, chilling
conditions, and the intensity of subsequent transformations. The composition of the magma predetermines a suite of minerals and their ratios, whereas the chilling rate dictates porosity and the
degree of crystallisation. Density decreases as the proportion of vitreous material and the amount
and size of interstices increase. Basalt therefore has a lower density than dolerite (Table 6.2). The
density of dolerites in drill core is usually 2.8-3.1 g/cm 3 . The lowest values were recorded in rocks
showing signs of deuteric alteration. The density of basalt in outcrops on Alexandra Land was
studied by Piskarev & Kovaleva (1975). They found that porous zeolitised vitrobasalt has the
lowest density, 1.70-2.0 g/cm'. Values of about 2.80 g/cm 3 were recorded in pyroxene-plagioporphyritic rocks with a crystallised groundmass. The mean density of basalt is 2.70 g/cm'. According to Ya.V, Neizvestnov (unpubl. rnanus.), the density of basalt on the same island varies
from 2.30 to 2.90 g/cm'.
Density datum horizons in the borehole columns occur at contacts of sequences that contrast in
structure and lithology, and at the boundaries of zones of diagenesis where the consistent pattern of
density variation breaks down. Igneous and sedimentary rocks differ considerably in density. At
the boundary between Triassic terrigenous deposits and Cretaceous effusives there is a sudden drop
in density of 0.20 g/cm'. Because of relatively small thicknesses and, especially, the impersistent
trend of intrusions, these differences cannot be used as regional datum horizons. At the top of the
basement in the Nagurskaya borehole, the density datum horizon formed as a result of the numerous intrusions in the Proterozoic strata rather than due to a difference in the density of metamorphic rocks and highly post-depositionally transformed sedimentary rocks. According to Verba
et al. (1980, 1983), the strong increase in density at the basement/cover boundary is about 0.25
g/cm'. A decrease in the gradient of the density increase in response to the effect of diagenesis,
which was noted in the Hayes and Severnaya boreholes near the MiddlelUpper Triassic boundary,
can also be traced regionally.
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6.2 LONGITUDINAL SEISMIC VELOCITY

v.v. Verba and E.G. Bro (unpubl. manuscripts) reported the results of 346,251 and 203 measurements of seismic velocity in core samples from the Nagurskaya, Hayes and Severnaya boreho1es,
respectively. When measuring seismic velocity (V) in the laboratory, effective pressures close to
those in situ were simulated. Shooting was performed in the Nagurskaya and Severnaya boreholes.
Laboratory results and the velocities of formations are presented in Figure 6.1. The seismic velocity is 2.0-5.0 kmls in terrigenous deposits, about 5.0 kmls in metamorphic rocks and 5.0-6.5 km/s
in carbonate and igneous rocks. The relationship between the longitudinal seismic velocity and the
structure, lithology and other geological characteristics was studied in samples and in situ. Studies
on samples of terrigenous rocks showed that the seismic velocity, like the density, is mainly a
function of the intensity of diagenetic transformation and the amount of carbonate accumulated
during lithogenesis. Coefficients of the paired correlation of wave velocity with both characteristics are +0.622 and +0.329. The effect of other rock characteristics is much weaker; even the role
of granulometric composition is not always recognised.
Studies carried out everywhere indicate that velocity, like density, builds up in a sandstone-siltstone-mudstone sequence (of course, all other things being equal). However, this is only the case in
zones of early diagenesis. As the collection of drill core samples studied here is dominated by rocks
that are severely altered by diagenesis, no consistent pattern has been revealed. The relationship between the wave velocity and the geological age and present depth of the deposits is probably secondary and arises due to correlation of the characteristics with zones of diagenesis. As in the case of
density, the effect of intrusions on the wave velocity in country rocks is probably limited. No effect
from the presumed folded area has been found. However, north and northeast of the boreholes, measurements approach close to the minima and maxima in the range of wave velocity given above for
terrigenous deposits, which are much more liable to density increase than other rocks.
In petrophysical studies of strata as thick as a few hundred metres, velocities measured by
shooting in boreholes were correlated with the lithological characteristics at the corresponding
intervals. The results obtained show that the distribution of carbonate during sedimentation and
diagenesis played a determining role in velocity formation, thus supporting the measurements
made on samples. The presence of intrusions drastically increases the velocities in formations.
Consistent patterns recognised in a few sequences in Franz Josef Land are in harmony with those
revealed in numerous samples from the Pechora Sedimentary Basin and the West Siberian plate.
In general terms, the change in velocity through a borehole column is identical to the change in
density. Under the action of diagenesis, the velocity figures obtained from samples and strata increase with depth from 2-3 kmls down to the roof of the metamorphic rocks. High in a column, a
few relatively high values in samples are associated with terrigenous carbonates, carbonates or
igneous rocks; low in a column, the values measured in igneous rocks contrast with the increasingly high velocities in terrigenous deposits.
The particular laboratory method used meant that velocity could only be measured in consolidated rocks which were not destroyed when drilled and sawn, or while simulating the in situ pressure. Completely unconsolidated material, and even many poorly cemented rocks whose density
was nevertheless measured, could not be used. This entailed a substantial loss of sample representativeness at the shallowest depths, where the band of values in Figure 6.1 is consequently relatively narrow. Possibly because of this, high in columns where the proportion of unconsolidated and
poorly cemented deposits is appreciable, the velocity in samples is generally higher than that in
formations, which represent all the rock varieties in the strata. Moreover, partly because of this, the
relationship between the velocity value and the granulometric composition of terrigenous rocks becomes indiscernible.
The gradient of the increase in velocity decreases sharply in the Hayes and Severnaya borehole
columns near the UpperlMiddle Triassic boundary. The reason for this is probably the same as that
causing the decrease in the density gradient. For instance, velocity increases at a rate of 0.08 km/s
per 100 m in the Hayes column in the depth interval of 750-1450 m. Lower in the column, the
velocity reaches an upper limit that is typical for terrigenous rocks, and becomes almost stable. A
systematic increase in the velocity of formations as a response to diagenesis is locally reversed.
The largest reversals are associated with the lower boundaries of igneous rocks and carbonates.
Since the longitudinal seismic velocity is closely related to density, consistent patterns of variation in both parameters are similar and the density datum horizons recognised may serve as seis142

mic index horizons. Seismic shooting can identify a stratigraphical disconformity at the
MiddlelUpper Triassic boundary and also the unconformity at the boundary between the basement
and the sedimentary cover.

6.3 THERMOPHYSICAL PROPERTIES
From 1979 to 1987, LV. Shkola, E.G. Bro, U.l. Moiseenko and T.Z. Chadovich obtained 8, 40 and
37 thermal conductivity values from core samples from the Nagurskaya, Hayes and Severnaya
boreholes, respectively. Samples of terrigenous rocks gave values varying from 1.94 to 3.51
W/mK. Studies of samples from Franz Josef Land and elsewhere show that thermal conductivity
values mainly depend on the same rock characteristics which determine density and wave velocity.
Thermal conductivity values increase in a clay-silt-sand series with an enrichment in carbonate
material and an increase in the level of diagenesis downwards. In addition, allowance must be
made for the presence of carbonaceous material, a high concentration of which markedly lowers
the thermal conductivity value. Increases in the density of terrigenous rocks in the contact zone to
igneous bodies and through stress should also raise the value. Temperature logging was carried out
in all the boreholes, and temperatures were measured during fluid testing. In the Nagurskaya and
Severnaya boreholes, the temperature curve was recorded in obviously unstable conditions. The
preliminary rest time in these boreholes was, respectively, 10 and 6 days, i.e. evidently insufficient
to restore the temperature regime in the zone disturbed by drilling. Temperature data may be presumed to be close to natural conditions only in the Hayes borehole, which rested for 158 days.
Geothermal gradients, calculated from thermal logging records, vary from 1.6 to 5.0°CIl00 m. The
most reliable data for the Hayes borehole are within 2.5-4.0° CIl00 m.
Because of different approximations of the temperature measurements obtained to true values,
no quantitative comparison can be made of the gradients calculated for the different boreholes.
However, a comparison of the gradients within each individual borehole column is more valid,
since it provides relative information. It showed that the gradient value in terrigenous rocks is
higher than in carbonate, metamorphic and igneous rocks, which are characterised by higher thermal conduction. In the terrigenous rocks, maxima are recorded in essentially argillaceous deposits,
and minima in primarily sandy rocks that have higher thermal conduction.
The lower boundary of permafrost was found by thermometer readings and apparent electrical
resistance, determined by an increase in values for ice-saturated rocks. The depth to permafrost in
the Nagurskaya, Hayes and Severnaya boreholes was 80, 170 and 410 m, respectively. It is probably dependent on the distance between the borehole and the coast, the size of the island, and the
density of the heat flow rate. According to Ya.v. Neizvestnov (unpubl. manus.), frozen rock can
now be observed on the coasts of Franz Josef Land islands as a result of freezing of the sea floor
on which ice is frozen fast for much of the year when the depth is not less than 2-2.5 m. This
frozen zone forms peculiar caps around the islands. These caps are 15-20 m thick at the edge of
the water and tens or, possibly, hundreds of metres wide. Offshore from Alexandra Land, the cap
width is 20-45 m (Dzhandzhgava et al. 1990). The density of the heat flow rate was estimated
from data on thermal conductivity and temperature measurements taken in boreholes. Values
which are closest to true values were calculated for the lower parts of borehole columns, which
contain no unconsolidated or poorly cemented rocks, these being disregarded in laboratory measurements of thermal conduction. Moreover, geothermal gradients in the upper column can be
skewed by a cooling effect from above, i.e. from the permafrost zone, and from the side of the
Arctic Basin which is 200-300 km from the boreholes.
The densities of the heat flow rate in the Nagurskaya, Hayes and Severnaya boreholes were
148, 57.7, and 75.5 mW/m2 , respectively; these values were calculated from the geothermal gradient and thermal conduction. The value recorded for the Hayes borehole, i.e. 57.7 mW/m 2 , can
probably be regarded as closest to the true value because this borehole rested longer before
thermometry than the other two. Levashkevich et al. (1992) published recalculations of the density
of the heat flow rate. Values of 79.2, 78.8 and 80.2 mW/m 2 were given for the Nagurskaya, Hayes
and Severnaya boreholes, respectively. Unlike the previous data, Levashkevich et al. (1992) estimated the heat conduction of the rocks by using logs, not only laboratory measurements of samples,
and, when calculating weighted averages for the boreholes, they did not rule out data obtained
from the upper parts of the columns. No matter which of these sets of data on the density of the
heat flow rate are preferred, all of them (except 148 mW/m2) are close to the values calculated for
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the Vassdalen borehole in Spitsbergen and higher than those calculated for boreholes on the islands
of Kolguyev and Sverdrup 011 the southern shelf, and also on the coasts of the Barents and Kara Seas.
The relatively high density of the heat flow rate in Franz Josef Land, like elsewhere on the continental margin, is probably caused by thermal radiation emanating from basement rocks propagating sideways from upstanding blocks, not only upwards. For example, the basement of the upstanding block in the Nagurskaya borehole area may also raise the heat of sedimentary rocks in the
adjacent block. If a folded area does exist north and northeast of Franz Josef Land, it served, and
probably still serves, as an additional heat source. During the Mesozoic, the heat field was further
complicated by magma injections.
The overall effect of these heat flows is reflected by the degree of carbonification of organic
matter. Diagenetic zones, complicated by superposed anomalies, are distinguished by the degree of
carbonification in the sedimentary cover. The above-described peculiarity of heat flow is probably
responsible for the unusually small thicknesses of the diagenetic zones where carbonification of
organic matter is at the stages of brown coal and long-frame coal.

6.4 MAGNETIC PROPERTIES - E.G. BRO (t 1997) & V.D. DIBNER
Magnetic susceptibility (re) and natural remanent magnetisation (In) were measured in samples
from outcrops and drill core. Samples were taken on most of the Franz Josef Land islands (Table
6.3). Samples of sedimentary rocks derive mainly from the islands of Alexandra Land, Hayes and
Graham Bell, and igneous rocks from other islands. The magnetic properties of metamorphic rocks
were determined in core from the Nagurskaya borehole.
Sedimentary and metamorphic rocks may be considered nonmagnetic. Their magnetic susceptibility varies from 0 to 60.10-5 SI units. In this range, a direct relationship between magnetic
susceptibility and the content of silty-clayey material is found in terrigenous rocks. This is because,
during sedimentation and diagenesis, fine-grained sediments.accumulate more elements and minerals that have high magnetic properties. Values up to 690.10-5 SI units, which are rare in terrigenous rocks, are mainly caused by higher contents of magnetite, iron hydroxides and fragments of
basic igneous rocks in sandstone, and of siderite in mudstone. The range of magnetic susceptibility
in carbonates is somewhat greater than in terrigenous rocks. Values of (6-12).10-5 SI units were
obtained for the Upper Carboniferous limestone encountered in the Nagurskaya borehole, and ironstone concretions locally encountered in Triassic strata yielded values as high as 230.10-5 SI units.

Table 6.3 Measurements of magnetic susceptibility (re) and natural remanent magnetisation
(In) in rock samples.
Source

Karasik & Dibner
1965
Gusev 1971
Livshits et al.
(unpubl. data,
1974)
Piskarev &
Kovaleva 1975
Tarakhovsky et
al. (unpubl. data,
1976)
Verba et al. 1980
Bro (unpubl. data,
1980)
Bro (unpubl. data,
1982)
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Sampling
site
Outcrops on 18
islands
Outcrops on more
than 17 islands
Outcrops on
Alexandra Land
Outcrops on
Graham Bell Is.
Outcrops on
Alexandra Land
Outcrops on
Graham Bell Is.
Nagurskaya borehole
Severnaya borehole
Hayes borehole

Ageoj
rocks
Upper TriassicCretaceous
TriassicCretaceous
Lower Cretaceous
Upper Triassiclurassic
Lower Cretaceous
Upper Triassiclurassic
Vendian, Carbon.
Triassic
Middle & Upper
Triassic
Middle & Upper
Triassic

Numberoj
measurements
IX

In

365

331

2636

2636

78
258
48

48

57

2095

20

3135

28

1991

54

Remanent magnetisation was measured in 92 samples of Triassic terrigenous rocks from drill
core. The values are within (0.2-544).W-3 Aim, often in excess of 20.10-3 Aim. Comparison of
remanent magnetisation and structural and lithological features showed no clear petrophysical relationships. The orientation of core samples carried out in the VNIGRI laboratory indicates that
both directly and inversely magnetised rocks are present in borehole sections.
The magnetic properties of igneous rocks vary greatly and are one or two orders of magnitude
higher than those of sedimentary rocks. Most data concern basalts. The magnetic susceptibilities of
basalt and dolerite are (160-9650).10-5 and (130-15090).10-5 SI units, respectively. Dolerite
sometimes shows not only higher maximum, but also higher mean values which are usually within
(1500-2500).10-5 SI units in both dolerite and basalt. Gusev (1971) explained the difference in
magnetic susceptibility between basalt and dolerite by the fact that the latter contains larger grains
of magnetic minerals. On the contrary, basalt exhibits higher natural remanent magnetisation.
Values of 0.03 to 15.5 Aim and 0.12 to 46.6 A/m were recorded for dolerite and basalt, respectively. Mean values in basalt are twice those in dolerite.
Most samples with high remanent magnetisation were from dyke swells and related basaltic
sheets and sills. Such magnetisation is especially characteristic of igneous bodies with pegmatoid
schlieren, which are usually rich in magnetite. These peculiar bodies were discovered by V.D.
Dibner in basaltic rocks and dyke swells on Alexandra Land, Scott-Keltie, Hooker and other
islands. Similar schlieren were described by Lupanova (1953) in basalts on Rudolf Island. Dark
grey, almost black schlieren stand out against the background of basic rocks. They form branching
veins, rounded in cross section and up to 10 cm across. The veins are partly of hyalobasalt, partly ..
of pegmatoid-type rocks. Hyaloschlieren show a porous structure. Pore (up to 2-3 mm in diam.)
walls are covered by black, locally lustrous, graphite-like encrnstations, which are probably compounds of carbon (including hydrocarbon) which exsolved from magma together with hydrothermals when the basaltic sheet was cooling.
Microscopy by B.I. Test showed that schlieren whose groundmass is particularly rich in glass
are very fine-grained rocks. The finest laths of labradorite and xenomorphic granules of pyroxene
were observed in vitreous masses. Rounded and extremely irregular palagonite aggregates (usually
with calcite in the middle), locally showing a spherulitic structure, occur in the interstices of the
laths.
Pegmatoid schlieren differ from the host rocks by being more coarse grained and showing ophitic, poikiolitic and, less commonly, intersertal textures. Plagioclase and clinopyroxene form the
largest aggregates, as long as 5-7 mm. Grains of magnetite and other ore minerals are present,
locally in abundance. Therefore, in some swells, for example, in the Rubini Rock swell and associated agglomerates on the slope of the Ciurlionis plateau, remanent magnetisation values are as high
as 14.4 Aim. Similar high values were recorded in basaltic sheets for which the Rubini-Ciurlionis
dyke could serve as a feeder. A northwestern continuation of this dyke is marked by a local, ovalshaped magnetic anomaly, elongate in the same direction (the easterly declination increases by as
much as 31°), and by an anomaly at Cape Astronomic (west coast of George Land) revealed by
aerial photography in 1953; samples show In values as high as 10.6 and 14.4 A/m.
. Very high In values of 34.2 Aim were recorded in samples from the contact of one of several
small swells of the Skvoznaya (Through) dyke in the central part of Hayes Island. Enhanced
(8.0 Aim) values were noted in basalt samples from agglomerates in an explosion pipe in the
western part of Hayes Island. The highest values were found in the lower sheet at Cape Vasiliev on
Wiener-Neustadt Island, at the top of which they reach a maximum value of 46.6 Aim. In other
basaltic sheets, In generally increases from the base to the top and decreases from lower to upper
sheets. For instance, an In of 35.3 A/m was recorded in a sample from the top of a lower sheet in
the Cape Albert Markham area on Hooker Island (sample 796b taken in 1953).
In four cases, In in excess of 10.0 was also noted in sills, but only those occurring in the vicinity of dyke swells and explosion pipes. Magnetite may have accumulated in schlieren and directly
in groundmass on more than one occasion at the same localities. Gas-rich magma served as a carrier of metalliferous emanations and, because of its kinetic energy and emplacement near the surface, formed (in decreasing order) magnetite-rich dyke swells, apical parts of "normal" dykes, explosion pipes, sheets and sills.
Studies on alternating field demagnetisation of igneous rock samples (Gusev 1971) showed that
basalt had high magnetic stability. High Q values (remanent-induced magnetisation ratio), the
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character of alternating field demagnetisation curves, and thermomagnetic analyses suggest the
thermoremanent nature of most In. Viscous magnetisation of the rocks accounts for 15-30% of the
In value. Thermomagnetic curves indicate the presence of titanomagnetite and magnetite. The vector direction of remanent magnetisation in basalt and dolerite is steady and coincides with the present magnetic field direction. The same In direction was found in six dolerite samples from core
from the Nagurskaya borehole (V.v. Verba, unpubl. manus.).
Mass measurements of magnetic susceptibility are plotted on petrophysical diagrams of the
boreholes (Fig. 6.1). The measurements arrange as an almost vertical band whose width is determined by the .range of the commonest values for terrigenous rocks. Sporadic high values outside
the band represent igneous rocks. The arrangement of points within the band follows the order of
chemical elements with different magnetic properties, according to granulometric fractions and
variations in the amount of siderite or, to be more accurate, accompanying ferric oxide minerals, in
the rocks. The magnetic properties of sedimentary and metamorphic rocks are similar, but because
the metamorphic basement contains far more intrusions than the sedimentary cover, the weighted
average values are higher.
Discussion
The study of the physical properties of rocks has been irregular in Franz Josef Land, sampling for
magnetic properties being most even. Most of the laboratory data stem from the islands of Alexandra Land, Hayes and Graham Bell, where they derive from both outcrops and boreholes, and
these are of great value.
The gathering and systematisation of data were accompanied by investigations aimed at ex ~
plaining why the physical parameters varied over time. This sometimes allowed us to distinguish
anomalous, generally not representative data, and to predict trends of variations in physical properties away from the sites sampled. Correlation of the physical properties of terrigenous deposits
with structural, lithological and other geological data supported petrophysically consistent patterns
recognised elsewhere.
Density, wave velocity and thermal conductivity values are mainly functions of the same characteristics, reflecting the same natural processes; hence, these physical parameters are interrelated.
At the same time, each of these parameters is caused by different properties of the rock. Unlike
density and thermal conduction, the wave velocity is a function of the granulometric composition
at early stages of post-depositional transformations only. The distinguishing feature of thermal
conduction is that it is more sensitive, compared with other closely related physical properties, to
the presence of organic matter in the rock. A collection of 77 samples of core from the Hayes and
Severnaya boreholes gave a paired density-velocity correlation coefficient of +0.709, whereas
another collection of 65 samples from core from the same boreholes and the Sverdrup borehole (17
samples) gave a paired density-thermal conduction correlation coefficient of +0.497.
In the boreholes studied, physical datum horizons, which can be traced through all or most of
Franz Josef Land, are related to boundaries of sequences that have contrasting structures and lithologies, and to the boundary of a sharp decrease in the gradient of variations in physical properties.
Three datum horizons have so far been recognised. The uppermost horizon determines the boundaries of Lower Cretaceous basalt and probably Upper Triassic terrigenous rocks. Beneath the upper
contact, density, wave velocity, magnetic susceptibility and natural remanent magnetisation drastically decrease. Sharp decreases in the density and the velocity gradient were noted at the
UpperlMiddle Triassic boundary. A relatively high admixture of carbonate material in terrigenous
deposits below the boundary probably causes an additional build up in the values of both physical
parameters. The third datum horizon is marked by an increase in density, wave velocity and
magnetic properties at the top of the basement.
As noted in section 6.1, increasing carbonification of organic matter with depth takes place
ahead of a density increase in the Severnaya borehole column, which is probably closer to the presumed folded area in the north and northeast than the other boreholes. This cannot be considered
fortuitous. The same was observed with respect to reservoir features estimated in samples from
core and on the basis of the borehole columns. If the relatively young folded area does exist, then,
as it is approached, the effect of stress should increase and differentiation of density, velocity and
thermal conductivity values with respect to rock varieties and zones of diagenesis should weaken.
Consequently, the Middle/Upper Triassic boundary would lose its acoustic sharpness.
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7. TECTONICS - V.D. DIBNER & A.G. STARK
Franz Josef Land belongs to the East Barents Sedimentary Basin, which is composed of three subbasins, the South Barents, North Barents and Franz Josef Land subbasins, separated by fairly low,
elongated domes. Franz Josef Land forms the northern closure of the East Barents Sedimentary
Basin. In the first two subbasins, the cover attains 20 km or more in thickness (Gramberg 1987). In
Franz Josef Land, the cover of Palaeozoic and, especially, Mesozoic deposits, along with volcanics
and hypabyssal intrusions of the plateau-basalt rock association, varies greatly in thickness. This is
a function of the mosaic tectonic pattern (Fig. 7.1) that originated early in the geological history of
the area, was inherited during Early Cretaceous rifting, and has since been reflected in the relief.
7.1 TECTONIC SETTING AND DEEP-SEATED STRUCTURE

Gravity mapping has delineated two elongate ENE-WSW trending zones in the Franz Josef Land
subbasin. These are separated by the Ziegler flexure zone. The northern one, the Alexander zone,
characterised by gravitational (Bouguer) anomalies of 40 to 90 mGal, is the result of a regional rise
of the folded basement and its relatively thin cover which, calculations suggest, almost nowhere
exceeds 4-5 km. The southern one, the Wilczek zone, results from regional subsidence of the
folded basement, especially in the central-northern part of the zone. The cover in the Wilczek zone
attains 7-8 km in thickness in local (now inverted) lows. The seismological data mentioned above
suggest that this value may be underestimated. A more precise estimate can be anticipated to result
from deep seismic work planned for Franz Josef Land.
Results of seismological investigations (deciphering of PS waves) obtained from measurements
at the Arkticheskaya Station (Severnaya Zemlya) and the Hayes Station (Franz Josef Land) have
enabled Avetisov & Bulin (1974) to construct the following section: 1) Mesozoic sandy-clayey deposits are 1.5-4.0 km, Vo (layer velocity) 3.2 km/s; 2) older deposits (limestones and other rocks)
are 1.5-4.0 to 7-10 km, Vo 4.8 km/s; 3) "granitic" layer is 7-10 to 15-17 km, Vo 5.7 km/s; 4)
"basaltic" layer is 15-17 to 23-25 km (Moho discontinuity), Vo 6.7 km/s.
The results of a small-scale gravity survey performed in 1990, with allowance made for preliminary seismic profiling, were used by A.G. Stark to construct geological-geophysical profiles
(Figs. 7.2 and 7.3) and the following crustal section: 1) Palaeozoic (Wenlockian-Ludlovian) and,
predominantly, Mesozoic terrigenous and volcanic rocks, from a few hundred metres to 7.0-8.5
km; 2) low-grade Vendian and, possibly, Palaeozoic metamorphic rocks (Llandoverian-Wenlockian?), 0 to 5-6 km; 3) granitic and metamorphic ("granitic") layer (Archaean-Early Proterozoic), 0
to 17 km; 4) granulitic-basic ("basaltic") layer; 5) asthenospheric lens, the locally most low density
part of the asthenosphere (Vo < 7.0 km/s) situated directly beneath the Moho discontinuity and inducing its local rise, 0 to 15 km (for more information on asthenospheric lenses, see Golovkov
1978, Artyushkof 1983, Dibner 1989, 1995).
Comparison of these two crustal profiles reveals some differences in sedimentary cover thicknesses: on Figures 7.2 and 7.3, the maximum composite thickness is under 8.5 km, whereas the
seismological section shows 14 km, i.e. the value which, as shown below, is in better agreement
with geological data for the maximum thicknesses of the cover on Franz Josef Land and, by extrapolation from the seismological measurements, in the more southerly part of the East Barents Sedimentary Basin. Figure 7.2 and, especially, Figure 7.3 indicate a lenticular layer with velocity not
exceeding 7.0 km/s directly underlying the Moho discontinuity. This suggests that the lightest part
of the upper mantle has risen up to the base of the crust. As was mentioned above, it may represent
a thin (no more than 10-15 km) asthenospheric lens exceeding 280 km across. The folded basement embraces: 1) the crystalline (Proterozoic-Archaean?) basement underlying depocentres on
crustal blocks stabilised at the end of the Proterozoic and which later underwent recurrent, lengthy
subsidence (Krasny 1978), and 2) the folded basement of rift-related structures, only met with in
the Nagurskaya borehole (section 3.1). It should be remembered that greenschist-facies phyllites
and fine-grained schists were found there at a depth of 3204-2555 m where they were overlain by
quartzites from 2555-1895 m. The assemblage of acritarchs and trichomes (taken at depths of
3095, 3094, 3045 and 3015 m) dates the lower strata as Vendian. The age of the metamorphism
and, hence, orogeny was determined in 1980 at the Komi Branch of the USSR Academy of
Sciences using the K-Ar method on quartz-sericite schist taken at a depth of 3046 m. The date ob147
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Fig. 7.1 Tectonic sketch map of Franz Josef Land. Key: zonal designations: 1 Alexandra arch, 2 relatively
subsided parts of the arched area, 3 Ziegler flexure, 4 Wilczek monocline; other designations: 5 secondary
rifts, 6 local inverted lows on crustal blocks, 7 outlines of the area with the most intense magnetic field
(more than 1000 nT), suggesting maximum (more than 500-550 m) thicknesses of the sedimentary-volcanic
sequence, 8 diapiric features, 9 ordinary faults, 10 deep-seated fault zone, 11 location of profiles AB and CD
(see Figs. 7.2 and 7.3).
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tained, 360 ± 18 my, exactly corresponds to the Devonian/Carboniferous boundary according to
the time scale used by Harland et al. (1982). This points to the late-Caledonian, Svalbardian orogenic phase, defined in central Spitsbergen where the Devonian strata were unevenly deformed and
then unconformably overlain by Carboniferous beds (Vogt 1928, Orvin 1940, Harland et al. 1993).
Similar events may have taken place at the same time on Alexandra Land where the Lower Carboniferous also unconformably overlies strata deformed and metamorphosed at the Devonian/Carboniferous boundary (see section 3.1).

7.2 STRUCTURE OF THE SEDIMENTARY AND VOLCANIC COVER
According to data given in section 3.3, the boreholes drilled on the islands of Alexandra Land,
Hayes and Graham Bell revealed sharp differences in cover thickness. The composite thickness is
only 1900 m in the borehole on Alexandra Land (geophysical data indicate only a few hundred
metres of sedimentary cover below the ice cap in the centre of Alexandra Land), whereas the boreholes on Hayes Island and Graham Bell Island gave apparent thicknesses of 3344 m and 3529 m,
respectively. The overall thickness of the cover on Alexandra Land comprises the thicknesses of
Lower Cretaceous basaltic sheets, Middle and Lower Triassic strata, and Upper and Lower
Carboniferous strata, resting on highly deformed Vendian (possibly partly Palaeozoic - see below)
quartzites, phyllites and schists. The other two boreholes (with very similar logs) penetrated the
Upper Triassic and reached the Middle Triassic, but did not pass through all of the Anisian.
Let us try to extrapolate the cover thicknesses, including those of deposits beneath the beds
penetrated by the boreholes. To the 3.5 km penetrated by the borehole on Graham Bell Island we
add: 1) 300 m for the lower, not penetrated, part of the Anisian (650 m were drilled, and the overlying Ladinian deposits of the same duration of sedimentation are 300 m thicker); 2) 3.0 km for the
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4 "granitic" layer, 5 basic granulites ("basaltic" layer), 6 possible asthenospheric lens, 7 Moho discontinuity,
8 faults.
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Lower Triassic and Upper Permian deposits which are 3 km thick in the North Barents Subbasin;
3) 3.0 km for the underlying Lower Permian and Middle and Lower Palaeozoic, essentially carbonate deposits, which also attain this thickness in the North Barents Subbasin. This amounts to 9.8
km, this being a minimum estimate since some islands also have post-Triassic strata, namely
Lower Jurassic deposits (in part encountered by the Sevemaya borehole on Graham Bell Island),
Middle-Upper Jurassic and Lower Cretaceous (Berriasian-Hauterivian) sandy-clayey deposits,
Barremian-Albian sedimentary-volcanic sequences, and Upper Cretaceous and Cenozoic terrigenous deposits. Geological observations and seismic measurements from near the southwestern and
southeastern islands of Franz Josef Land enable us to estimate their composite thickness at no less
than 1.0-2.0 km. Thus, the cover partly drilled by the boreholes on Hayes and Graham Bell islands
can attain a total maximum thickness of 11-12 km. However, these great thicknesses are not developed everywhere. In the vicinity of the Nagurskaya borehole, located in the northwest-trending
graben, the thickness of the sedimentary-volcanic strata is an order of magnitude less. As mentioned in section 5.1, trachyandesitic basalts have been recognised in the Lower Cretaceous effusives. This is characteristic of rift magmatism (Piskarev & Kovaleva 1975). They could form a
stock-like magmatic diapir(?), which was recognised on geophysical evidence below the borehole
and was traced downwards as far as the near-basal zone of the granitic-metamorphic layer. In the
interval 4.5-16 km below sea level, it contains multiple intrusions of basic igneous rock. All this
suggests that the present "Nagurskaya graben" originated in response to rifting and, hence, the
intrusion can be considered a product of intense rift-related heat and mass transfer. The process
may be genetically related to the above-mentioned asthenospheric lens from which the subcrustal
material derived to be intruded along a fault (or faults) through the basaltic layer (being contaminated in the process), to be concentrated in the near-basal part of the granitic-metamorphic layer, excess material forming the diapir-like intrusion injected along the Nagurskaya rift (Fig. 7.3).
The Nagurskaya graben is responsible for part of the intricately ramifying system of linear,
negative physical features (valleys, sounds, etc.) which break up the Franz Josef megaplateau.
These features are secondary rift grabens (Dibner 1989) which inherited primary rifts formed in the
Caledonian basement. This may have taken place in the early Neocomian, prior to the formation of
the volcano-sedimentary sequence which was deposited on intensely block faulted, very unevenly
eroded, pre-Neocomian deposits. Thus, the Franz Josef Land Subbasin started to form in late-Caledonian time. It was divided by folds into separate blocks of different sizes. These folds were later
._-------
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inherited by rift-related structures. Thus, fragments of ancient cratogenic structures, which have
not been reworked by a later orogeny, were formed. This peculiar megastructure of Franz Josef
Land, which in outline resembles a gigantic stockwork, may be termed a "stockwork structure"
(Fig. 7.1).
The crustal, or tectonic, blocks may be placed in one of two categories, uplifted and subsided.
The subsided blocks, referred to as Pannonian-type blocks, or median masses (Zabrodin et al.
1970), are characterised by great thicknesses of infilled sedimentary and volcanic deposits. The
crust of these blocks is thin. Although the data are inadequate to ensure reliable interpretation of
the megastructure of Franz Josef Land as a whole, a good fit exists between the largest negative
gravity anomalies and the largest infilled depressions or depocentres, "Grahamwil" and "Hallclint". Other negative gravity anomalies permit the recognition of many other crustal blocks of
various sizes, and their depocentres, which previously had mainly been interpreted on the basis of
structurally-related features in the surface relief (Fig. 8.1).
In places (in the western part of the Hallclint depocentre, in the vicinity of Bruce and Northbrook islands, at De Long Bay and elsewhere), relatively narrow rift grabens form triangular
systems. They are typical of the early stage of rifting and are located on uplifting and, hence, extending and fracturing arches (Cloos 1939). In Franz Josef Land, such minor rift systems dissect
different-order crustal blocks (generally minor ones), unlike larger rift grabens, which usually
flank large crustal blocks.
Two regional tectono-sedimentary stages (series of formations separated by regional unconformities) are recognised. The lower one is mainly represented by Triassic, Jurassic and Neocomian deposits, and the upper one by a sedimentary-volcanic sequence of Barrernian-Albian age
(the younger beds are only found locally). The lower stage consists of two varieties: 1) an intrarifting stage consisting of relatively thin epi-Caledonian deposits which fill the rifts and rest on
strata deformed during the Caledonian orogeny; they were not entirely removed by subsequent erosional events because they occur in the Nagurskaya rift graben and probably other unidentified rifts
of similar type mostly concealed on the floors of straits and sounds or beneath outlet glaciers on
islands and offshore, 2) depocentric stages associated with subsided crustal blocks and distinguished by very great thicknesses of sediment fill proved by logging of the Hayes and Severnaya
boreholes and by seismographic sections; moreover, these boreholes also show that the Hallclint
and Grahamwil depocentres have complete syntectonic sedimentary sequences (Fig. 7.4), although
we have no information about the syntectonic nature of other depocentres shown on Figure 7.1.
There were three breaks in the intrarifting structural stage: 1) between the Lower and the Upper
Carboniferous; 2) between the Upper Carboniferous-Asselian and the Induan (lowermost Triassic),
3) between the lower Olenekian and the upper Ladinian (Triassic). The depocentric structural stage
displays many stratigraphical breaks, especially in the Jurassic and Cretaceous, which we will take
up in Chapter 9.
The upper structural stage mainly consists of the sedimentary-volcanic sequence. These strata
rest on beds belonging to the lower structural stage, which had been dissected by rift grabens and
in places strongly eroded prior to the onset of the upper structural stage since particular beds rest
on strata of different age and there is a major disconformity from Volgian to Norian-Rhaetian. This
regional, essentially basaltic, armour rests disconformably or unconformably upon both the depocentre and the various varieties of rifts belonging to the early structural stage (Fig. 7.4). The
beds of the upper structural stage (Barremian-Albian) are most completely developed in a wide
NE-SW trending zone in the west of Franz Josef Land, on Alexandra Land, most of George Land
and the underwater Alexandra plateau, as shown by the magnetic field T intensity ranging from
100 to 700 nT. However, the greatest thicknesses of strata from this structural stage have been preserved in a zone (also NE-trending) occupying the central part of Franz Josef Land. This is confirmed by direct geological observations and also because it is here, over the northern part of the
central group of islands, that the most complicated and intensive magnetic fields, typical of basic
effusives, have been recorded. The field is most intensive over the islands of Luigi, Salisbury,
Champ, Ziegler and Jackson (T 700 to 1000 nT), and somewhat less intensive in the southwest
over Hooker, Nansen, Bromwich and other islands, and in the northeast over Greely, Payer, Rainer,
Karl Alexander, Rudolf and other islands. The present data suggest that on this central group of
islands the present aggregate thickness of the sedimentary-volcanic sequence can exceed 500550m.
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Fig. 7.4 The lower (Triassic and Jurassic) and upper (Lower Cretaceous) structural stages. 1 pebbly gravel
and conglomerate, 2 sand and sandstone, 3 silt and siltstone, 4 clay and mudstone, 5 coal seams, 6 limestone,
7 basaltic sheets, 8 dolerite and coarse-grained dolerite, 9 quartz-sericite schists and quartzite.
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Fig. 7.5 Section across Cape Brice on the northwest end of Ziegler Island showing Upper Triassic deposits

of the lower structural stage intruded by sills and then gently folded, subsequently eroded and still later overlain by Lower Cretaceous basaltic sheets and sediments.

Fig. 7.6 Basaltic sheets flexured and faulted on the northern cape of Pritchett Island. Sketched from an aerial
photograph by V.D. Dibner in 1953.
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Fig. 7.7 Local anticlines and synclines picked out by flexures in doleritic sills: A northwestern cape of Coal

Mine Island, B a cape on the north coast of Salisbury Island, C Cape Petigaks, Luigi Island, D northern cape
of Pritchett Island, also showing basaltic sheets of the sedimentary-volcanic sequence, E Cape Greely,
McClintock Island, F north end of Alger Island.
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Fig. 7.8 Faulting in the southwest part of Northbrook Island. J Cape Gjertrud, 2 Rally Rocks, 3 Cape Flora.
Sketch by R. Koettlitz in 1898.

Folding is observable to varying degrees in the strata of the two structural stages. In the lower
one, deformations are best known in the Upper Triassic and Jurassic depocentric strata, which are
well exposed. Folding and related fracturing is most easily seen in sills. Folds are gentle with
wavelengths of 0.2--0.3 to 2-3 km and limbs dipping at angles of 3-5 0 to 14-160 • The steepest dips
are, on average, about 8.0 0 , and are most commonly seen in Upper Triassic-Liassic deposits. The
overlying strata, with few exceptions, are much more gently folded. The basaltic sheets, locally
alternating with terrigenous deposits, constituting the upper, sedimentary-volcanic, structural stage
are practically horizontal, or follow the erosional surface at the top of the lower strata (Figs.
7.5-7.7).
There are numerous, and locally very large, faults in the Franz Josef Land area. Straight sea cliffs,
submarine scarps and the deep channels of straits and sounds are mainly subparallel to faults transecting the sedimentary-volcanic strata. These faults, observable in outcrops and shown by terrestrial and offshore topographical features, form a system composed of structures trending, respectively, E-W, N-S and diagonally. A group of NNW-SSE trending listric faults in the Cape Flora area
on Northbrook Island has created topographical blocks, partly representing horsts. These faults
were first observed by Nansen (Pompecky 1900) and Koettlitz (1898) who stated that the asymmetrical block forming Cape Gjertrud had been uplifted relative to similar blocks forming Galley
Rocks and Cape Flora, the faults having throws of 40 m and 200 m, respectively (Fig. 7.8). A similar example is observed on the west and east slopes of the Stremitelny Glacier valley (Wilczek
Land) where a number of faults vertically displace a sill into separate blocks, the faults having
throws of 20-80 m (Fig. 7.9). The faults on both sides of the valley are also distinct on aerial
photographs, which show that they trend ENE- WSW, parallel to the north coast of Wilczek Land.
To the west, along the same coast, major faults trending ENE- WSW and NNW-SSE are clearly
seen on Cape Schmarda and Cape HelIer. Almost E-W faults with vertical displacements of 35 m
transect a sill exposed on the eastern sea cliff of Hayes Island (Fig. 7.10). A large, almost E-W
fault is observed in the northwest part of Hooker Island where the Rubini and Antirubini subvolcanic swells, associated with the same dyke, are displaced relative to each other. Aerial photographs and direct observations indicate the presence of strike-slip faults with horizontal displacements of 80 m on the islands of Hayes and Bolshoi Komsomolsky.
Most faults trend NW-SE and basic dykes have been intruded along the majority, as shown by
A.N. Tarakhovsky on Hayes Island. NE-SW trending fractures are fewer in number and are typically joints.
Some deep-seated, NE-SW trending fault zones have been recognised through sharp shifts in the
position of different types of anomalies revealed in aeromagnetic data. The largest of these fault
zones runs across the islands of Champ, Salisbury, Ziegler, Greely, Becker and Hoffmann. NW-SE
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Fig. 7.9 Faulted sill (throws of 20 to 80 m). West slope of Stremitelny Glacier, Wilczek Land. Sketch from
photo by VD. Dibner.
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Fig. 7.10 Coarse-grained doleritic sill faulted into separate blocks (after A.N. Tarakhovsky). Southeastern

sea cliff of Hayes Island. 1 sill, 2 dykes, 3 sedimentary rocks, 4 faults.

trending feather faults, coinciding with hollows on Salisbury Island and Ziegler Island and on sea
cliffs on the northwest coast of Greely Island, tend to be located in this zone. A negative magnetic
anomaly was recorded about 15 km southeast of this fault zone, indicating, according to D.Y.
Levin (unpubl. manus.), an ultrabasic intrusion, which also suggests the existence of the NEtrending deep-seated fault (Fig. 7.1).
With its extraordinary degree of dissection, Franz Josef Land represents a mosaic of subsided
and uplifted (with amplitudes up to 1000 m or more), large and small blocks (10 x 3 km on
Alexandra Land), that is unique on the Arctic shelf of Eurasia.
7.3 DIAPIRIC FEATURES - V.D. DIBNER

Diapiric features in Franz Josef Land include dyke-like forms consisting of injected, liquefied sedimentary rocks, dyke-like structures forming diapiric cores, diapiric domes and folds with unexposed cores. Specific diapiric features are considered below in this order.
"Neptunian dyke" - a dyke-like feature composed of sedimentary rocks. On the western-central
part of the Kholmisty Peninsula on Graham Bell Island, Y.K. Razin found a dyke-shaped remnant
of claystone-like limestone. Microscopic examination showed that it resembles the lower Norian
limestone on Cape Hansa. It is located in a position coinciding with a narrow, NW-SE oriented
doleritic dyke which cuts psammites of the Vasiliev Formation (upper Norian-Rhaetian as suggested by palynological data). The impure limestone "dyke" yielded a spore and pollen assemblage
consisting of older forms than those in the Vasiliev Formation. The assemblage is dominated by
ferns of the family Matoniaceae. This assemblage, together with the presence of Permo-Triassic
forms of spores and pollen, suggests a pre-Norian-Rhaetian age for the limestone "dyke" (Dibner
& Sedova 1959). Recent examination of the same sample has yielded the following ostracods:
Cyterella (?) gurimiskensis Lev, C.(?) orbiculata Lev, Ogmonchella cf. ordinata Gerke et Lev and
O. tchajdahensis Gerke et Lev. According to N.V. Kupriyanova (unpubl. manus.), these species derive from Late Triassic marine deposits. This is in agreement with a Carnian age obtained from
spore and pollen analysis by N.A. Pervuninskaya (Dibner 1960, 1970). We are probably dealing
with a relatively rare variety of mixed, magmatogene-sedimentogene diapirism where the initial
driving force may have been an intrusion of basic magma in the form of a doleritic dyke which
squeezed out and lifted up the dyke-like block of sedimentary rock.
Diapiric cores Cape Kohlsaat is a rock picturesquely towering above the low raised beach on
the east coast of the Kholmisty Peninsula and rising more than 100 m above sea level. Cape Kohlsaat cannot be regarded as a monadnock since as high as the middle of its slope it is composed of
psammites of the Vasiliev Formation, similar to surrounding ones, and still higher it is built up of
intercalated sand, sandstone, clay and mudstone that are more prone to denudation. This geological
and geomorphological situation suggests that such an inappropriate, upstanding feature may be explained by diapirism.
The slope of Cape Lamont is built up of fossiliferous, lower Volgian siltstones interrupted about
50 m above sea level by slightly calcareous, poorly consolidated sandstones which form low, dykelike features. The sandstones show horizontal lamination dipping gently east-southeastwards and
dissected by cleavage dipping eastwards at 30°. The sandstone dykes, reaching 3 m in height, are
exposed over an area of a few tens of m 2 . At the western edge, the sandstones are lenticular and are
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Fig. 7.11 Upper Triassic
diapiric stock (sandstone
dyke) cutting lower Volgian
siltstone. Cape Lamont,
Wilczek Land.
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Fig. 7.12 Diapiric fold
in Neogene deposits, Cape
Sugrobov, Hoffmann Island.

1

in a subvertical position (Fig. 7.11). Because of the friable nature of these rocks, the features cannot be regarded as denudation remnants, and cleavage, boudinage and the locally subvertical position suggest that they are derived from some depth by diapirism. Results of palynological analysis
remove all doubts about this. Sample In yielded abundant spores and pollen. The assemblage is
dominated by spores of Dictyophyllum sp. and pollen of Piceites sp.; spores of Coniopteris sp.,
Osmunda sp. are also rather common, and spores of Lycopodium sp., Matonia sp., Chomotriletes
anagrammensis K-M. and pollen of Caytoniales and Cycadaceae are sporadic. According to V.D.
Korotkevich, the assemblage probably indicates an Upper Triassic age, in contrast to the lower
Volgian age of the country rocks.
Dome-shaped "swell" At Cape Hansa on Wilczek Land, cleaved calcareous siltstone and limestone
yielding a lower Norian fauna are exposed within the area of terrigenous deposits (essentially siltstone) of the Wilczek Formation (upper Norian) (see section 3.3). The deposits form a local domeshaped structure which is curved in plan view. It occupies an area of 1.5-2.0 krn". The structure
may have formed through some stock-like cores uplifting the lower Norian limestones, but not
cutting through them (Fig. 3.3.4).
For the description of the skeleton of a plesiosaur broken by possible diapirism at Cape Hofer
on Wilczek Land, see section 3.4 (Fig. 3.4.11).
Diapiric folds Neogene deposits on Cape Sugrobov on Hoffmann Island surprisingly display
sharp anticlinal folds (Fig. 7.12). These are probably local manifestations of diapirism (Cenomanian beds exposed a few kilometres away are very gently dipping).

156

8. GEOMORPHOLOGY AND PRESENT-DAY GLACIATION V.D. DIBNER
The Franz Josef Land islands, straits and adjacent shelf form a sedimentary-volcanic megaplateau
bounded in the west and east by the Franz-Victoria and St. Anna troughs, in the south by an unnamed shelf trough trending almost E-W approximately between latitudes 79 and 80°, and in the
north by the edge of the Barents Sea shelf.
The Franz Josef megaplateau, and particularly the archipelago proper, is extremely fragmented
(Fig. 8.1). The major, nearly N-S straits, British Channel and Austrian Strait, divide it into western,
central and eastern groups of islands. The width of these and many other straits varies from
hundreds of metres to tens of kilometres. The most compact group of islands, separated by very
narrow NW- and NE-trending straits, forms the northern part of the central group from Champ
Island (in the south) to Karl Alexander Island (in the north) inclusive. In the remainder of the archipelago, straits and their relatively deep axial channels, differing in size, stretch chiefly along the
same trends; N-S and particularly E-W straits are far fewer. Wide straits bound two large island
groups in the extreme west (Alexandra Land and George Land) and east (Graham Bell Island,
Wilczek Land, La Ronciere Island). The rest of Franz Josef Land is represented by smaller groups
composed of many islands and both related and isolated submarine plateaus.

8.1 GEOMORPHOLOGY
The bedrock of the archipelago as a whole and of most of the individual islands is very dissected.
Franz Josef Land extends 360 km from east to west and 230 km from north to south and consists of
191 islands. However, airborne radio-location surveying by the Polar Marine Geological Research
Expedition (unpubl. manus.) indicated that some large ice caps (up to 500 m thick) completely
conceal several islands; hence, the total number of islands may be larger.
The total area of the islands is 16,365 km-, 2400 km'', or 14.9%, of which is ice free land. Only
the islands of George Land, Wilczek Land, Graham Bell and Alexandra Land exceed 1000 km 2 in
area. The area of 22 islands is in excess of 100 km-, 19 islands range from 100 to 10 km-, and the
remaining 146 islands are under 10 km 2 each (Vinogradov & Psareva 1965). A comparable archipelago consisting of such a large number of primarily small islands or even islets in such a restricted area is known nowhere else in the Euroasiatic Arctic. Moreover, some islands consist of separate areas of bedrock linked by low bars (no more than 20-30 m above sea level) formed only a
few thousand years ago by glacio-isostatic uplift.
With a few exceptions, the coastline of the islands, formed by ice (63%), bedrock and Quaternary deposits, is poorly defined. In plan view, its delineation, in spite of being partly concealed by
ice sheets which protrude into the sea, is generally angular in character. Direct geological observations and geophysical evidence suggest that this is related to fractures which are also responsible
for the orientation of major landforms on the islands themselves. Most distinct is the NW-SE trend
along which almost all the northern and some southern islands of the central group are oriented. A
NE-SW trend is most obvious in the orientation of Alexandra Land and George Land. A N-S trend
is shown by the orientation of Austrian Strait and most of the coastline along the eastern and
southern periphery of Franz Josef Land (Wilczek Land, Hall, McClintock and other islands), as

Fig. 8.1 (pages 158-159) Geomorphological map of Franz Josef Land, compiled by V.D. Dibner and drawn
by M.A. Agafonova and T.Yu. Babich. I. Ice topography: 1 caps on plateau summits, 2 sheets on faulted
bedrock topography and plateau slopes, 3 outlet glaciers and "areas of subsidence" (marginally heavily fissured zones of ice sheets). II Topography formed by erosion of bedrock: 4, 4A on armouring layers of plateau
basalts, 5, SA in sedimentary rocks, 6, 6A talus, and snow and ice slopes, 7, 7A wave-cut platforms and
wave-cutlbuilt platforms (4, 5, 6, 7 are on land, 4A, SA, 6A, 7A are on the sea floor). III Wave-cutlbuilt
topography on the interinsular and peripheral shelf: 8A shelf floor and confluent surfaces, 9A floors of shelf
troughs, 10 separate lows within troughs. IV. Miscellaneous: 11 hummock-and-hollow topography, 12 thalwegs of flooded river valleys, 13 bottomset beds levelling off subaerial bottom relief, l4A rocky ridges of
dykes and other remnants of solid rocks on land and sea floor, 14B dyke ridges under glaciers, 15 subhorizontalsurfaces, 16 sloping surfaces, 17 arched and trough-shaped features, 18 fault-controlled scarp
slopes.
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part o f Ceorgc Land.
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S o utlet glaciers.
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cl iffs form ed by talus.
8 sea ice with s mall
icebergs frozen into
ir.

well as that of the submarin e Franz-Victoria and SI. Anna troughs which deli mit the archipelago in
the we..t and cast.
The main feature of the physical geography of the Franz Josef Land islands is the present-day
glaciation. The topography of the islands is therefore chiefly formed by glaciers and 10 a much
lesser exten t by ground protruding from the ice as capes. nunataks and cliffs. Where the glaciers
reach the sea. the coastline does nOI protrude into the straits (unlike some large capes). hut is in
line with adjacent portions of the ice harrier (Fig. 8.2).
Tray- or pan-shaped plateaus are a notable feature of the topography of some large islands (e.g.
Alger Island). However. some islands or their separate capes form gently-sloping domes (Grahurn
Bell and La Roncierc ). This. and not least direct geological observations. indicate that the topography of the islands follows the gentle folding of the strata and also reflects the fracturing. Thus.
some islands resemble fragme nts of faulted brachy-synclines. brachy-uruiclincs and domes.
The largest ice-free sites are remarkable for their location along the western and eastern peripheries of Franz Joscf Land. whereas many relatively small islands and imervening deep straits occupy its central pan s. In this co nnection. the average elevation s of Franz Jcsef Land are lower in
its centre than around its periphery and. since glaciation is also most developed in the centre. the
meguplateau appears to be a gigan tic inverted pan with the crac ked central pan being ice filled.
The area where most land is free of glacier ice (Alexandra Land and the Armitage Penin..ula on
Georgc Land) consists of relatively low. gently nonhwestward-sloping basaltic platforms divided
by the Arkhangclsky Strait graben into two unequal pans. The southern part. Central Land. is as
high as 50-60 m and gradually reaches sea level northwards. The larger. eastern. part of the platform. the Arrnitage Peninsula. has a similar relief. In eastern Franz Joscf Land. the Kholm isty
(Hilly) Peninsula has a dome-shaped hummocky surface. reaching an altitude of about 100 m. It is
made up of Upper Triassic sand and sandstone and is dissected by a radial system of little incised
streamlets.
Most of the Franz Josef Land islands. particularly those of the central group. are plateaus. ranging in height from lOO to 500-600 m. They were formed on flat-lying sedimentary and volcanic
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Fig. 8.3 Cape Tiro!' Wiencr-Ncustadt lslund. a typical fonn of the two-stage structure. Photo: Y.K. Razin.

rocks of mostly Mesozoic age. The lower and upper structural stages described in Chapter 7 are
strongly reflect ed in the relief o f Franz Joscf Land.
Basaltic sheets and. less commonly. sills armou r separate. residual plateaus. capes and islets.
The plateaus are generally dissected by many cirqucs and short. but dee ply ent renched troug hs.
now partially buried beneath ice caps and locally flooded and turned into small bays. such as the
southern bays of Geo rgc Land. De Long Bay on Jackson Island. and many other inlets. The lower
stage is seen as scarps dip ping at ang les up to 40 °. They are formed of poorly cemented scdi ments.
co mmon ly hidden by basaltic and doleritic talus derived from the upper stage (Fig. 8.3). Cape s.
nunnraks and cape-nunataks (Fig. 8.4) . ....'hose armou rs are frag mented. are dome- or cone-shaped.
As stated in Cha pter 5. many nunataks and capes are formed by doleritic dykes. some of the m
bifurcating or with swells (Figs. 5. 13 & 5. 15). It is not unusual to observe dykes penetratin g relatively thin ice caps. such as the Skvoznaya (Through) dyke beneath the Hydrographcrs G lacier
(Fig. 5.10). Sills also project from the ice. predetermining sharp bends in the glacier where crevasses are co mmon .
The maximum elevatio ns (500--620 m) are found on nunataks on islands in the central parts of
the cent ral and eastern grou ps of islands. the highest one s be ing on Wicncr-Ncustadt. Wilczek
Land. Hooker. McClintock. Graham Bel l. Champ and Hall. On Wilczek Land. they arc formed by
dykes (Wullerstorff Mountains) and on the remaining islands by basaltic sheets (Fig. 8.5). Other
islands have maximum elevations below 500 m. half of them being below 400 m.
Capes and shore cliffs are rimme d by narrow terraces of boulder s. blocks and stones usually up
to 25- 35 m high which . as stated above. in some cases form isthmuses linking former islands to
the main part of an island (c.g. the Rubini Rock on Hoo ker Island and Ca pe Stag (Stack) on Bromwich Island ). Some of these raised beaches form small, low headlands on island s whic h are otherwise entirely covered by ice (e.g. Hvidtcnlan d. Art hur and Litkc). or whole islets which have quite
recently risen from beneath the sea (e.g . Eate n. Dead Seal and HarIey).

Fig. 8A Alpine capes and nunataks. wiener-Ncustadr Island. Photo: V.K. Razin.
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Fig. 8.5 Nunataks (composed of sedimentary-volcanic rocks) typical of the central group of islands. Photo:
D.V. Levin .

On the island s of Franz Josef Land. the drainage system and. hence. the water-eroded surface. is
in the earl iest stage of development. and linear runoff has just been initiated. This is partly because
area.. of nat ground arc small and have o nly recent ly risen from beneath sea level or been freed
from ice. and partly to the very short and cold "summers" characterised by low precipitation and
maximum meltwa ter occurring when the soil is still co mpletely frozen . thus preventing ere sion.
More or less perma nent watercourses are known to occ ur only on Central Land on the island of
Alexa ndra Land. the Armitage Peninsula. Hayes Is.land and the Kholmi..ty Peninsula. The largest
streams on Alexandra Land and the Armi tage Peninsula spring fr om tiny lakes in hummocky terrain erode d by Plcistoccne glacie rs, Other streams on Alexandra Land and the Armitage Peninsula
are typical outwash streams whose d rainage systems are formed anew on ice caps every year. They
arc only slightly incised. permanently shifting and bifurcating watercourses on the surface. Such
glac ial outwash streams occur on Cape Dundy on Hoo ker Island. and also o n Nansen and other
islands.
The erosional dissection of the Khclmi sty Peninsula is of a special nature. Outwash streams
d raining glacial meltwater to the western and eastern coasts of the peninsula are only found in the
immed iate vicinity of the glac ier. None of them reach the centre of the peninsula as most of it has
acquired radial dissectio n becau se of recent dome-like uplift. Hayes Island has a similar drainage
system. In the non h.....est. the system radially dissects a growing domal structure. Complex ravine
dissection has created badland topography there.
Lakes occurri ng: on some islands may be classified under two groups. depending on their origin.
I. Basins formed by glacial erosion during: the late Pleistocenc glaciati on (the Dczhnev Bay area
on Alexandra Land ). These are the most stable lakes. 2. Lagoonal lakes separated from the sea by
shore bars and preserved owing to extremely severe frost co nditions on raised beache s as high as
.20 m and even 25- 30 m (Go vorukha & Simonov 1965 ).

8.2 )IORPIIOLOGY ASD IlYSAMI CS OF PR ESF.ST·DAY GLACIATl OS
The present-day glaciation was described in some detail by Groswal'd ( 1963). Vinogradov &
Psarcva ( 1965 ) and Groswal'd cl al. (1973) which give the results of fundamental glaciolog ical
research done by an expedition organised by the Institute of Geog raphy, USSR Academy of
Sciences. in 1957-1 959.
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Fig. 8.6 Ice crest on the Richthofen nunatak. Algcr Island. Photo; A.N. Radygin.

The total glaciated area in Franz Josef Land is about 13.730 km2 (85. 1% of the total area of the
islands). and the volume of glacier ice is about 1150 krn' . The main forms of glaciers are ice caps
and ice sheets. outlet glaciers and small glaciers. Ice-covered coasts arc mainly represented by
glacier barriers. which make up 63% of the shoreline. The glaciation of Franz Josef Land is more
strongly developed in eastern and southeastern parts due to an extremely severe temperature regime (the average temperature in July-August is close to zero). combined with the penetration of
the North Atlantic depressions into this part of the archipelago.
Observations from the air and analysis of aerial photographs have enabled us to study the influcnce of bedrock relief and. hence. geological structure on the morphology and dynamics of the
glaciation.
Most islands in Franz Josef Land are partially covered by glaciers which. when incompletely
developed. approximate the "cover net" glaciation of Groswal'd et aJ. (1973) and in their maximum form of development are close to "mountain ice sheets" (Flint 1957) in type. Other islands
mainly have two stages of glaciation. each associated with different stages in the development of
the structurally related relief. The two-stage development is most characteristic of the central group
of islands. whereas islands in the extreme cast and west only have glaciers related to the upper
structural stage. In other words. the distribution pattern of contemporary glaciers is predetermined
by major features in the bedrock structure.
The simplest form of the upper stage glaciers is an ice cap developed in the central. unbroken
part of a plateau. away from which it usually gives way to an ice sheet whose morphology refl ects
bedrock relief. Another form is isolated ice caps. which may. in turn. be classified into two types.
The first type comprises ice caps that almost completely cover islets and arc situated on low
plateaus. or flat hills. no more than j O-7.5 m above sea level and standing 20- 100 m high (c.g. on
one of the Oktyabryata Islands and on the Adelaida Islands). At first sight. the existence of ice caps
on such low islands seems unexplainable since it is not unusual to find that they neighbour similar
or much higher. completely ice-free terrain (e.g. Elizabeth Island udjuccnt to the Harley Island ice
cap. and Shenau Island adjacent to the Litke Island ice cap). Dibner (1965a ) suggested that this
could be explained using the concept of the "inertia of glaciation" developed by Tronov (1956).
According to this. two levels should be distinguished for the base of the "hionosphcrc" (the layer
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Fig. 8.7 Transitional g lacie r between ice
crests and nich e glacie rs on the top and
north slope o f Cape Flume. Champ Island.

o f the atmos phere where frost is permanently present). namely, the "geohionobase' and the "cryohionobase" for
rock surfaces and glacial surfaces. respectively. As applied la Franz Josef
Land. this means that ice caps covering very low islands are relics of an
extensive ice sheet de veloped under
climatic co nd itions that were more favourable 10 glaci ation than those of today. but which have survived owing to
a more severe microclimate and. correspo ndi ngly, a low cryohio nobase
and cryohionos phere. as a whole. A
subsequent war mer period was responsible for the fragmentation of ice
sheets. mostly those whose base lay
belo w sea level. as a result of more intense abrasion and the activity of currents. During recent decades. onl y low
island ice caps have started wa ning.
since they "tore away" from the ir cryohionoba se level whose inertia up to
then had been promoted by the underlying ice surface. However. the inertia
of glaciation makes itself felt to the
present day. Therefore. over the vast
majority of islands. Iow ice-free land
is rcprescrned on ly by raised beaches
formed during the Holocenc by glacio-isostatic and. possibly. tectonic
uplift. Thi s has led to the most extensive areas o f low-lying. ice-free land
onl y being formed on the western and
eastern peripheries of Franz Joscf
Land. which are washed by shallow
water. On the Antarctic coast. such
ice-free areas are named "oases ". The
"Terra nova" may have been forme d
there in a similar way.
Tiny ice caps and their emb ryos.
" ice ridges". represent a quite different variety of isolated . small glaciers.
The ice ridges arc shaped like dunes.
suggesting their form alion from perennial snow accumulations. They are

Fig. 8.8 Stremitelny Glacier. one of the

largest outlet glaciers: nort h coast of
Wilczek Land . Aerial photograph.
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Fig. 8.9 Typical area of ice subsidence with numerous criss-crossing crevasses. Oblique aerial photograph
of a glacier margin on George Land.

up to 200-300 m across and arc situated in relatively high positions (about 300-350 m in absolute
height). The first ice ridges were found at Mount Richthofen on Alger Island (Fig. 8.6), Cape Kopland on McClinLOck Island, one of the capes on Cham p Island. and at some other localities when
L.I. Pcrkis was doing aerial surveying in 1953. According to other observatio ns in 1953. made by
the geographer A.N. Radygin (unpubl. manus.). ice ridges also occur on the margins of high plateaus where they fonn from snow cornices. These small glaciers arc probably unstable. For instance.
a small plane glacier with three radial. ridge-like lobes observed by V.D. Dibncr in 1953 on the
plateau of Bell Island had waned greatly by the summer of 1956 (8. 1. Kuznetsov, pers. comm.).
This suggests that more or less long-term snow neve can also form on rock surfaces at heights of
only 300-350 m and upwards under the present-day climatic conditions on Franz Josef Land with
snow-d rifting. gale-force winds. In other words. 300-350 m marks the upper level of the hionosphere base where the hionosphere can be in contact with not only the ice surface. but also the bedrock. It is interesting that a snowline observed on large ice caps on the islands in 1954 by A.N.
Radygin and in 1960 by Govorukba & Simon ov (1961) lay approx imately at the same height
(300-330 m). Accumulation and ablation now occu r above 300-350 m and below 300 m above sea
level, respectively.
Embryon ic ice caps fi xing the upper level of the lower hionosphere (gcohionobase). and relict ice
caps fixing its lcwermost level (cryohionobase). can also be distinguished on other Arctic island".
This helps to give a more complete understanding of the co nditions supporting the existence of
present-day glaciation in the Euroasiutic Arctic and of the limits of its wider distribution in the recent geological past. and allows us to gain some insight into the common laws of the evolution of
high-Arctic glaciation in its progressive and regressive stages (Dibncr 196 1g. 1965a).
Small glaciers. formed through the transformation of perennial snows, have developed in
hollows on the plateaus of some islands (e.g. Cape Saulen on Rudolf Island, Windworth and other
islands) and arc therefore named niche glaciers here (Fig. 8.7).
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Fig. H./O Parasitic ice stream
flowing down a narro w gap
onto the: low coast o f Cape
Willas. witczck Land. where
its lobe expands and is rimm ed

by ridges of tenn inal moraine.
Vert ical ( A) and ob lique
(B) aeria l photograph s,

n;_ . . .
. .

Lower stage g laciers arc deve loped away from generally elevated pla teaus. Th ey incl ude. first and
foremost. ice shee ts whose surface follows irregularities in the bedrock surface. In addit ion. outlet
g laciers (about 500 in Franz Josef Lan d ) arc in part similar to valley glaciers o f mou ntai n region s.
They orig inate in cirques and then occupy related troughs which deep ly di ssect plateau slopes (Fig .
8. 8). They very actively calve into the straits. sound .. and o ffshore are as of Fran z Josef land (see
Figs . 8. 17. 8. 18 & 8. 19 at the end of the chapter). A num ber of tran sition al varieties are recog nised
he re. T hey form along the margins of partially co llap sed ice sheets and are notable for the ir num erous crevasses. refl ect ing many irregularities in the underlying surface, and arc here ca lled "areas of
subsidence" (Fig. 8.9) . T hey are are larger and broader eq uivale nts of linear outlet glaciers. also
called "bleed ing ba..ins" (Gro..wal'd & Krcn ke 1962, G rosw al'd et al. 1973 ).
Like valley glaciers, most outle t glaciers are convex in transverse sec tio n. This is explained by
high fricti on and, hen ce, lower rate s of ice motion at the boundaries with tro ugh va lley slopes. as
well a.. by inte nse ab lation in the same areas where they arc overloade d with till . Alon g the edges
of ice streams . bet ween a margi nal moraine and the Ice. mel twa ter sco urs deep ma rginal channels
contain ing some narrow lakes and bay s. When a ma rine tran ..grc....ion takes place, and following
the retrea t o f a g lac ier into thc mou th of a valle y, the sea pe ne trates most dee ply inland along the
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FiN. It /I Reticular
glacia tion of orthogonally
dissected bedrock topography: central part o f
Champ Island. Photo :
VD. Dibner, 1953

former marginal cha nnels. thus cau sing the coastline to become lobate. typical of fjard coasts in
southern Sca ndinavia. Good exa mples of this are seen in the so uthern pan of Gcorgc Land.
Another type distingui shed here is named parasitic ice streams. These "illegal ly" force their
way to the coas t across relatively un favou rable terrain. Unlike norrnal out let glaciers. which flow
alo ng large depressions in the bedrock topography. parasitic ice streams use isolated gullies at the
plateau edg es. perm itting the remo val of "excess" ice which cannot be remo ved by trun k ice
strea ms. Because they are too thin. it is not unusual to find that parasitic ice streams do not
descend to the sea. but form anomalously wide lobe s frame d by the arcs of termin al moraines on
low coa sts (Fig. 8. 10).
On islands with highly irregular topograph y. prese nt-day glaciation forms reticular glaci al cornplexes. which are charac terised by having isolated ice-free areas on the wind-blown uppe r part s of
glacial tro ughs and close to the edges of plateaus. The platea u summits generally have more or less
large ice caps feeding outlet g laciers. Ret icular glacial co mplexe s can be divided into two suotypes. The first is characteristic of islands with radially broken terr ain. which produces ice-free
capes and nunataks aro und their perip hery. G lacier reservoirs arc situated in the centre of such
islands. where they form small ice ca ps. either on elevated plains or in ce ntral sauce r-like hollows.
T his subtype is most pronounced on the islands o f Hooker. Nanscn and Alger. Another. more wideIy dev eloped subtypc o f reticular glacial co mplex is observed on so me northern islands in the
cen tral group (c.g. Salisbury and Zicgler) where the terrain is deeply dissec ted in an orthogonal
pattern ca used by diago nal fault systems (Figs. 8.11 & 8. 12).
Cirq ue glacie rs (including hanging o nes) arc also cla ssed with the older. lower stage g laciers .
Th ey are situated o n sleep. ice-free slopes. genera lly below the gcohionobase, and are relatively
small (up to 0.5- 1.0 km-). As a rule. they occur on the sides o f large nunataks. residual plateaus
and ca pes. Th ey are especially numerous on islan ds in the central gro up. Some cirque g laciers (c.g .

,

.

FiN. 8. J2 Reticular glaciation in radially dissected topography. with outlet glaciers radiating from a common
glacier reservoir in the centre of Algcr Island.
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Fig. 8.13 Relict wall-sided glacier separated from the ice cap by the plateau edge. George Land. Photo: I..N.
l-okin.

that in the Teply (Warm) cirquc) end on land where. like parasitic glaciers. they are rimmed by
horseshoe-shaped termi nal mo raines. A hangin g variety of cirque glaciers is exemplified by a small
glacie r in thc steep-sided Molchaniya valley on Hoo ker Island. A.N. Radygin obse rved small hanging glaciers on Brice Island and at Cape Bergen on McClintoc k Island. A cirque-vallcy glac ier,
probably the on ly one of its type in Franz Josef Land. was observed by V.D. Dibner in 1957 at
Cape Tiro!'
Wall-sided. or cliff-foot glaciers . located on steep. coastal slopes. where they locally stretch for
10-15 km. represcnt a distinct and com mon variety of the lower stage glaciers in Franz Josef Land.
occu rring o n Cape Nansen and Cape Johansen on Georgc Land. Cape Dundy on Hooker Island and
elsew here. The fronts of these glaciers generally lie on offshore shallows and both their termini
often connect with ou tlet glaciers. thus turning the capes where they occ ur into near-coastal nunataks. In places . so me wall-sided glaciers of adja cent near-coastal nunaraks coalesce with intcm unatak ice streams to form piedmont glacie rs. These usually occur on shores facing relatively wide
sounds without strong curre nts. where the ice cap can adva nce far into the sea. partly as gro unded
ice and partly as a tongue floating down a gentle ( 1.5- 2.5") gradient (c.g. the cast coast of Wilczek
Land. the southeast end of Sal isbury Island. the south coast of Wiener-Neustadt Island and the cast
coast of Greel y Island ). Franz Josef Land displays all kinds of transitions. from separate wall-sided
glac iers to glaciers only isolated from the caps by plateau edges (Fig. 8. 13). Wall-sided glaciers
arranged in two or three steps are formed on slopes with well-defi ned steps. Groswal' d & Krenke
( 1962) put forward some weighty arguments for the relict nature of wall-sided glaciers . In particular. they emphasised their occu rrence on slopes of different aspect and in places sometimes far removed from locations that are always favoura ble for snow d rifting.
TW(l varieties of wall-sided glaciers. drift and relict glaciers. arc inferred . Drift glaciers form in
places protected from the wind and when they spread c ut they can coa lesce with upper stage
glacie rs. Relict wall-sided glaciers orig inate as slope glaciers formed when extensive ice sheets become frag mented due to thawing at the plateau edge and separation from the ice sheet front.
It sho uld be emp hasised that in the high-A rctic maritime clim ate of Franz Josef Land the accumulation of snow and. later on. fim and ice is even promoted by constructions which offcr
e ffective protection from the w ind. allowin g snow drifts and embryonic glaciers to start forming as
early as the first .....inter seaso n. The house built of plank s by the second Leigh Sm ith Expedition
mem bers. and still intact at the northern end of Bell Island. is the only exception to this rule.
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Fig. 8.14 Types of glaciers and glaciation on the islands of Franz Josef Land.
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Fig. 8.15 Stages of glaciation evolution on the
islands of Franz Josef Land during a single
climatic cycle. Hypothetical schematic diagram. Key and explanation: I geohionobase
above the plateau - no glaciation; II geohionobase comes into contact with plateau summits emergence of ice ridges, drift and cirque
(orographic) glaciers on leeward slopes; III
geohionobase lowers to sea level - formation
of a solid ice field; IV geohionobase rises to
the plateau edges, but the cryohionobase remains at sea level. In this instance, erosion of
the ice field in the straits causes the formation
of contemporary insular ice and relict ice caps.
1 basalt, 2 sedimentary rocks, 3 faults, 4 hionosphere above geohionobase, 5 hionosphere
between geohionobase and cryohionobase.
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Fig. 8.16 Glacial complexes of Franz Josef Land after M.G. Groswal'd (Groswal'd et al. 1973). Key: 1 icefree ground, 2 upper stage glaciers (ice caps and sheets), 3 areas of subsidence and outlet glaciers, 4 glacier
boundaries on land

The morphology of glaciers in Franz Josef Land and their relations with the hionosphere and bedrock relief are shown schematically in Figure 8.14. This depicts (from left to right) types of glaciation, distinguished by genesis and evolutionary stage, and together forming a complete cycle
presumably undergone by any island in Franz Josef Land during a profound macroclimatic change
under relatively stable orographic conditions similar to those of the present. These types of glaciation now co-exist on various islands in Franz Josef Land, being related to different positions of
the hionosphere over time. The main topographic steps and appropriate glaciation stages are arranged vertically. The diagram shows elementary glacial forms (ice caps, ice sheets, cirque
glaciers, etc.), thus displaying glacier types, their interrelations and their association with some
type of glaciation. For instance, at the embryonic stage, cirque and probably wall-sided glaciers
emerge first on plateau slopes and niche glaciers on the upper surface of the plateau. At the same
stage, when the hionosphere is further lowered, ice ridges, later growing into ice caps, develop on
the plateau. Progressive spreading of the ice caps is conducive to the development of the partial
cover variety of glaciation, with a simultaneous independent existence of lower stage glaciers still
being characteristic. Snow redeposition from the ice caps starts gaining in importance through the
alimentation of the ice caps and thus wall-sided glaciers grow substantially. An ice field is then
formed by the confluence of upper and lower stage glaciers. Steps in the formation of the main
types of glaciation in Franz Josef Land during a climatic cycle are shown in Figure 8.15.
A reduction in an ice sheet caused by an overall rise of the hionosphere induces no essential changes in its morphology because of its great inertia. Hence, where both stages of bedrock relief are
present, the glaciation of Franz Josef Land can remain as ice caps or mountain ice sheets (partial
cover glaciation) until it disappears completely (Fig. 8.16).
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8.3 BOTTOM TOPOGRAPHY OF STRAITS, SOUNDS AND SURROUNDING
OFFSHORE AREAS

The many straits and sounds in Franz Josef Land form a network of varying mesh size separating
islands and groups of islands (Figs. 7.1 & 8.1). The pattern continues on the shelf surrounding the
archipelago, where the straits and sounds are represented by the St. Anna, Franz-Victoria and other
troughs and the islands by underwater plateaus.
Straits and sounds
The morphology of the floor of straits and sounds can be divided into two parts, the peripheral area
with a relatively large number of shoals and the central area. The central area is a fairly deep channel with a maximum depth exceeding 500 m. The 200 m isobath roughly separates this from the
shallow-water periphery.
Like the coastline of separate islands (see above), underwater features throughout Franz Josef
Land trend NW-SE, NE-SW and in part N-S. The NW-SE orientation predominates and is typical
of major straits separating the northern islands of the central group and the sides of submarine
depressions and highs. They include the steep submarine slope off the southwestern extremities of
George Land and Alexandra Land, the Hercules Scarp, traced about 50 km into the Victoria Sea
northwest of Cape Mary Harmsworth. This scarp defines a rapid increase in depth to 250-350 m
only a few hundred metres from the southwest coasts of George Land and Alexandra Land. The
same trend is also found for: 1) the submarine slope off the northeast end of George Land, which
merges southeastwards with the southwest flank of Markham Strait; 2) the Ekholot slope and the
De Bruyne Sound channel between the islands of Northbrook and Bruce and the Nakhimovtsev
submarine plateau south of Hooker Island; 3) Bates Sound whose northeast flank can be traced
northwestwards for 30 km across Nightingale Sound into Essen Bay on George Land; 4) the southeast slope of the rolling submarine area, Andromeda, stretching 120 km southeast of Cape Cecil
Harmsworth to where it joins the Weber slope (the southeastern slope of the Aurora plateau);
5) one of the bends of Lavrov Sound (off the east coast of Hall Island) and some other negative
forms in the submarine topography.
NE-SW trending submarine slopes, although relatively pronounced in places, are much less extensive than the transverse, NW-SE trending features. This orientation is displayed by Cambridge
Bay, separating Alexandra Land and George Land, both trending in the same direction, and by
Nightingale and Miers sounds, separating the islands of Bell, Mabel and Bruce from George Land
and Northbrook Island. Weyprecht Bay (Alexandra Land), Gray Bay, Geographers Bay and Somerville Bight (George Land) trend in the same direction. The channels in the bays are abruptly interrupted when they meet the steep, unbroken Hercules Scarp. A still more pronounced break is
shown by the Nightingale Sound channel which meets the Hercules Scarp and the southwestern
flank of Bates Sound between the islands of Bruce and Mabel) in the northeast and southwest, respectively. The channel of British Channel clearly follows the northeasterly trend.
A N-S and E-W system of submarine highs and depressions is less common. It is most pronounced on the eastern periphery of Franz Josef Land where a leading part is played by N-S and
feathering E-W fractures which have also predetermined the St. Anna Trough, the largest negative
feature on the Arctic shelf of Eurasia. In the central and western areas of Franz Josef Land, the N-S
structurally-related features include the channel along Arkhangelsky Sound (trending parallel to
the Armitage Peninsula and Arthur Island), a submarine bar separating Smithson Sound (between
Hooker and Leigh Smith islands), the Hecla submarine rise, the underwater Eaton chain (including
the island of the same name) and the Robert Peel Sound (between Nansen Island and Koettlitz
Island).
Deep vertical dissection among the islands of Franz Josef Land is responsible for greater depths
there compared with adjacent offshore areas to the north and south. The maximum depth known
(655 m) is in the Cambridge Channel, the southwest and northeast ends of which are marked by
the 400 m isobath. Similar, but less deep, depressions are situated at the entrance to Shirshov Bay
(540 m), the southern part of Nightingale Sound (over 400 m) and its extension in the British
Channel (532 m), a horseshoe-shaped channel framing the northern part of the Eaton chain
(380 m), Robert Peel Sound (380 m), Ommaney Channel (over 500 m), and some other straits and
sounds. All the bottom depressions are clearly closed by transverse uplifts in neighbouring areas.
Specific features in the morphology of the channels in Franz Josef Land point to the substantial
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role played by glacia l ploughing in their formatio n. whereas the orientation in certain di rections.
rectilinear and steep slopes definitely indicate a primary relationship between the channels and the
complicated system of neotcctonic (Neogenc- Plcistocene ) fractures inherited from older structures.

804 PLATEAUS ON TH E SHE LF 1 ~IM EIllAT ELY SURRO UNDING
FRA NZ JOSEF LAND
Northwest of Alexandru Land. the sea floor is a basaltic plateau that slopes very gently dow n to
100- 150 m. Similar structures are the Salm and Lamont plateaus southeast of Franz Josef Land.
the Aurora plateau southwest of the islands of Lcigb Smith. Brady. McClinloc k. Hall and Wilczek .
and the islets of Borisyuk. Lyuriky and Aagaard . formed of basalt which rises above sea level.
Unlike the Alexandra plateau. the topographical pattern. sea-floor grounds and geological structure
of adjacent islands suggest that the bedrock forming the Aurora plateau is slightly deformed into a
NE-SW [rending syncli nc whose axis is situated in the area of the Aagaa rd and Borisyak islands).
Similar deforma tion is distinctly seen on a plateau at Perscj Bay. where it is a natural extension
of the structures along the south coa st of Wilczek Land. Elsewhere. there arc isolated isc metrical.
dome -shap ed submerged plateaus a few tens of kilometres across. They include a basalt plateau
(50 m deep in the centre and up [ 0 lOO m around the periphery) north of Alcxandra Land. the
Hecla basalt or dolerite('!) plateau ( 100- 200 m deep ) in the British Channel. and the extensive
Chapiteau plateau south of the islands of Be ll. Mabel. Bruce and Northbro ok. presumably formed
of Upper Triassic and Liasstc sand and sandstone (down to a depth of 200 m). Together with these
island s. the Chapiteuu plateau forms a major do me whose ccrural part rises up to 300 m above sea
level. On the northwest and northeast. the dome is cut off by faults which also form troughs predeterminin g Nighti ngale and De Bruyne sounds and trave rsing the ce ntral part of the dome.
A similar dome-shaped and faulted terrestrial and underwater plateau is formed by the islands
of Nunsen. Pritchett. Bromwich. Bliss and Brice. situated on a co mmon submarine platform. also
sharply bou nded by the 200 m isobath from surrounding. relatively deep. straits and sounds . The

Fig. 8./ 7 Crevassed margin of an ice sheet. a per manent source for icebergs. Oblique aerial photograph by
A.N. Radygin.
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Fig. 8. /8 Icebergs (up to I km long)
calving from the barrier o f an outlet
glacier o n the so uth coast of Wilczek
Land. v ertical aerial photograph.
1953
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Nakhimovtscv basalt plateau , locally rising above sea level as low islets of basalt. such as Etheridge. May and Ne wton. is situated sourh of Hoo ker Island . A pec uliar feature of this plateau is its
ge ntly rolli ng surface. sub merged to 30-50 m below sea level. or occasio nally deeper. and sloping
steeply towards the surrounding dee per (200 m and more ) sea floor. Th e slopes which are rectilinear (faulted ) to the northeast and di ssected by cirque -like depressions on othe r sides make the
Nakhi mov tse v plateau similar to nea rby Hooker 1s land . A simi lar topography is typica l of the
Ze nith dolerite plateau in the northwest part of Fran z Josef Land. wh ich rise s abo ve sea level as
Harlcy Island in the east.

FiX. 8./9 Gro unded iceberg in Austri an St rait. Photo: V.D. Dibncr, August 1957

173

The complex Andromeda high in the eastern part of the British Channel is extensively fragmented by trough valleys into numerous plateau- and dome-shaped peaks with very steep (up to
45°) slopes.
A very intricate pattern of horizontal dissection of relatively shallow underwater topography, revealed even by small-scale bathymetric charts, is also observed on the Aurora plateau south of
Leigh Smith and Brady islands.
The underwater Alexandra (100-150 m), Voronin (200-250 m) and Johansen (250-300 m)
plateaus are situated north of the Franz Josef Land islands and the edge of the Brusilov continental
slope. Dredged bottom samples indicate that these plateaus are composed of Middle-Upper Carboniferous and Upper Triassic-Lower Jurassic deposits and Lower Cretaceous basaltic sheets, as well
as hypabyssal doleritic intrusions. The Schilling plateau, broken by troughs and similar in the
pattern of its isobaths to the two-stage plateaus on the islands, is situated off the southern islands of
Franz Josef Land, separated from them by a chain of narrow troughs.
Hence, the bathymetrical evidence for the presence on the sea floor of submerged plateaus with
bluffs on their upper slopes, trough valleys, dome-shaped highs, dyke ridges and other features
strongly suggest that the submarine and terrestrial topographies of Franz Josef Land form a coherent entity. Faulting and folding reveal themselves better in the submarine topography than on land
because below sea level they are not veiled by subaerial denudation processes. Tectonic, erosional
and glacial dissection features formed when the present sea floor lay above sea level, or when it
was below sea level but covered by a thick ice sheet, are almost entirely protected by deep water.
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9. SUMMARY OF THE GEOLOGICAL HISTORY OF FRANZ JOSEF
LAND - V.D. DIBNER, T.M. PCHELINA, E.N. PREOBRAZHENSKAYA & Z.Z. RONKINA
9.1 VENDIAN TO LATE DEVONIAN - V.D. DIBNER
Strata from parts of this long period are only known from the Nagurskaya borehole. The oldest
rocks recorded in the drilling log are of Vendian age, dated by acritarch and trichome remains. At
that time, sandy and silty flyschoid sediments accumulated in a geosynclinal trough across Alexandra Land. These rocks were later overlain by quartz-rich silty sand and more fine-grained sediments, including argillo-quartzose silt. At the Devonian/Carboniferous boundary (360 m.y. ago),
the Vendian and overlying sequences were deformed and metamorphosed in the greenschist facies.
As a result, the Vendian strata were transformed into quartz-mica and carbonate-mica schists and
phyllite. The younger, probably also Vendian, deposits became fine-grained, sericitic feldspathic
quartzites.

9.2 CARBONIFEROUS TO PERMIAN
9.2.1 Tournasian-early Serpukhovian (360-325 m.y.) - E.N. Preobrazhenskaya & V.D. Dibner
The late-Caledonian, Svalbardian tectonic phase resulted in the geosynclinal trough sediments in
the vicinity of the Nagurskaya borehole being folded and faulted in a horst, uplifted and subsequently partially eroded. In common with the rest of the northern West Barents Shelf, following
a long break, deposition took place on a platform (Gramberg 1988). Sandy, silty and clayey sediments, locally rich in organic matter, accumulated on a lacustrine-alluvial plain in a quiet tectonic
setting. The climate was tropical. Abundant vegetation and favourable burial conditions resulted in
the formation of coal. A vast land area which formed on the western and northern margins of the
Barents Shelf after the completion of the Caledonian orogeny served as a source for the terrigenous
material. This land area was not high, as suggested by the small thicknesses of sediments accumulated through its erosion, both in southeast Spitsbergen and Franz Josef Land which were
then a province of the Euroamerican palaeofloristic region.
The eroded strata may have consisted of sedimentary rocks, as suggested by the composition of
the terrigenous material which is entirely represented by a suite of highly stable minerals, both the
abundant quartz and the accessory minerals, zircon, rutile and tourmaline.
Some indirect data on the Palaeozoic stage of development are also available from depocentres,
where cover rocks which were synchronous with or even predated the Svalbardian orogenic phase
may be present on the Archaean-Proterozoic basement. Of primary interest in this context is
evidence from the oldest coal occurrence in the Grahamwil depocentre, represented by a unique,
Middle Devonian, cuticular leptobiolith (a clast in the Upper Triassic conglomerates).
9.2.2 Late Carboniferous-Early Permian(?), Gzelian-Asselian (288-277 m.y.) - E.N. Preobrazhenskaya
Sedimentation began after a break (Middle Carboniferous sediments are lacking). An extensive
transgression which took place in Spitsbergen as early as the Middle Carboniferous, manifested
itself in Franz Josef Land in the Late Carboniferous, possibly during its second half, i.e. in the
Gzelian. At that time, and perhaps at the beginning of the Asselian (Early Permian), a single
shallow-water marine basin covered Franz Josef Land and most of the Barents Shelf. Thin calcareous, silicio-calcareous and argillo-calcareous muds and bio-accumulated detrital limestones,
almost with no admixture of terrigenous material, were laid down in a shallow, warm basin. Foraminifera, brachiopods and bryozoans lived in the basin.
The very beginning of the Gzelian (288 m.y.) was marked by the oldest eruptions of basic rocks
(porphyritic basalts), as suggested by K-Ar datings of xenoliths from the Inaccessible Rocks subvolcano.
9.2.3 Sakmarian-Tatarian(?) (277-248 m.y.)
In post-Asselian, Early Permian and Late Permian time, marine sedimentation may have been
gradually replaced by lagoonal and continental deposition over most of the Barents Sea shelf. As
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this took place, the Franz Josef Land area underwent overall uplift; post-Asselian deposits in the
area surrounding the Nagurskaya borehole may have been removed by this and/or subsequenterosion. Eruption of porphyritic basalts also took place during the Tatarian, a xenolith from the Inaccessible Rocks subvolcano having yielded a K-Ar age of 252 m.y.
9.3 TRIASSIC

The palaeogeography of the Early Triassic can be judged from deposits preserved in the Nagurskaya rift graben, which was formed much later.
9.3.1 Early Triassic, Middle Triassic and Carnian - T.M. Pchelina & V.D. Dibner
Induan (248-246.5 m.y.)
This marks the onset of the first Triassic transgression, during which a sequence of essentially
clayey and silty-clayey sediments with thin layers of clayey and argillaceous limy mud formed.
Benthic foraminifers, rare bivalves and fish inhabited the Induan sea. Thin layers of fine-grained
sand containing vegetable detritus and remains of large plants appeared in clayey silts during a
regressive stage at the end of the Induan.
Olenekian (246-243 m.y.)
A uniform sequence of mainly clay and clayey silt with intercalations of argillaceous limy mud
continued to form during the Olenekian. During the Induan and Olenekian, sediments accumulated
in a quiet basin. In the eastern part of Franz Josef Land, in the Hallclint and Grahamwil depocentres, the Lower Triassic and lower Anisian deposits were not reached by the stratigraphic boreholes. However, the great aggregate thickness (no less than 8 km on geophysical evidence) of the
post-Archaean-Proterozoic cover in the depocentres suggests continuous sedimentation throughout
the Early Triassic.
Middle-late Anisian (248-238 m.y.)
The logs of the Hayes and Severnaya boreholes suggest that the Hallclint and Grahamwil depocentres were areas infilled by shallow-water sediments. A rhythmic sequence of clayey and poorly
sorted, silty-clayey and silty-sandy sediments with thin layers of bioturbated argillaceous limy
muds was formed along with intercalations of intraformational conglomerates and breccia. The
bulk of the psammitic-psephitic material was deposited in the Grahamwil depocentre which was
closer to the provenance. Another eruption of porphyritic basalt (as suggested by a 240 m.y. old
xenolith from the Inaccessible Rocks subvolcano) occurred in the mid-Anisian.
Ladinian (238-231 m.y.)
During the Ladinian, the whole archipelago was covered by a shallow sea. A clayey and siltyclayey sequence accumulated in the area surrounding the Nagurskaya borehole with a regressive
unit of silts deposited in the centre. Shallow-water clayey and clayey-silty sediments with beds of
limy and argillaceous-limy mud were deposited in the Hallclint and Grahamwil depocentres. The
Middle Triassic sea was inhabited by abundant bivalves, echinoderms and other invertebrates, including rare ammonoids. During the Ladinian, the regime of stable marine sedimentation came to a
close in the east of Franz Josef Land.
Carnian (231-225 m.y.)
In the Hallclint and Grahamwil depocentres, Carnian sediments were deposited in a progressively
shallowing marine basin, as offshore-onshore and lacustrine-alluvial facies. A rhythmic, essentially
silty and, to a lesser degree, sandy and clayey sequence was formed which contained coal in its
upper part. Structures indicating sediment slumping, erosion and bioturbation are common. In the
Carnian, like in the Middle Triassic, the main provenance was situated just east of the Grahamwil
depression where various schists and igneous rocks were eroded. In the vicinity of the Nagurskaya
borehole, Camian and younger Upper Triassic deposits are absent (the upper Ladinian is overlain
by a Barremian-Albian sedimentary-effusive sequence).
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9.3.2 Norian and Rhaetian - V.D. Dibner, T.M. Pchelina & Z.Z. Ronkina
Early Norian (225-223 m.y.)
The early Norian witnessed a gradual downwarping of the basin floor and the formation of a unit
of silt and sand. Further subsidence led to a brief transgression. Clay containing ammonoids, bivalves and foraminifers formed in a shallow sea. At Cape Hansa, deposits of clay and silt with
intercalations of silty-limy mud containing lower Norian ammonoids probably also correspond to
this time interval. At the end of the early Norian, a brief transgression was followed by regression
when intercalating clay, silt, sand and gravel, characterised by poor sorting and the presence of
crushed shells of bivalves and amrnonoids, accumulated in an offshore environment.
Middle(?) Norian (c. 223-221 m.y.)
A new transgression resulted in the accumulation of mainly silty and, to a lesser extent, psammitic
and psephitic sediments (Wilczek Formation). The composition of pebbles and sand suggests that
the provenance consisted of rocks rich in highly broken down quartz (possible derived from
granite-gneiss), fresh acid plagioclase, orthoclase, as well as quartzite, acid effusives, various
metamorphic schists and siliceous rocks. The quartz-chalcedony composition of flint-like pebbles
suggests a Palaeozoic age for those. Granitoids and related pegmatitic veins were present in the
provenance. Moreover, readily broken down clinopyroxene in association with ore minerals and
the heavy mineral fraction indicates that some local source areas containing intrusions of basic
rocks, so far undated, were present around the western periphery of Franz Josef Land. At the end of
the middle Norian, when another regression took place, the Franz Josef Land area was a lacustrinealluvial plain covered by conifer-ginkgo-bennettite forest with ferns in the undergrowth, suggesting a warm, temperate climate.
Late Norian-Rhaetian(?) (c. 220-215 m.y.)
The Vasiliev Formation accumulated during this period. The very variable composition of the
whole formation and, in particular, its variegated unit, distinguished by poor sorting and the presence of silty and clayey intercalations containing a marine microfauna and, at the same time, the
appearance of coal seams, suggests considerably more intense fluctuations in sea level than occurred when the Wilczek Formation was being deposited. As before, material came from the east,
as suggested by an increase in pebble size and the preferential occurrence of unconsolidated sedimentary rocks on the eastern islands of Franz Josef Land, as well as predominantly westerly and
southwesterly dipping cross beds.
Like in early to middle Norian time, quartzites and acid effusives continued to be transported
from the main source area, but eventually cherts, radiolarites and jaspers were exposed, to occur
among the pebbles in mainly quartz-rich rocks. At the same time, mica schists with staurolite, epidote, kyanite, chloritoid and glaucophane (Ronkina & Vishhnevskaya 1982), as well as granitoids
and associated granite and quartz-porphyry dykes were exposed in those parts of the Vasiliev terrigenous deposits that were derived from the most deeply eroded provenance areas, indicating an
age range of 320-255 m.y. for all the above rocks (Dibner & Krylov 1970, Dibner 1978). The data
suggest the destruction of the northern extension of Novaya Zemlya, situated east of Franz Josef
Land on the site of the present St. Anna Trough (Dibner & Krylov 1970, Dibner 1978), which was
formed as a secondary rift during the neotectonic stage of the development of Franz Josef Land.
In late Norian-Rhaetian(?) time, the area comprising the present Franz Josef Land was covered
by coniferous, primarily araucarian, forests with some bennettitions and ginkgos; neocalamites and
other equiseta, lycopods and pteridophytes grew in the lower storey. Seams of allochthonous,
banded brown coal formed in lakes and peat bogs where some water flowed and the water table
fluctuated (Dibner & Krylova 1963). The Vasiliev Formation conglomerates contain scarce limestone pebbles, yielding a Middle-Upper Palaeozoic macro- and microfauna. The fauna and a micaceous sandstone occurring in a section at Cape Goristy on Champ Island suggest the existence of a
local provenance. On the other hand, the presence of abundant Upper Triassic coal debris in the
light-mineral fraction of the Vasiliev Formation sand and sandstone indicates the recurrent reworking of these deposits. This implies that the Upper Triassic lacustrine-alluvial plain underwent
relatively intense oscillatory movements, particularly when the variegated unit was deposited,
simultaneous with a regional subsidence.
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9.4 JURASSIC - V.D. DIBNER & Z.Z. RONKINA
9.4.1 Lower Lias (c. 210-200 m.y.)
This period saw the deposition of the Tegetthoff Formation. The Early Jurassic transgression,
which led to an intense outwash of small particles leaving behind concretions containing Neoschizodus, may have taken place at the very onset of the Jurassic. It was followed by an almost complete epoch with a continental regime. The main provenance area moved away from Franz Josef
Land, as suggested by the monomineralic composition of the light fraction of sands and sandstones. Micaceous quartz sandstones, the mica of which is 320 m.y. old and indicates the outwashing of Lower and Middle Carboniferous rocks (Dibner & Krylov 1970), quartzitic sandstones and
flints, fine-grained quartzites and biotite schists, similar to those that gave rise to the Vasiliev
Formation, were transported from the main provenance area. The heavy mineral fraction contains
rare grains of glaucophane (for the first time) and garnet. Younger acid effusives, radiolarites and
jaspers had probably already been removed by that time. The thickness of the conglomeratic intercalations in the Tegetthoff Formation, and the size of their clasts, similar to those of the Vasiliev
Formation conglomerates, decreased from east to west. However, like the Late Triassic, the Early
Jurassic saw the occasional appearance of separate local provenances (so characteristic for local
depocentres), as suggested by highly differing compositions of the heavy mineral fraction in separate Lower Lias outcrops. In the early Lias, bennettite-ginkgo-conifer forests became still more
extensively developed across the area studied, providing material for coal accumulation.
The Sinemurian saw the onset of intrusions of plateau-basalt magma. At intervals varying from
1 to 97 m.y., they can be traced from the early Lias to the Oligocene (section 5.5). In the late Lias
(Toarcian), after the deposition of the main, continental, part of the Tegetthoff Formation, the sea
transgressed in the Bell Island area and deposited littoral sand containing spores and pollen directly upon deposits of the Vasiliev Formation.
9.4.2 Middle-Late Jurassic (c. 188-145 m.y.)
This period was one of multiphasal transgression separated by periods of erosion taking place at
different times in different parts of the Franz Josef Land area. No fewer than ten transgressions,
namely, early Aalenian, late Aalenian, early(?) Bajocian, early Bathonian, middle to late Bathonian-Callovian, early Oxfordian, late Oxfordian, early Kimmeridgian, late Kimmeridgian and
lower to middle Volgian, invaded the islands of Graham Bell, Wilczek Land (Grahamwil depocentre), Hayes and Berghaus (Hallclint depocentre), Champ, Hooker, Northbrook and Rainer
(minor depocentres).
The composition of the heavy fraction of the upper Aalenian deposits exposed on Hooker Island
points to erosion of basic rocks which had probably formed by that time in an area situated in the
immediate vicinity of Franz Josef Land. Bajocian and lower Bathonian marine clayey deposits exposed at Cape Fiume indicate that the central part of Franz Josef Land was then a shelf somewhat
removed from the provenance area. Late Bathonian clays containing fossils and phosphatic
nodules were deposited in the Cape Flora area at depths of 30-300 m. Sections at Cape Medvezhy
suggest that the sea existed throughout the Callovian and that the transgression reached its peak as
early as the onset of the period. The predominance of plagioclases in the light fraction and pyroxenes and ore minerals in the heavy fraction of Callovian pelites suggest the same source area as in
Aalenian time. Angular grains of fresh, zoned, basic plagioclases found in samples from Hooker
Island indicate that basic effusives were probably present in the provenance area.
In central Franz Josef Land, at Cape Fiume, purely argillaceous deposits laid down during the
Middle to Upper Jurassic transgression phases are traced from the lower Aalenian to the lower
Oxfordian inclusive (with breaks occurring in the late Aalenian, middle to late Bathonian and
middle Callovian). At Cape Hofer, a transgression represented by "brown clays" is also recognised
in the late Oxfordian. The Kimmeridgian- Volgian palaeogeography has been studied in the southeastern part of Franz Josef Land, in the Grahamwil and Hallclint depocentres. The facies of the
Kimmeridgian deposits (Cape Hofer) can be related to an open shelf basin. The end of the late
Kimmeridgian was marked by the commencement of regression, shown by an increase of sandy
material in carbonate mud on Berghaus Island and the formation of leptochloritic sand at Cape
Hofer. After a short break, the regression caused the accumulation of lower to middle Volgian
"dark" and "light sands" at Cape Lamont. This is a thick (280 m in aggregate apparent thickness)
accumulation of Jurassic littoral deposits with a plesiosaur skeleton preserved in its lower part. In
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the Volgian, the rate of sedimentation was about 70-80 m per million years. At Berghaus Island, a
sand sequence of the same type, about 250 m thick, accumulated at a rate of 120-130 m per million years in the middle Volgian. During the Middle and Late Jurassic, marine sediments were deposited around the periphery of a vast sea embracing the shelves of the Barents, Norwegian and
North Seas (Shulgina & Burdykina 1992).
9.5 CRETACEOUS AND LOWER TERTIARY - V.D. DIBNER
9.5.1 Neocomian (c. 144-122 m.y.)
A terrigenous sequence was deposited from Berriasian to early Barremian time (144-122 m.y.). A
gradual transition to continental conditions, accompanied at the peak by the initial manifestations
of ash volcanicity, proceeded throughout the Neocomian. After a break in the late Volgian, the
early Berriasian (at Cape Lamont) saw the re-appearance of a shallow sea, marked by fossiliferous
beds, crowning the "light sand" strata. This sea may have existed throughout the Berriasian and, in
places, the lower Valanginian (Klagenfuhrt Island). A short break was followed by the recommencement of sedimentation in the middle-upper Valanginian. At that time, "variegated", coalbearing strata were formed under humid, subtropical conditions. In the area of Salisbury and
Champ islands, the strata contain ash, the precursor of plateau-basalt volcanism, which was widespread in the region at the close of the Neocomian. Brackish lagoons (Cape Hofer) were formed at
the very end of the Valanginian or in the Hauterivian. Eventually, the Hauterivian to the Barremian
saw the return of continental conditions, as suggested by red psammites containing a brown coal
seam at the base (Cape Dzegudze, Alger Island).
The heavy fraction throughout the Jurassic-Neocomian sequence contains glaucophane in association with kyanite, staurolite, garnet and epidote. Thus, starting from the Lias, outwashing of
low- to medium-grade metamorphic rocks took place in the main provenance area. The rocks are
similar to the glaucophane-bearing rocks of Vestspitsbergen (A.A. Krasilscikov, pers. comm.). The
composition of the light fraction and of conglomerates' proves that the provenance was situated
directly off the eastern margin of Franz Josef Land.
9.5.2 Barremian-Albian (122-97.5 m.y.)
This was the period when the sedimentary-volcanic sequence was formed. At the very onset of the
Barremian, or possibly in the Hauterivian, a regional uplift of Franz Josef Land and the surrounding area took place. This event, grandiose in scale, was related to the emplacement of a
gigantic asthenospheric lens (or lenses) close up to the Moho discontinuity. This resulted in upwarping and erosion of the overlying crustal arch, its fracturing and, ultimately, the development of
intense, rift-related, multichannel transfer of heat and mass, with basic volcanicity serving as its
main agent. Thus, the sedimentary-volcanic sequence was deposited on the unevenly fractured and
eroded surface of underlying rocks. On most of the present-day islands, both the Neocomian and
Upper to Middle Jurassic deposits were eroded, but the Tegetthoff Formation was preserved in
places. The Vasiliev Formation has been much better preserved and generally serves as the base of
the sedimentary-volcanic sequence, which formed a vast volcanogenic plate overlying all the depocentres and separating secondary rifts and grabens.
The formation of the Barremian-Albian sedimentary-volcanic sequence started with outbursts
of ash and minor basaltic lava flows, accompanied by the formation of agglomeratic (Hayes
Island) and pelitic-psammitic (Hooker Island and others) tuffs intercalated with thin flows and
sheets filling depressions in the pre-volcanic topography. A brief subsidence to below sea level
may then have taken place, as suggested by the composition of the lowermost sheet on Hooker
Island, represented by a rock resembling spilite (Lupanova 1953), and by the fact that wood, occurring there between the lower basaltic sheets, is calcified, unlike silicified wood at sites where
younger sheets are exposed. Subsequent, more intense, eruptions produced basaltic flows and tuffs,
filling in valley-shaped depressions to level off the pre-volcanic relief. During breaks between
eruptions, structural plains were again generated. Each eruption was accompanied by isostatic
lowering of the land, bringing it close to sea level and thus causing a slowing down of the erosional processes, which kept it flat until it was buried under a subsequent lava flow. This is vividly
shown in outcrops, where, with a few exceptions, the base and top of the sheets appear as parallel,
generally horizontal lines. The flatness of these recurrent basaltic plateaus was beneficial to the
formation of a laterite-type weathering crust on slightly uplifted parts of the land under the warm
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climatic conditions and to the accumulation of coal-bearing palustrine-lacustrine or, less commonly, lacustrine-alluvial deposits in slight depressions. The lithology of the deposits, dominated by
clinopyroxenes and heavy minerals, leaves no doubt that during the time interval between basaltic
flows and sheets sedimentation of material derived from the erosion of basic effusives took place.
At Inaccessible Rocks, a shield subvolcano built of lava breccia was exposed to erosion, which
also affected parts of the sedimentary-volcanic sequence.
Wood remains, which are abundant in talus and bedrock in the sedimentary-volcanic sequence,
suggest a virulent growth of vegetation. The Barremian-Aptian part of the sequence (Tikhaya Bay
Formation) was dominated by pteridophytes and ginkgoaceous plants, mainly accompanied by
conifers. In the Aptian-Albian strata (Salisbury Formation), the flora is very rich in cycadophytes
and large-leaved conifers. These forests gave rise to brown coal beds accumulated in very flooded
peat bogs with poor water circulation in which terrigenous material was only represented by a
minute quartz fraction (Dibner & Krylova 1963). On some of the basaltic plateaus, the processes of
weathering and continental sedimentation were supplemented by the action of siliceous, thermal
springs, resulting in dense opal-chalcedony rocks and siliceous tuff containing fragments of plant
tissues, as well as leaves, needles, cones, etc. The same springs are responsible for the silicification
of branches and entire trunks. When a subsequent extrusion of lava took place, flints and silicified
wood were inundated by the new basaltic sheet, forming peculiar basal horizons which, like continental sedimentary deposits or weathering crusts, serve as reliable evidence of breaks in volcanic
activity.
9.5.3 Lower Cenomanian (97.5-94.0 m.y.)
The lower Cenomanian witnessed a new transgression which deposited sediments on Hoffmann
Island, that are typical of a littoral zone. Their lithology, with the heavy fraction minerals represented by zircon, tourmaline and rutile, points to redeposition of Upper Triassic-Lower Jurassic
terrigenous sediments.
9.5.4 Late Cretaceous and Lower Tertiary (94-25 m.y.)
Apart from the youngest sill, intruded into basaltic sheets on Alexandra Land during the Oligocene
(34 rn.y, ago), this period forms a gap in the geological record of Franz JosefLand.
9.6 UPPER CENOZOIC (NEOGENE AND QUATERNARY) - V.D. DIBNER
9.6.1 Miocene(?)
Judging from available palynological data, littoral silty-psammitic deposits with shell debris, exposed at Cape Sugrobov on Hoffman Island, indicate the last of the known pre-Quaternary transgressions.
9.6.2 Pliocene(?)
Intensive faulting took place as a rejuvenation of late-Neocomian rifts and grabens. It led to the
formation of deep channels in the straits and determined the major features of the topography of
the islands.
9.6.3 Quaternary
The distribution and petrographical composition of erratics, as well as the orientation of drumlinoids on Alexandra Land and the Armitage Peninsula, point to the former complete overriding of
the islands, straits and sounds of the archipelago by a single ice sheet whose centre was located
somewhere southeast of Franz Josef Land at the peak of the Late Pleistocene glaciation (Dibner
1962a).
According to Groswal'd (1983), the present glaciation of the archipelago is a remnant of the
Late Pleistocene ice sheet which occupied the entire Barents-Kara shelf. The destruction of this
vast ice sheet began about 11,000 years ago. Troughs bordering the western and eastern peripheries
of Franz Josef Land were deglaciated 9000 years ago, and the shelf off the archipelago became ice
free shortly afterwards, although ice sheet remnants survived for some time.
The overall deglaciation led to gradual thawing at the margins of plateaus and the formation of
terraces on their slopes during the isostatic upwarping of the archipelago. According to Dibner
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(1965), the uplift started about 15,000 years ago with the formation of a 250 m high wave-cut platform. Each raised beach, 250 m to 55 m inclusive, marks a brief episode of glacial advance accompanied by a slowing down of the isostatic upwarping. It is natural to assign the last major glacial advance to the end of the formation of a 35-40 m raised beach and the onset of the formation
of a 20-25 m raised beach, i.e. around 8500-7500 years ago (second half of the Boreal and commencement of the Atlantic substages). From this time on, a slow glacial retreat has taken place.
The single ice sheet became separate ice caps and outlet glaciers in glacial troughs, which formed
as early as the initial stage of glaciation. Consequently, periodic glacial advances did not occur
over the entire front, but by the spreading of separate glacier lobes and ice streams. The overall
isostatic recovery from 8000 years ago to the present day is characterised by a much lower rate of
uplift, averaging about 3 m per 1000 years compared to about 30 m per 1000 years during the preceding stage (15,000-8000 years ago).
In the period from 5000 to 6000 years ago, corresponding to the warmest part of Atlantic time,
the species diversity in the marine invertebrate fauna increased and the purely Boreal Mya arenaria L. appeared. The remains of Greenland whales are especially abundant at this time, suggesting that the southern boundary of winter drift ice passed through Franz Josef Land, not far to
the south as it does today. In the same period, the islands became inhabited by reindeer which
probably migrated from Novaya Zemlya.
The formation of an 8-10 m raised beach (almost as widely developed as the 20-25 m one)
marked some revival of glaciers, roughly synchronous with a minor glaciation around 4350-3300
years ago. This cold period resulted in the almost complete disappearance of Boreal invertebrate
forms and a decrease in the whale population.
A 3-5 m terrace and beach ridges at the same height formed during a new, relatively cold
period, when there was a worldwide revival of glaciers about 2600 years ago. This cold period
caused the disappearance of reindeer from the islands of Franz Josef Land.
The oscillations of the present-day glaciation have been recorded by expeditions visiting Franz
Josef Land in the 19th and 20th centuries. The glaciers advanced between 1875 and about 1900.
After 1900, they began to retreat, a process which was intensified after the 1920's, especially in the
1930's and 1950's. 11700th of the entire mass of glacier ice disappears every year (Groswal'd &
Krenke 1962, Groswal'd et al. 1973).
-
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