NORSK POLARINSTITUTT

ARBOK
1970

N 2 |/ .J'-.(,

MANIEN AMUNDIEN SYERPRUD

NORSK POLARINSTITUTT
OSLO 1972



DET KONGELIGE DEPARTEMENT FOR INDUSTRI OG HANDVERK

NORSK POLARINSTITUTT
Rolfstangveien 12, Snaraya, 1330 Oslo lufthavn, Norway

SALG AV BQKER SALE OF BOOKS
Bokene selges gjennom bokhandlere, eller The books are sold through bookshops, or
bestilles direkte fra: may be ordered directly from:
UNIVERSITETSFORLAGET

Postboks 307 16 Pall Mall P.O. Box 142

Blindern, Oslo 3 London SW'1 Boston, Mass. 02113

Norway England Uus4
Publikasjonsliste, som ogsa omfatter land- List of publication, including maps and charts,

og sjekart, kan sendes pd anmodning. may be sent on request.



NORSK POLARINSTITUTT

NORSK POLARINSTITUTT
OSLO 1972



Utgitt ved TORE GJELSVIK - direkter

Redaksjonssekreter: ELI HOLMSEN
Fagkomité:
TORE GJELSVIK, PETER HAGEVOLD, VIDAR HISDAL,
AUDUN HJELLE, MAGNAR NORDERHAUG
Trykt januar 1972

A. W. Broggers Boktrykkeri A.s - Oslo



Fra vulkanutbruddet pa Jan Mayen, september 1970.
From the volcanic eruption on Jan Mayen, September 1970.
Photo: T. S1GGERUD.



Innholdsfortegnelse

S1GGERUD, THOR: The volcanic eruption on Jan Mayen 1970. ........................... 7
Hawkins, TERENCE R.W., and BRINLEY RoBERTs: The petrology of the volcanic and intrusive
rocks of Nord-Jan, Jan Mayen. .......o.iuiiitntninin i iiieieienenanenenns 19
WEIGAND, PETER W.: Bulk-rock and mineral chemistry of recent Jan Mayen basalts ........ 42
NORDERHAUG, MAGNAR: Distribution of the Svalbard reindeer (Rangifer tarandus platyrhynchus)
1N 1969-70. . o\ttt e e e 53
STORETVEDT, KARSTEN M.: Old Red Sandstone palaeomagnetism of central Spitsbergen and
the Upper Devonian (Svalbardian) phase of deformation ....................... 59
HaLvorseN, ERik: A palaecomagnetic study of two volcanic formations from northern Spits-
L0 7=3 = o P 70
HispaL, ViDAR: Diurnal variations of the surface wind over the Antarctic ice shelf. Den Norske
Antarktisekspedisjonen, 1956-60. Scientific Results, No. 12 ............ ... ... 76
GEeg, Davip G.: Late Caledonian (Haakonian) movements in northern Spitsbergen ........ 92
WoRsLEY, DAvVID: Sedimentological observations on the Grey Hoek Formation of northern
Andrée Land, Spitsbergen . ........uuuininini ittt 102
HEeiNTz, NaTascHA: The thelodont Sigurdia lata n.g., n.sp. from the Lower Devonian at
Sigurdfjellet, Spitsbergen .. ... ...ttt it i 112
BIRKENMAJER, KRZYSzZTOF: Megaripples and the phosphorite pebbles in the Rhaeto-Liassic
beds south of Van Keulenfjorden, Spitsbergen ................ ... ... ... ... 117
—  Cross-bedding and stromatolites in the Precambrian Hoéferpynten Dolomite Forma-
tion of Serkapp Land, Spitsbergen .......... ... ... . i 128
BIRKENMAJER, K., J. FEDOROWSKI and W. SMULIKOWSKI: Igneous and fossiliferous sediment-
ary drift pebbles in marine Tertiary of Torell Land, Spitsbergen................ 146
LiestoL, OLAV: Sub-marine moraines off the west coast of Spitsbergen................... 165
Rycg, EviNnp: Rayleigh wave dispersion and crustal structure: The Norwegian Sea and
AdJACENt ArEAS . . .ottt t e e 169

MogHL, ULRIK : Bones of Bison from Ajon island. Finds from Amundsen’s Expedition in 1918-20 178
EncEeLskjon, T., K. KRaAMER und H.-]J. ScHWEITZER: Zur Flora des Van Mijenfjorden-

Gebietes (Spitsbergen) und Hopens . ......... ... .. .. 191
Long, Opp: The catch of walrus (Odobenus rosmarus) in the areas of Svalbard, Novaja Zemlja,
and Franz Josef Land . ...... ... .. i e 199
GjJELsVIK, ToRE: Norsk Polarinstitutts virksomhet pa sokkelen .......................... 213
WiNsNES, THORE S.: The Norwegian Antarctic Expedition 1970-71 ..................... 224
GJESSING, YNGVAR T: Mass transport of Jutulstraumen ice stream in Dronning Maud Land 227
HispAL, VIDAR: Soren Richter ........ ... . .ttt ittt et et eiine e 233
SCHUMACHER, NILsS JORGEN: John Schjelderup Gisever ..............ciiiiii i, 237
LiestoL, Orav: Glaciological work in 1970 . ... ... ... .. . . . . i ieeiiiiiiiiiiinnn. 240
HispaL, ViDAR: The weather in Svalbard in 1970 ...... ... ... ... i, 252
VINJE, TorRGNY E.: Sea ice and drift speed observations in 1970 ........................ 256
NORDERHAUG, MAGNAR: lakttagelser over dyrelivet pa Svalbard 1970 .................... 264
GJELsvIK, ToRE: Norsk Polarinstitutts virksomhet 1 1970 .......... ... ... ... ... ... .... 271
—  The activities of Norsk Polarinstitutt in 1970 . .......... .. .. .. ... ... i, 287
—  Field work of scientific and economic interest carried out in Svalbard in 1970.. ... 292
Notiser:
WinNsNEs, THORE S.: SCAR meetings in Oslo 6-21 August 1970 ........................ 294
LoNg, OpD: Polar bear fetuses found in Svalbard ........... ... ... .. .. 294

BIRKENMAJER, KrRZYSZTOF: Ornithological observations from Torell Land, Spitsbergen, in 1970 298
S1GGERUD, THOR: Forskningsstasjonen pa Svalbard ............ .. ... . ... o i, 301



The volcanic eruption on Jan Mayen 1970

BY
THOR SIGGERUD

Contents
Abstract. . ... i e 5
Introduction ......... ... . 5
The beginning of the eruption.................. 7
The observations of the cruption................ 10
Observations on the volcanic activity ............ 12
SeismiC eVents . ......ovuiit it 14
The volume of the effusives ................... 15
Thelavas .......... ... 16
Later events and observations .................. 16
Acknowledgements ........... ... .. . oL 17
Literature . ...ovviie i i e 18

Abstract

A major eruption took place on Jan Mayen in September—October 1970. The lava flows were
first observed 20 September but evidence is discussed which indicates that the first opening of the
fissures occurred two days earlier. Five crater groups were formed along a 6 km long fissure zone
on the NE slope of Beerenberg, from about 1,000 m a.s.l. down to sea level. Lava from the craters
built out approximately 4 km? new land into the sea, and the volume of the effusives is at least
0.5 km?, probably much more. The lavas are composed of a potassium-rich basalt. In late October
the lava eruption ceased but tephra and gases were emitted sporadically up to the last observations

in 1971.

Introduction

Preliminary information on the 1970 eruption on Jan Mayen has been given by
GjeLsvIK (1970) and by the Smithsonian Institution, Center for Short-lived
Phenomena.

Jan Mayen is a remote island of 380 km? in the Norwegian Sea (Fig. 1). The
volcanic origin of Jan Mayen has long been recognized from the many and typical
crater mounds occurring on the island. The crater summit of the large strato-
volcano, Beerenberg, reaches 2,277 m a.s.l., and this volcano is considered to be
one of the most conspicuous volcanoes in the world (Fig. 2).

Although the central crater of Beerenberg has not erupted in historical time,
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Fig. 1. The locality of the new volcanic area on Jan Mayen and the geographical position of the island.

Fig. 2. Beerenberg with steam cloud, September 20, 1970.
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written accounts about parasitic volcanic activity (ANDERSON 1746, ScORESBY 1820)
confirm its volcanic origin.

Members of the Austrian expedition (1882—83) were the first to bring back
geological material for a closer study, and gave a short description of it (BoLbva
1886). This was the only geological record until the results of the “1921 Cam-
bridge Expedition” were published (WorbIE 1922, 1926, TYRRELL 1926).

In the years 1947—1961 a number of British geological expeditions worked
especially on the northern part of Jan Mayen, and their results have been published
i.a. by NicHOLLS (1955), FircH (1964), and RoBerTs & HAWKINS (1965). Samples
collected during these expeditions have also been used for paleomagnetic studies
(FrrcH et al. 1965b) and for radiometric age determinations (FI1TCH et al. 1965a).

In 1959 a Norwegian geologist worked on the southern part of Jan Mayen
(CarsTENs 1961, 1962). Nothing has yet been published from the central part of
the island.

The petrography of the Mid-Atlantic islands in relation to their position relative
to a Mid-oceanic ridge system has caused much interest (HEEZEN, THARP and
EwinG 1959). Today Jan Mayen’s connection to the Mid-Atlantic Ridge is well
known, and the island’s special situation in this regard has been described by
JounsoN & HEezeN (1967), JoHnson (1968).

Earthquakes occur frequently in this part of the Norwegian Sea. HEEZEN &
Ewing (1961) point out that earthquake epicenters in the North-Atlantic Ocean
(as plotted by GUTENBERG & RICHTER (1954)) tend to concentrate in a region along
the central rift of the Mid-Atlantic Ridge. (It is interesting that KoLDERUP &
KvVALE (1938), in a paper on the earthquakes on Jan Mayen in 1936, called attention
to the concentration of epicenters along a line in the middle of the Norwegian Sea.)

Similar observations were made by SYKES (1965) on the basis of more accurate
determinations of epicenters in the Norwegian Sea, i.e. from central Iceland
(neovolcanic zone) to Jan Mayen and northwards.

There is an obvious relationship between seismic activity, volcanic activity, and
the Mid-Atlantic Ridge system, of which Jan Mayen is the northernmost island.

The beginning of the eruption

The first certain observation of the last eruption on Jan Mayen was made by
the crew of a Japanese airplane at c. 0300 MET, September 20, 1970.

Later in the morning smoke columns protruding up to 10,000 m and fire were
observed from Italian and German commercial planes.

In the preceding days a low pressure zone (995 millibars) had approached Jan
Mayen from the south-west and this passed the island on September 20. This
caused the formation of heavy clouds in the area and made earlier observations
from the air impossible. On the night of September 20, a blizzard from the south-
west made observations from the ground equally impossible, even if one had
known what was going on.

The meteorological and LORAN station on Jan Mayen is situated about 30 km
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from the place where the eruptions occurred, with the towering Beerenberg be-
tween. At 0308 MET on September 18 an carthquake shook the Jan Mayen area
and, in spite of the time of the day, was noticed by almost all of the crew of the
station. This earthquake was recorded by most seismic stations and in Strasbourgh
the position of the epicenter was calculated to be 71.2°N and 7.7°W, i.e. north-
east of Jan Mayen. The actual locality where the eruption occurred is however
well within the accuracy range of this location of the epicenter area. Smaller earth-
quakes were noticed later, particularly one at about 2300 MET on September 19.

As mentioned above, earthquakes are not uncommon in these waters and need
not be connected with an eruption. However, a few other events focus our attention
on the night between September 17 and 18. A Norwegian plane circling Beeren-
berg on the afternoon of September 17 did not notice anything extraordinary
(B. WESTERN, pers. comm.). The plane stopped overnight on Jan Mayen and left
the following morning at about 1000 MET'; when breaking through the stratiform
clouds that covered the area, the crew noticed the presence of a huge cumulus
cloud in the vicinity of Beerenberg. The center of the above mentioned low
pressure system was at that time situated near Jan Mayen. The same plane with
the same crew made a new flight to Jan Mayen on October 2, and, when seeing
the steam cloud above the eruption that day, were convinced that the cumulus
cloud observed on September 18 was formed as a result of an eruption. This was
the more likely as the cumulus cloud observed on September 18 was the only one
to be seen above the stratus clouds for a long distance.

It is not unlikely that there was a connection between the low pressure passing
Jan Mayen in this period and the beginning of the eruptions (Table 1). Low
pressures have often been suggested to serve as the final trigger mechanism in
releasing eruptions.

ESSA 8 satellite pictures as well as NIMBUS images have been studied and
show the extent of the volcanic dust and gases. A NIMBUS picture from Sep-
tember 21, 1217 MET, displays a plume at least 400 km long, extending from Jan
Mayen towards Norway (Fig. 3).

Table 1
Some observations from
the Jan Mayen meteorological station, September 1970

Date Time Wind in knots Pressure
GMT in millibars
at sea level 3,000 m 5,000 m
17 1200 0 — ESE 10 S 20
18 0000 ENE 10 ESE 25 ESE 30 1002.7
1200 N 25 NE 35 NE 50 990.1
19 0000 W 5 S 10 NW 15 991.9
1200 WNW 10 NW 25 WNW 120? 995.3
20 0000 WNW 10 NW 40 NW 45 1002.2
1200 W 20 NW 35 NW 25 1010.0
21 0000 NW 20 No observations because of
1200 W 20 the volcanic eruption
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Fig. 3. Jan Mayen with the plume of dust and steam, September 21, 1970.
(NIMBUS 1V 1217.02 MET, 1,100 km high.)

According to Y. GoTaas (pers. comm.), dust from Jan Mayen came in over
northern Norway on September 21 and lowered the visibility considerably. Vol-
canic dust sunset colors and prolonged twilight were noticed in southern parts of
England on some of these days.

When comparing the position of the cloud on satellite photographs with wind
speeds and wind directions on September 20 and 21 (Table 1), there are strong
indications that the volcanic dust must have been brought into the atmosphere
before the first certain observations of the eruption on September 20 (H. H.
LawmsB, pers. comm.).

It is concluded that dust was injected into the stratosphere in the initial phase
of the volcanism, and that this must have taken place earlier than September 20
(SMITHSONIAN CARD, 1078-79).

All these different indications seem to give strong evidence for assuming that
the eruption actually began during the night between September 17 and 18 and
that the recorded earthquake was connected with the final penetration of the
magma.

It is interesting at this point to speculate on how long it would have taken to
become aware of the eruption had there been no flights by airplanes in the area,
and if the unusually fine weather had not occurred on September 21 and 22,
when the steam cloud was still high above Beerenberg. It seems likely to the
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author that as little as 20 years ago, when the weather-station was situated at the
south-western foot of Beerenberg, this eruption would not have been recorded.

This should be kept in mind when discussing the frequency of eruptions on
Jan Mayen, or of any remote, unpopulated volcanic island.

The observations of the eruption

After the volcanic activity had been reported on September 20, planes from
Royal Norwegian Airforce were directed to the area, and from then on air-photo-
graphs were available. Especially during this early stage of the eruption the area
was obliterated by smoke and tephra clouds originating from the vents or the
steam formed when the lava entered the sea. The prevailing winds in these waters
are easterly, and this resulted in the whole of the active area often being completely
covered. However, this also happened at rather frequent intervals later during
the eruption.

The crew of the station was evacuated to Norway by plane on the evening of
September 20, but the next afternoon a plane returned to Jan Mayen with some
of the crew and three geologists: BoYE FLooD and THOR S1GGERUD from Norsk
Polarinstitutt and Prof. CHRISTOFFER OFTEDAHL from the University of Trond-
heim. SIGGERUD returned with the same plane, to organize more regular observation
flights with a plane from Iceland.

To get from the meteorological station to the northern side of Beerenberg over
land is impossible. The area of eruption is therefore inaccessible without a ship,
but landings are difficult and often dangerous, with the swell breaking at the
nearly vertical old lava cliffs or on the new beach of pyroclastics.

On September 22 the Norwegian naval vessel, KNM «Heimdaly, arrived at Jan
Mayen and stayed in these waters, mainly outside the eruption area, until Sep-
tember 29. FLoop and OFTEDAHL made three successful landings from this vessel,
on September 22 to the southern lava stream, and the following day to the
northernmost crater field. On the same evening the Icelandic geologist, Dr.
G. SIGVALDASON, came to Jan Mayen with a plane from Iceland bringing along
equipment for temperature measurements and gas sampling. Because of heavy
swell, only one more landing was possible. The group went on shore at the north
side of Kokssletta and walked towards the eruption site (Fig. 4). However, a strong
wind from the east carried tephra and volcanic gases towards the group, and it
was not even possible to try to sample gases and measure temperatures. Sampling
of solidified lava was carried out during all these landings.

At the same time, SIGGERUD observed the area from the air on September 21,
25, and 28, and October 1 and 8. From October 1 he stayed on at Jan Mayen on-
board M/S «Polarbjerny. On October 3 he was able to go on shore from this
vessel near the southernmost lava stream, and, although this was a rather wet and
dramatic trip, a substantial amount of new lava samples were brought back.

Tourist flights to Jan Mayen on October 9 and 11, with geologists as guides
onboard, reported steam and ash columns up to at least 500 m above the summit
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Fig. 4. Map of the new volcanic area, north-east Jan Mayen.
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of Beerenberg. The actual craters could not, however, be seen because of clouds.
After unloading provisions to the station, M/S «Polarbjern» again patrolled out-
side the active area on October 14. This time no geologist was onboard and low
clouds covered the craters. However, the extension of the lava front into the sea
on that date (as shown by the radar screen) was plotted on the chart.

Later, only occasional clear days, as October 20 and 26 and November 5 and
17, made it possible to see the northern part of Jan Mayen with Beerenberg from
the station. Columns of smoke and steam rising up behind Beerenberg made it
clear that the activity had not ceased. The seismic event counter confirmed these
observations. When OFTEDAHL revisited Jan Mayen on November 26, lava pro-
duction had ceased.

In March 1971 new clouds were observed, but not until April 26 was SIGGERUD
able to come to Jan Mayen and observe the previous eruption area from the air.
At that time two craters were emitting smoke columns.

Observations on the volcanic activity

The activity was located along a fissure extending SW—NE for about 6 km
along the north-eastern slopes of Beerenberg.

The fissure runs from Frielebreen about 1,000 m a.s.l. to Tollnerodden about
40 m a.s.l., and contains the following crater fields from south-west to north-east
(Fig. 4): the Dufferinbreen crater about 600 m a.s.l., where lava production
probably ceased on September 28; the Sigurdbreen crater about 500 m a.s.l., and
the Skrukkelia crater about 450 m a.s.l., both producing lava in the beginning of
October but with little activity in the middle of November; the Trinityberget
crater about 50 m a.s.l., with probably still some lava activity on October 11; the
Tollnerodden crater about 40 m a.s.l., where lava activity probably ceased as
early as September 21.

During the first days the eruption was, as mentioned, rather explosive. The
pilots on the first plane reaching Jan Mayen on the morning of September 20
reported seeing an 11,000 m high cloud, and stones that were hurled up to 5,000 m.
The production of steam and gases showed large variations. After the first days
came a period when the formation of steam clouds over the craters was rather
limited, but it increased again and in the beginning of October the cumulus cloud
was often much higher than the summit of Beerenberg. In the first week the
production of tephra was also the greatest. In the neighbourhood of the volcano
it was mostly as pumic lapilli in sizes up to 5 cm. These coarse-grained lapilli
were formed by the gas-filled lava being thrown out in the lava fountains (see
frontispiece).

The activity of the lava fountains pulsed and more local ash-falls around the
craters were not uncommon. A vessel 5 km from the Sigurdbreen crater on the
morning of October 2 was covered in a short time by a 1—2 cm thick layer of
tephra with grain size up to 1 cm.

During most of the eruption the smell of sulphur was very pronounced as was
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occasionally also the smell of manure. On several occasions the small observation
plane got into “gas clouds” that neither could be seen nor had any particular
smell but that caused a severe irritation of the mucous membrane resulting in
flood of tears.

The activity during the first week or so was not confined to craters. Steam was
emitted at many places along the main fissure, and also from smaller more E—W
directed fissures cutting the main one. On the other hand, some open fissures
that were visited were cold.

Particularly during the first week the three southern craters were characterised
by lava fountains. They all were pulsing with greater or less activity. However,
lava fountains several hundred m high, and once probably up to 600 m, could go
on for hours (see frontispiece). There were often two, three or even four jets of
lava in each crater. Lava fountains were never very active in the Trinityberget
crater. Here the lavas mostly poured out in streams, filling depressions and flowing
out towards the sea.

The following description of the Sigurdbreen crater on October 2 can be taken
as a very good example of the volcanic activity during this eruption: Around the
Sigurdbreen crater a cone, at least 50 m high on the inner side towards Beeren-
berg, had been accumulated. The lavas were flowing rather quietly out of a large
opening on the north-eastern side of the cone. Suddenly a series of small explosions
took place on the south-western side of the cone, and a pulsing lava fountain was
quickly developed. Glowing lava was spurted up te 200 m, falling down as plastic
cakes and sliding down the cone and the mountain sides. Some of the blocks must
have been at least 100 m®. The more fine-grained material was blown much higher,
taking the form of a tephra column. During this sequence the base of the lava
fountain increased and became between 50 and 100 m in diameter. Meanwhile
grey smoke began to form on the north-east side of the cone and developed into
a gigantic ash column. Clouds of glowing ashes were occasionally thrown up inside
the ash column. The glowing increased as the “cloud” expanded and could clearly
be seen in the afternoon light. At other times similar completely dark “clouds”
were emitted. After the eruption had gone on for about one hour, the amount of
white steam clouds increased and covered the whole eruption area. However,
judging from the noises, the eruption still continued for about three hours before
it probably quietened down although the lava fountain was seen again in this
crater both on October 9 and 11.

During the events described, lava production increased tremendously and
consequently the lava streams rapidly increased in size, forming several branches
as they ran down the mountain side. The temperature was determined with
pyrometer to be between 1010 and 1030°C.

The lava streams soon acquired the very characteristic form with a darker crust
in the middle of the stream and a sharper glow along the sides, caused by the
frictional turbulence bringing new lava to the surface.

The lava streams were difficult to observe at the foot of the mountain, and
the lava probably mostly ran in tunnels. As far as could be seen, the lavas ap-
proached and ran into the sea in two ways. Either the whole lava mass was pro-
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Fig. 5. A nearly 1 km wide lava front advancing into the sea by breaking
through the cooler lava surface.

truded forward behind a cooler skin of lava, or, at places this skin ruptured and
the molten glowing lavas poured directly into the sea (Fig. 5). In some of these
cases the temperature was measured to 960—975°C.

The sea boiled and produced great amounts of steam along the lava front.
Since the advance of the lava was irregular, there were places where the lava
apparently had been cooled down before reaching the sea and thus caused no
steam.

The question of how the lava moved along the sea bottom cannot yet be solved.
However, there were indications of lava streams moving along the bottom 1,500 m
in front of the newly formed lava coast at a water depth of c. 500 m. This assump-
tion is naturally based on echo soundings and depth recordings, but upwelling
areas of hot water well in advance of the lava coast is also taken as an indication.

On land the lava flowed rapidly over the vertical cliffs on the mountain side,
but gave impression of being fairly viscous. The surface of the flows had the
character of an a-a lava type. Usually the top of the lava was covered by blocks
mostly 10—50 cm but up to 2 m in diameter. When ruptured, these blocks usually
had a porous crust and a more massive, olivine porphyritic core. The blocks
thrown out as bombs either exploded when hitting the ground, or deformed
plastically, shaping themselves to the ground where they landed.

Seismic events

The earthquakes that initiated the eruption have been mentioned above.

On September 29, a seismic event counter was installed in the middle of the
island, about 25 km from the nearest crater and one km from the shore. The in-
strument was set at a background of waves from a full storm and counted separate
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shocks 709, above background. Average counting level until October 12 was
600—800 per 24 hours, with variations up to 1450 and down to 200. Unfortunately
the instrument broke down during a blizzard in the beginning of November, the
last readings indicating 476 shocks per 24 hours.

One is inclined to assume that the shock waves are related to explosions in the
upper part of the craters which were seen and heard from the observation boat.
At times the explosions were very loud. On the morning of October 2, everyone
sleeping onboard M/S «Polarbjern» were woken by the loud noises even though
the ship was more than 5 km north-east of the northernmost crater.

The volume of the effusives

During the whole eruption period the volume of effusives emitted per day,
i.e. both pyroclastical material and lavas, showed great variation. For example,
the volume of lavas increased in late September/early October; this is well demon-
strated in Fig. 4, if one takes into consideration the increasing depth of the sea
into which the lavas protruded. As no terrestrial measurements or new bathymetri-
cal maps have been made, it is difficult to give even a rough estimate of the total
volume of the effusives, as we have very little information on the gradient of the
lava flows in the sea.

By October 14 the lavas and pyroclastics had built up a new land area of more
than 4 km? outside the old coast line. The new coast line was mostly at a depth of
between 50 and 100 m on the hydrographical map, but in one area it extended
out to the 300 m line in the map. An estimate of the volume of the effusives (under
the assumption that the gradient of the lava in the sea is c. 45°) gives a figure of
the order of 0.5 km?, nearly all made up of lavas. This new land area was apparently
at its maximum in the middle of October before erosion began along the new
coast line. No continuous tephra cover of any great thickness was observed, except
when concentrated by wind and water. However, in the initial explosive phase
(probably intensified as the water from the melting glaciers poured into the
opening craters) fine material was even injected into the stratosphere and carried
for hundreds of kilometers.

Later in the eruption period, when the lava fountains started to puls, a new
active phase was usually initiated by explosions forming ash columns and local
falls of pumic lapilli. On landing in the sea, these ash falls floated initially, but
became slowly soaked with water and started to sink. Tephra clouds, which were
slowly settling in the sea in this way, could often be seen on echograms. On land
the area covered by tephra was never very large, at most 10 X 10 km. This was pro-
bably because of the violent draught of cold air down the snow-covered slopes of
Beerenberg and the prevalent westerly winds. Even in the first days of eruption,
the areas covered by floating tephra in the ocean east of Jan Mayen were small
compared to the volume of the later lava production. At best one can only arrive
at a reasoned guess for the amount of pyroclastics deposited outside the lava
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Sample 1 Sample 2 Table 2
carly) October 3, Analyses of Beerenberg basalts of 1970

The Dufferin- The Sigurd-

breen crater breen crater
SiO, 48.40 45.79
TiO, 3.20 3.19
AlLO, 17.10 16.21
Fe,05 433 222
FeO 7.89 8.59
MnO 0.23 0.23
MgO 4.99 5.89
CaO 9.10 10.57
Na,O 3.07 3.66
K,O 2.69 2.68
H,O 0.38
CO, 0.22
PO, 0.26
Total 101.00 99.89

covered area; on the basis of all available information, I would suggest that the
volume is only equivalent to 0.0253 km of lavas, i.e. it constitutes 5%, of the
suggested total volume of extrusives.

The lavas

According to a preliminary examination, lavas sampled both from the northern-
most and the southernmost craters seem to be of the same lithology as those earlier
described as Beerenberg basalts. Darker pyroxene and lighter olivine phenocrysts
occur together with some intermediate plagioclase in a fine-grained basalt matrix.
The new lavas are also very similar to the older ones in thin section. It is evident
that there are two or three generations of crystallisation with more and more
anorthitic plagioclases. Earlier fissure eruptions on north-east Jan Mayen (ROBERTS
and HAWKINS 1971) were characterized by potash-rich basalts with pyroclastic
material and viscous lava flows in the early phase of the eruption. This was fol-
lowed by hotter and more ordinary basalts until eruption ceased. T'wo typical
chemical analyses are given in Table 2. Sample 1 is from a lava stream from the
Dufferinbreen crater one of the first days, and sample 2 is pyroclastic material
from the eruption of the Sigurdbreen crater in the morning of October 3.

A more detailed description of the mineralogy and petrography of the lavas is
given by WE1GanD (1971, this vol., pp. 42-52).

Later events and observations

During the winter no observations of the area of eruption were made.
The crew of the Jan Mayen station reported in March 1971 that clouds and ash
columns had again appeared above Beerenberg. Unfortunately it was impossible
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at that time to make any direct observations of the eruption area. A little later a
passing ship reported heavy steam clouds 1—1.5 km south of the Dufferinbreen
crater.

The author did not get the opportunity to observe the area from the air before
April 28. There was still some activity in the Skrukkelia and Sigurdbreen craters,
with bluish-grey columns of dust-laden volcanic gases. White vapour clouds were
seen everywhere, but no lavas or glowing gases were visible in the bright daylight.
The area around the Dufferinbreen crater and farther south was obscured by
clouds. When returning the next day, it was more cloudy but a well developed
fissure in the glacier south of Dufferinbreen could be seen through a break in the
cloud; it could also be seen that warm water had cut its way down Frielebreen.

A new visit on June 10 gave the information that gases were still being emitted
from the Dufferinbreen crater and the two other craters but these were more
quiet than in April.

There were reports from the station of a smoke column on June 8, which lasted
for more than an hour and was higher than Beerenberg. Smaller columns were
not uncommon. Another new development was that, since an earthquake in
March, clouds could occasionally be seen on Eggeya, the old crater at the
southern foot of Beerenberg. Tephra from this eruption had been collected and,
as they are completely ungraded, the possibility of long transport from the northern
eruption area seems small. More probably there may have been secondary eruptions
of tephra, caused by gases blowing out through old ash layers in the strato-volcanic
cone of Eggoya. Hot gases, with a temperature of 62°C, escaped from 5—10 cm
wide fissures in the top of Eggoya.

(In 1935—36 it was quite common for the crew that wintered near Eggoya to see
irregular outbursts of steam from this island, usually about 50 m high (WESTERN,
pers. comm.). During the same period earthquakes were frequent and some damage
was done to the meteorological station.)

The most recent information from Jan Mayen concerns movements of the
ground, although these are not properly confirmed by reference to bench-marks.
On the other hand, such movements would be expected to occur in a volcanic area.

Acknowledgements

The field work on Jan Mayen was also conducted by geologist BoyE FLooD
from September 21 to 29. Before he left for Tasmania in the early winter, we
discussed this paper and he placed all his information and notes at my disposal,
and for this he is most heartfully thanked. For stimulating conversations with
Prof. CHR. OFTEDAHL I am very thankful.

The author also wishes to thank the crew of the station on Jan Mayen and the
leader . S@VIK, and the officers and crew of M/S «Polarbjern» for hospitality and
valuable help. Dr. D. WorsLEY has kindly read and corrected the manuscript.
Last but not least, I wish to thank my wife for all help.



18 THOR SIGGERUD

Literature

ANDERSON, J., 1746: Nachrichten von Island, Gronland und der Strasse Davis. Hamburg.

BoLpva, A. B. voN, 1886: Osterreich. Polarexpedition Jan Mayen 1882-83. Beobachtungs-Ergeb-
nisse. 1. Wien.

CarsTENS, H., 1961: Cristobalite-trachytes of Jan Mayen. Norsk Polarinst. Skr. Nr. 121. Oslo.

—  1962: Lavas of the southern part of Jan Mayen. Norsk Polarinst. Arbok 1961, 69-82. Oslo.

Fitcn, F. J., 1964: The development of the Beerenberg volcano, Jan Mayen. Proc. Geol. Ass. 75.
133-165. Colchester.

Fircn, F. J., D. L. Grasty and J. A. MILLER, 1965a: Potassium-argon ages of rocks from Jan
Mayen and an outline of its volcanic history. Nature. 207, 1349-1351. London.

FircH, F. J.,, A.LEM. NarN and C. J. TaLBoT, 1965b: Palaecomagnetic studies on rocks from
North Jan Mayen. Norsk Polarinst. Arbok 1963. Oslo.

GjeLsvik, T., 1970: Volcano on Jan Mayen alive again. Nature. 228. London.

GUTENBERG, B., and C. F. RIcHTER, 1954: Seismicity of the Earth. Princeton University Press.

Heezen, B. C., and M. EwiNg, 1961: The Mid-Oceanic Ridge and its extension through the
Arctic Basin. In: The geology of the Arctic. I, 622-642. Toronto.

Heezen, B. C., M. THarRP and M. EWING, 1959: The floors of the oceans. 1. The North Atlantic.
Geol. Soc. Amer. Special Paper. 65, 1-122. New York.

JounsoN, G. L., 1968: Marine geology in the environs of Jan Mayen. Norsk Polarinst. Arbok 1966.
105-111. Oslo.

Jounson, G. L., and B. C. HegzeN, 1967: Morphology and evolution of the Norwegian and
Greenland Sea. Deep-sea Res. 14, 755-771.

KoLperup, N.-H. og A. KvaLE, 1938: Jordskjelvet pa Jan Mayen 26. oktober 1936 og seismikken
i Norskehavet og Nordsjeen. Bergens Mus. Arbok 1938. Nat.rekke nr. 3. Bergen.
Nicuoris, G. D., 1955: The Geology of North-east Jan Mayen. Geol. Mag. 69, 186-200. London.

Norsk POLARINSTITUTT, 1959: Map of Fan Mayen, 1: 50,000. Oslo.
OrviIN, A. K., 1960: The place-names of Jan Mayen. Norsk Polarinst. Skr. Nr. 120. Oslo.
RoBERTS, B. and T. R. W. Hawkins, 1965: The geology of the area around Nordkapp, Jan Mayen.
Norsk Polarinst. Arbok 1963. 25-48. Oslo.
~— 1971: The petrology of the volcanic and intrusive rocks of Nord-Jan, Jan Mayen.
Norsk Polarinst. Arbok 1970 (this vol.). Oslo.
ScoresBY, W., 1820: An Account of the Arctic Regions. 1. 154-169. Edinburgh.
SvkEes, L. R., 1965: The seismicity of the Arctic. Bull. Seism. Soc. Am. 55, 501-518.
TyReLL, G. W,, 1926: The petrography of Jan Mayen. Trans. Roy. Soc. Edinb. 54, 747-756.
Edinburgh.
WEIGAND, P. W., 19xx: Bulk-rock and mineral chemistry of Recent Jan Mayen basalts. Norsk
Polarinst. Arbok 1970 (this vol.). Oslo.
WoRbIE, J. M., 1922: Jan Mayen Island. Geographical Fourn. London.
— 1926: The geology of Jan Mayen. Trans. Roy. Soc. Edinb. 54, 741-745. Edinburgh.



The petrology of the volcanic and
intrusive rocks of Nord-Jan, Jan Mayen

BY
TERENCE R. W. HawkINs! and BRINLEY ROBERTS?

Contents

Abstract. .. .ooii i e 19
Introduction ............ ... .. ... . . ., 20
Petrography ......... ... .. . o il 22
Lavas and intrusive rocks ................... 22
Pyroclasticrocks .......... .. .. i, 24
Tuffs and lapilli tuffs ..................... 25
Volcanic breccias and agglomerates.......... 26
Scoria, spatter and agglutinate ............. 26

Petrographic comparison of Nord-Jan rocks with
those from other Atlanticislands.............. 26
Mineralogy . ..ovvvitii it e 27
Methods and techniques .................... 27
OlVINES .ottt ittt i et e i eee e 27
CliNOPYrOXenes. . .« vv vt ieenteeeeenennn 28
Green chromian diopsides ................. 30
Brown titandiopsides and titansalites ........ 30
Feldspars......... c..iiiiiiiiiiiiiiinnn, 31
Plagioclase. ... .....ccovii ... 31
Alkali feldspar ...................ooa... 33
Titanomagnetite ...............ccvuieninn. 34
Otherminerals ............................ 34
Petrogenesis ............ .. ... i i, 34
References.......... ... .. 40

Abstract

Nord-Jan is the northern part of the island of Jan Mayen situated on the Arctic continuation
of the Mid-Atlantic Ridge. It is dominated by the volcano Beerenberg (2277 m) and is built from
basaltic lavas and pyroclastic rocks.

Rock types include potash ankaramites, potash basalts, trachybasalts and trachyandesites.
The Na,O/K,O ratio averages 1.15, which is lower than the mean ratio for comparable rocks
from other Atlantic islands. The presence of appreciable amounts of xenocrystic minerals, viz.
green chromian diopside with low Al,Og content, and high magnesian olivines with relatively

1 Department of Civil Engineering, Enfield College of Technology, Middlesex, England.
2 Department of Geology, Birkbeck College, London, W. C. 1, England.
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high NiO content is characteristic. Xenocrysts often make up 20-409%, of the rock bulk. The rocks
also contain phenocrystic and groundmass brown titansalite, phenocrystic and groundmass plagio-
clase, and groundmass olivine, alkali feldspar, analcime, iron ore, apatite, -+ biotite and + kaersutite.

Xenocrysts are thought to have crystallised within the Upper Mantle, at pressures probably
greater than 20 kb, whereas the brown titansalites and other phases crystallised at lower, near-
surface pressures. The short range of rock types, emphasised by the Thornton-Tuttle differentia-
tion indices, implies that the rocks have only undergone moderate differentiation at near-surface
pressures. No peridotite phases apart from green chromian diopside and olivine, are found in any
of the rocks, and so the earliest differentiates of the magma could have been wehrlite.

It is possible that the initial basic melt was produced by the partial melting of mantle material
at 20-30 kb which had reached the wehrlite condition. If the basic melt so produced then precipi-
tated olivine and chromian diopside at 20-30 kb, it could possibly lead to the production of a
residuum equivalent to the primitive Nord-Jan magma.

Introduction

Jan Mayen is a volcanic island on the Arctic continuation of the Mid-Atlantic
Ridge between Greenland and northern Norway (Fig. 1). Nord-Jan is the youngest
part of the island and is dominated by the volcano Beerenberg (2277 m).

A major eruption began in September 1970 (GjeLsvik 1970). Lava and ejecta
were emitted from five eruptive centres along a north-east trending fissure line,
and a new lava platform was formed in an area that was formerly part of the sea.

WoRDIE (1926) published the first important work on the geology of Nord-Jan,
concluding that Beerenberg was post-Pleistocene, and that volcanic activity had
moved north-eastwards with time throughout Jan Mayen. He suggested that the
high Beerenberg cone was built of trachybasalt flows, while below was a varied
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Fig. 1. The location of Nord- fan.
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succession of lavas, sills and tuffs of ankaramite. Recent activity was said to have
occurred at small parasitic cones on the lower slopes of the mountain. TYRRELL
(1926) concluded that the parent magma-type of Jan Mayen was trachybasaltic,
and that the ankaramite sills reported by WORDIE represented an ultrabasic ac-
cumulative magma. NICHOLLs (1955) observed that many of the so-called sills of
WORDIE (0p. cit.) were in fact ankaramitic lavas. He grouped the volcanic sequence
into three cycles, each beginning with ankaramite and evolving to trachybasalt via
intermediates. F1TcH (1964) compiled the results from two University of London
expeditions to Nord-Jan, and erected a succession based on rock stratigraphic units.
This succession was used by the present authors in describing the geology of the
Nordkapp area (ROBERTS and HAWKINS 1965) and is again adopted for this account.

The succession and structure are summarized below, and diagrammatically in

Fig. 2.
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Petrography

The volcanic rocks include porphyritic basaltic lava flows and air-fall pyroclastic
deposits. The dykes, many of which were feeders to lava flows, are porphyritic
and non-porphyritic basalts.

LAVAS AND INTRUSIVE ROCKS

Lavas occur as thin flows, generally less than 5 m thick, in all formations except
the Havhestberget Formation. Dykes are numerous in the Storfjellet Formation,
but are less frequently found in the younger formations. They vary in thickness
from a few cm to 4 m, but the majority are about 0.75 m. The thinner dykes in
particular tend to follow slightly sinuous courses. There are also a few sills and
irregularly-shaped basaltic intrusions.

Modal analyses were obtained for 50 representative rocks from Nord-Jan.
Modal analyses of basalts however present problems due to their fine grain size
and porphyritic textures (LE MAITRE 1962, p. 1311, RoBERTS and HawkINs 1965,
p. 41) and the following procedure was therefore adopted. Point count analyses
were first made for each rock, using a megagrid, in which the constituents meas-
ured were phenocryst species, viz. clinopyroxenes, olivine, plagioclase and ground-
mass. Consistent results were obtained. Point count micrometric modal analyses
were then made of the groundmass constituents alone. Re-determination showed
that despite the fine grain size, errors were generally of the order of <59%, for the
essential components. The results from both steps were then combined to give
the final modes.

The rocks consist of combinations of green chromian diopside, brown titan-
salite, olivine, plagioclase, ore minerals, potash feldspar, apatite+analcime+bio-
tite and +-kaersutite. The dominant ferromagnesian mineral in all the rocks is
clinopyroxene, and rocks with a colour index>>70 are therefore classed as ankara-
mites (WILLIAMS, TURNER and GILBERT 1954, p. 73-74). In the majority of rocks
the average An content of the plagioclase is>>50, but in some rocks it falls within
the range 30-50 (Fig. 3). Such rocks are andesites (cf. hawaiites of MacDoNALD
1960). According to the recent classification by STRECKEISEN (1967) the andesites
would be referred to as basalts, or latite basalts, as their overall colour index is
greater than 40. This scheme, however, is not adopted here because the majority
of rocks contain high accumulative mineral fractions.

All the analysed rocks contain potassium-rich alkali feldspar in the groundmass.
Where this mineral makes up less than 109, of the whole rock, the prefix “potash”
is added to the rock name (see Table 1). Rocks in which the percentage of alkali
feldspar exceeds 109, are designated by the prefix trachy. These rocks have soda/
potash ratios generally within the range 2/1 to 1/1, and differ from the rocks of
the alkali basalt series, where the ratio is between 3/1 to 2/1 (MaNsoN 1967).
On the other hand they are not as rich in potash as shoshonites and latites (JoPLIN
1965) where the Na,O/K,O ratio ranges from 1/1 to 1/2. Using the parameters
outlined, six groups of rocks have been recognised, and the scheme is illustrated

in Table 1 and Fig. 3.
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Parameters used in naming the Nord-Fan basaltic rocks
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The boundaries are arbitrary, and there is gradation from one group to another,
but the table also conceals a number of important features with genetic significance,
which can only be brought out in descriptions of each of the three main groups.

There are three distinct types of ankaramites:

1) those which are ankaramites because of the high proportion of green chromian
diopside xenocrysts, in what is essentially a basaltic matrix; 2) those in which
brown titansalite phenocrysts are held in a basaltic matrix, and 3) those, less
common, in which the matrix itself is an ankaramite. The basalts are similarly a
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polygenetic group, comprising rocks with a few phenocrysts held in a basaltic
matrix as well as rocks consisting of abundant plagioclase glomerocrysts set in an
ankaramitic groundmass. Petrographic descriptions are therefore more meaningful
if emphasis is laid on the matrices.

An ankaramitic lava matrix typically consists of abundant equant grains and
prisms of yellowish-brown titaniferous clinopyroxene, up to 0.25 mm across, sub-
hedral to euhedral octahedra of titanomagnetite, averaging 0.05 mm across and
isolated, randomly orientated, plagioclase laths, which may reach 0.1 mm in length.
Subhedral olivine, often partially iddingsitised, occurs scattered throughout the
matrix, and reaches 0.05 mm in diameter. Rods of opaque ore ( ? ilmenite) occur
randomly distributed and sometimes as overgrowths from titanomagnetite. Shape-
less pools of alkali feldspar, carrying minute needles of apatite, are sporadically
distributed and have a maximum diameter of 0.05 mm. Potash feldspar also occurs
as discontinuous rims to plagioclase. In dyke rocks the same textural relationships
are seen, but the average grain size is about 0.1 mm, and apatite needles are
clearly visible.

A potash basalt lava matrix typically has an intergranular texture. A meshwork
of plagioclase laths, 0.05—0.1 mm in length, supports subhedral grains and prisms
of yellow-brown clinopyroxene and euhedral octahedra of titanomagnetite.
Magnetite and pyroxene average 0.025 mm across. Pools of interstitial alkali feld-
spar are more common than in ankaramitic matrices, and there are rare patches
of water clear analcime. Ragged plates of biotite, up to 0.025 mm across, also occur
in some of the matrices. A trachybasalt lava matrix is similar, but alkali feldspar
exceeds 109, of the bulk. Ilmenite rods occur throughout lava matrices of both
types. In dyke rocks the same intergranular texture is seen, but the plagioclase
laths now commonly reach 0.5 mm in length. They show normal zoning and may
be mantled with an incomplete rim of alkali feldspar.

A trachyandesitic lava matrix commonly has a trachytic texture. Andesine and
alkali feldspar, 0.05—0.10 mm in length, make up a flow aligned framework, which
supports euhedral grains and prisms of brown clinopyroxene and octahedra of
titanomagnetite, 0.025 mm across. Sporadic ragged plates of biotite are present,
being<<0.04 mm across. Colourless, isotropic analcime occurs in interstitial patches.
Ilmenite appears to be absent. The colour index of trachyandesites is generally
lower than that of trachy- and potash basalts.

PYROCLASTIC ROCKS

Mounds, cones and beds of tephra make up a large proportion of the exposed
volcanic rocks. The Havhestberget Formation is entirely composed of yellow-
coloured tuffs and the Storfjellet and Tromseryggen Formations are largely made
up of black (weathering to red) scoria, spatter, bombs and blocks, tuffs, agglomerate
and agglutinate. Even the Nordvestkapp Formation, predominantly composed
of lava flows, contains a few thinly bedded tuffs.

For descriptive purposes the pyroclastic rocks of Nord-Jan are grouped as
follows:
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(1) Tuffs and lapilli-tuffs [ Red and black ash-fall tuffs
(fine-grained deposits) | Yellow Havhestberget massive and bedded tuff

(i1) Volcanic breccias and agglomerates
(large fragment-sized deposits)

(ii1) Scoria, spatter and agglutinate
(fire-fountaining deposits)

(1) Tuffs and lapilli tuffs

Red and black bedded tuffs. — These rocks are crystal-lithic tuffs consisting of
broken crystals (<<0.75 mm across) of green clinopyroxene and olivine, scattered
small plagioclase laths (<<0.3 mm length), fragments of red and black vesicular
potash basalt, or ankaramite, and a few small, dark-bordered, olivines, averaging
0.1 to 0.15 mm across. The matrix is a very vesicular, red or black, fine-grained
or glassy potash basalt with microlites.

The green clinopyroxenes have very thin borders of brown clinopyroxene, and
do not carry exsolution iron ores. The olivines on the other hand contain abundant
exsolution ores, or may be completely iddingsitised. The vesicles are generally un-
deformed.

Yellow Havhestberget tuffs. — These rocks are a distinctive pale-yellow to
yellow-brown colour. They are well compacted crystal-lithic-vitric pumice tuffs,
with variable amounts of lapilli-sized potash basalt (or ankaramite) fragments up
to 15 mm across.

A few of the tuffs are bedded, but the major part of the Havhestberget rocks
show no trace of bedding, and are spread over large areas. They may possibly be
unwelded ash-flow tuffs (FrrcH 1964, RoBERTS and HAwWKINS 1965) but are now
considered to be palagonite tuffs, probably produced beneath ice.

The unbedded facies consists of yellow basaltic pumice fragments and laths
(generally up to 5 mm across, but rarely reaching 20 mm), numerous small, often
broken, crystals of green and brown clinopyroxene, olivine, opaque iron ore,
plagioclase glomerocrysts and isolated laths. The pumice vesicles are partly or
wholly infilled with a fibrous or granular zeolite, usually accompanied by minor
amounts of calcite. There are also abundant interstitial zeolites, and the yellow
glass of the pumice encloses numerous small crystals of apatite.

The pumice fragments have no preferred orientation, and are unsorted. In most
cases the vesicles are spherical to slightly ovoid; the ratio of the semi axes ranging
from 1:1 to 2:1. A few pumice fragments, however, have vesicles which show a
greater degree of flattening (semi-axes ratio up to 6:1).

The bedded tuffs are generally finer-grained than the unbedded tuffs. They
consist of numerous yellow shards and small pumice fragments up to 0.3 mm
across, a scattering of small green and brown clinopyroxene crystal fragments
(up to 0.2 mm across), slender plagioclase laths (average 0.2 mm in length) and
opaque iron ore. There are also a few small potash basalt rock fragments and rare
olivine crystals.
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The majority of the vesicles are empty and undeformed, but a small minority
are flattened (semi axes ratio up to 4:1) and/or partly filled with zeolite or finely
granular calcite.

(1) Volcanic breccias and agglomerates

Discrete bombs and blocks are common constituents of the Kokssletta and
Smithbreen Formations, although there are lesser amounts of these materials than
the equivalent-sized products of fire fountaining (spatter and agglutinate). In this
paper the terms bombs and blocks are restricted to fragments which were solid or
viscous enough when they hit the ground to retain the shape they possessed on
eruption or acquired in the air.

The bombs exhibit a large variety of shape and form, most of which have been
described from Hawaii (MacDoNALD 1967), and include almond-shaped, fusiform,
finned and elongate ribbon bombs. Large angular basaltic ejecta (blocks) are found
in the vicinity of a few recent vents. The blocks are mainly composed of potash-
or trachybasalt. In a few cases small blocks are held in a compacted red or black
tuff matrix, and constitute agglomerates.

At the extreme south-west of Nord-Jan, in the vicinity of the partly sea-eroded
vent of Eggeya, the ejected blocks are more variable in composition. Many of
these rock types are probably related to the more trachytic rocks of Ser-Jan, and
consequently are not discussed here.

(ii1) Scoria, spatter and agglutinate

These materials are largely the products of fire fountaining, and are the principal
constituents of the numerous cones and elongated fissure mounds of Nord-Jan.
Agglutinate also occurs as uniform spreads, known as agglutinate fields (HAwkINs
and RoBERTS 1963), derived from eruption from an anastomosing fissure system.
Scoria consists of red or black, highly vesicular, fine-grained potash basalt and
basaltic glass, with scattered broken crystals and microlites of green clinopyroxene
and olivine. Olivine crystals carry red exsolution iron-ore minerals. The clino-

pyroxenes have not exsolved iron-ore, but are bordered by very thin rims of
brown clinopyroxene.

Agglutinate and spatter are composed of similar rock material to the scoria, but
their larger constituent fragments are flattened. These fragments often possess
Pele’s hair structures, and consistently have a glassy skin. T'wo varieties of ag-
glutinate, based on fragment size and occurrence, are distinguished: viz. large,
highly vesicular, flattened pancakes, usually between 10 and 20 mm across, which
occur in lips to fissures and vents; and smaller less vesicular driblets, found as
layers in cones and mounds (HAWKINS and ROBERTS, op. cit.).

PETROGRAPHIC COMPARISON OF
NORD-JAN ROCKS WITH THOSE FROM OTHER ATLANTIC ISLANDS

Petrographically the ankaramites, potash basalts, and trachyandesites of Jan
Mayen are generally similar to the same rock types described from the Azores
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(EseNwEIN 1929, ToRRE DE Assuncao 1959), Gough Island (LE MAITRE 1962),
Tristan da Cunha (BAKER et al. 1964), and Saint Helena (BAKer 1969). They all
contain unzoned, sometimes iddingsitised olivine, zoned brown titaniferous clino-
pyroxene, which occurs as phenocrysts and as a groundmass phase, labradorite or
andesine, magnetite and/or ilmenite and/or titanomagnetite, interstitial alkali feld-
spar and smaller amounts of accicular apatite, biotite and an amphibole. In addi-
tion, a colourless isotropic interstitial mineral, leucite or analcime, occurs in the
rocks of Tristan da Cunha, Saint Helena, and Nord-Jan. In all cases modal
orthopyroxene is absent.

In contrast to the rocks from these other islands the Nord-Jan rocks contain
abundant dark green chromian diopside xenocrysts, and many of the olivines are
xenocrysts. A few xenocrystic clinopyroxenes have been recorded from the other
islands, but they are described as being black in hand specimen.

Although trachytes occur in Ser-Jan (CARSTENS 1961), they are not found in
Nord-Jan, and consequently in this paper these rocks cannot be compared with
trachytes and phonolites from other Atlantic islands.

Mineralogy

METHODS AND TECHNIQUES

Refractive indices were determined by the immersion method using crushed
grains of phenocryst, xenocryst, and matrix phases. The results are considered
accurate to +0.003. The maximum extinction angle for plagioclase in the zone
perpendicular to (010) was measured on a Leitz four axis universal stage. Potash
feldspar was identified in the rocks by staining with sodium cobaltinitrite. Olivine
and clinopyroxene xenocrysts and phenocrysts were analysed on the electron
microprobe.

OLIVINES

Olivine is found in all the rocks studied as phenocrysts and/or xenocrysts.
It occurs in the groundmass of ankaramites and basalts, but may be absent from
the groundmass of trachyandesites. It is pale-green in hand specimen, but colour-
less in thin section, unzoned and without reaction rims. Xenocrystic olivines are
sometimes found in aggregates in parallel growth, and frequently show translation
lamellae sub-parallel to (100) (‘TURNER 1942). The olivines may be partially or
wholly iddingsitised (Gay and LE MAITRE 1961). They are seldom altered to
serpentine minerals. In agglutinate and spatter deposits particularly, the olivines
have often exsolved an ore phase, which is hair-like in habit, and pleochroic from
red-brown to yellow-brown. LE MAITRE (1962) showed that in the Gough Island
rocks similar material consisted mainly of magnetite with minor hematite, and
that this effect can be reproduced experimentally by heating olivine 1n air for
a few hours above 600°C.

The analyses and refractive indices for large olivine crystals are shown in
Table 2. Iron is calculated on the basis that it is all ferrous iron. In all cases the
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atomic ratio was within the range Fe,, to Fe,. Neither optical properties nor
chemical analyses could be determined with satisfaction for the groundmass
olivines bacause of their small size and relative scarcity.

The olivines have a significantly high NiO content which ranges from 0.13 to
0.28 weight per cent.

CLINOPYROXENES

Two species of clinopyroxenes occur in the majority of rocks. Large, dark-
green crystals, which are pale yellow-green in thin section, are chromian diopsides.
The second clinopyroxenes are lilac-brown titandiopsides and titansalites, which
ubiquitously occur as the groundmass pyroxene, but also exist as rims to the
green chromian diopsides and as glomeroporphyritic clusters or individual pheno-

crysts (RoBERTS and Hawkins 1965).

NC 12CF, 12CG - olivines from a trachybasalt.

Table 2

Olivine analyses
(Analyses by P. SubpaBy.) NC 15K, 15L, 194, 19B, 19C - olivines from potash ankaramites.

NC 221, 22K and 220 - olivines from a trachyandesite.

NC 15K | NC15L | NC19A | NC19B | NC 19C | NC 12CF|NC 12CG| NC22I | NC 22K | NC 220
SiO, 41.44 40.93 41.28 40.95 41.18 40.74 41.55 40.49 40.39 40.78
TiO, — — — — — — 0.04 0.01 0.01 —
Al,O4 0.05 0.05 0.03 0.05 0.07 0.05 0.03 0.01 0.03 0.01
FeO 10.03 12.96 11.46 11.73 10.56 15.36 16.26 10.13 10.49 10.06
MnO 0.24 0.31 0.25 0.24 0.23 0.42 0.37 0.18 0.20 0.17
MgO 48.68 45.85 47.99 46.86 47.67 43.44 43.16 48.25 47.79 48.06
CaO 0.42 0.41 0.39 0.40 0.36 0.31 0.32 0.37 0.40 0.36
K,O0 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.02 0.02 0.01
NiO 0.26 0.24 0.24 0.25 0.28 0.13 0.12 0.21 0.17 0.17
Cr,0,4 0.05 — 0.02 0.02 0.07 0.03 0.01 0.05 0.03 0.06
Total ’ 101.18 100.56 101.68 100.51 100.43 100.50 101.87 99.72 99.52 99.68
o 1.654 1.654 1.653 1.653 1.653 — e 1.654 1.654 1.654
B 1.684 1.684 1.682 1.682 1.682 — — — — —
Y 1.693 1.693 1.692 1.692 1.692 — — 1.692 1.692 1.692
Number of cations in the formula on the basis of 4 oxygens
Si 1.00561 1.0105 1.0035 1.0080 1.0096 1.0188 1.0265 0.9986 0.9995 1.0048
Ti — — — — — — 0.0007 0.0002 0.0002 —
Al 0.0014 0.0015 0.0008 0.0015 0.0002 0.0015 0.0009 0.0003 0.0009 0.0003
Fe?t 0.2035 0.2676 0.2330 0.2415 0.2165 0.3211 0.3356 0.2089 0.2171 0.2073
Mn 0.0049 0.0065 0.0051 0.0050 0.0048 0.0090 0.0077 0.0038 0.0042 0.0036
Mg 1.7605 1.6868 1.7385 1.7191 1.7418 1.6185 1.5890 1.7735 1.7625 1.7647
Cr 0.0109 0.0108 0.0102 0.0105 0.0095 0.0083 0.0085 0.0098 0.0106 0.0095
K 0.0003 0.0003 0.0006 0.0001 0.0003 0.0006 0.0003 0.0006 0.0006 0.0003
Ni 0.0051 0.0048 0.0047 0.0050 0.0055 0.0026 0.0024 0.0042 0.0034 0.0034
Cr 0.0010 — 0.0004 0.0004 0.0013 0.0006 0.0002 0.0009 0.0006 0.0012
Atomic ratios
Mg 89.5 86 88 87.5 89 83 82.5 89.3 89.03 89.49
Fe?t 10.5 14 12 12.5 11 17 17.5 10.7 10.97 10.51
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Green chromian diopsides

These large crystals may be found in any of the rock types of all rock formations.
They usually show strong resorbtion, are frequently strained, but are never zoned
apart from a thin titansalitic rim. Resorbed cavities in these clinopyroxenes rarely
carry small crystals of kaersutite.

The total iron percentage determined by the microprobe analyses was appor-
tioned as percentage FeO and Fe,O3 on the basis of a proportionality constant
derived from a series of partial wet analyses of separated green chromian diopsides.
In addition to FeO and Fe,O;, Na,0O was also determined by wet analysis
(Table 3).

These chromian diosides are characterised by their very low alumina content
(generally less than 3%, by weight), low titanium content (less than 19, by weight)
and their relatively high content of Cr,O;. The chromian diopsides are xenocrysts,
and their low Al,O, content may be a reflection of crystallisation at high pressure.
The solubility of Al,O, in pyroxenes is thought to decrease with increase in depth
above a confining pressure of about 20 kb (O’Hara and MErcy 1963; BRowN 1967).

There is no systematic chemical variation in the green diopsides from one rock
type to another, and this fact emphasises the xenocrystic nature of these minerals.
They are plotted on a Ca-Mg-Fe diagram (Fig. 4).

Although xenocrystic clinopyroxenes have been recorded from volcanic and
sub-volcanic rocks at other Atlantic islands, they do not appear to be exactly
similar to the Nord-Jan chromian diopsides. The xenocrysts from Gough Island,
for example, are pale green-brown, slightly zoned, diopsidic augites (LE MAITRE
1962), and the single analysed mineral contained appreciably higher Al,O; (4.469,
by weight) than any of the Nord-Jan chromian diopsides.

Brown titandiopsides and titansalites

These phenocrystic and groundmass pyroxenes were described previously as
titanaugites (ROBERTS and HAWKINS 1965), but the atomic ratios determined from
microprobe chemical analyses indicate that they are diopsides and salites in the
sense of POLDERVAART and HEss (1951). The mean atomic percentage of calcium
in the brown pyroxenes (46.7) is in fact almost the same as that for the green
diopsides (46.4). The titandiopsides and salites, however, are consistently richer

Ca 50 Ca 50
Mg 40 Mg 30
Fe 20

Atomic percent

o = Green chromian diopside Fig. 4. Clinopyroxene plots on
Ca-Mg-Fe diagram.

X = Brown salite
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in Al, O, richer in Ti0,, FeO and Na,O than the green diopsides, but contain less
magnesium and chromium.

The Fe,O; and FeO values in the analyses (Table 4) were calculated from
the total iron content given by the microprobe analyses, by allocating as Fe,O,4
the amount required to combine with Na,O to form the acmite molecule. The
remaining iron was then calculated as FeO.

The titansalites are frequently closely zoned, and sometimes show hourglass
structure. In most respects, apart from their slight excess of calcium, these minerals
are similar to the titanaugites described in rocks from other Atlantic islands
(LE MaAITRE 1962, BAKER 1969, RIDLEY 1970).

When the atomic ratios of the phenocrystic titansalites are considered on the
Ca-Mg-Fe diagram (Fig. 4), a trend of iron enrichment at a near constant Ca
value is indicated. LE MAITRE (1962) commented on the initial trend of crystalli-
sation of alkali pyroxenes in the Gough Island rocks as being one of iron enrich-
ment approximately parallel to the Di-Hd join. He contrasted this with the more
drastic Ca impoverishment accompanied by enrichment of Fe for tholeiitic py-
roxenes. The titaniferous pyroxenes of Tenerife also show very little compositional
variation, especially in their major components (RIDLEY 1970). RIDLEY suggested
that this feature may be due to the low PO, under which these minerals crystallised.
It is suggested that under these conditions appreciable enrichment in the acmite
molecule, where Na* and Fe®* replaces Ca?, is inhibited. Nevertheless, acmite en-
richment does occur in some cases under very low PO, conditions (ABBOTT 1969).
All the analysed brown pyroxenes from Nord-Jan and Tenerife are phenocrysts,
and it is possible that the groundmass equivalents, which must have crystallised at
very low PO,, could be poorer in Ca?*. Alternatively RIDLEY (op. cit.) suggests that
the overall chemistry of the rocks may influence pyroxene crystallisation trends.

It would seem generally, therefore, that the pyroxenes from the alkaline volcanic
rocks of the Atlantic islands show little tendency towards Ca impoverishment,
and this trend is in contrast to slowly cooled fractionated alkali-basalt magmas

(WILKINSON 1956, AokI 1964).

FELDSPARS

The majority of rocks examined contain abundant groundmass plagioclase
and smaller amounts of interstitial alkali feldspar. Plagioclase also frequently
occurs as phenocrysts or phenocrystic glomerocrysts, and very rarely as a xeno-
cryst phase. Large numbers of glomerocrystic clusters occur in the lavas of the
Nordvestkapp and Nordkapp rocks (RoBERTs and HawkiNs 1965), but rocks
from other formations may also carry plagioclase glomerocrysts.

Plagioclase

Phenocrysts and groundmass plagioclase crystals generally show weak normal
zoning, but rarely the zoning is oscillatory. Occasionally phenocrysts are slightly
resorbed. Xenocrysts usually show intense resorbtion, while normal zoning is
either absent or only very weakly developed, and multiple twinning is often obscure.
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Indirect determination of the anorthite content was made by reference to the
extinction angle in the zone perpendicular to (010) and refractive indices to optical
properties/composition curves (DEErR, HOWIE and Zussman 1963, CHaYEs 1952).
Reasonable agreement was obtained between the results from both these methods.
Anorthite values of zoned crystals are approximate means. The plagioclase com-
positions used for determining rock types (Fig. 3) are means of all plagioclase
species present in the particular rock. Xenocrysts are bytownite or calcic labrador-
ite, An,; to Ang. Phenocrystic and groundmass plagioclases generally have a mean
anorthite content within the labradorite range, Ang, to Ang, but rarely phenocrysts
are bytownite. In the andesites the groundmass plagioclase has a mean andesine
composition, Any, to Ang,. The plagioclase compositions and refractive indices in
the analysed rocks are summarised in Table 5.

Alkali feldspar

This mineral occurs interstitially or rimming plagioclase laths in the ground-
mass of lavas and dyke rocks of all formations. It generally forms less than 109,
of the total rock by volume, except in rocks with trachybasalt or trachyandesite
matrices. Typically, twinning cannot be discerned in thin section, and the mineral
exhibits undulatory extinction. Refractive index, (8, was measured for the alkali
feldspar in all the chemically analysed rocks and was 1.530-+0.004.

It was not possible to obtain chemical data for these feldspars, but they are
optically very similar to the anorthoclase-sanidine alkali feldspars described from
the volcanic rocks of Gough Island (LE MAITRE 1962) and Tenerife (RipLEY 1970).
A significantly high proportion of the orthoclase molecule is likely to be present
in the Nord-Jan alkali feldspars because of their ability to retain the sodium
cobaltinitrite stain.

Table 5
Optical properties of plagioclase feldspars
Rock Rock Xenocryst Phenocryst Groundmass
number type max. ext. max. ext. max. ext. .
& angle An% B angle An% B angle An%
NC 15 Potash ankaramite — — — — — — | 1.564 30° 55
NC19 — — — — 1.567 39° 69 1.565 32° 58
NC 12c Potash basalt — — — [ 1.566 38° 67 |1.564 30° 55
NC 13 —y— nd 40° 71 nd nd nd nd nd nd
NC 27k —— 1.566 38° 67 1.566 38° 67 1.565 35° 62
NC 17 Trachybasalt — —_ — nd 36° 65 nd 28° 50
NJ17 —— — — — — — — | 1.563 30° 54
SJ 48 —y— — — — nd 38° 68 nd 35° 62
SJ 53 —— —_ — — 1.565 35° 62 1.561 30° 53
NC 22 Trachyandesite — — — — — — [ 1.558 25° 46

nd =not determined

3
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TITANOMAGNETITE

The titanomagnetite occurs as euhedral to subhedral and skeletal micropheno-
crysts and as groundmass grains. It also occurs as inclusions in olivine and
pyroxene xeno/phenocrysts.

The titanomagnetite is more or less isotropic, and appears from viewing in
reflected light to be homogeneous. Rapid counts of Fe and Ti were undertaken
on the microprobe, and these indicated in all cases the presence of an appreciable
quantity of titanium.

OTHER MINERALS

Some of the dyke and lava rocks contain small interstitial amounts of a clear,
colourless, practically isotropic mineral, with low, but not precisely determinable
refractive indices. This mineral is thought to be analcime, because when treated
with concentrated hydrochloric acid it gelatinised, and took a stain from malachite
green. Without X-ray data, however, it remains inconclusive. Most of the Nord-
Jan rocks are nepheline normative, and this mineral is probably a modal reflection
of this fact, and analogous to the leucite present in rocks from Tristan da Cunha
(BAKER et al. 1964).

Apatite is a common groundmass mineral in the lava and dyke rocks and gener-
ally occurs as fine accicular needles in the interstitial feldspar. Biotite may be an
accessory mineral in rocks with a basalt or andesite matrix. The plates are usually
ragged and have a pleochroic scheme of pale-straw («) to red-brown (8 =vy). Small
crystals of a pleochroic, light yellow-brown () to dark red-brown (y), amphibole
with a small extinction angle (y : %) of about 11°, occurs in resorbtion cavities of
some green diopsides. This mineral is probably kaersutite.

Petrogenesis

The majority of the Nord-Jan rocks are strongly porphyritic and it has been
suggested from petrographic and chemical evidence that many of the large crystals
are xenocrysts. Thus petrographic evidence shows that the large green chromian
diopsides are homogeneous, apart from a thin outer rim of brown titansalite. In
contrast, the large brown titansalites and titandiopsides are often strongly zoned
and may show hour glass structure. In addition the pyroxene of the groundmass is
always titansalite, never green chromian diopside. The large olivines are always
unzoned and sometimes show spectacular development of translation lamellae.

The chemical analyses (Tables 3 and 4) show that the green diopsides have
very low Al,O; contents, while the brown salites and diopsides are significantly
richer in titanium and poorer in chromium. The olivine analyses (Table 2) show
that often the composition of the large olivines is unrelated to the composition of
the rock in which they occur. Thus if the rock types potash ankaramite to trachy-
basalt to trachyandesite form a simple evolutionary sequence, a progressive in-
crease in the Fe : Mg ratio in the olivines, even in the large olivines, could reason-



THE PETROLOGY OF VOLCANIC AND INTRUSIVE ROCKS OF JAN MAYEN 35

ably be expected. Table 2 indicates that this, however, is not the case. Thus in
the potash ankaramites the range is from Fe,y: Mgy, to Fe,,: Mgg; in a potash
basalt the ratio is Fe,;;: Mgg, and in the trachyandesite it is Fe;;: Mgg,. The atomic
ratio Mg : Fe of many of the large olivines compares more closely with chemically
analysed olivines from peridotites and dunites than from basalts (Table 6) and the
relatively high NiO content of many of the large olivines may also suggest a peri-
dotite origin.

DeER et. al. (1963) state that the average composition of peridotite olivines is
Fogg, and similar compositions are common for meteorite olivines. The evidence
outlined suggests that some of the large olivines, together with the green chromian
diopsides are xenocrysts whereas the remainder of the olivines and the brown
salites are true phenocrysts.

In view of the fact that xenocrysts sometimes make up 20—409%, of the bulk of
the rocks, chemical analyses were made not only of whole rocks but also of sepa-
rated matrices. Analyses and norms of whole rocks and matrices are given in
Table 7, and both are represented in Fig. 5, where the Thornton-Thuttle differ-
entiation indices are plotted. The matrices show a range in differentiation index
from 27.23 in ankaramite to 47.13 in trachyandesite, but the majority of the ana-
lysed Nord-Jan rocks are chemically trachybasaltic, with an index for the matrix
of about 35. The implication is that the rocks have undergone only moderate
differentiation at near-surface pressures, and it is clear that the variation in rock
type cannot be adequately explained by appealing to crystal differentiation under
such conditions.

A second implication of the strongly phenocrystic and xenocrystic nature of the
rocks is that any conventional plot of pyroxene compositions fails to show the
expected change in composition with change in rock type.

A third implication is that the indiscriminate plots of whole rock analyses on
AFM and Na-K-Ca diagrams serves little useful purpose. Even plots of the

Table 6
Mg : Fe ratios of chemically analysed olivines from peridotites and basalts
Atomic ratios .
Rock type Locality
Mg Fe
Dunite 92.0 8.0 Mt. Dun, New Zealand
Dunite 91.1 8.9 Little Castle Creek,
California
Olivine nodule in basalt 89.4 10.6 Ichinomegata, Japan
Pallasite meteorite 87.1 12.9 Central Australia
Trachy basalt 89.5 10.5 Nord-Jan, Jan Mayen
Trachy basalt 82.5 17.5 —r—
Basalt 77.2 22.8 Buffalo, Colorado
Melilite basalt 75.9 241 Klaasvoogdi, Cape
Province, South Africa

Data taken from DEER et. al. 1963 except the ratios for olivines in rocks from Jan Mayen.
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Fig. 6. Combined F-M-A and K,0-Na,0-CaO diagrams for Nord-Jan rocks and rock matrices.
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Table 8
Na,O[K,0O ratios for ankaramites and basalts from Atlantic islands
Locality Number of Range Na,O/K,0 Star}dz}rd
analyses mean deviation
Nord-Jan, Jan Mayen 10 0.84-1.52 1.15 0.23
Nightingale 5 1.04-1.75 1.31 0.28
Gough 13 0.96-1.70 1.37 0.30
Tristan da Cunha 19 1.20-2.02 1.37 0.19
Inaccessible 6 1.46-2.97 2.06 0.58
Las Canadas, Tenerife 20 1.76-4.35 2.30 0.54
St. Helena 9 2.51-3.04 2.74 0.22

matrices can be of only limited value because in preparing the matrix for analysis
the salites and the few large olivine phenocrysts were necessarily separated along
with the xenocrysts. Nevertheless, the whole rock and matrix analyses are plotted
in this way in Fig. 6 in order to allow some general comparisons to be made with
basalts from other Atlantic islands.

When such comparisons are made, it is apparent that the Nord-Jan rocks are
different, particularly in their relatively high potassium content. Table 8 shows
the Na,O/K,O ratios for the Nord-Jan ankaramites and basalts and the ratios in
similar rocks from other Atlantic islands. The ratio is seen to be lowest in the
Nord-Jan rocks and highest in rocks from Las Canadas, Tenerife. Although the
data is not as extensive as one would wish, there seems to be a marked increase in
the ratio in rocks away from the Mid-Atlantic Ridge. It is interesting to note that
along with a low Na,O/K,O ratio, diopsidic augites are recorded as phenocrysts
or xenocrysts from Gough Island and Tristan da Cunha, but diopsidic clinopyr-
oxenes are absent from St. Helena and Tenerife, both of which have high
Na,0/K,0 ratios.

It is clear that the green chromian diopsides and magnesian-rich olivines crystal-
lised earlier than the titansalites and the less magnesian olivines, and partly for
this reason the former are referred to as xenocrysts. It is also thought that the
xenocrysts crystallised at appreciably higher pressures than the phenocrysts.
Nevertheless, neither spinels (other than titanomagnetite) nor garnets nor ortho-
pyroxenes have been seen in any of the rocks. Thus the earliest differentiates of
the magma at high but unknown pressure could have consisted of magnesian
olivine and chromian diopside, giving wehrlite as a rock type.

O’Hara (1967, p. 394) gives a diagram showing the variation of sub-solidus as-
semblages for the composition Mg,Si0,-40%,, MgSi0,-28.5%,, CaMgSi,04-28.5%,
and Al,05,—39%, with variations in temperature and pressure. This is reproduced
as Fig. 7. The means of the analyses of olivines and green chromian diopsides from
the Nord-Jan rocks were determined and the SiO,, MgO, CaO and Al,O; amounts
were summed to 100. A remarkable coincidence of composition occurs between
O’HaraA’s data and the Jan Mayen data when the mean composition of 2 olivine
plus 1 chromian diopside is taken. This is illustrated in Table 9. It seems possible
therefore, that the initial fractionation of the Nord-Jan magma took place with
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the separation of wehrlite at high pressures (perhaps as high as 30 kb). Reference
to the tables of chromian diopside analyses (Table 3), shows that the Na,O content
averages 0.45 wt. 9,, whereas the average K,O content is 0.05 wt. 9, and Table 2
shows that the alkali content of the olivines is negligible. It follows that fraction-
ation leading to the formation of wehrlite will enrich the residuum in potassium
relative to sodium, will enrich it in aluminium and titanium, and in this way lead
to the production of the primitive Jan Mayen magma.

The strongly xenocrystic nature of many of the rocks and the dominance of
potash and trachybasalts among the matrices, suggests that the ascent of magma
towards the surface was sufficiently rapid to take with it a large proportion of the
olivines and chromian diopsides which were in the process of crystal settling. The
formation of large magma reservoirs for any great length of time at lower pressures
(i. e. higher levels) seems unlikely in view of the great scarcity of trachyandesites
and the total absence from Nord-Jan of trachytes. In Ser-Jan, however, trachytes

Table 9
Mean composition of 2 olivines plus 1 chromian diopside from Nord-¥an,
Fan Mayen, compared with the wehrlite composition of O’Hara (1967, p. 394)

. Nord-Ja Nord-Jan Diopside Olivine 1 diopside .
Oxide diopsin: olivir{e summed summed + Wehrlite
to 100 to 100 2 olivines

SiO, 52.4 41.0 55.8 46.5 49.6 49.9
MgO 16.8 46.7 17.9 53.0 41.3 39.7
CaO 22.5 0.4 24.0 0.45 8.3 7.4
ALO, 2.2 0.04 2.3 0.05 0.8 3.0
Total 93.9 88.14 100.0 100.0 100.0 100.0
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have been described (CARSTENS 1961) so that the formation of a temporary high
level magma chamber may be indicated in this instance. Under Nord-Jan relatively
brief rests during the magma ascent may have been sufficient to evolve, at low
pressures, the small quantity of trachyandesitic magma.

The problem of the origin of the primitive melt remains. At this stage the most
obvious and likely way would be to assume that the Upper Mantle temperature
rose towards the solidus and was held for a sufficient period for the wehrlite con-
dition to be attained. Fractional melting would occur with any further temperature
rise and would lead to the formation of a basic liquid which, as the temperature
fell once more, would initially precipitate wehrlite, provided it had been held at
pressures of approximately 25 to 30 kb. In this way it seems that, with the data at
present available, the petrogenesis of the Nord-Jan rocks may be best explained,
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Abstract

Results are reported of major-element analyses of four alkali olivine basalt samples from the
September—October 1970 flank eruption of Beerenberg volcano on Jan Mayen in the Greenland-
Norwegian Sea. Microprobe analyses show olivine phenocrysts to be Fo,,; bytownite phenocrysts
(Ang;Ab,¢Or,) are rimmed by a thin shell of labradorite (AngAb;,Or;), and groundmass plagi-
oclase varies from Ang, to Ang. Chromiferous diopside xenocrysts (Woy; Engy Fsg) and smaller
titaniferous salite phenocrysts (Wo,; Eng; Fs,,) are both rimmed with a thin late-stage overgrowth
of titanaugite (Wo,,Engg F's;5), which is similar to the groundmass pyroxenes. The diopside xeno-
crysts are interpreted as fragments of ultramafic nodules, which have been reported from older
Jan Mayen rocks. The distinct compositional changes between the salite phenocrysts and the
titanaugite rims and groundmass grains apparently reflect widely differing physical and chemical
environments.

Introduction

Fissure eruptions began on the NE flank of the Beerenberg volcano of north
Jan Mayen on 19—20 September, 1970 (GjeLsvik 1970). A fieldparty organized
by Norsk Polarinstitutt visited the site of the activity between September 22 and
October 3 and collected several samples of basalt. Portions of this collection were
donated to Professor K. S. HEIER for study, and four of the specimens were chosen

1 Publication No. 34 in the Norwegian Geotraverse Project.

? Mineralogisk-Geologisk Museum, Sarsgt. 1. Oslo 5.
Present address: Dept. of Geological and Geophysical Sciences, Princeton University, Princeton,
New Jersey, 08540, USA.
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Fig. 1. Generalized map of part of North Jan Mayen showing the five new craters active during the
Sept.—Oct. 1970 activity. The dotted line represents the limit of glacial ice, dashed line represents new
shoreline as of Oct. 14. 1970. Numbers represent sample localities.

for detailed examination. This paper reports the following aspects of a larger
study: petrography, major-element bulk-rock chemistry, and mineral chemistry.
The complete study, combining the results of different investigators and including
the results of trace-element and isotope studies, will be presented later.

Jan Mayen, located in the Greenland-Norwegian Sea, is a volcanic mass built
on the flanking mountains of a major sub-oceanic rift-valley structure (HEEZEN
and EwING 1961). Structurally, the island is located at the intersection of an
important NW—SE striking fracture zone and a N—S trending ridge of the Ice-
landic Plateau that occupies the major part of the mid-Atlantic ridge in the region
(Jounson 1968).

References and summaries of earlier work on Jan Mayen can be found, for
instance, in FrrcH (1964) or FiTcH at al. (1965). Discussions of geology, petro-
logy, and geologic history can be found in the same papers, ROBERTS and HAWKINS
(1965), and CARsTENS (1962).

North Jan Mayen (Fig. 1), the area of interest, consists of interlayered ankara-
mite, trachybasalt (or alkali olivine basalt), and trachyandesite flows and tuffaceous
and pyroclastic rocks. The bulk of the exposed rocks are considered to have been
erupted since the upper Pleistocene (F1TcH et al. 1965). The eruption of Sept.—
Oct. 1970 was the first well-documented activity on Jan Mayen in recorded history.

The four samples selected for study represent an ejected bomb from the Tollner-
odden crater (JM-3), lava flows from the Trinityberget crater (JM-5 and -6),
and a lava flow from the Dufferinbreen crater (JM-7) (Fig. 1). The latter sample
is on the order of a few days younger than the samples further north (T. S1GGERUD,
pers. comm., 1971). The lava flows are all of the aa type.
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Petrographically, the samples are vesicular porphyritic basalts. They are similar
to the phyric basalts described from Ser-Jan (CARSTENS 1962) and appear tran-
sitional between the ankaramites and the trachybasalts of Nordkapp, Nord-Jan
(RoBerTs and HAWKINS 1965). Pyroxene phenocrysts predominate, while plagio-
clase and olivine phenocrysts are less abundant. Pyroxene and plagioclase crystals
appear in the groundmass together with variable amounts of quenched material.
Opaque minerals are difficult to distinguish in the dark groundmass, but under
reflected light they are seen to be a common groundmass constituent. Meaningful
modal analyses could not be made because of the large size of the phenocrysts,
the fine-grained nature of the groundmass, and the high degree of vesicularity.

Geochemistry

Analytical methods. The major-element chemical analyses were carried out in
duplicate or triplicate by classical methods, X-ray fluorescence, and atomic ab-
sorption. The results of the three methods showed surprisingly close agreement.
Mineral analyses were made by electron-microprobe. Details of the instrumental
methods can be found in WEIcanp (1971).

Results. In the chemical classification of GREEN and RiNgwoob (1967), the
Jan Mayen samples would be classified as transitional between alkali olivine
basalts and basanites because they contain normative olivine and around 5%,
normative nepheline (Table 1). For the purposes of this paper, they will be con-

Table 1
Major-element chemistry and
normative mineralogy

JM-3 | JM-5 | JM-6 | JM-7 | Average

Si0, 4750 | 47.40 | 46.80 | 47.90 | 47.40
TiO, 329 | 332 | 328 | 312 | 3.25
AL,O, 1590 | 1620 | 15.90 | 1530 | 15.80
Fe,Os 324 | 291 | 363 | 324 | 326
FeO 803 | 835 | 768 | 781 | 797
MnO 020 | 020 | 020 | 020 | 020
MgO 527 { 548 | 555 | 612 | 5.60
Ca0 979 | 953 | 967 | 1006 | 9.76
Na,O 318 | 337 | 334 | 311 | 325
K,O 261 | 258 | 267 | 254 | 260
PO, 050 | 049 | 052 | 048 | 0.50
H,0- — — — — —

H,0+ 044 | 011 | 015 | 0.09 | 0.20

Total 99.95 | 99.94 [ 99.39 | 99.97 | 99.79

Molecular

norms

Or 15.66 15.39 16.02 15.14 15.55
Ab 20.76 19.92 18.65 20.26 19.90
An 21.75 21.68 20.85 20.48 21.19
Ne 4.95 6.38 7.09 4.75 5.79
Di 19.41 18.26 19.55 21.37 19.65
0Ol 8.31 9.60 8.24 9.17 8.83
Mt 3.44 3.07 3.85 3.42 3.44
11 4.66 4.67 4.64 4.39 4.59

Ap 1.06 1.03 1.10 1:01 1.05
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Fig. 2. AFM diagram of Fan Mayen rocks. “x” represents samples of this study.

sidered as alkali olivine basalts. They are characterized by rather high TiO, and
K,O contents and a low water content. The latter feature is reflected in the totally
fresh appearance of the rocks under the microscope. Samples JM-3, -5, and -6
are virtually identical to each other in major-element chemistry; JM-7 exhibits
small differences which are considered larger than analytical uncertainties. The
lower Al,O; and the higher MgO and CaO contents might be explained by a
slightly higher concentration of pyroxene phenocrysts in the sample. These
results emphasize the spatial and temporal chemical homogeneity of the Sept.—
Oct. eruption.

The samples of this study do not exactly match any of the previously analyzed
Jan Mayen rocks (HoLMEs 1916; TYRELL 1926; CARSTENs 1961, 1962; ROBERTsS
and HawkiNs 1965) but fall well within the range of rocks identified as olivine
trachybasalt, basanitoid trachybasalt, and trachybasalt. Most of the rocks previ-
ously identified petrographically as ankaramite and trachybasalt would be con-
sidered alkali olivine basalts in the normative classification. All available Jan
Mayen analyses plotted on an AFM diagram (Fig. 2) exhibit a well-defined trend
of moderate iron enrichment followed by alkali enrichment. The samples of this
study appear somewhat depleted in total iron relative to magnesia and alkalis.

Mineral chemistry

Pyroxene. — Pyroxene phenocrysts occur as broken or slightly rounded grains
jacketed by a thin, late-stage overgrowth which often forms straight crystal edges
or euhedral grains (see Plate 1 for photomicrographs of various pyroxene fea-
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tures). The overgrowth often exhibits a ragged or sieve-like texture. Phenocryst
cores are found as two distinct compositions — a light brown chromiferous diop-
side of Wo,;En,Fs; and a medium brown titaniferous salite of Wo,,En,;Fs,,
(nomenclature after PoLDERvAART and HEess 1951). These cores are enveloped
by a thin rim of purple-brown titanaugite of Wo,,EngFs,;, which is composition-
ally close to the groundmass pyroxenes (Table 2; complete pyroxene analyses are
in Appendix 1). The phenocryst cores are predominantly unzoned, both compo-
sitionally and optically. Salite is not found rimming diopside cores within the
titanaugite overgrowth.

The diopside phenocrysts are larger than the salite phenocrysts (max. sizes are
9 and 2.5 mm across, respectively). They usually have one or more well-formed
crystal edges, but are somewhat fractured and mostly appear to be broken frag-
ments of larger crystals. The smaller salite crystals have more euhedral and com-
plete outlines. Hourglass structure has been observed in a few groundmass
grains. As is typical of alkali olivine basalts, no coexisting, low-Ca pyroxene is
found.

The above compositional differences are clearly revealed by plots on the py-
roxene quadralateral (Fig. 3) to which low-pressure differentiation trends typical
of alkali olivine (Shiant Isles) and tholeiitic (Skaegaard and Bushveld) compo-
sitions have been added for comparison. Pyroxenes from alkali olivine basalts are

Table 2
Chemical analyses of clinopyroxenes
1 2 3 4 5 6
SiO, 522 | 49.3 | 45.5 | 46.1 |45.13 |52.17
TiO, 0.6 1.7 3.1 2.8 2.57 | 0.64
Al,O4 2.6 4.8 71 5.8 110.44 | 3.35
FeO 3.9 7.4 8.6 88 | 7.16 | 3.84
MnO 0.1 0.2 0.2 0.2 nd nd
MgO 17.6 | 14.0 | 124 | 13.7 |12.35 |17.12
CaO 222 | 219 | 21.8 | 21.6 [21.53 [22.12
Na,O nd nd nd nd 0.47 | 0.27
Cr,04 0.3 — — — nd 0.70
Total 99.5 | 99.3 | 98.7 | 99.0 |99.65 |100.21
Wo 45 47 47 45 48 45
En 49 41 38 40 39 49
Fs 6 12 15 15 13 6
1. Chromiferous diopside xenocrysts. (Average of complete analyses of 11 points representing
6 different crystals.)
2. Titaniferous salite phenocrysts. (Average of complete analyses of 6 points on 5 crystals
plus 10 partial analyses of 5 other crystals.)
3. Late-stage titanaugite rims. (Average of complete analyses of 7 points on 6 crystals plus
12 partial analyses of 8 other crystals.)
4. Groundmass titanaugite crystals. (Average of 6 partial analyses of 6 different crystals.)

5+6. Analyses of augite and chromium diopside, respectively. from Carstens (1962) (K,O and
H,O omitted from original analyses; total Fe recalculated as FeO).
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Fig. 3. Pyroxene quadratateral showing plots of complete analyses of Appendix 1. Sk= trend of
pyroxenes from the Skaegaard intrusion (BROWN 1957), B=pyroxene trend from Bushveld intrusion
(ATKINS 1969); SI=pyroxene trend from Shiant Isles sill (MURRAY 1954).

characteristically higher than those from tholeiitic basalts in Wo component,
Al,O;4 and TiO, (LE Bas 1962). The trends exhibited by the Jan Mayen pyroxenes
are nearly perpendicular to the low-pressure trends, lead away from the En apex,
and maintain a fairly constant Wo:Fs ratio. Whether these trends merely represent
a normal range in composition or reflect some sort of high-pressure fractionation
is not known.

The compositional differences discussed above are emphasized on a plot of
Al,O; vs. TiO, (Fig. 4). A concomitant increase in these two elements is typical
for pyroxenes from alkali olivine basalts (LE Bas 1962). The approximate two-
fold increase of Al,Oj; relative to TiO, has also been found in Apollo 11 clinopy-
roxenes, and it has been suggested that this relationship results from the coupled

substitution
ZAIIV +TiIV -<-_) R+2 VI + ZSiIV

The existence of two distinct phenocrystic-pyroxene compositions, both being
rimmed by a late-stage growth, has been recognized in the basic lavas of Nord-
Jan since the earliest petrographic studies of Jan Mayen rocks (i.e. TYRELL 1926).
CARSTENs (1961) presented analyses of chromium diopside from a Nord-Jan
ankaramite and phenocrystic augite from a Ser-Jan ankaramite (Table 2). The
close comparison to the pyroxenes analyzed in this work is obvious. CARSTENS
noted the similarity between the diopside and clinopyroxenes from tholeiitic picrites
and ultramafic nodules.

Plagioclase. — Plagioclase occurs as euhedral phenocrysts (up to 4 mm across)
rimmed by a late-stage growth (Plate 1), and as small laths in the groundmass.
The phenocrysts occassionally enclose grains of opaque oxide. Partial analyses
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for An and Or content have been plotted on an AnAbOr diagram (Fig. 5).
Phenocryst centers of bytownite (AngAb,¢Or,) are distinct from the thin labra-
dorite overgrowth (AngAbgOr;). No compositional zoning is evident within the
phenocryst cores. Groundmass grains are present both as labradorite laths
(AngAbgOr,) and as a more K-rich phase (five analyses average An,,Ab,,Or;).
The identification of this latter material is difficult under the reflecting light of the
microprobe, and it might represent quenched interstitial material. However, since
the analyses fall roughly on the plagioclase differentiation trend, it is concluded
that they represent a K-rich plagioclase.

Olivine. — Olivine occurs as subhedral to euhedral phenocrysts 1—2 mm across
(Plate 1), and are relatively uncommon. Partial analyses of FeO, MnO, and MgO
in three grains are in Appendix 2. Fo content ranges from 77 to 82, averages 79
and exhibits no systematic zonation in the crystals. The concentration of MnO
ranges from 0.27 to 0.35, averages 0.30, and has a strong positive correlation
with FeO.

Opaque minerals.— Opaque minerals are not found as phenocrysts, but are fairly
common in the groundmass. Partial analyses for Ti0, and MgO are in Appendix 3.
Three separate phases are indicated, which average 22.4, 4.17, and 0.949, TiO,
and 3.68, 5.93, and 0.489, MgO respectively. Precise identification is impossible
without FeO and Fe,O; analyses, but from comparison with magnetite analyses
from DEERr et al. (1962, Table 12) it is suggested that the three phases are titano-
magnetite, titaniferous magnetite, and magnetite.
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Fig. 5. Plagioclase compositions plotted on AnAbOr diagram.

Discussion

Although diopsidic phenocrysts are not unknown in rocks of the alkali olivine
basalt association (i. e. LE MAITRE 1962), they are much more common in ultra-
mafic zones of layered tholeiitic intrusions (i. e. ATKINS 1969) and ultramafic in-
clusions in basaltic rocks (i. e. WHITE 1966). Clinopyroxenes of the latter two
associations usually occur with coexisting orthopyroxene. To the writer’s know-
ledge the co-occurrence of diopside and salite phenocrysts has not been reported
other than in Jan Mayen rocks.

Chromiferous diopside has been reported (SCHARIZER 1884) from the relatively
scarce olivine-rich nodules found within the lavas and tuffs of Jan Mayen (FiTcH
1964, pers. comm. 1971). The chromiferous diopsides of this study and those
reported from other Jan Mayen rocks (CARSTENs 1961, ROBERTs and HAWKINS
1965) probably represent portions of dissociated and mostly resorbed ultramafic
nodules, and therefore may represent fragments of the upper mantle where the
host basalts were generated (WHITE 1966). Problems with this interpretation in-
clude the lack of olivine (~Foy,) and enstatite xenocrysts, which commonly co-
exist with diopside in nodules, and the lack of a reaction zone around the diopside
grains, which is usually present where these grains are in contact with the host
basalt (WHITE 1966). It is possible that during the time in the history of the
magma that the salite phenocrysts formed, whatever enstatite was present com-
pletely melted, the olivine re-equilibrated with the magma (c.f. MooRE and Evans
1967) yielding the observed phenocrysts of Fo,e, and the diopside xenocrysts
were partly resorbed by, instead of reacting with, the magma. The distinct com-
positional differences between the salite phenocrysts and the titanaugite over-



50 PETER W. WEIGAND

growth (and groundmass crystals) apparently reflect widely differing physical and
chemical environments.

Origin. — GReEN and RINGwoOD (1967) suggest that at 35—70 km depth, dry
basaltic liquids segregating from a pyrolitic mantle will be of alkali olivine basalt
type with about 209, partial melting, or olivine-rich tholeiite type with about
309, melting. Approximately 309, crystallization of aluminous enstatite from the
olivine tholeiite could yield an alkali olivine magma. Separation at lower pressures
of olivine and clinopyroxene has probably altered this primitive parental compo-
sition, chiefly resulting in a decrease in MgO and an increase in the alkalis. The
absence of orthopyroxene xenocrysts, plus the existence of clinopyroxene, olivine
and plagioclase phenocrysts (indicating that these three were near-liquidus phases)
imply that the Jan Mayen basalts have undergone at least moderate differentiation.
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Appendix 1

Clinopyroxene analyses. First sample no. refers to rock number, second to mineral grain, and letter
to analytical point. A=average of 10 partial analyses of 5 grains; B=average of 12 partial analyses
of 8 grains. Blank means not determined, dash means below detection, ’x*“ is average for each group.

Diopside phenocrysts

5-1a | 5-1d | 5-2b | 5-2¢ | 5-3a | 5-3b | 6-6a | 6-6b | 7-3j | 7-3k | 7-5b | =
Si0, 520 | 52.6 | 51.7 | 52,5 | 519 { 523 | 51.7 | 522 | 52.7 | 523 | 524 | 52.2
TiO, 0.5 0.5 0.8 0.7 0.6 0.7 0.6 0.7 0.5 0.7 0.7 0.6
AlLO, 2.0 2.0 2.8 2.6 2.7 2.5 2.6 3.3 2.5 2.5 2.8 2.6
FeO 3.5 3.3 4.3 41 3.8 4.0 4.2 4.3 3.7 4.0 37 3.9
MnO 0.1 0.1 0.1 0.1
MgO 179 | 193 17.2 | 180 | 17.7 | 173 175 | 166 | 17.7 174 | 174 | 17.6
CaO 221 221 224 | 220 | 222 | 222 | 224 | 223 | 221 222 | 221 22.2
Cr,0,4 0.2 0.2 0.4 0.3
Sum | 98.0 | 99.8 | 992 999 | 98.8 | 99.0 [ 99.0 [ 99.4 | 99.5 | 99.4 | 996 | 99.5
Salite phenocrysts Groundmass titanaugites
| 6-9 |[6-11a|6-11b| 6-11c | 6-12c | 74e A X 6-9 | 6-13 | 7-8 X
SiO, | 485 | 48.6 | 49.0 | 50.5 | 49.5 | 49.4 | 493 | 493 | 47.4 | 462 | 44.7 | 46.1
TiO, 1.8 1.7 1.7 1.8 1.9 1.6 1.7 1.7 2.5 2.6 3.2 2.8
Al O, 5.5 5.3 5.3 3.7 4.2 47 4.9 4.8 5.8 5.5 6.2 5.8
FeO 7.5 6.8 6.7 8.5 7.4 7.4 7.7 7.4 9.5 8.7 8.2 8.8
MnO 0.2 0.2 0.2 0.2 0.2
MgO 14.1 14.3 | 141 13.3 146 | 144 | 13.5| 14.0 | 123 14.8 141 13.7
CaO 216 | 219 | 21.8 22.0 | 226 21.6 21.8 21.9 21.1 21.4 22.3 21.6
Cr,04 — — — —
Sum 99.0 | 986 | 98.6 ’ 99.8 |1100.2 \ 99.3 99.1 99.3 98.6 | 99.2 | 98.9 | 99.0

Titanaugite rims

| 5-1b | 5-1c | 5-3d | 7-3b | 7-4a | 7-4b | 7-8b| B %
Si0, | 451 | 457 | 45.0 | 43.4 | 46.6 | 463 | 459 | 458 | 455
TiO, 31| 29| 30| 35| 30| 341 30| 32| 31
ALO, | 74| 69| 65| 78| 64| 72| 761 71| 71
FeO 89| 92| 78| 87! 93| 80| 86| 87| 86
MnO 02| 02| 02| 02| 02| o2
MgO | 120 | 126 | 134 | 125 | 11.8 | 127 | 123 | 123 | 12.4
CaO | 220 | 220 224 | 219 | 21.4| 212 | 216 | 217 | 218
Cr,0, — | = = = —
Sum | 98.5| 993 | 98.1 | 98.0 | 987 | 990 | 99.2 | 990 | 98.7
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Appendix 2
Partial analyses and
Fo content of olivines

Appendix 3

Partial analyses
of opaque minerals

FeO | MnO | MgO | Fo
6-10a | 161 | nd | 423 | 82
6-10b | 19.4 | nd | 385 | 78
6-10c | 201 | nd | 381 | 77
7-8a 193 | 032 | 37.5 | 77
7-8b 196 | 033 | 375 | 77
7-8c¢ 198 | 035 | 374 | 77
7-10a 180 | 030 | 389 | 79
7-10c 174 | 028 | 400 | 80
7-10d | 16.8 | 027 | 411 | 81
X 185 | 031 | 390 | 79

TiO, | MgO
6-1 231 | 36
6-2 222 | 37
6-3 226 | 36
6-10 23.0 | 34
7-7 20.8 | 4.1
< 224 | 37
7-1d 44| 80
7-le 38| 5.7
7-1f 22| 50
7-7 6.5 47
7-7 40| 63
X 42| 59
6-9 09| 05
6-9 10| 05
X 09| 05
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PLATE 1

. Diopside phenocryst with late-stage rim of titanaugite.

. Diopside phenocrysts showing broken nature. Ring is identification mark for microprobe analyses.
. Twinned salite phenocryst.

. Euhedral olivine phenocryst partly enclosing plagioclase lath.

. Twinned bytownite phenocryst with labradorite rim.

HoOm

Note. Photomicrographs taken under crossed nicols. Long dimension represents 2 mm.
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Abstract

During the 1960’s a continued restoration of the Svalbard reindeer population was observed.
In this paper new details on the present (1969-70) distribution of the herd in different parts of the
archipelago are given. A further expansion was observed in 5-6 different areas. A full return to
its former population is possible in the coming years. Data from 1969-70 are given in Fig. 1.
In Fig. 2 the known distribution of the Svalbard reindeer in 1970 is summarized.

Annoranmma

3a 1960-e roger Hab/I0AI0CH HEIIPePHIBHOE BOCCTHOBJIEHNE OJIeHbell oMy -
aamun Ceasisbappaa. B jgaHHON craThbe NpPUBOAATCA HOBHIE AETAJN II0 HACTO-
Amemy (1969-70) pacmpocTpaHeHHIO OJIEHBETO CTafla B PABHHIX YACTAX apXu-
mejara. JlanpHeiillee paciInpeHne apeaja CeBEepHOTO OJIEHA 3aMETHJIOCH B
5-6 pasupix o0gacrAx. 3a ciegyooiue TOxbl OyJAeT BO3MOKHHIM IIOJIHOE
BO3BpalleHue oJieHeii Ha mpesxHue mnacromma. [launse 1969-70 rr. npuso-
nAarea Ha puc. 1. Ha pue. 2 mogsoiATca nTOrM nsBeCTHOTO PaclIpOCTpaHEHUHA
cBasibbapackoro oJiens B 1970 r.
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Introduction

In two papers (NORDERHAUG 1969 and 1970a) the distribution of the Svalbard
reindeer (Rangifer tarandus platyrhynchus) during the 1960’s have been sum-
marized from different parts of the Svalbard archipelago.

A general increasing trend, both in population size and geographical distribution
has been observed. This indicates a continuing re-establishment of this herd,
which was nearly extirpated by hunting in the 1920’s.

From different parts of Svalbard the distribution of reindeer was still unsuffici-
ently known at the end of the 1960’s. For this reason new field surveys have been
performed in 1970 and supplemented with some additional data from 1969.

(Place-names used in this paper refer to Norsk Polarinstitutt’s Svalbard maps

1:500 000.)

Material

1) During spring 1970 a field party (consisting of J. ANGARD and A. GUDDING)
was sent out by Norsk Polarinstitutt to survey the distribution of reindeer in the
northern part of Spitsbergen. The area between Smeerenburgfjorden and east-
wards to Grahuken was investigated, partly by airplane and partly by use of
dog teams.

2) During Norsk Polarinstitutt’s summer expedition a survey, partly from
helicopter, was conducted in the area between Bockfjorden and the eastern coast
of Wijdefjorden, and in the southern part of Hinlopenstretet from Barentseya to
Wilhelmgya.

3) From visits by the governor’s ship «(Nordsyssel» summer 1970, data on
reindeer distribution were supplied from Biinsow Land, Dickson Land, and the
NW corner of Spitsbergen.

4) From a French expedition visiting Svalbard in the summer 1969 further
data on the present distribution in the Liefdefjorden/Woodfjorden area were
made available (VoisiN 1970).

5) Information collected from different sources supplied new data on areas
where reindeer at present (1970) not occur.

Results

Based on the present material (1969-70) the following new information was
obtained (Fig. 1):

Albert I Land — Ny Friesland. — From the western part there are five observa-
tions of smaller herds (2-12 animals) in addition to numerous track observations
from the area west of Raudfjorden