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ABSTRACT

The island of Jan Mayen is the northernmost active
volcano on the Mid-Atlantic Ridge. The rocks of Jan Mayen
belong to the potassic series of the alkaline rocks and
appear to belong to the straddle type association. The
ankaramites and alkali olivine basalts are characterized by
the presence of large xenocrysts of rimmed chromium diopside,
titaniferous salite, olivine (Fog3 to Fogg), magnetite
and sometimes plagioclase (bytownite rimmed by labradorite).
Phenocrysts of olivine (Fony) and plagioclase (andesine)
are present in several rocks. These xenocrysts and pheno-
crysts lie in a matrix conposed of titaniferous salite,
olivine (Fosg), plagioclase (andesine), magnetite, biotite
and sometimes ilmenite, Latite andesites contain large crys-
tals of plagioclase of an andesine-oligoclase composition
rimmed by oligoclase or alkali feldspar, magnetite, biotite,
hornblende and sometimes highly alteréd clinopyroxene,

"he trachytes are characterized by phenocrysts of aegirine-
augite, anorthoclase, magnetite, biotite and sometimes
andesine rimmed by an alkali feldspar. The phenocrysts of
the latite andesites and trachyte lie in a groundmass
consisting of andesine, alkali feldspar, magnetite, hematite

and biotite,



~race element whole rock geochemistry indicates that
the rocks of Jan Mayen were probably derived from the mantle
from slightly different source regions based on different
Rb/Sr ratios for the mafic rocks of Nord Jan and Sor Jan,
The rocks formed by the partial accumulation of titaniferous
salite, plagioclase, olivine and magnetite from an alkali
basalt magma followed by the intrusion and capture of
xenoliths and xenocrysts of ultramafic or mafic rocks, which
may have been in the process of accumulation., This accumula-
tion process is supported by the results of least squares

magma mixing models and Rayleigh fractionation curves.,
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I. LOCATION AND PHYSICAL FEATURES OF JAN MAYEN

The tiny island of Jan Mayen is the northernmost,
active volcanic island on the Mid-Atlantic Ridge system
(710N, 8-99W), It lies at the northernmost end of the
Jan Mayen Ridge Jjust south of the intersection of the
western segment of the Jan Mayen Fracture Zone and the
éouthern end of the Mohns Ridge (Figure 1),

Jan Mayen rises about 5.3 km from the ocean floor to
its highest peak on the Beerenberg volcano 2277 m above
sea level, The island is elongated NE-SW 53.6 km, has a
maximum width of 16 km, and covers an area of 380 km?,

Nord Jan is dominatedvby the Beerenberg volcano,

The gently sloping basal dome of Beerenberg is 25 km in
diameter at sealevel and is capped by a steep sided cone,
This upper cone is characterized by a crater about 1.3 km
in diameter and smaller parasitic cones of lava or ash
surrounding it on the southwest, west, and northeast sides,
Beerenberg is covered by twenty glaciers which extend - |
radially from the summit to the base., The glaciers occupy
shallow, wide valleys to the south and deep valleys to

the north,

Beerenberg terminates to the north, east and west in
steep coastal cliffs, The northeastern extremity of

Nord Jan is a coastal platform which extends 0.5 to 1,0 ni

1
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Figure 1, The tectonic location of Jan Mayen
Island in the Northern Atlantic Ocean (adapted from
Talwani and Eldholm, 1977).



toward the sea, and along the coast to the west and south,
A northeast trending volcanic rift zone (Nordkapp Rift
Zone), originating from~Beerenberg, ends just south of
the coastal platform, The rift is bounded by two 500 m
cliffs, Two subsidiary rifts extend southeast and south-
west giving Beerenberg the typiéal tribrachial structure
of volcanoes, [ost minor rifts, dikes, faults, fraetures,
and fissures also follow the dominant NE-SW trend, but
two minor sets trend NW-SE and E-W,.

"he Central Region is very narrow and the smallest
width is only 2 miles. The area is characterized by long
beaches, lagoons, and a high pillar (volcanic neck)
called the Saule,

Sor Jan is a low, relatively narrow, volcanic table-
1and (500 m above sea level)., Linearly trending trachyte
do~wes and volcanic craters or depressions are common,

The domes are oval shaped (100 nm by 600-800 m) at the

base and are flattened on the top. The tops of some domes
are characterized by small circular depressions, Sor Jan
rises steeply from the sea except for a few bays on the

southwest coast,



II., HISTORY OF JAN MAYEN

The island of Jan Mayen was "discovered" many times by
English and Dutch seamen searching for a northern passage to
the East. The island has therefore been known by several
different names throughout its known existence: 1) Hudson
Tutches (1607, Henry Hudson), 2) Trinity Island (1611,
Thomas Marmaduke), 3) Isle de Richelieu (1612, Jean Vrolicz),
4) Sir Thomas Smith's Island (1615, Robert Fotherby), and
5) Jan Mayen Island (1614, Jan Jacobsz May). The search
for the northern passage was unsuccessful, but the seamen
found a very rich whaling-ground. The Dutch even went so
far as to build several whaling stations on Jan Mayen,

The whaling-ground was SO extensively used that by 1650
most of the whales were exterminated.

Modern scientific work on Jan Mayen began in 1920 with
the establishmept of a wireless radio and a weather station
by the Norwegian government (Norway annexed Jan Mayen in
1929). An Austrian expedition to Jan iayen in the Polar
Year 1882-1883 completed a topographic map of the island
and brought back geological specimens. Magnetic, meteoro-
logical, and biological data were also collected., The
Cambridge party expedition in 1921, including geologist
J.M. Wordie, brought back a collection of 60 rock specimens
(described by Tyrrell;n1926), a biological collection,

and completed a general geological survey. Another Austrian

N



party revisited Jan Mayen for magnetic measurements in the
Polar Year 1932-1933. The Imperial College Expedition in
1938 studied glaciologj (J.N. Jennings, 1948), geology
(detailed geologic map at 1:125,000 scale of the central
part of the island), botany, ornithology, and marine
biology (A. King, 1939) of Jan Mayen, G.D. Nicholls
visited Jan Mayen in 1950 and developed a short unnamed
volecanic stratigraphy for Nord Jan, During the 1960's
several trips to Jan Mayen (notably the University of London
1961 Beerenberg Expedition) were made by different groups
of geologists., Glaciology, glacial history, petrography,
geology, geologic history, volcanic stratigraphy, tectonics,
and paleomagnetism were studied at this time,

The 1970 eruption on the northeastern slope of Beeren-
berg renewed interest in the tectonics, seismicity, and
petrography of Jan iayen,

Current surveillance of activity on Jan Mayen includes
a seismographic network of 3 stations, crustal movement
studies (6 tiltmeters), measurement of the temperature of

gas emitted at Eggoya and 19 gravity stations (Sylvester, 1975).



III. GEOLOGIC AND GLACIAL HISTORY OF JAN MAYEN

The first major contribution to the understanding of
the geology of Jan Yayen was presented by Wordie in 1926,
Since then the geologic history'and volcanic stratigraphy
of Jan Maven have been established by Fitch, Grasty and
Miller (196%), Roberts and Hawkins (1965), Fitch, Nairn
and Talbot (1965), Fitch (1962), Nicholls (1955), Sylvester
(1975); Carstens (1962), and Dollar (1965). The glacial
history was established by Kinsman and Sheard (1962),
Fitch (1962), Lamb, Probert-Jones and Sheard (1962), and
Kinsmran, Sheard and Fitch (1962). The following is an
abbreviated account of the geologic history, glacial
history, and stratigraphy from the above mentionned sources.

"he oldest rocks on Jan ilayen are located in Sor Jan
and covprise three separate formationss the Lower, ¥iddle,
and UpperAGroups. The rocks of the Lower Group represent
the formation of the volcanic basement upon which the island
of Jan ayen lies. "he age of the volcanic basezent is
believed to be at the eérliest. 7id-Tertiary and at the latest
Pleistocene, 12,000 years BP (Fitch, Grasty and Xiller, 1965;
Fitch, 1962). ~his age range, however, is much too broad.
™he age of the volcanic basement 1is probably more accurately
defined by the Pleistocene age. The Lower Grbup consists of
basaltic lavas and pyroclastics, which were extruded through

a N30°E fissure swarm, and are crosscut by later dikes,

6



The Sor Jan plateau was constructed during a long
period of fissure eruptions notably occurring at the
junctions of the old N50°E fissure swarm and a newly
developed N4OOE fissure swarm. These Middle Group lavas
consist of trachybasalt, trachyandesite, latite, and
trachyte and are crosscut by dikes of trachybasalt and
trachyéndesite, which may have acted as feeders to the
lavas. The development of the trachybasaltic plateau is
separated from the younger dome building stage of the
Upper Group by an erosional period and another short
period of phyric trachybasalt extrusion,

The trachyte and latite domes of the Upper Group
represent the plugging of the basaltic necks (at the junc-
tions of N4OOE and N50O9E fissures) in Sor Jan and Central
Jan Mayen (the Saule). The lavas probably originated from
around the base of the dome or from the central depression
and are probably the most recent volcanics on Sor Jan.

A period of volcanic quiescence and extensive
erosion followed the volcanic activity in Sor Jan.

Volcanism on Jan Mayen subsequently moved northeast-
ward from Sor Jan to the volcano Beerenberg on Nord Jan
which was constructed in three stages. The submarine
foundation of Nord Jan is unexposed, but trachybasaltic
xenoliths in some lavas, bombs, 1api1liftuffs, and xeno-
1iths of ankaramite in the Kapp Fishburn Tillite indicate

that it may consist of a basalt to trachyte sequence.



The lower volcanic dome of Beerenberg developed by
explosive fissure eruptions from the N4OCE fissure swarm
followed by the subaerial extrusion of ankaramite from
the central vent and radial fissures, The Kapp Muyen
group, the lavas of the lower cone, consists of the Kross-
bukta formation, the Kapp Fishburn Tillite, the Storfjellet
formation, the Havhestberget formation and the Nordvestkapp
formation (from oldest to youngest).

The Krossbukta formation is the oldest volcanic
sequence in Nord Jan and consists of two ankaramitic
basalt aa flows separated by a well compacted fossil talus
of angular, ankaramitic basalt fragments.

The Kapp Fishburn Tillite is the first evidence of
zlaciation on Jan NMayen and overlies eroded Krossbukta
lavas. The basaltic tillite is believed to be a product
of the last Pleistocene glaciation (Fitch, 1962) and
contain fragments of ankaramitic basalt and nonporphyritic
basalt, It is divisible into two distinguishable units:

1) the 1ower-tillite, which is believed to have formed
about 12,000 years BP and 2) the upper tillite, which formed
10,000 to 10,500 years BP (Kinsman and Sheard, 1962),

At the present there is no direct evidence of another
glaciation in the volcanic stratigraphy of Jan Mayen until
the formation of the summit cone and crater of Beerenberg
6,000 to 7,000 years BP (Fitch, Nairn and Talbot, 1965),
The tillite is unconformably overlain by the Storfjellet

formation,



The Storfjellet formation, extruded about 9,000 years
BP (Fitch, Nairn and Talbot, 1965), consists of pyroclaStic
cones and whaleback mounds of ash, scoriae, and agglutinate
overlying a sequence of ankaramitic basalts and nonporphyritic
basalts. Dikes are most abundant in the Storfjellet forma-
tion and cut through both pyroclastic and lava sequences.
They vary in thickness from a few centimeters (sinuous) to
about 4 m (constant strike over distances greater than one
kilometer). The dikes in the Storfjellet formation generally
do not extend upward into the overlying Nordvestkapp formation
and are thus probahly feeders from which the Storfjellet
formation and/or Nordvestkapp formation were derived,

Nany dikes appear to have orientations similar to the
figsure swarms and actually may be filled in fissures or
tension gashes,

The Havhestberget formation unconformably overlies the
Storfjellet formation and represents a ma jor explosive stage
in the development of the lower dome. It consists of a
basalt pumice-tuff and a sillar or agglomerate. The Hav-
hestberget formation is overlain by the Nordvestkapp
formation which constitute the major part of the lower
ankaramitic cone. The Nordvestkapp aa lavas are highly
porphyritic ankaramitic basalts which are sometimes inter-
bedded with ankaramites, nonporphyritic basalts, cinders,
and tuff. A single sill (2 m thick), characterized by well
developed colurnar Jjointing, intrudes the lavas of the

Nordvestkapp formation., The Hawvhestherget and Nordvestkapp
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formations were deposited about 7,000 to 8,000 years BP
(Fitch, Nairn and Talbot, 1965).

The steep trachybaéaltic upper cone of Beerenberg was.
constructed from the Sentralkrateret lavas ahout 6,000 to
7,000 years BP (Fitch, Nairn and Talbot, 1965) after a
short interval of erosion, The lavas extruded frém the
upper cone are distinct from the ankaramitic basalt of the
lower dome in that they consist primarily of glomeropor-
phyritic plagioclase trachybasalt interbedded with a few
ankaramite flows. The Sentralkrateret lavas rest uncon-
formably on the Nordvestkapp formation. Another ﬁeriod of
erosion after the formation of the summit cone cut steep
sea cliffs about the volcano.

Subsequent voleanism, occurring on the flanks of
Beerenberg, was structurally controlled by reactivation of
the N4OOE fissure swarm and by activation of radial fissures
on the south and southeast flanks. Violent pyroclastic
eruptions followed by gentle lava flows were typical of
this flank volcanism, During the later stages of this
period of volcanism a new set of fissures developed in the
northeastern part of Nord Jan parallel to N65°E, The
Nordkapp Croup represents the parasitic and fissure erup-
tions on the flanks of Beerenberg'since the end of the
extrusion of the Sentralkrateret formation to the present,
It includes the Tromsoryggen formation, the Kokssletta

formation, and the Smithbreen formation.
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The Tromsoryggen lavas, extruded about 4,000 to 5,000
years BP (Fitch, Nairn and T#lbot, 1965) consist of
ankaramitic basalts overlain by a thick and variable
sequence of pyroolastics. The pyroclastics, consisting
of scoriae, bombs, and agglutinate, form large ridges
parallel to the fissures.

An extensive glacial advance, the Krogness Advance,
probably occurred after the extrusion of the Tromsoryggen
lavas (Kinsman and Sheard, 1962)., MNost moraines formed
by this glaciation were buried by the Kokssletta lavas,

The Kokssletta lavas represent the last major cycle
of eruption about 2,500 to 3,00 years BP (Fitch, 1964),
They occur as aa flows, but pahoehoe type lavas are also
present (which usually overlie the aa flows)., To the north
the lavas are glomeroporphyritic plagioclase trachybasalts
and ankaramitic basalts; to the south only glomeropor-
phyritic plagioclase trachybasalts are observed, Sylvester
(1975) disputes Fitch's age of the Kokssletta lawas and
concludes, based on old maps and lava forms, that the lavas
probably formed between 1820 and 1882,

The Smithbreen formation consists of all nonvolcanic
deposits younger than the Kokssletta lavas., It includes
primarily morainic debris, with talus or outwash fans,
lagoon silts and nuds, present day beach nmaterial, and
recent volcanics,

e Joris glacial advance occurred after the deposition
of the Kokssletta formation, possibly about 2,500 years BP

(Kinsman and Sheard, 1962).



12

7ost of the moraines of the Joris Advance were broken up
by the later Sorbreen Advance and are not well preserved.
~he moraines of the Joris Advance, where present, lie out-
side of those of the Sorbreen Advance.

"he glacial activity of the past 350 years on Beeren-
berg is known as the Sorbreen Advance or the "Little Ice
Age", A summary of observations on the minor advances
and retreats of the Sorbreen Advance has been compiled from
TLamb, Probert-Jones and Sheard (1962), Jennings (1948),
Fitch, (1962), Kinsman, Sheard and Fitch (1962), and
Kinsman and Sheard (1962),.

Sorbreen Advance

1750 Climax of an advance,
Retreat and formation of outer series
moraine (I).

1810-20 Srall readvance,
Slow retreat and formation of hummocky
roraines.

1850-70 Large readvance,
Rapid retreat and formation of inner
series moraine (II) which are less
developed than the outer series moraine.

1910-20 Readvance,
Retreat and formation of innermost
series moraine (III),

1938-42 Rapid retreat, .

1954 Estimated beginning of an advance,
1959 Acceleration of advance.
1961- Glaciers still advancing,

Documented eruptions on Jan !Mayen have occurred in
Y

1732 (Jan Jacobsen T.aab, a Dutch sailor), in 1818
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(the British sailor William Scoresby, Jr.) and in 1970,
These eruptions took place along the northeastern flank
of Beerenberg. The eruptions of 1732 and 1818 have been
subjected to some doubt as to their authenticity because
neither produced lava, However, based on the recent
eruption in 1970, these eruptions may have been accurately
reported,

The most recent volcanic activity on Jan ilayen began
on 18 September 1970, The eruption may have begun either
simultaneously with or shortly after an earthquake,
Birkenma jer (1972) reports a magnitude of 5.1 on the Richter
scale for this earthquake and Sylvester (1974) calculated
the depth of its epicenter to be 28 km. Zobin (1972)
reports a magnitude of 5.0, and 33 km as the depth of the
epicenter (with nearly vertical nodal planes at 85%WSW and
759SSE orientations). This earthquake was the first and
strongest of the following earthquake swarm, Seismicity
throughout the eruption was very high,

It has been diéputed whether four, short fissures
opened up initially or whether there was simply ; single,
long fissure, Aerial photographs taken 20 and 21 September
appear to be ambiguous and can be intefpreted in either
manner. Birkenmajer (1972) supports the formation of four
fissures and the following discussion assumes the same,

The fissures first opened up above Austbukta and
Clandeboyebukta varying from a height of 40 m to 500 m

above sea level. The fissures had a NNE-SSW strike of about



14

300 (azimuth) and extended for about 6 km in this direction,
Birkenmajer (1972) interprets the fissures as being stepped
tension gashes that opéned along a dextral strike slip fault.

Lava efupted from the four fissures as gentle flows or
lava fountains. Ejected pyroclastic debris (bombs and ash)
was also spread over the eruption site. This type of activity
probably continued until 21 September, By 23 September
five major craters from which lava was exXplosively erupted
developed along the initial fiséureAsystem. A 500 m wide and
3.5 km long subaerial platform developed from the
coalescing lavas.

A set of secondary fissures developed, after the initial
fissures filled in with volcanic material, connecting the
craters in a single line. ~he azimuth at the northern end
of this line (80°) corresponds approximately to the 85°WSW.
nodal plane of the first éarthquake. Tﬁe development of
the secondary fissure and later post-eruptive fissures is
suggested by Birkenmajer (1972) and Sylvester (1972) to be
caused primarily by the same tectonic processes that formed
the initial pre-eruptive fissures,

“hree of the craters ceased to be active by the end of
September 1970, while the other two remained active until
sometime in the beginning of 1971,

An emission of smoke and vapor over the northeastern
part of Jan Mayen on 15 iarch 1971 was preceded by an earth-
quake. A second, larger earthquake (<.7 on the Richter

scale) on 23 March 1971 preceded an eruption of volcanic
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dust and emission of sulphuric gases from the fissures near
Egeoya. In January 1973 funarolic activity and faulting
was observed in the eruption area of 1970, Eggoya,
Sigurdbreen, Skrukkelia, and Beerenberg (Sentralkrateret)
still emit steam, and minor fumarolic activity is common
in the parasitic cones and in other areas on the northeastern

slopes of Beerenberg,



IV. PETROGRAPHY OF THE VOLCANIC ROCKS OF JAN MAYEN

Introduction

The rocks of Jan ¥ayen are ankaramnites, alkali basalts,
trachybasalts, tristanites (traéhyandesite), and trachytes
according to the classification of Irvine and Baragar (1971)
for the potassic serles of the alkaline rocks. The names
originally given to the rocks by Fitch (written comnun.)
are retained in this study to be consistent with previous
publications, It is found, however, that alkali olivine
basalts of Sor Jan (SJ13A, SJ5A, SJ6 and SJ9B) and Nord Jan
(NC12C, NClZC*, NC17#, NJ17%*, NC27K, NC27K#*, NC13 and 4T)
are ankaramites; trachyandesites are trachybasalts, except
for NC22 which falls in the a?kall basalt region; and
latite andesites are tristanites according to this classifi-
cation (Appendix II),

Representative rock textures and minerals are shown
in Plates 1 to 5 (magnification of 3x) and Appendix I,
respectively. Whole rock chemical analyses and the locations
of each rock sample are listed in Appendices II, III and
VII. Sample rock descriptions (this study) are listed in

Appendix VIITI,

16
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Ankaramites

Ankaramites are dark gray, vesicular rocks containing
megaxenocrysts of yellow green olivine and dark green
clinopyroxené. Petrographically, they are holocrystalline,
seriate porphyritic, and weakly pilotaxitic with an
intergranular groundmass,

The ankaramites consist of xenocrysts of chromium
diopside, titaniferous salite, olivine, magnetite, and
rarely, plagioclase,

Chromiuri diopside xenoérysts are anhedral to subhedral,
pale yellow green to colorless crystals up to 6.0 mm in
size, fhey are strongly resorbed and are rimmed (0.02-
0,10 mm)_by a light to medium purple brown titaniferous
augite, Chromium diopside crystals are unzoned and may be
simply twinned. They exhibit features of polygonization or
straining and may contain inclusions of plagioclase, olivine
or mégnetite.

Titaniferous salite xenocrysts are light purple brown
to colorless, euhedral %o resorbed crystals attaining sizes
up to 6,0 mm, They are rimmed (0.02-0,10 mm) by purple
brown titaniferous augite and are reversely zoned or sector
zoned. They ray contain inclusions of unaltered red-brown
zlass and yelow brown-red brown pléochroic kaersutite(?).
The‘kaersutite(?) occurs as rounded inclusions, usually
associated with tiny opaques and their cleavage is parallel

to that of the titaniferous salite. Titaniferous salite is



Plate 1. Rock Textures
Ankaramite

SJI5A

18



19

commonly poikilitic in the core or rim with devitrified
glass or partially crystallized glass (which appears

similar to the groundmass). Kaersutite(?) occurs as

rounded inclusions, usually associated with tiny opaques.
Their cleavage is often parallel to that of the titaniferous
salite.host,

Olivine xenocrysts are rounded and resorbed semi-
equant crystals sometimes bounded by a rim of iddingsite.
"hey are polygonized, unzoned, and form crystals up to
3.5 mm, They may have inclusions of magnetite or devitri-
fied giass.

Rare plagioclase xenocrysts (bytownite) in the ankara-
mites are anhedral, rounded remnants of tabular laths or
glomerocrysts that have been intensely resorbed, They are
commonly rimmed (0,01 mm) by labradorite, have obscure
albite twins and may be normally zoned (usually little
developed or absent)., A few may contain devitrified glass
inclusions., Plagioclase xenocrysts are usually less than
0.75 mm in size,

Yiicroxenocrysts of magnetite are resorbed and rounded
or even skeletal, ilasnetite grains may attain sizes up to
0,60 mm, |

Groundmass minerals are:s titaniferous augite, olivine,
labradorite, magnetite, biotite, ¥ alkali feldspar, * anal-
cite, and ¥ ilmenite. Titaniferous augite crystals are
purple brown, sector zoned, euhedral equant prisms or plates.

Olivines are euhedral to subhedral hexagons that are unzoned
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and sometimes partially iddingsitized., Labradorite laths
are euhedral to subhedral and are characterized by aibite
twinning., Magnetite océurs as tiny opaque euhedral cubes
evenly distributed in the groundmass, Anhedral, tabular
biotite crystals are pleochroic dark brown-green brown,
dark brown-yellow brown, have a reaction rim of magnetite
and are up to 0.75 mm long. Roberts and Hawkins (1965)
and Hawkins and Roberts (1972) report groundmass alkali
feldspar, analcite, and ilmenite rods, Alkali feldspar
occurs in interstitial shapeless pools that are untwinned
and exhibit undulatory extinction, They contain minute

- needles of apatite., Analcite is found to occur rarely
with alkali feldspar.

Clinopyroxene glomerocrysts are most abundant in the
ankaramites, but smaller amounts of clinopyroxene+olivine,
olivine, and even more rarely, plagioclase and clino-
pyroxene+plagioclase are present., Generally, the amounts

of clinopyroxene » olivine = plagioclase,
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Alkali Olivine Basalt - Sor Jan

The alkali olivine. basalts of Sor Jan include trachy-
basalt, doleritic basalt, and b=sanite. They are typically
light to dark gray, vesicular, phyrie rocks."Petro—
graphically, they are holocrystalline with groundmass
textures varying from pilotaxitic to trachytic and are
seriate porphyritic,

The alkali olivine basalts contain xenocrysts of
chromium diopside, titaniferous salite, olivine, plagio-
clase and magnetite,

Xenocrysts of chromium diopside are pale yellow green
to colorless, subhedral to anhedral crystals up to 4.0 mm
in size. They are resorbed and rimmed (0.06;0.10 mm) by
a lighf ﬁurpie brown titaniferous augite, They are unzoned
and sometimes simply twinned. Polygonization features are
present and they may contain inclusioﬁs of plagioclase,
olivine, magnetite or carbonate (possibly from the altera-
tion of plagioclase inclusions),

Xenocrysts of purple brown titaniferous salite are
euhedral and resorbed crystals displaying reverse zonation.‘
They may also be sector zoned and may have inclusions of
olivine and red brown-yellow brown pleochroic kaersutite(?).
They are commonly poikilitic with devitrified glass or
partially crystallized glass (appearing like the groundnass.
of +he rock) along the rims or in tﬁe core,

Olivine xenocrysts occur as resorbed and rounded

crystals up to 4,0 mm in size, usually surrounded by a rim



Plate 2. Rock Textures
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of iddingsite and sometimes a reaction rim of magnetite.
All olivine xenocrysts are unzoned, Some are polygonized
and may eXxist as intergfown crystals.,

Plagioclase xenocrysts (bytownite) are resorbed,
anhedral remnants of larger laths rimmed (0,01-0,02 mm)
by labradorite. The crystals are up to 1,5 mm in size and
display weak normal zoning (may be absent), obscure albite
twins, and may contain inclusions of divitrified glass.

Microxenocrysts of magnetite are resorbed and rounded
equant crystais up to 0,35 mm,

“he matrix in which the xenocrysts lie is composed
of titaniferous augite, oliving labradorite, magnetite,
ilmenite, biotite, * alkali feldspar, ¥ analcite, ¥ leucite,
+ kaersutite, t magnesite, * apatite and very rarely, glass.
Titaniferous augite crystals are purple brown, sector
zoned, euhedral to subhedral prisms or plates., Forked needles
of olivine and diamond shaped olivine are unzoned. The
diamond shaped olivines appear to have crystallized about
tiny opaque minerals, Labradorite laths are subhedral to
euhedral with albite twins; vagnetite occurs as euhedral
equant grains evenly distributed throughout the groundmass,
I1menite rods are also present, Ragged plates of red brown
pleochroic biotite are up to 0.35 mm long. Tyrrell (1926)
and Carstens (1961) report the presence of.analcité rarely
occurring with untwinned interstitial pools of feldspar and
brownish cryptocrystalline interstitial glass., Carstens (1961)

also indicates the presence of kaersutite and magnesite in
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1 to 2 mm diameter vesicles. In 1962 Carstens reported
observing interstitial leucite associated with analcite.
Needles of euhedral interstitial apatite are reported by
Tyrrell (1926).

Glomerocrysts of clinopyroxene are most abundant, but
some plagioclase glomerocrysts are observed, Generally,
the amounts of clinopyroxene and plagioclase are nearly
the same, but both are in greater abundance than olivine.
The large amount of clinopyroxene and olivine xenocrysts
makes these rocks appear more similar to the ankaranites

of Nord Jan than alkali olivine basalts.: .
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Alkali 0Olivine Basalt - Nord Jan

Alkali olivine basalts of Nord Jan include potash
basalt, trachybasalt, and basanitoid trachybasalt. They
are light to dark gray, vesicular rocks containing yellow
green olivine and dark green clinopyroxene xenocrysts,

In thin section the alkall olivine basalts are holocrystal-
line and seriate porphyritic with groundmass textures that
are generally intergpanular and pilotaxitic,

Xenocrysts occurring in these rocks are chromium
diopside, titaniferous salite, olivine, plagioclase and
magnetite with phenocrysts of olivine and piagioclase.

Chromium diopside xenocrysts are anhedral to subhedral,
pale yellow green to colorless, broken and rounded (resorbed)
crystals up to 6,0 ma in size, They are rimmed (0,02-

0.07 mm) by light to dark purple brown titaniferous augite
and are unzoned and sometimes simply twinned. They also
exhibit polygonization features and may contain inclusions
of magnetite or olivine,

Titaniferous salite xenocrysts are purple brown
euhedral to resorbed crystals up to 6,0 mm in size. They
are rimmed (0.02-0,07 mm) by purple brown titaniferous
augite, are sector ioned or reversely zoned. They may
contain inclusions of magnetite or olivine., In NC23
titaniferous salite has poikilitic rims of partially crys-
tallized or devitrified glass and contains inclusions of

altered kaersutite(?).
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Xenocrysts of olivine are resorbed equant crystals up
to 3-4 mm in size. They are unzoned, polygonized, idding-
sitized (some have a reéction rim of magnetite) and contain
incl;sions of magnetite.

Bytownite xenocrysts (up to 3.0 mm) are resorbed
anhedral remnants of larger laths that are rimned (0,01 mm)
by labradorite, They display weak normal zoning with
albite twins,

Magnetite microxenocrysts‘aré resorbed and rounded
equant grains up to 0.75 mm iong. |

Olivine phenocrysts are unzoned euhedral equant
grains 1-2 mm across., Phenocrysts of labradorite are found
in NC12C, as are euhedral phenocrysts of bytbwnite zoned
to labradorite found in NC34B and JB202, Some bytownite
phenocrysts may contain inclusions of devitrified glass
(Weigand in 1970 reports these inclusions as simply opaque
minerals).

The groundmass consists of titaniferous augite, olivine,
labradorite, magnetite, ilmenite, biotite, ¥ analcite, and
*t alkali feldspar. Titaniferous augite crystals are purple
brown and sector zoned., Olivines may be hexagonal or
diarond shaped (with an opaque core). Plagioclase laths of
labradorite (0,01-0,15 mm long) are subhedral to euhedral
and display albite twins., Euhedral grains of magnetite are
evenly disseminated throughout the groundmass, Ragged plates
of yellow brown -red brown pleochroic biotite occur in

crystals up to 0.15 mm long., Tyrrell (1926), ilawkins and
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Roberts (1972), and Roberts and Hawkins (1965) report that
analcite ocecurs rarely with alkali feldspar (forms in
interstitial pools that are untwinned and may be turbid).
Skeletal rods of ilmenite are reported by Tyrrell (1926)
and Hawkins and Roberts (1972),

The most common glomerocrysts present in the alkalil
oliviné basalts are composed of clinopyroxene. In general,
the amount of clinopyroxene = plagioclase > élivine, but in
the extreme case of NC34B and JB202 plagioclase > clino-
pyroxene » olivine, since they consist almost entirely of

plagioclase glomerocrysis,
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Tatite Andesites

Tatite andesites are light gray to gray, nonvesicular
rocks sometimes containing phenocrysts of clinopyroxene.
Petrographically, these rocks are holocrystalline, por-
phyritic to seriate porphyritic with the groundmass texture
varying from intergranular to trachytic,

Phenobryst phases occurring in these rocks are plagio-
clase (andesine). magnetite, biotite, hornblende, and
t c¢clinopyroxene.,

Clinopyroxene phenocrysts are euhedral, tabular
crystals up to 1,2 mm across, They are completely altered
to caleite and a felty mass of actinolite-tremolite(?).
Simple twins are observable in the altered clinopyroxene
crystals and they may contain inclusions of plagioclase,
magnetite, and biotite.

Subhedral to anhedral phenocrysts of andesine are
rounded, rimred (0.02 mm) by an alkali feldspar, and occur
as crystals up to 3.0 mm in size. 'They display normal
zoning to an oligoélase corposition and some appear to have
a perthite texture. Andesine may contain inclusions of
clinopyroxene and magnetite,

aﬁnetl*e ﬂlcrophenocrjs*s are subhedral to cuhedral
equant grains that sometimes appear resorbed and skelctal.
They are commonly up to 0.5 mm in size and are pseudomorphic
after biotite and hornblende. |

Anhedral %to subhedral, tabular biotite phenocrysts,

up to 1.5 mm long, are dark brown-yellow brown pleochroic,
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They contain inclusions of magnetite dust and have a
reaction rim of magnetite.

Anhedral, prismatié hornblende phenocrysts have a
reaction rim of magnetite, are pleochroic dark brown-
dark red brown, and are up to 1,5 mm long,

"he matrix in which the phenocrysts lie is composed
of oligoclase, alkali feldspar, magnetite, hematite, biotite,
and * analcite, Oligoclase laths are subhedral to euhedral
crystals up to 0.3 mm long that exhibiﬁ albite twinning. -
TLaths of subhedral alkali feldspar are untwinned and occur
jnterstitially between the plagioclase laths, Euhedral
octahedral grains of magnetite are evenly distributed
throughout the groundmass. Hematite (an alteration product
of biotite, hornblende, and magnetite) stains the groundmass
red. Ragged plates of biotite are present in the groundmass
and in vesicles as 'worns' 3-4 mm long (Hawkins and Roberts,
1972; Carstens, 1961). Hawkins and Roberts (1972) also
report analcite occurring rarely with alkali feldspar.
Glomerocrysts usually consist of andesine, magnetite,

biotite and hornblende,
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Trachvtes

Trachytes are light gray, friable, nonvesicular rocks
containing small phenocrysts of anorthoclase and biotite,
In thin section they are holocrystalline, seriate porphy-
ritiec, and trachytic,

The trachytes contain phenocrysts of aegirine-augite,
anorthoclase, magnetite, biotite and ¥ plagioclase.

Aegirine-augite phenocrysts are bright green to yellow
green, subhedral, tabular crystals up to 1.0 mm in size,
They méy contain inclusions of plagioclase and magnetite.

Anhedral, rounded, tabular plagioclase phenocrysts
(andesine) may or may not be present, They occur up to 4.5
mm in éize, are rimméd‘(o.lz mrn) by alkali feldspar, are
normaliy zoned, and are albite twinned.

Aporthoclase phenocrysts are anhedral, rounded, and
rimmed (0;03 mm of alkali feldspar) crystals up to 5-6 mm
in sizé;, They may exhibit a perthite texture and may
contaiﬁ inclusions of magnetite, biotite, and aegirine-
augite.

Magnetite nmicrophenocrysts are anhedral to euhedral
grains about 0,35 mm average in size, Some are rounded
and sone have a rim of heratite. Magnetite is pseudo-
morphic after biotite.

Tabular, anhedral to subhedral biotite flakes are up
to 1.5 mm long and display red brown-dack brown and green
brown dark brown pleochroism, Biotite is gometimes opaque

from inclusions of magnetite dust and is surrounded by a
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reaction rin of magnetite and heratite,

Groundmass minerals are: oligoclase, alkall feldspar,
magnetite, sanidine, * hematite, and T cristobalite,
Oligoclase laths are subhedral to euhedral and are albite
twinned. Subhedral laths of alkali feldspar are untwinned
and occur interstitially between the plagioclase laths,
Euhedral grains of magnetite are equally distributed
throughout the groundmass. Square, euhedral sanidine
crystals occur up to 0.3 mm in size, Tyrrell (1926) also
reports the presence of red, translucent flakes of hema-
tite, and Carstens (1961) indicates the presence of anhedral
cristobalite in the groundrmass and in cavities.

Carstens (1961) reports the presence in a trachyte of
a hornblende trachybasalt inclusion that consists of
augite, olivine, plagioclase, hornblende and iron ore,
Vesicles in this basic inclusion contain brown pyroxene,
prehnite, and laths of feldspar in radial groups. Glomero-
crysts in these rocks are combinations of anorthoclase,

aegirine-augite, magnetite and biotite.



V. WHOLE ROCK CHEMISTRY OF THE VOLCANIC ROCKS OF JAN MAYEN

Whole Rock Major Oxide Chemistry

A total of 61 whole rock chemical analyses are plotted
on g0 variation diagrams and other types of variation’
diagrams, The rocks are broken down into.é major groupss
1) 9 ankaramites (Fitch, written commun.; Roberts and Hawkins,
1965; Tyrrell, 1926), 2) 7 alkali olivine basalts from Sor Jan
(Fitch, written commun.; trachybasalt and doleritic basalt
from Tyrrell, 1926), 3) 34 alkali olivine basalts from Nord
Jan (trachybasalts from Roberts and Hawkins, 1965; Tyrrell,
1926; and Hawkins and Roberts, 1972; alkali basalt and
basanite from Lussiaa-Berdou-Polve, 1973; potash basalt
from Hawkiﬁs and Roberts, 1972; alkali olivine basalts from
Siggerud, 1972; Weigand, 1972; and Fitch, written commun.),
4) 6 trachyandesites (Roberts and Hawkins, 1965; Carstens,
1961; Carstens, 1962; Tyrrell, 1926; Lussiaa-Berdou-Polve
and Vidal, 1973), 5) 2 latite andesites (Fitch, written
commun) and 6) 3 trachytes (Fitch, written commun.; Carstens,
1961; Tyrrell, (1926). The chemical analyses of these rocks
were done by classical solution methods, by atomic absorption
spectrophotometry, and/or by electron microprobe, Some
replication by different authors indicates that the analyses
are quite accurate (Roberts and Hawkins, 19653 Fitch,

written cosmmun,
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TABLE 1,
WHOLE ROCK MAJOR OXIDE AVERAGES

Alkali Olivine Alkali Olivine

Ankaramite Basalt-~-Sor Jan Basalt-Nord Jan
(9) (7) (34)
Si0p, 46.80 (0.34)% 45,70 (1,76) 46.98 (1.31)
TiO2 2,08 (0.16) 2.40 (1.29) 2.73 (0.63)
Al,03 9.55 (1.74) 14,73 (2.16) 15.48 (1,55)
FeO*™ 9,49 (0.94) 10.68 (0.49) 10,97 (1,13)
MnO 0.18 (0.05) 0.24 (0.10) 0,20 (0.03)
Mg0  13.82 (1.47) 7.61 (3.10) 6.13 (1.89)
Ca0 14,17 (0.66) 10,81 (1,10) 10,45 (1.26)
Nap0 1,59 (0.31) 2,47 (0.75) 2.93 (0.57)
K20 1.20 (0,15) 1.71 (0,43) 2.36 (0.52)
P,05 0,31 (0,04) 0.63 (0.16) 0.59 (0.19)
, Trachyandesite Latite Andesite Trachyte
(6) - (2) (3)
510, 58,43 (2.53) 60.75 (2.05) 65.48 (0.52)
Ti0 2.05 (0,35) 0.99 (0.27) 0.43 (0,18)
A1,05 16.98 (1.51) 17.70 (0.18)  16.33 (0.40)
FeG*” 8.36 (0.86) - 4,19 (0,47) 3.35 (0.33)
¥Mno 0.25 (0.09) 0.21 (0,02) 0.20 (0,03)
Mz0 3.17 (1.13) 0.95 (0.00) 0.57 (0.36)
Ca0 6,29 (1,58) 2.80 (0,06) 1.46 (0.52)
Ko 3.22 (0.12) 5.81 (0.29) 5.52 (0.45)
P05 0.57 (0.11) 0,37 (0.08) 0.08 (0,06)

Ly represents the standard deviation,
* Total iron as FeO,
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The highly xenocrystic nature of these rocks (especially
the ankaramites and alkall olivine basalts) may profoundly
affect the shape of the curves obtained and thus their use
is limited, Individual major oxide analyses are listed in
Appendix II with their normative mineralogy, and averages
are shown in Table 1, Normative mineralogies have been
recalculated by Delong (unpub.) from the chemical analyses
in the leterature,

The rocks of Jan ilayen belong to the potassic series
(Fig. 2) of the alkaline rocks (Fig, 3 and 4A). On the
K20 + Nay0:810p diagram ankaramites and alkali olivine
basalts SJ13A, SJ5A, SJ6, SJ9B and NC27K lie below the
division lines given by ¥acDonald and Katsura (1964) and
Irvine and Baragar (1971). This may be due to the enrich-
nment of chromium diopside and magnesian olivine in these
rocks which apparently decreases their relative alkalinity
(vacDonald and Katsura, 1964),

Potash and soda are strongly and positively correlated
(Fig. #B) in all the rocks with an average NaZO/KZO ratio of
1,30 for the whole series, The ratio, however, tends to be
higher for the alkali olivine bésalts and ankaramites (1.29-
1.46) than for the latite andesites and trachytes (0.95 and
1,02, respectively). The ternary diagran NaZQ—KZO-CaO
(Fig. 5) shows that the ratio of NaZO/Kgo does remain nearly
constant as Ca0O decreases continuously. The latite andesites
and trachyte, though, appear to lie proportionately closer
to the K,0 apex, as indicated by their lower ratios, than

the alkali olivine basalts and ankaramites,



Figure 2, The Ab-An-Or diagram is based on the norm-
ative mineralogy of the Jan Mayen rocks. The dashed line
(Irvine and Baragar, 1971) separates the sodic and potassic
geries for the alkaline rocks. The rocks of Jan Mayen belong
to the potassic series, + ankaramite, o Sor Jan alkali
olivine basalts, e Nord Jan alkali olivine basalts,

A trachyandesites, % latite andesites, O trachytes.



Figure 3., The AFM diagram is based on the whole

rock analyses of the Jan Mayen rocks. The dashed line
represents the division line between tholeiites and
calec alkaline rocks (Irvine and Baragar, 1971),.
Caution must be exercised in explaining this trend due to
- the highly xenocrystic character of the rocks,

A = Nap0+K50, = Fe0O total, and M = Mg0, Symbols are the
same as in Fig, 2,
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Figure 5, The Na,0-K20-Ca0 ternary diagram for
the whole rock composition indicates that the Nay0/K20
ratio of Jan Mayen rocks remain nearly constant as the
lime content changes. The line for NaZO/KZO = 1,30
shown here corresponds to the average 1in Fig. LB,
Symbols are the same as in Fig. 2.
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The character of the rocks of Jan ilayen, as plotted on
the basalt tetrahedron implies that they belong to the straddle
type alkalic association (Miyashiro, 1978). The ankaramites,
alkali olivine basalts and trachyandesites are silica
deficient and the latite andesites and trachytes are over-
saturated with respect to silica (Fig. 6 and 7). Usually
the undersaturated rocks contain normative nepheline and they
lie in the Ne-01-P1-Di subtetrahedron, Alkali olivine
basalts SJ9B, NC27K and NJ17 are, however, hypersthene
normative and lie in the 01-Pl1-Di-Hy subtetrahedron,
Trachyandesites may contain normative nepheline, hypersthene
or quartz, Silica oversaturated latite andesites and
trachytes lie in the Qz-Hy-P1-Di tetrahedron, Many of the
rocks lie close to the Pl apex in projection on the basal
face (Fig. 7B) and close to the P1-Di join when projected
to the back face (Fig. 7A). A somewhat linear trend from
high Di ankaramites to the high Pl trachytes is observed on
the critical plane (Fig. 7C), but three groups can be
distinguished: 1) ankaramites, greater than 45 Di and less
than 40 P1, 2) alkali olivine basalts, 20-40 Di and 40-70
Pl, and 3) trachyandesites to trachytes, less than 20 Di and
greater than 80 pl.

The variation of the major oxides (Fig. 8 and 9) are
plotted against Mg0O, MgO is highest in the ankaramites and
decreases continuously throughout the series., These diagrams
closely resemble those described by Baxter (1975) for the

Older Series Lavas of ¥auritius Island in the Indian Ocean.



Figure 6, The Ne-Qz-Ks ternary diagram for the
rocks of Jan Mayen (based on the normative mineralogy)
demonstrates that the ankaramites, alkali olivine basalts,
and trachyandesites are silica deficient and the latite
andesites and trachytes are silica oversaturated.
Symbols are the same as in Fig., 2,
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Figure 7. Basalt Tetrahedron. A, Back Face-all analyses
lie close to the Di-Pl1 join. B. Basal Face-most alkali
olivine basalts and ankaramites lie in the field of
silica undersaturation. A few alkali olivine basalts,
however, are hypersthene normative, Most trachyandesites,
latite andesites, and trachytes lie in the field of
silica saturation, Symbols are the same as in Fig. 2.



Figure 7. Basalt Tetrahedron continued,.C, Critical
Face-see text for description, Symbols are the same as
in Fig, 2, |
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Si0. The ankaramites and alkali olivine basalts
define a nearly horizontal trend at an average silica content
of 47.,27% as MgO decreases steadily, At about 3.3% MgO
the silica content sharply increases, reflecting the degree
to which the trachyandesites, latite andesites, and trachytes
are silica saturated,

TiO».and Fe0*, The content of FeO* (total iron as

Fe0) and TiO, increases from the ankaramites to a maximum in
the alkali olivine basalts. They then decrease from the
alkali olivine basalts to the trachytes as Mgolcontinues to
decrease, Titanium and total iron appear to be positively
correlated to one another,

Al503. Alumina increases steadily from the ankaramites
to a maximum in the trachyandesites and then decreases to the
~trachytes as MgO decreases.

MnO. There is no apparent correlation between MnO and
Mg0 (the MgO variation diagram is not included).

Ca0. Lime decreases continually with decreasing MgO-
through the whole series beginning with the ankaramites and
ending with the trachytes. The rate of decrease, however,
is lower from ankaramites to alkali olivine basalts than from
the trachyandesites to the trachytes,

Naps0 and K»0. The soda and potash contents of the Jan
iayen rocks increase with decreasing Mg0O from ankaramite to
alkali olivine basalt (moderate rate of increase) to trachy-

andesite and finally to trachyte (higher rate of increase).



Figures 8 and 9, MgO variation diagrams for the
ma jor oxides. See text for explanation,
sents total iron as FeO. + ankaramite, O Sor Jan alkali
olivine basalt, ® Nord Jan alkali olivine basalt,
A trachyandesite, % latite andesite, [ trachyte.

FeO* repre-
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MAJOR OXIDE ANALYSES FOR WHOLE ROCK AND MATRIX COMPOSITIONS

3102
TiO2
A1203
FeO*
¥MnoO
Vg0
Cal
Na20
K20
P,0
150
HoO-
Crp03

Ankaramite

(NC15, NC19)
Whole Rock Matrix
46,8 46,06
2.0 2.90
7.28 14,53
10,57 11,00
.17 .16
14,64 6.75
14,54 12,70
1,54 2.48
1,21 2,05
.29 .59
L2 .38
.06 .05
.22 .02

Alkali Olivine Basalt

(NC12C, NC13, NC22)
Whole Rock

47.49

15

.22
6.55
10.59
2.88
2.49
.51
34
.06
.05

Matrix

47.33
2.87
15.h
11.0
.18
5.00
10 .LPO
3.57
2,50
.69
A3
.06
.01

1 Averages are calculated from the analyses of Hawkins
and Roberts (1972).
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P,05. There is a tendency for Pp05 to increase with
decreasing MgO from the ankaramites to alkali olivine
basalts where it reaches a maximum and then decreases to
the trachytes. There is, however, a considerable degree
of variation,

Baxter (1975) suggests that the marked changes in the
oxides may be correlated to the appearance of titano-
magnetite (TiOp and Fe0O*) and plagioclase (CaO, Nap0C, K30,
Si0p and Al3C3). Larger amounts of magnetite and plagio-
clase are observed to appear within the latite andesites
and trachyte of the Jan Mayen volcanics.

Whole rock versus matrix analyses (Hawkins and Roberts,
1972) listed in Table 2 indicate that the ankaramites must
have been primarily enriched with minerals high in MgO
(matrix content is less than % that of the whole rock),
low in Al1,03 (matrix content is twice that of the whole rock)
and high in Cr,03 (the whole rock content of Crz03 is ten
times greater than that of the matrix), such as olivine and
clinopyroxene., Lesser variations indicate that Ti0Op, FeO*,
Na,0, K50, and Pp0g are higher in the matrix and CaO is
lower. Alkali olivine basalt matrix analyses more closely
resemble their whole rock»analyses, especially NC22, but
the matrix is higher in TiOp, Al203, Naz0 and PpC0s5 and

lower in g0, Cal and Crp03.
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Whole Rock Trace Element Chemistry

Partial trace element analyses of 43 rocks include
Rb, Sr, Ba, Ni and Cr (Appendix III). These rocks are
divided into 6 major groups: 1) 9 ankaramites (DeLong and
Long, unpub,; Lussiaa—Berdou-Polve and Vidal, 1973; Roberts
and Hawkins, 1965), 2) 5 alkali olivine basalts of Sor Jan
(DeLong and Long, unpub.; Carstens, 1961), 3) 23 alkali
olivine basalts of Nord Jan (DelLong and Long, unpub,;
Lussiaa-Berdou-Polve and Vidal, 1973; potash basalt from
Hawkins and Roberts, 1972; trachybasaltvfrom Roberts and
Hawkins, 1965; Tyrrell, 1926; and Hawkins and Roberts, 1972),
4) 3 trachyandesites (Lussiaa-Berdou-Polve and Vidal, 1973;
Roberts and Hawkins, 1965), 5) 2 latite andesites (DeLong
and Long, unpub,) and 6) 1 trachyte (DeLong and Long, unpub.).
The variation of the trace elements in the rocks of Jan
Mayen is plotted against MgO.

Strontium isotope data were obtained from Long (unpub.).
Cr, Sr and Ba contents, measured as oxides by Tyrrell (1926),
Roberts and Hawkins (1965), Hawkins and Roberts (1972) and
Carstens (1961), were recalculated to weight abundances in
parts per million,

The distribution of Rb/Sr (Fig. 10) in the rocks of
Jan ayen indicates that the ratios for the alkali olivine
basalts of Sor Jan (0,025-0,040), the ankaramites and alkali
olivine basalts of Nord Jan (0.045-0,095), and the latite
andesites and trachytes (greater than ,100) of Sor Jan

constitute three distinct groups. However, the ankaramites
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Figure 10, Rb/Sr frequency distribution histogram
indicates that the alkali olivine basalts of Sor Jan,
the alkali olivine basalts and ankaramites of Nord Jan,
and the latite andesites and trachytes of Sor Jan consti-
tute three distinct groups. + ankaramite, o Sor Jan
alkall olivine basalt, o Nord Jan alkali olivine basalt,
A trachyandesite, % latite andesite. Trachyte has a
Rb/Sr ratio of 1,000 and lies off of this graph,
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have lower ratios than the alkali olivine basalts of Nord
Jan, and the latite andesites have lower values than the
trachyte.

The Sr8,7/Sr86 ratio is nearly the same in all the rocks
of Jan NMayen (.7035 to .7041) and is very close to the
value of ,7040 estimated for the mantle (Faure, 1977).

The variation of the trace elements Rb, Sr and Ni
(Fig., 11) are plotted against MgO which decreases con-
tinuously from the ankaramites to the trachytes.

Ni, The nickel content of the Jan Mayen rocks
decreases with decreasing MgO from the ankaramites to
trachytes, SJ13A, SJS5A and SJ6 lie near the field of the
ankaramites in these plots,

Rb and Sr. Two separate trends are observable in the

variation diagrams for rubidium and strontium in the alkali
olivine basalts., The Nord Jan trend consists of ankaramites
and alkali olivine basalts and the Sor Jan trend is composed
of alkali olivine basalts SJ1A, SJ13A, SJ5A and SJ6. The
alkali olivine basalts of Sor Jan are generally separated
by a large gap from the latite andesites and trachytes. The
Nord Jan trend for rubidium is steeper than the Sor Jan trend;
for strontium both trends have nearly the same slope,
Generally, Rb and Sr increase with decreasing Mz0, but Sr.
in the latite andesites and trachyte is anomalously low,

The variation of Rb, Sr and K with respect to one
another indicates that Rb, Sr and K are positively correlated

to one another (Fig, 12)., On the diagrams KiSr and RbiSr
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the alkali olivine basalts of Sor Jan appear to follow a
different trend than the Nord Jan alkali olivine basalts
which is similar to the separation observed in the trace
element MgO variation diagrams. In general, the Sor Jan
alkali olivine basalts contain less K and Sr. The trachyte
is anomalous in its ratios of K:iSr and szsf having a
very low Sr content with respect to the high K and Rb
contents. The K/Rb ratio ranges between 250 and 500 for
the volcanics of Jan Mayen and the trachyte and latite
andesites are distinctly separated from the less differen-

tiated rocks on this plot.



VI, . MINERAL CHEMISTRY

Introduction

Chemical analyses of the major minerals in the rocks
of Jan lMayen were determined on an ARL Model EVX-SM
electron microprobe with an on line automation system at
Harvard University. Polished thin sectionsof the rocks
were carbon coated simultaneously and the analyses were
performed on two separate occasions: Jan. 31 to Feb. 2,
1979 and March 12 to March 15, 1979. The analyses are
estimated to be accurate to within * 2 mole percent,
Olivine anélyses accepted in this study contain no aluminum,
and weight percent totals are allowed to range froh
97.8% to 101,5% for all minerals,

Determinations forvzoning in the minerals proved
difficult due to the pitted nature of the mineral surfaces.
Probe points for the optically zoned minerals were strate-
gically placed in different zonés. Optically unzoned
minerals were analyzed generally on the edges, in the
interior and near the center of the crystal. These pitted
surfaces are observed in olivine, clinopyroxene and plagio-
clase. Preferentially pitted surfaces in different
plégioclase twin lamellae may be caused by different

crystal orientations,

59
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The opaques in the groundmass are so small and ill-
defined that it was impossible to obtain analyses for them,
It was equally difficult to obtain good analyses for the °
plagioclase, olivine andbclinopyroxene in the groundmass,

The chemical analyses for the minerals (Appendix 1IV)
are listed in weight percent and in molar proportions
based on 4 oxygens for olivine, 6 oxygens for clinopyroxene,
and 32 oxygens for plagioclase and opaques. The following
components were also determined:

Component(s)

Olivine Fo 1
Fe*/Fe*+Mg

Clinopyroxene Wo:Enst2
TiiNaM2:All
OTHERS
Fe*/Fe*+Mg

Plagioclase Ca:Na:K

Mineral analyses in Appendix V are only complete analyses
taken from Hawkins and Roberts (1972), Weigand (1972) and
Carstens (1962),

1 pe* ig total iron (Fe?* + re3+),
Fs is based only on the calculated content of Fez+.
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Olivine

Resorbed and polygonized olivine xenocrysts appear
to have slightly different compositions®in Nord Jan and
Sor Jan rocks, Olivines in ankaramites and alkali olivine
basalts of Sor Jan have an average composition of Fogj
(Fo78 to Fogg), whereas those from Nord Jan have an average
composition of Fogg (Fogg to Fogp).

Alkali olivine basalts NC34B and JB202 contain
phenocrysts of olivine with an average composition of
Fopy (Fopp to Fope).

A groundmass olivine (forked needle) from NC17 has
a composition of Fosg, All olivine crystals observed

in these rocks are chemically homogeneous,
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Clinopyroxene

Two major types of xenocrystic clinopyroxenes are
recognized in the Jan Xayen rocks (Fig, 15A)., Each occurs
as resorbed énd as nearly euhedral crystals rimmed by a
later growth of another clinopyroxene, Pale yellow green
to colorless chromium diopside xenocrysts have an average
composition of WoygEnygFss. These xenocrysts are optically
and chemically homogeneous, but all are distinctly rimmed
by a purple brown titaniferous augite (W048En43F39).

They often exhibit features of polygonization or straining.

Xenocrysts of light purple brown to colorless titani-
ferous salite are both optically and chemically zoned with
iron enriched cores (WoygEnysFs1g) and Mg rich edges
(WoygEny)yFsg). Some are rimmed by a darker purple brown
titaniferous augite with a composition of WoygEny4Fsqq
(those in SJ13A, NCi7, NC12C, NC34B, JB202, NC30C and NC35B
do not appear to have rims), Titaniferous salite crystals
may also be sector zoned, Titaniferous salite is believed
to be a xenocrystic mineral due to their resorbed appearance
and to the presence of titaniferous augite rims, Hawkins |
and Roberts (1972) and Roberts and Hawkins (1965) list them
as phenocrysts, but they do not account for their shapes
and rims, Weigand (1972) does observe rims of titaniferous
augite on the titaniferous salite crystals,

Green aegirine-augite phenocrysts are found as
subhedral crystals only in trachyte SJ25B and they have an

average COmposition of WoulLEn3uFs22.
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Groundmass clinopyroxenes are titaniferous augites
having an average composition of WoyrEnpqTFsys.

Papike et al. (1974) suggest a method using Na (in
the M2 site), Al (in the tetrahedral site), Ti and total
oriERS (A1VI + Fe3tVI 4 cpd*VI 4 pi%HVI 4 91V 4 Nam2)
to distinguish the different clinopyroxenes from one
another (Fig. 15B). It is fcund that chromium diopside
xenocrysts have a total OTHERS of 10,00% and an average
composition of TilsNaM216A1h69. Rims on chromium diopside
have total OTHERS (20.74%) and a composition (TipjNaM2gAl4,q)
similar to that calculated for the groundmass titaniferous
augite (23.28% total OTHERS, Tip3NaM29Allgg). Titaniferous
salite xehocrysts appear to be fairly homogeneous with
respect to composition (TijgNaM2j1Allt,;), but the total
OTHERS appears to decrease from the core (20.68%) to near
the rim (17.32%), The rims on titaniferous salite have a
total OTHERS of 12,307, almost half of that of groundmass
clinopyroxenes, However, the composition of the rim
(TipgNai291Allgy) is fairly close to the groundmass
titaniferous augite, The major differences between the
clinopyroxenes occur in the Ti and Nali2 contents: chromium
diopside is relatively more sodic than the titanium
enriched titaniferous salites and augites,

Mlinor element distributions in the clinopyroxenes
are shown in Fig. 13. Total Al was used in order to plot
the groundmass clinopyroxenes because Al does not go into

preferential lattice sites of the clinopyroxenes that are
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rapidly quenched out of a magma. Al is later distributed
between the sites, Chromium diopside xenocrysts of Jan
Mayen are moderately enriched in Cr and Al, but some from
Sor Jan have anomalously high contents of Na. In contrast,
titaniferous salite xenocrysts are Ti and Al rich clino-
pyroxenes, Titaniferous augite rims on the chromium
diopside xenocrysts and groundmass titaniferous augite
have compositions similar to titaniferous salite, but are
even more enriched in Ti, Aegirine-augite isnvery sodic
with essentially neither Ti nor Cr,

The clinopyroxene Fe*/Fe*+ilg frequency diagram
(Fig. 14) indicates that the chromium diopsides form a
distinet group from titaniferous salite, and titaniferous
augite rims and groundmass. The ratio of Fe*/Fe*+Mg
increases in the following manners chromium diopside,
titaniferous salite, titaniferous augite rims, titani-
ferous augite groundmass. The diagram also includes data
calculated from analyses published by Hawkins and Roberts

(1972), Roberts and Hawkins (1965) and Carstens (1962).
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reldspar
Xenocrystic bytownite crystals (CaggNajiKqp to

Ca73Na25K2) are resorbed and rimmed by labradorite
(CagqNagpKy to CagqNaysKy) in most alkali olivine basalts
and ankaramites (Fig. 16). Resorbed and rounded Xenocrystic
glomerocrysts of labradorite have a much nore sodic
composition (Ca69Na3OK1 and Ca74Na24K2) than the xenocfysts.

Phenocrysts of plagioclase in NC34B and JB202 are
very abundant. They are normally zoned bytownites (CagiNajgKp
to_Ca83Na16K2) that are abruptly rimmed by labradorite
(CagoNa3pK3 to CagpNagyKy). Phenocrysts of labradorite
(Ca69Na29K2) in NC12C are the most sodic plagioclases
observed in the alkali olivine basalts.

Groundmass placgioclase laths in the ankaramites and
alkali olivine basalts have a labradorite composition
(Ca72Na26K2 to CaS4Na43K3)'

Plagioclase phenocrysts in the latite andesites are
zoned from andesine’to oligoclase in the core (Ca5ON346Ku to
CajgNaggKy3) and are rimmed by alkali feldspar (Ca3Nag1K36)
The trachyte contains xenocrysts of andesine (Ca32Na62K6)"
which are resorbed and rimmed by alkali feldspar (CaONa56K44),
and phenocrysts of anorthoclase (CazNa67K31);. Groundmass
feldspars in the latite andesites and trachyte consist of
andesine (CajyNagoKg) and alkali feldspar (CasgNaggKgg) which
have compositions similar to the rims found on the phenocrystis.

Te feldspars of Jan ayen lie within the range of

solid solution (Fig. 16) defined at 900°C and Py,o =1 kb



Figure 16, Ca-Na-K (molar) ternary diagram for the
feldspars indicates that the feldspars of Jan Mayen are
volcanic in origin, The curves represent the feldspar
solid solution for the plagioclase and alkali feldspars
at 650°C (1), 750°C (2) and 900°C (3) at a water pressure
of 1 kb (Ribbe, 1975). See text for explanation,

X xenocryst, + phenocryst, o groundmass, e rims, A feldspars
from JB1I, O feldspars from SJ2B, O feldspars from SJ25B,
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(Ribbe, 1975). However, due to the presence of hydrous
phases in the volcanics of Jan Mayen (biotite and kaersutite)
the vapor pressure nay actually have been greater, thus the
solid solution curves would move toward the Na rich apex
reducing the field of solid solution. Therefore, the
temperature at which the feldspars of Jan Mayen are in solid
solution could have been at higher temperatures and higher

P;i50 than observed on this graph.
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Cpaques
A total of 6 opaque minerals were analyzed and their

conpositions indicate that they are: 1) titanomagnetite
(12NC17, 7NC12C and 10SJ25B),. 2) ilmenite (7SJ25B and

98J25B) and 3) hematite (8SJ25B) according to Weigand (1972).
Opaques in the other alkali olivine basalts and ankaramites
of Jan lMayen probably include titanomagnetites as both
groundmass and microphenocryst phases (Weigand, 1972),
Hematite, ilmenite and titanomagnetite appear to form

glomerocrysts with aegirine-augite in *the trachyte,
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Comparison of the Analyses in this Study with Previously
Published Analyses from Jan .‘ayen

Yawkins and Roberts (1972), Weigand (1972) and
Carstens (1962) have reported analyses for olivine, chromium
diopside.and titaniferous salite, 7he data (listed in
Appendix V) appear to correlate quite wéll with the data
obtained in this study. Weigand (1972), however, reports
only partial olivine analyses which are considerably more
iron rich than those analyzed in this study. He also
reports analyses for groundmass (higher iron content than
in this study) and rim titaniferous augite. Hawkins and
Roberts (1972) have reported mineral analyses from a few
of the same rocks in this study (NC15, NC22 and NC1l2C),

and they are surprisingly well correlated with one another,



VII., LEAST SQUARES MAGMA MIXING AND FRACTIONATION MODELS

Introduction<

The results from least squares magma mixing models and
Rayleigh fractionation curves’ indicate that the alkali olivine
basalts and ankaramites of Jan layen formed by the accumula-
tion of clinopyroxene, olivine and plagioclase in a
parental magma: Olivine and plagioclase equilibrium curves

also support this conclusion,

Least Squares Magma Mixing

introdﬁction. The least squares method for magma

mixing is used here to determine possible original liquid
compositions from which the rocks of Sor Jan and Nord Jan
are derived, It is hypothesized that alkali olivine basalts
(based on geologic location and age) NC22 and SJ1A may
represent possiple parental liquids for the rocks of Nord
Jan and Sor Jan,vrespectively. NC22 and SJ1A are chosen on
+he basis that they are the most fine grained, equigranular
and xenocryst free rocks from Nord Jan and Sor Jan; The
chemical composition of the matrix of NC22 is essentially
the same as the whole rock chemistry (Hawkins and Roberts,
1972), A few xenocrysts (olivine, chromiumn, titaniferous
salite and plagioclase) are present in NC22 and-a few pheno-

crysts of plagioclase are present in SJ1A. The presence of

73
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xenocrysts or phenocrysts in these two rocks chosen as
parental liquids_may affect the results of the mixing
calculation, For example: an ankaramite or alkali olivine
basalt derived from NC22 may have chromium diopside, but
in just the éame amount as in NC22 whose composition
already accounts for the presence of the chromium diopside,
Thus, an ankaramite such as NC20 may simply be derived by
the addition of plagioclase, olivine and titaniferous
salite to NC22 even though chromium diopside xenocrysts are
present in NC20 (petrographically NC20 is composed of mostly
titaniferous salite with very little chromium diopside).

The mixing calculations were done in the following
manner (Bryan et al., 1969): a given rock composition is
estimated by adding different proportions of olivine, plagio-
clase, titaniferous salite and chromium diopside to a

hypothetical parental magma (NC22 or SJ1A), Mathematically,
ROCK = aLLIQ + bOL + cPL + dTISAL + eCRDI

where a, b, ¢, d and e are the estimated weight percen-
tages of liquid (hypothetical parental magma), olivine,
plagioclase, titaniferous salite and chromium diopside,
respectively, These estimated rock compositions are
compared to the observed rock compositions and their
differences are described in *terms of the sum of the squares
of the residuals (¥ residual?), The residuals are the
differences between the observed and estimated compositions

for each oxide, Only those calculations for which the sum



of the squares of residuals is equal to or less than
5,500 and for which minerals must be added to the parental
liquid are used,

7 The results of least squares magma ﬁixing for eight
ankaramites and alkall olivine basalts are given in Appendix
VI. The observed and estimated whole rock compositions
are listed along with the estimated weight percentages of
the parental liquid and the minerals needed to obtain the
estimated whole rock composition, The minerals are listed

by number and refer to the analyses in Appendix Iv,

‘Results, It is observed that if more and more phases
(minerals) are added to a parental 1liquid the estimated
composition of the rock begins to resemble the observed
composition very quickly (increasing the number of variables
atlows more flexibility in the computations resulting in
very similar extimated and observed rock corpositions).
Thus, the number of mineréls added to the parental liquid
is kepf'fo a minimum,

"he xenocrystic nature of the alkall olivine basalts.
and ankaramites, as observed in thin section, suggests that
all of the alkali olivine basalts and ankaramites max be
accounted for by the mixing of different proportions of
olivine, titaniferous salite, chromium diopside and plagio-
clase to a hypothe*ical parental magma (NC22 or sJia),

For example: ankaramite NC15 is derived by adding OL:CRDI:
TISAL in the proportions of 1.86(1:00:5.44 to 39.54% of

parental liquid NC22,
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The amount of parental liquid required to form the
estimated rock compositions appears to be roughly propor-
tional to the modal content of matrix in the rocks,
Generally, the ankaramites contain less matrix (quenched
parental liquid) than do the alkaii olivine basalts,

It appears that the mixing calculations define the
rela*ive amounts of xXenocrysts present in each rock with
respect to the composition and petrography of the hypothe-
tical parental 1iquid., The effect of the addition of
olivine to the parental 1iqpids is small for alkali olivine
basalts, but is higher for the ankaramites, It is observed
that the alkali olivine basalts contain fewer olivine
xenocrysts than do the ankaramites, Xenocrystic plagio-
clase has a negligible effect on the estimated rock com-
positions, and petrographically, there are only minor amounts
of plagioclase xenocrysts in these rocks, When both titani-
ferous salite and chromium diopside are added to the parental
liquids, titaniferous salite appears to have a much greater
effect (by a factor of 6 to 18) on the estimated ankaramite
compositions, such as NC15 and SJ20B, than the chromium
diopside; "hese two rocks are petrographically more enriched
in titaniferous salite than chromium diOpside: Chromium
diopside, however, appears to have a marginally greater
effect than titaniferous salite (by a factor of 3) on the
estimated alkali olivine basalt compositions. Alkali olivine
basalt NC23 appears in thin section to contain approximately

equal quantities of chromium diopside and titaniferous salite.
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Calculations appear to be relatively accurate for the Nord
Jan samples since no chromium diopside is observed petro-
graphically or in the mixing calculation for NC12C which

contains titaniferous salite as the only clinopyroxene,
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Ravleigh Fractlionation

Introduction, Rayleigh fractionation curves were

calculated for Rb, Sr, Ni, K/Sr/(K/Sr),iK/K, and
Rb/Sr/(Rb/Sr),1Rb/Rb, (Fig. 17 to 19), The curves are
calculated from- the estimated weight percentages of the
minerals from the least squareé magma mixing results,
average values for Dﬁl/liq, Dg%/liq. and Dg%/liq from
Arth (1976) and average Dﬁ%/liq values from Schilling et
al, (1978).

The equation for the curves in Figure 17 is:

cX = cf Foa-l

where Cﬁ = concentration of trace element A in rock x,
CX = conpentration of trace element A in the parental
liquid (NC22 or SJ1A), F = percent of parental liquid left
after én interval of fractional crystallization, and
D)y = bulk rock distribution coefficient for trace element
A where A = Rb, Sr or Ni, CX is calculated from this
equation wi;h values of F varying from 1 to‘O to obtain
the curves. The observed values of Cﬁ (in ppm) from
Appendix III are plotted against the estimated weight percent
of parental liquid (F) obtained from the least squares magma
mixing results in Appendix VI,

The curveé'in Figures 18 and 19 are obtained from the

.equationsi

A . Ca - pDp1
A, 6§ F_A

(A/B), ~ CEL
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ROCK CRYSTAL/LIQUID DISTRIBUTION COEFFICIENTS (D)

NC15
NC20
NC27L
NC12C
NC23
SJ15A
SJ20B
SJ6

sr
0.12
0.12
0.014
1.83

Sr

0,096
0.149
0.174
0.196
0.478
0.273
0,105
00232

TABLE 3.

DISTRIBUTION COEFFICIENTS (D)1

Rb

0,015
0.031
0,0098
0.071

TABLE 4,

Rb
0.024
0,027
0.016
0.030
10,029
0,020
0,027
0,070

K

0,011
0,038
0.0068
0.71

K

0,028
0.034
0,017
0,041
0,050
0,026
0.032
0.023

=
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1 pata from Arth (1976) and Schilling et al., (1978).
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where A = K or Rb, B = Sr, Dy = bulk rock distribution
coefficient for trace element A, Dy = bulk rock distribu-
tion coefficient for trace element B, and the other vari-
ables are the same as in the preceding description; In
these diagrams the curves are obtained by plotting A/A,
and A/B/(A/B), at the same value of F which varies from
1 to 0, Observed values of A/A, and A/B/(A/B), calculated
from values in Appendix III) for each rock are plotted as

points on the graph,

Resultss Rayleigh Fractionation Curves for Sr,'Rb and Ni,

"he 1limiting Rayleigh fractionation curves for Sor Jan and
Nord Jan (Fig. 17) indicate that Rb and Sr should be concen-
trated in and Ni depleted in the remaining liquid with
increasing fractionation (decreasing F). This behavior is
directly reléted to the values of the bulk rock crystal/liquid
distribution coefficients: for wvalues less than 1,000 the
element is preferentially concentrated info the liquid and
for values greater than 1,000 the element is preferentially
incorporated into the crystallizing phases (Table 4),

The observed values for Rb and Sr in the alkali
olivine basalts and ankaramites are much smaller than that
predicted by Rayleigh fractionation. Ni contents of the
rocks are enormously higher than expected, with the ankara-
mites containing the highest Ni contents at the lowest
values. of F,

Rb, Sr and Ni concentrations in the alkali olivine

basalts and ankaramites follow trends that are exactly
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opposite to the trend of concentration calculated for a
magma undergoing Rayleigh fractionation, It is believed
that this phenomenon isidue to the accumulation of crystals
high in Ni and low in Rb and Sr, such as olivine and
perhaps clinopyroxene. The value of F, or percent of
parental liquid left over as measured by the least squares
magma mixing model, for each rock appears to represent the
amount of interstitial unfractionated magma in which the
accumulative phases were suspended. Therefore,.the rocks:
containing greater quantities of cumulate phases have lower
values of F and higher Ni and lower Rb and Sr contents,
such as the ankaramites.

Results: Rayleigh Fractionation Curves for X/Sr/(K/Sr)os
K/K,_and Rb/Sr/{Rb/Sr) ,:Rb/Rbg.

The alkali olivine basalts and ankaramites of Nord lie in

the lower ieft corner in the direction opposite to a
typical fractionation scheme. The hypothetical parental
liquid for Nord Jan, NC22, has the highest values of K, Rb
and Sr!of_fhe Nord Jan rocks probably because it is the
least ééntaminated by xenocrysts., Therefore, the rocks-
may bevderived from the accumulation of olivine and clino-
pyroxene, as discussed in the previous section. The con-
centrations of K, Rb and Sr in the liquid (matrix of the
rocks) are thus diluted by the Xenocrysts.

“he ankaramites and alkali olivine basalt SJ13A of
Sor Jan have anomalously high values of normalized K/Sr

and Rb/Sr ratios for their low normalized K and Rb contents,
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20

RB/SR
(RB/SR)e

1.0 20 30 40 80 60 70 80 1.0 20 30 40 S50 60 10 80
K/ Ke RB/RB.

Figure 18, Rayleigh fractionation curves for Nord Jan.
See text for explanation, 1 = 1,70:12,68:1,00:11,56 (olivine:
chromium diopsidestitaniferous saliteiplagioclase) for NC23,
2 =1,8611,00:5,44 (olivineichromium diopsidestitaniferous
salite) for NC15, e = alkali olivine basalt, + = ankaramite.
(Adapted from DeLong, 1974.)
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Figure 19, Rayleigh fractionation for Sor Jan.

See text for explanation.,

1 =1,74:7.22:1,00 (olivine:

chromium diopsidesplagioclase) for SJ15A, 2 = 3,50:1,00:
20,11 (olivineschromium diopside:stitaniferous salite)

for SJ20B, o = alkall olivine basalt, + =

ankaramite,

(Adapted from DeLong, 1974.)
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respectively; This may be an effect of choosing SJlA as
a parental liquid, because it has an anomalously high Sr
content, The ratios (X/Sr), and (Rb/Sr), are very low in
SJ1A so that the normalized ratios of K/Sr and Rb/Sr become
very large when the K/Sr ratio of each rock exceeds that
of SJ1A., Thus, SJ1A is not an acceptable parental magma
for the rocks of Sor Jan. The other choices available in
this study, however, are also unacceptable as parental
magmas due to their highly xenocrystic nature.

An alternative explanation for the behavior of the
ankaramites of Sor Jan based on the above data may be that
they are more highly xenocrystic with respect to plagioclase
than the rocks of Nord Jan., However in thin section, the
Nord Jan volcanics are definitely more enriched in plagio-

clase xenocrysts than the Sor Jan rocks,

0livine Equilibrium., The ankaramites and alkali

olivine basalts (Fig. 20A) tend to fall above and below

the cur?e for Kﬁé%%ﬁéo = 0.3, respectively. MNost of the
points, however, lie fairly close to the curve, Petro-
graphicélly.‘the alkali olivine basalts contain less olivine
than the ankaramites and it is found that the Fo content

of olivine in alkali olivine basalts NC17, NC22 and NC23

is greater than expected for the bulk rock Fo composition
(detefmined from molar proportions for the rock-Mg/Mg+Fe2+).
The olivine in these three rocks are thus clearly Xenocrysts.
Olivine xenocrysts of a similar cbmposition in very large

amounts, as in the ankaramites, increase the bulk rock
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Figure 20, A, Olivine equilibrium, 8g e0 = 0.30
equilibrium curve is plotted from Shibata. eng and
Walker (1979). B. Plagioclase equilibrium, Curve
approximated from above source, Compesitional ranges for
several analyses in a single rock are represented by a
vertical bar, Filled circles represent the composition

of a rock represented by a single analysis., See text
for explanation,
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magnesia content, thus displacing the bulk rock Fo content
to higher values than that with which the olivine is
presumed to be in equiiibrium; Olivine in alkali olivine
basalts SJ6;_SJ13A and NC12C appear to be in equilibrium
with the bulk rock composition, but the presence of resorb-
tion cavities indicates that they are not in equilibrium,
Olivine in NC34B and JB202 appear to be in equilibrium with
the bulk rock composition, petrographically and according
to Figure 20A, These olivine phenocrysts are'the most

ferrous in the rocks of Jan layen,

Plégioclase Equilibrium, The ankaramites and most

alkali olivine basalts lie above the estimated curve for
equilibrium between Ca/CatNa in piagioclase phenocrysts and
the bulk rock composition (Fig. 20B). This indicates that
the bulk rock Ca/Ca+Na content is much higher than expected,
This effect is probably due to the presence of large amounts
of calcic clinopyrokene xenocryéts in the rocks, thus
increasing the Ca portion of the ratio Ca/Ca+Na, Plagio-
clase from the relatively clinopyroxene-free alkali olivine
basalts NC34B and JB202 have higher Ca/Ca+Na ratios than
expected for their bulk rock compositions indicating that
they are most probably xenocrysts, The presence of sodic
rims on the plagioclase in these rocks also ‘tends to support
an origin from a different source than that represented by

the bulk rock composition,



VIII, DISCUSSION AND CONCLUSIONS

Crystal~Liquid Disequilibrium upon Ergption‘of the Lavas

The ankaramites and alkali olivine basalts of Jan
Mayen contain crystals which are apparently in disequili-
brium with the magma in which they were erupted, Evidence
for disequilibrium includes rounded and embayed edges and
discontinuous to continuous rims on chromium diopside,
titaniferous salite and plagioclaSe: Olivines typically are
only resorbed, The diséontinuity of rims on chromium
diopside crystals indicates that even the rims are not in
equilibrium with the erupting lava. This suggests that they
mnay be more closely related to the titaniferous salite
erystals (which are also resorbed) than the groundmass
titaniferous augite. Rims of sodic plagioclase around
plagioclase xenocrysts and discontinuous iron-rich rims on
titaniferous salites have compositions close to groundrass
plagigclase and titaniferous augite, respectively. This
suggests that there was probably a very short period of
additional crystal growth as the magma was quenched
forming the groundmass;

Olivine and plagioclase equilibrium curves indicate
that olivine and plagioclase crystals of the ankaramites
and alkali olivine basalts should have crystallized from a

magma with higher Mg and Ca contents. Other evidence

88
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suggesting that the crystals did not originate from the
magma in which they were erupted come from comparison with
least squares magma mixing models and Rayieigh fractiona-
tion curve behavior. The results show that the ankaramites
and alkali olivine basalts may be derived by accumulation
of crystals high in Ni and low in Rb and Sr contents -
namely, olivine, chromium diopside and titaniferous salite
in a hypothetical parental magma; The least squares magma
mixing model also suggests a small degree of plagioclase

accumulation,
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Crxgtal~Liquid Disequilibrium Prior to Lava Eruption

Disequilibrium between the magma and crystals even
before eruption, is indicated by the presence of glass or
melt inclusions in titaniferous salite and plagioclase,
and reverse zonation of the titaniferous salite, Chromium
diopside crystals appear to be free of this type of reaction,
Neither the titaniferous augite rims nor the chromium
diopside itself contain glass inclusions,

Melt inclusions in plagioclase are rounded, but often
have semi-rectangular shapes and are oriented parallel to
the twin lamellae., Some are even bounded by the faces of
the twin lamellae. The melt was probably entrapped after
+the formation of the twin lamellae during a short period
of resorption, since the orientation of the melt inclusions
appears toAbe controlled by them., This short period of
plagioclase resorption was probably followed by continued
crystal growfh.which separated Small patches of melt in the
plagibclase from the main magma.

Melt inclusions form a spongy texture in the cores
or rims of titaniferous salite crystals. The melt inclusions
are often devitrified or may have tiny quench crystals.

A few sarples contain unaltered clear red-brown rounded
patches of glass.

The formation of these melt inclusions in the crystals
may be the result ofs 1) immersion of the crystals in a
1iquid whose composition was diffecrent than that in which

they had forred or 2) a sudden change in crystal-cagna
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compositions due to changing physical conditions (Dungan

and Rhodes, 1978); In order to make definite conclusions
as to whiéh of these two processes occurred, the composition
of the melt inclusions must be determined., The first
process is preferred in this study based primarily upon
petrographic evidence of disequilibrium between the crystals
and magma even though no melt inclusion compositions are
known,

Titaniferous salite cores are normally zoned and are
mantled by a Mg rich zone which may itself be rimmed by
an iron rich titaniferous clinopyroxene, This Mg rich
mantle may be due tos: 1) mixing of a more Mg rich magma
with the alkali basalt magma in which the titaniferous
salite was growing, 2) a change in temperature or pressure
in the magma or 3) a change in oxygen fugacity causing iron
oxides to precipitate out of the melt thus relatively
enriching the melt in Mg (Wilkinson, 1975). ~he first
explanation is preferred for the same reason as the explana-

tion for the melt inclusions.
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Possible Origins for the Xenécrysfs

The Xenocrysts océurring in the Jan Mayen alkali
olivine basalts and ankarémites may have originated by the
following processes:t 1) as fractional crystallization
products of the original magma (followed by gravitational
accumulation or flotation), 2) as unmelted upper mantlé
residue that is brought to the sufface by mantle derived
magmas or 3) as ultramafic or mafic rock fragments acciden-
tally captﬁred by a magra as it ascended through the
oceanic crust,

Titaniferous salites are typically formed by differen-
tiation of alkali basalt magmas (volcanic islandst Aoki and
Kushiro, 1968; Wilkinson, 1956; LeMaitre, 1962; Baker, 1969;
Hughes and Brown, 1972; Ridley, 1970; transform faults:
Shibata et al;, in press). The presence of titapiferous_
salite glomerocrysts (% olivine, % plagioclase) indicates
thaf they formed by gravitational accunulation or soﬁe type
of flow mechanism, The absence of strain features suggests,
however, that accumulation of these phases Was not far
advanced and that they were still suspended in a relatively
large amount of melt when they were erupted., Concentric
zonation in titaniferous salite and plagioclase indicate a
continual change in the compositional equilibrium of the
magma due to fractionation, The conposition of this magma
was pfobably high in Fe, Al and Ti, according to the

composition of the titaniferous salite,
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Some alkali olivine basalts are choked with plagioclase
glomerocrysts (NC34B and JB202), These may have formed by
flotation and accumulation from the same but slightly more
fractionated alkali basalt maéma that had formed the
titaniferous salite glomerocrysts.,

Kaersutite(?) inclusions in titaniferous salite are
typically rounded‘and:are oriented parallel to the host
clinopyroxene cleavage; The boundary between the kaersutite(?)
and host clinopyroxene is usually filled with tiny opaques.
These opaques may represent some type of reaction of the
inclusion with the titaniferous salite host. This same
type of phenomenon has been observed by Binns (1969)'and
Ridley (1970). It appears that kaersutite(?) was probably
incorporated as inclusions into the titaniferous salite
as it was growing;

Aegirine-augite phenocrysts in the trachytes develop
from differentiation of a highly fractionated (peratkaline)
liquid (LeMaitre, 1962; Hughes and Brown, 1972; Ridley, 1970).

Chromium diopsides from Jan Mayen have compositions
that are similar to both mafic (gabbros) and ultramafic
(peridotites) diopsides (Table 5). The lack of exsolution,
(suggesting relatively high temperatures), the sometimes
nearly euhedral shapes and the scarcity of glomerocrysts
of chromium diopside indicate that they may have been in the
process of accumulation (% olivine, ¥ plagioclase) when
they were incorporated into the magma, !lowever, the

presence of polygonization in chromium diopside (also
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recognized by Roberts and awkins, 1965), deformation
lamellae in olivine, and deformed Carlsbad-albite twins
in plagioclasé indicates that some of these Xenocryst
inclusions were derived from a solid deformed mafic or
ultramafic rock,

The uniform composition of the unzoned chromium diopsides
and olivines also suggests that théy formed under equilibrium
conditions in a nonfractionating magma. The magma composi-
tion from which the chromium diopside, olivine and plagio-
clase precipitated, based on their chemistries, was enriched
in Mg, Ca, Ni and Cr. The presence of a titaniferous
clinopyroxene rim about the chromium diopsides suggests that
they aéted as crystallization surfaces for titaniferous
salite precipitating from the alkali basalt magma that had
captured the chromium diopside, It is believed that these
xenocrysts probably were derived from the mafic or ultra-
mafic rocks of the oceanic crust,

Thus, it appears that the "xenocrysts" in the Jan iMayen
volcanics originated as fractional crystallization products
of an alkali basalt magma (titaniferous salite glomerocrysts)
and as accidental ultramafic or mafic rock fragments captured
by the alkali basalt magma as it rose to the surface (chromium

diopside glomerocrysts).



96

Evolution of the Jan Mayen“Yolcanics

Chemical and temporal evidence suggest the possible
existence of two separate regions of magma generation in
the mantle from which the rocks of Jan Mayen were derived.
Rb/Sr ratios indicate that there are distinct differences
between the otherwise similar basic rocks of Sor Jan and
Nord Jan: Rb and Sr variation diagrams also support the
apparent existence of two separate fractionation trend for
the rocks of Nord Jan and Sor Jan at different levels of
Rb and Sr enrichment, The highly differentiated rocks of
Sor Jan,‘the trachytes, have anomalously high Rb/Sr ratios
which are consistent with observations from other volcanic
islands (Baker, 1969; LeMaitre, 1962).

There is also a significant difference between the
ages of the volcanics of Nord Jan and Sor Jan, The volcanics
of Sor Jan”are the oldest known on the island. The youngest
lavas %here are 30,000 years old>and there is no volcanic
activity on Sor Jan at the present, (these dates are probably
not vefy accurate since the development of the K-Ar method
was in its infancy at this tires Fitech, Grasty and Miller,
1965). The oldest age estimates for the lavas of Nord Jan
are at least 12,000 years old (Fitch, Nairn and Talbot, 1965)
and volcanism and hydrothermal activity continues to the
present; Topographic features of Sor Jan (highly eroded
flat tableland) and Nord Jan (dominated by the active
Beerenberg volcano) also indicate an age difference between

the two regions, Despite these differences, the two
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volcanic series appear to have formed by the same mechanisn,

The closeness of Jan Mayen to the Jan Mayen Fracture
Zone and the similaritonf compositions of the whole rocks
(Table 6) with alkali basalts from other fracture zones
suggest that the Jan Mayen volcanics are related to
transform volcanism in an extensional regime (Shibata et al.,
in pressj; Batiza et al., 1977; Melson et al,, 1967; Aumento,
1968),

The parental alkali basalt magma was probably derived
by melting of the mantle (Sr87/'Sr86 = ,7035 to .7041 for the
volcanics of Jan Mayen) at pressures greater than 10 kb
(straddle type’volcanics). LeMaitre (1969), Baker (1969),
Hughes and Brown (1972) and Flower (1969) emphasize the
possible role of phlogopite in the genesis of alkali basalt
magmas, Partial melting of phlogopite and other mantle
phases at 100 to 130 km depths (Oxburgh and Turcotte, 1968,
Hughes and Brown, 1972) produces melts with low K/Rb contents
(less than 500) and high Ti as observed in the alkali
basalt volcanics of Jan Mayen. The absence or presence of
xenocrystic phlogopite indicates complete or incomplete
assimilation of phlogopite into the melt, respectively,

Flower (1969) reports the presence of a large "Xenocrystic"
phlogopite and he suggests that the magmna forming the
volcanics of Jan Mayen did not assimilate phlogopite completely,

Differentiation of the alkali basalt magna began with
+the crystallization of titaniferous salite at relatively

high pressures, High pressure experinents by Thompson (1974)
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TiO
Al 83
Fe(O*
MnO
MgO
Ca0
Na»0
Kgg
P205

TABLE 6.

COMPOSITION OF VOLCANICS FROM FRACTURE ZONES
AS COMPARED WITH THOSE FROM JAN MAYEN

Siqueiros

L, 50N St. Paul's Transform
Atlantisl Rocks? Fault
(1) (1) (4)
L6,80 L3.,15 48,3
1.71 2.70 2.48
15.9 13.46 16.00
9.69 12,29 10,00
0.23 0,11 0.15
7.20 10.80 6.89
7.7 9.8 9.55
4.8 ‘ 3.47 3.83
1.90 1.63 1.09

* Total iron as FeO,

1 Analysis from Aumento, 1968,

2 Analysis from ¥elson et al., 1967,
Analysis from Batiza et al., 1977,
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Nord
Jan’
(34)
bé6,98
2,73
15 oL,'8
10.97
0.20
6,13
10,45
2,93
2.36
0.59
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suggests that titaniferous clinopyroxenes form at pressures
equal to or greater than 10 kb (at 12259C) which corresponds
to a depth of 33 km, This depth coincides withs 1) the
depth of seismicity measured on Jan Mayen (28 to 33 km. as
reported by Sylvester in 1974 and Zobin in 1972), and
2) the lower crust-upper mantle.boundary in this region
(based on the age of the oceanic crust under Jan Mayen).
Plagioclase glomerocrysts comprising the bulk of some rocks
suggest that crystal flotation ﬁay_have also occurred within
this magma. Walker and Hays (1977) and Shibata et al. (1979)
have shown that plagioclase abes float in primitive liquids,
The alkali basalt magma and its related mineral phases
appear to have been: 1) intruded through and fragmented
the oceanic crust "capturing' xenocrysts from mafic and/or
ultramafic rocks and 2) intruded through a zone of partial
accumulation of these same rocks,
Mixiﬁg of the alkali basalt magma and the magma in the
ZOne of partial accunrulation of the mafic or ultramafic
rocks resulted in resorption of all crystals in question
due to the changed crystal-melt equilibrium, Titaniferous:
salite and its associated plagioclase were resorbed and then
continued crystallizing leaving melt inclusions in the
cryStals. A Mg rich mantle containing poikilitic melt
inclusions in titaniferous salite appear to have also formed
at this tite, This may be due to an increase of Mg from
the magra from which the mafic or ultraafic rock was in

the process of precipitating. Chroriun diopside crystals



100
were resorbed without the development of melt inclusions
that are so characteristic of the titaniferous salites.
However, the chromium diopsides were subsequently rimmed
by a titaniferous clinopyroxene that is close in composi-
tion to the Mg rich mantle on titaniferous salites.,

Upon eruption of the magma all crystals were again in
disequilibrium resulting in resorption of the rims about
titaniferous salite and chromium diopside. Rims of a more
sodic plagioclase equivalent in composition to the groundmass
plagioclase and similar, but rare, rims of more Fe rich
titaniferous aungite formed about plagioclase and titani-
ferous salite, respectively. The presence of reversely rimmed
euhedral microphenocrysts of titaniferous salite suggest
a sudden change in the oxygen fugacity resulting in the
precipitation of iron oxides (the groundmass is choked with
tiny opaques) and subsequent enrichment of Mg in the magna.
All olivine crystals appear to have reacted with the magma
by only\being resorbed, but some were later altered by
local deuteric action to iddingsite and/or a magnetite
reaction rim,

Highly differentiated liquids giving rise to the
trachytes on Jan Mayen probably originated by strong
fractionation of the magma combined with the transfer of
alkalies and silica in a vapor phase, probably near the
top of the magra chamber (Ridley, 1970; Arana et al., 1973;
Baker, 1969).
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Further Considerations

In order to fully understand the petrogenesis of the
volcanics of Jan Mayen it would be useful and interesting
to’determine-the compositions of: 1) melt inclusions in
titaniferous salite and plagioclase, 2) opaque phases
and 3) amphiboles and micas, Trace element geochemistries
of the groundmass of these rocks and of the individual
mineral phases would more rigorously constrain the possible

origins of the xenocrystic crystals.
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Micrographs of Olivine, Clinopyroxene and Plagioclase
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EXPLANATION
(all photos taken with polarized light)

Olivine

A. Anhedral crystal 1A-B of SJ15A has a rounded
shape and is resorbed (magnification 40x),

B. A strongly polygonized crystal of olivine from
NC15 (magnification {

C. Arrows point to diamond shaped and elongate,
forked groundmass olivine of SJ1A (magnification 100x).

Clinopyroxene

A. Chromium diopside 10A-D of SJ15A is nearly euhedral,
simply twinned, and rimmed by purple brown titaniferous
augite., It also encloses a rounded crystal of olivine,
(magnification 40x),

B. Chromium diopside 5A-B of NC22 is an anhedral
crystal also rimmed by purple brown titaniferous augite
(magnification 40x).

C. Titaniferous salite 9A-F of SJ13A is an euhedral,
reversely zoned crystal with sector zones (magnification 40x).

D, Titaniferous salite GA-B of SJ20B is anhedral,
reversely zoned and rimmed by titaniferous augite.(mag-
nification 40x),

E., Titaniferous salite 8A-C of SJ20B is an euhedral,
reversely rimmed (¥g rich rim) crystal (magnification 100x).

F.,. Titaniferous salites of NC12C are sector zoned and
form glomerocrysts (magnification 40x).

Feldspar

A, Bytownite xenocryst 2A-B of NC22 is anhedral and
rimmed by labradorite (magnification 40x),

B. Bytownite glomerocryst of NC1l5 is anhedral and
resorbed. (magnification 40x),

C. Bytownite glomerocryst of JB202 is composed of
normally zoned and multiply twinned crystals (1agnltlcatlon
hox) .
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D, Andesine glomerocryst 11A-B of 5J25B is rimmed
by a highly potassic alkali feldspar (magnification 40x).

E. Oligoclase 2A-B of SJ2B is a strongly zoned
euhedral groundmass feldspar (magnification 100x),

F. A highly potassic alkall feldspar glomerocryst
of SJ25B also includes green aegirine-augite and magnetite
(magnification 40x).
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OLIVINE
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APPENDIX II

WHOLE ROCK MAJOR OXIDE CHEMISTRY
AND
NORMATIVE MINERALOGY
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APPENDIX III

WHOLE ROCK TRACE ELEMENT CHEMISTRY

(in ppm)
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Ankaramite
Cr Ni Rb Sr
SJ14B 262 21,8 4h6
SJ15A 186 26,3 Lol
SJ20B 190 32,5 533
NC20 266 27.3 Lh2
NC15 309 27.3 L36
NC27L 236 23.3 Ll
NC19 1300
NC15 1711
Cc9 27.5 Ls2
Alkall Olivine Basalt.- Sor Jan
Cr Ni Rb Sr
SJ1A 175 36,7 981
SJ13A 199 26,0 654
SJSA 152 20.7 653
SJ6 160 21,0 714
SJ9B 199 10.6 656
Alkali Olivine Basalt - Nord Jan
¢t N  Rb  Sr
NC12C 104 471 701
NC12C* 342
NC17 121 51.3 713
NC17#* 410 ,
NJ17 34.8 53,2 774
NJ17%* 0
NC27K 479
NC27K* sh7
JB202 34,5 54,8 771
NC22 50,4 69.2 738
NC23 156 Lbg,9 663
NC34B 37.7 54,8 750
NC35B 38,2 58.3 899
NC30C 55.2 73.8 842
NC3 0
NC13 274
SJ48 547
3%53 137
6 684 423
Cis 56,7 803
cl1o0 sy, 1 826
c11 58,8 849
Ci2 50.7 762

896
537

537
537
537
537

1075
1433
1702
1164

537

Rb/Sr
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87/86

0.049
0.053
0.061
0.062
0.063
0.052

0.061

Rb/Sr
0,037
0.039
00032

0.029
0,016

Rb/Sr
0,067

0.072

0.069

0.071
0009""
0.075
0.073
0.065
0,088

0.071
0.065
0.069
0,071

7035

7039 & .7039

.7035

.7037 & ,7036
.7037 & .7036
.7038 & ,.7038



Trachyandesite
Cr
NC22 479
ci3
ci4
Latite Andesite
Cr
SJ2B
JB1I
Trachyte
Cr

SJ25B

Ni Rb Sr
75,3 1026
75,5 1026
Ni Rb Sr
7.0 88,0 878
9.6 109 847
Ni

Rb Sr
9.4 106 106

Rb/Sr 87/86
0.073 .7035
0,074 ,7035
Rb/sr 87/86
0.100 ,703
0.129

Rb/Sr 87/86
1,000 ,7035
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APPENDIX IV

MINERAL CHEMISTRY
(THIS STUDY)
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Si0o
TiO2
Al,0
Fe *3
¥MnO
MgO
Ca0
Nazo

Si
Ti
Al
Fe*

Ca
Na

Ca
Mg
Fe

Ti
NaM2
Al
Other

F/P+M

10BSJ15A 10CSJ15A 10DSJ15A 12BSJ15A 8BNC20
52.23 52,07 51.92 52,69 52.58
.87 .96 .89 .72 «55
2.8 2,91 2,60 1,80 2,04
L,.53 4,71 4,61 4,09 3.55
A3 12 11 A1 12
16.62 16,46 16,38 17.21 17,46
.gg .gl .27 .gg .28
4 2 .22 4 * L
100,03 IOO.?; 99.57 99.69 99.32
Number of ions in the formula on the basis of 6 oxygens
1.916 1.903 1,912 1.934 1.930
023 ,025 .023 .019 015
.103 .125 112 .077 ,087
139 Jdub A42 .125 .108
.003 .003 .003 .003 .003
.908 .897 .899 .9l «955
.891 .878 .891 . 888 .870
019 ,021 .018 .Olg .0}9
.007 .002 ,002 .00 .0 Z
009 .00 .00 5,010 .00
47,00 L6,68 47,03 L6 .40 45,79
47,88 47,64 L7.45 49,16 50,23
5.11 5.68 5.53 b 4y 3.98
17.6% 17.58 17.96 17.87 13.83
14,28 14,64 14,05 16,00 18,15
67.88 67.78 67.99 66.13 68,03
9.10 10.15 9.30 7.33 7.93
132 .138 136 117 101
CrDi CrDi CrDi CrDi CrDi

CLINOPYROXENE ANALYSES

8ANC15

53.34
79
1.91
4,58
.15
18.09
21,59
.18
.10
00.

1,934
.021
.081
.138
. 004
«977
.838
.013
.002

L,007

43.56
50.76
5.68
20,24
11,89
67.87
7.20
123

CrDi
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Si0;,
Ti0
Al 63
FeO*
MnoO
MgO
Ca0l
Nas0
Cry03

Si
Ti
Al
Fe¥*

Mg
Ca

Na
Cr
Ca

Fe

Ti
NaM2
All
Other

F/F+M

8BNC15 BCNC15 8DNC15 9BNC15 10ANC15 10BNC1l5
53.21 53.00 53.74 52,12 50,69 52,37
55 .55 45 53 1.18 .78
1.77 1.95 1.31 3.25 3.81 2.15
3.10 3.28 3.09 T334 4,53 4,20
.09 .09 .05 .12 .10 .08
17.80 17.60 17.96 17.29 15,95 16.86
22.20 22,54 22,30 22,11 22,32 22,60
.25 .25 .29 .30 .23 .24
.80 73 <73 +70 + 52 .16
99.77 100,00 99.93 99.74% 99.32 99.43
Number of ions in the formula on the basis of 6 oxygens
1.939 1,932 1.954 1,903 1,873 1,927
.015 .015 .012 .01L4 .032 .021
.076 .083 .055 .139 166 .093
094 .099 .09k .102 140 .128
.002 .002 .001 003 ,002 ,002
.967 «957 .973 941 .878 924
.866 .879 .869 .865 .883 891
.017 .017 ,019 .020 .016 017
022 .020 .020 .019 .015 . 004
3.998 L,000 3,997 :4.005 L.005 L.006
s, 24 6,12 k5,16 46,22 L7 ,26 46,61
50.45 50,09 50.59 50.27 46,98 48,36
k.30 3.79 k.25 3.50 5.76 5.03
15.95 14,33 15,49 10.55 18.16 18.42
18,69 16.80 25.73 15.39 9,13 14,61
65.37 68,87 58.79 74,06 72.71 66,97
6. 44 7.49 5.48 10.86 13.10 7.83
.088 .093 .088 .097 137 121
CrDi CrDi CrDi - CrDi CrDi CrDi
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510,

T10
1,0

Feo*
MnO
MgO0
Ca0l
Na20
CI‘203

Si

NaM2
Alb

Other
F/F+M

11NC15 1BNC27L 1CNC27L 2BNC27L 3NC27L  A4NC27L
50.86 50.83 51 .64 52,00 50.55 50.03
1,11 1.11 .83 A48 .78 .86
3.45 3.68 2,73 3.33 5.13 5 h3
4,91 L ,84 4,09 3.48 3.93 4,13
A2 A2 .09 12 .09 .13
15.93 15.57 16.43 17.19 15,63 15.73
22,46 22,72 22,68 21,93 21,96 21,86
.27 .23 .26 .24 .27 .27
.90 77 .81 .29 U8 A2
100,02 99.87 99.57 99.04 96,83 98,85
Number of ions in the formula on the basis of 6 oxygens
1,873 1.874 1,901 1,910 1,868 1.850
.030 ,030 .022 .013 .021 .023
149 159 .118 143 223 .235
151 .148 .125 .106 121 126
.003 .003 .002 .003 .002 .003
.875 .856 .902 <940 .861 .867
.886 .897 .895 .862 .870 .866
.012 .01? .018 ,017 .0%9 .0%9
.02 .02 .022 .00; .0 g ,012
§,011 §.00L 4,005 .00 3.99 “§.001
47,61 48,04 L7.,48 45,78 47,05 k7.30
5.42 6.16 4,67 L.31 6.38 5.36
16,68 17.22 15,83 10,68 12.49 12.15
10,46 9.2 12,78 13.76 11.15 9.84
72.86 73.48 71.39 75.56 76.37 78.01
13.38 13.05 10,34 9.75 13,25 15.33
J47 147 121 101 123 .126
CrDi CrDi CrDi crDi  CrDi CrDi
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Si0»
TiOg
Al 3
FeO*
MnO
MgO
Cal
Na20
Cr203

Si

Al
Fe¥*
Mn
Mg

Na
Cr

Ca
Mg
Fe

T4
NaM2
AllL
Other

F/F+M

SNC27L

50.39
.79
4.5k
.15
.09
15.96
22.13
.27

.

Number of ions in the formula on the basis of 6 oxygens

1,866
.021
.198
.128
.002
.880
.878
.020

017

.010
47,56
47.70
h.,74
12,09
10,66
77.25
14,01

127

CrDi

85J13A
51.96
A6
3.29
3. 50
13
17.13

20.20
.41

5555

1,918
012
143
.107
.003
942
.798
.029

.oga
3.9

43,20
50,96
5,84
10,44
23,98
65.58
10.93

102

CrDi

10BSJ6
53.81
!
1.82
3.57
A1
18,16

21.15

«29
. Ol
100.25

10CSJ6

53. 35

2. 18
3.88

11
17.98
21,39

.36
1,00

100.71

10DSJ6

51.38
53
4,50
3.73

09
16,59
20,64

«50

55 3e

5BNC22

54,32
. 54
1.46
3.58
08
18,04
22.56
.23

T55:58

1.949 1.929 1,895 1,957
.010 ,013 015 .014
.076 .092 .195 .061
.107 117 L1114 .106
.003 .003 .002 .002
.980 . 969 911 . 968
.820 . 829 .815 .870
.019 .024 .034 015
.026 .027 LO14 ,004
3.991 4,002 3.995 3.996
42,99 43.89 b 43 L, 96
51.34 51,32 49,67 50.00

5'66 4579 5‘90 5004
13.53 11,37 9.71 19.36
24,67 22,45 22,75 21,26
61,81 66,18 67.54 59.39

6.48 8.67 12,66 4,63
,098 107 JA11 .098

CrDi CrDi CrDi CrDi
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Si02
TiO2
Al2013
FeO¥
MnO
MgO
Ca0l
Na20
Cr203

Si
Ti
Al
Fe¥*
Mn
Mg
Ca
Na
Cr

Ca
Mg
Fe

Ti
NaM2
AllL
Other

F/F+M

1ASJ14B 1BSJ14B 11ASJ15A 11BSJ15A 11CSJ15A 11DSJ15A

46,49 47,52 50,94 49 . 4o Lo,ok 49,32
2.20 2.16 1.54 1.74 1.85 1,63
7.72 6.61 3.03 5.77 5¢55 5.09
7.14 7.11 6.18 6.38 6,51 6.39

.12 14 .13 13 .13 .19
13.43 13.71 14,79 14,38 13.96 14,73
21,16 21,71 21.83 22.16 21,95 22,38

£ I I A A

.20 .1 1 . . .

. 99.5 98,80 00.49 99. 00,

Number of ions in the formula on the basis of 6 oxygens
1,750 1,777 1,901 1,820 1.826 1,826

.062 .060 042 047 .051 Olly

342 .291 132 .250 242 . 222

224 222 .192 .195 .202 .198

.003 .00k .003 .003 .003 .005

753 . 764 .822 .789 773 .813

.853 .869 .873 .875 874 .888

,030 .029 019 .026 .026 ,021

.005 . 004 ,002 . 004 L, 004 ,004

,022 §,020 3,987 4,008 4,001 k.o020

48,85 49,08 46,23 48,30 48,06 48.72

3,12 h3.11 43,56 43,59 k2,51 Ly, 60
8.03 7.81 10,21 '8.11 9,42 6.68

17.47 18,58 26,97 18.40 20,16 17.94
8.60 9.32 12,19 10.09 10.40 8.51

73.93 72.10 60,84 71.51 69 .44 73.55

26,17 23 .42 9,76 18,66 17.79 18,50

.229 .225 .189 .198 .207 .195
PiSal  TiSal  TiSal  TiSal  TiSal  TiSal

138



11ESJ15A BASJZOB 8BSJ20B 8CSJ20B 9ASJ20B 9BSJ20B

Si0p  50.68 46,97 50,07 47.97
TiO 1,63 2,36 1.35 o 2.11
5. 2.97 7.11 457 6. 51
eb* 6,70 7.76 5.13 7.91
Mn .20 .1 A1 .15
MgO 15,2 13.17 13,91 13.30
Ca0 21.7 21.66 21,91 21,20
Na20 27 Ll'6 031 051
02

49.43
1.57
4,07
6.24

.16
14,60
21,14

45

2% ot e B 9998 5535

Number of ions in the formula on the basis of 6 oxygens

1,884  1.760
Lol ,066
129 313
"208 243
-005 .00k
.Sl .735
1866 .870
.020 .033
.002 0

003 — G.o2h

5,96 hg,55
L ,78 41,90
9,27 8.55
2,71 18,81
10.55 9.45
64,73 71,74
11.92  25.19
.197 ,248
TiSal  TiSal

1.875
037
196
.160
.003
777
879
.022

.02%
3.97
48,41
k2.75
8.85
20, 54
12,16
67.30
14.13
.170

TiSal

1.789
.059
.286
[ ] 2“6
.00k
. 740
. 847
.036
.008

4,01k

47,87
41,77
10.36
18,71
11,66
69.63
21.93
249

TiSal

1,864
] 044
.180
.196
.004
.821
.854
.032
.010

§,005

46,48
44,65
8.87
20 .40
15,07
64,53
14,05
.192

TiSal

47.20
2.21
6.16
7.59

.12

13.14

20.99

45
02

~97.89

1.797
.063
.276
241
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10SJ20B 11SJ20B 7ANC20 7BNC20  7CNC20  7DNC20

Si0,  49.07 50,51 49,11 51,13 47,21 46,65
Tio6 1.56 1,36 1.82 1.26 2.34 2.25

Alp03  5.53 3.84 4,27 3.25 6,78 6.75
Fe0*” 6,30 5.77 8.0k 5.62 8.20 8.09
MnO 12 .09 19 12 14 b

MeO 14,11 14,96  13.85 15,84 13,17  13.04
ca0 21,39 21,10 20,95 22.11  21.85 22,04
Na50 .37 A1 .30 .23 Ll A1

Creo ‘18 2 .02 .48 0 .02
2°3 —gr g —§gf§%' 8.5 100,03 100.1G  ~99.39

Number of ions in the formula on the basis of 6 oxygens

Si 1.837 1.890 1.854 1.884 1,765 1.761
Ti .04 .037 .051 034 .065 .063
Al . 2Ll .169 .189 141 .298 . 300
Fe* 196 .180 «253 173 «255 254
Mn .003 .002 .005 .003 .00k .00k
Mg .788 834 779 871 <734 733
Ca 0858 0846 .8"“7 .873 . 0875 .890
Na .026 .029 .021 .015 .032 .030
Cr .00k .006 0 .013 0

0

F.001  3.99% 5,000 4,006 §.029 5,035
Ca 47,06 45,46 45,67 46,38 49,66 50,64
Mg 43,17 44,83 41,99 46,21 41,63 41,67
Fe 9-77 9070 12034 70“"1 8071 7069
Ti 18.65 21 .49 23.27 20.25 18,88 18,08
NaM2 11.40 16,70 9.89 9.53 9.15 8.49
Al 69.96 61,81 66 .8 70.23 71.96 73.43
Other 16.46 11,01 14,83 12,08 24,88 25.68
F/FP+M 199 177 245 ,165 .257 .257

TiSal TiSal TiSal TiSal TiSal TiSal



7ENC20 12RC15 9ASJ13A 9BSJ13A O9CSJ13A 9DSJ13A
Si0, 51,33  47.46 49,76 48,31 ua 20 48,80
A103 3,29 - 6.42 5.47 5.44 - 6 88 4,38
FeO* 4,83 7.37 5.85 7.46 8.89 6.99
MnO .09 .16 11 .15 22 16
MgO 15,54 13, 33 14,75 13.27 13.39 13. 65
Ca0 22,24 22,29 21,64 22,05 019,97 21,29
ga 20 .29 .34 Ay .32 . .67 .38
rp0 ad .0 0o 2
2 58k Toooor To0SE T95SE T00.07 9Ber
Number of ions in the formula on the basis of 6 oxygens
Si 1,892 1.771 1.832 1.808 1.795 1,847
Ti .032 074 04O .067 .051 062
Al 43 .281 .236 . 240 301 194
Fe* 148 0229 179 .233 276 221
Mn .002 . 004 .003 . 004 . 006 . 004
Mg .854 742 .809 .7#3 743 . 770
Ca ~.878 .891 . 854 .887 .796 .863
Na . .,019 024 031 .026 . 048 027
Cr , 024 0 .021 .002 0 . 006
" 3.992 4,016 4,005 .0 §,018 3.994%
Cca 4.70  49.7%5  47.26 48,69  45.72  46.70
Mg 45,39 k1,38 Ly, 81 40,76 42,63 41,65
Fe 7.91 8.87 7.93 10,55 11,65 11,65
Ti 20,54 22,06 16.50 23,26 16,41 25.74
NaM2 12,91 7.27 12,82 9.46 15.32 11.46
AL 66.55 70.67 70.67 67,28 68.27 62,80
Other 10.69 23.79 17.27 19,58 21 .44 15,28
F/F+M 147 .235 .181 .238 «270 .223
TiSal TiSal TiSal TiSal TiSal TiSal
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142

9ESJ13A 9FSJ13A 10SJ13A 11SJ13A 11836 12s5J6

s10, 47.89 48,23  b4B.96  50.98  48.25 48,0k
750> 1.67  1.59 1.3 "1.70  1.59  1.55
1,8, 6.65 6.1k 5.6k 3.0 £.35  6.06
e * 8058 5-70 5'70 M 6025 5095
MnO .23 12 .12 Jdh4 JA4 .13
MgO  12.98  1h.ob 14,65  15.52 14,09 14,13
Cal 19,75 20,91 20. 95 21,54 20,68 21.04
Na0 .61 “h2 "3 ‘31 ‘18 i

2
Crs0 1 05 .24 . °
29—l ‘§7?§" 53 Toohe 0B 5

Number of ions in the formula on the basis of 6 oxygens

Si 1 813 1,818 1,826 1,874 1.810 1.810
Ti . 046 . Oll .039 046 . 04k .043
Al .296 .272 o2 «155 .291 .269
Fe* .271 179 177 197 .196 .187
Mn .006 .003 .003 .004 . 004 .003
Mg .732 .788 .81k .850 .788 . 794
Ca .801 . 8l .837 .848 .831 .849
Na . O4Y .030 .032 .021 .035 .031
Cr 0 .021 .030 . 006 .011 022

4,009 3.998 .00 §,002 4,010 4,007

Ca s 43 46,98 46,58 hs,31 46,68 Lb7.57
Mg 41,52 43,87 45,31 4s b1 4y, 24 Ll Ll
Fe 13.05 9.15 8.11 9.28 9.08 7.99
Ti 16,59 17.32 15,92 23,66 16,28 16.12
NaM2 15,62 11,80 12,91 11,12 12.67 11,80
Al4 67.79 70.88 71.17 65,22 71,06 72,07
Other 19.36 18.42 17.89 12.93 19.53 19.57
F/F+M  ,270 .185 .178 .188  ,199 .190

TiSal TiSal TiSal TiSal TiSal TiSal



8ANC17
Si0, 49,00
Tio 1.39
Al,B3  5.60
FeO* 5.81
MnO .07
MgO0 14,26
CaO 21,85
Na20 . 26

Crz03 22

Number of ions in the formula on the basis of 6 oxygens

si 1,836
Ti .038
Al 246
Fe# .181
Mn .002
Mg «796
Ca .876
~ Na .019
Cr .005
., 000
Ca L7,80
Mg 43,39
Fe 8.81
Ti 17.41
NaM2 8.40 -
Albk 74,19
Other 16,66
F/F+M .185

TiSal

8BNC17

49,08
1.53
5.07
5.91

.10
14,09
22,50

.37

5533

9NC17

49.78
1,89
4,26
7.26

.29
14,14
22,11

o SH

01
100,27

8JB202

48.99
1.35
5.16
7.14

17
13.94
20.75

.38

04
97.91

1.836 1,849 1,851
.0ob2 .052 .038
.223 .186 .229
.184 224 .225
.002 .008 004
.786 .782 .785
L] 901 L] 879 L4 839
.026 .038 .026
,008 0 .001

§,008 4,019 §,000

L4o,49 48.49 b5,95
43,11 43,13 42,93
7.0 8.39 11.12
17,84 20.69 17.65
11.13 15,24 12,81
71,03 64,06 69.54
17.07 16,24 15,10
.189 .222 222
TiSal TiSal TiSal

5NC12C

b7.27
1.78
6.3
3
.14
13,21
20.99
35

.21
98.75

1.767

.0l49

372
.198
004
. 736
. 840
024

00
3.995
b7.72
41,77
10,51

16,20
8.21
75.59

23.34
212
TisSal

6NC12C

46,08
2.0?
8.45
6.42

.15
13.09
20,78

40

75

1.746
.059
376
.202
.00k
739
.843
.029
011

5,009

48,45
42,45
9.10
16.88
8,41
74.72
26,02
214

TiSal
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10ASJ15A 12ASJ15A BANC20

9ANC15 1ANC27L 2ANC27L

Tio 2,54 3.07 2,82 94 1.69 1.55
83 582 6.60 635 685 bk 532
6.74 7.81 7.51 51 7.35 5.84

.16 17 .13 A4 A1

MgO 13.80 12,86 12,97 14, 03 14.38 14,70
Ca0 22.13 21.73 22.18 21,29 21.75 22,06
Nazo 032 039 033 060 039 .28
Cr,03 .24 11 .13 .09 02 .10
99.60 99,26 99.40 99.45 99.13 99.44

Number of ions in the formula on the basis of 6 oxygens

Si 1,788 1, 755 1,767 1,786 1,853 1.836
TL ,071 ,086 .079 .053 .047 042
Al .255 .293 .281 .300 .178 .232
Fe* .210 -2i% .236 .202 .230 .181
Mn .00k .004 .003 .00k . 004 .003
Mg .768 723 . 727 779 .804 .813
Ca . 884 .878 .893 .849 .875 .876
Na - ,023 .027 .023 Lol2 .028 .020
Cr .006 ,002 .003 ,002 0 .002
k.o0l0 §.015 §,011 L,018 %,020 I,005

Ca Lg,00 k9,36 L9,80 48,56 47,56 47.79
Mg 42,50 40,63 40,51 4,51 43,74 Ll , 30
Fe 8,50 10.01 9,69 6.93 8.70 7.91
Ti 22,69 23.48 23,09 16.83 20.33 18.61
AlkL 69.93 68.83 69,94 69.75 67.57 72.73
Other 21.90  25.4%0  24.05  22.38  15.76  16.87
F/F+M .210 .253 245 .205 ,222 .182
Tilug-R TiAug-R TiAug-R TiAug-R TiAug-R TiAug-R
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6NC27L  10ASJ6
Si0o, 47,14 50,02
A1,03 5.88 L,63
Feb* 7.61 6.96
MnO .15 .12
MgO 13.23 15,00
Cal 21,93 21,08
gazo 039 059
ro0 20 2
273 99.6%’ 100.32
Si 1,781 1,845
Ti .075 .050
Al .262 .201
Fe* 240 214
Mn . 004 ,003
Mg 745 .825
Ca 0887 . 833
Na .027 .021
Cr 0 .012
§,022 §,002
Ca Lo, 45 L, 04
Mg hi,50 hi, 58
Fe 9.05 10,38
Ti 22,60 21,88
NaM2 8.48 9,09
AlL 68,92 69.03
Other 23,07 15.74
.206

F/F+M 243

5ANC22

48.37
2.57
6.19
8.48

.21
13.18
21,48

A1

150756

13SJ15A 12SJ20B 135J20B

48,49 48,21
2,49 2,66
5.58 7.01
7.40 7.89

14 .16
13.49 13.13
21.95 21,32

.38 o Sk

.10 1

100.02

101:6%‘ '§3fg%’

Number of ions in the formula on the basis of 6 oxygens

47.99

1.792 1.807 1.777 1.812
.070 .069 .07 .050
.270 245 .30 «253
.262 .229 242 .200
.006 . 004 . 004 .003
.727 . 749 .722 .781
.852 .876 842 . 864
.029 .026 .038 .021
,001 .002 004 L017

¥, 009 L, 006 §,005 L,000

47,42 48,22 47,61 47,59
4o,47 - 41,22 40,78 43,02
12.11 10.55 11,61 9.39
22,61 23.52 21,66 19.33
9.30 9.25 11.34% 8.07
68.09 67.23 67.00 - 72,60
21.48 19.89 22.75 19.06
. 264 .234 .251 .203

TiAug-R TiAug-R TiAug-R TiAug-G TiAug-G TiAug-G
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Si02
TiO2
Al 03
FeO*
MnO
MgO
Cal
Na20
Cr203

Cther
F/F+M

9NC20 10NC20 13NCis 13sJ6 10NC17 11NC17
Lb 69 49,68 48,36 50,25 u3.63 49,35
3.02 2.15 2.54 1.79 L. 4 2.23
9.48 4,89 5,23 3.90 9.20 4,55
7.48 7.95 9.52 7.55 9.48 8.88
.16 16 .25 .19 .18 .19
12.39 14,28 13.63 15.39 10,96 14,20
21,57 21.33 21,10 20,58 21.53 21,04
.32 .Bg -32 «30 43 .36
.1 .0 ) 35 .02 [
99,31 1o0o0.81 100,93 100.30 99.88 100.79
Number of ions in the formula on the basis of 6 oxygens
1.683 1.833 1.800 1,857 1,654 1.831
,085 .059 .070 .048 125 .062
420 .212 .228 .169 JL10 .198
.235 24 .296 .233 .300 274
. 004 .00 .007 .005 .005 .005
.695 .785 .756 . 848 .620 .785%
.870 . 842 841 814 874 .835
.027 .021 .021 .021 ,031 .025
. 004 .002 0 .009 0 0
4,025k 5,002 5,020 5,005 5,020 §,015
50,96 Ls,71 46,24 43,86 51.10 ks,57
ho,71 L2,57 41,54 45,62 36,18 42,78
8.32 11,72 12.22 10,51 12,73 11.65
19,24 23,67 23.32 22,68 24,52 23.24
6.24 8.51 7.10 9,80 6.12 9,67
74,51 67,82 69.58 67.52 69.36 67.09
32.89 17.06 21,09 14.77 35.59 17.87
.252 .237 .281 ©,215 .326 .258

TiAug-G TiAug-G TiAug-G TiAug-G TiAug-G TiAug-G
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11NC34B
SiO hi, 50
5 > 8.8
.16
MgO 11,36
Ca0 20, 61
Na,0

7JB202

k5,61
L,24
6.87
10,45
.23
10,96
20.55
.52

Cr203 97.02

Si 1.720
Ti .109
Al 34k
Fe#* .289
Mn .004
Mg 654
Ca .853
Na .034
Cr .001
§,008
Ca 48,64
Mg 37.29
Fe 14,07
Ti 25.37
NaM2 8,02
Al4 66,61

Other 28.53
F/F+M .306

12SJ25B 13SJ25B 143J25B

50,46
.38
2,30
14,38
2.b45
10.45
19.04
71

Too a7~

Number of ions in the formula on the basis of 6 oxygens

1.737 1,936
121 .010
<307 .104
332 460
.006 .079
.623 '598
.838 .782
.038 .053
0 0

5,001 4,021

47, 26 Ly 43
35.06 33.92
17.67 21,65
28 .48 7.81

9.01 37.64

- 62.51 54,55
26,61 11,77
347 L34

49,66 51,01
.34 35
L.10 <97
13.27 16,08
2.30 2.72
10.71 9.83
18.66 18,92
670 677
99,75 100.65
1,901 1,966
.009 - .009
.184 Ol
A2k .518
074 ,088
611 . 564
.765 .780
- .051 .056
0 0
4,020 4,026
Ly ,18 43,82
35.27 31,67
20.55 24,51
5.67 9.08
30,11 51.49
64,21 39,44
15,21 9.09
409 478

TiAug-G TiAug-G Aeg-Aug Aeg-Aug Aeg-Aug
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MINERAL CHEMISTRY
(OTHER AUTHORS)
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Si0op
TiO
A1263
FeO¥*

MgO
Ca0
Na20
Cr 03
Ni

Si
Ti

Fe*
Mn

Ca
Na
Cr
Ni
Ca
Fe

F/F+M

CLINOPYROXENE ANALYSES

JM5-1D JM5-2B  JM5-2C JM5-1A  JM5-3A  JM5-3B
52.6 51.7 52!5 5200 5109 52'3
.5 .8 .7 .5 .6 .7
2.0 2.8 2.6 2.0 2.7 2.5
3.3 L.3 b1 3.5 3.8 h.o
19.3 17.2 18,0 17.9 17.7 17.3
22.1 22.4 22,0 22.1 22,2 22,2
99.0 59,8 95,2 95,9 988 99.0
Number of ions in the formula on the basis of 6 oxygens
1.916 1,906 1,915 1.931 1.913 1.925
014 .022 .019 L014 017 .019
.085 .120 111 ,087 .116 .107
.101 .133 .125 .109 117 .123
1,048 .945 979 . 991 972 . 949
.863 .885 .860 .879 .877 .876
§,027 4,011 §,009 L.011 L,012 3.999
42,89 45,08 43,79 Ly 42 Ly, 61 44,96
52,09 48,14 49,85 50.08 4o, 4L 48,72
5,02 6.78 6.36 5.50 5.95 6.31
.088 .123 .113 .099 .108 115
CrDi: CrDi CrDi CrDi CrDi CrDi
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SiOz
TiO
Al 83
FeO*
MnoO
MgO
Ca0l
Na20
Crz013
NioO

JM?7-5B

JM6-6A JM6-6B JM7-3J NC12CA
51.7 52,2 52.7 52,3 52.4 52.44
-6 -7 05 ’07 07 o?u
2,6 3.3 2.5 2.5 2,8 2.09
4,2 4.3 3.7 b,o 3.7 4,34
.1 .1 .1 A1
17.5 16,6 17.7 17.4 17.4 16,52
22.4 22.3 22.1 22.2 22.1 22.32
.2 .2 * :11
.03
99.0 99.4 99.5 99.4 99.6 99.72
Number of ions in the formula on the basis of 6 oxygens
1,909 1,915 1,927 1,920 1,918 1,932
.017 019 014 .019 .019 .005
112 141 .107 107 116 ,091
.130 132 113 123 113 124
.003 .003 .003 .003
.963 .908 .965 «952 . 949 . 907
. 886 .877 .866 .873 .867 .898
.032
v .006 .006 011 .003
,001
§.,017? 3.992 F.o01 5,003 3.996 4.006
4y 77 45,75 44,55 44,82 4l , o4 47,05
6.56 6.89 5,81 6.31 5,86 6.91
119 .127 .105 114 107 .128
CrDi CrDi CrDi CrDi CrDi CrDi
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Si0,

Ti0
Al 63
Fe(O*

MgO0
Ca0
Nazo
Cr 03
Ni

NC22H

51,68
.67
2.55
3.60
A4
16,61
22,84
A5
.15

NC22L BAT
52,86 52,17
.50 .64
2,08 3.35
3.33 3.84
.10

17.13 17.12
22,80 22,12
45 .27
.71 .70
100.38

98333 160.06

Number of ions in the formula on the basis of 6 oxygens

NCisM

52,44
A9
1,69
3.09
.10
16,83
22,94
A5
75
.02
98,88

NC19D

51.01
. 7H
3.08
k.53
A1
15.97
23.11
L5
L9
.02
99.65

,019 014 .02 .014 014 .021
11 .089 .05 074 .079 134
111 .102 12 .095 .098 .139
. 004 .003 ,003 ,002 .003
914 .930 .92 .925 930 877
. 904 . 890 .85 . 906 .897 913
.032 .032 .02 032 .032 .032
004 .020 .01 .022 .020 014
.001 ,001 .001 001
4,009 4,005 3.99 4,005 4,004 4,015
47,51 46,67 Ls,43 L47.33 46,93 L7.76
46,64 48,06 48,59 47,74 48,00 Ls,o4
5.85 5,28 5,98 L, ol 5,06 7.19
.108 .098 Jd12 .093 .096 137
CrDi CrDi CrDi CrDi CrDi CrDi
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SiOz
TioO
Al 83
Fe(*
MnO
MgO
Ca0
Nay0
Cr 03
Ni

Si
Ti

Fe*

Ca
Na
Cr
Ni

Ca
Mg
Fe

F/F+M

NC19G NC150 NC15P NCi9H NC191 NC19J
53.01 51,28 49,12 48,04 46,33 48,91
M2 .91 .91 1,86 2,78 1.76
1,78 3.37 4,70 5 79 6.72 3.99
3.32 4,58 6.23 .96 8.53 8.26
.10 .13 .13 23 .26
17.42 16,03 14,19 13.63 12.12 13.84
22,28 23,01 22.80 22,37 22,24 21,67
45 .50 .50 .50 .50 «50
.58 .15 .15 .0l .02
.01 .01 .0 LOu .03
99.76 100,10 98,87 99. 99.64 99.45
Number of ions in the formula on the basis of 6 oxygens
1,938 1,881 1.842 1,797 1.748 1,840
.012 .025 .026 .052 .079 .050
077 146 .208 .255 .300 177
102 41 .196 .217 .270 «263
.003 .00k .004 .006 .007 .008
. 949 .876 .793 .760 .682 .780
.873 «905 .916 .896 .899 .873
.032 .036 .036 ,036 .037 .036
,017 004 .00k .001 .001
0 0 .001 ,001 ,001
4,003 4,018 L,025 4,021 4,024 b,028
4s,82 47,86 48,89 48,66 49,40 46,58
48,89 Ly, 81 40,90 39.70 36,04 39.72
5.28 7.34 10.21 11.64 14,56 13.70
.096 .138 .197 223 .283 251
CrDi TiSal TiSal TiSal TiSal TiSal
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S5i0,

Tio
Al 83
FeO¥*
MnO
MgO0
Cal
Na,0
Cr203
NiO

Si
Ti
Al
Fe¥*

Ca
Na
Cr
Ni

Ca
Mg
Fe

F/F+M

JM6-9S  JM6-11A KAPPTR  JM6-11B JM6-11C  JM6-12C
48,5 48,6 45,13 49,0 50.5 bg.s
1.8 1.7 2.57 1.7 1.8 1.9
5.5 5.3 10.44 5.3 3.7 L,2
7.5 6.8 7.16 6.7 8.5 7.4
14,1 14.3 12.35 14,1 13.3 14,6
21,6 21,9 21,53 21.8 22,0 22.6
Ry
99.0 98,6 100,08 98,6 99.8 100.2
Number of ions in the formula on the basis of 6 oxygens
1.820 1.827 1,67 1.839 1,885 1.840
.051 .048 .07 .0l48 .051 .053
.21 233 4l .231 161 .182
.235 214 22 ,210 .265 230
.789 .801 .68 .788 . 740 .809
.869 .882 .85 .876 .880 .900
.01
4,005 4,003 3.9% ~ 3.992 ~ 3.982 ~ 4,01t
45,91 46,49 ho,69 L6, 74 46,68 46,42
41,68 h2,23 38,00 k2,05 39.26 41,72
12.41 11,28 12,31 11.21 14,06 11.86
«229 211 245 .211 .264 ,221
TiSal TiSal TiSal TiSal TiSal TiSal
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JM7-4E  NC12CC NC12CD NC12CE NC22. JM7-4B
49.4 51,26 51,89 47,61 49,65 46,6
4,7 3.68 3.82 6.40 3.75 6.4
7.4 5.72 5 75 5.98 8,02 9.3
o2 .17 .15 .33 .2
14,4 15.15 15 09 13.52 14,19 11.8
21.6 21,90 21.83 22,44 21,30 21.4
.50 .50 .50 .50
i .2]6. .’4‘8 .46
oo )
99.3 99.90 100,92 99.78 99.2% 98.7
Number of ions in the formula on the basis of 6 oxygens
1.847 1,886 1.889 1,783 1.863 1.775
.0l5 .031 .035 .05 .039 .086
.205 .160 164 .281 166 . 285
.231 176 175 .200 .251 .296
.006 .005 .00k .005 .011 .006
.802 .831 .819 «755 794 .670
.865 .863 .851 . 900 .856 874
.036 .035 .036 .036
.008 014 014
0
4,001 3.996 3.986 §,019 4,016 3.992
L4s,57 46,89 L6 ,74 bo, 42 45,85 47,50
2,26 43,68 43,83 Lo,u48 bo,71 36.41
12.17 9.43 9.43 10.10 13.43 16.09
.224 175 176 .199 241 « 307
TiSal TiSal TiSal TiSal TiSal TiAug-R
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3102
Ti0

Al 83
FeO*

MgO0
Ca0
Na»O
Cr203
Ni

- Si

Ti

Fe*

Ca
Na
Cr
Ni

Ca
Mg
Fe

F/F+M

JM5-3D

JM7-4B JM7-8B  JM5-1B  JM5-1C JM7-3B
46,3 45.9 hs,1 45,7 45,0 43,4
3.4 3.0 3.1 2,9 3.0 3.5
7.2 7.6 7.4 6.9 6.5 7.8
8.0 8.6 8.9 9.2 7.8 8.7
o2 2 2
12,7 12.3 12.0 12.6 13.4 12.5
21,2 21,6 22,0 22.0 22.4 21.9
99.0  99.2 98,5 99.3 98.1 98,0
Number of ions in the formula on the basis of 6 oxygens
1,748 1.737 1,725 1.735 1.725 1.676
.097 .085 .089 .083 .086 102
.317 .336 .330 .306 .281 351
.253 272 .285 292 .250 .281
.006 ,006 .007
714 694 684 713 766 .719
.857 .876 .902 .895 .920 .906
3,992 4,006 §.015 L,024 4,028 4,042
46,98 47.55 48,21 47,10 47.53 47,54
39.14 37.68 36.56 37.53 39.56 37.72
- 13.88 14,77 15.23 15,37 12,91 14,74
.261 .282 .294 .291 .2U6 .281
TiAug-R TiAug-R TiAug-R TiAug-R TiAug-R TiAug-R



5i0p
TioO

Al 83
FeO*

Mg0
Ca0l
Nao0
Cr203
NiO

Si
Ti

Fe*
Mg
Ca
Na
Cr
Ni
Ca
Fe

F/F+M

Number of ions in the formula on the basis of 6 oxygens

JM7-8 JM6-9 JM6-13
Ly 7 k7.4 46,2
3.2 2.5 2.6
6.2 5.8 545
8.2 9.5 8.7
2 :
14 .1 12.3 14.8
22.3 21.1 21 .4
98,9 98.6 99.2
1,707 1.803 1,751
,092 .072 074
276 .258 243
.262 . 302 .276
.006 :
.802 069? '836
.913 . 860 .869
4,058 3.992 L,049
46,18 46,26 43,87
Lko.57 37.49 k2,20
13.25 16.25 13.92
.2h6 .302 .248
TiAug~-G TiAug-G TiAug-G
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5102
Ti0
Al 83
Fe(#*
MnO
MgO
Ca0
Na»s0
ez
P205

5102
TiO
Al 53
FeO*
MnO
MgO
Ca0
Na,0

P20g

Sioz
TioO
A1233
FeO*
MnO
MgO0
Cal
Na,0

P20g

171

NC15
Observed Calculated Estimated Weight Percentages
48,34 48,15 Liq NC22 39.54
2,02 2,21 0l 3NC15 13,54
8,28 9.06 CrDi 8CNC15 7.28
9.37 8,55 TiSal 12NC15 39.63
A4 .18
14,86 15.21
14,05 14,27 Sum of Squares of Residuals
1.52 1,61
1,08 1.20 1,5418
.32 .26
NC20
Observed Calculated Estimated Weight Percentages
k5,99 46,35 Liq NC22 39.09
2,20 2,06 01 1NC22 16.16
10.03 9,68 TiSal 7CNC20 42.73
9,77 8.80 Feld 2ANC22 2.03
A4 .16 :
15.44 15.35
13,35 13.12 Sum of Squares of Residuals
1.53 1,62
1.21 1.17 1.2891
[] 3“ . 26 B
NC27L
Observed Calculated Estimated Weight Percentages
Lk7.47 48,13 Liq NC22 50,54
2,02 1,66 01 1NC22 9.71
10,88 10,50 CrDi 3NC27L 37.57
9,06 7.19 Feld 2ANC22 2.17
.18 14
13,16 13.02
14,08 13.10 Sum of Squares of Residuals
1,66 1.93
1,18 1,49 5.3557
.30 .33



Si0,
TiO
Al 83
FeO¥*
MnO
MgO
Cal
N380

P205

SiOz
TiO

Al 83
FeO*

MgO
Ca0
Naso
P505

Sio
TiO2
Al 83
Fe(O¥*
MnO
Mg0
Ca0
Na0
K50
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NC23
Observed Calculated Estimated Welght Percentages
49,43 Lho., 41 Liq NC22 75.64
2.14 2.23 01l 1NC22 5.96
14,24 14,24 CrDi 5BNC22 9.42
8.56 8,52 Tisal 9NC17 3.51
.17 17 Feld 2ANC22 5.47
9.01 9.04 ,
10.75 10,78 Sum of Squares of Residuals
2.65 2.89 '
2,28 2.29 0.1488
.78 «50
NC12C
Observed Calculated Estimated Weight Percentages
47,34 47.95 Liq NC22 71.05
2.57 2.36 01 1NC22 3.83
14,14 13,60 TiSal 5NC12C 23,60
10,42 8.58 Feld 2ANC22 1.52
.12 17
8.67 8.56
12.10 11,58 Sum of Squares of Residuals
2.48 2.65
1,70 2.11 L,5557
7 L6
SJi5A
Observed Calculated Estimated Weight Percentages
46,74 L7, 4L Liq SJ1A 50.68
2.20 1.15 01 1BSJ15A 8.62
11,08 10.47 CrDi 10BSJ15A 35.75
9.17 8,44 Feld 3SJ15A 4,95
.19 .16 _ _
12,48 12,12
14,29 13.18 Sum of Squares of Residuals
2.26 1092
1.25 1.01 4,0308
-35 0’40



5102
TiO
AE,
Fe(#*
MnoO
MgO
Ca0l
Na»0
Kzg
P205

SJ20B

Observed Calculated Estimated Weight Percentages
47,28 47,30 Liq SJ1A 55.71
2.35 1.83 01 1SJ20B 6.30
12,02 11,91 CrDi 8SJ13A 1.80
9,87 10,11 TiSal 8ASJ20B 36,19
4 .17
11,01 10.92 .
13,45 13.49 Sum of Squares of Residuals
1.95 2,06
1,55 1.13 0.5559
.36 L6
SJ6
Observed Calculated Estimated Weight Percentages
47,46 48,05 Liq SJ1A 68.45
1.30 1.27 01 18J6 8.22
12.90 12,56 CrDi 10CSJ6 20.76
10.73 9,64 Feld 6SJ6 2.57
.16 .17
11,15 10.99
12.29 11,18 Sum of Squares of Residuals
2.29 2.44 -
1.23 1.38 2.9701
.50 .55
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Ankaramite

SJ14B

SJ15A

SJ20B

NC20

NC15

NC27L

NC19

NC1s5*

7T

C9
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lava from the base of cliffs Jjust egst of Svand
Foynbreen, Krossbukta, Nord Jan, 71 8°'42"N,
8°06'38"W, TFitch, written commun,

-lava from 8m above base of cliffs just east of

Svand Foynbreen, Krossbukta, Nord Jan,
7108'42"N, 8°06'38"W, Fitch, written commun,

lava from within the tillite sequence east of
Svand Foynbreen, Nord Jan, 71°8%42"N, 8°96'10"W,
Fitch, written commun,

lava from a cinder/lava whaleback come exposed
in cross-section within the Storfjellet forma-
tion near the base of the cliff below Tvilling-
krateret, Nord Jan, 7196'50"N, 8°2'50"W,

Fitch, written commun,

lava from tog of Kraterlia cliff behind Nordbukta,.
Nord Jan, 7199'00"N, 8°0°'40"W, Fitch, written
commun,

lava from the upper part of the cliff section at
Kvalnosa, Nord Jan, 71°8'20"N, 8°8'00"W,
Fitch, written commun,

lava from the Storfjellet cliff below Tvilling-
krateret, Nord Jan, Roberts and Hawkins, 1965.

lava from the Kraterlia cliff south of Nordbukta,
Nord Jan. Roberts and Hawkins, 1965.

probably a lava, west of Cape Hope, Jan Mayen,
Tyrrell, 1926,

lava from Krosshukta, Nord Jan, Lussia-Berdou-
Polve and Vidal, 1973. '

Alkali Olivine Basalt - Sor Jan

SJ1A

SJ13A

lava from the base of the cliff at the southern
end of Sorbukta, Sor Jan, 70°50'35"N, 9°2'30"W,
Fitch, written commun, (

lava from 10m above base of cliffs at Ullring-
bukta, Sor Jan, 70°050'50"N, 8°56'00"W, Fitch,
written commun.
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SJ5A lava from base of cliffs at southern end of
Kvalrossbukta, Sor Jan, 70°57°'50"N, 8%41'30"W,
Fitch, written commun,

SJ6 lava from the same locality as SJ5A., Fitch,
written commun.

SJ9B lava from the same locality as SJ13A, Fitch,
written commun. .

3T lava scarp south of the Saule, Jan Mayen,
Tyrrell, 1926, ‘

5T lava from Turn Bay, Jan Mayen, Tyrrell, 1926,

5¢€ lava from Sorbukta, Jan Mayen. Carstens, 1961,

Alkali Olivine Basalt - Nord Jan

NC12C lava from Tromsoryggen 'window' through the
Kokssletta formation lavas, small inland cliff
behind Nordbukta, Nord Jan, 71°9'20"N, 7°59'30"W,
Fitch, written comnmun,

NC12C* lava from same locality as NC12C, Roberts and
Hawkins, 1965,

NC17 lava from the same locality as NC20, Fitch,
written commun,

NC17%#  lava from the same locality as NC20. Fitch,
written commun.

NJ17 lava from the upper aa-lava of the Kokssletta
- lava platform near Youngneat, Nord Jan, -
7109'25"N, 8°1'40"W, Fitch, written commun,

NJ17% lava from the same locality as NJ17, Roberts
and Hawkins, 1965, :

NC27K lava from the Kvalnosa buttress of the Nord-
vestkapp formation, Nord Jan., Hawkins and
Roberts, 1972,

NC27K* lava from the same locality as NC27K, Roberts
and Hawkins, 1965,

JB202 lava flow from Nunataken, at 1550m on the south-
west flank of Beerenberg, 7104'2"N, 8°11'50"W,
Fitch, written commun,



JB202*#
NC22
NC23

NC34B

NC35B

NC30C

NC3
NC13
SJu8
SJ53
JM5
JMé
JM7?

JM3

uT

6T
Cls
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lava from the same locality as JB202, Hawkins
and Roberts, 1972,

lava from the same locality as NC20, Fitch,
written commun,

‘lava from the same locality as NC20, Fitch.

written commun,

lava from an inland cliff exposure at the
southern end of Marmadukeflya, Nord Jan, 71°8'00"N,
7058*35"W, Fitch, written commun,

lava from the northwestern end of Marmadukeflya,
Nord Jan, 71°8'25"N, 7958'h40"W, Fitch, written
commun,

lava from the northern tig of the main fissure
at Nordkapp, Nord Jan, 71°9'12"N, 7°58'00"W,
Fitch, written commun.

lava from the Storfjellet cliff near Krossbukta,
Nord Jan. Roberts and Hawkins, 1963,

lava from the Kraterlia cliff south of Nordbukta,
Nord Jan, Roberts and Hawkins, 1965,

lava from Bastionen, Beerenberg, Nord Jan,
Hawkins and Roberts, 1972.

lava from the same locality as SJ48 Hawkins
and Roberts, 1972,

lava flow from the Trinityberget crater (Sept.-
Oct. 1970 eruption), Nord Jan, Weigand, 1972.

lava flow from the same locality as JMS5.
Weigand, 1972.

lava flow from the Dufferinbreen crater (Sept.-
Oct., 1970 eruption), Nord Jan. Weigand, 1972,

an ejected bomb from the Tollnerodden crater
(Sept. -Oct. 1970 eruption), Nord Jan. Weigand,
1972,

lava, the Nunatak, Beerenberg, Jan Mayen.,
Tyrrell, 1926,

Mary Muss Bay, Jan Mayen. Tyrrell, 1926,

lava from Krossbukta, Nord Jan., Lussia-Berdou-
Polve and Vidal, 1973.
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Clo0 lava from Krossbukta, Nord Jan., TLussia-Berdou
Polve and Vidal, 1973.

c11 lava from Krossbukta, Nord Jan, Lussia-Berdou-
Polve and Vidal, 1973. ‘

Cciz2 - lava from Krossbukta, Nord Jan. Lussia-Berdou-
Polve and Vidal, 1973,

18 from a lava stream from the Dufferinbreen crater
one of the first days of eruption in 19?0 Nord
Jan, Siggerud, 1972.

28 from the eruption of the Sigurdbreen crater in
the morning of October 3, 1970, Nord Jan.
Siggerud, 1972,

Trachyandesite

NC22 lava from the same locality as NC20., Roberts
and Hawkins, 1965,

3¢ from Dollartoppen, Jan Mayen, Carstens, 1961,

2H near Skrukkefjell, Jan layen, OCarstens, 1962,

2T block in agglomerate of Egg Bluff, Jan ¥ayen,
Tyrrell, 1926,

Ci3 lava from Krossbukta, Nord Jan, Lussia-Berdou-
Polve and Vidal, 1973.

cih lava from Krossbukta, Nord Jan, Lussia-Berdou-

Polve and Vidal, 1973,

T.atite Andesite

SJ2B

JB1I

lava from 10m above the base of the cliffs at
the southern end of Sorbukta, Sor Jan, 70°50'33"N,
9 2'29"W, Fitch, written commnun,

ejected lava block from Eggoya, Nord Jan,
70058127"N, 8022'30°W, Fitch, written commun,
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Trachyte
SJ25B from a volcanic domeoforming the hill Bombelle-
stoppen, Sor Jan, 70°54°'10"N, 8°352'15"W,
Fitch, written commun.
1¢ - from Inndalsmoya, Jan Mayen., Carstens, 1961.

1T from Borbelle Mountain, Jan ¥ayen., Tyrrell, 1926,
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Ankaramites

SJ14B (Krossbukta formation) has a K-Ar age of
0.19 ¥0,10 my (Fitch, Grasty and Miller, 1965% and is
a dark gray, slightly to moderately vesicular, pilo-
taxitic, seriate porphyritic ankaramite., Common xeno-
crysts present are subhedral to anhedral chromium diop-
side, anhedral to euhedral titaniferous salite, and
resorbed olivine, o

Chromium diopside xenocrysts (maximum of 5.0 mm in
size) are light yellow green, resorbed, polygonized and
may contain inclusions of plagioclase, olivine, or mag-
netite, The chromium diopside is rimmed by purple brown
titaniferous augite (0,02 mm) and may be simply twinned,

Light brown titaniferous salite xenocrysts are
reversely zoned (average composition of W049En43F38) and
rimmed by titaniferous augite., They occur as both eu-
hedral and embayed crystals up to 5.0 mm in size, some-
times containing unaltered red brown glass, Larger
crystals may be characterized by discontinuous poikilitic
rims, while smaller ones may have poikilitic cores of
devitrified or partially crystallized glass, that often
takes on an appearance to the groundmass (any mention
hereafter of poikilitic titaniferous salite refers to this
description).

0livine xenocrysts (up to 2,0 mm) may also be poly-
gonized and contain magnetite and devitrified glass
inclusions, They are resorbed and iddingsitized on the
edges,

The xenocrysts and microphenocrysts of magnetite
(up to 0.30 mm) and anhedral, brown biotite (up to 0.15
mm long) lie in an aphanitic, intergranular groundmass of
purple brown titaniferous augite prisms (some of which
are sector zoned), plagioclase laths, euhedral or rounded
olivine (some of which are surrounded by iddingsite),
and magnetite cubes,

Glomerocrysts of clinopyroxene (diameter = 3.0-5.0
mm) are abundant, but clinopyroxene+olivine glomerocrysts
may also be found, Generally, the volume percent of
clinopyroxene > plagioclase = olivine,

SJ15A (Krossbukta formation) has a K-Ar age of 0.19 ¥
0.10 my'EFitch, Grasty and #iller, 1965) and is a dark gray,
moderately vesicular, pilotaxitic, seriate porphyritic
ankaramite., Xenocrystal phases present in this rock are
euhedral to anhedral chromium diopside, euhedral to anhedral
titaniferous salite, and embayed olivine.

Xenocrysts of yellow green chromium diopside
(Wou-EnygFss) attain a maximum of 5.5 mm and are resorbed,
polygonized, and timmed (0,10 :mm) by a purple brown titani-
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ferous augite (W049En42FS9). They contain inclusions of
plagioclase, olivine, or magnetite and may be simply twinned.

Light brown titaniferous salite xenocrysts are -
reversely zoned (core: qugEn43FS9, edges WougEnuLFsg)
and occur up to a size of 5.5 mm., The crystals are both
euhedral and resorbed and are rimmed by titaniferous
augite (WougEnyyFsig). Sometimes this rim is discon-
tinuously poikilitic, They may contain slightly altered
dark red brown glass associated with a few minute opaques.

Olivine xenocrysts (Fogy) are up to 2,0 mm in size,
may contain inclusions of magnetite or partially crystal-
lized glass (microlites are oriented in such a manner as
to produce a wavy extinction), and are resorbed and
iddingsitized,

These xenocrysts and microxenocrysts of resorbed
plagioclase (up to 0.35 mm in size, zoned with altered
cores, some with combined Carlsbad-albite twins), and
rounded magnetite (up to 0.30 mm) sit in a fine grained,
intergranular matrix of euhedral purple brown titani-
ferous augite (WoygEnyiFs11), plagioclase laths (CapiNaz6K3),
euhedral olivine, and magnetite.

Glomerocrysts of clinopyroxene (diameter = 0,5-4,0 mm)
are predominant, but olivine (diameter = 0,25-1,0 mm),
clinopyroxene+olivine (diameter = 1.0-2.0 mm), and some
plagioclase (diameter = 1,0 mm) glomerocrysts (CaggNa3pKy)
are also present., Volumetrically, the amount of c?ino—
pyroxene is greater than plagioclase and olivine, where
plagioclase = olivine,

SJ20B (Kapp Fishburn Tillite) is a dark gray, slichtly
vesicular, pilotaxitic, seriate porphyritic ankaramite.
Common Xenocrysts are subhedral chromium diopside, euhedral
to anhedral titaniferous salite, subhedral to anhedral
plagioclase, and embayed olivine,

Yellow green chromium diopside xenocrysts (up to 4.0 mm
in size) are resorbed and rimmed by a light purple brown
titaniferous augite (0,06 mm) around the embayed edges.
“hey may contain plagioclase, olivine, or masnetite and
may be simply twinned.

' Light brown titaniferous salite xenocrysts attain a
maximum of 4.0 mm in size and are found as euhedral and
resorbed crystals, They may be sector zoned or reversely
zoned in a concentric manner, The cores of the smaller
crystals are poikilitic, A sector zoned titaniferous salite
~appears to be poikilitic.on only one side of one of the
sectors, The composition of the reversely zoned crystals
varies from WougEnpsFsqig in the core to W048En43Fs9 on the
edges, Clear unaltered red brown glass may occQr 3as
inclusions in some titaniferous salites,

Olivine xenocrysts (Fog3 and Foyg8) attain maximum
sizes of 3.5 mm. They may contain magnetite or devitrified
glass inclusions and may be polygonized, They are resorbed
and iddingsitized about the ecdies.
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Xenocrysts of plagioclase (CagéNalel) are up to
0.75 mm in size, are resorbed and have a rim (0,01 mm) of
a more sodic plagioclase around the embayed edges. A few
may contain devitrified glass inclusions,

Microphenocrysts of anhedral, brown green-dark brown
biotite (up to 0.75 mm long and surrounded by a reaction
rim of magnetite), microphenocrysts of plagioclase
(Cag3Naj6K1), rounded magnetite microxenocrysts (up to
0.6 mm), and xenocrysts occur in a fine grained, inter-
granular groundmass of light purple brown titaniferous
augite prisms (WoygEnyiFsi11), plagioclase laths
(CaggNarsgKy), euhedral and rounded olivine, and magnetite.

Glomerocrysts of clinopyroxene (diameter = 0,5-1,5 mm),
olivine (diameter = 0.25 mm), and clinopyroxene+olivine
(diameter = 0,3-4,0 mm) are common, though plagioclase,
clinopyroxene+plagioclase, olivine+magnetite, and some
plagioclase+magnetite are also present, Volumetrically,
clinopyroxene » olivine = plagioclase,

NC20 (Storfjellet formation) is a dark gray, slightly
vesicular, weakly pilotaxitic, seriate porphyritic ankaramite,
Common xenocrysts in NC20 are subhedral to anhedral chromium
diopside, subhedral to anhedral titaniferous salite, and
émbayed olivine,

Yellow green chromium diopside xenocrysts have a
composition of WougEnggFsy, are up to 6.0 mm in size and
may contain inclusion8 of plagioclase, olivine, or magnetite.
They are resorbed and have a 0,08 mm rim of purple brown
titaniferous augite (WoggEnpoFs10) about the embayed edges.
A few are simply twinnegg

Xenocrysts of light brown titaniferous salite are
reversely zoned (core: WoygEny3Fsqg, near rims WougEnygFsg)
and are rimmed by titaniferous augite about the edges
(WOuéEnunglz). They occur as euhedral and embayed crystals
with discontinuous poikilitic rims up to 6,0 mm in size,

Olivine xenocrysts (maximum of 3.0 mm) are resorbed,
iddingsitized along the edges, polygonized, and may contain
magnetite inclusions. They have a composition of Fogg.

One olivine grain contains the 'ghost' of a pyroxene ¢rystal
as deduced by the 90° orientation of lines of fine grained
opaques.

These xenocrysts, microxenocrysts of resorbed plagio-
clase up to 0.35 mm in size (CagsNajgKq), and rounded
magnetite, microphenocrysts of eluhedral yellow brown-green
brown biotite (up to 0,50 mm long with a reaction rim of
magnetite), and microphenocrysts of plagioclase (Ca73Na24K3),
occur in a fine grained, intergranular groundmass composed
of prismatic purple brown, sector zoned titaniferous augite
(quéEnquslzg, plagioclase laths (CapiNapgK3), olivine
hexagons and equant magnetite grains,
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Clinopyroxene (diameter = 1,0-3,0 mm) and clino-
pyroxene+olivine (diameter = 0.5-4,0 mm) glomerocrysts are
most abundant, however, olivine and olivinet+magnetite
glomerocrysts are also found, The volume percent of clino-
pyroxene > olivine > plagloclase,

NC15 (Nordvestkapp formation) is a dark gray, slightly
vesicular, weakly pilotaxitic, seriate porphyritic ankaramite.
Xenocrystal phases present are subhedral to anhedral
chromium diopside, euhedral to anhedral titaniferous salite,
and embayed olivine.

Xenocrysts of yellow green chromium diopside
(WougEnygFsc) are up to 4,0 mm in size and are resorbed and
rimmed %8.0; mm) by a light purple brown titaniferous augite
(WO49En44Fs ) about the embayed edges. They are polygonized
and may con%ain plagioclase, olivine, or magnetite., A few
are simply twinned,

Resorbed xenocrysts and euhedral microphenocrysts of
titaniferous salite (WOSOED31F59) are light brown to light
purple brown reversely zoned crystals rimmed by titaniferous
augite, The xenocrysts occur up to 4,0 mm in size and may
contain brown yellow-brown pleochroic kaersutite(?). Some
microphenocrysts are simply twinned.

Olivine xenocrysts (Fogg) attain a maximum size of
2,0 mm and are resorbed, may be polygonized, and may contain
inclusions of magnetite., Some are partially altered to
hematite along cracks and cleavages,

Microxenocrysts of resorbed and rimmed plagioclase
(CagoNajoK ) containing glass inclusions, rounded and resorbed
magnetité %up to 0,5 mm), microphenocrysts of euhedral
olivine (Fogg) and equant hematite, and the xenocrysts occur
in a fine grained, intergranular groundmass of light purple
brown titaniferous augite prisms %quéEnngslg), plagioclase
laths (CaggNa3pKp), euhedral olivine, ragged red brown
biotite plateS, and magnetite,

* Glomerocrysts of clinopyroxene (diameter = 0,3-2.0 mm)
and plagioclase with devitrified glass inclusions
(CapyNagyKy with a diameter = 0.3-2.0 mm) are common,
Clinopyroxene+plagioclase, clinopyroxene+olivine, clino-
pyroxene+olivine+plagioclase, and sometimes olivine+
magnetite also occur in this ankaramite. Generally,
the volume percent of clinopyroxene » olivine = plagioclase.

NC27L (Nordvestkapp formation) is a dark gray, moderately
vesicular, nonpilotaxitic, seriate porphyritic ankaramite.
Common xenocrysts in NC27L are subhedral to anhedral
chromium diopside, anhedral to euhedral titaniferous
salite, subhedral plagioclase, and embayed olivine.

Chromium diopside xenocrysts (WoypEnygFsg) have a
maximun size of 4,0 mm, are yellow green, polygonized,
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resorbed, and have a 0,04 mm rim of a light purple brown
titaniferous augite (Woy7Eny3Fsig) about embayed edges.
They may contain inclusions of plagioclase, olivine,
magnetite, or carbonate (alteration of rounded plagioclase
inclusions), They may be simply twinned.,

Xenocrysts of light brown titaniferous salite (up to
4,0 mm in size) occur as reversely zoned euhedral and
resorbed crystals with a rim of titaniferous augite. Some
are sector zoned and have either a poikilitic core or rim
of glass inclusions, They may also contain inclusions of
yellow brown-brown pleochroic kaersutite(?). :

Olivine xenocrysts (up to 2,0 mm) are resorbed,
polygonized (as are some olivine glomerocrysts), and may
contain magnetite or partially crystallized glass inclusions
(with wavy extinction?.

Plagioclase xenocrysts (0,05 mm maximum) are resorbed
and rimmed (0,02 mm) around the embayed edges. The rims on
some crystals may be discontinuously poikilitic with
devitrified glass, '

These xenocrysts and microxenocrysts of rounded mag-
netite are set in a very fine grained, intergranular ground-
mass of tabular, light purple brown titaniferous augite,
plagioclase laths, olivine hexagons, and magnetite grains.,

Glomerocrysts of clinopyroxene (diameter = 0,3-2.0 mm)
and clinopyroxene+olivine (diameter = 0,5-2,0 mm) are
common, but plagioclase and clinopyroxene+plagioclase
glomerocrysts are also present, Volumetrically, clino-
pyroxene > olivine P plagioclase. '
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Alkali Olivine Basalts - Sor Jan

SJ1A (Lower Volcanic Series) has K-Ar ages of 0,49 ¥
0.12 my and 0,31 + 0,12 my (Fitch, Grasty and Miller, 1965)
and is a gray, moderately vesicular, trachytic, seriate
porphyritic alkali olivine basalt.,

Subhedral plagioclase xenocrysts (up to 1.5 mm) are
concentrically zoned and contain inclusions of glass,
A rim of a more Na rich plagioclase (0.02 mm) surrounds
the embayed edges of the plagioclase xenocrysts, Glomero-
crysts of plagioclase (diameter = 0,3-1,2 mm) and
olivine (diameter = 0,3-0,7 mm) are also resorbed, Other
glomerocrysts occurring in SJ1A are composed of plagioclase+
olivine, olivine+magnetite, and plagioclase+olivine+
magnetite, : _

Microxenocrysts of plagioclase, olivine, and magnetite
(up to 0.35 mm) occur in an intergranular groundmass of
euhedral purple brown titaniferous augite prisms, plagio-
clase laths, fork shaped olivine needles and diamonds, rods
of ilmenite, and magnetite grains. Groundmass diamond
shaped olivines have an opaque core indicating that they
crystallized about this pre-existing surface. Generally,
the volume percent of plagioclase » clinopyroxene » olivine.

SJIEA (Lower Volcanic Series) has a K-Ar age of less
than 0.24 my (Fitch, Grasty and Miller, 1965) and is a
gray, slightly vesicular, pilotaxitic, seriate porphyritic
alkali olivine basalt,

Xenocrysts of subhedral to anhedral chromium diopside,
euhedral titaniferous salite, anhedral plagioclase, and
embayed olivine occur in an intergranular matrix of
prismatic light purple brown titaniferous augite, plagio-
clase laths (CappNapgKp), and skeletal and diamond shaped
olivine, ,

Light yellow green chromium diopside xenocrysts
(Woy En51Fs6) are up to 3.0 mm in size and are rimmed by
a 1ight purple brown titaniferous augite around previously’
resorbed edges (0,10 mm). They are also polygonized and
may contain inclusions of plagioclase, olivine, and
magnetite, A few are simply twinned,

Euhedral lisht brown titaniferous salite (3.0 mm
naximum) crystals are reversely zoned (core: woy, Enust 30
edget WoyupEny Fsg) or sector zoned, Microphenoc?ysts o%
titaniferous Salite have a composition of WoysEnysFsq0,
and may have poikilitic cores,

0livine xenocrysts {(maximum of 1.0 mm) are polygonized,
resorbed (some are skéletal), and iddingsitized along the
outer edges with a magnetite rim about the crystal, They
have a composition of Fogg. MMicrophenocrysts of olivine
have a composition of Fogg.
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Xenocrysts of plagioclase (up to 0.70 mm in size) are
resorbed and rimmed by a more sodic plagioclase (0,01 mm)
around embayed edges, Some are zoned and have altered cores.
Microprobe analyses could not be obtained from the core,
but the clear edges have a composition of CapgNagsKs.

Glomerocrysts of clinopyroxene (diameter”= 8.2—0.5 mm) ,
olivine (diameter = 0.3-2,0 mm), and clinopyroxene+olivine
(diameter = 0.4-1,5 mm) are common in SJ13A, Minor amounts
of olivine+magnetite, and clinopyroxene+olivine+magnetite
glomerocrysts are also present, The volume percent of
plagioclase » clinopyroxene > olivine,

SJ9B (Lower Volcanic Series)’'is an alkall olivine
basalt and has an age of less than 0,24 my (Fitch, Grasty
and Miller, 1965). Xenocrysts present in this rock are
anhedral to subhedral chromium diopside, anhedral to
subhedral titaniferous salite, resorbed olivine and
resorbed plagioclase,

Light yellow green chromium diopside crystals are
rimmed by a titaniferous augite, and may be polygonized.
Xenocrysts of light yellow brown titaniferous salite are
reversely zoned and also rimmed by titaniferous augite,
mhe core of a few crystals are poikilitic, Some clino-
pyroxenes have green cores and colorless rims and are
sector zoned,

Olivine xenocrysts are resorbed, polygonized, and
iddingsitized,

Plagioclase xenocrysts are rounded, resorbed, and
rimmed by a more sodic plagioclase (which is poikilitic
with devitrified glass). They attain sizes up to 1.5 mm
in diameter. One plagioclase xenocryst exhibits
undulatory extinction along with bent Carlsbad-albite
twins,

mhe xenocrysts lie in an intergranular groundmass of
euhedral purple brown titaniferous augite, plagioclase
laths, partially to totally iddingsitized olivine, and
magnetite cubes.

Olivine glomerocrysts (4.0 2.0 mm), plagioclase :
glomerocrysts, and clinopyroxene glomerocrysts (3.5 3,0 mm)
are found in this rock. Generally, the volume of clino-
pyroxene » olivine > plagioclase.

SJ5A (Middle Volcanic Series) is a gray, moderately
vesicular, pilotaxitic, seriate porphyritic alkali olivine
basalt., Xenocrystal phases are subhedral to anhedral
chromium diopside, euhedral to anhedral:titaniferous salite,
anhedral plagioclase, and embayed olivine, .

Xenocrysts of yellow green chromium diopside (up to
3,0 mm in size) contain inclusions of plagioclase, olivine,
magnetite, or carbonate (alteration of rounded plagioclase
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inclusions). They are resorbed, polygonized, and have a
1ight purple brown rim (0.10 mm) occurring along embayed
edges, A few are simply twinned,

Light brown titaniferous salite xenocrysts (up to 3.0
mm maximum) and microphenocrysts are reversely zoned, and
have a rim of titaniferous augite. The rim of some micro-
phenocrysts are poikilitic, whereas the cores of the larger
crystals are poikilitiec, Titaniferous salite xenocrysts
may contain bright red brown clear isotropic inclusions
of glass, : ,

0livine xenocrysts (maximum size of 2.0 mm) may contain
magnetite inclusions and are commonly intergrown. Olivines
are resorbed, polygonized, iddingsitized along the edges,
and sometimes have a reaction rim of magnetite,

Plagioclase xenocrysts (up to 0.75 mm in size) may
have altered cores, are resorbed, and have a rim of a more
sodic plagioclase (0,02 mm) around the embayed edges.

These xenocrysts, microphenocrysts of plagioclase,
tabular anhedral yellow brown biotite (up to 0.35 mm long
with a magnetite reaction rim), and rounded magnetite
microxenocryst occur in an intergranular groundmass of
1ight purple brown titaniferous augite prisms, forked
olivine needles, plagioclase laths, magnetite grains, and
ilmenite rods. A groundmass size wedge-shaped crystal
with red brown-yellowbrown pleochroism appears similar to
kaersutite and lies partially within a microphenocryst of
plagioclase,

Clinopyroxene (diameter = 1,0-2.5 mm), olivine
(diameter = 0.5-2.0 mm), clinopyroxene+olivine (diameter =
1,0-1.5 mm), and some plagioclase glomerocrysts are found
in this rock. Volumetrically, plagioclase > clinopyroxene:
olivine, ' .

$J6 (Middle Volcanic Series) is a gray, moderately to
highly vesicular, pilotaxitic, seriate porphyritic alkali
olivine basalt. Common xenocrysts are subhedral to anhedral
chromium diopside, euhedral to anhedral titaniferous salite,
and embayed olivine. - '

Chromium diopside xenocrysts (W044En51Fss) are up to
4.0 mm in size, are yellow green and may contain inclusions
of plagioclase, olivine, magnetite, or carbonate (from
alteration of rounded plagioclase inclusions). They are
resorbed, may be polygonized, may be simply twinned, and
nave a 0.06 mm rim of light purple brown titaniferous augite
(Woy, sEny sFs10) . |

Xenocrysts of brown titaniferous salite are resorbed
and attain a maximum size of 4,0 mm. Euhedral light purple
brown microphenocrysts of titaniferous salite have a com-
position of WoupEnyuFsg. Titaniferous salite crystals are
reversely zoned or sector zoned and have a rim of titani-
ferous augite, Some may have poikilitic cores and some may
contain red brown-yellow brown pleochroic kaersutite(?),
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Olivine xenocrysts (Fogy) are 4,0 mm maximum in size
and are commonly intergrown, resorbed, polygonized, and
iddingsitized along the edges with a magnetite reaction
rim, Some olivines are completely replaced by a magnetite-
hematite mass, They also contain inclusions of magnetite
and chromium diopside, .

These xenocrysts, microphenocrysts of olivine, anhedral
red brown-dark red brown biotite (up to 0,20 mm long and
rimmed by magnetite), euhedral hematite, microxenocrysts
up to 0.75 mm in size of resorbed and rimmed plagioclase
containing devitrified glass inclusions (Ca7 Na25K1ﬁcore
rimmed by CagiNa37Kz), and microxenocrysts o% rounded
magnetite lie in"an intergranular groundmass of light
purple brown prisms of titaniferous augite (WoyyEnygFsig),
plagioclase laths (Ca71Na28K1), magnetite grains, amorphous
hematite, and some ilmenite rods. It is almost impossible
to distinguish plagioclase microxenocrysts from groundmass
plagioclase because they span the same size range.

Clinopyroxene (diameter = 0.5-1,5 mm), olivine
(diameter = 0,5%-1,5 mm), and clinopyroxene+olivine
(diameter = 1,0-2,0 mm) glomerocrysts are common, Other
glomerocrysts are olivine+magnetite, plagioclase+clino-
pyroxene+magnetite, plagioclase, and clinopyroxene+olivine+
magnetite, Clinopyroxene and plagioclase are volumetrically
dominant over olivine, but clinopyroxene = plagioclase,
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Alkali Olivine Basalts - Nord Jan

NC17 (Storfjellet formation) is a gray, slightly to
moderately vesicular, pilotaxitic, seriate porphyritic
alkali olivine basalt, Xenocrysts occurring in NC17 are
anhedral to subhedral chromium diopside, anhedral titani-
ferous salite, anhedral plagioclase, and embayed olivine,

Xenocrysts of yellow green chromium diopside (maximum
of 4,0 mm) are resorbed and rimmed (0,04 mm) by a purple
brown titaniferous augite along the embayed edges., They
may contain inclusions of olivine or magnetite, and some
are simply twinned,

Resorbed light brown titaniferous salite (up to 4,0 mm)
xenocrysts and euhedral purple brown microphenocrysts are
concentrically zoned (cores WosggEny3Fsp, edge:s WougEn43Fsg).

Olivine xenocrysts (Fogg) are up to 4.0 mm in size and
glomerocrysts are resorbed and polygonized,

Plagioclase xenocrysts (1.5 mm maximum) may have glass
inclusions and may be zoned., They have a composition of
CaggNa11,<Ko,5. They are resorbed and rimmed by a more
sodic plagioclase (0.02 mm) about the embayed edges.

Microphenocrysts of euhedral olivine, anhedral yellow
brown to red brown biotite (up to 0.15 mm in size), and
microxenocrysts of rounded, resorbed magnetite (up to 0.3% mn)
sit in a fine grained, intergranular groundmass of prismatic
purple brown titaniferous augite (Wogq1En 6F513), laths of
plagioclase (Ca63Na36K1), euhedral forked olivine needles
(Fo58), and equant magnetite,

Plagioclase glomerocrysts (diameter = 0,25-1,0 mm) are
very cormon in NC17, but glomerocrysts of clinopyroxene.
(diameter = 0,5-1,5 mm), clinopyroxene+olivine (diameter =
0.523,0 mm), and some olivine (diameter = 1,0-3.0 mm) are
also present, Generally, the volume percent of plagio-
clase = clinopyroxene = olivine,

NC22 (Storfjellet formation) is a gray, slightly
vesicular, pilotaxitic, porphyritic alkali olivine basalt,
Xenocrystal phases present are anhedral chromium diopside,
anhedral plagioclase, anhedral titaniferous salite, and

resorbed olivine,
' Yellow green chromium diopside xenocrysts (Woqun?OFs5)
attain sizes up to 1.5 mm and may have inclusions of plagio-
clase, olivine, or magnetite and may be polygonized. They
are resorbed and rimmed (0.02 mm) by a purple brown titani-
ferous augite (WO47En41F512) about the embayed edges,

A few zoned titaniferous salite xenocrysts form an
anhedral glomerocryst which has a rim of titaniferous
augite about it,

Olivine xenocrysts (Fogg) attain a maxirum size of
1.5 mm and may be polygonizéd and may contain inclusions of
magnetite, They are surrounded by a magnetite reaction rim,
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Resorbed plagioclase xenocrysts have a composition of
CagéNa%BKl and have a 0,01 mm rim of a more sodic and
potassié feldspar (Ca51Na4 Ky). They attain a maximum
size of 1.3 mm and mayAcongain inclusions of glass,

These Xxenocrysts, microphenocrysts of subhedral
biotite and microxenocrysts of rounded magnetite (up to
0.10 mm in size) are set in an intergranular groundmass
of purple brown titaniferous augite prisms, plagioclase
laths (Ca 4Na43K3), olivine hexagons, needles, and diamonds
and magnegite grains, _

Plagioclase glomerocrysts (diameter = 0,5-1,5 mm)
are predominant over clinopyroxene+magnetite and olivine+
magnetite glomerocrysts, Clinopyroxene and plagioclase
are volumetrically dominant over olivine, but clino-
pyroxene = plagioclase,

NC23 (Storfjellet formation) is a dark gray, moderately
"to0 highly vesicular, pilotaxitic, seriate porphyritic alkali
olivine basalt, Common xenocrysts are anhedral chromium
diopside, euhedral to anhedral titaniferous salite,

anhedral plagioclase, and embayed olivine,

Yellow green chromium diopside xenocrysts (maximum of
6,0 mm in size) may contain inclusions of plagioclase,
olivine, or magnetite, They are resorbed, rimmed by a purple
brown titaniferous augite (0,07 mm) around the embayed
edges, and may be simply twinned.

Euhedral to resorbed light brown titaniferous salite
xenocrysts (up to 6.0 mm maximum) and euhedral purple brown
microphenocrysts are sector zoned or reversely zoned with
a rim of titaniferous augite which may be poikilitie., Some
may contain red-brown glass or altered kaersutite(?) which
is distinguished by lines of opaques parallel to 124° - 56°
cleavage angles,

Olivine xenocrysts (Fogg) attain sizes up to 4.0 mm
and are resorbed, may contain magnetite inclusions and may
be polygonized (as are some olivine glomerocrysts).

Xenocrysts of plagioclase (3.0 mm maximum) are resorbed
and have a rim of a more sodic plagioclase (0.01 mm) about
the embayed edges., They may be zoned having cores that are
poikilitic with devitrified glass inclusions. Some exhibit
combined Carlsbad-albite twins,

These xenocrysts and rounded magnetite microxenocrysts
(up to 0.50 mm) are set in an intergranular groundmass of
prismatic purple brown titaniferous augite, plagioclase laths,
olivine hexagons (formed about tiny opaque points) and
equant magnetite,

Clinopyroxene (diameter = 0,5-1,0 mm) and clinopyroxene+
olivine (diameter = 0.5-3.0 mm) glomerocrysts are most
common but clinopyroxene+plagioclase, clinopyroxene+plagio-
clase+magnetite, and some plagioclase glomerocrysts are
present. Generally, the volume percent of clinopyroxene>
plagioclase > olivine, :
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NC34B (Nordvestkapp formation) is a dark gray, highly
vesicular, glomeroporphyritic alkali olivine basalt,
Phenocrysts present in NC34B are euhedral titaniferous
salite, euhedral to subhedral plagioclase, and euhedral
olivine,

Plagioclase phenocrysts and glomerocrysts (CagiNajp,bsK1,5)
are predominant and are surrounded by a rim 0,02 mm wide
of a more sodic plagioclase (CagpNa3yKy). Twinned and
untwinned zoned plagioclase phenocrysts exhibit strong
undulatory extinction, and some contain devitrified glass
inclusions, Small phenocrysts (up to 0.35 mm in size) and
glomerocrysts of olivine have a composition of Fong and
some contain magnetite inclusions,

Euhedral dark purple brown sector zoned titaniferous
salite microphenocrysts (up to 0.50 mm in size) and
glomerocrysts of plagioclase (diameter = 0.5-1,0 mm) and
olivine (diameter = 0,25-0,50 mm) rest in an intergranular
matrix of prismatic dark purple brown, sector zoned titani-
ferous augite (WoygEn 7Fs14), plagioclase (CaggNapzgK3),
olivine diamonds and %orked needles, ilmenite rods, and
equant magnetite. Glomerocrysts of plagioclase+olivine
also are present, Volumetrically, plagioclase = clino~
pyroxene » olivine,

JB202 (Sentralkrateret formation) is a gray to gray
brown, highly vesicular, glomeroporphyritic alkali olivine
basalt. Phenocrystal phases present are subhedral titani-
ferous salite and anhedral plagioclase,

Titaniferous salite phenocrysts (WoygEny3Fsii) attain
a maximum size of 1,1 mm, are sector zoned, and may be
simply twinned. They may contain plagioclase and magnetite
inclusions.

Plagioclase phenocrysts (up to 1.0 mm in size) and
glomerocrysts (diameter = 0,1-2,0 mm) are abundant
(Ca82.5Na16K1.<) and may have a more sodic plagioclase rim
of CagoNa3pK3 (0,01 mm) about apparently resorbed edges.

Some have combined Carlsbad-albite twins and appear zoned
with inclusions of devitrified glass in the core, Twinned
and untwinned zoned plagioclase phenocrysts exhibit strong
undulatory extinction, :

' The phenocrysts and microphenocrysts of iddingsitized
olivine (up to 0,20 mm with a magnetite reaction rim) and
pseudomorphous magnetite after olivine (up to 0,75 mm) lie
in an intergranular groundmass of dark purple brown, sector
zoned titaniferous augite prisms (WoynpEn3sFsig) occasionally
altering to a yellow brown amphibole, plazioclase laths
(CasgNa37K4), euhedral olivine (Fo725_surrounded by magnetite,
rods of,1lmenite and magnetite grains.,

Lesser amounts of clinopyroxene (diameter = 0,5-2.0 mm),
clinopyroxene+plagioclase, clinopyroxene+plagioclase+olivine,
plagioclase+magnetite, clinopyroxene+plagioclase+magnetite,
olivine, and plagioclase+olivine glomerocrysts also occur,
Generally, the volume percent of plagioclase > clinopyroxene >
olivine, .
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NC12C (Tromsoryggen formation) is a gray, moderately to
highly vesicular, pilotaxitic, seriate porphyritic alkali
olivine basalt. Xenocrysts occurring in this rock are
subhedral to euhedral titaniferous salite, anhedral plagio-
clase, and olivine,

Light brown subhedral titaniferous salite xenocrysts
(up to 1.4 mm in size) and euhedral purple brown micropheno-
crysts (WougEnqule) are sector zoned, and may contain
inclusions of hematlite, plagioclase, olivine or magnetite.
"hey are slightly resorbed and some are also simply twinned,
"he rock consists primarily of titaniferous salite glomero-
crysts and chromium diopside xenocrysts appear to be absent,

Olivine xenocrysts (maximum of 1,0 mm) are resorbed
~ and may contain ragnetite inclusions, Euhedral olivine

phenocrysts are also present and may contain magnetite
inclusions, ‘

Plagioclase xenocrysts (0.65 mm maximum) are resorbed
and rimmed (0.01 mm) by a more sodic plagioclase about the
embayed edges., One plagioclase xenocryst shows bent and
strained albite twins, '

These xenocrysts and microphenocrysts of plagioclase
(Ca69Na2 K»), and olivine (Fogs) are set in an intergranular
ratrix og prismatic purple brown titaniferous augite,
plagioclase laths (CaggNa3p sK1,s), diamond shaped and
skeletal olivine, and equant maghetite.

Glomerocrysts of clinopyroxene+olivine (diameter =
0.25-3,0 mm) are most common, but other glomerocrysts of
clinopyroxene, plagioclase, olivine, clinopyroxene+plagio-
clase, and clinopyroxene+plagioclaset+olivine also are found,
Yolumetrically, plagioclase and clinopyroxene exceed olivine,
but plagioclase = clinopyroxene,

NC35B (Tromsoryggen formation) is a gray, highly
vesicular, pilotaxitic, seriate porphyritic alkali olivine
basalt., ZXenocrystal phases present are subhedral chromium
diopside, anhedral titaniferous salite, subhedral to
anhedral plagioclase, and embayed olivine,

Yellow green chromium diopside xenocrysts (maximum
size of 2,5 mm) are resorbed and rimmed (0,04 mn) by a light
purple brown titaniferous augite along the embayed edges.
“hey may. have plagioclase and magnetite inclusions.

Xenocrysts of titaniferous salite are reversely zoned
and unrimmed,

Olivine xenocrysts (0.70 mm maximum) are resorbed and
may be polygonized, Plagioclase xenocrysts (up to 1.0 mm
in size) are resorbed and have a distinct rim of a more
sodic plagioclase (0.01 mm) about the embayed edges. Some
contain glass inclusions., Both plagioclase and olivine
. xenocrysts may have magnetite inclusions.

The xenocrysts, rounded magnetite microxenocrysts, and
euhedral magnetite phenocrysts lie in a very fine grained,
intergranular groundanass coisposed of purple brown sector
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zoned titaniferous augite prisms (sometimes in radiating
groups), plagioclase laths, olivine diamonds and forked
needles, and magnetite grains,

Glomerocrysts of plagioclase (diameter = 0,3-1,0 mm)
are predominant, though some consisting of clinopyroxene+
olivine+magnetite also occur, Generally, the volume percent
of plagioclase » clinopyroxene $ olivine.

NC30C (Tromsorygsen formation) is a gray to dark gray,
moderately to highly vesicular, pilotaxitic, porphyritic
alkali olivine basalt., Xenocrysts occurring in NC30C are
subhedral chromium diopside, subhedral to anhedral plagio-
clase, anhedral titaniferous salite, and embayed olivine.

Light green chromium diopside xenocrysts (up to 3.0 mm
in size) are resorbed and rimmed by a purple brown titani-
ferous augite (0,03 mmn). They may have olivine, plagioclase,
or magnetite as inclusions,

Rounded, embayed 1light brown titaniferous salite Xxeno-
crysts rimmed by a titaniferous augite are also present,

' Olivine xenocrysts (2.0 mm maximum) are resorbed and
may be faintly polygonized as are some olivine glomerocrysts,
Plagioclase xenocrysts (maximum size of 0,5 mm) are
resorbed and rimmed by a more sodic plagioclase (0.01 mm),

“hey may contain inclusions of glass,

The xenocrysts, microphenocrysts of subhedral, red
brown-yellow brown biotite (up to 0.15 mm long with a
reaction rim of magnetite), and microxenocrysts of resorbed,
rounded magnetite (up to 0.7 mm in size) occur in a very
fine grained, intergranular groundmass of prismatic purple
brown, simply twinned titaniferous augite (sometimes found
in radiating glomerocrysts), plagioclase laths, olivine
diamonds and forked needles, and magnetite grains,

Plagioclase glomerocrysts (diameter = 0,2-1,5 mm) are
most common, but clinopyroxene and some clinopyroxene+
olivine glomerocrysts are present, Volumetrically,
plagioclage > clinopyroxene > olivine. '
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T.atite Andesites

sJ2B (Lower Volcanic Series) has a K-Ar age of 0,49
0.12 my or 0.31 * 0,12 my (Fitch, Grasty and Miller, 1965)
and is a light gray, nonvesicular, trachytic, porphyritic
latite andesite,

Phenocrysts of anhedral, equant Na-K rich.plagioclase
(up to 3.0 mm in size) appear to be resorbed and have a
thin rim (0.03 mm) about the embayed edges. They exhibit
an undulatory extinction and some may contain inclusions
of clinopyroxene or magnetite, The composition of the
feldspars varies widely. Core compositions are: Ca34Na6 Ké,
Cap:NaggKq, CajgNaggKi3 and their respective rim compositions
arei Cap Baé K& Ca18Na69K1 , and Ca Na61K36.

Na-z rléh plagioclasSe ghenocrys s and”microphenocrysts
of subhedral, dark brown to brown biotite (up to 1.5 mm
long surrounded by a magnetite reaction rim), dark brown
anhedral hornblende (which also has-a magnetite reaction rim),
and rounded resorbed magnetite (0.35 mm maximum in size)
sit in a flow aligned groundrass of zoned sodic plagioclase
laths (Ca 1Na61K85, interstitial potassium feldspar laths
(Ca17Na67é16), and magnetite grains,

Glomerocrysts of plagioclase (diameter = 1,0-3.0 mn)
and Na-K rich plagioclase (diameter = 0,25-1,0 mm) are
predoninant, Generally, the volure percent of plagioclase+
potassium feldspar is greater than that of clinopyroxene.

JB1I (Sentralkrateret formation) is an ejected lava
block from Egsoya and may be equivalent to a late HMiddle
Volcanic Series lava., It is a light gray to gray, non-
vesicular, trachytic, seriate porphyritic biotite latite
andesite, Comzon phenocrysts in JB1I are euhedral altered
clinopyroxene, anhedral plasioclase, subhedral to anhedral
biotite and anhedral hornblende,

Phenocrysts of clinopyroxene (up to 1.2 mm in size)
are corpletely altered to calcite, hematite, and a felty
mass (actinolite-tremolite?). The clinopyroxene 'ghosts'
contain inclusions of plagioclase, magnetite, and biotite,

Plagioclase phenocrysts (maximua of 3.0 mm in size)
are gzoned, resorbed, and have a rim of potassium feldspar
(0,02 mn) around the resorbed edges., Chemicaly, the
zonation varies from CaczgNaygKy in the core to CayyNagK
near the rim, They may contain inclusions of clinopyroxéne
or magnetite., Some have combine Carlsbad-albite twins,

Biotite phenocrysts (up to 1,2 mm long) display a
dark broéwn-yellow brown pleochroism and are surrounded by
a reaction rim of magnetite, Some biotite crystals contain
plagioclase as an inclusion,

Yornblende phenocrysts (maximum of 1,7 mm long) are
dark red brown and are altered to magnetite and hematite
on the outer edges., [‘agnetite microphenocrysts (0.5 mn
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“maximum in size) appear resorbed in some cases and are
often pseudomorphous after biotite or hornblende.

These phenocryst phases lie in a flow aligned ground-
mass of plagioclase laths (CaquNagoKg), intersitial
potassium feldspar laths (Ca Ba:8K39?, magnetite, and
amorphous hematite staining %he’groundmass red.

Glomerocrysts which occur in this rock are combina-
tions of clinopyroxene, plagioclase, magnetite, biotite,
and hornblende. G{dlomerocryst sizes range from 0.5 to 3.0
mm in diameter,
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Trachytes

SJ25B (iliddle Volcanic Series) is a light gray to
white nonvesicular, trachytie, seriate porphyritic alkalil
trachyte., Phenocryst phases present in this rock are
subhedral aegirine-augite, anhedral plagioclase, anhedral
equant anorthoclase, and subhedral to anhedral biotite,

Phenocrysts of bright green aegirine-augite
(quqEn34Fszz) attain sizes up to 1.0 mm and may contain
inclusions of hematite, plagioclase, or rasnetite.

Plagioclase phenocrysts (CaspNagpKg) are a maximum
of 4,5 mm in size, appear resorbeg ang are rimmed by 0.12 mnm
of potassium feldspar (CagNasgKyy) around the embayed
edges, : They may contain clifopyroxene, magnetite, or
biotite inclusions.,

Anorthoclase phenocrﬁsts have a composition of
CajNag7K32 and are up to 4.0 mm in size, They also appear
to be resorbed and rimred (0,03 mm) and may contain inclu-
sions of magnetite, clinopyroxene, or biotite. They also
exhibit an undulatory extinction,

Euhedral squares of sanidine (Cag,1Nasy,h gKyg) micro-
phenocrysts are also present, -

Biotite phenocrysts (up to 1.4 mm long) display a
brown green to dark brown pleochroism and are surrounded
by a reaction rim of masnetite and hematite. Rounded
magnetite microphenocrysts attain a maximum size of 0.35 mm.

The groundmass consists of flow aligned plagioclase
laths, anhedral atkali feldspar (CaBNa<8K39), and magnetite
grains, -

Glorerocrysts which occur in SJ25B are combinations
of anorthoclase, aegirine-augite, magnetite, and biotite.
They range in size from 0.5 to 4,0 mm in diameter. Generally,
the volume percent of plagioclase+potassium feldspar is
greater than that of clinopyroxene.
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