
METAL AND SULFIDE INCLUSIONS IN THE LAPPAJARVI IMPACT MELTS.  D.D. Badjukov1, J. Rai-
tala2, and T.L. Petrova3, 1V.I. Vernadsky Insitute, Moscow, 117975, Russia, 2 Dept. of Astronomy, Univ. of Oulu,
SF-90570, Oulu, Finland, 3Institute of Lithosphere, Moscow, 109180, Russia.

The Lappajarvi impact crater is situated at the
Central Finland (63o09’N, 23o42’E) about 350 km
NW of Helsinki [1] in an area of distribution of  mica
shists, granite, granodiorite, amphibolite and volcan-
ites [2]. Its diameter was estimated to be about 20 km
[1] and the 39Ar-40Ar age of its formation is 77.3+-
0.4 m.y.[3]. Impact melt rocks (karnaite) form a co-
herent sheet body with approximate thickness of
about 150 m.  Geochemical data on impact melts
show strong enrichment in siderophile elements rela-
tive to target rocks. Siderophile element relationships
indicate a chondrite composition of the projectile [4].
Ir contents in the melts lie in a range of 4 - 12 ppb
[1,4,5] that means contamination by projectile mate-
rial to be about 1 - 2 %. The Lappjarvi impact melt
contains numerous inclusions of kamacite that were
proposed to be remnants of the projectile [6]. Moti-
vated by the siderophile enrichment of the impact
melts and presence of metal inclusions we have stud-
ied the ones. Based on compositions of the metal and
associated sulfides we propose their arising by impact
melt formation from terrestrial sources but not
extrraterrestrial.

Karnaite samples were collected at the outcrops of
the Karna island as well as were recovered from gla-
cial sandy-gravel deposits. Thin sections of the kär-
naite were studied using an optical microscope, SEM
and EPMA.

All collected karnaite samples can be divided in
two groups.
a) Relatively coarse-grained melts (grain sizes lie in
range 5 - 100 µm, Fig 1a) consisting of euhedral
platelets of orthorhombic pyroxene, feldspar crystals
composed from a plagioclase core and potassium feld-
spar rim, interstitial glass, quartz, cordierite, minor
ore minerals which are sulfides,  ilmenite and kama-
cite, and clasts of target minerals and rocks. Often the
melt is altered. The alteration is expressed in Px and
Cord transformation into secondary mineral (chlo-
rite?), precipitation of epidote and recrystallization of
an interstitial glass to fine feldspar-quartz aggregates
with sub-myrmekitical texture. b) Fine grained rocks
(average grain size is a few µm, Fig. 1b) with fluidal
structure. The mineral rock composition is very close
to the variety described above.  Plate- or lens-like in-
clusions of high in Al mafic impact melt are charac-
teristic for the rocks. The fine-grained texture can be
connected with fast cooling due to large volume of

relative cool debris and/or also might be due to near-
surface location by crystallization too.

Rare iron particles can be found in the unaltered
impact melt rocks. According to their position in ma-
trix and composition the metal particles can be di-
vided on two varieties. The first is presented by good
shaped crystals (Fig. 2a) or droplets (Fig. 2b) some-
times together with pyrrhotite rim. The crystals are
developed mostly in coarser grained melts, whereas
droplets are situated in fine grained inhomogenious
melts. The observed sizes of the metal particles are
not larger than 25 µm with typical size of 5 µm or
less. Only kamacite was found. Ni content in the
metal lies in the range of 4.5 -0.5 wt. %, whereas Co
contents range from 0,5 % to a limit of detection
(<0,1%).  The particles with highest contents of Ni
(4-5 %) contain up to 0,5 % Co, and the ones with
lowest (<1 %) are depleted in Co. Some particles
contain trace of Cu ( < 0,2 %).  Also traces of Si, P,
and S were established in some grains. The second
type of metal grains occurs in large pyrrhotite-silicate
nuggets as inclusions in pyrrhotite matrix (Fig 1f).
They are enriched in Ni to be about 10 % and have
0,5% of Co. Nevertheless there are kamacite inclu-
sions with a Ni content as low as 3,5 %. The low Ni
inclusion contains Cu (0,3%). No traces of  Si, P, or S
were established.

Sulfides in the studied impactites are pyrrhotite
(hexagonal and monoclinic), pentlandite and
chalkopyrite. Three main types of pyrrhotite inclu-
sions can be emphasised. They are small droplets and
globules (Fe0.96S) with sizes from a few µm up to tens
mm, relatively large nuggets containing grains of
pentlandite, chalkopyrite, and kamacite with large
silicate (chlorite?)-pentlandite globules (Fig. 3 a,b),
and pyrrhotite inclusions of irregular shape. Ni con-
tents in pyrrhotite range from 2 %  till detection limit.
Based on the averaged volume content of pyrrhotite
(3.4%) with  0.8% of  Ni one can calculate that a Ni
concentration in the melt rock is 270 ppm, that is
very close to the previous data [4] and means that the
sulfides are main carriers for Ni.

The metal due to low Ni concentrations in metal
droplets and a Ni/Co ratio that lies in a range of 3 -15
differs compositionally from metal of meteorites
having higher Ni and a Ni/Co rato [7]. We suggest
that the metal originated by reduction iron from an
impact melt and has the terrestrial source. Neverthe-
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less, during formation of the melt sheet  disseminated
meteorite siderophile elements like Ni  and Co can be
collected in metal due to high metal-silicate partition
coefficients. The higher Ni in metal inclusions in sul-
fide nuggets relative to metal droplets can be caused
by more profitable possibilities to collect it from a
sulfide matrix that contains more Ni than poor in Ni
impact melts.

It should be noted if the Lappjarvi event had
a much more scale, it would be lead to long duration
of an existence of the molten coherent sheet (a melt
lake) and , consequently, to sinking heavy sulfide
minerals on the bottom. Following hydrothermal ac-
tivity might form Sudbery-like ore deposits.
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Fig 1a. Relatively coarse-grained impact melt.
Orthopyroxene is light gray;: zoned feldspar (dark
gray) is embedded in glass, white globule is pyr-
rhotite. SEM image. Length of the bar is 100 µm.

Fig 1b. Fine-grained impact melt. White: pyr-
rhotite and metal; light grey: orthopyroxene; dark
grey: glass. SEM image. Length of the bar is 100 µm.

Fig. 2a. Kamacite crystals in “coarse”-grained
impact melt (white). SEM image.

Fig 2b. Kamcite inclusions in pyrrhotite. SEM
image.

Fig 3a. Pyrrhotite inclusion (gray) in silicate ma-
trix (black) with chalkopyrite ( at the center) and
pentlandite (right upper corner). SEM image.

Fig 3b. Pyrrhotite inclusion (gray) with chlo-
rite(?)-pentlandite globule (dark grey). SEM image
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