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Fragments of the Kivesvaara meteorite were said to have been
found in Paltamo, northern Finland in 1968. The chemical and min-
eral composition and the textural features show that this meteorite
is a rare C2 carbonaceous chondrite. The research material consists
of two fragments with traces of fusion crust (total weight 164 g).
The meteorite is composed of a fine-grained phyllosilicate matrix
(77.5 vol.%) and of clasts: amoeboid olivine aggregates and fine-
grained Ca-Al-Ti-rich aggregates (CAI inclusions), fluid drop chon-
drules and polymineralic fragments, monomineralic grains and frag-
ments mainly of olivine, and opaque minerals. The clasts define a
weak planar orientation and most of them are surrounded by black
matrix rinds. The chemical composition of the Kivesvaara meteorite
closely resembles Murchison C2 chondrite.
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Introduction

In May 1968 blackish stones with a strange
bituminous odour were said to have been en-
countered by Mr Pertti Huusko and six other
men while planting trees on the eastern side
of Kivesvaara, a hill in Paltamo commune,
northern Finland (lat. = 64°27', long. = 27°34").
Unfortunately, it was not until October 1980
that the stones were identified as a car-
bonaceous chondrite. Despite a systematic
search in 1981 the two fragments with a

total weight of 164 g remain the only samples.
Field observations and interviews with local
people suggested that the meteorite had
fallen during winter 1968. The Kivesvaara
meteorite is displayed in the meteorite col-
lection at the Mineralogical Museum of the
University of Helsinki. In this paper we de-
scribe its textural features and give its che-
mical composition as established by wet-
chemical methods.
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Carbonaceous chondrites

Chondritic meteorites are the oldest
known rock samples (age 4.4—4.6 GY) from
our solar system. They most probably derive
from asteroids, which may represent extin-
guished comets or small asteroids, or both.
The chondritic meteorites are our only sam-
ples of the early years of the solar system,
and they seem to provide frozen evidence of
incipient planet-building processes.

Because of their weakly metamorphosed
nature, the carbonaceous chondrites are
crucial to meteorite research. Since the pio-
neering work of Wiik (1956), the carbona-
ceous chondrites have been studied inten-
sively mainly in connection with space pro-
grammes. The reader is referred to Mason
(1971), Nagy (1975), Kallemeyn and Wasson
(1981), Dodd (1981) and Smith (1982) for de-
tailed references and a summary. The cur-
rent view interprets the carbonaceous chond-
rites as agglomeratic rocks that represent the
outer regolithic layers of their parent bodies.
There is compelling evidence that these
bodies formed at the same time and from
the same cosmoclastic material (interstellar
grains and supernova debris) as the solar
nebulae. Later collisions finally sent frag-
ments of the bodies into earth-intersecting
orbits.

Exhaustive studies on the carbonaceous
chondrites have revealed many unexpected
features of their chemical composition and
petrological history. One peculiarity is their
low-temperature phyllosilicate matrix with
its content of organic compounds and water.
On the other hand embedded in this matrix
material there are high-temperature olivine
and pyroxene clasts: chondrules, unmelted
aggregates and single crystals and crystal
fragments. The date when these high temper-
ature clasts were condensed from solar nebu-
lae or crystallized from a melt and the date
when they accreted onto the parent bodies

(the matrix age) may be separated by a con-
siderable span of time, perhaps about 100 My
(see Macdougall and Kothari 1976). Likewise
the isotopic anomalies in some Ca-Al-Ti-rich
fine-grained clasts (CAI inclusions) strongly
suggest that these clasts may have acquired
some of their material from outside the solar
system (see Scott 1982).

The research material of carbonaceous
chondrites, however, is limited, only 20 chon-

drites classified in the C2 group being known
(Table 1).

Macroscopic description

The Kivesvaara meteorite find consists of
two fragments (Figs. 1 and 2). The larger
fragment weighs 114 g with dimensions
6 X 5 x4 cm, and the smaller 50 g with di-
mensions 4 X 2 x 2 cm. Part of the smaller
fragment was used for the chemical analysis

Table 1. List of C2 chondrites.

Name Recovery Reference

Allan Hills 77306  Find Moore (1982)
Allan Hills 78261 Find Moore (1982)
Boriskino Fall Wasson (1974)
Cochabamba Find Kurat and Kracher
(1975)
Cold Bokkeveld Fall Wasson (1974)
Crescent Fall Wasson (1974)
Erakot Fall Wasson (1974)
Essebi Fall Wasson (1974)
Haripura Fall Wasson (1974)
Mighei Fall Wasson (1974)
Murchison Fall Fuchs et al. (1973)
Murray Fall Wasson (1974)
Nawapali Fall Wasson (1974)
Niger (I) Find Desnoyers (1980)
Nogoya Fall Wasson (1974)
Pollen Fall Wasson (1974)
Santa Cruz Fall Wasson (1974)
Yamato 74642 Find Moore (1982)
Yamato 74662 Find Moore (1982)
Yamato 75260 Find Moore (1982)
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Fig. 1. The larger fragment of the Kivesvaara meteorite (114 g). Upper and lower right photographs:

length and side view of the natural surface with patches of fusion crust. Lower left photograph: side view

of the fresh fracture surface with light clasts in dark gray matrix material. Note the fracture planes reveal-
ing a joint system and the black areas devoid of larger clasts in the lower left photograph.
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Fig. 2. The smaller fragment of the Kivesvaara
meteorite (50 g).

and for the thin and polished sections. Both
meteorite fragments contain primary sur-
faces with patches of black and green sco-
riceaous glassy fusion crust and secondary
fracture surfaces formed during the flight
of the meteorite. The two fragments do not
fit together.

The colour of the fresh fracture surfaces
is dark olive green (colour code 5Y 3/1). The
bulk density of both samples ranged from
2.07 to 2.17 with the mean at 2.14 g/cm?®. The
bulk density was determined by the conven-
tional water immersion method and was
found to increase with the increasing hu-
midity of the sample. The magnetic proper-
ties of the Kivesvaara C2 chondrite will be
reported elsewhere. The results (L. J. Peso-
nen, pers. comm., 1982) suggest the presence
of a very strong and stable natural magnetiza-
tion (NRM) and a moderate strong suscepti-
bility.

Both meteorite fragments possess a weak
planar orientation of their mineral grains and
aggregates. A few black fragments of Cl-like
material lie parallel to the orientation. Nor-
mal to these planes are fractures that form
one joint system.

Petrographic description

Methods

The textural composition was determined
by point counting of a polished thin section
in combined transmitted and reflected light.
The criteria used for the identification of the
textural components are essentially the same
as in McSween (1979). The terminology used
for the chondrule types is according to King
and King (1978) and Gooding and Keil (1981).
The grain sizes of the particles with maxi-
mum diameter over 0.1 mm were measured
with an ocular screw micrometer in com-
bined transmitted and reflected light. The
matrix textures were observed from an ultra-
thin section (about 5 um) in transmitted
light.

Textures

The Kivesvaara meteorite is composed of
fine-grained matrix and clasts in the form
of amoeboid fine-grained mineral aggregates,
chondrules, polymineralic broken fragments,
monomineralic grains and fragments, and of
opaque minerals (Table 2 and Fig. 3). A few
black breccia fragments were noticed in
ultra-thin section. The grain size frequency
distribution curve for all particles with maxi-
mum diameter = 100 um is within the limits
reported by King and King (1978) for CM2
and CO3 meteorites (Fig. 4). There is a very
close resemblance to the Pollen, Santa Cruz
and Cold Bokkeveld C2 chondrites (cf. Table
1 in King and King 1978).

Most of the clasts are surrounded by black
rinds composed of oriented matrix material
devoid of larger clasts (Fig. 5). Some clasts
lack rinds, some have broken rinds, and a
few have loose rind fragments. This indicates
that the rinds were formed, probably as
layers of dust, before the accretion of the
clasts. This is supported by the following
petrographical features: 1) the rinds are stra-
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tified (cf. McKay et al. 1970), 2) some rinds
show a distinct microstratigraphy with al-
tered metal spherules and microchondrules
on the inner layer and with broken silicate
fragments oriented along the bedding plane

Table 2. Textural modal analyses of Kivesvaara
and twelve other C2 chondrites.

Textural element Volume percent

Kives- Range in
vaara other C2
chondrites
Matrix 775 56.9-85.4
Amoeboid olivine 9.3 0.9-11.5
(and Ca, Al-rich inclusions)
Chondrules and 8.2 5.1—-16.1
polymineralic fragments
Monomineralic grains and 4.7 44-21.2
fragments (mostly olivine)
Opaque minerals 0.3 0.6— 3.0

Data on other C2 chondrites (Allan Hills 77306,
Boriskino, Cold Bokkeveld, Crescent, Erakot,
Essebi, Mighei, Murchison, Murray, Nogoya,
Pollen, Santa Cruz) taken from McSween (1979,
p. 1762, Table 1).

Fig. 3. Photomicrograph of the
pronounced clastic texture of
the Kivesvaara meteorite con-
sisting of opaque matrix and
clasts: fluid drop chondrules to-
gether with olivine and pyrox-
ene aggregates and fragments.
Transmitted, plane-polarized
light.

in the outer layer, and 3) the rinds obliterate
the surface irregularities of the original clast
surface. Other explanations for the rind gene-
sis may be diffusion halos in »impact-gene-
rated base surge or fall-back deposits» (Fig. 3
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Fig. 4. The grain size frequency distribution curve
for all particles (= 100 um) in Kivesvaara. The
shaded area shows the limits of the size frequency
curves for seven CM2 and five CO3 meteorites
according to Fig 3 in King and King (1978).
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in King et al. 1972) or electrostatic aggregates
(Alfvén and Arrhenius 1976, p. 180; Krinsley
and Leach 1981). Allen et al. (1980) have
studied the rinds surrounding chondrules in
unequilibrated ordinary chondrites. They
preferred the rind genesis in space by con-
densation or by accretion of fine particles
on the chondrule surfaces.

The ultra-thin section reveals that the mat-
rix contains remnants of altered xenolithic
(?) clasts. One clast consists of a barred oli-
vine chondrule, euhedral olivine and carbo-
nate grains embedded in altered greenish
material (glass?). This clast remnant is an-
gular and its outlines cut the mineral grains
and the chondrule. Most of the matrix clasts
are without distinct textural properties (see
Fig. 5) and may be interpreted as primary
aggregates of interstellar dust. A few re-
semble altered microporphyritic chondrules.

Matrix

The matrix is composed of phyllosilicates
and of opaque aggregates, which petrograph-
ically resemble the poorly characterized

Fig. 5. Photomicrograph show-
ing rinds surrounding one fluid
drop chondrule and most of the
aggregates. The monomineralic
fragments are generally devoid
of rind. The matrix is composed
of altered aggregates sur-
rounded by rinds. Dark-field
unpolarized, reflected light.

ferro-oxy-sulphide phase (PCP) of the Murc-
hison C2 chondrite (cf. Fuchs et al. 1973).
The matrix also contains angular fragments
of olivine, clinoenstatite and a few grains
of Fe sulphides and carbonate. The phyllo-
silicates occur as grey, green and yellow
phases (diameter up to 2.5 um). The rinds
surrounding the aggregates and chondrules
are composed of the grey phyllosilicate and
PCP. The chemical composition of the op-
tically homogeneous rind material as deter-
mined by electron microprobe is given in
Table 3.

Bunch and Chang (1980) suggest that the
phyllosilicates in the carbonaceous chond-
rites should be named according to their
closest terrestrial analogues. Following this
recommendation, the chemical composition
(Table 3) and the optical properties of the
matrix material were used in identification.
Although the phyllosilicates in Kivesvaara
are intimately intergrown with PCP, it is
safe to assume that Si, Mg and Al are com-
bined in phyllosilicate phases (cf. the PCP
analyses in Fuchs et al. 1973; Bunch and
Chang 1980). The concentration and the con-
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Table 3. Electron probe microanalyses (in weight
percent) of matrix material in Kivesvaara and in
nine other C2 chondrites.

Kivesvaara* Range in other

C2 chondrites
Na,O 0.35 0.07-1.14
MgO 15.3 13.2—-18.6
Al,O3 2.14 1.65-3.88
SiO, 252 20.4-26.9
SOg 5.35 4.31-8.53
K,0O 0.06 0.04-0.13
CaO 0.73 0.34-1.27
TiO, 0.09 0.04-0.10
CrpO4 0.33 0.24-0.39
MnO 0.20 0.15-0.19
FeO** 25.6 18.3—-33.4
NiO 2.62 1.45-2.05

* Mean of three analyses. Analyst: R. Tornroos,
Geological Survey of Finland.
** Total iron as FeO.
Data on other C2 chondrites (Cold Bokkeveld,
Crescent, Essebi, Haripura, Mighei, Murchison,
Murray, Nogoya, Pollen) taken from McSween and
Richardson (1977, p. 1146, Table 1).

centration ratios of these elements suggest
that the phyllosilicate phases are serpentine
(most probably antigorite). The H,O (+) con-
tent (9.66 wt.%), if assumed to be confined
to the phyllosilicate(s), and when normalized
to the matrix volume (77.5 vol.%), gives the
H,0 (+) concentration as 14.8 wt.%, likewise
corresponding to the serpentine group.

Clasts

Monomineralic and polymineralic frag-
ments are the most widespread clasts of the
Kivesvaara meteorite (Table 2, Figs. 3 and 5).
The monomineralic fragments are mainly
composed of olivine (94 %) and of minor
clinopyroxene with a grain size mode from
5 to 10 wm (data from 115 grains). Poly-
mineralic fragments are likewise mainly com-
posed of olivine with minor clinopyroxene
but with a grain size mode from 60 to 80 um
(data from 37 grains). These grain size ranges

suggest that the monomineralic fragments
originated by crushing from the polymine-
ralic aggregates, a fact that is also suggested
by the general lack of rinds from around the
monomineralic fragments. A few of the oli-
vine-pyroxene fragments possess ovoidal sur-
faces, suggesting that they were formed by
crushing of microporphyritic chondrules.
Optical examinations together with elect-
ron microprobe analyses show that most of
the olivines are almost pure forsterite (com-
position mode at about Fag,), but the pre-
sence of more fayalitic compositions (up to
about Fay3) was identified. The wide scatter
of the olivine compositions shows that the
Kivesvaara meteorite is unequilibrated. The
grain sizes of olivine range from small matrix
splinters up to euhedral crystals 1 mm in size.
The pyroxene grains, both those in the
coarse-grained aggregates and those occurr-
ing as individual grains, show a limited range
of composition, being mainly the low-Ca
pyroxene, clinoenstatite (Fs; 5 and Fs,; ac-
cording to two electron microprobe analyses).

The fluid drop chondrules (Fig. 6) are com-
posed of the following textural types: 52 %
metal-poor microporphyritic, 33 % metal-rich
microporphyritic, 6 % excentroradial, 5 %
barred, and 4 % relict glassy chondrules in the
form of fibrous texture (data from 178 chond-
rules). These percentages are similar to the
normal (H, L. and LL) chondrites (cf. Gooding
and Keil 1981). Chondrules are usually from
0.2 to 1.0 mm in diameter, but the largest
chondrule as seen on the fracture surface
is 2 mm in diameter. One unusual fluid drop
chondrule with a tail was noted (Fig. 7).

The amoeboidal mineral aggregates are
usually composed of fine-grained olivine. The
length of these aggregates varies from 0.2 to
1.0 mm. The presence of a few Ca-Al-Ti-rich
aggregates (CAI inclusions) observed among
these amoeboidal aggregates (Fig. 8) was veri-
fied by defocused beam electron microprobe
runs. The CAI inclusions are characterized
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by high-Ca pyroxenes and spinel-octahedra.
Most of the fine-grained aggregates, includ-
ing the CAI inclusions, are surrounded by a
matrix rind. They are usually unbroken and
with a zonal inner texture. This seems para-
doxical: the coarse-grained aggregates (ex-
cept the fluid drop chondrules) are almost

Fig. 6. Photomicrograph of the
two main fluid drop chondrule
types in the Kivesvaara meteo-
rite: the larger is excentroradial
and the smaller one micropor-
phyritic. Transmitted, plane-
polarized light.

always fragments, whereas these amoeboidal
aggregates with their delicate and fragile out-
lines are unbroken. It is possible that the
fragmental coarse-grained aggregates are
xenolithic clasts, which may represent mag-
matic and/or metamorphic extra-terrestrial
rock types (ureilite?).

Fig. 7. Photomicrograph of a
microporphyritic fluid drop
chondrule with a tail (arrow).
Transmitted light, crossed po-
larizers with mica plate.
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Although the Kivesvaara meteorite is brec-
ciated (presence of black Cl-like fragments),
it lacks petrographic evidence of pervasive
shock metamorphism. The few shock-de-
formed pyroxene and olivine grains and
aggregates in the matrix material are lightly
to moderately shocked according to the

Fig. 8. Photomicrograph of a
fine-grained Ca, Al-rich (CAI)
inclusion. The dark rind
smoothens the irregular outline
of the CAI inclusion. Dark-field
unpolarized, reflected light.

visual comparison scale of Carter et al. (1968).
Note that the true fluid drop chondrules
do not give any petrographic evidence of
shock metamorphism.

Isolated grains of euhedral olivine and
broken olivine fragments occur in the matrix
(Fig. 9). Almost all the broken olivine frag-

Fig. 9. Photomicrograph of an
isolated olivine grain showing
smooth crystal surfaces to-
gether with embayed margins.
It contains glass and metallic
nickel-iron inclusions. Trans-
mitted, plane-polarized light.
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ments show embayed margins, and some of
them are surrounded by a narrow rim of
microcrystalline olivine (Fig. 10), implying
that they were once parts of crystal aggre-
gates. The euhedral olivines, but not the
broken olivine fragments, are usually sur-
rounded by a matrix rind. This may indicate
their different genesis: the euhedral olivines
as condensates from a vapour as suggested
by Olsen and Grossman (1978), and the
broken olivine fragments from preformed
crystals crystallized out of a liquid as sug-
gested by Richardson and McSween (1978)
and Roedder (1981).

The spherical melt and metal inclusions
that occur in the olivine fragments (Figs. 9
and 10) are rare in the euhedral olivines. The
most common diameter of the inclusions is
about 5 um. The phases observed are colour-
less isotropic glass, opaque spherules (all ex-
posed are metallic nickel-iron), »vapour»
bubble, octahedral opaque crystals (spinel?)
and opaque fracture fillings (all exposed are
iron sulphide). The most common phase com-
binations in individual inclusions are glass +

Fig. 10. Photomicrograph of an
isolated olivine grain sur-
rounded by fine-grained oli-
vine. It contains primary (?)
glass and metallic nickel-iron
inclusions. Transmitted, plane-
polarized light.

»vapour» bubble and opaque spherules +
glass. Anisotropic transparent phases were
noted in recrystallized glass inclusions. The
manifold phases can be explained by meta-
stability phenomena (Roedder 1979). Meta-
stability together with the cooling rate deter-
mines that the smallest glass inclusions are
composed of glass exclusively and only the
larger ones of »vapour» bubble and solid(s)
together with glass.

Most of the glass and the metallic nickel-
iron inclusions in olivine are primary, be-
cause they occur as distinct inclusion zones
or as isolated inclusions not connected with
microfractures. The primary origin of most of
the inclusions is further indicated by the few
olivine grains containing inclusion-rich cores
with inclusion-free rims and by the few
opaque spherules surrounded by an inclu-
sion-free halo. The primary origin of these in-
clusions is also indicated by the few elon-
gated, tooth-like metallic nickel-iron and
glass inclusions extending to the surface of
the host crystals. The glass and metal inclu-
sions in the Kivesvaara meteorite are petro-
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graphically similar to the inclusions observed
in Murchison C2 (Fuchs et al. 1973; Roedder
1981) and in Murray C2 (Roedder 1979) chon-
drites.

Chemistry

Methods

Bulk chemical analysis was performed on
the smaller meteorite fragment. About 5 g of
the meteorite was crushed and ground after
removing the outer and possibly contami-
nated parts of the sample. A few days later
the powder showed a tendency to aggregate
into pellets.

The weight loss at 105° C was measured on
two 0.5 g subsamples, after which the materi-
al was fused with Na,COs. Si, Ca and Mg were
determined gravimetrically, Fe and Ti color-
imetrically and Al by AAS. Two 0.5 g sub-
samples were decomposed with HF—HNO,
Aliquots of this solution were used to deter-
mine Cr, Ni, Co, Cu and Zn by AAS. Two
0.25 g subsamples were decomposed with
HF-HNO,;-H,SO, and aliquots were taken
to measure Mn and P colorimetrically and Na
and K by AAS. Water was determined from a
0.100 g subsample by the Penfield method.
One 0.100 g subsample was combusted in
oxygen in which total S (elemental, sulfide,
sulfate) was converted to sulphur dioxide.
SO, was titrated by the iodometric method.
Total C was determined gravimetrically by
weighing the CO, produced by the combus-
tion of one 0.200 g subsample in oxygen. This
method is based on the oxidation of carbona-
ceous material and the decomposition of car-
bonates to carbon dioxide. Ga was deter-
mined spectrographically. We were not able
to identify and determine the small amount
of organic compounds that always occurs in
carbonaceous chondrites because Geological
Survey of Finland is not equipped for re-
search of that kind.

Results

The chemical composition of the Kivesvaa-
ra meteorite is given in Table 4 in the form of
oxides and of troilite. Metallic iron was not
determined, because our petrographic obser-
vations showed that it only forms inclusions
in olivine with neglible volume amounts. The
convention of presenting sulphur as FeS,
however, is not valid for the Kivesvaara me-
teorite, because, according to the modal anal-
ysis, the iron sulphide content is consider-
ably smaller than the content calculated on
the basis of the total sulphur content. Sulp-
hur mainly occurs in the matrix material as
the poorly characterized ferro-oxy-sulphide
phase (PCP) and probably as sulphates.
When the bulk chemical analysis (Table 4) is
compared to the electron probe microanal-
ysis of the matrix material (Table 3) recal-
culated to 88 % (H,O about 12 %), it is ob-
served that Fe and Ni are enriched in the
matrix material and Ca and Al in the clasts.
The elemental composition of the Kivesvaa-
ra meteorite is given in Table 5.

Classification and discussion

The carbonaceous chondrites were first
grouped into types I, IT and III by Wiik (1956).
His classification, based on their carbon,
water and sulphur contents, is now widely
accepted with a few semantic rather than
scientific changes (Table 6). Type I and Type
II of Wiik (1956) correspond exactly to the
more recent Cl1 and C2 groups, but Wiik’s
type III has been divided on the basis of
major element ratios and petrography into
groups CO (Ornans type) and CV (Vigarano
type) (see Van Schmus and Hayes 1974). It
must be stressed that the Van Schmus and
Wood (1967) grouping is petrographic, where-
as the Wiik (1956) and Wasson (1974) group-
ings are chemical. The interesting point is
that they both give consistent results. The
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Table 4. Bulk chemical analyses of the Pollen,
Murchison and Kivesvaara C2 chondrites (in
weight percent).

Component Pollen Murchison Kivesvaara
(@] (2) 3)
Fe° 0.1 0.13 n.d.*
SiO, 27.92 29.07 29.39
MgO 19.55 19.94 20.56
FeO 20.67 22.39 20.03
Al,O4 2.83 2.15 2.50
CaO 1.86 1.89 1.94
Na,O 0.63 0.24 0.35
K,O 0.30 0.04 0.06
Cr203 0.45 0.48 0.45
MnO 0.216 0.20 0.23
TiO, 0.14 0.13 0.12
P,0; 0.30 0.23 0.38
NiO 1572 1.75 1.49
CoO 0.08 0.08 0.07
CuO n.d. n.d. 0.02
ZnO n.d. n.d. 0.02
FeS 8.14 7.24 8.23
H,0 (+) 12.95 8.95 9.66
H,O (-) 0.62 1.14 1.90
SOs n.d. 0.90 n.d.
C 1.65 1.85 2.20
CO, n.d. 1.00 n.d.
Total 100.13 99.80 99.60
Total Fe 21.29 22.13 20.75

* n.d., not determined, see text.
Analysts: (1) H. B. Wiik, (2) E. Jarosewich (1971),
(3) R. Saikkonen.

real problem in terminology arises from the
lack of chondrules in the C1 chondrites.
These stones, however, are chemically and
petrographically similar to the matrix of the
C2 chondrites.

The chemical, mineralogical and textural
features of the Kivesvaara meteorite are typi-
cal of C2 chondrites. The bulk carbon, water
and sulphur contents are consistent with the
type II carbonaceous chondrites in the Wiik
(1956) classification. The Si/Mg ratio is lower
in Kivesvaara than in other chondrite types;
this, too, is consistent with carbonaceous
chondrites (cf. Van Schmus and Wood 1967).
The chemical composition of the Kivesvaara

Table 5. Elemental composition of the Kivesvaara
C2 chondrite (in weight percent).

H* 1.08
C 2.20
Na 0.26
Mg 12.40
Al 1:32
Si 13.73
P 0.17
S 3.00
K 0.050
Ca 1.38
Ti 0.072
Cr 0.31
Mn 0.18
Feqo 20.75
Co 0.058
Ni 1.17
Cu 0.012
Zn 0.019
Ga 0.0006

* calculated from H,O (+).

matrix (Table 3) falls within the range re-
ported for C2 matrix material by McSween
and Richardson (1977).

The petrographic criteria for grouping the
Kivesvaara meteorite into the carbonaceous
chondrites of the petrological type 2 in the
Van Schmus and Wood (1967) classification
are 1) the presence of sharply outlined fluid
drop chondrules and of phyllosilicate matrix
material of opaque appearance, 2) the unequi-
librated olivine compositions, 3) pyroxene
occurring as clinoenstatite, 4) the absence of
feldspar, and 5) the presence of glass only as
inclusions embedded in olivines. McSween
(1979) has suggested that the C2s may possi-
bly be arranged in a metamorphic series in
which their matrix volume increases with the
increasing grade of metamorphism. Accord-
ing to its matrix volume percentage, the Ki-
vesvaara meteorite is situated towards the
more metamorphosed end of this series. The
grain size frequency distribution in Kivesvaa-
ra falls between the ranges of the C2 and C3(0)
types (Fig. 4), which, together with the chem-
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Wiik Van Schmus Wasson Sears Type
(1956) and (1974) (1978) meteorite
Wood (1967)
Type I Ci CI o C1 Ivuna
Type II c2 CM C2 Mighei Table 6. Nomenclature of the
Type III C3 Co CO Ornans main groups (more than one
CcV CcV Vigarano sPecimen) of the carbonaceous

chondrite class.

ical parameters of Kallemeyn and Wasson
(1981), places it in the suggested C2-C3(0)
clan of the carbonaceous chondrites.

The bulk chemical composition of Kivesvaa-
rais very close to Murchison C2 chondrite (Ta-
ble 4). Despite the similarity in their chemical
composition, these two meteorites show pet-
rographical differences (Fig. 1 in this paper;
Fig. 1 in Fuchs et al. 1973). Accordingly, the
grain-size frequency distribution for the
Murchison C2 chondrite (King and King
1978) shows more coarse-grained material
than that for Kivesvaara (Fig. 4).

Like the other C2 meteorites, the Kivesvaa-
ra meteorite is composed of manifold clasts
embedded in matrix material. The most com-
mon clast types are olivine and pyroxene
fragments and microporphyritic chondrules.
They are probably fragments of rocks repre-
senting deeper levels in the parent body. The
true fluid drop chondrules are unshocked
and rare in Kivesvaara. Their textural types
are similar to the types found in the ordinary
chondrites. This indicates a common source
of the chondrules in chondrites. The matrix
rinds surround the chondrules, aggregates
and euhedral olivines but not the mineral
fragments.

The matrix material of the Kivesvaara C2
meteorite contains relicts of altered clasts.
This texture suggests that the C2s in general

(note the similar chemical composition be-
tween Kivesvaara and the other C2s) are
composed of three phases: 1) the oldest clast
phase now preserved as relicts in the matrix
material, 2) the normal matrix material, and
3) the high-temperature unaltered clasts. Pos-
sible explanations for the genesis of these
matrix clasts are alteration of older clasts
(thermal or aquotical) or primary origin as
dust aggregates.
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