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The Baszkówka chondrite com prises chon drules, in di vid ual crys tals of ol iv ine, xenomorphic con cen tra tions of kamacite and troilite, ma -
trix and pores up to 3.0 mm in di am e ter; po ros ity reaches 20% by vol ume. Mea sure ments of 697 chon drules in an area of 250 m2 en abled
dis tinc tion of three pop u la tions. The chon drules and ol iv ine crys tals have been sintered at high tem per a tures. Six struc tural types show -
ing tran si tions be tween por phy ritic and gran u lar struc tures have been dis crim i nated. Rims show ing a sim i lar di ver sity sur round about
10% of chon drules. The com po si tion and struc ture of the chon drules sug gest a source from the neb u lar dust disk around the Sun. The
abudance of voids and their rel a tively large size and a lack of fis sures, in di cate a small size of the host body, which must have been de -
rived from an early phase of protoplanet for ma tion.

Jacek Siemiątkowski, Lower Silesian Branch, Pol ish Geo log i cal In sti tute, Jaworowa 19, PL-53-122 Wrocław, Po land (re ceived: July 3,
2000; ac cepted: Oc to ber 17, 2000).

Key words: or di nary chondrite (OC), chon drules, struc tures, pe trog ra phy, clas si fi ca tion, or i gin.

INTRODUCTION

Petrographic stud ies were based on mi cro scopic ob ser va -
tions of pol ished thin sec tions in trans mit ted and re flected light, 
and of pol ished sec tions in re flected light. In ad di tion, X-ray
dif frac tion and microprobe anal y ses pre vi ously pub lished
(Borucki and Stępniewski, 2001) were taken into con sid er -
ation.

The Baszkówka chondrite con sists of sim i larly sized
automorphic and xenomorphic components show ing a cha otic
ar range ment, nu mer ous pores hav ing a range of size and ar -
range ment sim i lar to those of the re main ing chondrite
components.

These com po nents in clude automorphic in di vid ual crys tals
of ol iv ine, automorphic chon drules, parautomorphic frag ments 
of chon drules, xenomorphic frag ments of kamacite and troilite, 
and small amounts of ma trix. A pre lim i nary petrographic de -
scrip tion of this chondrite was pub lished in 1998
(Siemiątkowski, 1998; Stępniewski et al., 1998a, b).  

CHONDRITE STRUCTURE  

Apart from large its po ros ity, the most char ac ter is tic fea ture 
of this me te or ite is nu mer ous spher i cal and el lip soi dal chon -
drules (Pl. I, Figs. 1 and 2). The di am e ter of com plete and
fragmental chon drules var ies from 0.04 to 3.0 mm. Sys tem atic
mea sure ments were taken on pol ished sec tions within a se -
lected area of 250 mm2. Wholly pre served chon drules make up
from 30 to 50% of the whole area ex am ined (Ta ble 1). In the
Baszkówka me te or ite 697 chon drules vary ing from 0.04 to
2.46 mm in size were found (Pl. II). Within 10 mea sured ar eas
of 25 mm2 each, the num ber of chon drules ranged from 45 to
92. The re li abil ity of such mea sure ments on thin sec tions was
dis cussed on the ba sis of the two me te or ites Bjurböle (L4) and
Chainpur (LL3) by Hughes in 1978. As men tioned be fore, the
chon drules are sphe roi dal and el lip soi dal. Their size was de ter -
mined by mea sur ing av er age di am e ters in cir cu lar sec tions, and 
min i mal and max i mal di am e ters in el lip ti cal sec tions. Sphe roi -
dal chon drules con sti tute 60% of the to tal num ber. The his to -
gram shows the di am e ter of sphe roi dal chon drules and the
ma jor di am e ter of el lip ti cal ones (Figs. 1A, B). 



His to grams show three pop u la tions: small chon drules are
0.04–0.29 mm in di am e ter, their to tal num ber be ing 336, me -
dium ones  range from 0.30–1.00 mm and num ber 323, and
large ones range from 1.00–2.46 mm and num ber 39. The
last-mentioned lie out side the his to gram. These re sults are con -
sis tent with ear lier pub lished ones (Heide and Wlotzka, 1994).

Com pos ite chon drules whose proportion ex ceeds 10%
were also found too. These form ad her ing ag gre gates or
interpenetrating clus ters. This fea ture is shown by fine-grained
chon drules of sim i lar min er al og i cal com po si tion, no larger
than sur round ing ho mog e nous chon drules. A com mon rim
usu ally en vel ops ag gre gates. In ad di tion, ag gre gates may be
com pletely sur rounded by a larger chon drule gen er ally of very
dif fer ent min er al og i cal com po si tion. A comparable ex am ple is
the L3 chondrite Y-74191 (Kitamura and Watanabe, 1985).
Some el lip tical chon drules in Baszkówka were formed by com -
bin ing two spher i cal chon drules of the same min er al og i cal
com po si tion, yet in a fused state (protochondrules, chon drule
pre cur sors).

The sur face of chon drules may be smooth or rough (Pl. III,
Figs. 1–4). There are many sur face types. Most of the chon -
drules show a gran u lar sur face, and con sist of sep a rate, mostly
automorphic crys tals of ol iv ine and pyroxene. The crys tals
make up chon drules or sur round ing rims. These min er als form
thin rims or crust of in di vid ual crys tal thick ness. Some chon -
drules re veal abraded sur faces sim i lar to those de scribed by
Kitamura and Watanabe (1985). This is seen es pe cially in
chon drules that con tain non-fused crys tals pro trud ing out of
their sur face. Small protochondrules may ad here to chon drules
form ing com pos ite chon drules (Pl. IV, Figs. 1–4) sim i lar to
those found in the Ant arc tic chondrite ALH-77015 (Nagahara,
1983a, b). The ad her ence re sults from a high sur face ten sion of
sil i cate or alu mi no sili cate al loy. No re ac tion be tween chon -
drule min er als was noted. Chon drules  par tic u larly small ones,
may show in dented sur faces (Pl. III, Figs. 3 and 4).

Frag ments of chon drules with pre served por tions of outer
sur faces are nu mer ous and eas ily iden ti fied (Pl. IV, Fig. 1).
They re veal struc tures and min eral com po si tion sim i lar to those 
of neigh bour ing com plete chon drules. The av er age and max i -
mum sizes of chon drule frag ments reach those of the com plete
chon drules, sug gest ing that the big gest frag ments de rive from
yet larger chon drules, accreted to the chondrite af ter frag men -
ta tion. As these frag ments make up about 30% (by vol ume) of
chondrite, this pro cess was very ef fec tive. No re ac tions or
phase tran si tions were ob served be tween min er als of ad ja cent
chon drules or frag ments.

The next chondrite con stit u ent com prises sep a rate ol iv ine
crys tals of automorphic or panautomorphic shape, com monly
with over grow ing epitaxial rims (Pl. V, Figs. 2a and b). This
fea ture dis tin guishes them from olivines of sim i lar com po si tion 
in fill ing the in ner parts of chon drules (Pl. V, Figs. 1a, 2a 
and b). Sim i lar in di vid ual olivines were ob served in the
Benghazi me te or ite (Żelaźniewicz, 1987).

Chon drules and their frag ments, and in di vid ual ol iv ine
crys tals of the Baszkówka me te or ite are slightly welded to one
an other as a re sult of sintering at high tem per a tures (cor re -
spond ing at least to the melt ing point of feld spars).

Among the es sen tial me te or ite con stit u ents (and si mul ta -
neously of its ce ment) are xenomorphic ag gre gates of troilite,
kamacite and chro mite; the amount of troilite is dou ble that of
kamacite (Ta ble 1). Troilite con tains tiny in clu sions of
xenomorphic chal co py rite. Ag gre gates of these fus ible con stit -
u ents vary in size, reach ing 1.4 mm. These ad join chondrites
and their frag ments, as well as in di vid ual ol iv ine crys tals.
These ag gre gates con tain tiny in grained automorphic ol iv ine
crys tals of the same com po si tion as those in chon drules
(Borucki and Stępniewski, 2001). Con cen tra tions of kamacite
and troilite make about 10% of me te or ite by vol ume; the high
bulk den sity of these min er als makes their mass frac tion higher, 
and high lights the low bulk den sity of the whole me te or ite, of
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T a  b l e  1

Planimetric anal y sis of pol ished sec tion Baszkówka (B-1)

Ap pear ance Min eral Num ber of mea sur ing points From-to

10 000 2000 2000 2000 2000 2000

In di vid ual con cen tra tions

troilite
kamacite
chro mite
sil i cates and voids

   6.10
  2.63
  0.28
 87.34

 6.1
 2.8
 0.3
81.9

  7.5
  2.1
  0.2
87.2

  6.9
  3.4
  0.3
86.8

  5.6
  2.0
  0.1
89.2

  4.1
  2.9
  0.3

90.9

4.1–7.5
2.0–3.4
0.1–0.3

81.9–99.0

In clu sions in chon drules

troilite
kamacite
spinel
sil i cate

0.46
0.23
0.13
2.84

1.4
0.5
0.2
6.5

0.5
–
–

2.3

trace
0.1
0.3
2.2

0.3
0.5
0.0
1.7

0.2
–

0.2
1.7

trace–1.4
 0.0–0.5

  trace–0.3
 1.7–6.5

To tal 100.01 99.7 99.8 100.0 99.4 100.3 –

Area 400 mm2, mea sur ing lines ev ery 2 mm, stage in ter val 0.2 mm
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1. Part of pol ished thin sec tion B-10 en com pass ing ar eas: 3, 4, 12, 13, 21, 22, 30 and 31 marked in Ta ble 2; scale bar 1 mm. 2. Part of thin sec tion (B1n) of
chondrite filled with col oured resin, show ing pre served pri mary me te or ite voids; scale bar 1 mm

PLATE I
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1. Nat u ral frac ture of chondrite with dis tinct chon drules and ir reg u lar voids; rusty speck les are coat ings of iron hy drox ides de rived from ter res trial weath -
er ing of kamacite and troilite; scale bar 1 mm. 2. A typ i cal chondrite frag ment with dis tinct black voids; scale bar 1 mm. 3. Dif fer ent types of chon drules
and their frag ments; in the cen tre an in dented chon drule; a thin sec tion (B10) of chondrite filled with col oured resin; scale bar 0.5 mm. 4. Part of photo
from Figure 3; scale bar 0.25 mm

PLATE III
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1. Dif fer ent types of chon drules and their frag ments; pol ished thin sec tion B-10, area 16, chon drules: 4, 28, 33 and 34; scale bar 0.5 mm. 2. A por phy ritic
ol iv ine chon drule with a rim abun dant in opaque min er als; pol ished thin sec tion B-10, area 14, chon drules: 1, 14 and 27; scale bar 0.5 mm. 3. A large ol iv -
ine chon drule with a rim and ad her ing small chon drules; pol ished thin sec tion B-10, area 16, chon drules: 1, 21, 22 and 23; scale bar 0.5 mm.  4. A large ol -
iv ine chon drule with ad her ing opaque min eral con cen tra tions; pol ished thin sec tion B-10, chon drule 1; scale bar 0.5 mm

PLATE IV
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1a. Dif fer ent types of chon drules; in the cen ter a sib ling porphyric chon drule with a large automorphic ol iv ine crys tal; pol ished thin sec tion B-10, area 11,
chon drules 28 and 29; scale bar 0.25 mm. 1b. As above, crossed nicols. 2a. An in di vid ual automorphic ol iv ine with an epitaxial rim; pol ished thin sec tion
B-10, area 3, chon drule 15, and ol iv ine; scale bar 0.25 mm. 2b. As above, crossed nicols

PLATE V
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1a. A sec to rial por phy ritic chon drule with a twinned pyroxene; pol ished thin sec tion B-10, area 26, chon drule 1; scale bar 0.5 mm.  1b. As above, crossed
nicols. 2a. A poikilitic pyroxene-olivine chon drule among frag ments of dif fer ent chon drule types; pol ished thin sec tion B-10, area 17, chon drules: 1, 11
and 28; scale bar 0.5 mm. 2b. As above, crossed nicols

PLATE VI
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1a. A por phy ritic ol iv ine chon drule with feld spar mesostasis; show ing contractional fis sures; pol ished thin sec tion B-10, area 14, chon drule 26; scale bar 
0.01 mm. 1b. As above, crossed nicols. 2. A lam i nar ol iv ine chon drule with abun dant mesostasis com posed of pyroxene, feld spar and chro mite  pol ished
sec tion B-2, re flected light; scale bar 0.1 mm. 3. A frag ment of photo from Figure 2; ol iv ine — dark, Ca-pyroxene — light, chro mite — gray; scale bar
0.01 mm

PLATE VII
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1a. A fine-grained com pos ite ol iv ine-pyroxene chon drule with a large ol iv ine, coated with a rim with abun dant troilite; pol ished thin sec tion B-10, area
12, chon drules 20 and 37; scale bar 0.25 mm. 1b. As above, crossed nicols. 2. Dif fer ent types of chon drules; in the cen tre a com pos ite chro mite-feld spar
chon drule 0.25 mm in di am e ter; pol ished thin sec tion B-10, area 11, chon drules: 34, 32, and par tially 3; scale bar 0.25 mm. 3. A com pos ite chro mite-feld -
spar chon drule; a frag ment of photo from Fig. 2; scale bar 0.25 mm

PLATE VIII
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1. Chon drules with rims abun dant in kamacite and troilite; nearby a large con cen tra tion of troilite (yel low) and kamacite (white); pol ished thin sec tion
B-10, area 16, chon drule 1, and area 6, chon drule 1 (bot tom left); scale bar 1 mm. 2. A chon drule with troilite (yel low) and kamacite (white) sur rounded
with a rim en riched in troilite; pol ished thin sec tion B2Ww; re flected light; scale bar 1 mm. 3a. A sec to rial por phy ritic chon drule with a rim abun dant in
troilite; pol ished thin sec tion B-10, area 11, chon drule 2; re flected light; scale bar 0.25 mm. 3b. As above, crossed nicols

PLATE IX



2.9 g/cm3. In one thin sec tion, a small amount of ma trix was
found. It com prises tiny frag mented crys tals of sil i cates (ol iv -
ine and pyroxene), troilite and kamacite, lo cally as so ci ated with 
na tive cop per and scarce void space.

Pores be tween chondrite in gre di ents vary from 0.01 to 3
mm in size and, play an im por tant role. Most of these pores are
elon gated and chaoticically aligned (Pl. III, Figs. 1–4). The
walls of these voids show small, usu ally automorphic sil i cate
crys tals; most of these walls are the same as the chon drule sur -
faces men tioned above. Other au thors (Horii et al., 1990) de -
scribe sim i lar struc tures. The Vat i can col lec tion also in cludes L 
type me te or ites of low bulk den sity (Consolmagno and Britt,
1998). Flynn et al. (1999) de scribed sim i lar po rous me te or ites,
in clud ing Bjurböle, Saratov, Mt. Tazerzait and Holbook.

CHONDRULE STRUCTURE

Chon drule in ter nal struc ture, in clud ing the size and
aligment of crys tals and tex ture, vary. Each chon drule shows
in di vid ual fea tures (Pl. III, Figs. 3 and 4). None the less, there
are some con straints to this va ri ety. First, chondrites con sist
only of sev eral min er als (ol iv ine, orthopyroxene, clino -
pyroxene, feld spars, troilite, kamacite and chro mite), sec ond;
sec ond, the chon drule size de ter mine the sizes of crys tals.

Chon drule struc tures have aroused in ter est among re -
search ers since the first de scrip tions were made by Sorby in
1864 and 1877, with more de tailed work by Tschermak (1885), 
and nu mer ous pub li ca tions by Jap a nese and Amer i can pe trol o -
gists on chondrites found in Ant arc tic ice-sheets. The re sults of
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Fig. 1. His to grams show ing av er age sizes of chon drules from the Baszkówka me te or ite

A — for 659 chon drules vary ing from 0.04 to 1 mm in size, 0.01 mm in ter vals; B — for 696 chon drules vary ing from 0.04 to 2 mm in size, 0.02 mm in ter vals
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these stud ies were pub lished in spe cial is sues of the Na tional
In sti tute of Po lar Re search, Smith so nian Con tri bu tion to As -
tro phys ics, and other pub li ca tions. The scope of in ter est also
in cludes me te or ites which falled in the Po land’s area.

As a re sult of these stud ies, six struc tural types of chon -
drules have been dis tin guished. They are as fol lows: lam i nar,
ra dial, porphyric, gran u lar, fine-grained, and oth ers (Gooding
and Keil, 1981; Nagahara, 1981; Wasson, 1993).

1. Lamella or “barred” (BO) chon drules con sist of ol iv ine
or ol iv ine and pyroxene, and feld spar mesostasis, com monly
with chro mite or only kamacite and troilite. A dis tinc tive fea -
ture of most ol iv ine lam i nar chon drules, of ten en coun tered in
dif fer ent va ri et ies of me te or ites, is of an outer crust clos ing
laminae (Weisberg, 1987; Stępniewski et al., 1998b, figs. 17,
18, 20 and 21).

2. Ra dial chon drules are formed of fine-lamella or even
nee dle-shaped py rox enes. The spaces be tween these crys tals
are filled by feld spar mesostasis with tiny Ca-rich py rox enes
and a vari able though small amount of kamacite, troilite and
chro mite (Pl. VI, Figs. 1a and b).

These two chon drule types (barred and ra dial) can be also
di vided into (1) chon drules whose laminae,  par al lel or ra dial, 
infill the whole ob ject, and (2) chon drules which con tain sec -

tors of dif fer ent ori en ta tion of par al lel and ra dial laminae.
These struc tures have been com monly de scribed in chondrites
(Manecki, 1972; Weisberg, 1987), and are the main rea son
why these chon drules were as signed to the same type, in the
sta tis ti cal anal y sis. 

3. Por phy ritic chon drules (rel a tive to ter res trial and lu nar
vol ca nic rocks) are made of large crys tals of ol iv ine and/or
pyroxene, and a vari able fine-grained (mesostasis). This
mesostasis con sists of feld spar and monoclinic py rox enes with
a con sid er able amount of cal cium and a vari able amount of
chro mite, kamacite and troilite; chro mite is more abun dant
than phos phate (whitlockite) (Borucki and Stępniewski, 2001). 
The mesostasis, com posed of very fine-grained crys tals with
an ad mix ture of opaque min er als, is black in trans mit ted light
(Pl. VII, Figs. 1a and b). In di vid ual crys tals can be iden ti fied in
re flected light im ages at high mag ni fi ca tions. 

4. Gran u lar chon drules con sist of ol iv ine and/or pyroxene
crys tals of the same size with lit tle mesostasis. Like other types, 
these chon drules can con tain vari able amounts of kamacite,
troilite and chro mite. Some re veal poikilitic struc ture (Pl. VI,
Figs. 2a and b) as found in other me te or ites (Nagahara, 1983a;
Scott and Tay lor, 1983).
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Fig. 2. Part of a dif frac tion pat tern for sil i cate phases from the Baszkówka me te or ite with d130 = 2.7772 � (ol iv ine) 

The po si tions of planes d130 for syn thetic faya lite (2Θ 36.87), Fe-forsterite (2Θ 37.74) and syn thetic for ster ite (2Θ 37.58) are marked; CoKα  ray was used; 

black line — Kα, grey line — Kα1 (the anal y sis was made at the In sti tute of Geo logic Sci ences, Wrocław Uni ver sity)



5. Fine-grained chon drules, like their cryptocrystalline
equiv a lents, con tain min er als hard to iden tify op ti cally (Pl.
VIII, Figs. 1 and 2).  

6. Chon drules that do not fall into this clas si fi ca tion are
scarce. They in cludes chon drules com posed pri mar ily of feld -
spar with an ad mix ture of chro mite, or chro mite chon drules
with scarce feld spar mesostasis (Pl. VIII, Figs. 2 and 3), sim i lar
to those de scribed by Ramdohr (1967, 1973) and Krot et al.
(1993).

This di vi sion is ar bi trary, es pe cially when it co mes to dis -
crim i nat ing porphyritic chon drules with scarce mesostasis, and
equigranular ones with a large amount of mesostasis; there are
tran si tional forms be tween porphyritic and gran u lar struc tures.

Each struc tural type has been fur ther di vided tak ing into ac -
count the pres ence of the main sil i cates (ol iv ine and pyroxene)
and opaque min er als (kamacite, troilite and chro mite). This di -
vi sion en abled the dis tinc tion of 16 chon drule types: cal cu la -
tion has been made of their per cent age con cen tra tions in the
Baszkówka chondrite. These were es tab lished on a pol ished
thin sec tion (B-10), in which 10 squares of 5 by 5 mm (25 mm2) 
were se lected. In these 10 ar eas, to tal ling 250 mm2, 463 sin gle
chon drules and 87 ag gre gates of inter pen etrat ing chon drules
(in clud ing 34 sib ling chon drules) were found. This en abled
mea sure ment and clas si fi ca tion of 697 chon drules. These were
counted in each area, start ing with the larg est. The ob ser va tions 
were car ried out si mul ta neously us ing two mi cro scopes, us ing
re flected and trans mit ting light re spec tively. Ex am i na tions in

re flected light are es pe cially use ful for de ter min ing very
fine-grained mesostasis, opaque in trans mit ting light. These
stud ies in di cated that more than half of the chon drules con tain
vari able amounts (or at least traces) of troilite, kamacite and
chro mite. The re sults are pre sented in Ta ble 2. Dif fer ences in
the num ber of par tic u lar chon drule types in con sec u tive ar eas
are dis tinct enough, but dis trib uted cha ot i cally, as in di cated by
cal cu la tions shown in Ta ble 3. Com par i son with stud ies of
struc tural types in other chondrites is shown in Ta ble 4. Chon -
drules from the Baszkówka me te or ite are sim i lar to those de -
scribed by Sobotovich and Semenenko (1984), whereas the
fre quency of chon drule oc cur rence per sur face unit is sim i lar to 
that in car bo na ceous chondrites de scribed by Baryshnikova et
al. (1991). These re sults dif fer from data de rived from
chondrites of higher petrographic types.

CHONDRULE RIMS

Rims which in com po si tion and struc ture show a sim i lar di -
ver sity to the chon drules them selves sur round some of the
chon drules in the Baszkówka me te or ite. Such phe nom ena have 
been ob served in other chondrites (Ru bin and Krot, 1996). In
mi cro scopic thin sec tions about 10% of such chon drules were
noted (Pl. IV, Fig. 2; Pl. IV, Figs. 3 and 4; Pl. IX, Figs. 1, 2, 3a
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T a  b l e  3

Com par i son of re sults in dif fer ent ar eas (fields)

Type

Number of area From-to To tal

2 +12 + 20 12 + 13 + 14 15 + 16 + 17

n % n % n % % n %

L
  1
  2
  3

px
px+ol
ol

9
1
4

4.2
0.5
1.9

9
0
1

4.4
0.0
0.5

8
7
2

4.2
3.7
1.1

4.2–4.4
0.3–3.7
0.5–1.9

27
  8
  8

3.9
1.1
1.1

P
  4
  5
  6

ol
ol+px
px

10
26
  2

 4.7
12.1
  0.9

29
21
  4

14.1
10.2
 1.9

37
23
 2

19.7
12.2
  1.1

4.7–19.7
10.2–12.2

0.9–1.9

82
82
  8

11.8
11.8
  1.1

Z

  7
  8
  9
10
11

ol
ol+r
ol+px
px
(ol+px)p

  8
12
57
  4
14

  3.7
  5.6
26.6
  1.9
  6.5

18
  0
34
  9
10

 8.7
0.0

16.5
4.4
4.8

16
  4
31
  2
  7

  8.5
  2.1
16.5
  1.1
  3.7

3.7–8.7
0.0–5.6

16.5–26.6
1.1–4.4
3.7–6.5

  56
  16
121
 18
  52

8
  2.3
17.4
 2.6

D

12
13
14
15

ol
ol+px
krypto
px

  1
44
  0
11

  0.5
20.6
   0.0
  5.1

  1
53
  5
  7

  0.5
25.7
 2.4
3.4

  4
43
  0
  0

  2.1
22.9
  0.0
  0.0

0.5–2.1
20.6–25.7
 0.0–2.4
0.0–5.1

   9
169
   5
 18

  1.3
24.2
  0.7
  2.6

I 16 other 11 5.1 5 2.4 2 1.1 1.1–5.1 18 2.6

To tal 214 99.9 206 99.9 188 100 605 697 100

px — piroxene, ol — ol iv ine, p — poikilite, r — opaque min er als, krypto — cryptocrystalline; other ex pla na -
tions see Ta ble 2



and b). Of the rims men tioned, nu mer ous types re veal ing a sim -
i lar di ver sity to chon drules can be iden ti fied:

1. Rims con cor dantly over grow ing chon drule min er als are
en riched pri mar ily with small in clu sions of fus ible con stit u -
ents, i.e. kamacite, troilite, chro mite and feld spars.

2. Fine-grained rims of com po si tion sim i lar to that of chon -
drule mesostasis.

3. Rims show ing an abun dance of troilite, kamacite and
chro mite; see Metzler and Bis choff (1996).

4. Rims form ing more porphyric struc tures than the cen tre
of chon drule, i.e. those showing more mesostasis.

5. Fine-grained rims of com po si tion dif fer ent that of the en -
closed to chon drule, for ex am ple, a pyroxene chon drule with
an ol iv ine rim (Stępniewski et al., 1998b, figs. 19 and 20). 

CONCLUSIONS

The struc ture of the chon drules and their sur round ing ma -
trix cor re sponds to petrographic type “5”. This is not the ef fect
of thermal meta mor phism, but the con di tions in which the
chon drules and their frag ments formed and ac cu mu lated. The
frag ments show the same com po si tion as com plete chon drules.
There is a lack of feld spar and of tiny in clu sions of kamacite

and troilite, which are com mon in the ma trix of other
chondrites, in di cat ing the unique po si tion of the Baszkówka
chondrite.

The con sid er able num ber of chon drule frag ments and the
pres ence of in di vid ual ol iv ine crys tals in di cates that the con stit -
u ents of the Baszkówka me te or ite, prior to ac cre tion of host
chondrite, were sub ject to dis in te gra tion. 

The loosely-packed chon drules and their frag ments, a
nearly to tal lack of ma trix and ther mal re ac tions be tween min -
er als of con tact ing chon drules indicate an ab sence of ther mal
meta mor phism.

The Baszkówka me te or ite, in the pro por tion of pre served
chon drules, re sem bles chondrites of the 3rd petrographic type,
for ex am ple Bjurböle and Saratov, and car bo na ceous me te or -
ites (Hughes, 1978; Baryshnikova  et al., 1991).

The olivines (Fig. 2), and Ca-de pleted py rox enes and
clinopyroxenes, show equi lib rium crystallisation and in di cate
as sig na tion of this me te or ite to equi lib rium chondrites of group
L. Points in the faya lite-for ster ite di a gram (Fig. 3) for min eral
pairs oc cur ring in one chon drule, and pure ol iv ine and pyroxene
chon drules cor re spond with me te or ites as signed to group L.
These oc cur close to the main chondrite trend char ac ter is tic for
chondrites (Yanai and Koijma, 1991) and to heavier or di nary
chondrites (OC) se lected from the list pub lished in Meteoritical
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T a  b l e  4

Per cent age con tent com par i son of  struc tural chon drule types in dif fer ent me te or ites

De scrip tion of
the lines

Bishunpur
Hallingeberg

Saratov
Tennasilim

ALH
77015

Krymka
Andreevka

Saratov
Carev

Elenovka

Krymka Kainasaz Dif fer ent 12 Baszkówka

Type
of chondrite

L3 + L4 L3 L3 + L4 + L5 L3 CO H + L = LL L5

Num ber
of chon drules

528 108 627 422 536 1674 697

Area of sec tion ? ? 1290 mm2 650 mm2 132 mm2 ? 250 mm2

Fre quency per
100 mm2

about 131
per sec tion ? 48 65 406 140 279

Porphyric 82% 52.7% 41.4% 39% 11.6% 81% 24.7%

Bar 3% 9.2% 2.3% 2% 5.6% 4% 2.3%

Ra dial 9% 12% 8.6% 6% 0.0% 7% 3.9%

Gran u lar 2% 19.4% 35.6% 465% 77.6% 3% 37.7%

Fine-grained 3% 5.5% 12.1% 7% 3.6% 5% 28.8%

Oth ers 1% 0% 0% 0% 1.5% 0% 2.6%

Author
Gooding  and 

Keil(1981)
Nagahara

(1981)
Sobotovich and

Semenenko (1984)
Sobotovich and

Semenenko (1984)
Baryshnikova  
et al. (1991)

Wasson
(1993)

Siemiątkowski
(this is sue)



Bul le tin No. 79 (Grossman and Score, 1996), No. 82 (Grossman, 
1998), and from Roo se velt Coun try (Scott et al., 1986).

The mesostasis in the most typ i cal chon drules cor re sponds
to the A5 area dis tin guished by Sears et al. (1992 fide Huang
and Sears, 1997; 1995). The re sults ob tained con firm the high
petrographic de gree of this me te or ite.

A di ver sity of struc ture and min er al og i cal com po si tion, the
pres ence of rims, sib ling chon drules and inter pen etrat ing clus -
ters, as well as dif fer ent amounts of kamacite, troilite and chro -
mite and con sid er able dif fer ences in chon drule size in di cate
that the source of min er als for the chon drules must have been a
neb ula of dust around the Sun, not a protoplanet formed and af -
fected by dif fer en ti a tion (Boss, 1996; Hood and Kring, 1996).
The abun dant and sub stan tial voids and the great num ber of
com plete chon drules and large frag ments, as well as a lack of
fis sures in the chondrite, in di cate the small size of par ent body.
Contractional fis sures only are pres ent  in olivines (Pl. VII,
Figs. 1a and b). The struc ture of the chondrite and its low bulk
den sity high light the unique ness of the Baszkówka me te or ite,
though it is sim i lar to other me te or ites, in clud ing Bjurböle,
Islafegh, Holbrook, Mt. Tazerzait, Saratov (Flynn et al., 1999)
and to some Ant arc tic me te or ites (Matsui et al., 1980).

The par ent body of the Baszkówka me te or ite must have
been de rived from an early stage of protoplanet for ma tion, in
the course of which no ther mal meta mor phism and brecciation
oc curred. This is the main rea son why the po ros ity (and low
bulk den sity) of the chondrite was pre served see also Scott et
al. (1986).  
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