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The L5 chondrites Baszkówka and Mt. Tazerzait are char ac ter ised. Their as tro nom i cal, min er al og i cal and pet ro log i cal char ac ter is tics
con firm that these me te or ites are sim i lar. They could be de rived from the same par ent body, though from the dif fer ent depths be low its
sur face. A third me te or ite — the Tjerebon — might have arisen from the same swarm of me te or oids. The par ent body to these me te or ites
in the as ter oid belt can not be es tab lished at pres ent. The po ros ity, of these chondrites sug gests that they formed close to the sur face of
their par ent as ter oid. The pro cess of for ma tion of the par ent rock of the Baszkówka chondrite is sim i lar in some re spects to sed i men ta tion
of a weakly com pacted ter res trial sand stone. Thus, a two-stage geo log i cal his tory may be en vis aged: firstly for ma tion of the com po nent
min er als and min eral ag gre gates of this me te or ite. Then, later in a dif fer ent en vi ron ment, the ac cre tion of frag ments of this par ent ma te -
rial, to gether with a small amount of ma trix, into a strongly po rous sed i men tary rock.
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INTRODUCTION

The un der stand ing of the chondrite form ing pro cess is cru -
cial to un der stand ing how the so lar sys tem formed. The age of
the com po nent min er als within chondritic rocks in di cates that
they formed near the very be gin ning of the so lar sys tem; they
are older than any ter res trial min er als. Clues to the pro cesses
tak ing place in the so lar neb ula, no ta bly the for ma tion of
planetesimals, have been pre served in the struc tures and tex -
tures of  chon drules and chondrites. In de pend ent in for ma tion
about these pro cesses co mes from as tro nom i cal ob ser va tions of 
stars of var i ous ages, in clud ing those just be ing formed. Both
sources pro vide incomplete data, insuf fi cient to con struct  a uni -
fied model of the so lar sys tem’s for ma tion, con sis tent with all
ob served phe nom ena. Sev eral com pet ing con cepts ex ist, and
each newly studied chondrite can serve to pro vide constraints,
bring ing us closer to a robust the ory.

Two me te or ites which fell in re cent years dif fer in many re -
spects from the chondrites found pre vi ously, and may pro vide

new hints to un der stand ing the his tory of the so lar sys tem. As
regards their mac ro scopic fea tures, a third one (which fell
down some decades ear lier) should be added. So far no other
chondrites of sim i lar struc ture have been found.

BASZKÓWKA

This me te or ite fell on August 25, 1994, at about 16.00 hrs,
in the vil lage of Baszkówka near War szawa (Stępniewski et al., 
1996). Wit nesses of its fall saw noth ing which might make de -
ter mi na tion of its or bit pos si ble. They heard a sound, but could
not say which di rec tion it come from. Sur face at tri tion of one
side of the me te or ite in di cate its fall ing obliquely but the finder
did not re cord its ex act rest ing ex act po si tion. The lack of ob -
served light-effects sug gests a low ve loc ity of the me te or oid to -
wards the Earth and hence its ve loc ity on en ter ing the
at mo sphere must have been only slightly above the Earth’s es -
cape ve loc ity. For ex am ple, in the case of me te or ite which fell
near Ridgedale in Can ada (Halliday, 1987), the ve loc ity prior
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Fig. 1. Baszkówka; pore sys tems, chondrules, their frag ments and metal grain (trans mit ted light, polar ised light, x 50)

Fig. 2. Baszkówka;  pore sys tems and po rous chon drules with hypautomorphic crys tals in side, po rous and disordered tex ture (trans mit ted light, polar ised
light, x 50)



to en ter ing the at mo sphere was es ti mated as 14.66 km/s, and
this was as so ci ated with a bo lide lu mi nos ity of –7.5 magnitude. 
For the bo lide to be vis i ble in the day light, its lu mi nos ity would
have to be higher than –10 mng. Be cause of its rel a tively low
ve loc ity, the me te or ite did not dis in te grate in the at mo sphere
and  some small frag ments only were de tached. The larg est one
split off on im pact.

From the ap pear ance of the frac ture sur face it was ev i dent
that the me te or ite (named Baszkówka) is a chondrite. It was,
though, un like any other chondrite in Pol ish col lec tions. Its
marked po ros ity was par tic u larly no ta ble, as so ci ated with a
tex tural fra gil ity, sep a rate grains and chon drules only be ing
con nected with each other at some points (Figs. 1 and 2). This
re sulted in crum bling dur ing the cut ting and pol ish ing pro -
cesses. But, in con trast to the L4 chondrites Bjurböle and
Saratov, it did not crum ble when held in the hand, in di cat ing
that the scarce con nec tions of the con stit u ent par ti cles pos -
sessed some strength. An other sin gu lar fea ture of the me te or ite
was the pres ence of idiomorphic crys tals in pores, mainly
olivines (Figs. 3 and 4).

Apart from its con sid er able po ros ity, the cross-sec tion of
the Baszkówka me te or ite re vealed it to be a typ i cal ex am ple of
the group L chondrites. Ran domly dis trib uted grains of
nickeliferous iron, of ten as so ci ated with troilite, to gether with
nu mer ous troilite frag ments (Fig. 5), were no ticed. The di men -
sions of larg est troilite grains, coated with Fe-Ni al loy were
over 1 cm. The chon drules ranged from a frac tion of a milli -
metre to a few milli metres in di am e ter. Some sharp-edged
achondrite frag ments up to 8 mm in di am e ter were also noted.
They dif fered from chon drules not only in lack ing a spher i cal
shape but also in their tex ture, which sug gested them to be
scraps of big ger rocky blocks, rather than spheres of a so lid i -
fied sil i cate melt. The in ter nal co her ence of the frag ments com -
posed of whole and frag men tary chon drules, and in di vid ual
sil i cate crys tals (olivines and py rox enes), and of the Fe-Ni al loy 
and the troilite grains, was much higher than that of the rock it -
self (Fig. 6).

 Same of the chon drules were cav ern ous in side. These cav i -
ties, not en coun tered in other me te or ites, re sem bled min ia ture
ge odes. The in ter nal sur faces of these ge odes were cov ered
with crys tals (see Figs. 2 and 3), some times reach ing to the op -
po site wall. Some of the idiomorphic troilite crys tals formed on 
the elon gate sil i cate (mainly ol iv ine) crys tals, in di cat ing that
they might have crys tal lised di rectly from vapour.

On mac ro scopic ex am i na tion, the Baszkówka chondrite
dif fers from other chondrites be cause of its “trans par ency”. Ex -
am ining pol ished sec tions of var i ous or di nary chondrites, one
gets the im pres sion that they are non-transparent rocks. Dis re -
garding the truly opaque min er als, then what is re spon si ble for
this im pres sion is mainly a fine-grained matrix. How ever,
chon drules them selves and coarse de bris can also be con sid -
ered as non-transparent. In the case of the Baszkówka
chondrite, the lack of a fine-grained matrix, to gether with
well-formed min eral crys tals, make it pos si ble to see in side the
me te or ite while look ing at its pol ished sec tion. It is also pos si -
ble to ob serve chondrule tex tures, nor mally only vis i ble in thin
sec tion. Of the two best-known Pol ish me te or ites, the
Baszkówka, with its trans lu cency and green ish colour, is more

sim i lar to the Łowicz mesosiderite than to the Pułtusk
chondrite. 

The ex ter nal re sem blance of the Baszkówka chondrite and
the Łowicz mesosiderite may be rea son able. It has been as -
sumed that mesosiderites re sulted from the cat a strophic col li -
sions of asteroids which had un der gone prior dif fer en ti a tion.
Af ter col li sion, de bris was com bined in side the plan e toid, in a
re gion of rea son ably high tem per a ture. Slow cool ing of a
mesosiderite’s min er als (McSween, 1999), al lowed their full
crystallisation. The his tory of the Baszkówka chondrite could
have been sim i lar, es pe cially as far as the asteroid col li sion
stage is con cerned.

The low mer cury con tent in the rocks that be came the
Baszkówka me te or ite may have re sulted from pro longed high
tem per a ture: con cen tra tions are two or ders of mag ni tude low
than in the L4 Bjurböle chondrite and even lower than in the
Łowicz mesosiderite (Jovanovic and Reed, 1985; Borucki,
1998, pers. comm.), ac cord ing with the ap pear ance of the me te -
or ites.

MT. TAZERZAIT

This me te or ite fell on the af ter noon of August 21, 1991 in
north ern Niger; four years later it found its way into the hands
of sci en tists. Or i ginally it com prised one stone of about 110 kg
but the find ers split it into pieces. No in for ma tion is avail able
about the fall cir cum stances. The ap pear ance of the me te or ite
was so dif fer ent from the ap pear ance of other L-type chondrites 
that it was de scribed as “anom a lous”. Its de scrip tion, how ever,
was in ideal agree ment with that of the Baszkówka me te or ite.
By cour tesy of Wal ter Zeitschel and Rolf Bühler, frag ments of
this me te or ite were made avail able for com par a tive study. It
has been clas si fied as an or di nary L5 chondrite and named Mt.
Tazerzait (Grossman, 1997).

This me te or ite is slightly less po rous than Baszkówka but
its pol ished sec tion, as in the case of Baszkówka, gives an im -
pres sion of trans par ency and, in both cases, chondrule tex tures
are vis i ble. Chondritic de bris oc curs more of ten and sim i lar
bind ing of metal and troilite particles, up to 7 mm in diameter,
are ob served. De spite a larger num ber of pol ished sec tions of
this me te or ite be ing ex am ined than in the case of Baszkówka,
only one larger achondrite fragment of a dif fer ent struc ture was 
no ticed. As in Baszkówka but to a lesser ex tent, automorphic
and hypautomorphic sil i cate crys tals are vis i ble in pores. The
min er al og i cal com po si tion of both me te or ites is alike.

There are higher con tents of ma trix in the Mt. Tazerzait
chondrite than in Baszkówka. The ma trix is com posed mainly
of small chon drules, their frag ments, in di vid ual sil i cate crys tals 
(olivines and py rox enes), Fe-Ni al loy and troilite grains (Figs. 7 
and 8).

A METEORITE SWARM?

The con sid er able struc tural, tex tural and min er al og i cal sim -
i lar ity of the Baszkówka and Mt. Tazerzait chondrites in di cates 
that they may be frag ments of the same rock. Both of these me -
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Fig. 3. Baszkówka; in te rior of chondrule shown at Fig. 2 (an en large ment, trans mit ted light, polar ised light, x 200)

Fig. 4. Baszkówka; ir reg u lar grain of metal and troilite (trans mit ted light, polar ised light, x 50)



te or ites fell down al most on the same day. This sug gests the ex -
is tence of a rocky block swarm, re sult ing from the
dis in te gra tion of a larger body, sim i larly to a meteor stream of
cometary or i gin. Dis in te gra tion must have taken place long
ago, judg ing from the high val ues of cos mic-ray ex po sure ages
of both me te or ites: 76 and 61 mil lion years, re spec tively
(Wlotzka et al., 1997). This sep a ra tion was not vi o lent, judg ing 
from the low shock stage (S1) of both me te or ites. Hence it is
not sur pris ing that both were lo cated on sim i lar or bits and both
were en coun tered by the Earth at the same time of a year.

A sim i lar case was ob served a dozen years ago. A Ca na dian 
cam era net work, de signed for bo lide reg is tra tion and the mark -
ing of me te or ite land ing spots, reg is tered a bright bo lide on
Feb ru ary 6th, 1977. The pho to graphs made pos si ble both the
cal cu la tion of an ex act or bit for the me te or oid, prior to its en ter -
ing into Earth’s at mo sphere, and the de ter mi na tion of its land -
ing spot near Innisfree in west ern Can ada. In deed me te or ites
were found there (Halliday et al., 1981). In 1985, when the net -
work’s ac tiv ity was ter mi nated, and all ob ser va tions were be -
ing ana lysed, at ten tion was turned to the bo lide of Feb ru ary 6th, 
1980. This fell ex actly 3 years af ter Innisfree, the me te or oid
mov ing along the same or bit. It was cal cu lated that its fall
should have taken place near Ridgedale in Can ada, but un for tu -
nately the me te or ite could not be found (Halliday et al., 1987).

The co in ci dences here are in ter est ing. The Innisfree me te -
or ite was first clas si fied as LL5 (Smith, 1980) but fi nally re -
clas si fied as L5 (Kallemeyn et al., 1989). It is a brec cia with a
low shock stage, tex tur ally dif fer ing from Baszkówka and Mt.
Tazerzait. As to its po ros ity no in for ma tion is avail able. How -
ever, it ap pears that the fall of Baszkówka and Mt. Tazerzait
had taken place al most at the time when the Innisfree’s or bit
crossed the plane of the Earth’s or bit. More over the falls of
Baszkówka and Mt. Tazerzait were sep a rated from each other
by a pe riod of three years, as in the case of the Innisfree and
Ridgedale falls. Fur ther more, the mo ments of fall of the lat ter
two dif fer by a mul ti ple of 3 years, tak ing into ac count a half
year dif fer ence caused by a dif fer ent or bital node. Con sidering
all this, Innisfree could orig i nate from the same ob ject as
Baszkówka and Mt. Tazerzait, as sum ing that, the Earth’s per -
tur ba tions had changed the or bital ori en ta tions of their me te or -
oids.

It is un for tu nate that ow ing to a lack of ex act ob ser va tions
of the Baszkówka and Mt. Tazerzait falls, it was im pos si ble to
de ter mi nate their or bits. Also, since it was im pos si ble to find
the Ridgedale me te or ite, it is not known what the dif fer ences
are be tween these two me te or ites of sim i lar or bits. Still, there
seems to be a chance of ad di tional in for ma tion. The level of
their nat u ral thermolu mi nes cence de pends of how close they
came to the Sun while or bit ing it. In an other words, on the ba sis 
of nat u ral thermoluminescence, peri he lia of a me te or oid’s or -
bit, prior to its en coun ter with the Earth, can be es tab lished
(Benoit and Sears, 1997). As has been re corded, the peri he lia of 
most of the or di nary chondrites are sim i lar to those of the Earth. 
Also, it has been as sumed that most of these me te or ites should
fall on to the rear side of the Earth in re la tion to their di rec tion
of flight, that is, dur ing the af ter noon hours. The me te or ites un -
der con sid er ation be haved in ac cord with these prin ci ples.
Con tin u a tion of this re search should in volve check ing the level
of nat u ral thermoluminescence of both me te or ites, and com -

par i son of the cal cu lated val ues of or bital peri he lia with the
value for the Innisfree. In the case of sim i lar ity it should be
found out whether a change in the ori en ta tion of the Innisfree’s
or bit would in flu ence the con for mity of the mo ments of fall for
Baszkówka and Mt. Tazerzait with this or bit. If those mo ments
were to be in ac cord, it would mean a com mon or i gin for these
me te or ites since the per tur ba tion from the Earth re sults in a
change in an or bit’s ori en ta tion, fol lowed by a change in its
shape.

TJEREBON

In the min er als auc tion cat a logue, the pho to graph of a me -
te or ite’s pol ished sec tion, sim i lar to those of the Baszkówka
and Mt. Tazerzait chondrites, cap tured our at ten tion. It was not
easy to get a sam ple of this me te or ite but Rolf Buhler from
Swiss Me te or ite Lab o ra tory, hav ing in his pos ses sion all three
chondrites, was able to confirm their very strong mac ro scopic
like ness. The third chondrite turned out to be Tjerebon from In -
do ne sia, also clas si fied as L5 (Ma son, 1963).

The fall of this me te or ite took place on the night of July
10th, 1922 in In do ne sia. Af ter a bo lide and a det o na tion only
two stones, each of about 8 kg of weight, were found. Again a
lack of ex act ob ser va tion did not per mit cal cu la tion of an or bit.
How ever, the date of the fall is a mul ti ple of the three year pe -
riod sep a rat ing the falls of Baszkówka and Mt. Tazerzait. The
fact of the fall tak ing place in July in stead of in Au gust may be
ex plained by the shift of the or bital nodes. This is of ten a re sult
of the perturbing in flu ence of the Earth on the move ment of
me te or ites in its prox im ity. Con sidering also its iden ti cal struc -
ture, there is lit tle doubt that Tjerebon is a frag ment of the same
par ent rock.

Among small frag ments of Tjerebon chondrite avail able for 
ex am i na tion, a nice frag ment of troilite was found. On three
sides it was rimmed with metal, mak ing it look sim i lar to
troilites ob served in the Baszkówka and Mt. Tazerzait
chondrites. This frag ment is as so ci ated with a mix ture of
troilite and sil i cate grains, giv ing to gether a nod ule with a di -
am e ter of over 1 cm. More over, this me te or ite seems to be
slightly less po rous than Baszkówka but more so than Mt.
Tazerzait. It is more in tensely rusty-green than the other two
me te or ites. This may be due to meth ods of pro cess ing and stor -
age. Rust has caused pores to di min ish in size and close. As in
the other two me te or ites, sil i cates of the Tjerebon are trans par -
ent. Some achondrite frag ments have been no ticed, as well as
com pact con glom er ates of metal, troilite and sil i cates sim i lar to
mesosiderite frag ments.

Me te or ite cat a logues usu ally do not con tain in for ma tion
con cern ing the mac ro scopic fea tures of me te or ites. There fore
the search for other, sim i lar me te or ites, is dif fi cult es pe cially as
the Pol ish col lec tion of me te or ites is mod est. The lack of
shock-metamorphism in the me te or ites in ques tion could be of
some help. How ever, in 61 chondrites of L5 type, which falls
had been wit nessed, only in the case of 22 could the shock stage  
have been de ter mined. Among them there is none with out
shock metamorphism (Stöffler et al., 1991, 1992; Schulze and
Stöffler, 1997). Among the L5 chondrite finds ex am ined, only
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Fig. 5. Baszkówka; chondrules af ter col li sion; grains of metal and troilite (trans mit ted and re flected light,  polar ised light, crossed nicols, x 100)

Fig. 6. Baszkówka; in ter nally con cise ag gre gate com posed of chon drules, metal grains and ol iv ine and pyroxene crys tals (trans mit ted light, polar ised
light, x 50)



two small chondrites, found in Aus tra lia (Hughes 024 and Lox -
ton) have a shock de gree of S1. So far no closer in for ma tion as
to their struc tures has been ob tained. Also, no pos i tive in for ma -
tion from col lec tors, con cern ing sim i lar chondrites, is
available. Most likely chondrites of this type are rare.

Re cently a pa per was pub lished de scrib ing an L5 chondrite, 
Cam pos Sales, of shock stage S1. It fell in Brazil on January 31, 
1991 half a year be fore Mt. Tazerzait’s fall (Scorzelli et al.,
1998). Mac ro scopic ex am i na tion of a sam ple showed a lack of
the sim i lar i ties to the Baszkówka and Mt. Tazerzait chondrites.
The Cam pos Sales me te or ite con tains more ma trix and is much
less po rous. Its struc ture as well as its mo ment of fall would
rather cor re spond to the Innisfree chondrite. Cri te ria such as a
lack of the shock metamorphism do not fa cil i tate the search for
the chondrites sim i lar to Baszkówka.

CHONDRULES AND CHONDRITE FORMATION

Most ac counts suggest that chon drules tex ture pro vides in -
for ma tion on chondrule for ma tion. Ear lier ex ist ing rock waste
had un der gone sud den melt ing fol lowed by rapid cool ing. A
has been assumed that this pro cess could have orig i nated in a
solar neb ula — the cloud of gas and dust sur round ing the
newly-formed Sun. Sev eral mech a nisms for rapid heat ing,
such as elec tric dis charge or shock wave in a dust cloud, have
been con sid ered. None of them, how ever, are fully sat is fac tory
(Dodd, 1981; Boss and Gra ham, 1993; Wood, 1996).

Literature on chondrites, without ex am i na tion of the rock
it self, one could have an im pres sion that the rocky part of
chondrites comprised chon drules ex clu sively. How ever, closer
ex am i na tion shows that there are rel a tively few clas si cal chon -
drules, those which have crys tal lised out of melted drops. Even
if spher i cal grains pre vail, the ma jor ity of them re call rather
peb bles. Such chondrule are eas ier to find on a pol ished surface 
than in thin sec tion. They ap pear as a con glom er ate of var i ous
grains, dif fi cult to dis tin guish from the groundmass de bris.
This can be ra tion al ised thus: the de bris did not to tally melt,
many of the frag ments retaining their orig i nal struc ture. In such 
a case it is dif fi cult to find a mech a nism for the se lec tive melt -
ing of de bris. Res o lu tion of this prob lem might in volve the con -
cept of mix ing of mat ter in the neb ula.

Dif fer ences in the chondrules’ dis tinct ness among in di vid -
ual chondrites is mostly ex plained by invoking a dif fer ent stage 
in their meta mor phism (Dodd, 1981; McSween, 1999). The
higher the pet ro logic type of the chondrite, the more dif fi cult it
is to dif fer en ti ate chondrules from the ma trix. It has been sug -
gested that this is a re sult of recrystallisation in a solid state, at
high tem per a ture. Quite of ten, how ever, in chondrites clas si -
fied as of the same pet ro logic type, the de gree of the
chondrules’ dis tinct ness can dif fer con sid er ably.

The Baszkówka and Mt. Tazerzait L5 chondrites should, in
this view con tain chon drules joined to a  ma trix but still eas ily
vis i ble. A petrografic de scrip tion of the Baszkówka chondrite
(Siemiątkowski, 1998) in di cated that 30% of the me te or ite is
com posed of en tire and subentire chon drules lo cally up to 50%. 
Close to 10% com prises kamacite, troilite and crys tals of ol iv -
ine. The rest is com posed of chon drule frag ments. Such an in -

ter pre ta tion seems jus ti fied since the ma jor ity of chon drules are  
porphyric chon drules, and fine, ir reg u lar grains, also have
porphyritic struc tures. A pre dom i nance of ir reg u lar de bris, or
per haps of chon drule frag ments is more ev i dent in the Mt.
Tazerzait chondrite. Due to the lower po ros ity, grains have ag -
gre gated to give a coarse tex ture. Automorphic or
panautomorphic grains of ol iv ine and pyroxene are also vis i ble. 
A small frag ment, typ i cally mesosideric, in which crys tals of
pyroxene are in ter laced with kamacite, was ob served. No chon -
drules were vis i ble in this frag ment. 

The high po ros ity of both chondrites, es pe cially of
Baszkówka, makes it dif fi cult to at trib ute the poor ex pres sion
of the chon drules to recrystallisation dur ing the heat ing of the
chondrite’s par ent body. No trace of such recrystallisation has
been ob served. The po ros ity makes it not dif fi cult to dif fer en ti -
ate in di vid ual frag ments but many seem not to be trans formed
chon drules. Most likely, they rep re sent pri mary grain ag glu ti -
nates. In the Baszkówka chondrite nu mer ous ag gre gates,
mainly com posed of olivines, were found. Their in ter nal co he -
sion (com pact ness) is ap pre cia bly higher than in the case of
their be ing linked to chon drules and their frag ments (see
Fig. 6). They un doubt edly formed prior to the me te or ite rock’s
for ma tion. In the Mt. Tazerzait me te or ite the ag gre gates are
much less vis i ble, due to the lower po ros ity of this me te or ite
(Fig. 9).

Until now, the planetesimal col li sions sug gested in some
pa pers (Sanders, 1994, 1996) as a mech a nism of chondrule for -
ma tion, has not been ac cepted. It has been thought that those
col li sions involved too little en ergy, most of which was used to
crush the rocks rather than heat  them. It was thought, that
planetesimals, be ing formed as a re sult of so lar neb ula dust
aglutination, were trans for med into solid bodies in a rel a tively
short time. Sug ges tions that col li sions took place be tween par -
tially melted planetesimals, pro duc ing drop let clouds, were not
widely sup ported.

Such con cepts gained sup port when ev i dence was found
that asteroids are cov ered with a thick layer of regolith. It was
real ised that par ent planetesimals could pos sess thick lay ers of
dust on their sur face. In such cases most im pact en ergy would
be used to heat and dis perse these dust lay ers. Large clouds of
dust would not al low rapid cool ing of the melted drops, most of 
which would set tle back on the bod ies which had col lided
(Akridge et al., 1998).

Ac cord ing to Sanders (1996) the first bod ies, whose ac cre -
tion had taken place dur ing the million years since the so lar sys -
tem formed, un der went rapid heat ing, lead ing to melt ing. This
pro cess was aided by the ra dio ac tive de cay of short-lived iso -
topes, gen er ated by the su per nova which, triggered the so lar
sys tem’s for ma tion. Col li sions of such mol ten bod ies pro duced 
clouds com posed of hot drop lets (primary chon drules). These
drops, in turn, ad hered to the dust and de bris as so ci ated with
such clouds. In this way var i ous secondary chon drules were
formed. Due to the low ve loc ity of the col li sions, most of the
mat ter sedimented back on to the planetesimals. That part
which sedimented later (af ter ca. 2 million years) did not con -
tain suf fi cient ra dio ac tive iso topes to cause melt ing and be -
came as so ci ated with the ear lier-sedimented hot and melted
mat ter.
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Fig. 7 

Fig. 8 

Figs. 7 and 8. Mt. Tazerzait; chon drule and ma trix com posed of chondrule frag ments, sil i cate crys tals (olivines and py rox enes) and metal and troilite grain
(trans mit ted light, crossed nicols, x 100)



The petrography of the Baszkówka and Mt. Tazerzait
chondrites seems to be con sis tent with Sanders’ con cept rather.
Both me te or ites con tain mostly frag ments of a porphyric tex -
ture, car ry ing ol iv ine crys tals in a fine ma trix. Some of the
fragments are spher i cal but on a pol ished sec tion they dis ap -
pear among oth ers of the same struc ture. This re sults in a
mosaic in which some typical chondrules are dis tinct. There are 
com mon hypautomorphic crys tals, mostly of ol iv ine, be ing not
chon drule frag ments but more probably fragments of
magmatic rocks. Such a con glom er ate could arise, ac cord ing to 
Sanders, as a re sult of dif fer en ti ated, par tially melted
planetesimal’s col li sions. The re sul tant chondrules and de bris
mostly sedimented on to the larger of the bod ies in volved in the 
collision, form ing a thick layer of dust.

Streams of gas from the  in te ri ors trans ported and sorted the 
dust in the sur face lay ers. This pro cess oc curs dur ing for ma tion 
of volcanic with pyroclastic rocks de po si tion and during large
col li sions. It may be used in in dus try as well (Wil son, 1980).
Since in di vid ual groups of chondrites dif fer as re gards
component grain sizes, the re sults of this pro cess must have
been dif fer ent for different groups. In the case of H chondrites,
where the me tal lic and sil i cate grains are alike in sizes, prac ti -
cally no sep a ra tion of these con stit u ents took place. How ever,
in the cases of L and LL chondrites, the smaller me tal lic grains
were shifted to wards the sur face. The pres ent day ordinary
chondrites are frag ments of those lay ers de pleted in met als
(Sears and Akridge, 1998).

In the case of large dif fer ences in the sizes of chondrules,
large grains and fine-grained matrix, the lat ter could be com -
pletely blown away in a manner sim i lar to the dust car ried out
of a comet’s nu cleus. This may ac count for the struc ture of the
Baszkówka and similar chondrites, which look as if their
matrix have been re moved.

Dur ing the cool ing pro cess, the con sol i da tion of
planetesimals occured and later col li sions pro duced a dif fer ent
out come. Shock-induced lo cal rises of tem per a ture and pres -
sure in duced trans for ma tions of the chondrite rocks, in clud ing
their melt ing. Dis in te gra tion of rocks and their reassembling
pro duced brec cias (Tay lor et al., 1987; Ehlmann et al., 1988).
The Tsarev chondrite may serve as an ex am ple. It is com posed
of remelted frag ments, with no chondrules vis i ble, to gether
with frag ments with vis i ble chondrules. This may be better ob -
served in the Cat Moun tain chondrite. The sim i lar cool ing pro -
cess, at lower tem per a tures, suggests that a course of brec cia
for ma tion was alike for all three types of or di nary chondrites
(Folco et al., 1997).

TRANSPORT OF CHONDRITES TO THE EARTH

Ex act or bits could be es tab lished for only 4 me te or ites
(Přibram H5, Lost City H5, Innisfree L5 and Peekskill H6). In
about 40 cases, ap prox i mate or bits were cal cu lated on the basis
of wit nesses’ accounts. In all the cases the or bital aphelia reach
the as ter oid belt, and the peri he lia are lo cated near the Earth’s
or bit. This sug gests the as ter oid belt as the or i gin of the me te or -
ites (Morbidelli and Gladman, 1998).

Asteroid col li sions in the belt be tween Mars and Ju pi ter are
not suf fi ciently en er getic to di rect frag ments of dis in te grated
asteroids to wards the Earth. Ac cord ing to Morbidelli et al.
(1994) and Farinella et al. (1998), the trans port of asteroid de -
bris to an or bit cross ing the Earth’s or bit is due to res o nances,
mainly those with Ju pi ter. Their ac tion is vis i ble most clearly in
the case of the 3:1 res o nance with Ju pi ter (3 rev o lu tions of an
asteroid cor re spond to 1 of Ju pi ter). This res o nance pro duces
an al most empty space in the as ter oid belt. When an as ter oid or
its frag ment moves into this space, the reg u larly re peat ing at -
trac tion of Ju pi ter causes a change in its or bit, di rect ing it to -
wards the Sun or to wards the pe riph er ies of the so lar sys tem.
As a re sult, in the course of a few million years an asteroid or a
meteoroid would dis ap pear from the neigh bour hood of the as -
ter oid belt and of the Earth.

Since the ex pected pe riod of a meteoroid’s ex is tence is
shorter than the cos mic-ray ex po sure age of most of the me te or -
ites, a slower trans port mech a nism, con nected with age res o -
nance, has been sug gested. These res o nances are weaker and
they trans port me te or oids to or bits lead ing to Mars, which in
turn, change the or bits into those di rected to wards the Earth.
Farinella and Morbidelli es ti mated a range of 10 to 100 million
years the time when me te or oids could, pe ri od i cally ap proach 
the Earth. This is in accordance with the known val ues of cos -
mic-ray ex po sure age.

Re cently, us ing a com puter sim u la tion of move ments of
par ti cles sub ject to res o nance, Morbidelli and Gladman (1998)
found that the trans port of me te or oids to the vi cin ity of the
Earth from all the res o nance re gions pro ceeds much faster than
pre vi ously es ti mated. Cal cu la tions show that a dy namic du ra -
tion of life for bod ies start ing from 3:1 or v6 res o nances
amounts to only 2–3 mil lions years in stead of 10–100 mil lions.
This is much too short to ex plain the cos mic-ray ex po sure age
of the ma jor ity of me te or ites. There fore a mech a nism has to be
as sumed which will take into ac count the slow trans port of me -
te or oids to res o nances of 3:1 or v6. This would mean that af ter
separating from a par ent body, they or bit in the main as ter oid
belt long enough to reach the ap pro pri ate age. A suit able mech -
a nism may be pro vided by the Yarkovsky ef fect. This may
cause a slow change of the semi-major axis of or bits of bod ies
0.1 to 100 metres in di am e ter, rel a tive to the rate of their
rotation, the shape of the or bit, and to phys i cal prop er ties
(Farinella et al., 1998). A small body orbiting the Sun ab sorbs
vis i ble sun light and emits ab sorbed en ergy in the in fra red. A
dif fer ence be tween the di rec tion of in com ing sun light and the
di rec tion of in fra red emis sion cre ates a weak force able to
slowly change this bodys or bit. The Pol ish en gi neer, I. O.
Jarkowski de scribed this ef fect in a pa per pub lished around
1900 which, un for tu nately, has since per ished (Öpik, 1951).

In the case of bod ies with the di men sions of meteoroids,
and co-workers es ti mated the rate of their semi-major axis may
be as high changes by 0.01–0.001 j.a. ev ery million years. It
means their ex po sure to a cos mic ra di a tion must have lasted
roughly for sev eral tens of millions years be fore reach ing, by a
spi ral route, a 3:1 or v6 res o nance area. An es pe cially at trac tive
fea ture of this model is the fact that, due to their struc ture, the
or bits of iron meteoroids un dergo an evo lu tion close to an or der 
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of mag ni tude slower than do those of stony meteoroids. The
greater co he sive ness of these meteoroids en ables them to last 
long enough to reach the res o nances. As a re sult their cos -
mic-ray ex po sure age is lon ger by an or der of mag ni tude.

QUESTIONS AND UNRESOLVED ISSUES

It seems be yond doubt that the par ent body of the
Baszkówka, Mt. Tazerzait, Tjerebon, and pos si bly some oth ers
L type chondrites, is to be found in the as ter oid belt. A long cos -
mic-ray ex po sure age of the two for mer me te or ites could in di -
cate that a par ent as ter oid might have or bited rel a tively far from 
the res o nance area. On the ba sis of the as ter oid ob ser va tions
ob tained up un til now, it is dif fi cult to say how ever which
among them may be par ent bod ies of the L type chondrites.

In the case of H type chondrites, most of which are very
much alike, there is a high prob a bil ity of their be ing de rived
from the as ter oid 6 Hebe (Migliorini et al., 1997; Gaffrey and
Gilbert, 1998). This is or bit ing near a 3:1 res o nance and its de -
tached frag ments can eas ily find their way into a res o nance
area, and sub se quently to the Earth. The struc ture of the L type
chondrites is much more dif fer en ti ated and it has been sug -
gested that they orig i nate from more than one as ter oid
(Alexeev, 1998). How ever, it is pos si ble that at least the
“green” chondrites may be de rived from the same source.

It could be pos si ble that the source of L type chondrites pos -
sess ing a high shock stage, may dif fer from that of Baszkówka
and of some other chondrites with a low shock stage. Same
doubts arise how ever, from the re sults ob tained for rocks
ejected from the Ries crater in Ger many. It has been found that
blocks of rock ejected pow er fully from this crater, of ten show
no trace of shock trans for ma tion. Thus it is pos si ble that as a re -
sult of cat a strophic col li sion about 500 million years ago, part
of the rocks un der went strong trans for ma tion, and the oth ers
lit tle (Haack et al., 1996). So it is con ceiv able that the
Baszkówka chondrite might con sti tute a frag ment of the same
as ter oid, from which the other “green” chondrites are de rived.

The high po ros ity of this chondrite, to gether with full
crystallisation of its min er als, casts doubts on pres ent the o ries.
Ac cord ing to these, the par ent planetesimals com prised a con -
glom er ate of var i ous chondrules and grains of var ied or i gin, in
a state of chem i cal non-equilibrium. A chem i cal equi lib rium
had been achieved later as a re sult of heat ing, and
recrystallisation in a solid state, lead ing to the dis ap pear ance of
bound aries be tween chondrules and the matrix (Manecki,
1972; McSween, 1999). In the case of Baszkówka, how ever,
we have a highly po rous sed i men tary rock which com po nents
had been formed and had un der gone trans for ma tions in dif fer -
ent environment from those in which the rock for ma tion took
place. All com po nents of the rock (chondrules, their frag ments, 
and crys tal line ag gre gates) are allogenic and have been formed
as a re sult of me chan i cal dis in te gra tion of the par ent rock (the
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Fig. 9. Mt. Tazerzait; in ter nally con cise ag gre gate com posed of chon drules, metal grains and ol iv ine and pyroxene crys tals (trans mit ted light, crossed
nicols, x 100)



equiv a lent of phys i cal weath er ing) dur ing as ter oid col li sions.
The en ergy of col li sions ejected, maybe many times, the ma te -
rial into space. A weak grav i ta tional field was re spon si ble for
its slow accretion on to an asteroid’s sur face, but was not suf fi -
cient for to strongly com pact the ini tially voluminous ma te rial.
A re sult of this pro cess is the high po ros ity of the Baszkówka
chondrite. A rock of such high po ros ity could prob a bly only
preserve near the asteroid’s sur face. The integration of
allogenic com po nents took place at a tem per a ture not suf fi cient 
to cause transformation of the min er als. No recrystallisation at
chon drule-grains bound aries was ob served. Nev er the less the
tem per a ture was high enough to make the metal plas tic enough
to tightly fill parts of the holes be tween the allogenic fragments
and to cause “weld ing” of the ex ter nal edges of these
fragments. As a re sult, the  den sity of the rock is low. The
Baszkówka me te or ite likely formed by a pro cess akin to
sandstone for ma tion on the Earth. The only dif fer ence is that
the for ma tion of the Baszkówka chondrite par ent rock was in -
duced by phe nom ena rare on the sur face of our planet, and took 
place in entirely dif fer ent environment.

From a pet ro log i cal point of view, this chondrite can be de -
scribed as polymictic grain-supported sand stone con tain ing a
small amount of ma trix, prac ti cally de void of ce ment. It has a
me dium- to coarse-grained struc ture and syngenetic, dis or -
dered po rous tex ture. The sed i men ta tion me dium was weakly
sep a rat ing, of low den sity and low en ergy, giv ing rise to a slow
ac cre tion of poorly sorted allogenic com po nents of the frame -
work and ma trix. Taking this into ac count, the Baszkówka par -
ent rock may be clas si fied as a cos mic (as ter oidal) sand stone,
and, from the com po si tion of its frame work, a chondritic sand -
stone (Przylibski and Zagożdżon, 1999). 

Some po ros ity may be no ticed also in other L types
chondrites (Consolmango and Britt, 1998; Consolmagno et al.,
1998). Their lower po ros ity may re flect der i va tion from a
greater depth, or to a higher shock stage. As re gards the shock
meta mor phism, the Farmington L5 chondrite seems sim i lar. In
chondrites metamorphosed more strongly, where the rock had
been par tially melted, the pores re call the ves i cles of ter res trial
bas alts. Nev er the less a num ber of “green” chondrites have a

higher con tents of well de vel oped chon drules (Mar low), or
troilite (Mar low, Etter). Could those more dif fer ent chondrites
have formed on the same as ter oid, or must they had arisen on
an other?

It is not clear also how the troilite and kamacite grains
formed. It seems, they also formed, at least in part, prior to
grains as sem bled into a chondritic rock. This may be de duced
from the presence of metal sedimented onto troilite. Normally,
troilite should be formed by the re ac tion of me tal lic iron with
hy dro gen sul phide on the sur faces of metal grains. The pres -
ence of troilitic grains coated with metal in di cates the ex is tence
of grains which then entered of an area where iron va pours con -
densed on to it. Part of the metal and troilite grains could have
pen e trated, in a ductile form into the gaps be tween chondrules
and grains. It is not clear, how ever, if this pro cess took place on
the par ent asteroid of Baszkówka, or ear lier.

The cos mic-ray ex po sure age turned out to be not a fea ture
which can dif fer en ti ate the or i gin of chondrites. In the group L
chondrites un der in ves ti ga tion, the Chico chondrite with the
highest age (104 million years), has a high est de gree of shock
metamorphism (Herzog et al., 1997). The age of the Tjerebon
chondrite is only ca. 2.5 million years (Scherer, 1998, pers.
comm.). The time spent in cos mic space by the Farmington
chondrite is as short as about 20 thou sand years (Hutch in son
and Gra ham, 1992). There fore even if all of those me te or ites
were de rived from the same as ter oid, then its dis in te gra tion
must have been fol lowed by mul ti ple col li sions among its frag -
ments.

Ques tion ing of the gen er ally ac cepted the o ries con cern ing
chondrite for ma tion, re quires strong ev i dence. A pre cise anal y -
sis of bound ary sur faces be tween chon drules, grain ag gre gates, 
metal and sil i cate de bris, is needed to es tab lish the or der in
which these com po nents com bined as well as the con di tions of
this pro cess. It seems how ever that es pe cially the Baszkówka
chondrite pro vides a rare op por tu nity to get an in sight into the
pro cesses of as ter oid for ma tion.

This work has been sup ported by the Com mit tee for Sci en -
tific Re search, Po land (grant no. 6 PO4D 031 13).
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