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The con tri bu tions of Pol ish sci en tists to stud ies of ex tra ter res trial mat ter are de scribed, and a his tory of in ves ti ga tions into the Pułtusk,
Łowicz, Morasko and Baszkówka me te or ites is given. Opin ions ex pressed in Pol ish jour nals on the struc ture and gen e sis of chon drules 
are dis cussed, to gether with the re sults of X-ray struc tural re search of graph ites. Pol ish pa pers de voted to the stud ies of cos mic dusts, par -
tic u larly of their alu mi no sili cate glass, are sum ma rized. In this con text the use of the in fra red method in dis tin guish ing ter res trial and cos -
mic glasses is stressed. 
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The first pa pers Pol ish sci en tists on me te or ites date back to
the be gin ning of the 19th cen tury (Kortum, 1805; Jundziłł,
1805, 1821; Drzewiński, 1819, 1820, 1825; Makólski, 1820;
Śniadecki, 1822; Wolski, 1822; Kratter, 1825b in:
Pokrzywnicki, 1964). Makólski, writ ing in Pol ish, wrote what
was prob a bly one of the first Ph.D. dis ser ta tions in meteoritics
in the world (Fig. 1). I. Domeyko (1802–1889), a Pol ish min er -
al o gist ac tive for years in Chile, was also a re searcher and col -
lec tor of me te or ites. 

On 30 Jan u ary, 1868, a shower of stony me te or ites, i.e.
chondrites, fell in the vi cin ity of Pułtusk in Po land. The de -
scrip tions of the fall and the pre lim i nary of in ves ti ga tions of the 
Pułtusk me te or ite were pub lished in French by Wawnikiewicz
(1868) in a book let of the War saw Cen tral School. The book let, 
along side with the spec i mens of the me te or ite (!!), were sent
out to uni ver si ties, re search units and some sci en tific as so ci a -
tions in Paris, Lon don, Co pen ha gen, Stock holm, Prague,
Wrocław (then Breslau), Królewiec (then Königstein), Kraków 
and Lvov as well as to uni ver si ties and sci en tific in sti tutes in
the area of the then tsar ist Rus sia. The book let and the spec i -
mens were also passed on to se lected pro fes sors in min er al ogy
and chem is try. This ac tion aroused in ter est in the Pułtusk me te -
or ite within the Eu ro pean sci en tific com mu nity. As a re sult, 16
pa pers on this me te or ite in ques tion were pub lished in the same
year, fol lowed by 36 more by the end of the 19th cen tury. For
many years the strewn field of the Pułtusk fall was de bated.
Even tu ally, Samsonowicz (1952) de ter mined the shape of the

el lipse, cal cu lat ing the lon ger and shorter axes at 18 and 9 km
re spec tively, and the area of dis per sion at 127 km2. He also es ti -
mated the to tal num ber of frag ments of this me te or ite at ca.
68,870 pieces. I car ried out min er al og i cal in ves ti ga tions of the
Pułtusk me te or ite 20 years later (Manecki, 1972b). Beau ti fully
de vel oped, di ver si fied tex tures of chon drules from this me te or -
ite in spired me to pro vide a ten ta tive clas si fi ca tion of chon -
drules (Fig. 2) and con sider their gen e sis in the pa per en ti tled
“Chondrites and chon drules” (Manecki, 1972a). The fol low ing 
clas si fi ca tion of chon drules ac cord ing to their tex tural fea tures
was pro posed: 

A. Cri te rion — the de gree of crys tal li sa tion of com po nents:
I. Chon drules dis play ing holocrystalline tex ture: 

1. Excentroradial struc ture: 
a — monospherolitic, con sist ing of plates and rods

(Fig. 2a), 
b — polyspherolitic, con sist ing of plates and rods 

(Fig. 2b).
2. Centroradial struc ture. 
3. Par al lel struc ture (barred chon drules). 

II. Chon drules show ing hypocrystalline tex ture: 
1. Excentroradial struc ture: 

a — monospherolitic, con sist ing of platy and rod like
min er als ce mented with glass  (Fig. 2c), 

b — polyspherolitic, con sist ing of rod like or platy
min er als ce mented with glass  (Fig. 2d).

2. Centroradial struc ture (Fig. 2e).



3. Par al lel struc ture (barred chon drules)  (Fig. 2f and 
3b).

B. Cri te rion — re la tions of grain size: 
I. Chon drules dis play ing por phy ritic tex ture and mas sive

struc ture (Fig. 2g).
II. Chon drules show ing gran u lar, equigranular and

inequigranular tex tures and mas sive struc ture  (Fig. 2h). 
C. Cri te rion — oc cur rence of in di vid ual grains or their ag -

gre gates: 
I. Chon drules con sist ing of in di vid ual grains  (Fig. 2i).
II. Chon drules com posed of nu mer ous grains show ing

mixed struc tures and  tex tures (Fig. 2j).
 Chondrites gen er ally con tain chon drules ex hib it ing gran u lar 

and excentroradial struc tures. Those con sist ing of in di vid ual
grains are rare whereas chon drules dis play ing por phy ritic or
centroradial struc tures oc cur only spo rad i cally. The lat ter struc -
tures, de scribed in the Saratov me te or ite, are rare. Chon drules
show ing por phy ritic tex ture were found in the Chainpur me te or -
ite. The ma trix em bed ding chon drules in this me te or ite con sists
of glass in clud ing euhedral ol iv ine crys tals and den dritic py rox -
enes. The oc cur rence of chon drules dis play ing barred struc tures
is prob lem atic. Nev er the less, they were re ported by nu mer ous
au thors. They are mostly thought to rep re sent in ter sec tions of
chon drules dis play ing excentre-ra dial struc tures (Figs. 3 and 4).
The per son who turned my  at ten tion to this fact was Prof.
Grigoriev from Pe ters burg, long stand ing chair man of the IMA
Com mis sion on Cosmomineralogy.

In the same pa per I gave my opin ion on the gen e sis of chon -
drules, join ing the heated dis cus sion on the mat ter (the de bate

re mains heated even now, es pe cially as much new in for ma tion, 
e.g. on plan e toids, has be come avail able). The fol low ing con -
clu sion was ex pressed: 

“The  pro cesses of for ma tion of low-temperature sil i cates
and chon drules were closely con nected spa tially, since
chondrites oc cur (car bo na ceous va ri ety of the IIIrd type) in
which a dark ma trix of low-temperature sil i cates ce ments chon -
drules. Thus, crys tal line ag gre gates of high-temperature sil i -
cates (chon drules) co ex ist with a groundmass com posed of
hy drated sil i cates formed at tem per a tures be low 100oC. Using
the neb u lar hy poth e sis we may as sume that in the out er most
cold zones of prim i tive so lar mat ter low-temperature sil i cates
could form, whereas in deeper zones, sil i cate melt took the
form of dis persed par ti cles. Hot neb ulae con sist ing of drop lets
of this melt could be ejected out wards into cooler zones, where
they col lided with ag gre gates of uncon sol i dated mat ter com -
posed of low-temperature sil i cates of the ser pen tine-chlorite
type. The lat ter sil i cates were thus sub jected  to ther mal al ter -
ation and recrystallised in a solid state — at higher tem per a -

tures into py rox enes (the al ter ation: ser pen tine → ol iv ine →
pyroxene) and at lower tem per a tures into ol iv ine (the al ter -

ation: ser pen tine → ol iv ine). These newly formed crys tal nu -
clei ini ti ated crystallisation.  The  pro cess started from the
mar gins of these drop lets (chon drules) and de pend ing on the
form of the crys tal lites of the nu clei (clinochrysotile — rods;
antigorite and chlorite — plates) there de vel oped rod like, platy
excentroradial or par al lel ag gre gates of py rox enes and olivines. 
In the case of a sin gle crys tal lite ag gre gate, a monospherulitic
chon drule was formed, while if  nu mer ous ag gre gates were
avail able, a polyspherolitic chon drule orig i nated. Ini tial ac cu -
mu la tion of chon drules and their sub se quent ce men ta tion with
a ma trix con sist ing of low-temperature sil i cates took place in
the cold outer zones of prim i tive so lar mat ter.”  

In the text a re view of var i ous hy poth e ses con cern ing the
or i gin of chon drules and chondrites was given. 

The Pułtusk me te or ite re quires fur ther stud ies, as in spec -
tion of the nu mer ous spec i mens shows a heterogenous struc -
ture (Pilski, pers. comm.). 

In the night of 11/12 March 1935, a mezosiderite fell in Po -
land near the town of Łowicz. Its de scrip tion was pub lished in
Ger man in 1938 in the vol ume XIVth of Archiwum
Mineralogiczne “Meteorit von Łowicz in Polen” by six au thors 
(Kobyłecki, Jaskólski, Kołaczkowska, Thugutt, Moritz,
Cichocki). Jaskólski de scribed ilmenite in the Łowicz me te or -
ite, a min eral rare in me te or ites (though com mon in lu nar bas -
alts). His find ing is prob a bly the first iden ti fi ca tion of this
min eral in me te or ites.

In the year 1964 Pokrzywnicki pub lished in Eng lish his
Cat a logue of me te or ites in the Pol ish col lec tions.
Pokrzywnicki, an am a teur-scientist, re corded all the me te or ites
pres ent in Pol ish col lec tions, and de voted a sub stan tial part of
his pa per to the me te or ites that had fallen in Po land. He gath -
ered in for ma tion on these me te or ites not only from sci en tific
de scrip tions (reach ing back to the ear li est pa pers), but also
from old jour nals, chron i cles and other writ ten re cords. In the
year 1971 Manecki pre sented the de vel op ment of min er al og i -
cal re search on bod ies of ex tra ter res trial or i gin, con ducted in a
pe riod from 1749 to 1969. 
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Fig. 1. The cover of Makólski’s Ph.D. dis ser ta tion (1820) „Trea tise on
aero lites, i.e. stone shower” 



An other in ter est ing story re lates to the find ing of and then
re search into, an iron me te or ite — the Morasko oc ta he drite. It
was dur ing World War I, on 12 No vem ber, 1914, that in the
course of dig ging trenches at Morasko near Poznań, sol diers
dis cov ered, at a depth of 0.5 m be low the ground sur face, a me -
te or ite with a weight of 77.5 kg, and in the fol low ing years fur -
ther frag ments of this me te or ite. The to tal weight of the
frag ments un earthed to date ex ceeds 300 kg. In the area where
the me te or ite was found, cir cu lar forms with di am e ters of
60–70 m are char ac ter is tic mor pho log i cal fea tures, con sid ered
to be small crat ers re sult ing from the fall of the Morasko me te -

or ite frag ments. Min er al og i cal and chem i cal in ves ti ga tions of
the Morasko me te or ite, as some years be fore with the Pułtusk
me te or ite, were car ried out at the De part ment of Min er al ogy
and Pe trog ra phy of the Uni ver sity of Min ing and Met al lurgy in
Kraków. B. Dominik de voted sev eral years to stud ies of the
Morasko me te or ite, and pre sented her re sults in Eng lish in a
mono graph (Dominik, 1976). She found nickel iron (kamacite
— 90%, taenite — ca. 0.5%) to be dom i nant in the Morasko
me te or ite, be ing ac com pa nied by troilite, graph ite (Fig. 5),
cliftonite, schreibersite, rhabdite, cohenite, sphalerite and
whitlockite. Nu mer ous graph ite-troilite nod ules and rare
troilite ones with di am e ters of 2.5–20 mm were also found, of -
ten cov ered with schreibersite rims, as well as the ef fects of me -
chan i cal de for ma tion of these min er als (Dominik, 1976). The
struc ture of the graph ite from the Morasko me te or ite was stud -
ied us ing X-ray meth ods and com pared to that of  ter res trial
graph ite from Cey lon (Dominik et al., 1974). The graph ite fill -
ing the nod ules in the Morasko oc ta he drite dif fers from the
Cey lon graph ite in: 

— the shape of crys tal lites — a more dis tinct lamellar struc -
ture (a higher La/Lc ra tio), 

— a larger size of crys tal lites but a lower de gree of
three-dimensional or der ing of the lay ers, 

— a higher con tent of rhombohedral struc ture, 
— the pres ence of cliftonite. 
The data ob tained in di cate that the Morasko graph ite was

sub ject to de struc tive forces (shock meta mor phism) that caused 
an in crease in the con tent of rhombohedral struc ture and a de te -
ri o ra tion in three-dimensional or der ing. These pro cesses, how -
ever, were not ac com pa nied by high tem per a tures (higher than
about 1250oC) as this would have re sulted in a de crease in the
con tent of rhombohedral graph ite. The sus cep ti bil ity of graph -
ite to struc tural changes un der the in flu ence of pres sure and
high tem per a ture makes this min eral an im por tant in di ca tor of
the pro cesses of shock and ther mal meta mor phism in me te or -
ites. Those were then the first such thor ough in ves ti ga tions into
me te or itic graph ite. 

A small and por ta ble X-ray flu o res cence spec trom e ter with
a ra dio iso tope source con structed in Po land was used in ini tial,
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Fig. 2. Struc tural and tex tural types of chon drules  (af ter Manecki,  1972a) 

a–j — ex pla na tions in the text

Fig. 3. Sche matic pre sen ta tion of a chon drule dis play ing excentroradial
struc ture, con sist ing of platy olivines (lower), and of this chon drule in thin
sec tions a–d (upper) 



field anal y ses of me te or ites  (Niewodniczański et al., 1974). In 
1974–1988, I was the rep re sen ta tive of Po land on the Com mis -
sion on Cosmomineralogy of the In ter na tional Min er al og i cal
As so ci a tion. It was fol low ing an ini tia tive of this Com mis sion
that the In ter na tional Sym po sium “Prob lems of
cosmomineralogy and cosmochemistry” was held in Kraków
in No vem ber 1973. The sym po sium was or ga nised at the De -
part ment of Min er al ogy and Pe trog ra phy of the Uni ver sity of
Mining and Met al lurgy to com mem o rate the 500th an ni ver sary 
of the birth of Nicolaus Co per ni cus, the Pol ish as tron o mer. A
se ries of in ves ti ga tions of the Pułtusk me te or ite us ing an op ti -
cal ul tra mi cro scope was car ried out and the re sults were pub -
lished by Waleńczak (1977). Hav ing pub lished the mono graph
on the Morasko me te or ite, B. Dominik next joined the group of 
P. Ramdohr in Ger many, study ing me te or ites and lu nar rocks
(Dominik and Jessberger, 1978; Dominik et al., 1978). She
cur rently con tin ues her re search on me te or ites in Swit zer land
(Dominik and Bussy, 1994a–c; Dominik et al., 1994), where
also she co-authored a cat a logue of me te or ites at the Mu seum
of Nat u ral His tory in Geneva (Dominik and Deferne, 1992). 

In 1979, a Pol ish mono graph was pub lished, de scrib ing the
field of cosmochemistry (Kuchowicz, 1979).  Then, in the
1980s, in ves ti ga tions of me te or itic and lu nar mat ter were made
by re search ers from War saw Uni ver sity: they fo cussed on stud -
ies of po ros ity in stone me te or ites and impactites (Żbik, 1982;
Żbik and Stein, 1983; Żbik and Florenski, 1984) and struc tural
fea tures of the lu nar regolith (Grabowska-Olszewska and  Żbik,
1984). M. Żbik con tin ues his stud ies on me te or ites in Aus tra lia
(Żbik, 1994a, b; Żbik and Gostin, 1995), has taken part in dis -
cus sions on the Tunguska ex plo sion, and pub lished nu mer ous
pop u lar ar ti cles. A. Pilski, an as tron o mer of Frombork, an other
out stand ing popularizer of me te or ites and their col lec tors, is the

founder and ed i tor of Me te or ite, the Bul le tin of Me te or ite Am a -
teurs. Em ploy ing his con tacts with pro fes sion als in the field,
mainly with min er al o gists, A. Pilski has so thor oughly mas tered
the sci ence of ex tra ter res trial mat ter that he is fre quently in vited
as a co-re searcher, e.g. he took part in the stud ies on the
Baszkówka me te or ite. A. Pilski has also authored in Pol ish the
cat a logue Me te or ites in Pol ish Col lec tions (Pilski, 1995). B. and
H. Hurnik, liv ing in Poznań, should also be men tioned; they
wrote, in Pol ish, a mono graph on me te or oids, me te ors and me te -
or ites (Hurnik and Hurnik, 1992).  

The fall of a me te or ite in Baszkówka near Warszawa on
28th of Au gust, 1994, pro vided new stim u lus to the stud ies of
cos mic mat ter in Po land. A se ries of pa pers en sued
(Stępniewski, 1995; Stępniewski et al., 1996, 1998a, b;
Wlotzka et al., 1997; Gałązka-Friedman et al., 1998a, b; Pilski
and Walton, 1998; Siemiątkowski, 1998; Dybczyński et al.,
1999; Maruyama et al., 1999, Przylibski and Zagożdżon,
1999). Fur ther in ves ti ga tions of this ex tremely po rous
chondrite, with beau ti fully de vel oped chon drules, are de tailed
in a joint mono graph on this me te or ite in the  Geo log i cal Quar -
terly (this is sue). The Baszkówka me te or ite, with its beau ti ful
reg u lar shape and char ac ter is tic mor phol ogy, formed as an ef -
fect of ab la tion in the Earth at mo sphere, re mains enig matic, for
ex am ple as re gards its high po ros ity. 

A further Pol ish con tri bu tion to cosmomineralogical and
cosmochemical re search is rep re sented by anal y ses of an irid -
ium geo chem i cal anom aly in Mid dle/Up per Ju ras sic bound ary
strata in south ern Po land (Brochwicz-Lewiński et al., 1984,
1986, 1988a, b, 1989). 

214 Andrzej Manecki

Fig. 4. Sche matic pre sen ta tion of chon drule dis play ing excentre-radial
struc ture, con sist ing of rod like py rox enes (lower), and of this chon drule in  
thin sec tions a–d (upper) 

Fig. 5. Hex ag o nal-shaped plates of graph ite and fine idiomorphic blocks of
crys tal lites in the ma trix of  the Morasko coarse oc ta he drite;  SEM, x 1000 
(fide  Dominik et al., 1974; Dominik, 1976) 



First de tailed pho to graphs of the lu nar sur face re vealed a
large num ber of cir cu lar, shal low crat ers. Pho to graphs of
other plan ets in our so lar sys tem and, lately,  of plan e toids
(e.g. of the Eros sur face) con firm that such cratering is wide -
spread. Pol ish con tri bu tions in clude nu mer i cal mod el ling of
col li sion pro cesses in cos mic ob jects as so ci ated with
cratering (Jach et al., 1999). 

Light-emitting ob jects in the Earth at mo sphere are al ways
in ter est ing, es pe cially when they cause vis i ble ef fects. Bolides
and ball light ning are two such phe nom ena. Many pa pers de -
scribe the tra jec to ries, or i gin, op ti cal and acous tic ef fects, and
in ter ac tion of bolides with the Earth sur face. Less known is ball 
light ning, the tra jec to ries in the at mo sphere and ex plo sion ef -
fects of which are dif fi cult to pre dict. Usually it is easy to dis -
tin guish a bolide from ball light ning, but in cer tain
cir cum stances this can not be done due to com mon op ti cal, elec -
tri cal, acous tic and im pact ef fects of both phe nom ena. Such a
case hap pened on 14 Jan u ary, 1993 in Jerzmanowice near
Kraków, prompt ing, much sci en tific dis cus sion. The press, too, 
re ported on the de struc tion wrought by this ob ject in the vil -
lage. In an is sue of Re view of Geo phys ics sev eral pa pers de -
scrib ing this un usual phe nom e non were pub lished (Bąk et al.,
1995; Kułak, 1995; Manecki and Manecki, 1995; Mazur, 1995; 
Mietelski and Włodarczyk, 1995; Morawska-Horawska et al.,
1995; Ściężor and Płeszka, 1995). The two hy poth e ses
regarding this phe nom e non — me te o ro log i cal and as tro nom i -
cal ones — both re main pos si ble. The third ex pla na tion, in -
volv ing the si mul ta neous flight of a bolide and the gen er a tion
of ball light ning, may also be considered. The is sue also con -
tains re ports of eye-witnesses of the Jerzmanowice phe nom e -
non, col lected by mem bers of the Kraków sec tion of the Pol ish
So ci ety of Am a teur As tron o mers. 

The “Jerzmanowice puz zle” re quires fur ther study. The
dam age caused may re late to the ex plo sion of pow er ful ball
lightning or the sonic boom of a su per sonic bolide. Can the
Jerzmanowice phe nom e non be com pared to the Tunguska ex -
plo sion, but on a mi cro-scale? 

In the 1960s and 1970s a num ber of pa pers on cos mic dust
were pub lished in Po land. These were ini ti ated by Wieser
(1963), and fol lowed by Mazur (1969, 1973), an as tron o mer
from Toruń. The lat ter stud ied cos mic dust sep a rated out from
var i ous rocks in Po land and de scribed, among oth ers, spher ules 
of na tive nickel from the salt mine in Wieliczka. In the 1970s,
dur ing in ves ti ga tions of Car bon if er ous bentonites from the un -
der ground Milowice coal mine in Up per Silesia, sev eral hun -
dred cos mic spheres were sep a rated out. De tailed
in ves ti ga tions fo cussed on those com posed of glass (Manecki
and Skowroński, 1970a, b). The aim of these stud ies was to
provide ad di tional cri te ria to help differentiate nat u ral glass of
ter res trial or i gin (i.e. vol ca nic glass) from cos mic glass, as not
all of the spheres in ques tion con tain el e vated amounts of
nickel. There fore, the au thors (op. cit.) ap plied in fra red ab sorp -
tion spec tros copy, for the first time in stud ies of cos mic bod ies.
It is worth sum ma riz ing these in ves ti ga tions, as IR spec tros -
copy is sel dom used in re search of ex tra ter res trial mat ter. 

The ex am i na tions were per formed with a C. Zeiss UR-10
in fra red spec trom e ter in the range 400–1800 and 3000–3600
cm–1. Sam ples were pre pared as ho mogen ised KBr pel lets,

pressed in vac uum af ter thor ough de hy dra tion of the KBr. In -
fra red spec tra  re corded no ab sorp tion bands at 1640 cm–1 and
in the range 3200–3800 cm–1. The spec tra were com pared
with those re ported in the lit er a ture: of high-sil ica glass and
fused sil ica. These two sub stances con tain traces of wa ter in
the form of OH groups, and man i fest their pres ence as  two
ab sorp tion peaks, at 3660 and 1600 cm–1, due to the OH
stretch ing vi bra tions and the O-H-O bend ing vi bra tions, re -
spec tively. The au thors also stud ied typ i cal vol ca nic glasses: a 
green pitchstone (Meissen, Ger many) and a black ob sid ian
(Lipari Is lands, It aly), in which vi bra tions of H2O at 3420 and
1640 cm–1 were found (Fig. 6). This high lighted the an hy -
drous na ture of the spher ules from Milowice and, thus, iden ti -
fied them as cos mic dust. 

Manecki (1976) pro posed the term „aeromineralogy” as a
new class of min er al og i cal study con cern ing at mo spheric dust,
and in its clas si fi ca tion dis tin guished cos mic spher ules. Cos mic 
dust from Ce no zoic sed i ments in the vi cin ity of Głogów was
de scribed by Wag ner (1978). 

A new chal lenge faces Pol ish sci en tists: this is the
Zaklodzie stony me te or ite, prob a bly re lated to a bolide pas -
sage, reported a hun dred years ago. A pre lim i nary re port on the
Zaklodzie find was pub lished  last year (Stępniewski and
Jachymek, 2000), and a small frag ment of this me te or ite al -
ready rests next to my mi cro scope. So, we can ex pect a further
“cos mic feat” in min er al ogy. 
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Fig. 6. In fra red ab sorp tion curves (af ter Manecki and Skowroński, 1970a, b)

a — glass of cos mic spher ules from mont mo ril lo nite rocks of the Up per 
Silesian Car bon if er ous from Milowice Mine, Po land; b — pitchstone from 
Meissen, Ger many; c — ob sid ian from Lipari Is land, It aly  
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