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Warszawa.

A boul der, found in a gravel pit by Łapino near Gdańsk in 1954, was noted as un usual. Among var i ous er rat ics ice-derived from Scan di -
na via in the Qua ter nary, this one had an ex traor di nary ap pear ance; un usu ally dark, heavy and strongly mag netic. An ex tra ter res trial or i -
gin was sug gested. The bor der re sem bles an in tru sive brec cia with nu mer ous periclase-bearing frag ments in a
mag ne tite-clinopyroxene-olivine ma trix. A sin gle grain with a me tal lic luster, a few centi metres in di am e ter, was iden ti fied as the iron
silicide (Fe3Si). Only two nat u ral oc cur rences of iron silicide have been de scribed, both from me te or ites. How ever, the iso to pic anal y sis
showed an ab sence of ra dio genic nuclides (10Be, 26Al, 36Cl), and the ra tio of ox y gen iso topes (δ17O and δ18O) sug gested a ter res trial or i -
gin. Thus the stone is prob a ble artifact, pre sum ably the prod uct of an un iden ti fied foundry. 
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INTRODUCTION

Ter res trial rocks, Moon rocks, Mar tian rocks and; as far as
can be con jec tured at pres ent, rocks from other in ner plan ets,
may show strong sim i lar i ties (Shearer et al., 1998), and pos si -
bly sim i lar also to some artefacts. For, some of main com po -
nents of ter res trial rocks, such as ol iv ine, pyroxene and
plagioclase, are also the main com po nents of stony me te or ites
(Ru bin, 1997). More over, rare min er als crys tal lised at low ox y -
gen fugacity in a more or less anhydrous en vi ron ment (e.g.
suessite — an iron silicide that was iden ti fied in the Łapino
boul der) may seem to rep re sent crit i cal in di ca tors of an ex tra -
ter res trial or i gin; in fact they are pro duced, some times in large
quan ti ties, in ter res trial lab o ra to ries and iron works (Wala, pers. 
comm.). 

This study was re stricted to re solv ing the or i gin of the
Łapino  boul der: whether me te or itic, or ter res trial. 

METHODS

Min eral com po nents of the boul der were iden ti fied by
X-ray pow der dif frac tion us ing a Philips Analyser 1840 com -
bined with op ti cal mi cros copy (Ernst Leitz, Wetzlar, Ger -

many). An X-ray flu o res cence spec trom e ter (Rigaku
RTX2100) was to ana lyse the ma trix and the periclase-bearing
frag ments. An elec tron mi cro scope (Jeol JSM35, Ja pan) cou -
pled with an elec tron en ergy dispersive microprobe (Ox -
ford-ISIS) was used to ana lyse in di vid ual min eral grains. A thin 
sec tion for mi cro scopic ob ser va tions and one pol ished chip for
the elec tron mi cro scopic anal y ses were pre pared and ana lysed.
The sam ples were taken at the con tact be tween a
periclase-bearing frag ment and the ma trix, with large fringes
cov er ing each, en abling si mul ta neous anal y ses of both min eral
types as well as the con tact be tween them.

RESULTS

LOCATION 

The boul der was found in sum mer 1954 in a gravel pit on
the slope of the Radunia val ley, near the lit tle set tle ment of
Lower Łapino (18°28’20” E, 54°16’20” N) in the Pomerania
re gion, some 20 km south from Gdańsk. The pit was ac tive here 
from 1888 till about 1975, and at pres ent the partly drowned
work ings are cov ered with young trees and bushes. The boul -
der was no ticed by min ers in 1954 and its me te or itic or i gin was
sug gested be cause of its notable mag netic sus cep ti bil ity and



un usual ap pear ance. The boul der Łapino is quite unlike the er -
ratic boul ders (mostly granitoids and gneiss es)  brought from
Scan di na via by Qua ter nary con ti nen tal gla ciers, which are
abun dant in the gla cial deposits (Rühle, 1974). The boul der
was  con veyed to the As tro nom i cal Ob ser va tory of the War saw 
Uni ver sity, where it was stored up till 1996. Then it was trans -
ferred to the Pol ish Geo log i cal In sti tute, to resolve the or i gin of
the stone (Stępniewski, 1997; Stępniewski and Pilski, 1998).

APPEARANCE 

The boul der is pear-shaped (~70 x 45  cm) and weighs 
~250 kg (Fig. 1). The sur face of the stone is dam aged by ca sual
sam pling car ried out over forty years. Ex am i na tion of the re -
main ing sur face did not re veal any trace of an ab la tion crust,
and ini tial ex am i na tion of the rock re vealed an ab sence of Fe,
Ni-metal and of chon drules. There fore, if me te or itic the boul -
der must rep re sent an achondrite. 

The freshly ex posed sur face dis plays a brec cia struc ture
with an abun dant, po rous, fine-grained groundmass, in which
two main com po nents are discernable to the un aided eye.
About 70–80 vol.% is com posed of a  mag ne tite or a sim i lar
Fe-spinel. Olivine, makes up the other 20–30 vol.%. 

In the groundmass there are nu mer ous pink, gray or brown
frag ments up to some centi metres across (Fig. 2). These re sem -
ble a fine-grained, well-sorted sand stone, com posed of
rounded, deep ma roon, sub-milli metre grains. An un iden ti fied
ce ment binds the grains. The sur faces of the frag ments are
smooth and cov ered with a black enamel-like sub stances.

Abun dant spher i cal ves i cles up to a few millimetres across
are un evenly dis trib uted in the groundmass, the rock varying
from mas sive to ve sic u lar or scoriaceous on a cm-scale. Small
euhedral green crys tals of ol iv ine line the walls of many ves i -
cles in the groundmass. Ves i cles also occur in the frag ments,
though they are smaller and their dis tri bu tion is much more uni -
form.

A sin gle grain a few centi metres across, later iden ti fied as
an iron silicide, is bright gray-golden in col our with a me tal lic
lus tre (Fig. 3). 

The tex ture of this rock did not re sem ble any known
meteorite (e.g. those de scribed in Papike et al., 1998; McSween 
and Treiman, 1998) or ter res trial ultra mafic rock (Streckeisen,
1967; IUGS, 1973), the groundmass was sim i lar to some
iron-chromium ores.
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Fig. 2. On a cut sur face the rock looks like a vol ca nic brec cia with nu mer -
ous brown-pink frag ments im mersed in the ol ive-black ma trix

Fig. 1. Dark, enig matic Łapino boul der col lected in 1954 is quite dif fer ent
from com mon, abun dant in the re gion er rat ics, mostly gran ite and gneiss,
dragged here from Scan di na via by the Qua ter nary con ti nen tal gla ciers

Fig. 3. A steel-gray frag ment of an iron silicide ex tracted from stone has a
me tal lic luster at the sur face of the conchoidal frac ture; some other spec i -
men could re main in side the stone ap par ently in vis i ble the ex ter nal ob ser -
va tions



COMPOSITION

The dark ma trix and frag ments pos sess low con tents of sil -

ica (SiO2 ≈ 23 and ≈10 wt.% re spec tively; Ta ble 1) in di cat ing
the pres ence of ox ides in both com po nents of the rock. The lev -
els of iron (> 46 wt.% Fe2O3), chro mium (> 5 wt.% Cr2O3), zinc 
(> 1 wt.% ZnO) and man ga nese (~1 wt.% MnO) in the ma trix
sug gest clas si fi ca tion as an Fe-Cr-ore. Pow der dif frac tion pat -
terns show only the lines of dom i nant mag ne tite (JCPDS
19-0629), as well as less abun dant augite (JCPDS 41-1483)
and for ster ite (JCPDS 45-0946). The frag ments show high
con tents of mag ne sium and cal cium (MgO + CaO > 80 wt.%)
and low sil ica, sug gest ing an abun dance of ox ides, con firmed
by the strong periclase lines in the pow der dif frac tion pat tern
(JCPDS 45-0946). Thus, the com po si tion of the frag ments re -
sem bled re frac tory fire-brick lin ings rather than any nat u ral
prod uct. The “bright gray-golden” grain (Ta ble 2) is com posed
ex clu sively of ~81–87 wt.% Fe and ~13–16 wt.% Si (the con -
tents of Cr, Ti, Cu and Ni are less than 1 wt.%), con sis tent with
iron silicide Fe3Si (ver i fied by a pow der dif frac tion anal y sis
JCPDS 45-1207), which is an in ter me di ate prod uct in the man -

u fac ture of some kinds of the spe cial-pur pose steel (Wala, pers. 
comm.).

MICROSCOPIC OBSERVATIONS

The ma trix in clude vari able pro por tions of (in crys tal li za -

tion se quence): spinel → ol iv ine → pyroxene → re sid ual glass.
Spinel, mostly in swarms of small skel e tal crys tals with

rounded edges, has an com po si tion of Cr-magnesioferrite or
Cr-mag ne tite with low con tents of Al and Zn. Na and Mg is
prob a bly ab sent from the spinel. There are only slight chem i cal
changes at grain bound aries (Ta ble 2; points E, F and G),
though grains of spinel lo cated near (Ta ble 3; points C and D)
and at a con tact with a frag ment (Ta ble 3; points A and B) show 
de creases of Fe, Cr and Na, an in creases in Mg, Mn and Al. A
few trans par ent, wine-red do mains, in side the spinel sug gest a
pos si ble lo cal de crease in Fe  and picotite spinel for ma tion.
Abun dant poikilitic struc tures are build of large, mostly
anhedral forsterites (Ta ble 3; points D and E)  en clos ing spinel.
The for mer are fre quently frac tured and show mo saic ex tinc -
tion be tween crossed po lar. They have rather smooth con tours
(well formed pina coid and pyr a mid faces are rather scarce)
with nu mer ous cor ro sion si nuses at the con tacts with the re sid -
ual glass and xenomorphic out lines at the euhedral faces of
pyroxene grains. Short, subhedral, clinopyroxene prisms,
0.1–0.8 mm across and ~3 mm long, with fre quent pina coid
and pyr a mid faces show pale ol ive col or ation, in sig nif i cant
pleochroism, zoned struc ture and mostly uni form ex tinc tion.
Chem i cal anal y ses (Ta ble 3; points F and G) sug gest of

aegirite-augite, con sis tent with the an gle nγ/[100] ≈ 60°. Lim -
pid and iso tro pic re sid ual glass, con tain ing den dritic crys tal -
lites, fills inter gra nu lar voids and re-en trants in the grains.

These fea tures suggest rapid so lid i fi ca tion in dy namic con -
di tions, the ma trix match ing the com po si tion of a Fe-Cr ore.
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T a  b l e  1

Chem i cal com po si tion of the ma trix and of a frag ment (in wt. %)
approximative modal min eral com po si tion of the ma trix 

(in vol. %)

Com po nents Ma trix Frag ment

Fe2O3*
MgO
SiO2

CaO
Cr2O3

Al2O3

Na2O3

K2O
ZnO
MnO
TiO2

P2O5

CuO
Cl
NiO
J
V2O5

SO3

PbO
Ga2O3

SnO2

ZrO2

SrO

46.33
12.43
23.56
 3.65
 5.15
 3.83
 1.62
 0.76
 1.16
 0.97
 0.14
 0.16
 0.03
 0.01
 0.06
 0.03
 0.02
 0.03
 0.03
 0.01
 0.02
 0.01
 0.07

 6.17
75.40
10.30
 5.15
 0.14
 1.44
 0.19
 0.31
 0.03
 0.53
 0.05
 0.26
 0.01

–
   0.01

–
–

 0.01
  0.004

–
–
–

 0.07

Min erals

Spinel
Ol iv ine
Augite
Glas
Vac u oles
To tal

 36
 25
 19
 19
  1
100

*Feto tal re cal cu lated to Fe2O3

Fig. 4. The dis tri bu tion of the ox y gen iso topes in me te or ites and in the
Łapino boul der

The up per line with slope ~0.5 is re ferred  to as the “ter res trial mass —
frac tion ation” line 
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T a  b l e  2

Chem i cal com po si tion of spinel from the Łapino boul der (in wt. %)

Com po nents Frag ment Con tact Ma trix

Point
Na2O
MgO
Al2O3

CaO
TiO2

Cr2O3

MnO
FeO*
ZnO
CuO
To tal

A
–

18.6
 4.4
 0.1
 0.4
 4.0
 1.7
64.9
 1.1
 0.6
95.8

B
–

22.8
  4.4
  0.1
  0.4
  3.6
  1.6
 66.0
  1.0
  0.4
100.3

C
–

20.6
 3.7

–
 0.3
 2.4
 1.2
69.4
 1.1
 0.4
99.1

D
  3.0
 10.5
  1.6

–
–

  9.0
  1.1
 71.8
  3.7
  0.5
101.2

E
  2.3
  8.4
  0.9

–
–

  9.0

75.8
  3.7

–
100.1

F
 2.3
 8.3
 1.4

–
–

10.8
–

72.5
 3.7

–
99.0

G
 2.5
 8.3
 1.1

–
–

 9.6
–

72.2
 3.8

–
97.5

Atomic ra tios on the ba sis of 4 at oms of ox y gen

Na
Mg
Al
Ca
Ti
Cr
Mn
Fe
Zn
Cu

–
1.134
0.212
0.004
0.012
0.129
0.059
2.220
0.033
0.019

–
1.302
0.199
0.004
0.012
0.109
0.052
2.115
0.028
0.012

–
1.220
0.173

–
0.009
0.075
0.040
2.307
0.032
0.012

0.231
0.649
0.078

–
–

0.295
0.039
2.489
0.113
0.016

0.184
0.540
0.046

–
–

0.307
–

2.734
0.118

–

0.185
0.535
0.071

–
–

0.369
–

2.622
0.118

–

0.204
0.542
0.057

–
–

0.333
–

2.647
0.123

–

*To tal iron

T a  b l e  3

Chem i cal com po si tion of ol iv ine (OLI), orthopyroxene (OPX) and periclase (PER) from the ma trix (MTX) and frag ment (FRG) 
of the Łapino stone (in wt. %)

Com po nents OLI OPX PER

FRG MTX MTX FRG

Point
Na2O
MgO
Al2O3

SiO2

CaO
Cr2O3

MnO
FeO*
CuO
ZnO
To tal

For ster ite
Faya lite
Monticellite
En sta tite
Ferrosilite
Wollastonite

A

 54.31
–

 42.28
  3.31

–
–

  0.58
  0.50

–
100.98

–
 91.1
  0.6
  8.3

–
–
–

B
–

51.01
–

40.88
 3.28

–
–

 0.66
 0.31

–
96.14

–
90.5
 0.3
 9.2

–
–
–

C
–

53.38
–

 41.41
  2.93

–
–

 0.75
 0.44

–
98.91

–
91.5
 0.8
 7.7

–
–
–

D
–

  51.02
–

 41.71
  0.47

–
  0.81
  6.35
  0.41
  1.19
101.96

–
 92.2
  6.6
  1.2

–
–
–

E
–

50.54
–

41.84
 0.34

–
 0.84
 5.36

–
–

98.92
–

92.8
 6.3
 0.9

–
–
–

F
 1.99
16.32
 0.94
51.72
20.63

–
 0.30
 7.82

–
–

99.72
–
–
–
–

45.7
12.6
41.7

G
 1.77
16.04
 0.92
50.82
21.43

–
 0.52
 7.79

–
–

99.29
–
–
–
–

44.8
12.2
43.0

H
–

45.0
 1.0

–
 0.3
 2.5
 1.0
44.4
 0.1
 1.2
95.5

–
–
–
–
–
–
–

*To tal Fe



En closed frag ments of the Łapino boul der in clude
pink-gray and light brown frag ments com pris ing silt-sized,
well rounded grains of periclase. The grains are pink in re -
flected light and pale green in trans mit ted light, have tur bid

cores full of (< 5 µm) goethite microgranules, and lim pid thin

mar gins (< 10 µm). Grains in the cen tre of the frag ment con tain 

rare haematite gran ules (~5 to ~25 µm). Anal y sis (Ta ble 3;
point H) shows a mag ne sium-iron ox ides com po si tion. Grains
are lo cally bor dered by haematite rims. 

IRON SILICIDE

Part of the sin gle iron silicide  grain was ex tracted for anal -
y sis.  The X-ray pow der dif frac tion pat tern (interplanar dis -

tances 2.00, 1.41 and 1.15 �) and the chem i cal com po si tion
(Ta ble 4) match the char ac ter is tics of suessite, gupeiite and
syn thetic Fe3Si.  

COSMOGENIC RADIONUCLIDES AND OXYGEN ISOTOPES

No cosmogenic radionuclides (10Be, 26Al and 36Cl) were
dis cov ered in sam ples from the Łapino boul der. The O-iso to pic 

com po si tion (δ17O = 8.56 and 9.53, δ18O =16.88 and 18.84;
Fig. 4; data in ‰  re lated to the SMOW stan dard) sug gests a

ter res trial or i gin. The vari able ∆17O = δ17O–0.52 ·  δ18O cal cu -
lated for the boul der is –0.25, whereas the near est CI chondrites 

show a value of ≈ 0.27 (cal cu lated from Clay ton, 1981). More -

over the high δ18O ~18 de ter mined in the Łapino boul der is
within the range of ter res trial hy dro ther mal wa ters (Tay lor,
1974). 

DISCUSSION AND CONCLUSIONS

If the Łapino boul der was me te or itic the ab sence of chon -
drules and Fe, Ni-iron might be consitent with an achondrite.
The pres ence of periclase and Fe3Si in the boul der, and oc cur -
rence of periclase in the CAIs of the car bo na ceous chondrites
(Greshake et al., 1996a, b), of suessite in the North Haig
ureilite (Keil et al., 1980), and of gupeiite and xingfeite among
the micrometeorites in the Yanshan provice in China (Yu,
1984); might also sup port such an in ter pre ta tion.

Only the Moon and Mars are rec og nised as the dif fer en ti -
ated par ent bod ies of the achondrites col lected till now on
Earth, and the Łapino boul der re sem bles neither Mar tian nor
lu nar rocks (Papike et al., 1998; McSween and Treiman, 1998). 
And, the large mass of the boul der, as com pared with the
few-kilograms Mar tian and lu nar me te or ites, suggest ejec tion

by high en ergy im pacts that would rather de stroy the rocks than 
launch them into the space (Melosh, 1984). 

The Łapino boul der does not, ei ther, rep re sent ter res trial 
im pact ejecta (Melosh and Tonks, 1993),  as it lacks any ef fects
of shock meta mor phism (Żbik and Gostin, 1995) such as  mul -
ti ple pla nar frac tures, pla nar de for ma tion fea tures, un du la tory
ex tinc tion and par tial isotropisation in quartz and in
plagioclase, re lated to shock pres sures of 20–35 GPa (Stöffler
et al., 1991). In the Łapino boul der, the frac tur ing of pyroxene,
mo saic tex ture of ol iv ine and ap pear ance of the re sid ual glass
rather rep re sents the re sults of rapid cool ing.

A me te or itic or i gin for the Łapino boul der can thus be def i -
nitely ex cluded. The dis tinc tive iron silicide grain rules out
most nat u ral mag matic or meta mor phic pro cess. Pet ro graph i -
cally, the boul der’s ma trix re sem bles an iron-chromium ore to -
gether with frag ments of a blast-furnace re frac tory lin ing
(Sawitzky et al., 1985). In this con text, the el e vated con tents of
so dium in the ma trix seem rea son able, since so dium salts are
fre quent fur nace ad di tives. The com po nents of the boul der
orig i nated prob a bly dur ing an ac ci dent in a met al lur gi cal plant.
Nev er the less, be cause of the ab sence of any met al lur gi cal in -
dus try in this re gion, the ques tion: wherefrom? remains un re -
solved.
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T a  b l e  4

 Mean (x) and stan dard de vi a tion (σ) of 7 anal y ses of the iron silicide
grain from the Łapino boul der

El e ments x ±σ
[wt. %]

Atoms/1 Si

Si
Fe
Ti
Cr
Cu
Ni
To tal

14.09±0.96
84.92±1.85
0.14±0.10
0.18±0.12
0.29±0.36
0.06±0.12

99.68

1.000
3.028
0.006
0.007
0.009
0.002

–
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