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In Jan u ary 1996 a fragment, and in May 1996 a cut slab of the Baszkówka me te or ite, were de liv ered for the ra dio ac tiv ity anal y sis to the
Do sim e try De part ment of the Cen tral Lab o ra tory for Ra dio log i cal Pro tec tion (CLOR) in War saw. The mea sure ment method was gamma
spec trom e try us ing HPGe (High Pu rity Ger ma nium) de tec tors. The CLOR pre pared vol ume cal i bra tion source iden ti cal to the cut slab of
the me te or ite de liv ered for anal y ses. The pres ence of 40K and the cosmogenic radionuclides such as 54Mn and 22Na was de tected in the
Baszkówka me te or ite. The re sults and mea sure ment method are dis cussed. 
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Anal y sis of the ra dio ac tiv ity of the Baszkówka me te or ite
was car ried out on two sam ples: 

— a frag ment of mass 52.2 g; 
— a cut slab of mass 474 g. 

METHOD

The mea sure ments were car ried out by spec tro met ric anal -
y sis of gamma ra di a tion us ing HPGe (High Pu rity Ger ma nium) 
semi con duc tor de tec tors with a mul ti chan nel an a lyser. 

The anal y sis al lowed de ter mi na tion of the con cen tra tion of
radionuclides in the sam ples in a gamma ra di a tion en ergy
scope from 40 to 1800 keV. The en ergy res o lu tion of the ap -
plied spec trom e ter was about 2 keV for the ra di a tion of 60Co of
en ergy 1333 keV. The sam ples ana lysed were put di rectly on
the HPGe de tec tors hav ing ef fi cien cies 15 and 25%. The de tec -
tors were placed in low-background lead cham bers re duc ing
the ex ter nal gamma ra di a tion back ground by two or ders of
mag ni tude, par tic u larly within the scope of typ i cal gamma ra -
di a tion from ar ti fi cial radionuclides (up to about 1.4 MeV). The 
walls of the cham ber con sisted of three lay ers: 100 mm of lead
ex ter nally; 1 mm of cad mium; and 2 mm of cop per in ter nally.

This cham ber also ab sorbs char ac ter is tic X-ray ra di a tion
ex cited within its ma te rial and the soft com po nent of cos mic ra -
di a tion. 

The de ter mi na tion of the radionuclide con cen tra tion was
car ried out by mea sur ing the area of photopeaks cre ated by
gamma ra di a tion. SPECTRAN anal y sis soft ware was used in
the cal cu la tions. Individual mea sure ments lasted 250 000 s.
Though the de tec tors were lo cated in low-background cham -
bers, rad i cally re duc ing the ex ter nal back ground, the cor rec tion 
for the back ground ra di a tion in side the cham ber was taken into
ac count due to the long sev eral-day pe riod of sin gle mea sure -
ment.

CALIBRATION 

The spec trom e ter ef fi ciency cal i bra tion was car ried out by
two means: 

— a vol ume ref er ence source of type CBSS2 (pro duced in
the Czech Re pub lic) con tain ing 10 radionuclides, cov er ing the
en ergy scope from 60 to 1840 keV and hav ing a ge om e try sim i -
lar to the me te or ite frag ment; 



— a vol ume source pre pared in the Do sim e try De part ment
of the CLOR on the ba sis of zir co nium sil i cate con tain ing nat u -
ral radionuclides of the en ergy scope from 300 to 1760 keV
hav ing a ge om e try iden ti cal to the cut slab of the me te or ite. 

MEASUREMENT RESULTS 

The re sults of the mea sure ments of the Baszkówka me te or -
ite are shown in Ta ble 1. 

The val ues of the con cen tra tion of the par tic u lar
radionuclides are given with an er ror con sist ing of: 

— er ror in the de ter mi na tion of the count num ber re lated to
the photopeak area of the gamma ra di a tion spec tral line of the
par tic u lar en ergy of the radionuclide de ter mined (1-sigma); 

— er ror of the spec trom e ter cal i bra tion (the de ter mi na tion
of the de tec tor ef fi ciency for a given en ergy) tak ing into ac -
count ref er ence source ac tiv ity er ror and the dif fer ence in den -
si ties of the source and the mea sured sam ple; 

— er ror in the mea sure ment of the sam ple weight.
In case of the 40K con cen tra tion mea sure ment the er ror re -

sult ing from the de ter mi na tion of count num ber in the back -
ground po tas sium-40 spec tral line photopeak (1460.81 keV)
was taken into ac count. 

The pres ence of 40K and cosmogenic radionuclides such as
54Mn and 22Na was noted in the Baszkówka me te or ite. The
radionuclides oc cur ring in lu nar rocks and me te or ites are given
for com par i son in Ta ble 2 (Polański, 1979; Lipschutz et al.,
1993). The con cen tra tion of radionuclides in the Noblesville
me te or ite and the range of con cen tra tions in H chondrites are
given (Polański, 1979). 

Mea sure ments on the 52.2 g frag ment of the Baszkówka
me te or ite were car ried out in Jan u ary and Feb ru ary 1996; only
40K was de ter mined. The larger slab (474 g) was ana lysed over
the pe riod of June–Sep tem ber 1996, when the con cen tra tions
of 40K, 54Mn and 22Na were de ter mined. As the anal y sis was
car ried out two years af ter the me te or ite had fallen, the de ter mi -
na tion of other radionuclides us ing gamma ra di a tion spec trom -
e try was prac ti cally im pos si ble. A the o ret i cal pos si bil ity of
de ter mining the con cen tra tions of 22Na, 40K, 54Mn, 57Co and
60Co ex isted at the mo ment of impact (due to the half-life and

spec trom e ter ca pa bil i ties). As suming that the ini tial ac tiv i ties
of these radionuclides were sim i lar to these of the Noblesville
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T a  b l e  1

Ra dio ac tiv ity of the Baszkówka me te or ite

Radionuclide

Half-life

[days]

Gamma ra di -
a tion en ergy

[keV]

Num ber of
mea sure ments

Av er age radionuclide con cen -
tra tion cal cu lated on the day of 

impact (25.08.1994)

[Bq/kg]

54Mn 312.5  834.84 3 0.80±0.19

22Na  950.4 1274.54 4 0.98±0.12

40K 4.66 · 1011 1460.81 5   17.2±1.6

Av er age val ues of the con cen tra tion of radionuclides in the Baszkówka me te or ite were cal cu lated as
weighted av er ages; the weight comprised stan dard de vi a tions of the re sults par tic u lar de ter mi na tions

T a  b l e  2

Radionuclides de tected in lu nar rocks and meteorities
(Polański, 1979; Lipschutz et al., 1993)

 

Radionuclide

Half-life
[days]

Con cen tra tion
in Noblesville

me te or ite
[Bq/kg]

Scope of con -
cen tra tion in H 

chondrites
[Bq/kg]

3H       4510 – –

7Be        53.2   1.02±0.17 –

10Be      5.5E8   0.32±0.02 –

14C  20.93E5 – –

22Na      950.4   2.18±0.25    1.0–1.83

26Al      2.7E8   0.87±0.05 –

32P      14.29 – –

36Cl     1.1E8   0.38±0.02 –

37Ar       34.5 – –

40K 4.66E11 11.33±1.15 –

45Ca         165 – –

46Sc        83.8   0.13±0.02   0.08–0.25

44Ti    3.7E5 – –

48V          16   0.33±0.17  0.25–0.67

49V         330 – –

51Cr        27.7   0.45±0.08   0.83–2.17

54Mn      312.5   1.65±0.18    1.0–1.83

55Fe       1005 – –

56Co        78.5   0.13±0.03   0.08–0.25

57Co         271   0.20 ±0.03   0.08–0.50

58Co        71.3   0.03±0.02   0.03–0.42

60Co   1925.5   0.02±0.01    0– > 1.67



me te or ite and other H chondrites, it was only prac ti cally pos si -
ble to de ter mine the con cen tra tions of 40K, 22Na and 54Mn. 

The con cen tra tions of 22Na [0.98±0.12 (Bq/kg)] and 54Mn
[0.80±0.19 (Bq/kg)] de ter mined by the Cen tral Lab o ra tory for

Ra dio log i cal Pro tec tion lie in the lower range of val ues for the
con cen tra tion of these radionuclides in other H chondrites. The
con cen tra tion of 40K [17.2±1.6 (Bq/kg)] is about 50% greater
than that de ter mined for the Noblesville me te or ite.
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