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The elemental  con tents of  two new me te or ites,  Baszkówka (Po land, 1994) and Mt.Tazerzait (Niger, 1991), were stud ied  by in stru men -
tal and radiochemical neu tron ac ti va tion anal y sis (NAA),  sup ple mented  in the case of some el e ments by gravimetric, titrimetric,  spec -
tro pho to met ric and atomic ab sorp tion spec tro met ric  mea sure ments.  In to tal 28 el e ments were de ter mined for each me te or ite.  A striking
sim i lar ity in the bulk chem i cal com po si tion of the two me te or ites was ob served.  In the case of Baszkówka  some study  of the el e men tal
con tents of the  mag netic frac tion  and  the dis tri bu tion of el e ments  be tween kamacite and taenite phases was also made. This  study  con -
firms  that  Baszkówka and Mt. Tazerzait are gen er ally more sim i lar  to L chondrites  than to any other  class of chondrites. How ever both
me te or ites  show also some distinctive fea tures (e.g very low  Hg con tent), dis tin guish ing them from all other  L chondrites  known.   Both 
me te or ites may derive from a com mon par ent body,  which may be dif fer ent  from that typ i cal for other chondrites. 

Rajmund Dybczyński, Jadwiga Chwastowska, Bożena Danko, Krzysztof Kulisa, Halina Polkowska-Motrenko, Zbigniew Samczyński,
Elżbieta Sterlińska and Zygmunt Szopa, De part ment of An a lyt i cal Chem is try, In sti tute of Nu clear Chem is try and Tech nol ogy, Dorodna
16, PL-03-195 Warszawa, Po land, e-mail: rdybczyn@or ange.ichtj.waw.pl (re ceived: July 27, 2000; ac cepted: Sep tem ber 29, 2000). 

Key words:  Baszkówka and  Mt.Tazerzait me te or ites, chondrite, neu tron ac ti va tion anal y sis, speciation, cosmochemistry.

INTRODUCTION

Me te or ites, which are some times po et i cally called “Mes -
sen gers from Space” (Heide and Wlotzka, 1995), are ex tra ter -
res trial ob jects, the anal y sis of which can pro vide unique
in for ma tion on the com po si tion of the Earth’s in te rior i.e. the
re gion that is not and prob a bly never will be ac ces si ble to our
di rect ob ser va tion, be cause it is be lieved that the Earth as a
whole has chondritic com po si tion. Me te or ites are rare. Al -
though it is es ti mated that over 4000 me te or ites fall to the Earth
each year, only a small per cent age of them is re cov ered. The
world col lec tion by 1969 amounted roughly to 3000. A further
10 000 have been found since, in the hot and cold deserts of the
Ant arc tic, Aus tra lia and Af rica (Ulyanov, 1998).

The full list of Pol ish me te or ites does not ex ceed 20, and the 
one be fore the last (Łowicz) fell in 1935.  

The Baszkówka me te or ite which fell on Au gust 25, 1994 in 
a small vil lage (Baszkówka near Warszawa, Po land) is unique
also in this re spect that it is a sin gle ori ented stone weigh ing
15.5 kg cov ered with a beau ti ful glassy crust of so lid i fied melt
(regmaglypts) what sug gests that the me te or ite did not som er -
sault when pass ing through the Earth’s at mo sphere. The me te -

or ite was col lected soon af ter its fall al most in tact  (Stępniewski 
et al., 1996, 1998b). Such wellpreserved me te or ites are ex -
tremely rare and rep re sent only a frac tion of one per cent of all
col lected me te or ites. 

Dr. M. Stępniewski of the Pol ish Geo log i cal In sti tute de -
serves credit for this ini tia tive to char ac ter ize this unique spec i -
men by a rep re sen ta tive group of Pol ish lab o ra to ries and
per suad ing sci en tists of var i ous dis ci plines to take part in this
en ter prise.

Neu tron ac ti va tion anal y sis (NAA) oc cu pies a spe cial place 
in the ar ray of meth ods of in or ganic trace anal y sis be cause of
its high precision, fa vour able de tec tion lim its with re spect to
many el e ments and a unique fea ture i.e. the ab sence of blanks
(Dybczyński, 1985; Parry, 1991; De Goeij and Woittiez,
1993). It is not sur pris ing there fore that NAA has of ten been the 
method of choice when analysing me te or ites (Xiao and
Lipschutz, 1991; Lipschutz et al., 1993; Zipfel et al., 1995),
and was also em ployed to study the el e men tal com po si tion of
Baszkówka, to gether with some wet chemical meth ods of anal -
y sis. An other new me te or ite Mt. Tazerzait which fell in Af rica
(Niger) in 1991 but was first in ves ti gated in 1997, and which
shows marked sim i lar ity to Baszkówka (Pilski and Walton,
1998) was stud ied by us as well.
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Fig. 1. γ-ray spec tra of Baszkówka and Mt.Tazerzait af ter 3–5 days of cool ing

Baszkówka: sam ple mass — 0.213 g, co ax ial de tec tor, cool ing time — 89 h, mea sure ment time — 40 000 s; Mt.Tazerzait:  sam ple mass — 0.206 g, co ax -
ial de tec tor, cool ing time — 129 h, mea sure ment time — 6000 s
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Fig. 2. γ-ray spec tra of Baszkówka and Mt.Tazerzait af ter 16–17 days of cool ing

Baszkówka: sam ple mass — 0.213 g, co ax ial de tec tor, cool ing time — 422 h, mea sure ment time — 75 000 s; Mt.Tazerzait: sam ple mass — 0.206 g, co -
ax ial de tec tor, cool ing time — 399 h, mea sure ment time — 50 000 s



Preliminary re sults have been pub lished (Dybczyński et al., 
1999; Dybczyński et al., 2001). In this pa per the older and new
re sults con cern ing the bulk com po si tion of the Baszkówka and
Mt.Tazerzait chondrites are summarised and dis cussed to -
gether with some re sults concerning the com po si tion of the
mag netic frac tion of Baszkówka me te or ite.

SAMPLE PREPARATION AND ANALYTICAL
METHODS

SAMPLE PREPARATION

A slab was cut from the bot tom of the Baszkówka meteorite 
with a di a mond saw. A cy lin dri cal sam ple was then taken from
the in te rior of the me te or ite (to ca. 5 cm depth) us ing the mill -
ing cut ter. Part of the sam ple (not ad ja cent to the cut edge) was
comminuted with an ag ate mor tar and pes tle which were pre vi -
ously thor oughly washed and also cleaned with quartz.

The cut frag ment of the Mt.Tazerzait me te or ite used in this
study was re ceived from R.W. Bühler, Swiss Me te or ite Lab.,
Glarus, Swit zer land. One part was used to make a thin sec tion
and  the other was comminuted in the same way as Baszkówka.

In ves ti ga tions with the aid of both op ti cal and scan ning
elec tron mi cro scopes showed that in both an a lysed sam ples

there was a con sid er able num ber of fine par ti cles (0.5–23 µm),
and also nu mer ous larger par ti cles with di am e ters of up to

400–500 µm.

INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS (INAA)
(DYBCZYŃSKI ET AL., 1999)

Sam ples, cer ti fied ref er ence ma te ri als. 100–250 mg sam -
ples of me te or ite as well as cer ti fied ref er ence ma te ri als
(CRMs): Fine Fly Ash (CTA-FFA-1), Soil-5, SARM-7 and
PTC-1 were ac cu rately weighed with the aid of an a lyt i cal
semi-micro bal ance (Precisa, Swit zer land) into high pu rity
poly eth yl ene (PE) snap-cap cap sules, 0.22 cm3 (Faculteit der
Biologie, Universiteit, Am ster dam). To avoid any con tam i na -
tion, dis tri bu tion of the sam ples into cap sules was car ried out
us ing a lam i nar air flow cab i net with HEPA-filter, Holten
(Den mark). 

The wa ter con tent of the CRMs was de ter mined in sep a rate
subsamples by dry ing at 105°C to con stant weight. Wa ter con tents 
de ter mined this way amounted to 0.26, 1.43, 0.20 and 4.05%, for
CTA-FFA-1, Soil-5, SARM-7 and PTC-1, re spec tively.
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T a  b l e  1

Ir ra di a tion and mea sure ment con di tions INAA, tirr = 3 min, γ = 1.6·1013 n/cm2s

El e ment In di ca tor
radionuclide

Half-life
T1/2

An a lyt i cal γ-ray
en er gies em -
ployed [keV]

Cooling time 
[days]

Mea sure -
ment time

[days]

As
Au
Co
Cr
Cu
Eu
Fe
Ga
Hf

Ir

K
La
Mn
Na
Ni
Os
Sc
Se
Sm
Yb
Zn

76As
198Au
60Co
51Cr
64Cu
152Eu
59Fe
72Ga
175Hf
181Hf
192Ir
194Ir
42K
140La
56Mn
24Na
58Co
191Os
46Sc
75Se
153Sm
175Yb
65Zn
69mZn

1.097 d
2.6935 d
5.271 y
27.7 d
12.7 h

13.33 y
44.496 d

14.1 h
70 d

42.39 d
73.831 d
19.15 h
12.36 h
1.678 d

2.5785 h
14.9 h

70.916 d
15.4 d

83.83 d
119.77 d
1.946 d
4.19 d

244.1 d
13.76 h

559; 657
411.8

1173.2; 1332.5
320*

1345.8; 1022**
121.78***

1099.3; 1291.6
834.09****; 630

343.4*****
482.0

468; 296; 784.6
328.46******

1524.6
1596.5
846.8

1368.6
810.8
129.4

118.25; 1120.5
400

103.2
396.3

1115.5
438.6

1.4–6
1.4–12
3–60
3–60

1.4–2.7
25–60
6–60

1.4–2.5
25–60
7–50
5–60

1.4–2.5
1.4–2.5
1.4–8

0.3–1.4
1.4–8
7–60

1.5–30
5–60
5–60
1.4–9
2.5–8
25–60
1.4–3

0.02–0.5
0.01–1.2
0.02–1.2
0.02–1.2
0.02–1.2
0.5–1.2

0.02–1.2
0.02–0.5
0.5–1.2
0.5–1.2
0.1–1.2

0.02–0.5
0.02–0.5
0.1–0.5

0.06–0.1
0.07–0.5
0.1–1.2

0.03–0.5
0.02–1.2
0.1–1.2

0.02–0.5
0.07–0.5
0.5–1.2

0.02–0.5

* — cor rected for con tri bu tion from 192Ir, 316.5 keV line; ** — for well-type de tec tor; *** — cor -
rected for con tri bu tion from 75Se, 121.12 keV line; **** — cor rected for con tri bu tion from 54Mn,
834.8 keV line; ***** — cor rected for con tri bu tion from 152 Eu, 344.29 keV line; ****** — cor rected 
for con tri bu tion from 140La, 328.76 keV line; d — day, y — year, h — hour



Stan dard prep a ra tion. Stock so lu tions of As, Au, Ca, Ce,
Co, Cr, Dy, Eu, Fe, Ga, Ge, Hf, Hg, Ir, K, La, Lu, Mn, Na, Nd,
Ni, Os, Pd, Ru, Sc, Se, Sm, Tb, Tm, Yb and Zn were pre pared
from met als, ox ides or salts of spec tral pu rity by dis solv ing in

high pu rity ac ids, and di lut ing with 18 MΩ cm wa ter ob tained
from Milli-Q RG ul tra pure wa ter sys tem (Millipore Co.). Con -
cen tra tions of stock so lu tions were usu ally close to 1 mg/g of
so lu tion, some times 10 mg/g of so lu tion.

Working stan dard so lu tions were made from stock so lu -

tions by di lut ing with 18 MΩ cm wa ter. Con cen tra tions of the
stan dard so lu tions were de ter mined by weigh ing.

Multielement stan dards for INAA were pre pared by trans -
fer ring ap pro pri ate masses of stan dard so lu tions on to fil ter pa -

per discs (ϕ = 7.7 mm) placed in the same type of PE cap sules
as those used for the sam ples. Af ter dry ing at room tem per a -
ture, all cap sules were closed and wrapped into Al foil sim i larly 
as the sam ples. 

The ap prox i mate amounts of el e ments in the stan dards
were as fol lows: 

 — stan dard 1: As (500 µg), Na (50 µg), Sc (2 µg), Co (55

µg), Cr (180 µg),

 — standard 2: Cu (400 µg), Sm (10 µg), K (6000 µg), Ni

(10 000 µg), Os (100 µg), Yb (5 µg),

— stan dard 3: Mn (200 µg), La (200 µg), Pt (100 µg), Se

(50 µg), Ga (30 µg),

— standard 4: Hg (100 µg), Eu (1 µg), Hf (10 µg), Ru (10

µg),

— standard 5: Fe (50 000 µg), Au (10 µg), Ir (1 µg),

— standard 6: Ca (25 000 µg), Ge (40 µg), Zn (500 µg).

Ir ra di a tion and count ing. The ir ra di a tion pack age con -
sist ing of 6–8 sam ples, 2–3 flux mon i tors, 2–5 CRMs and
11–12 multielement stan dards, wrapped in Al foil was ir ra di -
ated for 3 min in the re ac tor Maria in Świerk (Po land) at a ther -

mal neu tron flux den sity of 1.6 ⋅ 1013n/cm2s (ϕfast/ϕth  = 0.005)
and cooled for at least 4–6 hours. 

γ-ray spec tro met ric mea sure ments were made with the aid
of well type HPGe de tec tor (Can berra) 180 cm3 nom i nal vol -
ume, 30% rel a tive ef fi ciency, well depth 40 mm, well di am e ter
16 mm, res o lu tion 2.3 keV for 1332.5 keV60Co line, cou pled
via an Ortec an a log line to the mul ti chan nel an a lyser Tukan in
the form of an ISA card  in serted into a typ i cal PC.

Good and re pro duc ible ge om e try of mea sure ments was as -
sured by plac ing the sam ples in the flat-bottomed test tube at
the bot tom of the well. The re sults were cor rected for the back -
ground. Blanks  (from the ir ra di a tion cap sule) were usu ally
neg li gi ble for the el e ments stud ied in this work.
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Fig. 3. Lin ear cor re la tion be tween con cen tra tions of el e ments in the
Mt.Tazerzait and Baszkówka chondrites, re spec tively; ver ti cal and hor i -
zon tal bars as so ci ated with points cor re spond to one stan dard de vi a tion

T a  b l e  2

El e ment con tent as de ter mined by NAA and clas si cal meth ods 
in the Baszkówka and Mt. Tazerzait me te or ites

El e ment Baszkówka

x±σ
Mt. Tazerzait

x±σ
Method

Al [wt.%]

As [µg/g (ppm)]
Au [ng/g (ppb)]
Au [ng/g (ppb)]
Ca  [wt.%]

Co [µg/g (ppm)]

Cr [µg/g (ppm)]

Cu [µg/g (ppm)]
Eu [ng/g (ppb)]
Fe  [wt.%]
Fe  [wt.%]

Ga [µg/g (ppm)]
Ir [ng/g (ppb)]

K [µg/g (ppm)]
La [ng/g (ppb)]
Mg  [wt.%]

Mn [µg/g (ppm)]
Na  [wt.%]
Ni  [wt.%]
P  [wt.%]

Pd [µg/g (ppm)]

Pt [µg/g (ppm)]

Pt* [µg/g (ppm)]

Os [µg/g (ppm)]

Sc [µg/g (ppm)]

Se [µg/g (ppm)]
Si  [wt.%]
Sm [ng/g (ppb)]
Yb [ng/g (ppb)]

Zn [µg/g (ppm)]

1,48±0.11

1.79±0.48

171±31

146±30

1.02±0.06

601±201

3531±54

130±8

96±71

21.91±1.71

23.0±0.96

5.79±0.44

514±37

680±71

520±119

15.60±0.56

2392±402

0.635±0.163

1.14±0.14

0.103±0.006

4.02±1.78

–

1.43±0.88

1.67±0.15

8.67±0.61

10.7±1.1

17.47±0.67

235±54

179±22

67.7±22.9

1.39±0.01

1.56±0.28

132±16

134±15

0.95±0.04

569±75

3535±192

121±15

63±39

21.11±1.48

23.15±0.07

5.98±1.13

506±43

732±115

407±40

16.40±0.28

2590±305

0.678±0.166

1.07±0.08

0.105±0.07

0.763±0.223

1.95±0.53

1.80±0.59

1.34±0.43

9.07±0.65

10.4±1.4

18.4±0.14

234±64

184±39

59.1±13.7

C and S

INAA

INAA

RNAA

TITR

INAA

INAA

INAA

INAA

INAA

TITR

INAA

INAA

INAA

INAA

TITR

INAA

INAA

INAA

C and S

RNAA

RNAA

RNAA

INAA

INAA

INAA

GRAV

INAA

INAA

INAA

x — arith me tic mean; σ — stan dard de vi a tion; * — via 199Au; INAA — in -
stru men tal neu tron ac ti va tion anal y sis; RNAA — radiochemical neu tron
ac ti va tion anal y sis; C and S — colorimetry and spectrophotometry;  GRAV 
— gravimetry; TITR — titrimetry



Sev eral mea sure ments were per formed in a live times mode 
af ter de cay time of ap prox i mately 16 h, 2 d, 7 d and 1–2 months 
af ter ir ra di a tion and the time of mea sure ment var ied from 500
to 100 000 s.

The con cen tra tion of an el e ment x in a sam ple, Cx [µg/g],
was cal cu lated from the for mula:

C
A m

A m
x

o corr x s st

o corr x st s

[ ]
[ ]( .)( , .) .

( .)( , .) .

ppm
g

=
µ

[ ]g

where: Ao — count rate of a radionuclide at the end of ir ra di -
a tion (to), mst. — mass of an el e ment x in the stan dard, ms. —
mass of the sam ple

A

A
T

t
T

t t

T

o

n corr n o

=
−








− −

( .)

ln
exp

ln
( )

exp(
ln

2 2

1
2

∆

∆t )

where: An(corr.)(x, s./st.) — count rate of a radionuclide in a sam ple
(s.) or stan dard (st.) mea sured in a live-time mode and cor -
rected (if needed) for spec tral in ter fer ences, tn — time of
start of mea sure ment, to — time at the end of ir ra di a tion, ∆t –
time of du ra tion of a mea sure ment (clock time).

An(corr.)(x, s.) = [N(x, s.) – wkN(y, main. l.)]/tl(s.) [3]

where: wk — cor rec tion fac tor used when spec tral in ter fer -
ence oc curred, and cal cu lated from the γ-ray spec trum of an
in ter fer ing el e ment (y):

wk  = A(y, interf. l.)/A(y, main. l.)  = N(y, interf. l.)/N(y, main. l.) [4]

where: N(x, s.) — num ber of counts in the photopeak of an el e -
ment x re corded dur ing mea sure ment of a sam ple, N(y, main. l.)

— num ber of counts re corded in the same mea sure ment in
the un dis turbed photopeak of an in ter fer ing el e ment (y),
N(y,interf.l.) — num ber of counts for the line of an el e ment (y) in -
ter fer ing with the an a lyt i cal line of an el e ment x, tl(s.) — live
time of mea sure ment of the sam ple.
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Fig. 4. El e men tal con tents in Baszkówka and Mt.Tazerzait normalised with re spect to the mean com po si tion of H chondrites

El e ments are grouped into lithophile el e ments (a) as well as siderophile and chalcophile el e ments (b) and are or dered from left to right in ap prox i mate se -
quence of de creas ing con den sa tion tem per a tures

[1]

[2]



Usually two dif fer ent stan dards were em ployed to cal cu late 
el e ment con tent ac cord ing to eqation [1] and the av er age was
taken as a fi nal value of Cx.

An other se ries of de ter mi na tions was done with the aid of a
213 cm3 co ax ial HPGe de tec tor (Ortec), 40% ef fi ciency, peak
to Compton ra tio 54:1, res o lu tion 1.9 keV for 1332.5 keV 60

Co. The de tec tor was cou pled via an Ortec an a log line, which
also in cluded a pre ci sion pulse gen er a tor (Ortec) to the mul ti -
chan nel an a lyser Tukan in the form of an ISA card in serted into
a typ i cal PC. The dis tance of the sam ple from the de tec tor was
ad justed so as to keep the to tal count rate be low 15 000 cps for
the very first mea sure ments (i.e. shortly af ter ir ra di a tion) and
be low 7000 cps later on.

The mea sure ments of γ-ray spec tra were per formed in a
clock time mode and the “pulser method” was used for
dead-time and pile-up cor rec tion.

In this case the con tent of an el e ment in the sam ple was cal -
cu lated from the for mula:

C
A k m

A k m
x

o s st st

o s sst

[ ]
[ ]

[ ]

, . . .

. ., .

ppm
g

g
=

µ

where:

A

N
T T

t t

o s st

corr n o

, ./ .

.
ln

exp
ln

( )

exp(
ln

=
−








− −

2 2

1
2∆t

T

A

A

puls o

puls s st
)

,

, ./ .







where: Ncorr. — num ber of counts in the photopeak of an el e -
ment x (cor rected if needed for the con tri bu tion of the in ter -
fer ing el e ment y), ks./st. — nor mal ised ac tiv ity of a neu tron flux 
mon i tor for a given po si tion of the sam ple or stan dard in the
ir ra di a tion pack age, Apuls,o — count rate of a pulser in the ab -
sence of a sam ple, Apuls, s./st. — count rate of a pulser re corded
dur ing the mea sure ment of a given sam ple or stan dard.
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Fig. 5. El e men tal con tents in Baszkówka and Mt.Tazerzait nor mal ised with re spect to the mean com po si tion of L chondrites

Pre sen ta tion of data as in Figure 4

[6]

[5]



Other sym bols are the same as de fined in ear lier for mu lae.
The sum mary of mea sure ment con di tions for in di vid ual el -

e ments is given in Ta ble 1.

RADIOCHEMICAL NEUTRON ACTIVATION ANALYSIS (RNAA)

De ter mi na tion of plat i num, pal la dium and gold with
preirradiation preconcentration (Dybczyński et al., 2001).
Pal la dium, plat i num and gold were de ter mined by a newly de -
vel oped pro ce dure in which the sam ple (ca. 0.5 g) is di gested in 
a mi cro wave oven with aqua regia and HF. Sil ica is next re -
moved by evap o ra tion and the so lu tion evap o rated with con -
cen trated HCl. The res i due is dis solved in 0.5 M HCl and the
so lu tion in tro duced on to the Chelex 100[H+] col umn. Most of
the cat ions are eluted with 0.5 M HCl while Au, Pd and Pt are
re tained on the resin.  Pal la dium and plat i num are eluted jointly
with 8 M HCl, and evap o rated to dry ness in a quartz am poule.
Gold was eluted with 1 M NH3 + 0.1 M NH4Cl, and af ter wards
re tained on a small Chelex 100 col umn from 0.5 M HCl so lu -
tion. The resin is dried and trans ferred quan ti ta tively to a poly -
eth yl ene (PE) cap sule. The chem i cal yields as signed on the
ba sis of many ex per i ments with ra dio ac tive trac ers (with and
with out real sam ples) were found to be very re pro duc ible and

amounted to: 99.0±1.0% (Pd), 95.3±2.2% (Pt), and 94.5±3.1%
(Au). The re sults were cor rected for chem i cal yield ac cord -
ingly.

Sam ples, blank and stan dards were ir ra di ated for 3 h at a

ther mal neu tron flux den sity of 1.6 ⋅ 1013 n/cm2s  and cooled for 
12–18 h. 

198Au was mea sured di rectly on the resin by γ-ray spec trom -
e try. Pd and Pt af ter addition of 20 mg car ri ers were washed out 
of the quartz am poule with aqua regia, evap o rated with concd.
HCl, and re tained on the Chelex 100 col umn from 0.5 M HCl.
Washing the col umn with 0.5 M HCl re moves some trace im -
pu ri ties (24Na etc.). 197Pt is eluted by means of an ac e tate buffer
so lu tion (pH = 5) and then 109Pd is stripped with the aid of 8 M
HCl. Finally 199Au (orig i nat ing from the de cay of 199Pt), and the 
re sid ual amounts of Pd and Pt that re mained on the resin were
stripped with 0.2 M thiourea in 2 M HCl. Count rates of the

three frac tions were mea sured by γ-ray spec trom e try and com -
pared with those of the stan dards mea sured in the same geo -
met ri cal con di tions. The to tal amount of each analyse can be
de ter mined, so in this case no cor rec tion for chem i cal yield is
needed. The blank for the whole pro ce dure was checked and
was be low the de tec tion limit for all three el e ments.
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T a  b l e  3

NAA re sults for cer ti fied ref er ence ma te ri als (Dybczyński et al., 2000)

El e ment Fine fly ash
CTA-FFA-1

IAEA Soil-5

our re sults cer ti fied or in -
for ma tion value

our re sults cer ti fied or in for -
ma tion value

As
Co
Cr
Cu
Eu
Fe
Ga
Hf
K
La
Mn
Na
Sc
Sm
Yb
Zn

47.9±7.5
37.9±2.2
160±11
178±34

2.32±0.14
4.64±0.22**

43.5±8.4
5.2±0.1

2.10±0.23**
62.9±9.3

1009±184
1.84±0.34**

24.0±1.3
9.3±2.2

4.10±0.90
633±122

53.6±2.7
39.8±1.7

156±8
158±9

2.39±0.08
4.89±0.14*

(49)
6.09±0.45

(2.2)**
60.7±4

1066±41
2.19±0.08**

24.2±1.1
10.9±0.6

4.24±0.19
569±58

96.4±18.3
14.0±1.2
30.6±6.1

–
1.28±0.07

4.45±0.19**
–

5.41±1.32
1.81±0.37**

28.5±5.1
829±197

1.61±0.30**
14.8±0.8

4.51±0.72
2.07±0.21

–

93.9±7.5
148±0.8
28.9±2.8

–
1.18±0.08

4.45±0.19**
–

6.30±0.30
1.86±0.15**

28.1±1.5
852±37

1.92±0.11**
14.8±0.7

5.42±0.39
2.24±0.20

–

El e ment Pre cious-metal ore Sarm-7 No ble-metals-bearing sul phide 
con cen trate PTC-1

Au
Ir
Pd
Pt
Pt*

0.300±0.058
0.069±0.013

1.50±0.06
3.74±0.33
3.74±0.33

0.310±0.015
0.074±0.012
1.530±0.032
3.740±0.045
3.740±0.045

0.649±0.188
–

12.0±0.39
2.87±0.24
2.96±0.19

0.65±0.10
–

12.7±0.7
3.0±0.2
3.0±0.2

* — via 199Au; re sults for all el e ments are pre sented as: mean±stan dard de vi a tion in µg/g [ppm]
ex cept of these marked ** which are in wt.%; cer ti fied val ues are given with their con fi dence in -

ter vals; in for ma tion val ues are given as num bers only



De ter mi na tion of Rare Earth el e ments in Baszkówka
af ter preirradiation preconcentration (Dybczyński et al.,
1999). A 500 mg sam ple of Baszkówka me te or ite was dis -
solved with the use of a mi cro wave di ges tion unit
(Plazmatronika BM-18) em ploy ing an aqua regia +HF di ges -
tion mix ture, the so lu tion was next trans ferred to a PTFE ves sel 
and evap o rated. Af ter treat ing with HCl, H3BO3 and HNO3 to
re move flu o rides fol lowed by evap o ra tion with HCl, the res i -
due was dis solved in 1 mol/l HCl and trans ferred on to a
Dowex 50W-X8[H+] col umn. Sep a ra tion of the group of Rare
Earth el e ments (REE) from other el e ments based on se quen tial
elution from cat ion ex change col umn as de scribed ear lier
(Wasek et al., 1996) was used, sup ple mented by ad di tional
steps: elution of iron with 1.5 mol/l  HCl in 80% C2H5OH
(Wódkiewicz and Dybczyński, 1974) and af ter elution of the
REE frac tion with 5 mol/l HCl re moval of so dium on the col -
umn with com pos ite ion exchanger con tain ing hy drated an ti -
mony pentoxide se lec tive for so dium from 8 mol/l HCl 
(Bilewicz et al., 1987). The ef flu ent con tain ing the REE group
was evap o rated with HNO3 trans ferred quan ti ta tively into a PE
cap sule, evap o rated to dry ness and ir ra di ated to gether with sev -
eral mixed stan dards of REE for 2 h at a ther mal neu tron flux of 

1.6 ⋅ 1013 n/cm2s.  Sam ples and stan dards were mea sured sev -

eral times by γ-ray spec trom e try af ter cool ing times vary ing
from a few hours to two months. 

DETERMINATION OF SEVERAL ELEMENTS 
BY WET CHEMICAL METHODS

De ter mi na tion of sil i con, cal cium and mag ne sium. De ter -
mi na tion of macroconstituents was per formed em ploy ing the an -
a lyt i cal scheme for aluminosilicates elab o rated in this
de part ment.  Pre lim i nary de com po si tion of a 1 g sam ple of the
me te or ite was achieved us ing 20 ml of HCl (1+1). Sil ica was de -
hy drated by evap o ra tion with 20 ml of concd. HClO4 un til dense
white fumes ap peared (Minczewski and Marczenko, 1976).  The 
pre cip i tate af ter fil tra tion, ig ni tion, and weigh ing was brought
into con tact with a mix ture of 2 ml concd. HF and 5 ml concd.
HNO3 and evap o rated to re move sil ica. This op er a tion was re -
peated three times. The res i due was evap o rated twice with a
small amount of HClO4, ig nited and weighed. The sil ica con tent
was de ter mined from the dif fer ence in the mass of the orig i nally
iso lated pre cip i tate and that af ter vo lati li sa tion of SiO2.
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Fig. 6. El e men tal con tents in Baszkówka and Mt.Tazerzait nor mal ised with re spect to the mean com po si tion of LL chondrites

Pre sen ta tion of data as in Figure 4



The res i due was dis solved in HCl and com bined with the
fil trate ob tained dur ing fil tra tion of sil ica and made up to 200
ml in a vol u met ric flask. This so lu tion was used for the de ter -
mi na tion of cal cium and mag ne sium by compleximetric ti tra -
tion (Welcher, 1963).

The sum of Ca and Mg was de ter mined by ti tra tion with
0.05 M EDTA in an al ka line me dium (buffer pH = 10) us ing
Eriochrome Black as an in di ca tor in the pres ence of mask ing
agents (ascor bic acid, triethanolamine, po tas sium cy a nide).

Cal cium was iso lated as an ox a late by pre cip i ta tion with
sat u rated ox alic acid, pH ~ 4. Af ter age ing for sev eral hours the
pre cip i tate was fil tered, dis solved in di lute HCl and ti trated
with 0.05 M EDTA in an al ka line me dium (pH ~ 13) in the
pres ence of Murexide as an in di ca tor. The mag ne sium con tent
was found from the dif fer ence of the two ti tra tions.

De ter mi na tion of alu mi num, iron, phos pho rus and ti ta -
nium. A ca. 0.3 g sam ple was treated with HF + HNO3 mix ture
(three times) to re move sil ica fol lowed by evap o ra tion with a
small amount of sulphuric acid. The res i due was fused with po -
tas sium pyrosulphate, the melt leached with 10 ml of sulphuric

acid (1+1) and the so lu tion trans ferred into a 100 ml vol u met ric 
flask. 

Iron was de ter mined by compleximetric ti tra tion with 0.05
M EDTA in an acidic me dium (pH = 2–3) in the pres ence of
sal i cylic acid as an in di ca tor (Welcher, 1963).   

Alu mi num was de ter mined spec tro pho to met ri cally as a

com plex with Chromazurole S (λmax  = 610 nm) af ter add ing
ascor bic acid to re duce iron (Marczenko, 1979).

Phos pho rus was de ter mined spec tro pho to met ri cally as a
phosphomolybdic heteropolyacid which was re duced to

phosphomolybdic blue (λmax  = 780 nm) with the aid of
hydrazinium sul phate (Marczenko, 1979).

Ti ta nium was de ter mined spec tro pho to met ri cally as a com -

plex with hy dro gen per ox ide (λmax  = 404 nm). How ever the de -
ter mi na tions were not suf fi ciently ac cu rate be cause of the high

self-absorbance of the so lu tion in the vi cin ity of λmax. The lim ited 
amount of the sam ple avail able pre cluded fur ther in ves ti ga tion to 
elim i nate the col our of the so lu tion. There fore re sults for ti ta -
nium are not re ported here, and the for merly re ported re sult for
Ti in Baszkówka (Dybczyński et al., 1999) may be too high.
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Fig. 7. El e men tal con tents in Baszkówka and Mt.Tazerzait nor mal ised with re spect to the mean com po si tion of CI chondrites

Pre sen ta tion of data as in Figure 4



SPECIATION ANALYSIS

A study of the metal phases of Baszkówka was made by a
slightly mod i fied method following Kong et al. (1995). The
mag netic frac tion was sep a rated from the Baszkówka
chondrite with a hand mag net and was then boiled with concd.
HF for 1.5 min, washed with dis tilled wa ter ultrasonified for 30 
min, washed with ethyl al co hol, dried at 60°C and again sep a -
rated with a hand mag net. In this way, start ing from 817.8 mg
of me te or ite, 136.35 mg of mag netic frac tion was iso lated.
132.75 mg of this mag netic frac tion was trans ferred into a PE
cap sule and sent for ir ra di a tion to gether with sam ples of bulk
me te or ite and stan dards as de scribed above.

The irradiated mag netic frac tion was mea sured by γ-ray
spec trom e try to de ter mine in di vid ual el e ments in the bulk mag -
netic frac tion. The ma te rial was then boiled for 20 min with
concd. HF, in PTFE cru ci ble, de canted im me di ately af ter -
wards, washed 3 times with dis tilled wa ter, then with ethyl al -
co hol, dried, placed in a PE cap sule, weighed and mea sured by

γ-ray spec trom e try to de ter mine el e men tal con tents in taenite
(which could pos si bly con tain also other phase(s) as martensite
etc.). El e ment con tents in the  kamacite phase were found from
the dif fer ence. 

RESULTS AND DISCUSSION

SUMMARY OF DATA ON COMPOSITION, AND SIMILARITY 
OF THE TWO METEORITES

γ-ray spec tra of Baszkówka and Mt.Tazerzait me te or ites af -
ter me dium (3–5 d) and lon ger  (16–17 d) cool ing times are
shown on Fig ures 1 and 2 re spec tively. The strik ing sim i lar ity
of the spec tra of both me te or ites is ap par ent. Con sid er ing the
dif fer ences in mea sure ment and cool ing times, the spec tra of
both me te or ites are al most iden ti cal. 

Con cen tra tions of 27 el e ments in bulk me te or ites:
Baszkówka and Mt.Tazerzait re spec tively as de ter mined by
INAA, RNAA and wet chem i cal meth ods are shown in Ta -
ble 2. The re sults are pre sented as: mean±stan dard de vi a tion
and are based on the anal y ses of 3–6 sam ples for each el e ment

in the case of el e ments de ter mined by NAA. In the case of wet
chem i cal meth ods, the anal y ses were made in trip li cate
(Baszkówka) and du pli cate (Mt. Tazerzait) re spec tively, be -
cause of the scar city of the ma te ri als be ing ana lysed.  

Con sidering the in trin sic inhomogeneity of the an a lysed
ma te ri als, the wide range in par ti cle size and the rel a tively
small masses of the sam ples be ing an a lysed, the pre ci sion of
de ter mi na tion for most el e ments can be con sid ered as more
than sat is fac tory.

Anal o gous data for CRMs are pre sented in Ta ble 3 dem on -
strat ing the re li abil ity of the meth ods used in this study.

Even pre lim i nary in spec tion of Ta ble 2 shows that con tents
of in di vid ual el e ments in both me te or ites are al most iden ti cal
within ex per i men tal er ror. The only ex cep tion is pal la dium,
which seems to be more abun dant in Baszkówka. This el e ment, 
how ever is prob a bly quite inhomogeneously dis trib uted as can
be in ferred from the high value of stan dard de vi a tion as com -
pared to anal o gous data ob tained when ana lys ing cer ti fied ref -
er ence ma te ri als of sim i lar Pd con cen tra tion (cf. Ta ble 3).

In Fig ure 3 el e men tal con tents of el e ments as de ter mined
by us (cf. Ta ble 2), sup ple mented by data for mer cury ob tained
with an au to matic mer cury analyser, and given in an ear lier pa -
per (Dybczyński et al., 2000) in Mt.Tazerzait (y) are plot ted
ver sus anal o gous data for Baszkówka (x) on a log-log scale.
The straight line is de scribed by an equa tion: y = 1.01256x –
0.0629 and the co ef fi cient of cor re la tion amounts to R =
0.9982.

If the data for Pd are ex cluded the equa tion has the form: y = 
1.006989x – 0.02972, i.e. rep re sents al most a per fect fit (y = x)
with a co ef fi cient of cor re la tion R = 0.9997.

CONSIDERATIONS CONCERNING THE CLASSIFICATION 
OF THE BASZKÓWKA AND MT.TAZERZAIT METEORITES

The pre lim i nary clas si fi ca tion of Baszkówka and Mt.
Tazerzait as L chondrites was based on the study of ol iv ine and
orthopyroxene grains by elec tron microprobe anal y sis
(Wlotzka et al., 1997; Stępniewski et al., 1998a). The clas si fi -
ca tion of Baszkówka as an L chondrite was later con firmed by

its ox y gen iso tope com po si tion: δ17O = 3.66 and δ18O = 4.88
(Stępniewski et al., 1998a, quoted af ter I. Franchi, The Open
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T a  b l e  4

Com par i son of el e men tal ra tios in Baszkówka and Mt. Tazerzait with av er age val ues for dif fer ent classes of me te or ites*

El e ment Baszkówka Mt. Tazerzait Av er age val ues for dif fer ent classes of me te or ites

H L LL CI

Ca/Al
Mg/Si
Al/Si
Ca/Si
Fe(t)/Si
Fe(t)/Ni

0.688

0.893

0.0849

0.0584

1.317; 1.254**
20.18; 19.22**

0.683

0.891

0.0755

0.0516

1.258;1.147**
21.64; 19.73**

1.11±0.10
0.82±0.01

0.066±0.005
0.073±0.003

1.60±0.06
15.84±0.67

1.12±0.13
0.80±0.01

0.064±0.004
0.071±0.004

1.18±0.06
17.73±1.37

1.16±0.07
0.80±0.01

0.062±0.003
0.072±0.005

1.03±0.04
18.64±2.18

1.08
0.90

0.085
0.092
1.78

18.12

* — wher ever pos si ble data are pre sented as mean±stan dard de vi a tion; ** — cal cu lated tak ing Fe con tent from INAA mea sure ments



Uni ver sity). In Fig ures 4–7, el e men tal con tents in Baszkówka
and Mt. Tazerzait, nor mal ised with re spect to mean com po si -
tion of H, L, LL and CI chondrites re spec tively, are shown. The 
gen eral con clu sion that fol lows from in spec tion of Fig ures 4–7
can be sum ma rised as fol lows:

— re gard ing the four cat e go ries of chondrites dis cussed
here, Baszkówka and Mt. Tazerzait are more sim i lar to the L
group than to any other class of chondrites,

— the strik ing sim i lar ity of Baszkówka and Mt. Tazerzait is 
once more con firmed by this way of pre sen ta tion of an a lyt i cal
data,

— de spite the clas si fi ca tion of both new chondrites as L
group, some fea tures show a dif fer ence from the pop u la tion of
L chondrites known un til now. Wher ever de vi a tions from the
mean com po si tion of L chondrites were ob served, the data for
Baszkówka and Mt.Tazerzait showed a sim i lar trend, con firm -
ing once again the sim i lar ity of bulk com po si tion of both me te -
or ites.

Tak ing a closer look at the data pre sented in Fig ure 5 one
can note that marked de vi a tions from a ra tio equal to unity (i.e.
per fect agree ment) can be ob served in the case of sev eral el e -
ments. Os mium, pal la dium, cop per and plat i num show el e -
vated, and mer cury dis tinctly lower, con cen tra tions with
re spect to the mean com po si tion of L chondrites. It seems also
that Baszkówka and Mt. Tazerzait are slightly en riched in light
Rare Earths and de pleted in heavy Rare Earths. These ob ser va -
tions, to gether with other data such as very long cos mic ray ex -
po sure times, gas re ten tion ages, ex tremely low mer cury
con tents (Baszkówka 4.5±0.5 ng/g; Mt.Tazerzait 5.1±0.4 ng/g;
Dybczyński et al., 2000) etc., sug gested that both me te or ites
may orig i nate from a com mon par ent body which is dif fer ent
from that typ i cal for most of the other L chondrites
(Stępniewski et al.,1998a; Dybczyński et al., 2000).

It is worth not ing that the plots of con cen tra tions of
siderophile and chalcophile el e ments in Baszkówka and Mt.
Tazerzait nor mal ised with re spect to CI chondrites show a
fairly reg u lar pat tern of de creas ing abun dance with an in crease
in el e ment vol a til ity (cf. Fig. 7b).

In Ta ble 4 sev eral el e men tal ra tios for macroconstituents
are listed and com pared with the av er age val ues for four classes 

of me te or ites, taken from the pa per by Jarosevich (1990). One
should note that while the Fe(t)/Si ra tio for Baszkówka and
Mt.Tazerzait is close to that for L chondrites, other ra tios are
dif fer ent. The Fe(t)/Ni ra tio re sem bles rather that of LL
chondrites, the Ca/Al and Ca/Si ra tios are lower than anal o gous 
val ues for all other classes of me te or ites and the Mg/Si and
Al/Si ra tios are closer to those for car bo na ceous chondrites
than to val ues typ i cal for any of the classes of or di nary
chondrites. This con firms once again the un usual fea tures of
the Baszkówka and Mt.Tazerzait me te or ites.

Jarosevich (1990) ob served that when plot ting MgO vs.
SiO2 con tent for many or di nary chondrites, one gets a straight
line with the H group well sep a rated from the L and LL groups,
which in turn par tially co in cide with each other. The data for
Baszkówka and Mt.Tazerzait do not lie on the same line, rather
they seem to lie on an other straight line well above the line plot -
ted by Jarosevich and ap prox i mately par al lel to the for mer.
This find ing seems to pro vide ad di tional ar gu ment for the hy -
poth e sis that both me te or ites may come from a par ent body dif -
fer ent to that of the L chondrites known so far.

 RESULTS OF SPECIATION ANALYSIS

 Con cen tra tions of sev eral el e ments in the bulk mag netic
frac tion and in in di vid ual metal phases as de ter mined by NAA
uti lis ing long-lived radionuclides are shown in Ta ble 5.

It should be remembered that the con cen tra tion of co balt in
kamacite is be ing used for clas si fi ca tion pur poses (Sears and
Dodd, 1988; Kong et al., 1995). Ac cord ing to this clas si fi ca -
tion, three dif fer ent abun dance ranges of Co in kamacite:
4400–5100, 7000–9500 and 14 200–37 000 ppm are con sid -
ered as typ i cal for H, L and LL chondrites, re spec tively (Kong
et al., 1995). Hence Baszkówka with its 4928 ppm Co in
kamacite would be long rather to the H group. How ever, this re -
sult is dif fer ent from a pre vi ous in de pend ent ex per i ment where
the Co con cen tra tion in kamacite was found to be 7561 ppm
(Dybczyński et al., 1999). This shows on one hand that the
metal phase in Baszkówka seems to be quite inhomogeneous,
on the other hand it may in di cate again spe cial fea tures of this
me te or ite dif fer ent from those of other L chondrites.

As ex pected, the siderophile el e ment Ir is en riched in the
mag netic frac tion, the en rich ment be ing greater in the “taenite
frac tion” (which ex cept of taenite it self may con tain also other
phases), than in kamacite. It is in ter est ing to note that the taenite 
frac tion ap par ently may be en riched also in some typ i cal
lithophile el e ments such as Cr and Sc (cf. Ta ble 5).

CONCLUSIONS

Ac cu rate de ter mi na tion of 28 el e ments in Baszkówka and
Mt.Tazerzait me te or ites con firmed ear lier ob ser va tions on their 
un usual sim i lar ity. At the same it was shown that both me te or -
ites ten ta tively clas si fied as L chondrites have some pe cu liar
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T a  b l e  5

Con cen tra tion of el e ments [mg/kg (ppm)] in mag netic frac tion 
of Baszkówka me te or ite and their dis tri bu tion among in di vid ual

phases (re sults from sin gle ex per i ments)

El e ment Bulk mag netic
frac tion

Kamacite Taenite (plus
pos si bly other

phases)

Co
Cr
Fe
Ir
Ni
Sc

3353
2384

418 546
1.094

41 178
5.95

4928
811

579 906
0.8485
44 250

2.02

1479
4240

226 547
1.385

37 522
10.62



fea tures dis tin guish ing them not only from all other L
chondrites, but also from all or di nary chondrites. They likely
originate from a com mon par ent body which appears dif fer ent
from that char ac ter is tic for other chondrites.
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