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Abstract The uranium content and distribution of five basalt samples from
Ksieginki was determined by uranium fission track method- It has been found that
coarse-crystalline olivine-pyroxene-spinel concentrations are embedded in micro-
crystalline basalt with single pyroxene and olivine phenocrysts. They may represent
material detached from the upper layers of the Earth’s mantle. Uranium content
in pyroxene and olivine phenocrysts is low (0.03—0.10 ppm), and soO it is in olivines
and pyroxenes from the coarse-crystalline concentrations. The spinels contain still
less uranium (< 0.005 ppm) whereas its content in the microcrystalline basalt matrix
consisting of plagioclases, opaque minerals and pyroxenes amounts to 3—5 ppm.
Those data indicate that the magmatic melt, from which basalt crystallized sub-
sequently, was enriched in uranium compared with the earlier-formed phenocrysts.
The results obtained do not permit, however, to advance an unequivocal hypothesis
on the genesis of the coarse-crystalline olivine-pyroxene—spinel concentrations (xeno-
liths from the Earth’s mantle or the products of gravitational differentiation during
fractional crystallization).

The serpentinized zones in olivines are enriched in uranium (2.5—3 ppm).

INTRODUCTION

Studies of the distribution of radioactive elements (uranium, thorium,
and also potassium) in the basalt-type basic rocks yield many petrologic
data. Sometimes, the rocks in question contain ohvme‘—py_roxene-spmel
xenoliths, the composition of which correspo’nds to peridotite. They are
considered to originate from the upper E:'irthg mantle and 'represent tt};e
hypothetical pyrolith. The amount of radioactive elements in thehm_and_e
rocks has a bearing on the total heat balance of the Earth, and their di-
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stribution between xenoliths and the enclosing rocks permits to make
inferences about the process of smelting of basic magmas from the pyro-
lith. Consequently, data are obtained for constructing models of the
Earth’s structure.

The authors have made investigations of the uranium distribution in
some basalt samples from Ksieginki fower Silesia) using uranium fission
track method. The basalts studied have typical porphyritic textures; their
microcrystalline matrix consists of plagioclases, opaque minerals and py-
roxenes, with pyroxenes and olivines occurring as phenocrysts. The rocks
contain coarse-crystalline olivine-pyroxene-spinel concentrations up to
some centimetres in size. As mentioned earlier in this paper, those con-
centrations may be considered as xenoliths originating from the upper
layers of the Earth’s mantle (Wyszomirski 1972). They may be also re-
garded, however, as the material accumulated by gravitational differen-
tiation in the process of fractional crystallization of magma. Since micro-
scopic observations and X-ray examinations had failed to provide con-
vincing evidence suggesting the origin of those coarse-crystalline concen-
trations, the authors made a preliminary determination of uranium content
and distribution in them. Similar investigations were carried out on the
phenocrysts embedded in the microcrystalline basalt matrix.

EXPERIMENTAL

Uranium content and distribution were determined by fission track
method, described fully by Skowronski (1976). Plastic solid state nuclear
track detectors, Polish polyethyleneterephtalate foils Estrofol, were placed
firmly against the thin sections of rocks. These sandwiches were irradiated
in the 52 channel of EWA-10 reactor with an integral dose of 2.336-1016
thermal neutrons/cm?. The standard glass, received from Dr C. W. Naeser
via Dr J. Burchart, as well as dolomite, calibrated earlier by the same
glass, were used in determination of neutron dose. The detectors were
etched after irradiation in 6 n KOH at 60°C for 13 minutes to reveal tracks
produced by the neutron-induced fission of 2357, Then the foils were
placed against the thin sections in the same position as they had occupied
during irradiation in the reactor (needle signs were utilized). The observa-
tions and measurements of uranium content and distribution were made
under the pptic microscope at magnifications up to 600 X.

RESULTS

In all the investigated basalt samples a similar track distribution has
been noted. Both the single olivine and pyroxene phenocrysts and the
cQarse—crystalliqe concentrations of those minerals contain an insignificant
amount of uranium compared with the microcrystalline groundmass. The
uranium gontent in pyroxenes and olivines averages 0.030—0.100 ppm,
that in spme}s is less than 0.005 ppm (uranium content in spinels has not
been determined precisely because of too small a dose of thermal neutrons
applied during irradiation), whereas the basalt matrix has been found to
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contain 3—5 ppm uranium. The density of fission tracks at the pheno-
crysts/matrix or coarse-crystalline concentration/matrix boundaries varies
by about two orders of magnitude (Phots. 1—8). Both in the olivine and
pyroxene phenocrysts and in the coarse-crystalline olivine-pyroxene-spinel
concentrations, the tracks are scattered (with the dose applied); no con-
centrations of tracks have been observed. Only zones of secondar’y altera-
tions, in which olivines underwent serpentinization, are enriched in ura-
nium. They have been found to contain 2.5—3 ppm uranium. The uranium
distribution in the basalt groundmass is not very uniform. The lack of
thick concentrations of sun-bursts tracks, however, makes it impossible
to measure preecisely the track density and determine uranium content.
On account of the microcrystalline character of the rock matrix, the in-
vestigations failed to determine the uranium distribution in it.

DISCUSSION

In olivine and pyroxene phenocrysts of the basalt from Ksieginki, in-
significant amounts of uranium, below 0.1 ppm, have been noted. Uranium
content in the microcrystalline rock matrix is higher by about two orders
of magnitude. Thus, the enrichment in uranium of the melt, from which
the groundmass of basalt crystallized subsequently, with respect to the
phases that had crystallized earlier (phenocrysts) is conspicuous. The above
results bear out the general tendency of uranium to concentrate in the
late-magmatic fractions (e.g. Rogers, Adams 1969; Dostal, Capedri 1975),
and are in good agreement with the data obtained for other basalts (Na-
gasawa, Wakita 1968; Berzina et al. 1969).

Uranium contents in olivines and pyroxenes (0.03—0.10 ppm) as well
as in spinels (< 0.005 ppm) from the coarse-crystalline concentrations in

~ basalt from Ksieginki are in accord with those determined for ultrabasic

xenoliths that occur in other basalts (e.g. Kleeman et al. 1969; Fisher 1970;
Berzina et al. 1971; Henderson et al. 1971; Haines, Zartman 1973, Hamil-
ton 1975). The investigations have failed, however, to show differences in
the uranium content and distribution between olivines and pyroxenes
from the above concentrations and the olivine and pyroxene phenocrysts
in basalt. Yet, it should be taken into consideration that such differences,
however insignificant, may exist, but their detection would require irra-
diation of the rock with a larger dose of neutrons to produce fission of
a greater number of 2357J nuclei. Therefore, the results obtained so far
give no basis for a discussion on the genesis of the coarse-crystalline con-
centrations in basalt from Ksieginki. Whether they are detached xen'oh'ths
from the Earth’s mantle or the products of gravitational differentiation
of minerals during fractional crystallization remains an open question.

The uranium contents given above are for unaltered minerals. In oli-
vines of the coarse-crystalline concentrations in basalt from K51gg}nk1
which, as has been stated before, are very low in uranium, seszentmlz(?d
zones markedly enriched in uranium have been observed. Enrichment in
uranium-of the altered zones in basic and ultrabasic basalts has been re-
ported by, e.g., Berzina et al. (1971) and Seitz and Hart (1973). It appears
then that metasomatosis brings about changes in the content and di-
stribution of uranium in olivines, which may be detected only by flss1o.n
track or alpha-particles method.
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Andrzej SKOWRONSKI, Piotr WY SZOMIRSKI

ROZMIESZCZENIE I ZAWARTOSC URANU
W BAZALCIE Z KSIEGINEK, DOLNY SLASK (WYNIKI WSTEPNE)

Streszczenie

Autorzy wykonali badania rozmieszczenia i zawartosci uranu w bazal-
cie z Ksieginek metoda $ladéw fragmentéw rozszczepienia. W mikrokry-
stalicznym bazalcie zbudowanym z obojetnych plagioklazéow, mineratow
nieprzejrzystych i piroksenéw oraz zawierajgcym prakrysztaty piroksenow
i oliwinéw, tkwig grubokrystaliczne skupienia oliwinowo-piroksenowo-spi-
nelowe. Moga one reprezentowaé material porwany przez bazalt z gornego
plaszcza Ziemi.

_ Zawarto$C uranu w prakrysztatach oliwinéw i piroksenéw jest niska
i wynosi 0,03—0,10 ppm. Réwnie mato uranu zawierajg oliwiny i pirokseny
ze wspomnianych grubokrystalicznych skupien, a jeszcze mniej — spinele
(0,005 ppm). Mikrokrystaliczne tto bazaltéw zawiera natomiast 3—b5 ppm
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uranu, rozmieszczonego niezbyt réwnomiernie, jednak bez ien
Wyniki .te wskazujg na wzbogacenie w uran stJopu magmogvsztg};c}(lzsllzgc'ﬁfgné
nastepnie wykrystalizowalo ciasto skalne bazaltu) wzgledem wcze$niej
utworzonygh prakrysztaléw. Uzyskane rezultaty nie dajg jednak podstaw
do dy§kus31 o genezie grubokrystalicznych skupien oliwinowo-pirokseno-
wo—spmplowych (ksenolity z plaszcza czy produkty grawitacyjnego nagro-
madzenia podczas frakcyjnej krystalizacji). Zawarto$ci i rozmieszczenie
uranu w skupieniach grubokrystalicznych i prakrysztalach sg bowiem
takie same.

w oliwinach grubokrystalicznych skupien, ktoére jak juz wspomniano
zawierajg nikte ilo$ci uranu, obserwowano strefy serpentynitowe, wzbo-

gacone w uran (2,5—3 ppm). Wykryto je dzieki zastosowaniu metody ra-
diografii fragmentéw rozszczepienia.

OBJASNIENIA FOTOGRAFII

Fot. 1. Rozmieszczenie uranu w bazalcie z Ksieginek (prébka 224). Slady fragmentéw
rozs.zczepienia jader 235U zarejestrowane w folii Estrofol. Uran w mikrokry-
stalicznym tle wystepuje w wiekszej iloSci anizeli w prakrysztale piroksenu

Fot. 2. Obraz tej samej czeéci skaly (jak na fot. 1)

Fot. 3. Rozmieszczenie uranu w bazalcie z Ksieginek (probka 221). Slady fragmentow
rozs.zczepienia jader 235U zarejestrowane w folii Estrofol. Uran w mikrokry-
stalicznym tle wystepuje w wiekszej iloSci anizeli w prakrysztatach

Fot. 4. Obraz tej samej cze$ci skaly (jak na fot. 3)

Fot. 5. Rozmieszczenie uranu w bazalcie z Ksieginek (prébka 222). Slady fragmentow
rozszczepienia jader 23U zarejestrowane w folii Estrofol. Uran w bazalcie
wystepuje w wiekszej iloéci anizeli w oliwinie z grubokrystalicznego skupie-
nia (lewa cze§¢ zdjecia)

Fot. 6. Obraz tej samej czeSci skaly (jak na fot. 5)

Fot. 7. Rozmieszczenie uranu w bazalcie z Ksieginek (prébka 222). Slady fragmentow
rozszczepienia jader 23U zarejestrowane w folii Estrofol. Uran w bazalcie wy-
stepuje w wiekszej ilosci anizeli w oliwinie z grubokrystalicznego skupienia
(lewa cze$§é zdjecia)

Fot. 8. Obraz tej samej czeSci skaty (jak na fot. 7)

Andoceti CKOBPOHBCKH, Iérp BRIIITIOMHPCKH

PACNPEOEJEHUE U COLEP)XAHUE YPAHA
B BA3AJIBTE U3 KCEHTHHEK, HH)KHS 51 CUJE3HUS
(NPEJABAPUTEJIbHBIE HTOT'H)

N

PesowMme

ABTOpBI TMPOBEJIM HCCJIEJ0BaHis PACHpele/eHuss H COACpPIKAHHA ypaHa
B 6azanbTe U3 KCeHTHHEK METOHOM CJIeJ0B OCKOJIKOB JEJEHHS. B MHKpPOKpPH-
CTaJIMUecCKOM 6a3aJbTe, CJAO0KEHHOM HeATpaJbHbIMH MJIarHOK/Ia3aMH, HE-
NPO3pauHbIME MUHEpaJaMu U IHPOKCeHAMH, C (heHOKpHCTaIIaMU [THPOKCEHOB
W OJIMBHHOB, HAXOASATCS KPYMHOKPUCTAJLTHUECKHE LIMHHeJb-TTHPOKCEH-0/THBH-
HoBble ckomieuus. OHM MOTYT NpEeACTaBJIATL MarepHal, 3axBayeHHbIl 0a-
3a/JbTOM H3 BepXHEH MaHTHH.
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CojeprkaHue ypaHa BO BKpANJECHHNKAX OJIHBHHOB H NUPOKCEHOB HU3KO
u cocrapaser 0,03—0,10 MH/IIHCHHDIX nogei. Takxe Mano ypaHa comepxar
ONMBHHBI H THPOKCEHBI, YMOMSIHYTHIX KpYNHOKPHCTAITHICCKHX CKOTJIEHHH,
a elle MeHblle — IIMHHEIH (0,005 r/1). MuKpoKpHCTaIIHYecKas OCHOBHA
Macca 6aszajbTa COMAEPIKHT 3aTO 3—5r/T ypaHa, KOTOpbIi DaCHpereacTCs
He OueHb PAaBHOMEPHO, ONHAKO HE o6pasysl 4acThIX CKOTJIEHHI. DTH Pe3yJlb-
TaThl YKa3bIBAIOT Ha oforauienie ypaHoM MATMATHUECKOTO pacrjiasa, u3 Ko-
TOPOTO 3aTeM KPHCTAJIM30BaNaCch ocHOBHAsI Macca (6asanbra) Mo OTHOUIE-
HUIO K paHee 00pa30oBaHHbIM (beHOKpHCTAJIIAM. OHaKo, MOJyUeHHble pesyJIb-
TaThl He AAI0T OCHOBAHHUS IS pacCyK/IeHHi 0 TeHesuce KPYIHOKpPHCTAJIIHIe-
CKUX IIMHHEIb-THPOKCEeH-0JMHBUHOBBIX cromaenuil (KCeHONUTbl MAaHTHH MY
NPOJYKTH IPaBUTALHOHHOTO HAKOM/ICHHA B xo/e (DpaKIHOHHON KpHCTaJJIH-
3a1011), TMOCKOJIBbKY COJepKaHue H pacmpeje/ienne ypaHa TaKoe Ke caMmo
B KPYNHOKPHCTAJUIHUECKHX CKOIIEHUSAX H B (peHOKpHCTAIAX.

B oJMBHHAX M3 KPYTHOKPHCTAMIHYECKHX CKOTJIeH i, KOTOpble, KaK BbIIIe-
YIIOMHHAJIOCh, COfepIKaT HEeSHAaUUTEbHOE KOJIMUECTBO ypaHa, Habolaluch
CepreHTHHHTOBbIE 30HbI oGoramensbie ypatiom (2,5—3 r/t). Onu GuiTH 06HA-
py7KeHbl Gyarojiapsi NpUMEHeHHH verofa pafuorpaduu OCKONKOB JEJEHH.

OBBSICHEHUS K ®OTOTPADHAM

dor. 1. Pacnpejenenne ypaia B GasanpTe n3 Kcenrunuek (o6pasert Ne 224). Cnefsl OCKOJ-
koB nenenus siep 235U (HKCHPOBAHHbIC mienkoii ctpodoab. YpaH B MHKPOKPI-
CTaJIHuecKOoil OCHOBHOH Macce NDHCYTCTBYET B GonplieM KoJHyecTBE ueM B (heHo-
KpHCTaJIe MUpOKceHa

®or. 2. M3o6pakeHne TOro ke yuyacTka IMOpPO/DI (kak Ha ot. 1)

®or. 3. Pacnpesenenue ypana B 6asanbre H3 Kcenruuek (00pasew Ne 221). Ciie/ibl OCKOJIKOB
nesennsi snep 235U (UKCHPOBAHDI menkoil dcrpodoap. YpaH B MHKPOKpHCTAJJIHHE:
KO OCHOBHOf Macce TMPHCYTCTBYET B GOJILIIOM KOJMYCCTBE HEM B (eHoKpICcTaIIe
NUPOKCeHa

dor. 4. U3o6paxenie TOro e ydacTka HOPOJbL (kax Ha ¢oT. 3)

®ot. 5. Pacnpenenenne ypana B Gasaibre U3 Keenrunex (oopasen Ne 222). Caelibl OCKOJIKOB
nenenuss saep 23U (QHKCHPOBAHDI nieHkoil dcrpodoab. YpaH B 6asajbTe TNPHUCYT-
cTByeT B 0OJbIEM KOJMUECTBE UYeM B OJHMBHHE H3 KpYyMHOKPHCTA/IHYECKOro CKOILIe-
Husi (JeBasi yacTb CHMMKA)

dor. 6. M306paxkenne TOr0 XKe yyacTka TOPOJIBI (kak Ha ¢ort. 5)

®or. 7. Pacnpejenenue ypana B 6azajbTe 3 Kcenrunek (o6pasery Ne 222). Cie/tbl OCKOJIKOB

nesenns siep. 25U (DUKCHPOBAHbL NVIEHKOH Scrpodoab. Ypan B 6aszanbre MPUCYT-
cTByeT B 0OJbIIEM KOJNHYECTBE HeM B OJMBHHE M3 KPYIHOKPHCTAJIINYECKOro CKOIIIE-
Hus (J1eBas yacTb CHHUMKA)

®or. 8. M3obGpaxkeHne TOro Ke yyacTka MOPOJBI (kax Ha dor. 7)
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PLATE I

Phot. 1. Uranium dis_tribution in basalt from Ksieginki (sample 224). Fission fragment
tracks of 235U nuclei recorded in Estrofol foil. Uranium content in microcrystalline
matrix is higher than in pyroxene phenocryst
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Phot. 3. Uranium distribution in basalt from Ksieginki (sample 221). Fission fragment Phot. 5. Uranium distribution in basalt from Ksieginki (sample 222). Fission fragment
tracks of 235U nuclei recorded in Estrofol foil. Uranium content in microcrystalline tracks of 235U nuclei recorded in Estrofol foil. Uranium content in basalt is higher
matrix is higher than in phenocryst than in olivine from coarse-crystalline concentration (left part of Photo)
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Phot. 4. Corresponding rock surface (explanation see Phot. 3) Phot. 6. Corresponding rock surface (explanation see Phot. 5)
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Phot. 7. Uranium distribution in basalt from Ksieginki
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Phot. 8. Corresponding rock surface (explanation see Phot. 7)
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