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THE APPLICATION OF ELECTRON MICROPROBE
TO DATING OF U—Th—Pb URANINITE FROM
THE KARKONOSZE GRANITES (LOWER SILESIA)

Abstract, Datings of uraninite microinclusions were carried out with the classical U—Th—Pb
chemical method. Electron microprobe was used to determine the content of elements. The results
obtained for three samples show insignificant scatter, and the average age of 299.8 million years
is in accord with the age of biotite (301.8 min years) in which the uraninite inclusions have been
found. This shows that electron microprobe analysis is useful for geochronological studies.

INTRODUCTION

As a result of the development of mass spectrometry, the chemical U—Th—Pb
dating of uranium and thorium minerals (Holmes 1911), resting on the assumption
that all the lead present in a mineral is of radiogenic origin, was replaced by isotopic
methods. However, the introduction of electron microprobe to these studies opened
new prospects for the chemical dating of minerals. This applies primarily to uraninite
and thorianite microinclusions present in some igneous and metamorphic rocks,
as the small size of automorphic grains of these minerals can guarantee that lead
contained in them is of radiogenic origin only.

The first datings of uraninite microinclusions with the aid of electron microprobe
were carried out on uraninite from the Saint-Sylvestre uranium-bearing granites in
the Central Massif (Barbicr, Ranchin 1969) and the Mortagne granites in Vendée
(Renard 1970).

URANINITE IN THE KARKONOSZE GRANITES

The Karkonosze granitoid massif forms the central part of a structure referred
to as the Karkonosze-Izera block. The massif is built of coarse- and medium-grained
porphyraceous biotite granites and equigranular biotite granites. From the petro-
chemical point of view, they are assigned to granodiorites and monzonitic granites
(Borkowska 1966).
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Compared with the other Lower Silesian granitoid rocks, the Karkonosze granites
show an exceptionally high uranium content (Jelifiski 1965), averaging 12.7 ppm.
The highest uranium content in surface samples is 62.5 ppm, running up to 90 ppm
in core samples taken below the weathering zone. '

The anomalously high uranium content in the Karkonosze granites suggests
that uranium occurs here in the form of own minerals, as it does in some granitoid
rocks of the Central Massif and Vendée (Coppens 1973).

Since uraninite is subject to oxidation in the weathering zone, and the released
uranium is either leached or passes into other forms of occurrence, uraninite inclusions
were sought in the granite samples from a borehole located to the west of Szklarska
Porgba. The high-radioactive centres detected in thin sections by means of radio-
autography of alpha particles proved, in fact, to be uraninite inclusions (Lis, Syl-
westrzak 1977). Uraninite microcrystals have a cubic habit, sometimes slightly
deformed. They vary from a dozen or so to several dozen pm in size, exceptionally
attaining a size of 200 pm. All the observed inclusions occur in the vicinity of biotite
concentrations or at the edges of biotite flakes. In reflected light uraninite is grey,
isotropic. Some crystals are coated with a thin rim made up of pyrite which corrodes
uraninite, penetrating inside the grains. The mode of occurrence and the habit
typical of pegmatite uraninites show that the uraninite in question formed during
the crystallization of the rock. Its occurrence in the marginal parts of biotite and in
their vicinity indicates that this mineral played a significant role in the precipitation
of uranium oxide. It is feasible that uranium oxide precipitated from the uranium-
-rich residual solutions as a result of the reaction between bivalent iron and hexa-
valent uranium,

CHEMICAL COMPOSITION AND AGE OF U—Th—Pb URANINITE

Chemical composition was determined for three uraninite microcrystals from
a granite sample taken from the Karkonosze IG 1 borehole at a depth of 39.2 m.
Uranium content in the sample was 55 ppm.

Electron microprobe analysis was carried out by one of the authors (Kucha)
on an ARL SEMQ X-ray microanalyser, using metallic U, ThO,, PbS and Si as
standards and the following spectral lines: UM,, ThM,, PbM,, SiK,. The instru-
ment settings were: accelerating voltage 20 kV, probe current 150 nA, counting time
]QO sec. When calculating corrections, the amount of oxygen was assumed each
time to be the complement to 1009 of the sum of cations. This procedure was adopted
because of the poor reproducibility of the determinations of light elements and the
ltack ?f? proper U;04 ;tangardb The generally accepted procedures were adopted

0 calculate corrections for the absorption of radiatio é ¢ i
number difference (Philibert, Tixier r1)968). piodler DR sad iR

.Smce the accuracy of chemical datings is mainly affected by errors of determi-
nation of Iez}d content, the determinations of these clements were made with the
h]ghe§t p.osmble. precision. The results listed in Table 1 show that the mineral in
question is a mixture of U(.)2 and UO; oxides with a molecular formula close to
U,Os. In this mineral uranium is partly replaced by lead and thorium. Due to the
high thormm content (over 3%), the mineral was defined as thorium- i
— brdggerite (Kucha, Lis, Sylwestrzak 1978).

From the electron microprobe analysis it appears that U, Th and Pb are uniformly

distributed on the surface of the grain sections i i i
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To calculate the age of uraninite from its chemical formula, the following relation
was used (Holmes, Tawson 1927):

Pb
L U033 Th A0 A

where U, Th and Pb are expressed in weight 9 (Table 1).

Age

Table 1
Chemical composition and age of U—Th—Pb uraninite

Sample U, Th, _Pl';,- Age

No % v v 10° years
97,1 77.0 349 3.224-0.08 304.2
98,1 76.64 3.69 3.184-0.08 301.5
99,1 77.06 3.71 3.11 40.06 293.7
average 299.8

The isotopic age of biotite from the Karkonosze granites has been determined
both by K—Ar and Rb—Sr datings. The former (Depciuch, Lis 1971) established
the average age of 301.8 million years (307, 306, 305, 304, 304, 303, 303, 303, 302, 299,
296, 296, 295 mln years), while Rb—Sr dating (Przewlocki et al. 1962) indicated
an age of 292 million years.

CONCLUSIONS

The U—Th—Pb dating of uraninite with the use of electron microprobe is in
excellent agreement with the K—Ar and Rb—Sr datings of biotite in which uraninite
occurs in the form of inclusions. This shows that the method of chemical dating com-
bined with clectron microprobe analysis is useful for the dating of uraninite micro-
inclusions. At the same time, some genetic conclusions emerge:

1. The similarity of the age of biotite and uraninite testifies to the simultaneous
crystallization of these minerals.

2. From the moment of their formation, both uraninite and biotite constituted
closed systems in the geochronological sense. This further substantiates the hypo-
thesis that the Karkonosze granite is an igneous granite that formed in one geologic
episode.

Translated by Hanna Kisielewska
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Henryk KUCHA, Jézef LIS, Hubert SYLWESTRZAK

ZASTOSOWANIE MIKROANALIZATORA RENTGENOWSKIEGO
DO DATOWANIA U--Th—Pb URANINITU Z GRANITOW
KARKONOSZY (DOLNY SLASK)

Streszczenie

Przeprowadzono datowania mikrowrostkow uraninitu—brgggerytu tkwiacych
w biotycie granitéw Karkonoszy. Datowania wykonano klasycznag metodg U—Th—
—Pb. Oznaczenia U, Th i Pb wykonano w mikroobszarze przy zastosowaniu mikro-
analizatora rentgenowskiego. Uzyskane wartoéci wieku cechujg sig nieznacznym
rozrzutem, a $redni wiek 299,8 milionow lat jest catkowicie zgodny z oznaczonym
metodg K/Ar wickiem biotytu (301,8).

Zbiezno$¢ wicku biotytu i uraninitu $wiadczy o rownoczesnym powstawaniu
tych mineratéw. Swiadczy to réwniez, e uraninit i biotyt stanowity od chwili swego
powstania uklady zamknigte w sensie geochronologicznym. Potwierdza to poglad,
2¢ granit Karkonoszy jest granitem magmowym powstalym w jednym epizodzie
geologicznym,

Uzyskane wyniki $wiadcza o przydatnoéci zastosowania mikroanalizy rentge-
nowskiej do badan geochronologicznych.

Xenpoik KYXA, I03ep JINC, Xybepm CHIJTbBECTIIAK

[MPUMEHEHUE PEHTTEHOBCKOI'O MUKPOAHAJIM3ATOPA
AL U—Th—Pb JTIATUPOBAHUS YPAHUHUTA
U3 TPAHUTOB KAPKOHOWEN (HUKHSSI CUJIE3WS)

Pesrome

[Tposomnnace maTuposka MUKDPOBKITIOYEHM A ypauunura—Opérrepura B GHO-
TATax rpanura Kapkonouei, Hatuposanyue nposezieHo kiacenyeckum U—Th—Pb
Merofiom. Onpenenenne couepianmus U, Th n Pb nposomuiocs na MUKPO30H/IE.
[Monysennpie Besmumnb Bospacra XAPAKTEPU3YIOTCH HEIHAYMTEILHBLIM Pa3Gpocom,
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a cpeHAli Bo3pact 299,8 MEUTHOROB JIeT MOMHOCTHIO COBIANIAET C ONPEACNCHALIM
K/Ar Bo3spactom Guoruta (301,8 - 10°),

Cosnazienne Bo3pactos 6uoTuTa M YPAHHHHTA CBMIETENLCTBYET 06 O/fHOBpE-
MEHHOM 06PA30BAHMM THX MMHEDPAIIOB, DTO CBU/IETENILCTBYET TAKKE O TOM, 4TO
YPAHHHUT U GHOTHT OT MOMEHTA CBOEro 06pa3oBamus B T€0OXPOHOJIOTHYECKOM
CMBICIIC TPEACTABIANN COBOM 3aKkphiThie CUCTeMBI, DTO [OATBEPAAAET BILJIAML,
410 rpaHnT KapkoHowe# npenctabaser co6oii marmarudeckui rpauut, obpaso-
BAHHLIA B OJIHOM T€OJIOrMYCCKOM 31U30/1e.

[Monyyentibie pesynbTaTsi cBumETELCTBYIOT O UPHIOJHOCTH NPHUMEHEHUS MH-
Kpo3oHaa B TF€OXPOHOJIOI MMECKU X UCCIIENOBAHUAX

.



