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Abstract Automorphic thorium-bearing uraninite (broggerite) has been found
1o occur commonly in association with biotite in the Karkonosze granites. It is coated
with a metasomatic rim containing up to some wt. % U. The age of broggerite, defi-
ned from the Pb content determined on electron microprobe, is identical with the
K-Ar arge of the co-occurring biotite.

INTRODUCTION

A high uranium content in the granites of the Karkonosze massif (Je-
linski 1965), averaging 12.7 ppm (1.9—62.5 ppm) in surface granites,
suggests the possibility of occurrence of that element in the form of ura-
nium minerals, as is the case in the uranium-bearing granites of the Franch
Central Massif and Vendée (Coppens 1973). Since under the conditions of
surface weathering uraninite is decomposed and uranium is either leached
or changes its form of occurrence (disseminated in intergranular substance,
disseminated in secondary minerals resulting from decomposition of rock-
-forming minerals, etc.), granite samples from Karkonosze 1G-1 borehole
located near Jakuszyce, west of Szklarska Poreba, attraced the authors
attention. The granites from that borehole show below the weathering
zone a still higher uranium content (19.8 ppm on the average, maximum
content 90 ppm) that the surface granites. It has been assumed, there-
fore, that they may contain primary uranium minerals. In fact, microsco-
pic studies in reflected light have revealed that the high-radioactivity cen-
tres localized using alpha-radioautography are microcrystals of a mineral
with the habit and optical features of uraninite (Lis, Sylwestrzak 1977). As
the presence of uraninite in the Karkonosze granites is of great metalloge-
nic significance, this mineral was subjected to further investigations on
electron microprobe.
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MODE OF OCCURRENCE OF URANINITE

Uraninite forms crystals exhibiting a hexagonal habit, with the edge
length varying from a dozen or so to several dozen microns (Phots. 1—3).
Uraninite microcrystals occur near biotite aggregates or on the edges of
biotite plates and on its cleavage planes. Some microcrystals are coated
with a thin (up to a dozen or so microns) rim of yellowish substance sho-
wing lower radioactivity. Some have also a very thin made up of pyrite
which corrodes the surface of uraninite and penetrates inside. Small, ro-
undish pyrite inclusions have also been noted in the outer parts of ura-
ninite grains.

The distribution of uraninite microcrystals in the rock is most irregu-
lar. They are absent altogether in some thin sections while in others 20
microcrystals have been found in an area of 3 cm2. The presence of urani-

nite microcrystals accounts for the high total content of uranium in the
Karkonosze granites.

In reflected light, the uraninite is grey and isotropic, showing low re-
flectance.

The occurrence of uraninite in the vicinity of biotite provides evidence
of the role of the latter mineral in the precipitation of uranium oxide. As
a result of oxidation-reduction reaction between Fe2* from biotite and
U®~, iron was presumably partly oxidized and uranium oxide precipitated.

Somewhat later pyrite formed, with tetravalent uranium playing the role
of reducer.

THE CHEMICAL COMPOSITION OF URANINITE

Analyses were carried out on a granite sample with a U content of
95 ppm, derived from Karkonosze IG-1 borehole from a depth of 39.2 m.

The following procedure was ado
investigations in transmitted li
Alpha-radioautography was us
thin sections, and then fragm
Each fragment was mounted
diamond pastes.

Electron ‘microprobe analysis of the chemical composition was made on
theree uraninite microcrystals (Table 1). The instrument (an ARL SEMQ
X-ray microanalyzer) was operated at an accelerating voltage of 20 kV
and a probe current of 150 mA. Metalic U, ThO,, Si, Pbs were used as
standards and Uw,, Thu, » Pbya, Sixkqlines were utilized. Counting time
was 100 sec. When calculating corrections, the amount of oxygen was
assumed each time to be a complement to 100% of the sum of cations. This
procedure was adopted because of poor reproducibility of determinations
of light .elements, as well as due to the lack of the proper standard, U;Os.
Absorption correction was based on the generally accepted pri;lciples
(Adl_er 1966) whereas the atomic number correction was calculated using
Philibert’s and Tixier’s formula (1968) '

As appears from electron micro
tion of the microcrystals is very h

pted: a dozen or so thin sections for
ght were prepared from the rock sample.
ed to localize uraninite microcrystals on the
ents containing microcrystals were cut out.
on the microprobe stage and polished with

probe analysis, the chemical composi-
omogeneous. The uniform distribution
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Table 1

gk (e : 3 0
The chemical composition of uraninite and coexisting minerals in wt. %

|

sample | g \ Th ‘ BBl <] . Chemical formula
No | A iy } S F
97/1 7700 | 349 | 3224008 | <0.03 Ui e 0N
98/1 77.64 369 | 3.18--0.08 | <0.03 B0 1. PP 400
99/1 77.06 371 | 3.114006 | <0.03 Ui T, 1 PbaOsiis
97/2* 4.46 024 | <oa1 190 | ?
97/5* O e 8.16 ?

Analyst: H. Kucha.
< — microprobe detectability limit.
*\—— as the compound failed to be identified, no corrections of the content of elements

were made.

of the principal elements, i.e. U, Th and radiogenic Pb, has also been con-

i d by electron microprobe studies (Phot. 3). Fal :
flrrr'i‘ehe }})’roportions between the main components indicate that the mi—
neral studied is mixture of oxides, UO, and UOs, Wlth an average f.orrlnuda
close to UzOg. Uranium is partly replaced by thorium ar}d _radmgemc ead.
A high thorium content (3.97—4.22 ThO,), Chgractems‘gm of pegmatite
uraninites, defines the mineral studied as thorium-bearing uraninite —
broggerite.

SECONDARY ALTERATIONS ROUND MICROCRYSTALS

0 i i i iotite plate near its edge
broggerite microcrystal embedded in a biotite y .
(saiglee 97)g%s coated with a thin layer (about 12t.m1crc?fnes‘{p%fa ng?gﬁg
tive action o -
substance that formed as a result of destruc ot alnharzac anon
i i probe
itted by radioactive elements (Phots. 1, 2, 3). Two elec : '
Zg;llt}tfzes (yTable 1 97/2, 97/5) have revealed that the.sub.sfcance in question
is enriched in U, Th and Pb but markedly deficient in silica. Ihg prte.sencef
of the rim is characteristically reflected in the microprobe distribution o
. ts (Phot. 3), specifically U and Si. : :
eler'rl‘lig Sférmatiogl OI; a reaction rim round mlc_rocrystals is due toft?lr?t
the bombardment with alpha-particles results %n ’chef breakdt{;vrﬁegts az
: : S g o :
ture of the surrounding mineral and oxidation oi som '
i:czglflcas increases the mobility of the components making up the rtm; A IIZZI:
of these components migrate and me'casorna‘c;.i:1 re'placefir}Z?et S]??in?t ye (i“ e
i t in the immeadil
These phenomena are most intense not - e
radioactive mineral but at a certain dlspance rom it, C » h
i tive effect when losing its energy.
the alpha-particle has a greater destruc S
i i p the rim
The mineralogical nature of the sqbstance mi\t ga o o
i i i ysis of its comp
been defined since this would require a complete S ey
iti i sible that it consists of hydrated compounds hig
Slt*(’)l‘r;ielt 1i£iisrixe§a involving the breakdown of the sj:ructure anc_i tthéé
formatiog of reaction rims near the microcrystals studied are consisten

with those described by Hamilton (1958).




CONCLUSIONS

1. Uraninite appearing in the form of microcrystals in the Karkonosze
granites is a thorium-bearing variety — brdggerite. It is worth noting
that uraninite microcrystals found in the uranium-bearing granites of the
French Central Massif belong, as a rule, to the same variety.

2. High uranium content in the Karkonosze granites is due to the pre-
sence of uraninite (broggerite) microcrystals.

3. The presence of uraninite microcrystals implies that the Karkonosze
granite massif is a metallogenic environment favourable to the formation
of uranium deposits.

4. The age of uraninite (broggerite) microcrystals determined by
U-Th-Pb method on the basis of electron microprobe analysis (Lis, Syl-
westrzak, Kucha — in press) is 299.8 MA (average from 3 analyses), being
in good agreement with the K-Ar age of biotite containing these micro-

crystals — 301.8 MA. This age testifies to simultaneous crystallization of

the two minerals.
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TORONOSNY URANINIT (BROGGERYT) Z GRANITU KARKONOSZY

Streszczenie

_Granity o wysokiej zawartosci uranu cechuja sie zwykle obecnoscig
mikrowrostkéw uraninitu (Coppens 1973). Niedawne badania autoréw (Lis,
Sylwest.rzak 1977) wykazaly, ze mikrokrysztaly uraninitu wystepujg takze
W _granitach Karkonoszy. W probkach granitu pobranych ponizej strefy
w1?§rzema w otworze Karkonosze 1G-1 koto Jakuszyc stwierdzono obec-
nos¢ wrostkéw uraninitu o pokroju szescianu. Ich wymiary wahajg sie
W granicach od kilkunastu do kilkudziesieciu um (fot. 1—3). Wrostki ura-
ninitu wystepuja w poblizu skupien biotytu, na jego brzegach i plaszezyz-
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nach tupliwosci. Sg one niekiedy otoczone obwédka pirytu, ktory koroduje
uraninit oraz cienka otoczka substancji o niskiej zdolno$ci odbicia $wiatla.
Cechy optyczne uraninitu w $§wietle odbitym sa typowe dla tego mineratu.
Rozmieszczenie mikrowrostkow w skale jest nieregularne. 4

Badania za pomocg mikroanalizatora rentgenowskiego wykaza;y, ze
rozmieszczenie gléwnych pierwiastkow w omawianym mmeljale jest jedno-
rodne (fot. 3). Jego skiad chemiczny jest zblizony do U;.O,;, .]ednak v&{ysoka
zawarto$¢ Th pozwala okresli¢ badany mineral jako uraninit toronosny —
broggeryt. ; ; : ;

Wystepujacq w otoczeniu uraninitu su’pstanqe nglezy uzna¢ za prod’uk'g
metasomatycznego przeobrazenia w strefie reakcyjnej (fot. 3), w ktor(?]
struktura otaczajacego mineratu zostala zaburzona przez bombardowanie
czgstkami a. i ; .

Przeprowadzone na podstawie wynikow ana_lxzy w mikroobszarze ozna-
czenia wieku metoda U-Th-Pb wykazaty (Lis, Sylwestrzak, Kucha —
w druku), ze uraninit powstal jednoczes$nie z zawierajacym go biotytem

OBJASNIENIA FOTOGRAFII

) i i 0 tycznych prze-
Fot. 1. Mikrofotografia broggerytu (br) otoczonego strefg metasomat; 2

i obrazen (ag). Na kontakcie tej strefy z broggerytem wystepuje piryt (p). Swia-

tto odbite. Pow. X 1000 . o o

Fot. 2. Mikrofotografia broggerytu (br) otoczonego przez strefe zmieniona wsk <

g bolmbardo%vania czastkami o (a). Na kontakcie broggerytu i strefy zmienionej
wystepuje piryt (p). Swiatto odbite. Pow. X 1000 :

Fot. 3. Ziarno broggerytu otoczone przez strefe zmieniong wskutek bombardowania

czastkami a :
a — EAI — elektronowy obraz absorpcyjny, b — obrazy rozmleszc’zenla U

¥Fot. 4. Ziarno broggerytu otoczone przez strefe zmieniong wskutek bombardowania

czgstkami a
a—b — obrazy rozmieszczenia Th i Pb

. Na obrazie rozmieszczenia Pb widoczny wrostek galeny radiogenicznej. Pow. X 850 :
Fot. 5. Ziarno broggerytu otoczone przez strefe zmieniong wskutek bombardowania

czgstkami a
Obraz rozmieszczenla Si

Xenpoik KYXA, 10sep JIHC, Xybepr CbIJIbBECTP)KAK

TOPUEHOCHDbBIM YPAHUHHUT (BPEITEPHUT) U3 IT'PAHUTOB
KAPKOHOLIH

Pesowme

['paHuTbl ¢ BLICOKHM COJEPXAHHEM ypaHa XapaKTepH3yloTCs H?HS);:
cTBMeM MHKpoBKJiouenuii ypannuuta (Kommewe, 1973). Henasnue HC%.’I;;}H_
Banus (Jlne, CoiibBecTpkak, 1977), nokasasu, uT0 MHKPOKPHCTAJIIE! )pzmq
HWTa TIPHCYTCTBYIOT TOXe B rpaiiuTax u3 KapKoHOUIH. B oépas}mx rme(/II“fl'
B3SITBIX HMJKEe 30HBI BhIBeTpHBaHHsS B OypOBOH CKBaXKHHE Kapl}_ououlje ‘
6au3n dKywni, Obio 00HAPYKEHO NPHCYTCTBHE BKJHO‘IE‘HHH')’pd'IIHHlH:
KyGuueckoro oGiuka. VIx pasmepsl Kose6uiorest or 10 10 HECKOJBKIX
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CSITKOB MHKPOHOB (poto 1—3). Bruiouennst ypaHHHUTA MPHCYTCTBYIOT BOJIH~
3{ arperatoB OMOTHTAa — Ha €ro KpasiX u MOBEPXHOCTSX craitnoctn. Muorza
arperaThl OKpY>XeHbl 06OJIOUKOH M3 MHPHTA, KOTOPBIH KOPPOAMPYET YypaHH-
nHTa, M TOHKON OGOJOUKOil BeulecTBa C HH3KOM CMOCOOGHOCTLIO OTpar<erust
cpera. OnTHUECKHe CBONCTBA YpPaHHHHTA B OTPSDKEHHOM CBETE THIHUHDBL LISt
5TOr0 MuHepaja. Pacrojioxenne MHKPOBKJIOUEHIT B MOPOJe OUYCHb HEPC-
IyJIspHO.

McceoBanusi MpH MOMOIIM PEHTreHOBCKOrO0 MHKpOaHa/lu3aTopa MoKa-
3aJIH, UTO PACIMOJNOXKEHHE OCHOBHBIX 3JIEMEHTOB B BBLILIEYNOMSIHYTOM MHHE-
pane siBasercs ofHOpoaHbIM (doro 3). Ero xumuyecknii cocran cOMMIKAeTCs1
K U;Og, HO BbICOKOE coaepxanne Th pasperiaer OompeieuTb HecyaeyeMblit
MHHepaJ KaK TOPHEHOCHbIH YPAHHHUT — Gperrepur.

[TpucyTeTByioliee BOKPYT YPaHHHHTA BeLUECTBO MOXHO paccMaTpuBaTth
KaK MpPOAYKT METacoMaTHUeCKOro npeobpasoBaHiis B 30HE BOCCTAHOBJIEHHS
(hoTo 3), B KOTOPOIt CTPYKTypa OKPYKaIOLIero MuHepaa Hapyuiiiach u3-sa
60oM6apApOBKH asbda-uacTHIaAMH.

[TpoBejéHHble HAa OCHOBAHMH Pe3yJbTAaTOB aHalu3a B MHKPO30HE Ornpe-
nesennsi no merony U-Th-Pb nokasanu (Jluc, Coiibpectpxak, Kyxa —
B MeuaTH, UTo YPaHHHHT 06PA30Ba/Csi COBMECTHO C COAEPXKaliM ero Guo-
THTOM.

OBbJICHEHHSI K ®OTOI'PADPHIAM

doro 1. Mukpodororpadus Gperrepura (br), OKPYKEHHOTO 30HOH MeTacoMaTHUEcKHX mpe-
o6pasoBannil (a). Ha crbikax 5TOi 30Hbl ¢ GPerrepuTOM HaG6JIOAAETCs NPHCYTCTBHE
nupura (p). OtpakéHubiii cer. YBennuenue oxoao X 1000
doto 2. Mukpodororpadusi Gperrepura (br), OKpyKEIHOrO 30HOI H3MeHeHHOI H3-3a GOM-
6apaAnpoBKH o-uacTHilamMu (a). Ha crbikax Operrepura ¢ H3MEHEHHOH 30HOH Ha-
6monaercst npucyTerBie nupnta (p). OTpakéHbii cser. Ysemnyenne oxkono X 1000
doto 3. 3epHo Operrepura OKPYKEHHOE 30HOH H3MEHEHHON H3-3a GOMOAPAHPOBKH ¢-HACTH-
1aMH
a — 30eKTpOHHbI oGpa3 morJouieHHs, b — o6pa3pl pacnojozxenus U
Poto 4. 3epHo Operrepita OKpY»KEHHOE 30HOH H3MEHEHHOH H3-3a GOMOApPAHPOBKH o-YaCTH-
amH
a—b — o6paspl pacnosoxenuss Th u Pb.
Ha o6pase pacnonoxenusi Pb BHJHO BKJIIOYEHHe DajHOrCHHOrO rajeHHTa. YBeauuenue X 850
doto 5. 3epHo Gperreprrta OKPYIKEHHOE 30HOIl H3MEHEHHOH 13-3a GOMGApP/NPOBKH o-UaCTH-
1 aMH
OGpa3bl pacnonoxkenus Si. YBeanuenue X 850

MINER. POL. VOL. 9, No 1 — 1978 PLATE I

Phot. 1. Broggerite (br) surrounded by zone of metasomatic alterations (a). On the
contact with broggerite occurs pyrite (p). Reflected light. Magn. X 1000

Phot. 2. Broggerite (br) surrounded by zone altered due to bombardment a parti-
cles (a). On the contact of broggerite and altered zone occurs pyrite (p). Reflected
light. Magn. X 1000

Henryk KUCHA, Jozef LIS, Hubert SYLWESTRZAK — Thorium-bearing uraninite
(broggerite) from the Karkonosze Granite
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a

Phot. 3. Grain of broggeri 3
AOTE3E ggerite surrounded by altered zone due to bombardment «
particles Phot. 4. Grain of broggerite surrounded by altered zone due to bombardment o
a — EAI electron absorption image, b — images of U particles
a—b — images of Th, Pb distribution. On the image of Pb distribution an inclusion of radio-

genic galena is visible. Magn. X 850

Henryk 3 3 s : ; o
(hlr{cggfrlft\é)ﬂeig tI;n]I)SkHlf{bert”SYLWE_STR/LAK — Thorium-bearing uraninite Henryk KUCHA, Jézef LIS, Hubert SYLWESTRZAK — Thorium-bearing uraninite
e Karkonosze Granite (broggerite) from the Karkonosze Granite
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Phot. 5. Grain of broggerite surrounded by altered zone due to bombardment o
particles
Images of Si distribution. Magn. X< 850

Henryk IgUC}IA. Jozef LIS, Hubert SYLWESTRZAK — Thorium-bearing uraninite
(bréggerite) from the Karkonosze Granite




