GEOLOGICAL AND PETROGRAPHICAL PRINCIPLES
APPLIED IN RESEARCHES FOR RADIO-ACTIVE
ELEMENTS IN HUNGARY.

BY A. FOLDVARI

Inlroduction. Early in 1947 Prof. S. Szalay wanled lo make
radioaciivity measurements on Hungarian igneous rocks. Specimens
of the geological Instilule’s collection have been pul'al his disposal.
As some of the Velence Mountain rocks showed higher radio-
aclivity than the average, radiometric survey has been proposed
in order to find any accumulation of uranium. 7. Szalai, leader
of the Geological Instilute made a suggestion lor these investigations
which has been approved by the Mining Deptl. of the Ministry of
Industries. According lo the plans a small expedition has been
organized consisting of physisists, a chemist and a geologist. The
geological leader was A. Féldvdri chief-geologist who was acquain-
‘ted by his earlier surveys (molybdenum, alunite prospecls) with
the territory. Field work could not be finished according plans
because the geologist became by infantile paralysis infection, unable to
walk. The survey was followed by laboralory investigalions, which
shall be carried on. Our experiences and further plans are reporled
in the followings.

Geological types of radio-active deposits.

A theorelical study of all possilililies of uranium accumulation
formed the starling point in constructing the delailed plan ol pros-
pects. In the literature following types are recorded:

1. Pegmatiles. At the solidification of graniles uranium bhecomes
accumulated in the gaseous magma residue because uranmium cannot
enter by its greal ionic radius into the lattice ol rock-forming
silicates. Naturally uranium does mnot attain a high concentration
in all pegmatites. Famous occurences of this type are in Europe:
the Porlugese-Spanish borderland, Oslo distr. and the region of
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Langesund {jord in Norway, North-Karelia, Bulgaria. In Africa:
Uluguru Mountains in Easl-Alrica and Madagascar. In Asia the
Indian pegmatites, in America the Black Hills in South - Dakota
and Canada. Uranium-bearing pegmatites have been found ecven
in Australia. General characteristic of this type of occurences is
their relatively small quantity though Canadian pegmatites furnished
pilch-blende blocks of several lons. Pegmatilic uranium occurrences
will be exploited probably in short time, they cannol be held for
uranium sources of the fulure.

2. Uranium with cassilerite jormations. These pneumalolylic
occurrences appear on lhe margin of gramitic masses forming im-
pregnaltions or veins in the gnanite itsell or in the contacl:meta-
morphic schists. Uranium is accompanied by tin, bismuth, cobalt,
nickel, sulphidic copper ores, arsenopyrite, silver and zinc. Type
localities: St. Ives, St. Austell, Grampound in Cornwall, Schlaggen-
wald in Bohemia. ‘

The occurence ol Schmiedeberg (Riesengebirge) represents a
different variety ot above {ype, marked wilh 2a. In this conlacl
pneumatolytic deposil uranium is accompanied by magnetite, hema-
tite, sulphidic copper and siiver ores. In this occurrence localed
next to a granite mass, cassilerile is absenl.

3. Uranium in hydrothermal lodes (and their impregnaled
wallrocks). The deeper horizons ol coball, nickel, silver, bismuth
lodes are somelimes uranium-bearing characlerized by reddish
calcite and dark violet [luorspar. Famous occurences: Jachymov
(=Joachimstal) in Bohemia, Gilpin (Colorado, U. S. A.) accompany-
ing silver, gold and bismuth ores; Luivishi, Shinkolobve in Kalanga
distr. (Belgian Congo) wilh sulphidic copper ores.

Occurrences of type 2., 2a. and 3. are grouped by P. Arusch
under the name sulphidic uranium ores.

4. Sedimenlary uranium deposits. Anorganic uranium accumti-
lation can be found with some vanadium and copper ore deposits.
E. g. in sandslones of Colorado (U. S. A)) and limeslones .of Tuja-
Mujun (Turkestan, U. S. S. R.) Organic uranium accumulations can
be separated under %4a. The <kolm» concretions of Cambrian coal
seams ol Sweden conlain uranium in considerable quantity, which
is concentrated in their ashes. Relying on the result of J. Stoklasa—
J. Penkava (Biologie des Radiums und Uraniums, 1932) about the
wide spread uranium conlent of plants in the crater of Kammerbiihl,
the «kolm» can be held for product of organic uranium concentration.

5. Diffuse radio-active contenl of igneous rocks. The diffused
radioactivity is especially characleristic to granites and its acid
schizolites. The pleochroic haloes appear around some small crys-
ftals, the radio-active elements seem to be concentrated in these
minute particles. Formerly these particles were held for zircon.
Recent investigations (C. Osborn Hultton: The nuclei of pleochroic
haloes) revealed thal they are monazile. xenolime, or apalitc.
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Possibilities of uranium ‘occurence in the Velence Mountain,

According to our present geological knowledges only 2a. and
5. lypes ol uranium accumulations can be suspecled in this region.
A pegmatlite exposure discovered by present survey indicated some
possibility of occurrence of type 1. Type 2. could nol be suspected
as cassilerile formalion is enlirely lacking in Hungary. Type .
is not represented either. Permian sandstones ol the Balaton region
formed by denudation of Palaeozoic crystalline rocks were supposed
lo be analogous with the carnolile-bearing sandslones of Colorado,
but they proved lo be 'inactive. (Similar sandstones of Germany,
though containing vanadium are also free of uranium.)

Geological and petrographical constitution of the Velence
Mountain with respect to radio-active occurences.

According lo-A. Vendl's monography Lhe Velence Mounlain
is formed Dby a 407 km granite mass surrounded on (he north,
west and cast by a contact metamorphic envelop. On the south of
the mountain, on the shore ol the Velence lake, this envelop is
lacking due to a great dislocalion, producing the assymelric s(ructure
ol the mounlain. On the cenlral elevated part of the mouniain
the envelop of metamorphic schisls has been denudaled. On the
east and west the granile mass has been thrown down by (ransversfal
faults but of much smaller scale than on the south. A :shear-zone
of these easlern faulls has been exposed by: the drilling of Velence
in 1948. Granile porphyry. aplile, quarlzile, kersantite dikes related
with the granitic intrusion have a NE—SW sirike. Tertiary andesites
and hydro-quartziles genctlically connected with them have a
transversal strike of NW—SE. The formalions of the envelop are
exposed by the mining -operalions of Polgardi—Falubattyan. the
Velence and Székestehérvar drillings. This includes contact mela-
morphosed limestones, phyllites, fossiliferous Carboniferous limes-
tones, Carboniferous shales, porphyroide, Permian mottled shales.
and a sandstone, probablly dynamo- melamorphosed greywacke. Fur-
ther details are given in the aulhor’s two other publications to which
reference is made (6,7).

As Tar as rock-forming processes are concerned. allenlion is
to be paid lo A. Vendls stalemend, that apliles derived from gas-rich
magmas and Lhat they have been formed under high pressure. Two
pegmalile occurrences discovered in Relezi's quarry near Velence
and in the quarry on the W ol Pikozd indicale also the presence
of a gas-rich magma. (The pegmatiles consist of large euhedral
quartz and orthoclase cryslals including some cavities). These observa-
tions might indicate lavourable conditions for the [formation of
pneumalolylic occurrences (type 1. and 2.). A further analogy can
be established with olher uranium occurrences related with quariz-
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porphyry dikes by (he fact, that the apliles have a porphyric
structure and they might be called quartz-porphyry as well. The
quartz-porphyry gravels wide spread in our Tertiary gravel beds
mighl derive irom the Velence Mountain or ils eroded prolongation.

Radio-aclive measurements have heen plolted according lo ¢
general scheme in order to solve all questions concerning the radio-
activity ol each rock variely, rock alteration and structural line.
Granilic rocks have generally unilorm aclivity, but more mafic {ypes
and ferric fissurefillings seem (o have stronger mradiation. The me-
lanocratic kersantites however. proved to have very low aclivily.
Radiation of the pegmaliles does not exceed the one of normal graniles.
A greal part ol contact metamorphosed schists has the same aclivity
as granites which can be explained by malerial (ransporl of
melamorphism.

All the other rock varielies proved lo be inaclive excepled some
quarlziles of rich ferric impregnalion. It is a well known tacl.
that radio-aclive compounds can be adsorbed by lerric oxide, we
have to do (herefore with a secondary enrichment from {rickling
walers.

Measuring data are given in the. lable (p. 45.). measuring
poinls ol some betler exposed areas are shown on the sketch-maps.
(fig. 1—4.)

Mining possibilities.

Al the weighing ol the possibilities of a profilable uranitm
occurrence following faclors are to be born in mind:

Positive factors. 1. The granite mass of Velence Mounlain
altains the size of the Cornwall granite, it represents therefore
a ground mass great enough for a possible concentration. From three
sides the granite mass is surrounded by a contact metamorphic
envelop in which formalion of ore deposits could take place. 2. The
granite magma was rich in gaseous components. 3. Massy occur-
rence ol dark violet fluorspar characterislical to uranium occurences
has been lraced along a quarlzile dike near Palka. (Mining prospects
made in 1948 exposed even Llraces ol lead-copper-silver metalliza-
tion.) 4. Molybdenum traces in the Velence Mountain. 5. Frequent
occurrence of galenite, pyrile. chalcopyrite sprinkled in the igneous
rocks. 6. Occurrence of helium in the Székesfehérvar drilling.
7. Occurrence ol contact melamorphic magnelile near Patka. 8.
Occurrence ol barile veins in the mountain.

Negative factors. 1. Absence of cassiterile. 2. Absence of coball,
nickel, bismuth. 3. The Falubattyan galenite occurrence geneli-
cally refaled to the Velence Mountain is inaclive. 4. Verbal com-
munication of 3. Vendel. thal the chemical composition of the
Velence granite is dilfering from those connected with uranium
occurrences.
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Specltrographical vanadium rescarches in rocks ol the Velence
Mountain arein course made by the Instilute’s laboratory. If significant
quantities of vanadium would be found. this might be an important
factor according to the geochemical affinily of vanadium and
urarium. f

Pegmatites and sulphidic-fluoritic veins with a possible
uranium content should be suspected in the contact metamorphosed
enve!op of the granite mass. In this respecl the zoneisto be considered.
where overlying Terliary cover is not too thick ‘and the contact
metamorphic rocks would be accessible ‘by mining. This zone
should be confined by geophysical measurements and perhaps even
sulphidic ore or magnelite concentralions might be revealed. In
this reason radio-active prospects are closely related with sulphidic
or¢ and magnelite researches.

Actually we have to count only with the average 6 g/t uranium
and aboul 60 g/t thorium contents ol the Velence granites. Compared
with the quantity of the granile mass this represents important
uranium reserves. Considering that gold ores ol similar concentration
can be exploited profitably, it is not excluded that in the ffuture
granites ol diffused uranium content might serve as uranium ores.
Gold can be exlracted from ores much easier, than uranium, but
gold does not has any greal industrial importance while uranium
represents the inidispensable atomic energy of the future, and ils
importance is increasing gradually. The actually stoped uranium
deposiles will be exhausted soon and then diifusé uranium occur-
reiices will to be exploited. Uranium export is prohibited in each
uranium producing country, uranium-import will be therefore im-
possible in the future. This indispensable and unsold row material
ol the future’s industry shall to be produced by each country
within its boundaries. Uranium-produclion in a country might be
therefore worth ol unlimiled costs.

Concetration possibilities of diffused uranium.

Possibilily ol uranium concentration is lhe cenlral problem
of uranium production. Unlil now we do mot know how uranium
is present in graniles, which compound in which mineral. The
stonger radiation ol melanocratic varielies indicates that uranium
is concentrated in the mafic heavy minerals. Kirsch succeded
(12. p. 165.) in raising uranium concentration by separalion to hund-
redfold.

F. Babanel concentrated lhe scapolitic mica-schist wallrock
ol the Joachimstal lodes by subsidence methods: from 6358 kg
material of 0.019% uranium he separated 226 kg of 0.300. uranium.
At that time this procedure did mot seem proiitable. Weighing
concentration possibilities il is to be pointed out, that above mica-
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schist had probably coarser grains of uranium-bearing minerals,
than the granmite, bul today ore-dressing technique is much more
elfective, than a simple subsidence.

In graniles or specially in the Velence granite uranium-bearing
minerals might be detecled by surrounding pleochroic haloes. These
could Dbe best observed in biolites and have been ascribed to zircon
grains. Zircon-inclusions are described {rom all constituents of the
Velence granite by A. Vendl but pleochroic haloes were not
reported. Author did not fimd haloes either in thie Institute’s slices.
The cuestion could be decided only be a greater number ol slices.
—- Osborn Hullon determined the mineral grains in the center of
the haloes of a New Zcaland granite as monazile, xenotime and
apalite. :
It is a possible explanalion that the Velence graniles are too
voung to bear pleochroic haloes as they metamorphosed Carbomi-
ferous or probably Permian deposits.

Laboratory separation experiments are planned in order (o
reveal possibiliities ol concentration. :

General scientific results of the radiometric survey.

In the sketch map of fig. 5. dislribution of radiation inltensilies
is represented jin the surrounding of the Velence Moumtain. Activity
of Pannonian beds and loesses is increasing towards the granite
mass. Radiomelnic survey does not yield a summation of under-
ground ellects (like other geophysical methods) but only the inten-
sily of radiation of the superficial layer. Radiation of deeper layers
is lotally absorbed by overlying strata. The radioactive <halo»
around the Velence Mountain is lo be explained by distribution
of fragmenls of aclive rocks in the clastic sediments. Isoradiation
curves can be conslrucled on the base of measuring data. Inten-

. A Lot o b6 . 4 AN S st . . soil radiation intensity
sity of radiation has been expressed by the fraction: _—=-er e

Threc inlensity-groups have been established: I. inactive rocks, rela-
live intensily ol radiation 0.0—0.1, II. weak radiation 0.1—0.5, and
I1I. considerable radiation 1.0—3.0. According lo presenl measure-
ments Lhe limestone and dolomigte formations of the Buda Mountain
and Balaton region belong with their adjoining sedimentary terri-
tories to the I. group. The II. group is formed by the surroundings
of the Velence and Mecsek granites, while the IIL. group by these
graniles themselyes.

Constructed isoradiation maps can be applied under favounable
conditions in the study of sedimentation. Il is a suitable «indicators
in determining distances of (ransport of clastic sediments. In the
case ol the Velence Mountain isoradiation curves reveal lo what
extent the material ol the Velence granile participated in building
up the Pannonian deposits. On this base even (he percentage of
granitic material can be estimated in the sedimenls.
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In pedology measurements of soils radiation connecled with some
heat production may solve perhaps the problems of the so called
«<hot» and «cold» soils.

Biology, specially bolany may also help in these invesligations.
Some sensible plants may produce on territories of strong radiation
new variations due to the more inlense bombing of the genes.
Increasing of variation capacily according lo intesity of radiation
eslablished by varialtion slalistical studies can be a proofl of this
hypothesis. In Belgian Congo no observalion has been made about
deliciency ol vegetation on strongly radialing area.

Improvement and widening of measuring methods.

Field measurements showed that resulls are strongly influenced
by the shape of t(he uneven surface. In the future measure-
menls are to be made in bore-holes. This way the measuring
tube will be surrounded by a .sphere ol uniform radiation. By
a modilied instrument aclivities of succeeding layers can be measured
in. a bore-hole. Similar measurements have been made is bore-:
‘holes of oil fields. These methods oughlt to be applied even in
Hungarian oil drillings. In the following years radiomelric survey
ol our crystalline mountains first of all the area of the Mecsek
granite is planned.

Age determinations of igneous rocks in Hungary.

Spectrographical delerminations of M. Fdéldvari revealed that
the lead-content of the Velence granite is aboul 0.010/. It is planned
to separate mnecessary quanlily ol lead from the Velence granite
and lo examine ils isolopes by mass-speclrograph in the Depl.
ol Physics, Universily Debrecen. This might enable us to deter-
mine the age ol this granite. This mighlt be of great geological
importance and lhus many related structural and ore-forming pro-
blems should be solved.

Lines of further investigations.

In the reason of above consideration following research program
has been made: ‘

1. Laboralory separalion and concentralion experiments.

2. Geophysical survey of the Velence Mountain and surround-
ings directed from geological stand-point. On the base of these
measuremenls preparation of the contour-map of the burried granite
and other crystalline rock-masses. Exploration of the gravily, mag-
nelic and conductivily maxima by drillings.



3. Geological and radiological survey of the Mecsek granite area.

1. Radiometric survey of drillings, application of miethods in
driliings ol oil-fields.

5. Laboratory investigations for age delerminalions of rocks.
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HCZZASZGLASOK SZALAY SANDOR ES FOLDVARI ALADAR ELOADASAHOZ.

Kertai Gyorgy: ElGads szerint a kdalium rvadioaktiv hatdsa jelentéktelen, 1z
a gyakorlati geolégusokat elkedvetlenithetné. 1941-ben megjelent irodalmi adatok
iszerint (lworo‘er, Slrmser) iiledékes kozetekben a K izotdp sugirzasinak gorbéje
fegves rétegekre kiilonbozs lelutdsd. s gy azok kozdtti megkulonboztete)t lehetévé
1 Homokos kézetekben alig van K, mig agyagokban, ahol tébb adsorbedlt K van
J'c]bl), jelentds értékeket mértek. "~oQ kozotti K tartalmi  kézetek sugdrzisdt
Geiger—DMiiller szimldl esovel gyakorlati sikerrel mérték Amerikiban és a Szovjet-
uniGban.

Szalay Sdndor (vilasz Kertai Gyorgy hozzisaglsira): A K sugdrzisa mér-
hetd, de az eldadott vizsgdlatokndl sokkal Acxoyebb sugirzdst mértek. Igy Stau:/nl\usan
l\IE'Lgll(r volt a 20 perces mérések evedménye, melyben a K sug(umﬁa esak a hibla~
hatdr nagysdgrendjében szerepel. Idroméris mérésekkel a K sugdrzdsit is meg
lehetett volna hatirozni, de nem az volt a c¢él. Fiardshban nagyobb pontossig érhetd
el, mert a kozmikus sugirzis nem zavar.

Kertai Gyorgy: Ugy tudja, a K sugdrzdasa 2.7-re, esetleg 5-re is [elmehet.

Szalav Sdndor: A méri drokra mergleges szelvényekben végzendd méréseknél az
drok peremét az aktivitds vdltozdsa kiadnd. A Szovjetunidhan hasrnéltik a radioaktivi
méréscket szerkezeti vonalak kimutatdsira. :Sugdrzds az drok,mentén. feltétleniil ma-.
gyobbnak adddik. K sugirzis mérésével eg kori szarazulatokat is ki lehet mutatni,
aminek a dundntili szénkutatdsban lenae _]elentosege.

Szalai Tibor: 1946-ban az Intézet vezetésének dtvétele utin feladaiunkat abbar
litta, hogy az ujjaépitéshez szitkséges nyersanyagok kutatdsit elGbbre vigyiik. Nen
sirkézhatunk vissza a tudés elefantcsont- tornyaba, mig az orszig éulckci a siirgos
gyakorlati kutatist megkivinjik, Gyakorlati kutatisoldkal ngyis n]d!il(ll" capes solatosak
i) tudomdnyos xe[ed‘menye]\. Ennek a programmak megleleléen az Tntézet tobb | olyan
nyersanyag kutatdsdval foglalkozott, melylcl\et eddig mem végzett, Mikor Szalay Sindor
azzral a kéréssel fordult S.Mlﬂ 1117011]10-, hogy a radioaktiv kutatds szaméra teriiletet
dJ-ll]l]Oll a  Velencei-hegységet. Mecse]\el/ Készeg—Rohonci-hegységet, az orszdg

északkeleti részeinek pd]cozox kizeteit és a Duna homokjdt ajdnlotta.

A Velencei- Immséoi kutatdsokkal kapcsolatban megjegvzi, hogy az ercdmények
tudenidnyos ]elento égén til pillanatnyilag az a legfontosabb Kérdés. hozy a gyakor-
lati probléma hoo\dn foghaté meg. A ueolovml kiértékelés a Lontakt pdlal\ felkuta-
tdsat indokolja, melvck e]hleheﬂucdcwcve a meohmkzu mérések adhatnak tdmpontot,
Ezek utdn keriilhet” sor feltdrs Iurds luntlubc:ene csetleges felhalmozéddsok fel-
ideritésére, Az eddigi eredményekbil is kitfinik, néhdny eléfordulis kézetének (Retezi-
Kélejtd, El(ln)sm«ecsl\ne) kiugréan magas effektusa. Ezek fo lépézének okat ki kell ku-
tatnunk, s ez remélhetileg a oélhioz is kozelebb visz,

Az orszdg északkeleti részének paleozdos rogeivel kapesolatban lelhivja a figyelmet
arra, 'hogy ezek, mint azt az Eszakkeleti I\drpdtol\wl sz6l6 munkdjaban kifejtette,
egy kiilongllg kiiszobhoz tartoznak. Nagy oromeére szolgdlt. hogy a Quaterly Journal-
ban {1946) Sujlovs:hy a Pripjet mocsarak kornyékén végzett 1észletvizsodlatairdl be-




