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Abstract. Copper-bearing zone of Zeichstein rocks in Poland was investi-
gated. In the ore samples of sandstone, dolomite and shale, assemblages of thucholite
were found. Thucholite forms disseminated spheroidal or irregular bodies. It consists
of two components: isotropic and anisotropic one, containing polygonal grains of
uraninite. Both thucholitic mass and uraninite have been examinated using electron
microprobe analysis. It may be suggested, that carbonaceous matter formed from
colloidal sapropel was later penetrated by active hydrocarbons and uranium-organic
complex. Radiation caused polymerization and partial graphitic preorientation of the
uranium-bearing organic material. Secondary ore mineralization. was superimposed
on the thucholite concretions.

INTRODUCTION

The carbonaceous matter with an anomalously high uranium content
calied thucholite (terms: uraniferous asphaltite. carburan, carbon antra-
xolite were also used) has been first descrined in nature by Ellsworth
(1928) from Ontario, Canada. Then it was found in the Witwatersrand
deposit of gold- and uranium-bearing conglomerates (Davidson, Bowie
1951, Ramdohr 1955, Liebenberg 1955, Schidlowski 1966a, 1966b). The
authors cited gave precise data on the geological setting, mineralogical
and chemical composition and the genesis of thucholite. It has been also
identified by Schiiller (1959) in Zechstein copper-bearing rocks near
Mansfeld, GDR, by Lenoble and Gangloff (1958) in Permian shales, sand-
stones and dolomites from Lodéve, Massif Central, France (described as
carbonised uraniferous product — carburan), by Uytenbogaardt (1960)
from pre-Cambrian quartzites of Viastervik, Sweden and others. Recently
an anomalously high uranium content has been noted in Zechstein copper-
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~bearing rocks in Poland (Kanasiewicz, Uberna 1961: Grabczak, Niewod-
niczanski 1962; Kanasiewicz 1966; Machon 1968). Detailed laboratory
analyses carried out on sample petrographic material permitted to separa-
te carbonaceous matter (Jarosz, Zaczek 1966) which revealed the charac-
teristics of thucholite (Banas, Jarosz 1972). ;

Several samples collected during the investigations of the deposit
were subjected to microscopic examinations, infrared absorption and spec-
troscopic emmision analyses, X-ray analysis, electron microprobe and
macro- and microradiographic analyses. On their basis mineralogical and
chemical character of the thucholitic substance was determined.

The investigated thucholite concentrations from Polish Zechstein
rocks are of uneconomic grade.

THUCHOLITE OCCURRENCE IN
THE LITHOLOGICAL PROFILE

Thucholite has been noted in the geological profile of the boundary
zone of Rotliegendes and Zechstein rocks. The thucholite-bearing rocks
are sandstones and marly shales (Fig. 1). In the overlying carbonate rocks
no thucholite occurrences have been practically recorded.

Sandstone with thucholite overlies the Rotliegendes laminated sand-
stones which form alternating, rhytmical, white-grey and grey bands. It
consists of fine-grained quartz sand with psammitic or aleuritic-psam-
mitic texture and random structure. Locally, it shows the effects of oxi-
dation manifesting themselves as red spots (Phot. 1). Quartz grains are
the dominant constituent of the detrital material of the sandstone
(70—80%), feldspars constitute about 10%, the remaining part are rock
fragments. The cement of sandstone is differentiated. Near the contact
with shale it has a basal character consisting mainly of calcite with sub-
ordinate dolomite. About 30 ecm below the contact it changes into argilla-
ceous cement, continuing in this form downwards. Two varieties, differing
microscopically in colour, may be distinguished within the sandstone dis-
cussed. Just below the shale a light-grey, Lingula sandstone occurs,
5—10 cm in thickness, containing thucholite concretions (Phot. 1). Below,
its white-grey variety may be noted. Compared with the latter, the light-
-grey variety is microscopically characterized by considerably finer grain
size and a lower degree of rounding of quartz grains. The whole sandstone
frequently shows substantial mineralization with copper sulphides. Ore
mineralization is predominantly due to infiltration processes, especially
when the s.c. boundary dolomite, separating the copper-bearing shales

from sandstones is not developed.

Aggregates of thucholitic carbonaceous matter occur in the light-grey
Lingula sandstone. They are confined to a single level at a distance of
1—-3 cm from the shale. It has been found that irregular polygonal grains
of carbonaceous matter showing no optical anisotropy and free of urani-
nite partly replace the cement in the thucholite-bearing sandstone. Lo-
cally, they make up about 10% of the sandstone cement. Thucholite
gradually disappears in the underlying white-grey sandstone and its fine
grains, discernible only under the microscope, are very scarce. Down to
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the bottom, in the underlying laminated sandstones, no thucholite cccur-
rences have been noted.

In the shales overlying the sandstones thucholite appears in each
variety of these rocks in greater or lesser amounts. It has been recorded
successively in the clay-sandy shale (1—5cm thick), in the boundary
dolomite (2—10 cm), in the clay-or- {
ganic (smearing) shale (5—20 cm) and
in thin-bedded, clay-dolomitic shale A /Jg e
(5—15 cm). The overlying compact, EZ=)
clay-dolomitic shale is barren (Fig. 1). oo =732

The shale rocks are characterized
by different quantitative ratios of
the main rock-forming components.
The most common of them -— clay
minerals — which are the main con-

=g L
stituent of smearing shale, disappear

towards the top and so does organic ==2=s
substance, the largest concentrations e
of which have been noted in the G

smearing shale, too. The content of
carbonates (calcite and dolomite), on
the other hand, tends to increase
towards the top. The whole profile
of shales is mineralized with copper
sulphides and minerals of accessory
metals. The largest concentration of ; g 3 i

: & Fig. 1. Lithological profile of copper-
ore mmera}s has been recorde_d in the -bearing zone with the thucholite occur-
clay-organic shale. In the discussed rences (black points)
shale bed thwcholite concentrates 1 — grey dolomite, 2 — dark-grey, clay do-
primarily in the thin—bedded, clay— lomites i3 — dOI.O.ntili(‘-.Clay shale (compact),
-dolomitic shale and in the clav-or— ¢ — clay-dolomitic, thin-bedded shale, 5 —

Eee

p } pblack, clay-organic shale (smearing shale),

gamC Shale (Flg 1) 6 — boundary dolomite, 7 — clay-sandy shalc.

Substantial amounts of thucholitic § — Lingula sandstore, 9 — white-grey sand-
substance have been noted in calcite g

veinlets that cross-cut the boundary
dolomite. The veinlets run almost vertically and are up to 7cm Jong and
0.5 cm thick. Thucholite grains have been also encountered in the sur-
roundings of the calcite veins in the boundary dolomite itself.

Moreover, certain amounts of thucholitic substance have been found
in fault zones.

FORMS OF THUCHOLITIC CONCENTRATIONS

Thucholite exhibits different structures, depending on the place of
oceurrence. It usually tends to form string-like concentrations concordant
with the bedding of the host rock. Such concentrations nearly always
consist of spheroidal bodies, sometimes discoidally flattened. Thucholite
grains are susceptible to chipping, leaving imprints in the rock (Phot. 2).

In sandstone thucholite forms grains 1—12 mm in diameter the shapes
of which depending on the open space between quartz grains. It appears
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then that thucholite partly replaces the sandstones cement forming
irregular bodies with rugged boundaries (Phot. 3), considerably differen-
tiated in size. On account of small grain size, several concentrations of
the thucholitic grains are detectable only.under the microscope. It may
be observed that development of larger concentrations frequently pro-
ceeds by thucholitization, i.e. quartz resorption. This is evidenced by
quartz relicts suspended in the thucholitic mass.

Carbonaceous matter occurring in shales forms bodies that differ
appreciably from those described (Fig. 2). These are, as a rule, spheroidal
and ellipsoidal grains of regular shape. They are outlined by the shale

Fig. 2. Forms of thucholite grains ty-

1(ﬂ 4 QI} pical for shale (a) and for sandstone
AN % (b) with the relicts of quartz grains
@ (Q) after the thucholitization process

structures enclosing thucholite grains which gives an impression of eye
textures (Phot. 4). The size of thucholite grains in the shales varies from
1 to 5 mm. Some smaller concentrations, 0.08—0.7 mm in size, are visible
only under microscope.

In calcite veins thucholite forms irregular, sometimes spheroidal or
ellipsoidal bodies, 0.02—5.0 mm in size (Phot. 5). In boundary dolomite
thucholite grains are spheroidal, sometimes surrounded by atoll struc-
tures of chalcopyrite (Phot. 6). Carbonaceous matter forming sharp-edged
polygonal bodies frequently containing hardly discernible uraninite grains
also fills the interstices between grains in the coarse-grained dolomité
~ Thucholite grains derived from fault zones are, as a rule, disseminated
in 'ghe material of tectonic origin, forming sharp-edged poiygonal bodies
which suggest an association with cataclastic processes.

MINERALOGICAL AND CHEMICAL
CHARACTERISTICS OF THUCHOLITE

Macroscopically, thucholite is of pitch-black c i
1t is cha.racterized by great hardnesf; but shows ngrzalz;lrggo%gﬁssz 1u$':i€r-
rable brlttleness. Microhardness measured by the PMT-3 micr hondSl =
tester is 232—362 kG/mm? (2 275,9—3 51,2 N/mm?) in Vickers scale whioh
gives the values of hardness 4.3—5.0. The measurements were carfi;:,i :l:lt

applying a load of 200G (19.62 N) for 1 G ;
a diamond pyramid with a diagonal )Of 25_205'5122 obtaining the trace of
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Optical properties of thucholite were defined only in reflected light
pecause it is opaque even in thin section.

Thuholite consists usually of two components: light-grey, anisotropic
and grey, isotropic ones. The former mainly occures in thucholites origi-
nating from sandstone in which a substantial amount of uraninite has
been noted. It appears from Ramdohr (1975) that uraninite may not only
make the surrounding carbonaceous matter anisotropic but may also in-
crease its reflectance. An increased value of R and the effects of optical
anisotropy may be observed both in the light-grey, uraninite-bearing and
grey components in the form of bands bordering on the colonies of ura-
ninite grains. The thucholite varieties originating from shales and fault
zones and beeing either uraninite-free or else containing trace amounts
of this mineral consists of grey, isotropic mass alone. In the Lingula sand-
stone casual concentrations light-grey, uraninite bearing component of
mosaic anisotropy have been recorded.

The boundaries of the two components of thucholite are irregular and,
as seen on Phots 7 and 8 the light-grey one, usually minor, forms
elongated, curved, amoebic shapes. Uraninite concentrates, as a rule, in
the light-grey substance, predominantly along the boundary of the two
components, thus forming chaink-like, colony-shaped bodies (Phot. 7, 8).
Those oriented structures of uraninite are characteristic of the thucholite
originating from sandstones. In the thucholite from shales uraninite
appears in trace amounts, being randomly disseminated as grains 8—24 pm
in size. It shows a similar mode of occurrence in any, in the thucholite
from fault zones and calcite veins, forming grains of several micrometers
in size in the latter.

Uraninite reveals untypical textures. There are neither colloform in-
\dividuals nor their relicts which would suggest the presence of pitch-
blende. Under the microscope, the grains resemble polygonal forms with
profoundly altered edges (Phot. 9). A question arises whether or not they
represent a stage of U;Og recrystallization.

Uraninite grains vary from 4 to 12 pm in size. The mineral is grey,
isotropic, hard with reflectance of the order of 17%. Its relief is markedly
higher than that of surrounding thucholite. Microhardness has not been
measured due to very small grain size. The mineral in question covers on
the average 1—5% of the area of thucholite.

Data obtained from microscopic examinations of thucholite and ura-
ninite were supplemented by additional analyses.
~ The radioactive character of the thucholitic substance was confirmed
by macro- and microradiographic analyses. Macroradiographic effects we-
re obtained using highly sensitive photographic paper. One-day exposure
was enough to produce weak but visible blackening of the emulsion. Dis-
tinct radiographs were obtained after 30 days of exposure. Dark marks
corresponding to thucholite grains showed clearly more intense blackening
in the samples derived from sandstone (Phot. 10). This is due to the abun-
dance of highly radioactive uraninite in these samples. Radiographic ana-
lyses carried out under the same conditions on samples derived from
shale have revealed a positively lower degree of emulsion blackening.
The blackening was hardly perceptible on the radiographs of thucholite
originating from fault zones. In the two latter cases-insignificant amounts
of U,04 had been noted before.



Microradiographic analyses made on specially prepared nuclear plates
with 50—60 um thick emulsion have revealed further characteristic of
the substance under investigations. Samples exposed for 1—9 days gave
microradiographes with interpretable concentrations of alpha-particles.
Selected radiographs point to a regular distribution of uranium in the
thucholitic substance. Uraninite grains recorded in the samples appeared
as dense, rosette-like, radial concentrations of alpha-particle tracks
(Phot. 11). The absolute length of these tracks is usually below 40 pm,
being indicative for the presence of uranium. Only few tracks longer then
40 um belong to thorium.

Chemical analyses of thucholite and accompanying uraninite were
carried out by electron microprobe *. The two components of thucholite
together with uraninite were analysed to determine content of U, Th, Pb
and some accesory elements, mainly copper. The results for samples
derived from Lingula sandstone are listed in Table 1. It is interesting to
note the variable content of uranium both in the light-grey and grey
variety of thucholite. Lead content is relatively low, which is confirmed
by the lack of galena. This fact together with insignificant amount of
radiogenic lead may attest the young age of uraninite. Thorium content

Tiabileid
Resuits of quantitative chemical analysis of thucholite and uraninite from sandstones
determined with electron microprobe

Number Component Elements, weight %
of Lithology of thucho-
sample lite U £b G
i light-grey B 7
Light-grey
component 3— 0. %
2/L { ihiia mpon n“ 03— 05 1.d. % 1.d.
LW v
sandstone grey com-
ponent 0.6—20.1 up to 0.6 1.d.
uraninite about 85 0.3—0.9 0.1—0.2

average 0.6 average 0.15

189/S light-grey light-grey

PW Lingula sand-| component 6.4—11.1 0.3—0.6 0.9
stone with :
copper sul- | Brey com-
phides mine- ponent 8.0— 1.1 0.1--0.3 -
ralization

T O L 74.9—84.9 1.6—2.8 1.5—0.7
i il average 78.3 average 24 average 1.1

* Limite of detection.

* Analyses were made by L. Kubica in t

Gliwice on the JXA-3 electron microprobe usin i

: g accelerating voltage of 25
?::erelgfct;?;xmli)siaé?no;néuégrglamiﬁ:. S;ampleg were cozted with 5gOA (5,0 irr:mc’) :ﬁ’li‘l’(
| on. , Si0,, mica, KAB and barium stearate crystals

he Institute of Non-Ferrous Metals.
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varies from 0.53—1.25% in uraninite from thucholite sample derived from
the fault zone. These values do not permit to define explicitly the ana-
lysed material as pitchblende or uraninite. According to Ramdohr (1975).
a ThO, content below 0.5% is characteristic of the pitchblende varieties
of U;04. On the other hand, increased contents of Ta, W, Si, Ti and V
are the case for uraninite rather then pitchblende nature of the mineral
In the thucholite samples derived from shale, no Ta, W, Mn, Fe, V, La,
Mo, Y, Nb, Ce, Re have been recorded; Th and Pb have also been found
to be missing. In both varieties of thucholite trace, if any, amounts of
uraninite have been noted.

From the data yielded by electron microprobe analysis of thucholite
a clear picture energes of increased U, Pb, Ta, Ti and W contens, reflec-
ting the presence of uraninite in the sample (Phots 14—18). Thucholitic
substance shows, in turn, the presence of considerable amounts of Cu, Fe,
7n and S between the uraninite grains (Phots 19—22), which would ke
evident for the presence of sulphides.

Table 2
Content of some elements in thucholite, determined with electron microprobe
(weight %)
Point Fe Cu Ni Mo Au Ag Hg 37d0] v S
1 0.1 3.0 0.1 0.1 0.3 0.1 ! 0.3 0.3 0 0.2
|
2 0 0 0 0 0 Ofi 540 0 0.5 0.1
3 0.4 0.9 0 0 0.4 019} #1450 0 0 0.3
4 0.6 0 0 0 0.3 0 | 0 0 0 0

The quantitative data on the content of Fe, Cu, Ni, Mo, Au, Ag, Hg,
Pb, V and S calculated from microprobe analyses at 4 points of thucholite
originating from the boundary dolomite are presented in Table 2. Besides
the above mentioned elements also As, Bi, Pd, Pt, Al and Si are present
in detectable amounts.

Infrared absorption analyses indicate that the uranium-bearing, carbo-
naceous matter of sapropelitic character is highly carbonized since it
consits of aromatic rings. On the other hand, peaks characteristic of the
side bonds of aromatic and hydrocarbon rings are absent.

Thucholitic substance was subjected to X-ray diffraction analysis *.
The grey component appeared to be amorphous while the light-grey one
was partly recrystallized. Its diffraction pattern showed some distinct
but diffused reflections that failed tc be identified. As suggested by
Ramdohr (1975), it may represent a stage of recrystallization with gra-

* X-ray diffraction analysis was made by J. Kubisz on the TUR M61 diffracto-
meter using Ni- and Fe-filtered CuK and CoK radiation together with standardized
114.3 and 57.5 cylindrical cameras. The film was inserted asymmetrically after
Straumanis-tevins method. Interference lines were measured with accuracy of £0.05.
Reflection intensity was estimated visually.



hitic preorientation. It is worth noting that in Zechstein copper-bearing
gh:;l:; IZmall amounts of graphite have been recorded as isolated, tabular

grains oriented concordantly to the bedding. A%
X-ray diffraction analysis * was also carried out on two uraninite sam-

Sles separated from the largest concentrations of thucholite in sandstone.
'jzhees )S(—I;ay powder patterns display highly diffused reflections (Table 3)

aibiliess
X-ray powder data for uraninite

Sample nr 2/L Synthetic UO, Sample nr 189/S
sandstone after Frondel sandstone
from Lubin et al. (1956) from Polkowice

I dA I dA I dA

8 3.14 10 3.14 8 3.124

2 2.726 3 2.73 4 2.714

3 1.923 8 1.926 6 1.9171

2 1.639 9 1.645 4 1.6280

4 1.574
3 1.365
il 1.254 6 15251
6 1.220
6 1.115
o 1.051
4 0.966
7 0.924
5 0.911
6 0.864

which permit, however, to define the mineral structure as typical of ura-
ninite with the two characteristic reflections 3.14 (8d) and 1.9171 (6d).
As evident from Table 3, the X-ray diffraction patterns of the two ana-

lyse? samples are similar to those of synthetic uraninite (Frondel et al.
1956).

SECONDARY MINERALIZATION OF THUCHOLITE

Microscopic examination of the concentrations of thucholitic matter
reveals the occurrence of secondary mineralization of different composi-
tlonN?nci t_e}itur?s, both depending on the location.

ost intensly mineralized are carbonaceous concretti G
Forms of the mineralization resemble fissure fillings ogt;%r%zrggﬁn\l/esi}rﬁéi:-
These veinlets strike in different directions, filling the volume of thucho-
lite nodules, sometimes locating themselves in the marginal zones of these

bodies. Rarely sulphide veins are oriented. L, i i
aggregates imply metasomatic development. RN LR

* See note on the page 9.
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Mineralization consists of bornite, chalcocite, chalcopyrite and minor
amounts of digenite and covellite (Phot. 23). Thucholites originating from
fault zones are mineralized with chalcopyrite, bornite and tennantite. Se-
veral fissures are also filled with calcite. Occasionally, the mineralization
forms the cement of broken carbonaceous matter fragments resembling
microbreccia structures (Phot. 24).

An interesting type of secondary mineralization has been noted from
the thucholite concentrations occurring in calcite veins from boundary
dolomite and in their vicinity. They are mineralized with bornite, chalco-

Table 4

Chemical composition of some sulphides determined with electron microprobe

Elements, weight %
[}
Mineral Total
Cu Fe Mo Bi Ag Au |Pb|Sb| As S
Chalcopyrite 3251k 30.2 . 043} 0 0 oo . 33.0 95.6
Wittichenite 41.4 0 . 35.4 0 0 o |70 . 23.2 100.0
Bornite 445 12.2 . 0 10.3 450 ithids . 30.2 101.7
Tennantite 34.7 0 0 0 12.5 2.4 | - 3.0 14.0 | 34.8 101.4
Tennantite 49.7 152 . 0.3 0 0 4410 e19i4y 12 31T 102.3
Castaingite 16.2 2.9 | 38.4 0.6 182 0 2.5 |8 . 40.9 102.7
Castaingite 15.0 251! 38.1 1.5 3.6 04 | 1.8 - . 37.1 99.6

pyrite, electrum, palladium arsenides, rammelsbergite, safflorite, chloan-
tite, tennantite, molybdenite, castaingite and wittichenite. These minerals
occur in following forms:

— fissure fillings in thucholite which concerns especially bornite and
chalcopyrite,

— irregular inclusions of chloantite, electrum, palladium arsenides
and tennatite. sometimes filling interstices between thucholite grains
(Phot. 25),

— dispersive structures impregnating the thucholitic mass with ore
pelite composed mainly of electrum and Pd-arsenides (Phot. 26).
Castaingite forms, as a rule, atoll-like rims round the thucholite concen-
trations.

Thucholite from sandstone reveals poor mineralization in the form of
copper sulphide veinlets, several dozen micrometers in size. Aggregations
of ore minerals resembling sunflower textures have been also noted ro-
und thucholite grains.

In vertical cross-section mineralization in thucholites is markedly dif-
ferentiated. In shales and tectonic fissures simple copper sulphides are
present whereas below, in boundary dolomite, the mineralization is of
polymetalilc character, presumably redeposited and chemically sorted. In
the underlying sandstones ore minerals appear in trace amounts.

Some of the ore minerals found in thucholite or in its vicinity were
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subjected to microprobe quantitative analysis. The resultant data for chal-
copyrite, bornite, tennantite, wittichenite and castaingite are given in Ta-
ble 4. It is interesting to note the high Ag and Au content in tennantite
nad bornite. Violet, silver-bearing bornite has already been noted seve-

Table 5

Chemical composition of electrum from thucholite, determined with
electron microprobe

Elements, weight %
Sample Total
i) g A QUL BliglneT As

1 l 547 | 434 i 0.4 2.3 0.3 101.1

2 | 50.8 ‘ 44.3 ‘,‘ 0.3 2.4 0.0 97.8

3 | 449 ‘1 50.5 \! 0.3 2.2 0.3 98.2

St ot b 34 i s ik il | ol S0 i

ia biliel6

Chemical composition of palladium arsenides from thucholite,
determined with electron microprobe

Approximative Elements, weight %
chemicaliformulajjd i -8 ‘oL #a  Loiis LB R LRbE o4 4 Total
Bd b Ash L fap Au
PdAs, 375 il UiF6 D | a8 2.0 100.5
PdAs, ot Mo L7 oo 18 101.4
PdAs, 69.9 . 1848l 23 |i1:198:2

ral times in other sulphide parageneses found in Fore-Sudetic copper de-
posits. The chgmical composition of electrum is shown in Table 5. The che-
m1cgl ccmposition of minerals of Pd-arsenides series is presented in Table
6. Tt is significant that they all are silver- and gold-bearing. ‘ ;

DISCUSSION AND GENETIC INFERENCES

Field observations and laboratory 5 Vi i

y analyses yielded tk

on the occurrence and characteristic fe ! s
carbeonaceous matter:

1. Thucholite occurrences in the deposi
i . posit are of local che o

2. Thucholite concentrations have been found in a partco;‘r‘;lceugé er-
-:g:ég;r;g pr&flli onlﬁ. ThldS zone, about 50 cm thick, comprises the tgg of
S ne, the boundary dolomite and the bhottom and iddle
shale. Single thucholite concentrati e als T T
tic calcite veinlets and fault zones. e nby bt g e
tcn.; tﬁsbaep[ggg;spfexén?od((;g?ﬂg{l f;eld' investigations, thucholite concretions

Y 1€ erini r1zons. (I ener it
S structur;‘ orizons. in general, however, thucholite

atures of the uranium-bearing,
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4. Thucholite is most abundant in the horizon rich in organic matter,
j.e. in the bottom part of the copper-bearing shale and in immediately
underlying rocks.

5. Rocks enclosing the uranium-bearing, carbonaceous matter exhibit
diagenetic alterations and deformations caused by descending solutions,
recrystallization, metasomatism, secretion, crumpling and faulting.

6. Thucholite forms isolated, spheroidal and ellipsoidal bodies in shale
and irregular ones in sandstene and in calcite veinlets.

7. Thucholite consits, as a rule, of light-grey, anisotropic mass and
grey, isotropic variety.

8. The light-grey, minor constituent forms irregular aggregates and
contains colony-like uraninite concentrations mainly along boundaries.

9. Uraninite contains more than 0.5% Th and reveals increased con-
tents of other elements.

10. Thucholitic substance, especially its light-grey, anisotropic varie-
ty shows an increased uranium content. Moreover, considerable admixtu-
res of several heavy metals have been recorded. Electron microprobe ana-
lyses have revealed variations in concentrations of those elements.

11. Thucholite reveals secondary mineralization with ore veinlets dis-
playing untypical changes due to metasomatism. Ore minerals also form
impregnations in thucholite and atoll-like structures round its concretions.

12. Apart from common copper sulphides, which are typical of ura-
nium-free carbonaceous matter, Bi, Cu, Mo, Au, Ag, Pd, Ni and Co mine-
rals have been detected in thucholites and in their vicinity. Thucholites
originating from the boundary dolomite show the most diversified mine-
ralization.

Before entering upon the genetic discission, it is worth noting that nu-
merous concretions of coaly substance up to 20 cm in diameter have been
encountered both in the thucholite-bearing rocks and beyond them. Ho-
wever, they do not contain uranium and their mineralization is frequen-
tly presented only by traces of copper sulphides and pyrite.

Another fact significant in the genetic discussion is the occurrence
of hydrocarbons in Permian of Fore-Sudetic area in amounts that encou-
rage oil and gas exploration in some places. Pierce et al. (1958) suggest
a possible role of compounds related with petroleum in forming of ura-
nium-bearing mineraloids. The enrichments of copper-bearing beds in or-
ganic coal of sapropelic nature is also a fact of consequence.

Finally, the last observation essential for the genetic considerations
is the facial distribution of heavy metals, including uranium, in the de-
posit.

Colloidal sapropel and, to some extent, fluid (gaseous and liquid) hy-
drocarbons circulating in large amounts in Permian rocks were an abo-
undant source material for the subsequent concentrations of coaly sub-
stance. At least two factors were responsible for an increase in a degree
of their carbonization. The most effective were diagenetic processes which
Jed to the condensation of aromatic rings and gave rise to large, coaly
concentrations. Simultaneously, organometallic bonds were broken, resul-
ting in remobilization of a number of cations. Clay minerals that form
structures encircling the spheroidal coaly aggregates evidence their con-
cretional origin.

The other factor involved in solidification of the original hydrocarbons
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into coal-like substance was alpha-radiation emmited by uranium. Radio-
active background of Zechstein rocks, notably shales, is fairly high (Grab-
czak, Niewodniczanski 1962), indicating the source of uranium which, was
redeposited in the carbonaceous matter due to diagenetic processes.

The genetic process of formation of the thucholite concretions in Zech-
stein copper-bearing rocks cannot be identified with the phenomena re-
ported by Schidlowski (19664, b) from the Witwatersrand deposits in which
terrigenic uraninite was subjected to thucholitization. In the Mansfeld
deposit (Schiiller, 1959) pitchblende was supposed to have been dissolved
in asphalt-like substances, leaving relicts of U;30s.

From the foregoing discussion it is evident that the possibility of exis-
tence of terrigenic uraninite in the Fore-Sudetic copper deposits must be
discounted. This statement is substantiated by the occurrcence of UzOs
with thucholite in the calcite veins from boundary dolomite and the struc-
tures formed by uraninite in the thucholite. It seems hardly feasible that
the process of thucholitization of uraninite would leave such structures
as shown on Phots 7, 8 and 9. Moreover, it is worth noting that the grain
size of the terrigenic material in sandstone and of the detritus (rock frag-
ments, quartz, feldspars, heavy minerals) in clay and carbonate rocks va-
ries from 0.02 to 0.5 mm. Therefore, the hypothetical terrigenic uraninite
yvould have to be much larger in size, attaining even 10 mm, which seems
improbable in view of the high degree of sorting of the detrital material.

Ir} yiew of the data presented, it must be assumed, that both the
uraninite present in thucholite and the accompanying ore mineralization
are epigenetic.

Both the barren and the uranium-bearing carbonaceous matter for-
med in at least three stages. The first stage took place presumably during
early diagenesis giving rise to spheroidal, coal-like concretions. The source
material might have been colloidal sapropel which was then subjected
to transformation. The attendant volumetric changes manifested them-
selves in numerous fissures.

The second stage, proceeding also during diagenesis, i i
tense mobillizatihon and migratior% of very mo%ile Eranilifﬁ lxﬁ?ige\?vainﬂi:n
sorbed mainly in the clay-organic shale during sedimentation of Lower
Zechstein. After Katayama (1960, p. 10) uranium must have been co-pre-
cipitated together with carbonaceous material. Simultaneously, h drozar—
bons were activated. Uranium migrated presumably in the for’m }(;f orga-
nometallic complexes. Such compounds were concentrated mainly in %h
zzg‘gztggns((;hda‘tfi'saprlopefliltic substance in shale, boundary dolorzite ang

e (gravitationa infiltration). The penetration of ¢ 1

}zz \the uranium-organic complexes was facilitated by thg?rlyficszﬁgstlo?g

at not only fissures were filled but also the older sapropel (no g’th
%;fgg 1;:;2?};? ntl:oixtlporzﬁng of thglcholite) was resorbed. The puraniurvrvl—bee
: n atter (hydrocarbons) underw izati i
txtal glgaphltlc preorientation, as Wel{ as becarir;t ciilizgiglzitilsoor%rind par&
i‘s}fte lectance increased. In consequence, these processes gave risgltC atr}l1
1ght-grey component of thucholite, Its organic origin is evidenced boy it(;

present-day asphalt-like nature wh
isotropic, has the characteristics of s:;ffi;e?e Goaly i camponeRt, greysand

At the boundary of those two substances revealing different physico-
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_chemical features uranium has been released from organometallic com-
plexes and crystallized as uraninite. Its polygonal grains formed bead
and chain-like colonies.

The evolution of thucholite, involving condensation of aromatic rings,
was presumably affected by two factors: diagenesis and alpha-radiation.
Radiation emitted by colonies of uraninite grains is responsible for par-
tial crystallization (and anisotropy) of the grey component that formed
bands along the contact with the light-grey constituent, although diage-
netic processes can also cause optical anisotropization of the uranium-free,
coaly substance.

The final stage involved mineralization of the carbonaceous and thu-
cholitic concretions thus formed. It was presumably a catagenetic process
brought about by remobilization and redeposition of selected metallic ana
organometallic compounds in the deposit. These processes was most in-
tense in shales where heavy metals were in abundance. Veinlets and me-
tasomatic concentrations of sulphides were formed. They mineralized the
uranium-free and thucholitic carbonaceous concretions or cemented their
broken fragments in fault zones. A certain amount of mineralizing solu-
tions descended to the underlying boundary dolomite, impregnating it
mainly with noble metals such as Au, Ag or Pd and with Cu, Mo, Bi, Hg,
Ni and Co minerals. Thucholite concentrations found in the sandstone con-
tain practically no ore minerals. A reducing environment favourable for
polymetallic mineralization of the thucholitic substance may has been
caused by the evolution of bitumens, involving condensation of aromatic
rings.

The presented hypothesis on the genesis of the mineralized coaly and
thucholitic concretions certainly has several shortcomings and further da-
ta are required to test the conclusions.
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Marian BANAS, Jan JAROSZ, Witold SALAMON

THUCHOLIT Z PERMSKICH UTWOROW MIEDZIONOSNYCH
W POLSCE

Streszczenie

W profilach cechsztynu miedziono$nego na obszarze dolnoslaskim
stwierdzono podwyzszone anomalie zawartosci uranu, a hadania minera-
ralogiczne strefy okruszcowania przeprowadzone w strefach anomalii po-
twierdzity obecnos¢ skupien thucholitu.

Wystepowanie tej substancji w zlozu ma charakter lokalny. Idac od
spagu strefy zlozowej, thucholit stwierdzono: w stropowej czesci piaskow-
ca (piaskowiec lingulowy), w dolomicie granicznym, w tupku ilasto-orga-
nicznym (tzw. tupek smolaey) oraz w tupku dolomitowo-ilastym, razem
w pakiecie skal miazszosci okoto 50 em (fig. 1). W stropie serii zlozowej
w utworach weglanowych thucholitu nie spotkano. Sladowe jego ilosci
oznaczono natomiast w niektérych strefach uskokowych.

W tupkach thucholit tworzy rozproszone i izolowane formy kuliste
lgb dyskpidalne wykazujace cechy konkreciji (fot. 2, 4, tig. 2a). W dolomi-
cie granicznym gromadzi sie w zylkach kalcytowych. W piaskowcach
ujawnia on nieprawidlowe struktury (fig. 2b), ktore noszg zwykle cechy
metasomatycznego zastepowania (thucholityzacji) ziarn kwarcu (fot. 3). :

Thucholit jest czarny, smolisty, bardzo kruchy, o twardosci 232—362
kG/mrr}2 (2275,9—3551,2 N/mm?), 4.3—5,0 w skali twardosei. Obserwowany
pod mikroskopem kruszcowym ujawnia dwa sktadniki: 1) jasnoszary, op-
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tycznie anizotropowy oraz 2) szary, izotropowy (fot. 7). Skladnik jasniej-
szy tworzy nieprawidlowe, amebowate formy i zawiera gtéwnie na obrze-
zeniach sznurowate skupienia ziarn uraninitu (fot. 8).

Przy duzych powigkszeniach w mikroskopie kruszcowym uraninit uja-
wnia struktury poligonalne (fot. 9) i typowe cechy optyczne. W badaniach
rentgenowskich metoda proszkowa wykazuje strukture UO, (tab. 3). Ana-
lizy w mikroobszarze ujawnily w nim: male ilosci Pb (radiogeniczny),
1,25% Th oraz podwyzszone anomalie zawartosci Ta, Ti i W (tab. 1, fot. 45,
16, 17, 18).

Radioaktywnos¢ skupien thucholitu wraz z zawartym uraninitem po-
twierdzono za pomoca badan radiograficznych (fot. 10, 11).

Thucholit jest wtornie zmineralizowany zytkami kruszeéw o charakte-
rze septariowym, ktore lokalnie wykazuja objawy zgrubien metasomaty-
cznych (fot. 23). Okruszcowanie to, w postaci pospolitych siarczkéw mie-
dzi, jest najliczniejsze w thucholitach lub bezuranowych konkrecjach we-
glistych wystepujacych w tupkach (fot. 4). Bardziej urozmaicony charak-
ter ma ono w nizej lezacych dolomitach granicznych. Oznaczono tam mi-
neraty: Cu, Mo, Ag, Au, Pd, Bi, Ni i Co (fot. 25, 26). Analizy w mikroob-
szarze ujawnily w thucholicie podwyzszone ilosci Cu, Fe, Zn i S (fot. 19,
20, 211 22) oraz Ag i Au (tab. 2).

Geneza thucholitu jest dyskusyjna. Przypuszcza sie, ze w stadium dia-
genetycznym zostaly utworzone z koloidalnego sapropelu konkrecje sub-
stancji weglistej. W dalszym etapie byly one penetrowane wzdluz szczelin
spekan przez aktywne weglowodory i organiczne kompleksy uranowe.
Uranonosny materiat organiczny pod wplywem promieniowania radioak-
tywnego ulegal rekrystalizacji i anizotropizacji optycznej. Wytworzyt sie
w ten sposob jasniejszy skladnik thucholitowy ujawniajacy asfaltopodob-
ny charakter, podczas gdy skladnik ciemniejszy, izotropowy, nosi zna-
miona sapropelu. Uwalniany z polaczen organometalicznych na granicy
obydwu skladnikéw uran krystalizowal w postaci uraninitu. Na tak utwo-
rzone skupienia wegliste oraz thucholitowe natozylo sie wtérne okruszco-
wanie katagenetyczne. Znaczniejsze nasilenie okruszcowania widoczne jest
w tupkach, w ktorych istnial dostatek iloSciowy metali ciezkich. Pewne
wyselekcjonowane ilo$ci roztworow kruszconosnych infiltrowaly gtebiej
i byly zrédiem mineralizacji kruszcowej dolomitu granicznego oraz zawar-
tego w nim thucholitu. Thucholit w lezacym nizej piaskowcu nie zostat
juz okruszcowany.

Na zakonczenie rozwazan genetycznych nalezy podkresli¢, ze w ztozu
nie znaleziono dowodéw na terygeniczne pochodzenie uraninitu zawartego
w skupieniach thucholitowych, jak to okreslono w przypadku ztoza Wit-
watersrand (Schidlowski 1966 a).

Ilosci uranu i metali towarzyszacych, oznaczonych w thucholitach
z rud miedzi na monoklinie przedsudeckiej, nie przedstawiaja wartosci
praktycznej.

OBJASNIENIA FIGUR

Fig. 1. Profil litologiczny strefy miedziono$nej z wystapieniami thucholitu (czarne
punkty)
1 — dolomit szary, 2 — dolomit ilasty ciemnoszary, 3 — tupek dolomitowo-ilasty, (zwie-
zly), 4 — lupek ilasto-dolomitowy, cienkoplytkowy, 5 — tupek iasto-organiczny, czarny
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(smolacy), 6 — dolomit graniczny,

7 — lupek i]as.to-piaszczysty, 8 — piaskowiec lingu-

lowy, 9 — piaskowiec bialoszary (szary spagowiec)

Fig. 2. Formy ziarn thucholitu typowe dla tupku (a) i dla piaskowca (b) (Q) — re-
W likty ziarn kwarcu po procesie thucholityzacii

OBJASNIENIA FOTOGRAFII

'

1. Wystepowanie thucholitu (T1) w stropowej czebci piaskowca miedzionoénego

9. Kuliste ziarna thucholitu i ich odciski rozproszone w iupku ilasto-dolomito-
wym

3.

4.

5.

6.

7

8.

9.

ol0:

117

5 1

13.

Nieprawidlowe skupienia thucholitu (T1) w piaskowcu lmgulowy.m. W
Widoczny proces thucholityzacji, czyli zastepowanie kwarcu substancjg thucho 3.
Swiatlo odbite, 1 N

Konkrecyjna forma materii weglistej (Cm) otoczona Jaminami ilasto-orga-
nicznymi. o i

Wewnatrz struktury widoczne liczne zylki siarczk6w miedzi. Sk.aﬂa ot.aczajqca (fupek)
ujawnia liczne zylki i rozproszone ziarna siarczkéw (biate plamki). Swiatlo odbite, 1 N

Thucholit (T1) w zylkach kalcytowych (Ca) przecinajacych dolomit granicz-
ny (Bd) . . . . (Bd)
Nerkowate ziarna materii weglistej (Cm) w dolomicie granicznym '

Biale plamy — chalkopiryt, czarne — odciski po skupieniach thucholitu. Swiatlo od-
bite, 1 N

Fragment ziarna thucholitu w piaskowcu lingulowym

W masie thucholitu dostrzegalne dwa sktadniki: szary (G) i jasnoszary (P) tworzacy
amebowate formy. Wzdluz granicy obydwu skladnikbw widoczne s3 xancuszkov./ate
skupienia uraninitu .(czarne plamki); Q@ — kwarc, Sp — siarczki miedzi zastepujgce
spoiwo piaskowca. Swiatlo odbite, 1N

Dwa skladniki thucholitu ;
Skiadnik jasnoszary (L) tworzy nieprawidlowe, amebowate formy w masie skiladnika

szarego (G). Wzdluz granicy obydwu skiadniké6w dobrze widoczne sg lancuszkowate
skupienia ziarn uraninitu. Swiatlo odbite, 1 N

Poligonalne ziarana uraninitu (Ur) rozmieszczone w jasnoszarym skladniku
thucholitu (L) wzdluz granicy ze sktadnikiem szarym (G)

Swiatlo odbite, 1N

Radiogram skupien thucholitu w piaskowcu lingulowym. Czas na$wietlania
3 miesigce

Skupienia toro6w czastek o na fragmencie mikroradiogramu thucholitu
Radialno-rozetkowe ich koncentracje wskazujg ziarna uraninitu. Czas ekspozycji 8 dni

Obraz absorpcji elektronéw thucholitu
G — sktadnik szary, L. — skladnik jasnoszary

Obraz absorpcji elektronéw powiekszony z fragmentu pokazanego na fot. 12

G — skladrik szary, L — skladnik jasnoszary z ziarnami uraninitu (czarne plamki),
A-A — linia profilu analizy skanningowej

14—16. Selektywne obrazy rozmieszczenia U, Pb, Ta w thucholicie i uraninicie
17—19. Selektywne obrazy rozmieszczenia Ti, W, Cu w thucholicie i uraninicie
20—22. Selektywne obrazy rozmieszczenia Fe, Zu, S w thucholicie i uraninicie

23.

24,

Materia vs{eglista ((_Zm) zmiperalizowana wtoérnie septariowymi zytkami bor-
nitu (Bo) i chalkopirytu (bialy) tworzacego precikowate skupienia na obrze-
zeniach zylek

Lokalne zgrubienia nagromadzen siarczkowych wskazujg na ich rozwéj metasomatycz-
ny. Swiatlo odbite, 1 N

Zbrekcjonowana materia weglista (Gm) scementowana chalkopirytem (Ch)
Swiatlo odbite, 1 N

Fot. 25. Wrostki elqktrpm (El) i drobne ziarna uraninitu (Ur) w masie thucholitowej
pochodzacej z zyl kaleytowych w dolomicie granicznym
Szczelinki wypelnione kalcytem (Ca). Swiatto odpite, 1 N

Fot. 26. Elektrum (El) i arsenki palladu (Pd) i j i
Bo — zylki bornitu. Swiatlo%dbite, 1 gl ) S e thUChOhtowa

Mapuan BAHACD, fIn SIPOII, Buroasd CAJAMOH

TYXOJIUT U3 MEPMCKHUX MEIHOPYIHBIX OTJOXEHHUM
B MOJIbIIE

Pesome

B npodunsx MeaHOpymHBIX OTJOKEHHH LexiiTelina Ha TeppuTopun Hu-
xuen Cuiesiin 00HApyKeHO aHOMA/bHO MOBHIIEHHOE CONEepIKaHUE ypaHa,
4 MHHEDaJIOTHYeCKHe HCCJAeNoBaHHsl 30Hbl OPYHEHEHHs B 30HAY anoMaJdi
TIOTBEP/IMJIH NPUCYTCTBHE CKOMNJEHHH TYXOJHUTA.

[IpucyTCTBHE 3TOrO BElLECTBA B 3aJeKH HMEET JA0KaJbHBI xapaxrep.
Ilepexoas oT NOAOMIBEL 3a/€7H, TYXOJUT ObIT 0GHAPYIKEH B: BEpPXHEH 4acTH
necuaHuKa (JMHTYJIOBEIA MECYaHUK), NOTPAHHYHOM J0JOMHTE, TJIHHHCTO-0P-
raHHYeCKHX CllaHUax (Tak HasbiBaeMble Mapaiolle CJAAHIbI) H B JOJOMUT-
HOTJIMHHCTBIX CJIaHLAX, LEeJOM B IaKeTe MOPOJA MOIIHOCTBIO OKoJio 50 cm
(¢ur. 1). B BepxHeii uactu sajexu, B KapGOHATHBIX OTJIOKEHHSX, TYXOJIUT
He Obl1 0OHapyzeH. B To ke BpeMsl ero ocTaTouHble KOJHUYECTBA GBLIH OGHA-
PY2KeHbl B HEKOTOPbIX COPOCOBBIX 30HAX.

B caannax Tyxomutr ofpasyer pasHoBHAHBIE H 060COG/NEHHblE I1APOBHI-
Hbie MM JHCKONMOLOOHbBIE (OpMBI, 00HAPYKHUBAIOLIHE CBOHCTBA KOHKPEUHIl
(¢poro 2, 4, dur. 2a). B norpaHHyHOM HOJIOMHTE AKKyMYJHUPYETCA B MPOKHI-
Kax KaJplliTa. B mecuanukax oGHapyKHBAeT HENpPaBHIbHLIE CTPYKTYPhl ((HT.
2b), KOTOpPbIM OGHIKHOBEHHO MPHUCYIIHE CBOMCTBA METACOMATHUECKOTO 3aMe-
uleHusl (TyXONHTH3aLHUA) 3epH KBapua (¢oro 3).

Tyxosur 310 uepHoe, CMOJNHCTOE, OUEHb XPYIKHH MHHEPAJ] C TBEPAOCTHIO
232—362 kr/mMm?, 4,3—5,0 mo mKaje TBEpAOCTH. B mose 3peHus MuKpoc-
Komna JUIsl U3yueHHsl Py MOZKHO B HEM OOGHAPYIKHUTh /IBa KOMIOHEHTa: 1) cBeT-
JIOCEPBIi, ONTHUECKH AHM3OTPOIMHBIA W 2) cepbld, u3oTponHbi (doto 7). Bo-
Jlee CBETJIbId KOMIOHEHT 06pasyeT HenpaBHJIbHBIE, aMeGOBUAHBIE (POPMBI H CO-
JIePIKHUT, B OCHOBHOM 110 KpasM, IIHYPOBH/HBIE CKOIUIEHHs] 3€pH yPaHHHUTA
(doto 8). ‘

[Tpu GoabliblX yBeJMUEHHSIX B MOJIe 3PEHHs] MHKPOCKONA JJISI H3YUeHHS
PYA B ypaHUHHTE MOKHO OOHAPYKHTb MOJIMTOHAJbLHbIE CTPYKTYpHl (doTo 9)
M THIIHYHbIE ONTHYECKHE CBOHCTBA. B PEHTreHOBCKHX HCCJ/IE/IOBAHHSIX METOIOM
nopouwkoB DSH npenapaTtoB oOHapyKHBaeT OH cTpyKTypy UO, (rabanua 3).
Ananusbl B MHKPO30He OGHAPYKHIIM B HEM: MaJjioe KoauuecTBo Pb (pajmnoreH-
Horo), 1,25% Th u aHOMAaJIbHO NOBHIIIEHHbIE KoJnuecTBa Ta, Ti 1 W (radanua
1, doro 1581 671 8)" :

PajlM0OaKTHBHOCTb CKOIJIEHHH TYXOJHMTA, BMECTE C COAEPIKALUMMCH B HHX
YPAHHHHUTOM, Obla TOTBEPK/A€HA NPH MOMOLLH pajHOrpaHUYeCKHX HCCIAeL0-
sanuit (¢oto 10, 11). )

[1poKuiIKH pyA cenrapHOro xapakrepsi BTOPHUHO MHHEPAIH3YIOT TYXOJIHT.
ITH NPOKHIKH OGHAPYKHBAIOT JIOKAJbHO CBOMCTBA METACOMATHUECKHX YTOJ-
2¢
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penni (goro 23). 910 Opy/IeHEHHE, B (hopme O()uleld:?Bt‘C’l‘va}X cyn:(pmloen ::;;
U1, vallle BCEro NpHCYTCTBYET B TYXOJHMTAX HIH B ‘yr‘uen(mo YHBIX (I;KPBLclmee
e cojeprKauinx ypaua, KOTOpble HaXxoudaTcs B ’(,JldHlla?( (fj)OTonK.e Vb
pasnoo()pa:mbm xapakTep 3TOro opyAeHeHHs oGuapy»(MB‘aIe‘zu;HBe He A0
X 1HOrpaHHUHLIX JIOJIOMHTAX. OTMEUeHO r)B~ HXX l"l)"dﬁﬂ ;mx 030”6,%6}18_
Cu. Mo. Ag, Au, Pd, Bi, Ni, Co (¢oro 25,'7(?). uauvm.n% B d (l()l)om b
PYIKIJIH B TYXOJHTE nonbunczx;m,w koauuecrsa Cu, Fe, Zn, a0
1. 2 rabanua 2).
21.Igl‘?))onjzgol;lu,{?(}:ln(v TyXOJMTA He YyCTaHOBJCHO. Ectb IlpC}lllOJlO}i'\’CHHe, lrrf)
B 11areHeTHuecKon cTaIuu o6paszoBajiuch 13 KOJIOMIHOTO canPoneJm KOHKpe-
MK VRACNoA00HOrO BelecTBa. B jpanbHenieM CKBO3b HHX 110 rpeulnH)aM 11PO-
CcaunBagiCh aKTHBHDbIE YIJeBOLOPOAHbIE COCJINHeHHs U uoprannquKML yp)auujr
Bble KOMIJIEKChI. Oprannuecknit MaTepual, cojlepaKallii ypaH, noj xsoanémr-
EUeM pajinaluH peKpUCTaIN30BaAICH H crai on'rnucu('u g}m30TpgnuuM. (TMM
nyTémM 00pasoBadlcs Gosiee CBETJbll KOMIIOHCHT TYXOJHTA, Yy Km‘(.);poro"o )Hd-
PYKeHLl CBOHCTBA CXO/HBIC C ac(hajibTOM. p TO 7K€ BpeMms ()OJIG? ’I%Ml\(b'l}:{ )KO'M"
[iDHEHT, H30TPONHLIA, 0OHAPYIKHBACT cpojiersa canponedst. OeBo )(lJ/K,l;dLMl:lH
a TpAHHIe ABYX KOMIOHEHTOB H3 opraHoMeTaJJIHYecKHx cocnmmwu )/J])dfl
KPUCTAJIIHBOBAJICH B (dopme ypaHHHHTA. Ha oGpasoBaHibie 3THM nymmﬁ)rm-
11O10OHBIC M TYXOJMTOBBIC CKOMJICHHSHA HAJIOJKHJOCH KaTareHeTHyeckoe mup’uu’-
HOe OpYy/ACHEeHHe. BoJjiee 3HAUMTE/IbIAsE HHTEHCHBHOCTH OPY/ACHCHIS "BH,.Uld
B cJlaHiiax, B KOTOpbIX ObLIO JIOCTATOUHOE KOJIMUECTBO TAKEJIbIX MCidJlJl()E’:.
Hexoropbie OrpaiuyeHHbIe KOJIHUeCTBa PYAHBIX PACTBOPOB npo‘caumsannxu,
ray0Ke M CTajii HCTOYHHKOM OpY/ICHCHHST TIOTPAHHYHOrO JI0JIOMHTA H coaep-
skauterocss B HéM Tyxosnra. TyXoJuut B MOACTEJIAIOUIEM ecyaHuke He MoJ-
Bepracs opyaeHeHHIO. ;

B 3ak/ioueHHe FeHeTHUeCKHX PACcCyzKIAeHHH Hal0 NOAUCPKHYTD, yTo B 3a-
JIe)KH He 06HaPY/KeHO JI0Ka3aTe/bCTB TOMY, HTO YyPaHHHUT B TYXOJHTHBIX CKOII-
JIeHHSIX TePPUTEHHOrO TPOUCXOMK/CHHS, KaK ObIIO orMeucHo B 3ajexn Bur-
rarepcpanL.

KoJuuecTsa ypana H conyrerByOUInx METaljlos, OTMEYEHHDBIE B TYXOJHTAX
13 MEIHBIX PYJI, MPHCYTCTBYIOUIUX BO BHECYACTCKOH MOHOKJIMHAJIH, HE HMEIOT
NDAKTHICCKOrO 3HAUCHHS.

OB'bACHEHUA PUTYP

Dur. 1. ./’thO.'IOl'II‘lCCKHﬁ ll[)Od)HJlb ML‘,’ll{Opy,'UlOﬁ 30HBI, B KOTOPOM I[IPHCYTCTBYET TYXOJHNT
(uépuble NYHKTBI)
1 — cepuifi AOAOMUT, 2 — FAMIHCTBIL A0AOMNT, TEMHOCEPLIH, § — FAHHHCTO-A0JNOMHTOBBIR CAa-
wen (naothwiit), 4 — FAHHHCTO-AOJOMHTOBLIfL caanel, TOHKONAACTHHraTBIA, 5 — TJHHHCTO-Opra-
Hugeckft yépubifi caaien (Mapaowmf), 6 -~ HOrpaMHYHLIA J0JOMHT, 7 — IAWHKCTO-MECHaHbI i

caanel, § — AMHCYAOBLIAA necuannk, 9 — Oeao-cepuifi necdaumnk

Myr. 2. Gopmbl 3€pH TYXOAHTA THIHYHbIC 14 CJaHUCB (a) u pas necuannkos (b), (Qj
PEJAMKTHL 2epH KBApia noe/e Npolecca TyXOJHTH3AUHH

OB'bACHEHWUA CHUMKOB

doro 1. [pueyrersue Tyxoauta (T1) B BepXHEH YacTH C/0f MCAHOPYAHOIO NeCHaHHKA

Doro 2. Ll]aposunuble 3epHa TYXOJHT4 M HX OTNEYATKIL paccesHHble B TJIHHHCTO- 10J10~
MHTOBbLIM NECYdHHKC

Goro 3. Henpapuabuvie ckomienns Tyxonnta (T1) B JHHrY/J0BOM [NECHdHKE

BuAEH NPOLECC TYXOAUTHIAUNK, TO CCTh 3AMCLLCHHA KBApUd TYXO/JIMTOBHM BELLCCTBOM. Orpa-
KEHHLA cper, | HuKoaL
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26.

. Konkpeunonnast ¢opma yrienonobuoro peutecrsa (Cm), OKpyKeHHAst IHHHCTO-

OPrdHHYCCKHMIL JaMHUHAMH

BHYTpH CTPYKTYPbI BHAHBLI MHOTHE NPOAKHAKK cyinhunon meny. OkpyxKaiouias nopojpa (caa-
HelL) COACPAKHT MHOTHE NPOMKHIKH M paccesuunix 3epHa cyanbdupos (Geabie nsrtHa). Orpa-
MCHHBIA cBeT, 1 HUKOJAL

Tyxoanr (T1) B NpOKHIKAX KaJblHTa (Ca) ceKAOUHX nOrpannynpii jogomur (Bd)
IToukoBujaubie 3epua yrienoxobuoro semectsa (CM) B NOrpaHHuYHOM JIOJOMHUTE
(Bd)

Beavie narna
1 HHKOJDL

XaJLKONHPHT, YCpHBIC OTHeYaTKi cKomaeHuit tyxonanra. OTpaxEHHblit ceer.

Yacrtp 3epHa TYXOJHTA B JIHHTYJOBOM MECYdHHKE

B Macce TyxoJuta BHAHLL ABA KOMIOHeHTa: cepbifi (G) u csersocepuift (L), oGpasyiouini
aMéGoBuanbIc (GOopMbl. BJOJAL TIpaHHUbBl 9THX KOMMOHCHTOB BHAHBI IENEBHAHLIC CKOMICHHA
ypauunura (9épHpie naTHa). Q — kBapu, Sp — cyabGHAbLI MCJAH 3aMEILAIONHE LEMCHT f1ec-
yanuka. OTpamEéHHolit cser, 1 HUKOML

A J.IB?I KOMIIOHEHTA TYXOJIHTa

Cperniocepbiit KoMnonent (L) o6pasyer Henpaswibibie aMEGoBHaHbIC OpMLI B Macce Ceporo
RoMmnoHenta (G). BjoJn  TIpaHHUbl  MEAJly KOMMNOHCHTAMM  XOPOWIO  BHMJIHLI  ICNEBHAHLIE
cKomacHsA ypanunura. Orpaxénnnlfi cser, | HHKOJL

. Toanronanpuplie 3epia ypauuuura (Ur) pacnojiozenbie B CBETJIOCEPOM KOMIOHEITE

ryxoanura (L) BAOJbL IPAHHILI ¢ cepbiy KomnoHentom (G)
Orpaxéunplit cser, | HUKOJIL

. Pamuorpumma CKOIJIeH U TYXOJHTA B JIHHTYJOBOM NeEcHaHHKe
chl\l)l SKCHOHHDOBAHHA — 3 Mmecsna
. Ckonzenne 'rpaex‘ropm"{ 0. — YaCTHIL Ha Y4CTH MHUKPOpPA/IHOrpamMmbl TYXOJHTA

Hx [ifJ,'lHa,’ll;ll(l'])()JCTU'HH.IC CKOIJICHIS TMOKA3bIBAIOT HA 3CpHa ypauuHura. B]N‘.\HI IKCHOHUHNDO-~
Banust — 8 nHei

. MaoGpazxenne abCOpNHH 3JEKTPOHOB TYXOJIHTA

G ) (‘C[)bln Komnonenr, L — cncmoccpmi& KOMIIOHCHT

. Uso6parxenie aGcopOUUH 9JICKTPOHOB, SIBJASIOUIMACA yBeaHueHneM Qparmenta 1o-

Kasanyoro na doro 12
G - cepulit komnonent, L — cperjocepbifi KOMINOHEHT ¢ 3EpHAMM ypauiiita (ulpuple narua),
A—A — JHHHA NPOGHIT CKaHHHIOBOrO aHaaHsa

16. CenextnBubie n3o0pazenns pasmemtenusi: U, Pb, Ta, B TyxXoaure 1 ypa-
HHHHTE

—-19. Cenekrusupiec nsoGpaxkenust pasmeutenns: Ti, W, Cu, B Tyxoaute n ypa-
HHHHTE

—22. CenektupHble HM300paxKeHus pasmellenus: Fe, Zn, S, B TyXouure |
HUHHTC

ypa-

. Yraonopo6uoe seuieerso (Cm) BTOPHUHO MHHEPANH3OBAHHOE CENTAPHAHBL I [1pO-

Anakamn 6opuura (Bo) 1 xaapkonupura (Gediblit), KOTOPLIA 0Gpasyer HOJIOUKO-
BUJIHBIC CKOIVICHHS 110 OKPaHHAM NPOKHJIOK

Mecthpie YTOJECHHsT (‘)'th(bllilllhlx CKOMmae Mt CBHACTEALCTBYIOT O HX METACOMATHHCCKOM
paspaTun. OtpameHuui cser, | HHKOJ

Bpekunst 13 yrienoao6uoro seuectsa (Cm) cleMenTHpOBaHHas XaJbKOIHPHTOM
(Ch)

Orpaméunnii cer, 1 HHKOJAL

. Mukaoann saekrpyma (E1) n mesaxne 3épua ypaunnnra (Ur) B macce Tyxoaira

HPOHCXO/USILEH M3 KaJbLHTOBBIX HPOKMIOK B MOrPAHHUHOM JIOJOMHTE. Tpenguunt
3anonaHenbl Kagbirom (Ca)
Orpaméunpit coer, | HUKOML

Aaektpym (El) u apcennianl najanaaus (Pd) nponuThbiBalollie Maccy Tyxoaird,
Bo - npoxuiaxu 6opunra
Orpaméunntit eser, 1 HHKOJL
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Phot. 1. The uppermost part of cop-
per-bearing sandstone. (Tl) — no-
dules of thucholite

Phot. 2. Nodules of thucholite and their imprints both disseminated in the clay-do-
lomitic shale

Marian BANAS, Jan JAROSZ, Witold SALAMON — Thucholite from the permian
copper-bearing rocks in Poland
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Phot. 5. Thucholite bodies Phot. 6. Spheroidal grains of carbonaceous matter (Cm}

P}}ot. 3 I?regular bodies of thucholite (T1) in Lingula sandstone (T1) in calcite veinlet (Ca) in boundary dolomite (Bd)
Process of resorption (thucholitization) of quartz grains is

visible. Reflected light, 1 N cross-cutting the boundary White — chalcopyrite, large black spots — imprints after the
dolomite (Bd) thucholite nodules. Reflected light, 1 N

; R At :
Phot. 4. Concreti n— » 4 é £ b
on of carbonacgous matter (Cm) with veinlet o ‘ i R sad S
inside, encircled by clay-organic lamine s of copper sulphides Phot. 7. A fragment of thucholite body in Lingula sandstone
rous veinl. A R es 5o
inlets a;lld dxsse.mmated grains of sulphides (white spots Two components: grey (G) and amoebic-shaped light-grey (L) are visible. Along the boundary
ecteddight 1N DoME)eies of these components chain-like concentrations of uraninite grains (dark points) occur; Q —
Witold S quartz, Sp — copper sulphides in the cement of sandstone. Reflected light, 1 N
1o, A % | i : g §
land LAMON — Thucholite from the permian | Marian BANAS, Jan JAROSZ, Witold SALAMON — Thucholite from the permian
copper-bearing rocks in Poland
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/3
h
Phot. 8. Two components of thucholite
Light-grey component (L) forms irregular, amoebic shapes in groundmass of the grey one (G)
Chain-like aggregates of uraninite are visible along the boundary of these two components.
Reflected light, 1 N ;

Phot. 9. Polygonal grains of uranini : : s ‘
§ nite (Ur) localized i ight-
thucholite (L) along the boundary of the grrle;hiogg;:)tngﬁy( él;)mponent of
Reflected light, 1 N

Marian BANAS Jan JAROSZ Wito S —_ ermilan
) 5 i
- 4 d ALAMON Thuchohte from the P i

MINER. POL. VOL. 9, No 2 — 1978 PLATE V

Phot. 10. Radiographs of thu- Phot. 11. 0. — particle tracks upon a part of mi-
cholite bodies in Lingula sand- croradiography of thucholite

stone Radial, rosette-like concentrations of tracks reveal
Exposure: 3 months

uraninite grains. Emission time: 8 days

p 7 T A A

Phot. 12. Electron absorption image of Phot. 13. Electron absorption image of
thucholite the area marked on Phot. 12

G — grey component, L. — light-grey com- G — grey component, L. — light-grey com-

ponent ponent with grains of uraninite (black spots),

A — A — scanning line

Marian BANAS, Jan JAROSZ, Witold SALAMON — Thucholite from the permian
copper-bearing rocks in Poland
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AT e O e
Phot. 14—16. Distribution of i 4 ' v
S DS U, Pb, Ta in thucholite and ini
Uraninite Phot. 17—19. Distribution of Ti, W, Cu in thucholite and uraninite
Marian BANAS, Jan JAROS i
o ¢ Z, Witold SALAMON ! i
— Thucholit >rmi :
ite from the permian Marian BANAS, Jan JAROSZ, Witold SALAMON — Thucholite from the permian

copper-bearing rocks in Poland
copper-bearing rocks in Poland
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Phot. 23. Secondary mineralization of carbonaceous mater (Cm) by septarian veinlets
consisted of bornite (Bo) and chalcopyrite, the latter forming light rims round the
bornite

Local bulgings of sulphides aggregates imply metasomatic development. Reflected light, 1 N

emented by chalcopyrite (Ch)

Phot. 24. Microbrecciated carbonaceous matter (Cm) ¢
Reflected light, 1 N

Phot. 20—22. Distribution of Fe, Zn, S in thucholite and uraninite

Marian BANAS, J2n JAROSZ ;
: A . Wit : :
copper-bearing rocks in Pola:u(i)ld SALAMON — Thucholite from the permian Marian BANAS, Jan JAROSZ, Witold SALAMON — Thucholite from the permian
copper-bearing rocks in Poland
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Phot. 25. Inclusions of electrum (El) and minute grains of uraninite (Ur) in the thu-
cholite body from calcite veinlets in boundary dolomite
Cracks filled by calcite (Ca). Reflected light, 1 N

s 5 SR ; i A ok

Phot. 26. Electrurq (El) and Pd-arsenides (Pd) impregnating the thucholite mass
Veinlets of bornite (Bo) also occur, Reflected light, 1 N

Marian BANAS, Jan JAROSZ, Witold S

AL i ; :
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