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Abstract. So called ,,Graupen’ — tonsteins occur among clay rocks of the Lublin Coal Basin.
Their major component is Tc — kaolinite accompanied by subordinate amounts of quartz, potassium
feldspar (sanidine), strongly altered biotite and, in minute concentrations, carbonates and pyrite.
Phosphate minerals appear locally in rather small amounts. They are represented by minerals of
apatite and crandallite groups. These phases either coexist or occur separately. Minerals of the
crandallite group form microaggregates. Their chemical composition is diversified, corresponding
either to gorceixite (sample K-17/9) or to mixed phases of intermadiate chemical composition bet-
ween crandallite sensu stricto, gorceixite and goyazite (sample K-11/4).

When accepting volcanogenic origin of tonsteins, we may assume that glass and minerals of
primary pyroclastic material were the source of elements contained in minerals of the crandallite
group. It is supposed that these minerals were formed by decomposition of primary material during
early diagenesis of tonstein sediments.

INTRODUCTION

Minerals of crandallite group were reported from very few occurrences in Poland.
Kubisz (1963) found these minerals in Ordovician sandstones near Sandomierz
in association with clay minerals and jarosite. Recently, their presence was reported
in fine-grained fractions of some Lower Silesian kaolins (Szpila, Dzierzanowski 1978)
and in weathering products of basalts in Turoszow, Lower Silesia (Szpila, Stepisie-
wicz 1979). Besides, minerals of crandallite group occur in some allitic rocks of the
Lublin region (Cebulak et al. 1982). Till now, there were no data on their occurrence
in Polish tonsteins, though they were found in similar Carboniferous rocks in Great
Britain (Price, Duff 1969) and in analogous kaolinite rocks of Ruhrgebiet, FRG
(Stadler, Werner 1962). : i

Inspection of chemical analyses of rocks accompanying coal beds in the Lublin
Coal Basin has shown that some of them display increased P,Os content — up to
ca. 2 wt. percent. This suggests the possibility of occurrence of phosphates of crandal-
lite group in them. ~
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EXPERIMENTAL

The samples were collected from bore-hole material. They were examined using
microscope, X-ray and electron microprobe analyseg X.-ray study has beqn carr}ed
out by means of DRON-1,5 diffractometer with scintillation counter recording, using
filtered CuK, radiation. Electron microprobe analysis has been carried out by means.
of ARL SEMQ microprobe analyzer. Accelerating voltage applied was 20 kV, the
current of electron beam 125 pA, probe current ca. 15 nA and counting time 20 per
sec. As analytical spectral lines PK,, CaK,, BaK,, StK,, AIK, were used, whf:reby
InP, CaCO,, BaF,, SrF, and metallic Al were applieq as standards respectlvely.
Because of very small sizes of the analyzed grains of minerals of grandalhtc group
and the resulting difficulties in obtaining precise microprobe analytical data, we had
not to take into account the corrections on the effects of absorption, fluorescence

and difference of atomis numbers.

MINERALOGICAL AND PETROGRAPHICAL CHARACTERISTICS OF SOME
TONSTEINS FROM THE LUBLIN COAL BASIN

The rocks which were supposed to contain minerals of the crandallite group belong
to so called “Graupen” — tonsteins according to Schiiller’s (1951) classification. They
consist predominantly of lenticular, oval or diffused microcrystalline kaolinite aggre-
gates (Phot. 1), generally 0.1 to 0.5 mm and, but sporadically up to 2 mm in size.
These aggregates are densely packed or embedded in basal clayey or clay-organic
matrix. Clay substance of the latter is represented by microcrystalline, weakly biref-
ringent kaolinite. Among secondary components, there occur vermicular, columnar
kaolinite aggregates, quartz grains, potassium feldspars displaying optical properties
of sanidine, usually strongly altered mica flakes (probably of biotite) and, locally,
carbonate minerals as well as spherical aggregates of bacterial pyrite. Accessory
apatite is observed. Minerals of crandallite group cannot be recognised in thin sec-
tion by means of optical microscope.

X-ray examin“tions have confirmed that Tc-kaolinite, showing high-grade struc-
tural ordering (Fig. 1), is the main component of tonsteins, containing phosphate
minerals of apatite and crandallite groups. This ordering is evidenced by the value of
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X-ray index (Stoch, Sikora 1966), which amounts to 0.65—0.75.
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The occurrence of minerals of apatite group is manifested by the presence of diffrac-
tion lines d3 ~ 2.80—2.76 A and dsg3~ 2.71—2.70 A. Sometimes we also obser-
ved weaker reflexions of these minerals as eg. 3.45, 3.17, 3.07, 2,63, 2.25, 1.936,
1.885, 1.838, 1.795, 1.768, 1.720 A. The presence of minerals of crandallite group is in-
dicated by the following diffraction lines: d;o7; =5.72 A, digi2=4.90 A, di33=
=296 A, dy34=2.43 A and dy35,=2.16 A. They do not coincide with the reflexions
of other mineral components of these rocks.

In the examined samples, the phosphate minerals in question either coexist (sam-
ple K-17/9) or occur independently. In some of them there appears only apatite
(samples L-74/24 and L-129/14), whereas in others there occur exclusively minerals of
crandallite group (sample K-11/4, Fig. 1).
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Fig. 1. X-ray diffractometer patterns of some tonsteins from the Lublin Coal Basin (origi
R samples K-11/4, K-17/9, L-74/24 and L-129/14)

K — kaolinite, Cr — minerals of crandallite group, A — minerals of apatite group
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CHEMICAL CHARACTERISTICS OF MINERALS
OF CRANDALLITE GROUP

Chemical composition of these minerals has been determined in samples K-11/4
and K-17/9 by means of electron microprobe analysis. They were examined in origi-
nal samples. Etching with 20 percent HF solution (Norrish 1957) caused but negli-
gible increase of concentration of minerals of this group with simultaneous appearing
of newly formed Al- and F-bearing phases as decomposition products of kaolinite.
Treatment with 109, HCI solution, recommanded by Szpila and Stepisiewicz (1979),
was not successful and caused dissolution of minerals of crandallite group. (Fig. 2).
The latter effect is probably due to very fine grain size of crandallite.

Electron microprobe analysis has shown that in the sample K-11/4 there occur
numerous mineral aggregates, less than 10 pm in size, containing considerably increa-
sed concentrations of P, Ba, Ca and Sr when compared with clayey groundmass

! K
; K-11/4
ﬂ Cr
Cr
K- 11/4 HEj
| \AM U
fg 25 35 50 100 150 A[d]

W5 WO R B0 25, 20 . 5. D o

Fig. 2. X-ray diffractometer patterns of tonsteins from the Lub

lin Coal Basin —
before (a) and a{ftler (b) treatment with 10% HCI solutif‘)lrr\1 nesk s
K — kaolinite, Cr — minerals of crandallite group
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(Phot. 2). The results of analysis of such aggregate are presented in Table 1. These da-
ta are not very precise and give but approximate chemical composition of the mine-
rals in question. This is caused by technical limitations of microprobe method which
does not allow to analyse very small individual grains of crandallite aggregates.
Besides, the alumina content in crandallite aggregates is problematic since they also
contain aluminosilicates cementing fine

grains of the examined phosphate phase. Table 1
Similar contents of Ca, Ba and Sr indicate Electron-microprobe analysis of an aggregate
that the ana]yzed mineral in Samp]e K=t ]/4 of minerals of the crandallite group in ton-
shows intermediate composition between  steins from the Lublin Coal Basin (sample
those of crandallite sensu stricto, gorcei- K-11/4)

xite and goyasite. Besides, in the sample
K-17/9 there occur microaggregates sho-
wing distinctly increased contents of P
and Ba (Phot. 3). On the other side, they P,0s

O%ide Content
(wt. per cent)

do not contain higher amounts of calcium. CaO lgé
Consequently, the analyzed aggregates BaO 5.8
cannot be composed of minerals of apa- S0 3'5
tite group, accompanying those of cran- ALO, 23.3

dallite group in the analyzed sample.
Contrary to the previously analyzed sample
K-11/4, the examined aggregates do not contain strontium. High barium content
with simultaneous low calcium concentration and lack of strontium suggest that
the analyzed aggregate consists of gorceixite. ¢

CONCLUSIONS

1. Phosphate minerals examined in “Graupen’ —— tonsteins from the Lublin Coal
Basin usually occur in accessory or subordinate amounts. They are represented by
minerals of apatite and crandallite group which either coexist or occur separately.

2. Minerals of crandallite group form microaggregates. Their chemical composi-
tion is diversified, corresponding to gorceixite (sample K-17/9) or to a mixed phase
showing intermediate chemical composition between crandallite sensu stricto,
gorceixite and goyasite (sample 11/4).

3. When accepting volcanogenic origin of tonstein, we may assume that glass and
minerals of the primary pyroclastic material were the source of elements contained
in phosphates of crandallite group. They are supposed to be formed from these ele-
ments, liberated during decomposition of tuffaceous material in the course of early
diagenesis of tonsteins.
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Marek MUSZYNSKI, Piotr WYSZOMIRSKI

MINERALY GRUPY CRANDALLITU W NIEKTORYCH TONSTEINACH
Z LUBELSKIEGO ZAGLEBIA WEGLOWEGO

Streszczenie

Wérod mineratow ilastych Lubelskiego Zaglebia Weglowego wystepuja m. in.
,,Graupen”-tonsteiny. Podstawowym ich skladnikiem jest Tc-kaolinit. Podrzgdnie
wystepuja w nich: kwarc, skalenie potasowe typu sanidynu, silnie zmieniony biotyt,
rzadziej — mineraly weglanowe i piryt. Niekiedy w iloSciach akcesorycznych lub
sporadycznie podrzednych pojawiaja si¢ mineraty fosforanowe. Sa one reprezento-
wane przez przedstawicieli grupy apatytu i crandallitu. Fazy te wspotwystepuja lub
pojawiaja si¢ oddzielnie. Mineraty grupy crandallitu tworza mikroagregaty. Sktad
chemiczny tych mineralow jest zroznicowany; odpowiada on gorceixytowi (probka
K-17/9) lub fazom o mieszanym sktadzie chemicznym migdzy crandallitem sensu
stricto, gorceixytem i goyazytem (probka K-11/4).

Sklaniajac si¢ ku wulkanogenicznej teorii powstania tonsteinéw mozna przyjac,
ze zrédlem pierwiastkow wchodzacych w sktad mineraléw grupy crandallitu byto
szkliwo 1 mineraty pierwotnego materiatu piroklastycznego. Tworzenie sic omawia-
nych mineratow fosforanowych z pierwiastkow uwalniajacych si¢ w trakcie rozktadu

tego materialu przypuszczalnie odbywato si¢ na etapie wczesnej diagenezy ton-
steindw. X

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogramy niektorych tonsteindw z LZW w stanie naturalnym (probki K-1 e
L-74/24, L-129/14) ym (probki K-11/4, K-17/9,

K — Kkaolinit, Cr — mineraly grupy crandallitu, 4 — mineraly grupy apatytu
Fig. 2. Dyfraktogramy tonsteinu z LZW (probka K-11/4) pr i i
4 - przed (a) i po (b) traktowaniu 10- -
towym roztworem HCI il
K — kaolinit, Cr — mineraly grupy crandallitu

OBJASNIENIA FOTOGRAFII

Fot. 1. Agregaty mikrokrystalicznego kaolinitu w ,,Graupen” —

Bldie il o 35 onsteinie z LZW (probka L-129/14).

Fot. 2. Agregat mineralow grupy crandallitu (wspotrzedne x, y) w tonsteinie z
a — elektronowy obraz topograficzny, b — obraz scanningowy PK
obrazu 95 %73 um ! 1

LZW (probka K-11/4)

» ¢ — obraz scanningowy CaKe. Wielko$é

Fot. 3. Agregaty mineralow grupy crandallit o
SO u (w 76, i AN B
e R Py (wspblrzedne x,, y, oraz x,, y,) w tonsteinie z LZW
a — elektronowy obraz topograficzny, 5> — obraz scanningowy PK

; ; , ¢— obraz scanni : /
scanningowy CaK,. Wielko$¢ obrazu 19515 ym i braz scanningowy BaK,,d— obraz

Mapex MYIUITHHBCKH, IIémp BBIIIOMUPCKH

MHHEPAJIbI TPYIIIIBI KPAHJAJLUIMTA B HEKOTOPBIX
TOHMTENHAX M3 JIOBJIUHCKOIO YIJEHOCHOI'O BACCEMHA

Pe3rome

Cpenu TIIMHACTBIX MUHEPAIoB JIFOOIHHCKOTO yriaeHOCHOro GacceiiHa pa3BHTHL
MEX/Ly TNPOYMM «rPayNneH»-TOHIUTEHHb. OCHOBHBIM MX KOMIIOHEHTOM SIBJISCTCS
Te-kaonunut. [ogUMHEHHOE 3HAYCHHE MWMEIOT: KBAapll, KaJHEBbIC IMOJICBBIC IUMATHI
THNA CaHWIMHA, WHTEHCUBHO M3MEHEHHbIH OMOTUT, pexke KapOOHATHbBIE MUHEPAJIbL
M nupuT. VHOrOZ B aKLECCOPHBIX, WIIM )K€ B CHOPAJMYECKH NMOIYAHEHHBIX, KOJIH-
yecTBax nosBistoTcs (ochaThbie MuHepasbl. OHM NpPEeACTaBICHBI MWUHEpAIaMu
TPYNMBI anaTuTa ¥ KPaHAAUTHTa. DTH MUHEpajbHbIE (a3bl BCTPEUaroTCs BMECTE,
WV TIOSBIISFOTCS OT/AETbHO. MMHEpabl TPYIIbl KpaHIAUIMTa 00pasyroT MHKpPO-
arperatsl. XUMUYECKAH COCTAB STUX MHHEPAJIOB  IU(p(HEPEHUNPOBAH, OH COOTBET-
cTByeT ropeeiikeuty (o6pasen K-17/9), nmm pazam CMEMIAHHOIO XHMHYECKOTO CO-
cTaBa Mex1y COOCTBEHHO KPaHIAJMTOM, TOPCEHKCHTOM M Toiis3utom (oGpasern
K-11/4).

CKJI0HS5Ch K By IKAHOTEHHOW TEOPHH 00pa30BaHMs TOHIITEHHOB, HAZI0 TOJIEraTh,
YTO WCTOYHUKOM XMMHUYECKHMX DJIEMEHTOB, BXOAALIMX B COCTaB MHHEPAJIOB I'DYIIIbL
KpaHaaiauTa, ObUI0 BYJIKAHMYECKOE CTEKJIO W MHHEPAJIbI IEPBHYHOrO MHPOKIACTH-
yeckoro mMartepuana. O6pasoBanue 06CYKAAEMBIX (GocHAaTHBIX MUHEPATOB H3 XH-
MMYECKHAX 3JEMEHTOB, OCBOOOKIAIOIINXCS B XONE PA3JIOKEHHS 9TOr0 MaTepHala,
MO-BUIUMOMY, TIPOMCXOMIO HA ITANE PAHHETO JMATEHE3a TOHLITEHHOB.

OBBSICHEHUS K ®UTYPAM

Dur. 1. JubpakTorpaMmMbl HEKOTOPBIX TOHIITEHHOB 13 JTF0BIMHCKOTO YroJIbHOro bacceifHa B ecre-
CcTBeHHOMN cocTosHuu (o6pasusr K-11/4, K-17/9, L-74/24, L-129/14).

K — xaonuaut, Cr — MHHEpaIbl TPYNIbl KPAHAALIMTA, 4 — MHHEpAJIbl IPYIbL AMATHTA

®yr. 2. Judpakrorpammbl ToHmTEHHA M3 JIIOOIMHCKOrO YroJabHOrO Gacceitna (obpaseu K-11/4)
10 (@) n nocne (b) o6paborkn 109, pacTBOPOM
K — xaonuuur, Cr — MHHEPAJbl PYNMbl KPAHAAJUTHTA

OBBSICHEHUS K ®OTOTPAGUSAM

DoT0 1. ArperaTbl MUKPOKPUCTAIIMYECKOrO KaOJIMHUTA B «rpaynes»-ToHuTeHe 13 JIHoGIMHCKOro
yronsHoro Gacceiina (o6paseu L-129/14). CKpelleHHbIE HUKOJIM. VBl OKoJIo X 35

D010 2. Arperat MUHEPAIOB TPYIIbl KPaHIAJUIHTA (KOOpIMHATHL X;, ¥;) B ToHwTeiiHe 13 Jlio-
6IMHCKOTO yroiabHOro GacceitHa (oOpasew K-11/4)
a — DJIEKTPOHHOE 'lOI’lOl‘p‘dd)ll‘leCKOC H]OGP&)KEHHC, b — CKaHHPOBAHHOE HJOGP(DKCNMC PKu, ¢ — CKaHHPO-
BasHoe nzobpaxenne Cak,
Pasmepsl Mukpoydacrka 95 x 73 mm

®0oTO 3. ArperaThl MHHEPATOB TPYIIbl KPAHAALTUTA (KOOPAMHATBI X1, Y1, & TaKke Xz, ¥2) B TOH-
wTeliHe n3 JIIOOIMHCKOro yroibHoro Gacceiina (oGpasewt K-17/9)
a4 — 9J1eKTPOHHOE TONorpaduueckoe H300paxeHue, b — CKAHMPOBaHHOE H300paKeCHHE PK,, ¢ — CKaHWpPO-
panHoe uzobpaxenne BaK,, d — ckaHHpOBAHHOE usobpaxenne CakK,
Pasmepsl MukpoydacTka 19 X 15 mm
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MINERAL POL. VOL. 13 No 1 — 1982 PLATE I

Phot. 1. Aggregates of microcrystalline kaolinite in “Graupen” - tonstein from the Lublin Coal
Basin (sample L-129/14). Crossed nicols. Magn. 35X
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of the Lublin Coal Basin

PLATE II

Phot. 2. An aggregate of minerals

of grandallite group (coordinates x,

y) in tonstein from the Lublin Coal
Basin (sample K-11/4).

a — topographic electron image, b — scan-

ning image PK,, c — scanning image CaK,,.

Size of the image 93 % 75 pm

RSKT — Minerals of crandallite group in some tonsteins

MINERAL. POL. VOL. 13 No 1 — 1982 PLATE III

Phot. 3. Aggregates of minerals of crandallite group (coordinates x,, y; and X,, y,) in tonstein from

the Lublin Coal Basin (sample K-17/9)

a — topographic electron image, b — scanning image PK,, ¢ — scanning image BaK,, d — scanning image CaK,. Size
of the image 19X 15 um
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