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Abstract. Fluor-apatite (francolite) was found in lowermost part of Zechsteinkalk sequence
i.e. in dolomitic shale, argillaceous dolomite occasionally in the top part of the Weissliegendes sand-
stone. Fluor-apatite content increases in the zinc-bearing shales. Francolite usually replaces fossil
remnants e.g. algae, brachiopods etc. These textures suggest biogenic origin of francolite formed
from P released from organic compounds during autooxidation of the organic matter.

INTRODUCTION

Lower Zechstein sediments are usually analysed for major and trace metalg
which are of economic interest. On the contrary, much less is known about the
abundances of other trace elements e.g., phosphorus.

The occurrence of higher amounts of phosphorus and its minerals has been
noted by some authors. Kucha (1976) mentioned apatite group minerals as one of
accessories in copper-bearing shale. The same author (Kucha 1982) has described
modifications of Lower Zechstein shale enriched in FeCa(PO,) — a new phase.
This phosphate is intimately connected with the paragenesis of Au, platinum-group
elements, mooihoekite, haycockite and clausthalite. Mayer and Piestrzynski (1982)
identified francolite in copper bearing shales from Rudna mine.

DISTRIBUTION OF PHOSPHORUS IN THE METAL-BEARING HORIZON

In Rudna mine the content of phosphorus in the Lower Zechstein metal-bearing
shale amounts up to 0.033 wt?%, (arithmetic mean from 80 analyses). This value corres-
ponds to lower limits of P contents in various modifications of Lower chhst;m
shale presented by Kucha (1982). It also appears to be typical of coppcr-beanr}g
shale which is the prevailing modification in Rudna area. In the Lower Zechstein
dolomite the average content of P was found to be 0.027 wt.7; (arithmetic mean from

* Institute of Geology and Mineral Deposits, Academy of Mining and Metallurgy in Cracow (Krn-
kow, al. Mickiewicza 30).

7



90 analyses) and in the white sandstone (Weissliegendes) — 0.017 wt?%, (arithmetic
mean from 79 analyses).

No distinct regularities have been observed in horizontal distribution of phosphorus
in the investigated area excluding the obvious depletion in its content in the eleva-
tion zone of the Zechstein sea-floor which is connected with the decrease in thick-
ness of the shale (Mayer, Piestrzynski 1985).

METHODS OF INVESTIGATION

X-ray diffraction studies was performed by means of TUR-M61A diffractometer
using CoK, radiation and powder technique.

Infrared absorption spectra were obtained with a Carl Zeiss UR-10 spectrome-
ter, using KBr discs technique. Absorption spectra have been recorded in the range
of wave numbers 100—1800 and 2800—3800 cm™".

The routine microscopic examinations of polished sections has led to identifica-
tion of phosphate mineral. Its microscopic identification in the reflected light is ra-

Table 1
X-ray pattern of francolite from Rudna mine
Francolite from I;:gn:gmme, sample RG Francolite Hrom! Nassans
1 A 1 dpr
1 3.27
4 3.44 1 3.437
25 3.16 1 3.160
2.5 3.04 3 3.050
10 2.78 10 2.789
6 2.69 6 2.694
3 2.63 3 2.622
1 2.50 1 2.507
2 2.28 1 2.289
4 224 2 2.242
1 2.13 1 2.131
1 2.06 1 2.067
i 2.009 1 2.026
6 1.934 3 1.931
5 1.839 3 1.836
1.5 1.766 2 ].764
1 1.637 1 1.632
i 1.574 :
; ;;2)(2) 1 1.528
3 ;'Zg’g f 1.465
: 1422 2 -

* Grunner and McConnel (1937).
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ther difficult. The mineral is isotropic with low reflectivity c i
of dolomite. Occasionally, it shows typical features )(/)do;r;lsg)rc;%c(l;:sg ;?Jt:?tearl}c:;x
Despite its transparent character, internal reflections are rarely visible. If so these:
are whitish in_colour (for francolites free from organic compounds). When exami-
?ed in transmitted light the mineral is usually brown to yellowish-brown and iso-
ropic.

X-ray studies revealed the presence of francolite — Ca, (P
CO;, O]. The reflections obtained are in good agreement withlﬁleocfgga 52’8?32}
and McConnel (1937) (Tab. 1).
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Fig. 1. Infrared spectrum of francolite from Rudna mine, sample RG 365 Ag

More detailed information has been provided by infrared spectrum (Fig. 1).
The absorption bands suggest the mineral to be the fluorine-bearing apatite contain-
ing some amounts of CO~2 anions substituting for PO~} ones. v vibrations of the
PO, groups are responsible for the peaks 1055, 1078 and 1095 cm~?! whereas y, ones
cause the peaks 573, 578 and 606 cm~!. The substituting CO; groups are documen-
ted by the presence of 870, 1430 and 1458 cm™* bands. Traces of OH~ anion cause
a weak absorption in 1545 cm~! band which corresponds to the valence vibration
of OH~ group. Its position may be also occupied by F~ and/or Cl~ ions. It is in
agreement with 1 to 2 wt% F determined in phosphates from the Kupferschiefer
(Kucha, Pocheé 1983). Absorption in the range of 2800—3000 cm~! suggests the
occurrence of organic aliphatic compounds (resins?) which presumably causes the
brownish colour of francolite observed in the transmitted light. This band originates

from the valence vibrations of CH, and CHj3 groups.

MICROSCOPIC STUDIES

In Rudna mine francolite was found mainly in the samples from dolomitic shale
and argillaceous dolomite (lowermost part of Zechstein kalk sequence). Occasionally,
it was also found in the top part of Weissliegendes sandstone near the boundary with
the shale. Local enrichmentsin phosphorus mineral have been observed in the lead-
and zinc-bearing shales, in the NE slope of Rudna elevation zone.

Typical forms of francolite occurrence are elongated lenses, usually .cracked..The
cracks may be filled with calcite showing dark internal reflections or with sulphides.
Francolite usually replaces the fossil remnants €.g. algae (Phot. 1), fills the fragments
of brachiopods and other, unidentified organic relics (spores?) (Phot. 2, 3). It may
also form elongated lenses partly replaced by chalcocite (Phot. 4). In the dolomitic
shale lensoidal structures were observed (Phot. 5)in which the central partis occu-
pied by crushed slabs of francolite embedded in a minute intergrowths of sphalerite
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and also chalcocite or galena. The cracks are usually filled wit}} sulphides of
later generation. Sporadically, small amounts of bornite, chalcopyrite and/or cal-
cite were also observed. The forms described above are sometimes surrounded by
organic matter. : y

It should be noted, that a mineral showing optical properties identical as fr.ancoll-
te has been observed in samples from the top part of Lower Zechstein cop-
per-bearing marls in Konrad mine (North Sudetic Syncline). This phosphate repla-
ces fossil remnants and is associated with calcite.

GENETIC REMARKS

Increased abundances of phosphorus in Lower Zechstein sediments may ori-
gin from various sources. The most important seems to be the organic matter.
Phosphorus is one of characteristic components of living organism. It is contained
in nucleic acids, phospholipids, organic phosphates, esthers, eventually also in inor-
ganic polyphosphates (Trudinger 1976). After the death of an organism these com-
pounds are rapidly decomposed and can be incorporated into the sediment under
favourable conditions (Trudinger 1976). The shells of phosphatic fauna (Discina,
Lingula) and metal phosphates (ferric phosphates) (Brooks et al. 1968) can be addi-
tional sources of this elements. According to Brooks et al. (1968) interstitial solu-
tions of sediments originated in reducing environment may be supersaturated in
relation to phosphates. In the presence of high content of CO, derived from the
decomposition of organic matter and excess of Ca?* minerals of apatite group may
precipitate even more readily than calcite (Brooks et al. 1968). Kramer (1964) consi-
ders Ca-fluorapatite to be a stable phase under conditions of pH below 7.8, tempe-
rature 10°C and phosphate ion concentration 10~¢ M. One of the possible mechanisms
of decomposition of organic matter is autoxidation. Kucha (1981, 1982) characteri-
sed some details of this process in Lower Zechstein metal-bearing shales. This author
suggests that phosphates are in close genetic relation to gold and platinum-gro-
up elements enriched in some small areas in the Lubin copper district. Phosphates
played the role of “coagulator” which formed insoluble or soluble complexes with
noble metals-organic complexes (Kucha 1982).

CONCLUSIONS

It is accepted that Ca-phosphates are formed as a chemical precipitate at pH
between 7 to 7.8 (Nargbski 1960; Polanski, Smulikowski 1969). Living organisms
such as plankton, brachiopods, foraminifers and algae can be considered as a posible
source of Phin the Kupferschiefer environment. Marine organisms concentrate P
present in the sea water to produce skeleton and incorporating P into i
e{()gylgmg 9()Busmskl 1937, 1938, 1952, 1954-vide Narcbskli) 1960;gPolar’1tskir,)ré)lt';ilrlliskf’)r\}v(1
ski ;

One of posible fluorine sources are volcanic exhalations. Su -
sted for .ﬁuor-apati.tes found in Carpathians (Narebski 19600;1 i;)g;/c::e\:'a;zlé%i%;e
detqcted in the apatites present in the Kupferschiefer cannot be considercd’ as a vol-
canic — exhalative because no volcanic activity was detected in the mineralized
Zechstein. The most probable source of F may be pore waters of argillaceous sedi-
mzpts and algal mats (Fuchs 1981). The concentration of fluorine in argillaceous
sediments may be as high as 1300 ppm (Turekian, Wedepohl 1961). An average F
concentration in the sea water is about 1 ppm. Due to sorption and diagenetic chan-
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ges a concentration of F in pore waters may be strongly inc i

ment (Fuchs 1981) F is connected with the Mg?+ iof a)lls colr’relijzg.l\flngglf rg‘ggﬁ:ﬂz:
tion removes Mg from this complex into the solid state and a freed F may stay in
the solutioq or may be precipitated as CaF, or may be incorporated into the struc-
ture of apatite. Both discussed Ca minerals are present in the Kupferschiefer environ-
ment (Fiichtbauer 1958; Kucha, Poche¢ 1983). Apatite in carbonate sections covers
surfaces of cavities and forms banded infilling cements together with glauconite

(Kucha, Poche¢ 1983). It suggests that apatite was formed in at early diagenesis
in a subsurface environment close to the sea floor.

Oxidation — reduction reactions were probably responsible for releasing of
P from thp organic compounds which together with polymorphic transformation
of aragonite — type carbonates provided phosphorus for overgrowing apatite.
Fluorine was probably derived partly from the sea-water and partly from compacting
black organic-argillaceous sediment of the Kupferschiefer. A reconcentration of
P and F in the form of fluor-apatite seems to be characteristic for an early diagene-
sis controlled by oxidation — reduction, dewatering and compaction.
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Wojciech MAYER, Adam PIESTRZYNSKI

FRANKOLIT Z UTWOROW DOLNEGO CECHSZTYNU
MONOKLINY PRZEDSUDECKIEJ (KOPALNIA RUDNA)

Streszczenie

Apatyt fluorowy (frankolit) napotkano w najnizszej czesci utworow wq.;gla‘mo-
wych cechsztynu, tj. w tupkach dolomitycznych, dolomitach ilastych, a niekiedy
takze w stropowej czeéci piaskowcdw biatego spagowca. Zawarto$¢ apatytu fluoro-
wego wzrasta w tupkach cynkono$nych. Frankolit zastepuje zwykle resztki skamie-
niatosci (algi, ramienionogi i in.). Sugeruje to biogeniczne pochodzenie frankolitu
utworzonego z fosforu, ktéry zostal uwolniony z substancji organicznych w wyniku
ich autooksydacji.

OBJASNIENIE FIGURY

Fig. 1. Widmo absorpcyjne w podczerwieni frankolitu z kopalni Rudna, probka RG 365 Ag

OBJASNIENIA FOTOGRAFII

Plansza 1

Fot. 1. Struktura przypominajaca algi zastepowane przez frankolit (fr). Wewnatrz frankolitu wi-
doczne sa malerikie inkluzje siarczkow miedzi. Czeéé érodkowa wypetniona jest chalko-
zynem (cc) i bornitem (bn). Kopalnia Rudna, probka RG 86/6, §wiatto odbite

Fot. 2, Slruktura. przypominajaca z¢by ryby zmineralizowane chalkozynem (cc) i frankolitem (fr)
w dolomicie ilastym. om — substancja organiczna. Kopalnia Rudna, probka RZ 34/12,
Swiatlo odbite

Fot. 3. Forma organiczna zbudowana z frankolitu i chalkopirytu (¢p) w tupku il ) alnia
Rudna, probka Po-8 142 Ag/c, $wiatlo odbite. R RD) R O RnbTant

Plansza 11

Fot. 4. Chalkpzy;] (cc) ms{lc'pl.tx)ja?y szezatek skamienialoécei zbudowany z frankolitu (fr), w piaskow-
Cu najwyzsze) czesci bialego spagowca, o spoiwie ilasto-wegls alni

prébka RG 43/14, wiatlo odbite PRSPOTC R R OPA SR

ragment soczewki zbudowanej z subtelnych przerostow sfaler p) i i i

N v / s ytu (sp) i frankolitu. Szczatki
organiczne (alga?) w obrebie soczewki sa zastgpione i i

e e e g 4 4p przez frankolit (fr). Kopalnia Rudna,

Fot.’s.

Boityex MAHEP, Adam TTECTHIMHECKH

OPAHKOJIUT M3 HUXKHEUEXIITENHOBBIX OBPA30OBAHUI
MNPEJACY JETCKO MOHOKJIMHAJIM (PYJHUK »PYJTHA”)

Pesome

DropanaTuT (PpaHKONNT) BCTpedeH B HU3AX KapGOHATHBIX OOGpA30BAHMH LEX-
mTelHa, T.6. B JIOJOMUTOBBIX CIAaHIAX, [JIMHACTBIX IOJOMHUTAX, 4 MHOTA4 B KpO-
BEJILHOM 4YacTy necyanukoB Genoro sexens. Copepxkanve GpTOpanaTuTa yBEIH4H-
BACTCS B IIMHKOHOCHBIX ClaHlax. DpaHKOIUT 3aMeIAeT 0BBIYHO OCTATKM OKAMEHE-
stocteit (asbru, 6Paxuonoabl ¥ Ap.). DTO YKA3LIBAET HA GUOrEHHOE MPOUCXOKICHHE
(dhpanxomuTa, o6pazoBanHoro u3 hocdopa, KOTOPhIA 0CBOGOIUICH C OPTAHUYECKOTO
BEIIECTBA B UTOrE €ro aBTOOKCHIALMM.

OBbACHEHME K OUTI'YPE

®ur. 1. UK-criekTp norsoumenus hpaHkomura u3 pyanvka ’Pyaua”, obpasen RG 365 Ag

OBBACHEHUS K ®OTOI'PAOUAM

Ta6ymua I

®oto 1. CrpykTypa, HAMOMMHAIOLIAsA 3aMENacMble (PaHKOIATOM (fr) ameru. BryTtpm bpan-
KOJIATA 3aMETHBI TOHKHE BITIOYEHUs Cynbbuuor Memu. LleHTpaabHas 4acTh BINOJIHCHA
xasmbKo3nHoM (cc) u 6opuutoM (bn). Pynuuk Pynna”, obpazen RG 86/6, OTpaKkeHHBIA
cBer

®o10 2. CTPYKTYpa B IJIMAUCTOM MHOJOMHTE, HATOMUHAIOUIAA MAHCPATM3OBAHHEIC XAJIbKOIHHOM
(cc) u dpaukourom (fr) 3y6ul prib. om — OpraHUYECKOE BELIECTBO. Pypnux ”Pyana
obpasenr RZ 34/12, orpakeHHbIA CBET

®oto 3. Oprauuyeckas Gopma, CrOKCHHAA (paHKOTMTOM M XaJIBKOIMPATOM (cp) B TIIAHKCTOM
cnanue. Pymauk “Pynna”, obpasen Po-8 142 Ag/c, OTpakeHHBIA CBET

Tabmaua II

®oto 4. Xamekoszun (cc), 3amMeaomuil OCTaTOK OKAMEHETIOCTH, CIIOKCHHON (bpauxonu'ror'v} (fr)
B [IECYAHNKE BEPXOB OEJIOr0 JICKEHA C [JIMHUCTO-KapGOHATHBIM LieMeHTOM. Pyanux “"Pyn-
na”, obpazen RG 43/14, oTpakeHHbIA CBET

Doto 5. d)pa’.meg-r JIMH3BIL, cnom’eﬂuon TOHKMMH cpacTaHmsiMu chanepura (sp) u (paukomTa.
OpraHnyeckne OCTaHKH (asbru?) B rpaHuUax JIMH3bI 3AMEIICHBI tdpanxomuTom (fr). Pya-
muk ’Pymua”, obpasen RG 58/9, OTpakKCHHbIA CBET
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EXPLANATIONS OF PLATES

Plate 1

Algae-like structure replaced by francolite (f¥). Inside francolite a minute inclusions of
Cu-sulphides are visible. Central part is filled by chalcocite (cc) and bornite (bn). Rudna
mine, sample RG 86/6, reflected light

. Structure resembling teeth of fish mineralized by chalcocite (¢c), francolite (fr) and orga-

nic matter (om) in argillaceous dolomite. Rudna mine, sample RZ 34/12, reflected light

. Organic form composed of francolite and chalcopyrite (¢p) in clay shale. Rudna mine,

sample Po-8 142 Ag/c, reflected light

Plate 11

. Chalcocite (ce) replacing a fossil remnant composed of francolite (fr) in sandstone, top-

most part of the Weissliegendes, clay-carbonate cement, Rudna mine, sample RG 43/14,
reflected light

Fragment of a lens composed of minute intergrowth of sphalerite (sp) and francolite.
Organic fragment (algae?) within the lens are replaced by francolite (fr). Rudna mine,
sample RG 58/9, reflected light
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