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A Zempléni egység magyarorszagi részén feltirt tridsz
képz6édmények ujraértékelése
Re-evaluation of Triassic formations
in the Hunguarian part of the Zemplén Unit

PENTELENYI Lasz16!, Haas Janos?, PELIKAN P4l?, Piros Olgal,
ORAVECZNE SCHEFFER Annal
(3 bra, 6 tabla)

Targyszavak: tridsz, platformkarbondt, foraminifera, Dasycladacea, Zempléni egység
Keywords: Triassic, platform carbonate, foraminifera, Dasycladacea, Zemplén unit

Abstract

The evaluation of the Mesozoic formation encountered in boreholes in the environs of Sarospatak
and Sétoraljatjhely, in the Zemplén Unit has been a rather contraversial subject of debate for a long
time. In order to solve these problems new studies on the available cores have been carried out and
the authors re-evaluated the previous data. The present paper summarises the relevant information
on the Triassic in the Hungarian part of the Zemplen Unit, also taking into account the results of the
latest investigations. New studies on the core samples of borehole Sérospatak 5-7 reinforced existing
belief that a Dachstein-type platform carbonate succession is present. According to studies of
limestone inclusions of Miocene volcanic rocks in the studied area, fragments of Wetterstein-type
platform carbonates are common. This fact suggests the existence of a Wetterstein-type platform
below the Dachstein one. The connection between of the Lower and Middle Triassic succession
cropping out in Slovakia (near to the state boundary) and the Triassic sequences on the Hungarian
side is a crucial question. It is probable that the latter is overthrusts the former i.e. a nappe structure
can be assumed.

Osszefoglalés

A Zempléni egységben a sdrospataki és a satoraljaGjhelyi farasokban feltart mezozoos
képz6dmények értékelése meglehetSsen ellentmondasos, régéta vita targyat képezi. A problémak
megoldésa érdekében a szerzok tjabb vizsgélatokat végeztek és tijraértékelték a kordbbi adatokat. A
cikk e vizsgélatok eredményeit is figyelembe véve sszegezi a Zempléni egység magyarorszdgi részén
a fardsokkal feltart tridsz képzédményekre vonatkozé ismereteket. A magok Gjravizsgilta
megerésitette, hogy a MEV ltal mélyitett Sarospatak $-7 firés ,dachsteini tipusa” platformkarbonat
Osszletet harantolt. A vulkanitokban taldlhaté mészkézarvanyok kozott gyakoriak a ladin
,wettersteini tipus@” platformkarbonat 6sszletbSl szarmazoék, ami valészinlivé teszi, hogy a
»dachsteini tipusit” platformmészké alatt ,wettersteini tipusit” telepiil. Lényeges kérdés a szlovak
oldalon a felszinen is megtaldlhat6 Gjpaleozoos sszletre telepiils alsé és kozépsd-tridsz dsszlet és a
hazai farasokban feltdrt, illetve miocén vulkanitok zdrvdnyaként el8keriilt ladin-fels6-tridsz
platformkarbonat képzédmények kapcsolata. Valészinli, hogy az utdbbiak takarcként fedik az
elébbieket.

1 Magyar Allami Féldtani Intézet, H-1143 Budapest, Stefania Gt 14.
2MTA-ELTE Geolégiai Kutatécsoport, H-1117 Budapest, Pazmany P sétany 1/c.
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Bevezetés

A Zempléni-szigethegység felszini tridsz képzédményei — amelyek kizarélag a
mai Szlovékia teriiletére esnek —a XIX. szdzad kozepétdl ismertek. A mai Magyar-
orszég teriiletén, Sarospatak-Satoraljatijhely térségében viszont csak az utébbi
évtizedekben tartak fel mezozoos képzédményeket termalviz- vagy nyersanyag-
kutaté célzattal telepitett frasok. E farasokban feltart mezozoos képzédmények
értékelése meglehetésen ellentmondasos, régota vita targyat képezi. Magyar-
orszég foldtana tridsz kotetének Osszedllitdsa vetette fel ismét az ellentmondésok
tisztdzdsanak igényét és e munka kapcsan a kulcsfontossagii Sdrospatak—7 frds
és néhany egyéb minta tjravizsgéltara is sor keriilt. Cikkiink célja az, hogy az
Gjabb vizsgalatok eredményeit is figyelembe véve 6sszegezziik a Zempléni egy-
ség magyarorszagi részén a flrasokkal feltart triasz képz6dményekre vonatkozd
ismereteket.

Kutatasi el6zmények

Els§ izben HINGENAU (1858) irt le koviilet nélkiili, s6tét szinli mészkovet a
ladméci hegyrél és a kérnyezd dombokrél, melyet az alpi ,gutensteini mészké”-
hoz hasonlonak véit.

HAUER felvételezése soran Szél6ske mellett talalt csillimos palds méargat, amit a
,werfeni rétegek”-kel azonositott (HAUER & RICHTHOFEN 1859).

Worr (1868, 1869) a Mészhegyen (ma Somos-hegy) és Hegyeshegyen (ma
Hosszu-hegy) jelzett als6-tridsz mészkovet megemlitve, hogy ezt mar
RICHTHOEEN is észlelte. A mészks mellett csillimban gazdag homokkoévet és mar-
gat is taldlt, id6sebb kvarchomokkén teleptilve.

SZADECZKY (1897) 1:75 000-es méretaranyii foldtani térképen dbrdzolta a Zem-
pléni-szigethegység tridsz mészké és dolomit véltozatait, koviiletet 6 sem talalt.

1940-ben FERENCZ], ifj. LOCzy tarsasdgiban kagyl6- csiga-, crinoidea-marad-
vanyokat gytijtott a Somostetd sziirke, lemezes mészkovébodl, melyeket VADASZ
hatdrozott meg. FErReNczi (1943) a zempléni kifejlédést gutensteini tipustinak
tartotta és az alsé-tridsz felsd (kampili) tagozatdba helyezte.

A XX. szdzad maéasodik felében BOUCEK-PRIBYL (1959), PaNTO (1965, 1968),
PENTELENYI (1971, 1972a, b), EGYUD (1982), GRECULA & EGYUD (1982), VOZAROVA &
STRAKA in: BANACKY et al. (1988), VOZAROVA & VOZAR (1988) és Vass et al. (1991)
foglalkoztak a zempléni tridsz képzédmények vizsgalataval, besorolasaval, tago-
lasaval, térképezésével.

A mai Magyarorszag teriiletén el6szor az 1959-ben mélyitett Sarospatak Sp-5
(K-104 vizkutat6) faras tart fel miocén piroklasztikumok alatt tridsz iilledékeket
225-287 m kozott, melyek feldolgozasat BARDOSSY (1960) végezte el. A hasonl6an
vizkutaté célzattal 1968-ban mélyitett Végardo-Fiird6-2 (Sarospatak K-115, Kiss
1968) fards 318-328 m kozott, az 1985-ben mélyitett Végards-Fiird6-4
(Sarospatak K-130) faras pedig 338-344 m kozott harantolta a tridsz alaphegység
felsd, breccsasodott részét. Az emlitett fardsok altal feltart sdrospataki tridsz
alaphegység helyzetével, értelmezésével FriTs (1964), PANTO (1965, 1968), PANTO
et al. (1966), GYARMATI (1970, 1974) és PENTELENYI (19724, b) foglalkozott.

1974-ben a Mecseki Ercbanyaszati Véllalat kozvetleniil a korabbi Sérospatak-5
faras mellett lemélyitette a Sarospatak 5-7 flrast, mely miocén tufadsszlet alatt,
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208,5 m-t6l a 591,4 m-es talpmélységig tridsz mészkGosszletben haladt (MAJOROS,
GARDONYI in: MARCZELNE szerk. 1977; MAJOROS, GLOCKNERNE 1981; MAjOROs 1982).
A sarospataki farsoktol EK-re 8 km-re 1969-1970-ben melyult Satoral]aUJhely—S
firas, j6val mélyebben (740,3-779,6 m kozott) hardntolt erdsen tektonizalt, zo6mé-
ben tridsz karbonéatos kézeteket. Ennek feldolgozdsa GYARMATI és PENTELENYI
nevéhez ftizédik (GYARMATI 1970, PENTELENYI 1972b, GYARMATI & PENTELENYT 1970,
1973). Ertelmezésével a késébbiekben SzaBO (1993), JAMBOR (1998), KOZAK &
PUsPOKT (1999a, b), PENTELENYI (in: GYALOG et al. 1999) foglalkozott.

A badeni tufék, tufakonglomeratumok tridsz kori zarvéanyai is szolgaltattak
adatokat a miocén vulkanitokkal elfedett alaphegység jellegérsl, melyekrdl
SzEBENY1 (1948), Frits (1964), BARDOSSY (1960), NAGY (1982), PENTELENYI (1969,
1972a, b), GyarmATI et al. (1980), SzaBO (1993) tett emlitést, részletesebb
feldolgozasukrol PENTELENYI (1972a, b) és NaGY (1982) szdmolt be. U]abban a
Rudabényacska 1 furds 586,6-983,8 m kozotti szakaszanak badeni tufadsszletébdl
sikeriilt §slénytanilag értékelhetd tridsz mészkézarvanyokat gydjteni.

A Zempléni-hegység magyarorszagi részén flirdsokkal feltart tridsz képzsd-
ményeket - a szlovakiai tagolast is figyelembe véve — el6szor SzaBO (1993) foglalta
rendszerbe. Kés6bb JAMBOR (1998) értelmezte a rendelkezésre allé adatokat.

A tridsz képz6édmények elterjedése, tagolasa

A térség foldtani vazlatat, a tridsz képzédmények kibavésaival, tovabba
farasban, valamint miocén tufazarvanyokban valé el6forduldsaival a 1. dbra,
szelvénybeli elhelyezkedésiiket a 2. dbra mutatja (bér a flirdsokban 45°-ot is elérd
rétegddléseket észleltek, a dblésiranyok ismeretének hidnyaban a szelvényeken
ezt nem tudtuk dbrézolni). A térképbél kitlinik, hogy magyar teriileten nincsenek
tridsz kibtvasok. Sétoraljatjhelytsl ENy-ra, a Ronyva jobb partjan mélyult
farasok sem tértak fel tridsz képzédményeket, de Rudabanyacska—Véagashuta
korzetében a tufazarvanyok alapjén gyanithatd meglétiik, illetve viszonylag
kiemelt helyzetiik. Sdrospataktdl DNy-ra is szdmolhatunk tridsz képz&dmé-
nyekkel, de egyre nagyobb mélységbe zokkenve. Egyes foldtani képzédmények
kozvetve utalnak a Tokaji-hegység alatti karbonatos Osszletre, mint a vagashutai
karbodécit, komléskai, vagy az abatijszantd-cekehazi forrdsmészkd.

SzaBO (1993) a Zempléni-hegység magyarorszagi teriiletén négy litosztratig-
rafiai egység elkiilonitését javasolta: a Brezinai, a Gutensteini, a Pataki és a
Dachsteini Mészké Formaciot. Itt kell megjegyezni, hogy a Szaso 4ltal , Pataki
Formécioba” sorolt ,zold szinti bontott tufa” val6jdban nem a tridsz rétegsor
része, hanem a miocén vulkanizmushoz kothetd. A kisebb-nagyobb méretii tridsz
illedékzarvanyok, esetenként tombok (pl. Karos—2 firés: 373,6-382,8 m) allochton
helyzetben vannak a miocén tufa-tufakonglomeratum 6sszletben.

A jelen munkédban bemutatott tagolas SzABO (1993) és JAMBOR (1998) beosz-
tasatol, nevezéktanat6l némileg eltér. Figyelembe veszi a szlovak és a magyar
szakemberek (VozARovA A., VOZAR, ] HAAS] Kovacs S., LEss Gy, PEL[KAN B,

kozelmultban elvegzett Gjravizsgélatok eredményeit is.
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1. dbra. A Zempléni egység tridsz képzédményeinek elterjedése

Fig. 1 Triassic formations in the Zemplén unit



SAROSPATAK S-7

A HERCEGKUT SAROSPATAK-5 SATORALJAUJHELY-8  BORSL Zo-10 ZEMPLEN B
238° l (K-104) I | (LADMOC) | 58

HOSS|ZUHEGY KIRALYHEGY | MEGYERHEGY RONYVA ALLAlMHATAR BODI‘{OG
| |

e

szarmata vulkéni és {iledékes képz6dmények

bédeni vulkani és ledékes képzddmények

. PR 7 kozépso-tridsz és fels6-jura - also-krét:
VEGARDO FURDG— itledékes egymisra pikkelyezve
(SAROSPATAK K-130)

SAROSPATAK—6 VEGARDO FURDO-2 Ladmé6ci Forméci6
I SAROSPATAK 5—-7 (SAROSPATAK K-115) Dachsteini Mészké Formacis
I SAROSPATAK-5 VEGARD! O-Ml D achsteini Mészké Formicié
33¢° (K-104) | 154°

250 Brezinai Forméci6 (Luzsnai Form4cié)

(I
==
MEGYERHEGY |  BOTKO B0 Wettersteini Mészks Formacis
|

Lo permi szérazfoldi tiledékes
Ve vulkéni képzédmények
ey 250 S Karbon iledékek

~--500

2. dra A tridsz képzédmények helyzete a) Sdrospatak-Ladmdc kozotti foldtani szelvény mentén, b) A Sérospatak kornyékén

Fig. 2 Setting of Triassic formations a) along the geological section between Sirospatak and Ladmouce, b) in the environs of Sdrospatak
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Alsé-triasz, uralkodéan sziliciklasztos képzédmények (Brezinai Formacio)

A Brezinai Forméaci6t palds homokké rétegekkel tagolt, homokos konglomera-
tum épit fel, ami felfelé tarka agyagpalaba, voros aleurolitba, dolomitos paldba
megy &t margas, gipszes kozbetelepiilésekkel. Vastagsdga 50-100 m, az als6-
tridszba sorolhat6. Magyarorszagon a forméciét GREcuLA & EGYOD (1982) nyomén
SzaBO (1993), irta le nem hivatalos litosztratigrafiai egységként. A Zemplén-
szigethegységben tjabban Luzsnai Formaciéként is nevezik (STRAKA & VOZAROVA
in BANACKY et al. 1988, Vass et al. 1991). Szlovékia teriiletén a felsé-perm Kisbéri
(Csarnahdi) Formaciéra diszkorddnsan telepiil. Felfelé altalaban fokozatosan
megy at a Ladmoci Formécigba.

A formdcié als6 része felszinen Szél6ske (Vinicky) és a brezinai dombtetd
kozott Csarnahotél K-re, legteljesebb szelvénye pedig a ZO-1 farasban (GRECULA
& EGYUD 1982) tanulméanyozhaté. Felsd, evaporitos kifejlédése a ladméci E4i, EK-
i s K- részén diapir szerkezetben bukkan elé a Ladméci Formacié fekvéjében.

Magyarorszag teriiletén a Satoraljatijhely-8 fards 779,6-821,0 m kozotti
szakaszat (a rétegddlés 25-40° kozott) soroljuk — telepiilési helyzete, illetve
kézettani analégidk alapjan — a Brezinai Formaciéba. Az 6sszlet aljan telepiilS vé-
kony béziskonglomeratum felett voroseslilas szinti, kozépszemdi, vékonyréteges
kvarchomokké rétegek telepiilnek vékony aleurolit, palds agyagkd csikokkal
(795,9-810,5 m kozott miocén vulkanit-benyomulassal megszakitva). A kavicsok
anyaga tjpaleozoos iiledék, kvarcit, kvarcpala, csillimpala, porfiroid. A hirtelen
meginduld iiledékbehordassal keletkezett konglomerdtum rétegek folotti
homokké sikparti faciesti, a pelites, aleuritos iiledékek pedig 6blokben halmo-
z6dhattak fel (EGYOD 1982, SzaBO 1993).

A farasban feltért szakasz a Brezinai Formécio als6 részével parhuzamosithats,
diszkordénsan telepiil a felsG-permi Kisbari Formdciora. Feddjében a Ladmdci
Formaciét tartdk fel (tektonikusan beékelt fels6-jura—alsé-kréta képzddmé-
nyekkel).

Itt emlitjiik meg, hogy a megyerhegyi vulkanitok karbonatos zdrvényaiban
ORAVECZNE (in PENTELENYI 1972b) olyan mikrofauna-egytittest talalt (Glomospira
cf. regularis LipINa, Glomospirella cf. spirillinoides (GRozD. et GLEB.), Endothyra sp.,
Pseudotristix cf. solida REITLINGER, Trochammina sp., Glomospira sp., Permodiscus sp.,
Frondicularia sp., Ostracoda, Radiolaria), melynek alapjan val6szinisitette azok
als6-tridszba tartozasat.

Kozépsé-triasz karbondtrimpa képzédmények (Ladméci Formaci6)

A Brezinai (Luzsnai) Formaciébdl folyamatosan fejlédik ki a Ladméci Forma-
cié. Az ennek megfelel$ képzédmények megjel6lésére SzaBo (1993) altal javasolt
Gutensteini Mészké és Pataki Formaci6 bevezetését nem tartjuk indokoltnak. A
szlovakiai adatok alapjan STRAKA & VOZAROVA szerint (in: BANACKY et al. 1988) a
formacié legfontosabb jellegei a kovetkezdk.

Legalsé, mintegy 8 m vastagsagt szakasza dolomit, dolomitos palds homokkd
rétegekkel, amely az anisusi égei alemeletébe sorolhaté. A pelsoi alemeletet
sotétsziirke, ,gutensteini tipusa”, dolomitosodott mészk$ (50-60 m), az illir
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alemeletet pedig sziirke mészké és sotét agyagpala kozbetelepiilésekkel tagolt
dolomit, dolomitos mészkd, sejtes dolomit képviseli. A forméci6 ladinba 4tnyudl6
fels részét sziirke, pados, helyenként vermikularis mészk®, dolomitos mészko és
dolomit alkotja. Az illir-ladin kor Gsszlet egyiittes vastagsdga 150~200 m. A
formacio teljes vastagsaga 200-250 m-re tehetd.

A forméci6 legjelentdsebb feltirdsa a Szlovékia teriiletén lévS ladméci nagy
kofejtd, ahol a kézetet els6sorban mészégetési célokra &sidék 6ta fejtik. A kdzet
véltozatos kifejlédésti, tektonikusan Osszetoredezett, breccsds, tobbnyire
dolomitos, életnyomos mészks, meszes dolomit, meghatidrozhaté mikrofauna
csak ritkdn akad benne (Hemigordius sp. — ORAVECZNE in PENTELENYI et al. 1971,
PENTELENYI 1972b). Conodonta vizsgalatok szerint a nagy kéfejt6tél D-re fekvd
régi kis kéfejté kozépsziirke, pados, helyenként vermikuldris mészkove felss-
anisusi-alsé-ladin korti (J. VOZAR sz6beli kozlés). A nagy kofejtd E-i részén gyako-
riak a laminalt és bioturbélt, életnyomos (vermikularis) mészkStipusok, a rétegsor
als6 részén dolomit betelepiilésekkel.

Koréabban a sarospataki firasokban elért tridsz karbonatos képzédményeket a
Ladméci Formaciéval azonositottdk (BARDOSSY 1960, FRITs 1964, PANTO 1965 1968,
GyaRMATI 1970 1974, PENTELENYI 1972b), de a mér emlitett Sdrospatak S-7 farasbol
(amit kozvetleniil a kordbbi S-5 fards mellett telepitettek) és a mészkd-
zarvanyokbdl nyert adatok alapjan ezt a nézetet revidealni kellett. Ez nem jelenti
azt, hogy a Ladméci Forméci6 e teriileten biztosan hidnyzik, de mai megitélésiink
szerint a sdrospataki farasok egyike sem érte el a felsé-tridsz fekvdjét.

Jelenleg csupdn a Sétoraljatjhely-8 fiirds 740-780 m kozotti szakaszan
feltételezzitk a Ladmoci Formacié meglétét, ahol a Brezinai Formécié felett
breccsds, sotétsziirke dolomit és fekete agyagko talalhatd, fels6-jura—als6-kréta
mészkovekkel osszepikkelyezédve, badeni tufakonglomeratum fedével (2. dbra)
(GyarMATI 1970, GYARMATI & PENTELENYI 1970, PENTELENYI 1972b, GyarRMATI &
PENTELENYI 1973, NAGY 1982). A furésban feltart tridsz karbonatos sszletet, szove-
ti jellegei alapjan NAaGY (1982) a villanyi anisusival parhuzamositotta.

A badeni tufakbol (Sarospatak-5 firas), tufakonglomerdtumokbol (Sator-
aljatijhely-8 furds) is keriiltek el6 dolomitzarvanyok. NAGY (1982) a megyerhegyi
zarvanyok kozott eléforduld spongids mészkdtipust (kevés kagyloval és
foraminiferaval) és Gsmaradvany-mentes mészkStipust is anisusi kordnak
tartotta.

Ko6zéps6-triasz platformkarbonit képzédmények
(Wettersteini Mészké Formacid)

Ladin mészk6kavicsokat a Sarospatak-5 faras 184,0-2250 m kozotti
szakaszardl, a badeni tufadsszietb6l mar BARDOsSY (1960) is leirt. A badeni
riolittufa és tufakonglomerdtum mészkdzarvanyai alapjan PENTELENYI (1972b)
arra kovetkeztetett, hogy az anisusi végétél a Tokaji-hegység EK-i részén a
mecsek-villanyitél eltérd, a blikki-rudabanyai, illetve gémori teriilethez hasonl6
iiledékképzddési viszonyok uralkodtak. Ehhez bizonyitékot azok a mészkdzar-
vanyok szolgéltatnak, melyek elsdsorban a sdrospataki Megyerhegy D-i oldalan
talalhat6k nagy szdmban (SCHOLZ, NAGY in PENTELENYI 1972b), de hasonl6kat
sikeriilt kimutatni a Rudabényacska-1 ftras alsé szakaszarol is.
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Az elébbi lelShelyrél PENTELENYI altal gydjtott vilagossziirke, valtozo
mértékben atkristadlyosodott mészkézarvanyok jelentSs részébdl sikeriilt
kimutatni a ladint jelz6 Diplopora annulata annulata HERAK mészalgat (SCHOLZ in
PENTELENYI 1972b), mésokbdl pedig az als6-karnit (cordevolei alemeletet) jelz6
Teutloporella herculea fajt Acicularia sp., kevés foraminifera, Codiaceae-félék,
Gastropoda-, Bryozoa, Spongia-, Echinodermata- téredékek mellett (NAGY in
PENTELENYT 1972b, NaGY 1982). A Rudabanyécska-1 faras 586,6-983,8 m kozott
szakaszan a vulkanit PENTELENYI és PELIKAN éltal gyijtott mészkézarvanyaibol
Diplopora annulata annulata HERAK és Diplopora annulata philosophy Pla volt
meghatarozhat6 (I, II. tibla). Ugyancsak ladinra utal a Foraminifera egyiittes
[Diplotremina astrofimbrata KRISTAN-TOLLMANN, Trochammina cf. januensis BRONN et
PAGE, Endoterba e. gr. obtura (BRONN. et ZANINETTI), Trochammina alpina KRISTAN-
TOLLMANN - III. tdbla). Mindezek az adatok bizonyitjdk a ladin (wettersteini-
tipustl) platformkarbonatok meglétét a tertileten.

A Wettersteini Mészké Formacié a Zempléni-szigethegység szlovakiai részén
nem ismert. Sdrospatak kérzetében azonban - a fentiek alapjan — joggal feltéte-
lezheté megléte.

Felsé-triasz karbonatplatform képzédmények (Dachsteini Mészké Formaci6)

A Zempléni-egységben a Dachsteini Mészké Forméaci6 meglétét Szaso 1. (1993)
vetette fel a Sarospatak—7, valamint a Végard6-2 ftrasok rétegsorait emlitve.

Bér az 1959-ben mélyiilt Sarospatak-5 ftrds karbondtos dsszletét hossza idén
keresztiil a Ladméc kérnyekén ismert tridsszal azonositottdk, a fels6-tridsz jelen-
léte a sarospataki Megyerhegy D-i oldalarél gy(ijtott zarvanyokbol mar kordbban
is feltételezhetd volt (PENTELENYI 1972b, NAGY 1982).

A formacié legteljesebb szelvényét a sarospataki Botkénél mélyitett S-7 fards
adja, mely miocén tufadsszlet alatt 208,5-t61 az 591,4 m-es talpmélységig, tehat
kozel 400 m-es vastagsdgban harantolt felsé-tridsz karbonatos képzédményeket
20-45°-0s rétegdblés mellett (3. dbra). A rétegsor legalsé mintegy 100 m-es szaka-
sza azonban finomkristalyos és cukorszévetti dolomit (feltehetGen a F6dolomit
Forméci6 megfeleléje). A kordbban ugyanitt mélytilt Sarospatak—5 (Sp-5, K-104)
fards, 224,6 m-t6l a 287 m-es talpmélységig haladt a platformkarbonét 6sszletben,
mig a Végardo-Fiird6-2 (Sarospatak K-115) flrds 318-328 m-ig, a Végards-
Fiird6—4 (Sarospatak K-130) fras pedig 338-344 m kozott csupan a formécio
felsd, fellazult részébe hatolt.

Az S-7 farasban az emlitett dolomit szakasz felett az uralkod6 kézettipus
tomor, vilagossziirke, sziirkésfehér, olykor sotétebb sziitke arnyalatd, vastag-
pados, mikrokristalyos vagy kriptokristalyos mészkd, Megalodusokkal (4. dbra),
és sztromatolitos (algalaminites) szerkezettel. Ritkdn sotétsziirke agyagpala,
agyagmarga betelepiiléseket tartalmaz. Gyakran breccsasodott, kalcit- és pirit-
eres, néhol vordses elszinez&dés.

A Sérospatak-5 fards 285-286 m kozotti szakaszardl Dasycladacea toredék,
Nodosaria toredék, Ostracoda, Radiolaria, Echinodermata vazelem el6forduldsat
emlitette ORAVECZNE SCHEFFER (in PENTELENYI 1972b). Az S-7 furds tobb
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szakaszardl keriiltek el6 mikrofosszi-
lidk (3. dbra). Az alabbi Foraminifera
fauna késG-nori-kora-rhaeti korra utal
(IV, V, VL. tdbla):
255,0-257,5 m:
Trochammina januensis BRONN. et PAGE
Agathammina austroalping KRISTAN-
TOLMANN
Praegubkina turgescens FUCHS
295,6-298,3 m:
Tetraxis cf. nang KRISTAN-TOLLMANN
328,6-331,8 m:
Oberhauserella cf. norica (KRISTAN-
TOLMANN)
Oberhauserella cf. ovata FUCHS
Turrispirilling minima PANTIC
Praegubkinella kriptumbilicata FUCHS
499,3-504,1 m:
Ophthalmidium lucidum (TRIFEONOVA)

A faras 543,0-547,7 m kozotti szaka-
szan Poikiloporella duplicata P1A volt
felismerhetd (II. tdbla).

A Végardo-fiirdéi fardsok kripto-
kristalyos, kalciteres mészkovébol
meghatérozhaté 6Gsmaradvany - nem
kertilt el6.

Ebbe a formécidba soroljuk a sdros-
pataki Megyerhegyrél és Vagdshuta
kornyékérdl elékeriilt mészalgas (sok
Dasycladaceae, kevés Acicularia, Codi-
aceae, nagyon kevés Radiolaria és sok
Foraminifera) és microcodiumos (Mic-
rocodium elegans GLUCK.) mészkézar-
vanyokat (NAGY in: PENTELENYI 1972b,
Nacy 1982), valamint feltehetéen ide
sorolhat6 a Karos-2 ftrdsban (355,5-
382,8 m) feltart mészk® is.

Sérospatak S-7
n
20
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L 2
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3. dbra. A Sérospatak S-7 furas rétegoszlopa
Fig. 3 Geological column of borehole Sdrospatak -7

Kovetkeztetések

A MEV 4ltal 1974-ben lemélyitett Sarospatak S-7 furas tobb szdz méter

s

vastagsdgban harantolt ,dachsteini tipustt

platformkarbondt sszletet (MaJOROS

1982, SzaBO 1993, JAMBOR 1998), amit a magok tjravizsgélta is megerdsitett. Ez az
Osszlet egyértelmiien a felsé-tridsz dachsteini faciesévbe sorolhat, melynek
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Koszonetiinket fejezzitk ki LEss Gyorgynek és BuDAl Tamésnak a gondos
lektoraldsért. A munka az OTKA T037966 téma tdmogatdsaval késziilt.

Téblamagyarazat — Explanation of Plates

1. Tabla — Plate I

1. Diplopora annulata philosophy Pia N: 40X, Rudabanyécska-1, 797 m
. Diplopora sp. N: 40X, Rudabanyécska-1, 797 m

[N]

1L Tébla - Plate II
. Poikiloporella duplicata PiA, N: 40X, Sérospatak-7, 547,7 m
. Poikiloporella duplicata P1a, N: 20X, Sarospatak-7, 547,7 m
. Diplopora annulata annulata HERAK N: 40X, Rudabanyacska-1, 797 m

W=

III. Tébla - Plate IIL

. Diplotremina astrofimbrata KRISTAN-TOLLMANN, Rudabanyacska-1, 861 m

. Trochammina cf. januensis BRONN. et PAGE, Rudabanyacska-1, 861 m

. Endoterba e. gr. obtura (BRONN. et ZANINETTI), N: 50 X, Rudabényécska-1, 861 m
. Trochanunina alpina KRISTAN-TOLLMANN, Rudabéanyéacska-1, 861 m

B W N

IV. Tabla - Plate IV

—

. Trochammina januensis BRONN. et PAGE, N: 125X, Sarospatak-7, 255, 0-257,5 m
. Agathammina austroalpina KRISTAN-TOLMANN, N: 50%, Sarospatak-7,255, 0~257,5 m
3. Praegubkina turgescens Fuchs, N: 125X, Sarospatak-7, 255, 0-257,5 m

N

V. Tabla — Plate V

1. Oberhauserella cf. ovata FUCHs, N: 125X 328,6-331,8 m
2. Ophthalmidium lucidum (TRIFONOVA), N: 50X Sarospatak-7,499,3-504,1 m
3. Tetraxis cf. nana KRIsTAN-TOLLMANN, N: 125X x Sarospatak—7, 295,6-298,3 m

VIL.Tébla - Plate VI

1. Praegubkinella kriptumbilicata FUCHS, N: 50X Sarospatak-7, 328,6-331,8 m
. Turrispirillina minima PANTIC, N: 50X Sarospatak-7, 328,6-331,8 m
3. Oberhauserella cf. norica (KRISTAN-TOLMANN), N: 125X Sarospatak-7, 328,6-331,8 m

]
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Analysis of an archive sample from the carbonatic
manganese ore sequence, Eplény, Hungary

Egy archiv minta vizsgdlata az eplényi mangdnkarbondtos ércbdl

Marta PoLGArl], Magda SzaBo-DrUBINAL, James R. HEINZ, Zoltén SzaBo3

(5 abra, 2 tablazat)

Keywords: Jurassic, Mn-carbonate, black shale, C-isotope, microbial, Hungary
Tdrgyszavak: jura, Mn-karbondt, feketepala, C-izotdp, mikrobidlis, Magyarorszdg

Abstract

A typical Jurassic Mn-carbonate ore sample from Eplény consists of manganoan calcite and calcian
rhodochrosite, with a moderate amount of quartz. The Mn content of the ore is only 7.51 wt. % (Mn)
and the Mn/Fe ratio is 8.73. The Eplény ore differs from the Urkiit Mn-carbonate ore in mineralogical,
chemical, and isotopic characteristics. The C isotope data for the Eplény ore (813Cppyp: ~2.20%0) shows
that the carbon was derived predominantly from seawater bicarbonate, possibly by direct
precipitation. On the other hand, the Urkiit Mn-carbonate mineralization shows more negative
isotopic values, indicating a bacterially mediated diagenetic source for the carbon in addition to
seawater bicarbonate.

Osszefoglalas

Egy tipikus, az Eplényi Mangéanérc Banyabdl szdrmazé mangéan-karbonat ércminta a rontgen-
pordiffrakciés vizsgalatok alapjan Mn-tartalmi kalcitbl, Ca-tartalmt rodokrozitbél és kozepes
mennyiségli kvarcb6l all. Az érc Mn-tartalma 7,51 s%, a Mn/Fe arany 8,73. A vizsgélt eplényi
karbon4tos Mn-érc 4svanytani, kémiai és stabil szénizot6pos dsszetétele eltér az arkatitol. Az eplényi
érc C izotdp dsszetétele (813Cppg: -2.20%0) azt mutatja, hogy a C uralkoddan a tengerviz bikarbonat
tartalmabol valésziniileg kozvetlen kicsapodassal ered, mig az trkuti Mn-karbonétos ércesedés
negativabb C izotép értékei a tengeri bikarbonat mellett a baktenahsan befolyésolt diagenetikus
szénforras jelenlétére utalnak (szervesanyag).

Introduction

Among the Hungarian Jurassic Mn-ore deposits, the Urkit and Eplény
deposits are worthy of mention because of their economic significance (Fig. 1).
These two manganese occurrences are separated by about 40 km in the Bakony
Mountains in the Transdanubian Range. Both deposits are bounded by NW-SE
fault systems. The Urkit deposit is much larger, covering approximately 10 km?,
and has been exploited since 1917 to the present. The amount of recovered Mn-
oxide ore (up to 1997) is 6.3%10° kg and Mn-carbonate ore is 1.538 x 10° kg. Many
papers and books have been published on the geological, stratigraphical,
mineralogical, depositional, and geochemical characteristics of the black shale-

1 Research Centre of Earth Sciences, Laboratory for Geochemical Research, Hungarian Academy of
Sciences, H-1112 Budapest, Budaérsi Gt 45. e-mail: polgari@geochem.hu

2us. Geological Survey, MS 999, 345 Middlefield Rd. Menlo Park, CA 94025

3 Mangén Ltd., Urkat
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Fig. 1 Geographical location of Eplény and Urkat

1. dbra. Eplény és Urkit foldrajzi elhelyezkedése

hosted Mn-carbonate and secondarily Mn-oxide ore (e.g., SZABO-DRUBINA 1959;
GRASSELLY & CSEH NEMETH 1961; CseH NEMETH et al. 1980; SzaBO & (GRASSELLY
1980; GRASSELLY et al. 1981; GALACZ 1984; GRASSELLY & PaNTO 1988; VARENTSOV et
al. 1988; POLGARI et al. 1991, 1992; POLGARI 1993; POLGARI et al. 2000).

The Eplény Mn-ore deposit is smaller than the Urkiit deposit, but very similar
to the so-called Csardahegy-type Mn ore at Urkat (for description see CsgH
NEMETH 1967). The Eplény deposit covers only about 1 km? The Eplény Mn-
oxide ore was exploited both in open pits and underground mines between 1935
and 1975, when the mine was closed. The amount of recovered ore was 766 kt of
Mn-oxide ore. When mining was in operation, analytical investigations
concentrated on the economically important Mn-oxide ore, whereas the Mn-
carbonate ore, which is important from a genetic standpoint, was given very little
attention. Once the mine was closed, there was no opportunity to collect new
samples for modern investigations and that is why it is important to publish new
data on archive samples.

The aim of this paper is to provide new mineralogical, chemical, trace element,
and C- and O- isotope data on a typical Mn-carbonate ore sample from the
Jurassic, Eplény Mn-carbonate ore. The sample belongs to a collection which was
gathered in the 1960s by Professor Gyula GRrassgLLY, and was kindly offered for
further study by the Petrological and Geochemical Department of Szeged
University. We also provide a brief comparison of the characteristics of the Urkt,
and Eplény Mn-carbonate ores. It must be emphasized that the importance of
preserving samples for future study is fundamentally important. The changing
methods of investigation and lack of access to closed mines make archive samples
of particular value.
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Geological setting

The Eplény Mn-ore deposit occurs in a fault-bounded area that typifies the
structure of the Bakony Mountains and has strongly fractured zones and vertical
and horizontal fault offsets. The deposit is bounded on the NE by a recurrently
reactivated fault zone. The Jurassic sequence at Eplény is not continuous and
overlies the Triassic pale whitish-grey microcrystalline Dachstein Limestone. The
Dachstein Limestone is overlaid by a Lower Liassic Kardosrét Limestone that is
often oolithic and contains foraminifers and brachiopods. The upper part of the
Lower Liassic belongs to the “red Jurassic”, which includes reddish and pinkish
brachiopod-bearing and crinoidal, sometimes cherty limestone (“Hierlatz”,
Tiizkoévesdrok and Isztimér Limestone Formations). The Middle Liassic consists
of red nodular or massive crinoidal limestone and red-green spotted cherty
limestone (Kisgerecse Marl Formation). The Mn deposits rest locally on different
types and stratigraphic levels of basement rock. Small Mn-oxide grains and, at
some places, lenticular Mn-oxide occur in the crinoidal limestone near the ore
bed. The manganese was deposited on an irregular, partly dissolved discon-
formity surface of the Lower Jurassic limestone. The relief of the irregular surface
of the limestone basement can reach 2040 m, but averages about 2-5 m. The
contact between the underlying limestone and the Mn-ore is sharp, and a
transitional zone cannot be seen, except locally on a centirnetre scale. Mn-oxide
coatings on grain and fracture surfaces are common. A highly characteristic
feature is where the Mn-oxide fills the dissolved parts, cavities and vugs, of the
Hierlatz-type limestone. Sedimentary dikes composed of Lower and/or Middle
Liassic micrite are very characteristic in the NE part of the district.

The average thickness of the Mn deposit is 6-8 m. The main features of the
deposit were described in detail (SZABO-DRUBINA 1959; GRASSELLY et al. 1969; CsEH
NEMETH et al. 1980; GRASSELLY et al. 1985, 1990), and a summary of those results
was provided by POLGARI et al. (2000). The sketch geological map of the ore
deposit is shown in Fig. 2. The Min-ore section consists of the following parts from
the top to bottom:

- Radiolarian claymarlstone (black shale) with lenticular, bedded, finely
laminated, blocky Mn-carbonate-bearing claymarlstone.

- Upper part of the ore: dark-grey, black, pyritiferous claystone, claymarlstone
with hard, nodular, lenticular, blocky, or poorly consolidated Mn-oxide ore.

- Lower part of ore: primary Mn-oxide ore in yellow, brown, black,
phosphorous-rich claystone.

The ore is offset by the Géza fault (Fig. 2). It separates the hard, nodular Mn-
oxide ore from the mainly poorly consolidated, layered, bedded-lenticular ore
type. The black, dark-grey, finely laminated pyritiferous, radiolarian claymarl-
stone contains the primary Mn-carbonate lenses, which can be found over a
much larger area then the Mn-oxide ore. The Mn-carbonate lenses are
accompanied in places by yellow, brown, or red claystone, with the dominant
clay mineral being smectite. Mn-carbonate and phosphorite layers and nodules
also occur within the Mn-oxide horizon. The heteropic facies of the Mn-
carbonate ore is black or varicoloured claystone. Commonly, Ca-carbonate grades
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Fig. 2 Geological sketch map of the Eplény manganese deposit (after Grasselly et al., 1969). Legend: 1
Triassic rocks on the surface; 2 Jurassic rocks on the surface (Lower-Middle Liassic); 3 "Priniary” Mn-
oxide ore (Upper Liassic) differences in legend reflect differences in the intensity of Mn oxide
mineralization; 4 “Primary” claymarlstone with Mn-carbonate (Upper Liassic); 5 Limestone facies
(Upper Liassic); 6 Reworked Mn-oxide ore (Lower Cretaceous — Middle Eocene); 7 Grey claystone
with Mn-carbonate (Lower-Middle Eocene); 8 Oxidized variety of the grey claystone No. 7 (Lower —
Middle Eocene); 9 Bauxitic clay (Lower — Middle Eocene); 10 Fault

2. dbra. Az eplényi mangintelep vdzlatos foldtani térképe (GRASSELLY et al., 1969 alapjdn). Jelkulcs: 1. tridsz
kézetek a felszinen; 2. jura kézetek a felszinen (alsé-kizépsé-lidsz); 3. ,primér” oxidos Mn-érc (felsé-lidsz) (a
jelkules kiilonbség a Mn-oxid ércesedés intenzitdsinak kiilonbségét tikrozi); 4. ,primér” agyagmdrga Mn-
karbondttal (felsd-lidsz); 5. mészkd (felsd-lidsz); 6. tijrafeldolgozott oxidos Mn-érc (als-kréta—kizépsd-eocén); 7.
sziirke agyag Mn-karbondttal (also—kozépsd-eocén); 8. oxiddlt sziirke agyag (7) (als6-kizépsd-eocén); 9. bauxitos
agyag (alsé—kdzépsd- eocén; 10. tirésvonal

laterally into pale Mn-carbonate layers in the black manganiferous claystone. The
hanging-wall rock is claystone, similar to the heteropic facies described above.

Previous studies

In the 1950s a limited number of descriptions of Mn-carbonate-ore samples —
including light microscopy observations, examination of the major element
contents, and mineralogical investigations were done by one of the present
authors (M. 5zABO-DRUBINA). Part of these results were published at that time
(5zABO-DRUBINA 1959), but important data (e.g. micromineralogical) remained
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unpublished. In the paragraph below we give a summary of both the published
and unpublished results.

The Mn-carbonate layers are soft or hard, depending on the amount of
rhodochrosite or other carbonate minerals present (SZABO-DRUBINA 1959). The ore
is very fine-grained, with a porosity of 15-20%. The carbonate mineral content is
35-50 wt.%. The Mn content is 15-18 wt.% and the SiO, content is 20-28 wt.%.
Calcite and rhodochrosite contents generally show a negative correlation. The
P,O5 content is higher than 1 wt.%, and the S content is 0.8-4.0 wt.%, which
reflects the presence of pyrite. Rhodochrosite- and calcite-rich laminae alternate
with smectite- and pyrite-rich laminae. Lesser amounts of detrital quartz, as well
as limonite and glaucony also occur. (We note that the green, rounded mineral, —
called “glauconite” in the original paper — was not analysed by any chemical or
structural methods. It could be either chlorite or mica, thus here consider it only
as “glaucony”. This mineral phase differs, even at first appearance, from the
typical colour-giving, fine-grained green mica, (celadonite), of the Urkut
manganese carbonate ore (WEISZBURG et al. 2003).

The above description was based on the study of a limited number of samples
from which the location of 8 samples (collected from three points of two dip slope
shafts, see symbol #22 on Fig. 3) can be reconstructed. These samples are
laminated claystones (yellow, red, greenish, greyish, black, or brown) with Mn-
carbonate layers. Locally, pyrite nodules occur with diameters of 0.2-1.5 cm.
Smectite and limonite were determined by DTA.

Under a polarized light optical microscope the clay- and carbonate-rich parts
occur in distinct laminae. Opaque (pyrite) and green grains (glaucony?) and
scarce quartz grains can also be found. Some of the samples are rich in
microfossils (foraminifers, ostracods, sponge spicules, crinoid fragments etc.).

The heavy mineral part of the > 0.1 mm fraction (200 grains) contains 80%
pyrite, a 8.5% limonite weathering crust (grain coating fragments), 7% brown-
altered grains (glaucony-like), 3% glaucony(?), 1% brown amphibole, and 0.5%
dolomite. The 0.06-0.1 mm size range (200 grains) was represented by 64% pyrite,
24% brown-altered grains (glaucony-like), 5% brown amphibole, 3% glaucony(?),
2.5% dolomite, 0.5% chlorite, titanite, and actinolite.

The light fraction (300 grains, in both fractions) contains 99% brown-altered ,
grains (glaucony-like), and 1% quartz and glaucony(?).

Sample, methods and results

One massive Mn-carbonate sample (Ref. # GR31) was found during a review
of the collection of Professor Gyula GrasseLLY (Szeged) in 2001. The sample was
collected in the 1960s from the underground mine +260 m level and had not
been studied previously. The sample is white to pale grey, porous, homogeneous,
with subtle layering. The sample location is shown on Fig. 4. The outer surface
weathers dark-brown-grey because of oxidation of the Mn(II).

That Mn-carbonate ore sample from the Eplény Mine was first analysed using
a polarized light optical microscope.
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Table 1 Results of X-ray diffraction analysis on the Eplény and Urkat Mn-carbonate-ore types
1. tdbldzat. Az eplényi és virkiiti karbondtos Mn-érc tipusok dsvinyos dsszetétele (XRD

Mineral composition
Ore type Major Moderate Trace
EPLENY Carbonate ore Manganoan calcite | Calcian rhodochrosite |-
* (daos : 2.97A -3.04) | (djos : 2.85-2.88A)
Quartz
URKUT* Bed NoII. Siderite, Calcite, pyrite 104
* (4 samples) rhodochrosite phyllosilicate
top Grey-type Rhodochrosite, Calcite, smectite, 104 Zeolite, chlorite
(10 samples) pyrite phylloslllcate
* ladonite
iﬁ Brown-type Rhodochrosite, 10 A Goethne Smectite,
8 (10 samples) phyllosilicate pyrite, calcite,
2 (glauconite- quartz, anatase,
° celadonite) | thodochrosite
'§ bottom | Green-type Rhodochrosite, 10 A | Goethite Quartz,
(8 samples) phyllosilicate haematite, rutile
(glauconite- i
_ celadonite) |

*Current study

**For the profiles and sample descriptions and detailed data see POLGARI et al. (1991)

***This is the general division, but alternating green, brown and grey layers can occur

anywhere
quartz. Minor clay minerals probably occur as indicated by the low amounts of
Al K, and Mg. The trace element and rare earth element contents of the sample
are relatively low.

There is a very good agreement between the mineral phase compositions
calculated from the chemical analysis and derived directly from the X-ray
diffractometry.

The 813Cppyp is 2. 20%s, the 8180ppp is —0.25%0 (Fig. 5).

Comparison of the Eplény and Urkiit Mn-carbonate ores

The Eplény Mn-carbonate ore differs from the Urkit main (No L) and bed No
II. ores because its main ore mineral is manganoan calcite, with calcian
rhodochrosite being much less abundant; this is in contrast to rhodochrosite
being dominant at Urkat, with lesser amounts of siderite. In addition, unlike the
Urkat deposit, the Eplény ore has moderate amounts of quartz, but only minor
clay minerals. According to major elements data (Table 2), the Si content of the
Eplény ore is similar to the main (No L) bed and bed No II of the Urkat deposit,
but the Al, K, and Mg concentrations are much less than in the Urkit ores
because of the near absence of clay minerals at Eplény. The total Fe content is also
very low in the Eplény ore compared to Urktt, where Fe is hosted by green clay
minerals, goethite, siderite, and pyrite; apart from pyrite, there are all absent in
the massive Eplény ore. P, Ti, Ba, and Sr concentrations and the trace and rare
earth elements are also not enriched in the Eplény ore. The Ca concentration is
approximately four times higher in the Eplény ore than at Urkit.
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Table 2. Major (wt. %) and trace (ppm) element concentrations of the Eplény and Urkat Mn-carbonate ore samples

2. tdbldzat. Az eplényi és virkiti karbondtos Mn-ércmintdk f6- és nyomelemdsszetétele (s%, ppm)

EPLENY URKUT
1 2. 3. a. 5. 6. 7. 8. 9. 10. T 12, 13 14.
©)* [tV * a3 ()* * (1)* (&)* ao 8)* (10* @

Mn/Fe 739 3.54 873 099 275 10.20 .02 318 245 285 247 548 195
Si0, 28.80 22.80 21.60 357 21.00 931 120 2340 25.70 1830|2330 [9.16 | 23.40
TiO, 0.34 - - 0.08 002 0.05 0.13 .07 0.60 045 025 027 025 1030
ALO; 747 B - 162 098 1.93 234 42 54 327 342 2.2 238|380
Fe 215 4.03 - 0.86 1230 73 325 4.03 .96 9.08 819 9.1 6.61 8.70
Fe,0; 3.08 - - 73 9.22 22 5.21 57 6.85 11.00 100 (343 [472
FeO - - - 111 9.2 1 2.1 04! 25 5.5 ‘[0t 8 285|697
Mn 15.89 1428 - 7.51 1220 0.10 3. 2430 2.10 230 330 250 [2530 | 16.90
MnO 20.49 - 9.69 1570 4.30 42. 240 8.20 3.10 6.60 (2840 [32.10 |21.50
MnO, - - - - 05 1 896 .81 4.20 81 0.65 __|047
Ca0 6.69 - 3250 20.90 5.4 0 3.00 .63 449 .60 883  [749
MgO 3.17 - - L12 289 00 9 21 X 24 85 61 227|281
K,0 179 0.43 031 S .64 87 1. .09 125 77 070 [1.33
Na,0 036 - 0.05 0.11 1 08 08 122 35 031 0.19 016 (054
H0 1.32 - : - - - - - - - - - -
CO, 18.10 - 31.54** _ [33.60 21.50 2870 - 17.00 19.40 1750|1820 2950 [21.20
P,0 0.20 034 025 1.65 0.85 071 - 0.09 041 0.60 0.64 062 .60
Sr 025 1.99 - - - - - - 030(2) _[0.097(3) [029(3) [1.1(4) | 0.44(1)
s - - - - - 5 - - 0.045(2) [0.01(3) [0.19(3) [1.23(3) | 0.36 (1)
Corg - - - - - - - - - 0396(2) [028(3) |0.26(3) [0.24(4) | 0.67(D)
Total (calc) | 92.06 99.99
Au - - - bdl (<8) |- - - - - - - - - -
Li B - St 13 - - - - - - - - - -
Be - - - bdl(<l) |- - - - - - - - - -
Ga - - - bdl(<4) |- - - - - - - - - -
cd - - - bdl(<2) |- - - - - - - -
Sa - - bdl(<5) |- - - - - - - - - -
Bi - - bdl (<10) |- - - - - - - - - -
Ag - - 6.6 bdl (<2) |- - - - - - - - - -
Ba - - 240 32 45 140 3 71 - 285 520 136 345 71
Sr - - 600 137 02 98 110 - 146 251 216 247 29
Co - - 26 13 22 147 8 120 - 290 9 19 21 6
Cr - - 67 9.0 2 14 24 26 - 27 26 18 19 0
Cu - - 30 9.0 nd nd nd nd - 22 40 17 40 32
Ga - - 9 5

0¢

1/£€1 Augrzoy umpiod



Mo - - s bdi(<2) |- - - - - - - - - 1-
Ni - - 2 15 16 4 213 25 - 23 57 84 46 |48
Pb - - 8 13 29 3 35 33 - 31 128 83 151|396
T - - 450 - - . - - B - - - - -
v - - 29 19 - - - - - - - - - -
7n - - 60 17 48 40 64 74 - 56 35 35 32 28
Sc - - - 4.0 22 39 52 37 - 44 42 29 32 a7
As - - - bal (<10) |40 127 14 24 B 13 25 23 31 28
Hf - - - 05 05 0.5 0.5 - 14 12 08 0.9 Il
Th - - - 700 1.0 1.0 25 25 - 39 32 18 22 34
U - - - bdl (<100) | 1.8 1.0 37 1 - 13 0.8 0.6 15 14
Rb - - - 100 100 100 - - 80 30 56 43 32
Y - - - 31 - - - - - - - - - -
Nb - - - 50 - - - - - - - - - -
La - - - 30 33 62 74 44 33 5 47 43 43 4
Ce - - - 153 89 200 195 88 922 165 61 36 129 4
Nd - B - 31 30, 50 50 0 210 518 3.8 5.6 345 6
Sm B - - N 6.7 14 132 63 54 13.1 15 05 98 7
Eu = - - bdl(<2) | 1.06 247 24 97 099 1.66 59 a6 142 68
b - - - - . 1. 09 3 7 2 1. 1 5
m 5 - - - 2. 0.5 i 1 8 0. 1 .8
Yb - - - 2.0 . . 51 25 6 9 9 2, K] 0
Lu - - - - .15 .53 065 032 39 49 A1 038 34 l04s
Ho - - - bdi(<4) |- - - - - - - - - -
Ta - - - bdl (<40) |- - - - - - - - -

*the number of samples from which the means were calculated are in pavemhzses bdl: below detection limit

**calculation of CO, from (Mn+Ca)CO;

1. grey, dark-grey layered Mn-carbonate ore, Eplény, analyst: Ms. Guczy K., Hungarian Geol. Inst. (in SZABG-

DRUBINA (1959), page 130, sample code 4; sample location is in Fig. 3,

2. average value from unknown samples, Eplény Mine (in: POLGARI et al. (2000), page 344.)

3. OES average data of Mn-carbonate samples from Eplény Mine (sample location is In Fig. 3 ): analyst ZENTAY P. 196667,
Hungarian Geol. Inst.; from POLGARI et al. (2000), page 348

4. Current study, Eplény; analysed by XRAL Laboratories, Canada, 2002

5. Kovestébla, Urkiit, grey Mn-carbonate ore from POLGARI et al. (2000), page 117 and 205, sample code 148

6. Kovestébla, Urkiit, green M b ore from POLGARI et al. (2000), page 117 and 205, sample code 150

7. Lejlosalma, SE field, Urkat, grey Mn-carbonate ore from POLGARI et al. (2000), page 117 and 205, sample code 139

8. Kislad mine, Urkul brown Mn- carbonale ore from POLGARI et al. (2000), page 118 and 205, sample code 156

9. Ct , Urkiit, g g ore, bed No. II from POLGARI et al. (2000), page 120 and 205, sample code 179
10. Urkit mine, shaft No Juis and Nylres field, green-grey, Mn-carbonate ore from POLGART et al. (2000), page 197-198

11. Urkit mine, shaft No. IiI and Nyfres field, brown, black Mn-carbonate ore from POLGARI et al. (2000), page 197-198

12. Urkdt mine, shaft No. III and Nyfres field, green Mn-carbonate ore from POLGARI et al. (2000), page 197-198

13. Urkit mine, shaft No. ITI and Nyires field, grey Mn-carbonate ore from POLGARI et al. (2000), page 197-198

14. Urkt mine, shaft No. IIT and Nyires field, grey Mn-carbonate ore bed No. I from POLGARI et al. (2000), page 197-198
10-14 (total S, S2 and organic C from profile A, shaft No. I11, Urkiit mine; sec POLGARI (1993)
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“ore” from Eplény can be connected to three different genetical processes or a
combination of these processes.

Black shale environment, bacterial contribution with changing Mn content, or with
changing bacterial Mn-reducing activity

A number of papers have already established a genetic model of Mn-carbonate
deposits in which Mn-oxide is first precipitated at the seafloor and then during
early diagenesis; under reducing conditions Mn** is reduced to Mn?*, coupled
with the bacterial oxidation of organic matter. This produces CO, to form MnCO,
(e.g. Okita et al. 1988). The 8°Cppy of carbonates formed solely from CO,
derived from the oxidation of organic matter would have vatues of about —22 to
-32%o, depending on the isotopic composition of the organic matter. If the
carbonate is formed from seawater bicarbonate (813Cppyg of about 0%) as well as
from CO, produced by the oxidation of organic matter, then it can have an
isotopic composition between those end members. Mn-carbonate ore deposits
hosted by black shales, such as the giant Moanda (Gabon), Taojiang (China), and
Urkit (Hungary) deposits belong to this type of bacterially mediated, mixed
carbon source-type deposit (Fig. 5).

One of the factors controlling the carbon source of the carbonates of a given
sediment sequence can be just the total manganese available for bacterial
mediation: a low amount of manganese limits the bacterial contribution, so that
carbonates (e.g. calcite) precipitated directly from the seawater become dominant
in the samples.

The similarity of the isotope data of the lower Mn content sample of the Eplény
ore to that of the low Mn content samples from Urkiit ores may support that
genetical model.

Another factor producing a similar result could be the type of the bacterial
activity itself. In the sulfate-reduction zone microbially formed HS™ forms FeS
which can reduce Mn-oxide; rhodochrosite can be precipitated from the reduced
Mn, and HCO;~ from seawater; at the same time, 5%~ oxidizes to SO,%, which
further supports the activity of sulfate-reducing bacteria.

Black shale environment with a changing oxygen content (anoxic-oxic development)
without bacterial contribution . i

During the last few years some authors have published results on black shale-
hosted Mn-carbonate deposits that show 8'3Cppy values of around 0%. FaN et
al. (1996) compared seven Chinese deposits and concluded that the Gaoyan-type
Mn-carbonate were formed by primary sedimentary processes. They suggested
that the depositional environment changed from anoxic (black shale) to slightly
oxidized (represented by Mn-carbonate ore).

KRAJEVSKY et al. (2001) published 8§13Cppp data of ~1.2 to +0.5%o for the Banie
Mn-Ore Bed, Lower Jurassic Huciska Limestone (Lower Sub-Tatric Nappe in the
Western Tatra Mountains, Slovakia).
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These authors propose that there was only a minor biotic influence when the
ores themselves were precipitated directly from seawater. In an anoxic
environment, manganese is soluble as Mn2* and is stored in solution in the basin
waters. When the environment changes to slightly oxidized and alkaline, a large
amount of the manganese can be precipitated directly to form manganese
carbonate (micritic or micro-spheroidal). This primary Mn-carbonate may be
further enriched with to its Mn content during early diagenesis (FaN et al. 1996).

In such a case the measured C-isotope value would indicate that the carbon
was derived from seawater bicarbonate, possibly by direct precipitation; this is
typical for Mn-carbonate ores of low-temperature origin (HUDSON 1977).

A purely biogenic origin

The study of the black shale-hosted Mn mineralizations shows that microbes
may be involved in the ore-forming processes in several ways. The catalytic effect
of microbes is important in the cycling of manganese.

Another very complex microbial system exists that can influence an Mn-
carbonate formation which contains relatively heavy C via the following
processes:

— In oxygen-deficient marine basins, the manganese from different sources
accumulates in a dissolved form and bacteria and algae may adsorb and adhere
metal ions, which can also provide Mn to the basin. The interaction between the
inorganic system and the biota can be variable; some species of bacteria
concentrate manganese and are capable of depositing it. In their cells various
algae can also concentrate manganese which has been dissolved in water
(KRUMBEIN 1984).

- During sedimentation, the effect of microbes can be direct or indirect.
Respiration of microbes produces HCO5~ and CO,, which are assimilated by
algae, and the pH of the seawater increases. Under these conditions
rhodochrosite can precipitate directly from seawater. Rhodochrosite can formed
through the metabolic processes of microbes (KRUMBEIN 1984).

Conclusions

The Eplény carbonate manganese ore differs from the Urkat Mn-carbonate ore
in several mineralogical, chemical, and isotopic characteristics. The main mineral
constituents of the Eplény Mn-carbonate ore sample studied are manganoan
calcite and calcian rhodochrosite. The Mn content is low, only 7.51%. The trace
element concentrations in the ore are also low. The C isotope data shows that the
carbon was derived from seawater bicarbonate, possibly by direct precipitation,
whereas the Urkat Mn-carbonate mineralization shows more negative isotopic
values. This indicates a more intense bacterially mediated diagenetic source for
the carbon, in addition to seawater bicarbonate. The slightly negative value may
be interpreted by the extreme dilution of a bacterially influenced C reservoir
(seawater-sourced carbon is about 93%). While the Urkat Mn-carbonate ore
shows a bacterially mediated diagenetic pathway towards it formation, the
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sample of Eplény ore indicates direct precipitation from seawater, or a diagenetic
system completely open to the influence of seawater. Other scenarios, like the
indirect effect of a possible set of microbial processes during the Mn-carbonate
formation, need further study.
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Phosphogenesis in Jurassic black shale-hosted Mn-
carbonate deposits, Urkat and Eplény, Hungary:
Investigations on archive sample drillcore Urkiit-136

Foszforitképzddés a jura, feketepala kirnyezetdi Mn-karbondt telepekben
(Urkdt, Eplény, Magyarorszdg): az Urkiit-136 mélyfiirds archiv
mintdjinak vizsgdlata

Marta POLGARI!, Magda SzaBO-DRUBINAL, James R. HEm?

(2 8bra, 4 tablazat)

Keywords: Urkit, phgsphon'te, Mn-carbonate, black-shale, Jurassic
Tdrgyszavak: Urkit, foszforit, Mn-karbondt, feketepala, jura

Abstract

The present paper reports on an X-ray powder diffraction, EPMA and major/minor element
determination-based mineralogical and geochemical characterisation of a phosphorous-rich (apatite
> 50%) archive sample from the Jurassic black-shale hosted Mn-carbonate and Mn-oxide
mineralization Urkat, Transdanubian Range, Hungary. Besides the predominant carbonate
fluorapatite (CFA) pyrite and quartz are present in the sample in larger amounts (~ 10%). The CFA
has an XRD pattern typical of modern marine CFA deposits.

In the ore sequence phosphorite is present in thin layers and lenses at some stratigraphic levels.
The sample analysed here has a U/Th ratio of less then 2 (0.92). The U/P,Oj ratio is 0.57x10. The
ZREE content is 519 ppm and the Ce/La ratio is 2.52.

The source of phosphorous was organic matter produced by high productivity in a zone of
upwelling, which also produced the black shale. Based on the lithologic associations with Mn-
carbonates and Mn-oxides, the Urkut and Eplény phosphorites do not have analogues in the modern
ocean basins. The geochemical similarity with the giant Tiantaishan, China deposit and the local
geological features suggest that these Hungarian Jurassic phosphorites were formed below a zone of
coastal upwelling, but in an anoxic to suboxic basin where black shales and Mn-carbonates also
accumulated. Sea-level changes and redox fluctuations permitted the formation of thin diagenetic
phosphorite layers in the sedimentarty ‘sequence. Both phosphorites and Mn-carbonates were
formed by bacterially mediated early diagenetic processes.

Osszefoglals

Az trkati jura, feketepala kornyezetti, karbonatos és oxidos Mn-ércesedés egy foszfordis (apatit
> 50%) archiv mintijanak asvanytani és geokémiai jellemzését végeztiik el rontgen pordiffrakcios,
mikroszondds és £6-, valamint nyomelem vizsgélatok alapjén.

Az uralkodéan karbonét-fluorapatitb6l (CFA) 4ll6 mintiban jelentésebb mennyiségben pirit és
kvarc mutathaté ki (~10%). A karbonét-fluorapatit rontgen-diffrakci6s jellemz6i a modern tipikus
tengeri el6fordulasokhoz hasonl6ak.

A vizsgalt minta U/Th aranya kisebb, mint 2 (0.92). Az U/P,0Og arény 0.57x1075. A bssz ritkafoldfém
tartalom 519 ppm, a Ce/La ardny 2.52.

Az érctelepben a foszforit vékony rétegek, lencsék formajaban jelenik meg néhany rétegtani
szintben. A foszfor forrdsa a felaramlasi 6vezetben jellemzd nagy biogén produktivitdsbol eredd
szervesanyag-tartalom lehetett, amely a feketepala képzSdésért is felelds.

1 Research Centre of Earth Sciences, Laboratory for Geochemical Research, Hungarian Academy of
Sciences, H-1112 Budapest, Budaérsi Gt 45. e-mail: polgari@geochem.hu
2UsGS, MS 999, 345 Middlefield Rd. Menlo Park, CA 94025
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A Mn-karbonétok és Mn-oxidok litolégiai kapcsolatai alapjén az arkiti és eplényi foszforitoknak a
modern 6cedni medencékben jellemz6 hasonlé képz6édménye nem ismert.

A hatalmas kinai Tiantaishan Mn-ércesedés geokémiai sajatossagaihoz valé hasonlésig, és helyi
geoldgiai jellegzetességek alapjan a magyar, jura id6szaki foszforitok parti feldramléasi Gvezet alatti
z6naban, anoxikustdl szuboxidativ medencében keletkezhettek, ahol a feketepala és Mn-karbonat
képz6dés folyt. Tengerszint- és redox-valtozasok az iiledéksorozatban lehet6vé tették vékony diage-
netikus foszforit rétegek képzddését. Mind a foszforit, mind a Mn-karbonat bakteridlisan befolyésolt
korai diagenetikus folyamatok soran képzédott.

Introduction

The Transdanubian Range of Hungary is an important region of Jurassic black
shale-hosted Mn mineralization. The fine-grained (2-5 um grain size)
phosphorous-rich layers within the Mn-carbonate-Mn-oxide transitional zone at
Urkat and Eplény have been of interest since the study of these deposits began.
In the early 1950s, SZaABO-DRUBINA determined that at the Eplény Mine the hard,
pale yellowish-grey carbonate- and altered chert-like layers and lenses consist of
fluorapatite (SzaBO-DRUBINA 1959), GRASSELLY & CSEH NEMETH (1961) determined
the distribution of Mn, Fe, B and Si at the dip-slope shaft area of Urkiit. They
found a positive correlation between P and SiO, and P and Fe contents (230
samples), and explained the latter by the chemisorption of PO, anions on the
colloidal Fe(OH),. The correlation of P and Fe contents on the shaft No. II
samples could not be established (115 samples). CsEH NEMETH (1963, referred to
in POLGARI et al. 2000) found a Pycnodontida fish fossil in a large (20 cm)
phosphate nodule in the Urkiit Mine. After his work, similar nodules were sub-
sequently found. GRASSELLY (1968) determined the phosphorous-rich phase to be
Fe-bearing carbonate-hydroxyl apatite, dahllite. It was initially thought that the
distribution of phosphorous was uniform throughout the deposits. However,
because the industrial utility of manganese ores is effected by the phosphorous
content, which is higher than 0.2 wt.% in the Urkut ore, a detailed study was
made to determine the distribution of phosphorous. In the 1970s, it became clear
that the rare-earth element (REE) contents and the phosphorous contents
correlate positively (for details see POLGARI 2000 p. 569), and this initiated a,push
to look for a potential REE ore. It was finally concluded that REEs have no
economic importance, but that search did increase our knowledge about the
distribution of phosphorous. Because the appearence of the phosphorous-rich
layers is very similar to the pale-carbonate layers and lenses and often occurs in
claystones as very thin (millimetres) layers, the sampling many times mixed the
layers, thereby masking the main characteristics of the phosphonte

Only three samples from Urkat and Eplény, each referred to as a “phosphorite
type” have been investigated by modern methods in the previous decades, but
none of these data were published (for details see POLGARI 2000, p. 119 sample
#173; p. 122 samples #208-209). Only one of these samples (#173) actually shows
some P enrichment (1.01 wt. %); therefore none of them is actually a phosphorite.
This is why it is of special importance to give mineralogical details on the
phosphorous-rich samples from that locality. In this paper we describe and
analyse a well-documented sample from a real phosphorite bed using modern
techniques.
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Phosphogenesis has been described to occur in many sedimentary sequences
and the origin of the phosphorites has been determined based on stratigraphy,
textures, mineralogy, and chemical composition. As at Urkat and Eplény,
phosphorite that occurs in association with manganese mineralization can
provide further information concerning the synsedimentary and diagenetic
processes that produced both the Mn ore and phosphorite. The occurrence of P
together with Mn, Fe, and Si is well known, and U, Th, and REEs can be enriched
in the phosphates (STRACHOV et al. 1968; HEIN et al. 1999).

The aim of this study is to review the main characteristics of the Jurassic
phosphorite from the Bakony Mountains, describe the relationship between the
phosphorous and manganese mineralization, and compare the Urkat and
Eplény occurrences. In the framework of this study, we provide new data for an
archived phosphorite sample from a drill core from the Urkt area. It must be
emphasized that the importance of preserving samples for future study is
fundamentally important. Changing methods of investigation and lack of access
to closed mines makes archived samples of particular value.

Geological setting and phosphorous distribution

As both the Urkit and Eplény Mn deposits are the subjects of many papers in
which many aspects of the geology of the deposits are considered (for a detailed
list see POLGARI et al. 2000), this paper presents information concerning only the
phosphorous -rich occurrences. The locations of Urkit and Eplény are illustrated
in Figure 1. in POLGARI et al. 2003.

Urkat: The distribution of phosphorous was investigated for two reasons. First,
to consider the high phosphorous content given that it is, detrimental to the
quality of the Mn ore, and second to look for concentations of REEs. It is difficult
to recognize phosphorous-rich layers in the field because of their similar
appearance to the varicoloured Mn-carbonate ore and claystone layers. The
average phosphorous contents of the different Mn-ore types at Urkut are
summarized in Table 1.

Oxidation of the Mn-carbonate ore had decreased the phosphorous content in
the associated altered black shale. In the transition zone between the Mn-
carbonate and Mn-oxide, the phosphorous content is higher compared to that in

Table 1. Range and mean phosphorous content of different ore types at Urkat
(POLGARI et al. 2000)
1. tdbldzat Kiilonbozd sirkiti Mn-érctipusok foszfor-tartalma és kozépértékei (POLGARI et al. 2000)

Rock type Range Mean
S wt. %) (wt. %)
Mn-carbonate ore Main bed (No. I) 0.1-0.8 04

I Bed No. 11 0.1-1.6 08
[Primary Mn-oxide ore - 0-0.89 0.15
Secondary Mn-oxide ore |- 0-13 0.6
[ Black shale Radiolarian clay 0.11-03 02

marlstone

|
[Altered clay marlstone - - <0.1
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Table 2. Major element contents (wt. %) of Urkit and Eplény Mn-carbonate ores
2. tablizat Az virkiiti és eplényi Mn-karboritos ércek f6 kémiai Gsszetétele (s%)

1L 2. 3. 4.* 5% 6.%
SiO, 12.6 8.64 13.10 nd. 8.19 1.30
TiO, 0.05 0.14 045 Tr Tr Tr
AlLO; 1.21 1540 |6.84 9.64 10.5 11.9
Fe 9.24 4.68 2.16 0.16 1.49 0.26
Fe,05 n.d. 6.69 2.72 0.23 2.13 0.37
FeO n.d. nd. 0.34 n.d. n.d. n.d.
Mn 1.71 2.09 0.17 1.35 2.36 1.08
MnO n.d. 271 0.22 1.75 3.06 1.40
MnO, n.d. n.d. 0.19 n.d. n.d. n.d.
CaO 33.20 2240 |37.60 43.00 38.60 40.70
MgO 1.05 0.82 1.39 0.73 1.40 0.43
K,0 0.28 n.d. 1.48 0.01 0.45 0.07
Na,O 0.76 nd. 1.74 0.64 0.62 0.75
-H,0 n.d. 0.29 n.d. n.d. nd. n.d.
CO, n.d. n.d. 21.50 n.d. 2.83 3.83
P,0s 19.40 22.00 |2.31 32.1 25.80 30.90
F 143 n.d. n.d. nd. n.d. nd.
S n.d. 2.56 n.d. nd. n.d. n.d.
CaO/P,0s  |1.71 1.02 16.3 134 1.49 1.31
F/ P,0s 0.07 - - - - -

1: 4 cm thick greyish-yellow laminated pyritiferous phosphorite layer, drillcore No. U-136,
209.50-214.50 m, current study, XRAL Laboratories, Canada

: 4 cm thick greyish-yellow laminated pyritiferous phosphorite layer, drillcore No. U-136,
209.50-214.50 m, (analyst: SIMO B. Hungarian Geol Inst., 1954)

: Phosphorite lens, Csardahegy, Urkiit (POLGARI et al. 2000, page 333-335).

: E/18:yellowish-brown chert-like layers in yellow clay (Eplény Mine, W, 5" blind shaft, VIL. level, left,
15-16 m, (analyst: SMO B. Hung. Geol. Inst., 1958)

: E/20: carbonate-like layers in yellow clay (montmorillonite, limonite, calcite by DTA)

Eplény Mine, W, 5 blind shaft, VIL level, left, 58 m, (analyst: SIMO B. Hung. Geol. Inst., 1958)

: E/22: yellowish-brown chert-like lens in brown clay (amorphous yellowish chert-like matrix with a few
carbonate-grains, and thin clay-like beds in thin section), Eplény Mine, W, 5™ blind shaft, VII. level, left
75-76 m (analyst: SM6 B. Hung. Geol. Inst., 1956)

* For sample location see POLGARI et al. 2003, Fig. 3 (u ).

Tr: traces; n.d.: no data

[N RN

o

the Mn-carbonate ore. The major and trace element contents of a phosphorous-
rich lens from the primary Mn-oxide ore at Csdrdahegy (eastern part of the Urkut
Mn-mineralization) are listed in Tables 2 and 3. Unfortunately, determination of
the mineralogy using modern techniques has not been made for this sample.
REEs in phosphorous-rich phases: The purpose of previous electron-
microprobe studies was to show the different types of phosphorous-rich phases
that contain REE - those data are listed in Table 4. The study started in 1965 when
J. KonDA (pers. com.) determined that 100 ppm Eu occurred in one sample. A
systematic investigation started in 1968, in which 93 samples were analysed for Y,
REEs, Mn, Fe, S5iO, and P from an industrial point of view. This set of samples
included all Mn-ore types. The correlation coefficient between phosphorous and
total REEs was +0.77 (KovaAcs 1970). We note that phosphorous-rich samples
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Table 3. Trace element (ppm) contents and element ratios of the Urkit and Eplény
Mn-carbonate ores .
3. tabldzat Az drkiti és eplényi Mn-karbondtos ércek nyomelemtartalma (ppm) és néhiny elem kapcsolata

1. 13.
Au bdl (<8) |-
Li 9.0 -
Be 1.0 -
Ga bdl (<4) |-
Cd bdl (<2) |-
Sn bdl (<5) |-
Bi bdl (<10) [-
Ag bdl (<2) |-
Ba 262|720
Sr bdl (<2) [980
Co 117 128
Cr - -
Cu 15 32
[Ga bdl (<4) |-
et |
Ni 34 48 i B
[Pb 12 [14 0 1200 [Tm 1.00 |60 |17 |8
v 13 - - [ |Ta ~[bdl (<40) | _ -
[Zn 26 [62 41 130 [Pr 191 |- B - ]
[Sc bdl (<2) |13 11 7.9 U/P,0s* _[0.056 |78 |- -
Cr 12 169 15 20 U/Th 092 [38 155 267
As 79 15 8 55 SREE 519 [2322 [1661 [2308
[Hf - 16 (02 0.2 Ce/La 252 (258 [1.86 [44
[Th 12 48 0. 2.4 - - - B -

1 and 3 as in Table 2

7: Phosphorite from Mn-oxide ore, Eplény Mine (POLGARI et al. 2000, page 349-351.)

8: Mn-oxide ore adjacent to phosphorite, Eplény Mine (POLGARI et al. 2000, page 349-351.)
* times 10*

bdl: below detection limit

Table 4. Phosphorous-rich grains in Urkait Mn-carbonate ore analyzed by EPMA*
4. tabldzat Foszfordiis szemcsék az vrkiti karbondtos Mn-érchen (elektron-mikroszondds megfigyelések)

Elements Probable Grain size Number of Number of
mineral phase (um) samples mineral grains |
Ca,P Apatite 10-60 |10 10
Ca, P Apatite 20-60 4 19 (ocally many)
Ca, Ce, P Ce-bearing 2-5 3 6
apatite
Ce, Ti, K, Ca, P [Ce-Ti-K-bearing |2-10 3 5
| apatite
La, Ce, Ca, Ca, P | REE-bearing 5 1 1
apatite
Ce P Monacite 1-30 6 6
|Ni, P ? 30 1 1

* 80 samples from the Mn-carbonate and black shale of Urkiit were investigated by EPMA, from which 28
contained P-rich phases (POLGARI 1993)
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without enrichments of REEs occur in both the Mn-oxide/Mn-carbonate
transition zone and in ore-bed No. II. In the main ore bed and in ore bed No. II,
high phosphorous-contents without REE enrichments are typical, whereas at
Cséardahegy phosphate contains REE enrichments. Higher REE contents occur in
the lower part of the main ore bed, closer to the underlying rocks than the other
parts of the ore bed. The highest concentrations can be found at Csardahegy,
(Urkat) and in Eplény close to old fractures, where phosphorous and REE
contents are strongly correlated.

Eplény: In Eplény, the phosphorous-rich layers occur in the lower part of the
mineralized sequence in yellow-brown claystone, and in the upper part of the .
deposit in dark-grey pyritiferous claystone. The phosphorous-rich phase was
first thought to be Mn- and/or Ca-carbonate. REE investigations began in 1967
and discovered high concentrations of Ce (2000 ppm), Nb (24 ppm), and Y (1300
ppm) (. KONDA pers. com.). Some major and trace element analyses from the
1950s, 1960s, and 1980s are presented in Tables 2 and 3.

Sample and methods

During a review of archive samples, a very phosphorous-rich specimen was
found from drillcore U-136 (sample #DMU136, deposited at the Laboratory for
Geochemical Research, HAS, Budapest).

The sample was analyzed by X-ray diffraction for the major mineral phases
(USGS, Menlo Park; for the details of the technique applied see POLGARI et al.
2003).

For the spacial distribution of the mineral phases the sample was studied by
routine EPMA methods in the Laboratory for Geochemical Research HAS (Jeol
Superprobe 733; analyst: G. NAGY).

The chemical composition was determined in the XRAL Laboratories, Canada.
The sample was analyzed for 40 major, minor, and trace elements using acid
digestion in conjunction with inductively coupled plasma-atomic emission
spectrometry (ICP-AES). For the 40-element analysis (referred to as ICP-40), a split
was dissolved using a low-temperature (<150 °C) digestion with concentrated
hydrochloric, hydrofluoric, nitric, and perchldric acids. The acidic sample
solutions were taken to dryness and the residue was dissolved with 1 ml of aqua
regia and then diluted to 10.0 g with 1% (volume/volume) nitric acid. Strontium
and Ba concentrations were determined by both ICP-40 and ICP-16 (see below)
techniques, which produced comparable datasets. Manganese concentrations
were also provided by both ICP techniques which have comparable accuracy and
precision. However, the ICP-40 data set is the only one reported because it has a
much lower detection limit: 4 parts per million (ppm) compared to 100 ppm for
ICP-16.

Another split for each sample was fused with lithium metaborate then
analyzed by ICP-AES after acid dissolution of the fusion mixture. This technique,
referred to as ICP-16, provides analysis of all major elements, including Si, and a
few minor and trace elements. Cherts are very high silica rocks yet the accuracy
of Si determinations are quite good, probably about 2-4% based on the total-
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oxide sums. Si measurement is not possible using the 4-acid digestion ICP-40
technique because it is lost as a volatile fluoride compound during digestion.
Analysis of major elements using the fusion technique also provides a
compositional check on the concentrations of these same elements as measured
by acid digestion. Titanium and Cr were analyzed using both ICP techniques, but
only data from the ICP 16 technique are used because the fusion technique more
completely digests resistant minerals that might contain those elements.

Selenium concentrations were determined using hydride generation followed
by atomic absorption (AA) spectrometry. Selenium was not reported using either
of the ICP techniques, as it is generally volatilized during sample preparation.
The hydride generation combined with the AA technique was also used to
determine concentrations of As, Sb, and Tl. The hydride analytical technique is
considered to be more sensitive than the acid digestion ICP-AES analytical
technique for As, as are the data reported here. Mercury was determined by cold
vapour atomic absorption spectrometry.

Results of analyses of the archive sample

Macroscopically the sample is yellowish-grey and hard, and dark-brown pyrite
grains and porosity differences define the layering (1 mm scale).

Based on the X-ray diffraction, carbonate-fluorapatite (CFA) is a major com-
ponent, pyrite and quartz are moderate components, while gypsum, a product of
secondary oxidation, is a minor-trace component of the sample. The CFA has an
XRD pattern typical of CFA from modern marine phosphorite deposits.

The EPMA studies demonstrate a very fine-grained matrix where phosphorous
shows both a wavy layer-like and nodular distribution (Figs 1, 2). The
phosphorous-poor parts of the matrix (brighter areas of Fig. 1 and 2) are enriched
with Mn and Fe. Calcium is also present in the phosphorous-poor regions. These
regions may represent a mixture of apatite and (mixed?) carbonates. Pyrite and,
rarely, quartz grains of around 5 um occur in the matrix. Besides the elements
belonging to the above outline, mineral phase traces of Na and Mg were also
detected by EPMA in some regions of the sample.

The chemical composition of the sample (major and minor elements) is given
in Tubles 2 and 3 (anal. #1).

Based on the major element data apatite represents more than the half of the
sample. The CaO/[’ZO5 ratio is 1.71 which is higher than that for most of the
cation and anion substituted francolite (1.621) end of the ﬂuorapatlte (1.318)
range (MANHEIM & GULBRANDSEN 1979, MCCLELLAN & VAN KAUWENBERGH 1990).
The F/P,05 ratio (0.07) is closer to the fluorapatite end (0.089) than to most of the
substituted francolite (0.148) end of the range (MCCLELLAN & VAN KAUWENBERGH
1990). These observations also support that part of the calcium which is not
connected to the apatite phase.

Silicon is present predominantly as quartz (about 10%), the rest of it may
connected to minor, not yet identified aluminosilicate phase(s). This phase(s) may
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Discussion of the trace element geochemistry

The trace elements V, Co, As, Y, and REEs show some enrichment over their
crustal abundances. U and Th contents fall into two groups. The sample analyzed
here has a U/Th ratio of less then 2 (0.92) and three samples analyzed earlier have
ratios greater than 2 (2.67, 38, 155) (Table 3). The low ratio is 2.8 times smaller than
the lower end of the ratios (2.6-918) for continental margin, plateau and insular
phosphorites, whereas the other three fall within that range (KOLODNY & KAPLAN
1970; VEEH et al. 1974; BIRCH et al. 1983; ROE et al 1983; THOMSON et al. 1984; VON
RAD & ROscH 1984; PipeR et al. 1988, 1990). The U/P,Oy ratio of the sample
analysed here is 0.57 x1075. The ZREEs vary widely (519-2322 ppm) with a mean
of 1703 ppm (Table 3). These contents are much higher than those of Cenozoic
phosphate-rich rocks in the Equatorial Pacific Seamount Deposits (mean 356
ppm) reported by HEIN et al. (1993). This can also be stated with respect to the
Cambrian phosphorites of the Tiantaishan manganese-phosphorite deposit of
China (mean 137 ppm, HEIN et al. 1999), as well as the Peru and Chile margin
phosphorites (mean 179 ppm, PIPER et al. 1988). The Ce/La ratio of the Urkat and
Eplény samples vary between 1.86-4.4 (mean 2.84). These are much higher than
central Pacific phosphorites (0.07-0.44, HEIN et al. 1993), except for a
hydrothermal sample, which is 2.33. The Ce/La ratios of the Chinese deposits
resemble seawater values below the oxygen minimum zone, 0.44 (DE BaAR et al.
1985).

The Urkit and Eplény phosphorites were probably formed in an organic
matter- and pyrite-rich environment, which is characteristic at continental
margins and oceanic plateaus. In contrast, the central Pacific seamount deposits
represent phosphogenesis in an organic matter-poor environment (HEIN et al
1993).

Phosphorite formation environments

Present-day phosphorites generally occur in four geographic-tectonic settings
in the ocean basins:

- On continental shelves and slopes beneath zones of coastal upwelling,
phosphorites form during early diagenetic processes very near the seawater-
sediment interface in an organic matter-rich environment (BURNETT 1977,
FROELICH et al. 1988, GLENN & ARTHUR 1988). More rarely, shelf phosphorites form
in an organic matter-poor environment.

- On submarine plateaus, ridges, and banks phosphorite forms from ce-
mentation and replacement of carbonates in an organic matter-rich environment.

— On islands, atolls, and atoll lagoons the phosphorite replaces and cements
reef carbonates within the freshwater lens, or within the seawater-freshwater
mixing zone (sea-level changes). The source of phosphorous is primarily guano,
but may also include weathering of volcanic rocks and humic and sapropelic
organic matter.






