Foldtani Kozlony 133/1, 37-48 (2003) Budapest

Phosphogenesis in Jurassic black shale-hosted Mn-
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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


mailto:polgari@geochem.hu

38 Foldtani Kézlony 133/1

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






M. POLGARI et al.: Phosphogenesis in Jurassic black shale-hosted Mn-carbonate deposits 45

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.
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— Mid-plate seamount phosphorites are widely distributed but are the least
studied of marine phosphorites. They result from the replacement of carbonates
by CFA in a suboxic, but organic matter-poor environment (HEN et al. 1993).

Phosphorites occur in a wide variety of forms. Element ratios indicate the
existence of four types of phosphorites. Uranium and Th contents are low and
total REE contents are generally high in marine phosphorites. REE ratios and
shale-normalized REE patterns demonstrate that the REEs and host CFA were
derived from seawater or slightly modified pore waters. For seamount
phosphorites, the main episodes of phosphogenesis occurred at times of climate
transition (HEIN et al. 1993).

Of these four deposit types, only seamount phosphorite deposits have
significant manganese deposits that occur with them. However, those
manganese deposits are oxide deposits and occur with subequal amounts of iron
oxide. No primary manganese carbonate occurs. Thus, the Urkat and Eplény
phosphorites do not fit into any of these four categories.

There is one huge fossil manganese-carbonate — phosphorite deposit
(Tiantaishan, China) that shows similar geochemical characteristics to the
Hungarian Jurassic phosphorous-rich manganese ore deposits. (But the
Hungarian deposits are very small in comparison). An exact modern analogue
does not exist either for the Tiantaishan depositional and tectonic environment;
that would require a recent geological breakup of a supercontinent and the
formation of narrow seaways. However, elements of several modern depositional
systems, like the Baltic Sea, Black Sea, and continental margin upwelling systems,
such as the Peru-Chile margin, display some characteristics that may be
applicable to the Chinese and Hungarian deposits (HEIN et al. 1999).

Conclusion

The first full analysis of a really phosphorous-rich sample from the Jurassic
black-shale hosted Mn-carbonate and Mn-oxide mineralization of the
Transdanubian Range (Urkat, Eplény) suggests that these phosphorites formed
below a zone of coastal upwelling. However, this took place 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 within these black shale and Mn-carbonate sequences. Both
the phosphorites and Mn-carbonates were formed by bacterially mediated early
diagenetic processes.

Acknowledgements

The research was sponsored by the Hungarian Science Foundation (OTKA)
Project No. T 032140.

We thank Dr. Géza NAGY (Laboratory for Geochemical Research, HAS,
Budapest) for the EPMA data. We are grateful to Attila DEmMENY D.Sc., (Laboratory
for Geochemical Research, HAS, Budapest) and Taméas G. WEISZBURG



M. PoLGARI et al.: Phosphagenesis in Jurassic black shale-hosted Mn-carbonate deposits 47

(Department of Mineralogy, E6tv6s Lorand University, Budapest) for their useful
comments on the manuscript.

References

BIRCH, G. F, THOMSON, J., MCARTHUR, J. M. & BURNETT, W. C. 1983: Pleistocene phosphorites off the
west coast of South Africa. — Nature 302, 601-603.

BURNETT, W. C. 1977: Geochemistry and origin of phosphorite deposits from off Peru and Chile. — Bull.
Geol. Soc. Am, 88, 813-823.

DE Baagr, H. J. W, BACON, M. P, BREWER, P. G. & BRULAND, K. W. 1985: Rare earth elements in the Pacific
and Atlantic Oceans. — Geochim. Cosmochim. Acta 49, 1943-1959.

FrOELICH, P. N., ARTHUR, M. A., BURNETT, W. C., DEAKIN, M., HENSLEY, V,, JAHNKE, R., Kaut, L., Kiv, K.-
H., RoOE, K, SOUIAR, A. & VATHAKANON, C. 1988: Early diagenesis of organic matter in Peru
continental margin sediments; Phosphorite precipitation. — Mar. Geol. 80, 309-343.

GLENN, C. R. & ARTHUR, M. A. 1988: Petrology and major element geochemistry of Peru margin
phosphorites and associated diagenetic minerals: Authigenesis in modern organic-rich sediment.
— Mar. Geol. 80, 231-267. .

GRASSELLY, Gy. 1968: On the Phosphorous-bearing mineral of the manganese oxide deposits of Eplény
and Urkat. — Acta Miner. Petr. Szeged. 18/2, 73-83.

GRasseLLY, Gy. & CseH NEMETH, J. 1961: Data on the geology and mineralogy of the manganese ore
deposit of Urkiit 1. — Acta Miner. Petr. Szeged. 14, 3-25. 3

GRASSELLY, Gy. & PANTO, Gy. 1988: Rare Earth Elements in the Manganese Deposit of Urkat (Bakony
Mountains, Hungary). -~ Ore Geol. Rev. 4, 115-124.

HeW, J. R, YEH, H-W, GUNN, S. H., Surer, W. V., BENNINGER, L. M., WANG, C.-H. 1993: Two major
Cenozoic episodes of phosphogenesis recorded in Equatorial Pacific seamount deposits. —
Paleoceanography 8/2, 293-311.

HEN, J. R, Fan, D. L., YE, ], Liu, T B. & YEH, H-W. 1999: Composition and origin of Early Cambrian
Tiantaishan phosphorite-Mn carbonate ores, Shaanxi Province, China. — Ore Geol. Rev. 15/1-3,
95-134.

KoLoDNY, Y. & Karran, L R. 1970: Uranium isotopes in sea-floor phosphorites, — Geochim. Cosmochim.
Acta, 34, 3-24.

KovAcs, Z. 1970: Concentration of rare earth elements in the transition zone of the manganese oxide
ore. — Foldtani Kozlony, 100, 91-95 (in Hungarian)

MannemM, E T & GULBRANDSEN, R. A. 1979: Marine phosphorites. — In: Burns, R G. (ed.): Marine
minerals. Short Course Notes, vol. 6, Mineralogical Society of America, Washington, D.C., 151-173.

McCreLian, G. H. & van KAUWENBERGH, S. J. 1990: Mineralogy of sedimentary apatites. - In: NOTHOLT, A.
J. G. & Jarvs, L. (eds): Phosphorite Research and Development. The Geological Society of London, 23-31.

PiPeR, D. Z., BAEDECKER, P A., CROCK, J. G., BURNETT, W. C. & LOEBNER, B. J. 1988: Rare earth elements
in the phosphatic-enriched sediment of the Peru shelf. — Mar. Geol. 80, 269-285.

Pirer, D. Z., LOEBNER, B. J. & AHARON, P. 1990: Physical and chemical properties of the phosphate
deposit on Nauru, western equatorial Pacific Ocean. - In: BURNETT, W. C. & RIGGs, S. R. (eds):
Phosphate Deposits of the World, vol. 3, Neogene to Modern Phosphorites., Cambridge University
Press, New York, 177-194.

POLGARI, M. 1993: Manganese geochemistry — reflected by black shale formation and diagenetic
processes. Model of formation of the carbonatic manganese ore of Urkat. — In: POLGARY, M. (ed):
Special Publication of Hungarian Geological Institute, Budapest, 211 p.

POLGARY, M., $2ABO, Z. & SzEDERKENY], T. (eds). 2000: Mangénércek Magyarorszégon — GrasseLLY Gyula
akadémikus emlékére — Manganese Ores in Hungary — In commemoration of Professor Gyula
GRASSELLY - Published by: MTA Szegedi Akadémiai Bizottséga, Juhdsz Nyomda, Szeged, 675 p.

POLGARI, M., SzaBO-DRUBINA, M., HEIN, J. R. & SzABO, Z. 2003: Analysis of an archive sample from the
carbonatic manganese ore sequence, Eplény, Hungary. — Foldtani Kozlony, this volume

ROE, K. K., BURNETT, W. C. & LEE, A. 1. N. 1983: Uranium disequilibrium dating of phosphate deposits
from the Lau Group, Fiji. — Nature 302, 603-606.



48 Foldtani Kozlony 133/1

SzaBO-DRUBINA, M. 1959: Manganese Deposits of Hungary. — Econ. Geol. 54, 1078-1093.

STRACHOV, N. M., STERENBERG, L. E., KALINENKO, V. V. & TIHOMIROVA, E. S. 1968: Geohimija oszadacsnovo
margancovorudnovo processa. — Izd. Akad. Nauk. Russia, Moscow, 387 p.

THOMSON, J., CALVERT, S. E., MUKHERJEE, S., BURNETT, W. C. & BREMNER, J. M. 1984: Further studies of the
nature, composition and ages of contemporary phosphorite from the Namibian shelf. — Earth.
Planet. Sci. Lett. 69, 341-353.

VeeH, H. H., CaLvert, S. E. & PrICE, N. B. 1974: Accumulation of uranium in sediments and
phosphorites on the south west African shelf. - Mar. Chem. 2, 189-202.

VoN Rap, U. & ROscH, H. 1984: Geochemistry, texture, and petrography of phosphorite nodules and
associated foraminiferal glauconite sands (Chatham Rise, New Zealand). — Geol- Jahrb. D65,
129-178.

Kézirat beérkezett: 2002. 05. 10.



