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Abstract: The black shale-hosted Mn-carbonate deposits of Urkit (Bakony Mts., Hungary) are Toarcian in age (Falcife-
rum Ammonite zone). Subsequent to burial, during the Late Cimmerian orogeny erosion nearly uncovered the bedded
Mn-carbonate ores where they were oxidized, thereby forming laminated noduliferous Mn-oxide ores with a clay mineral-
bearing ferruginous crust. The clay mineral-bearing samples of the primary Mn-carbonate deposit yielded scattered K/Ar
apparent ages of 293 to 110 Ma, indicating that associated detrital minerals partly retained radiogenic Qpr during trans-
portation, deposition, and diagenetic changes. In contrast, more than half of the Mn-oxide ores gave K/Ar ages of 105 to
91 Ma. The other Mn-oxides yield ages older than 105 Ma. Selective dissolution of cryptomelane demonstrates that older
K/Ar ages of Mn-oxides are caused mostly by incorporated clastic minerals. It has been shown by comparing the Ar reten-
tion of Mn-oxide ores and the clay mineral rich host rock that the uniform K/Ar ages of the Mn-oxide ores correspond
to the real ages of oxidation, which occurred during the Austrian and Subhercynian phases of the Alpine orogeny.
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Introduction

Radiometric dating of Mn ore mineralization was first at-
tempted by Chukhrov et al. (1965) who determined the K/Ar
age of cryptomelane. K/Ar ages were interpreted in terms of the
time of supergene mineralization and it was noted that detrital
contamination may result in apparent ages older than actual
ages of oxidation. To correct for this bias Chukhrov et al. (1965)
dissolved the Mn ore, measured the K content of the residue,
determined the provenance and estimated the age of clastic ma-
terial, and calculated the age of dissolved manganese minerals.
The calculated values agreed fairly well with the ages expected
from geological evidence. Yashvili & Gukasian (1973) also
dated cryptomelane using the K/Ar method and obtained values
in good agreement with the stratigraphy. Segev & Steinitz
(1986) dated Mn nodules from the Timna Formation, Israel,
which contained illite as a contaminating clastic mineral. These
authors dated the whole rock and insoluble residue after selec-
tive dissolution of the Mn minerals. They did not describe the
dissolution process, but the agreement of ages of the clastic illite
residue and the illite from the host rocks indicate that the illite
was unaffected by the chemical treatment. The ages determined
by Segev & Steinitz (1986) for the Mn minerals were consistent
with geological evidence. Segev et al. (1991) dated Mn minerals
and clastic contaminating minerals after selective dissolution of
Mn ores from the Eisenbach Region, Black Forest, Germany.
The reliability of the Mn mineral ages was supported by their
excellent agreement with the chronology of magmatism and
mineralization of that area.

The results noted above demonstrate that the K/Ar ages
determined for cryptomelane probably represent the ages of

mineralization and that the presence of older detrital material
will result in apparent ages that are too old.

In Hungary, different phases of the Alpine orogeny frequently
reset the K/Ar system of minerals (Arva-S6s & Balogh 1979;
Balogh 1984). Since the Ar retention in Mn minerals is still un-
certain, their K/Ar ages may reflect the time of mineralization,
or that of any secondary process that reset the K/Ar clock. Inthe
present study the agreement of cryptomelane K/Ar ages with the
time of oxidation has been supported by a direct comparison of
Ar retention in cryptomelane and that of the host rock.

Geological setting

The Mn ore deposits of Urkit (Transdanubian Central
Range, Bakony Mts., Hungary) (Fig. 1) are geologically well
studied (Cseh-Németh et al. 1980; Szabd et al. 1981; Kaeding et
al. 1983; Varentsov et al. 1988; Simoncsics & Kedves 1961;
Kedves & Simoncsics 1964; Konda 1970; Galdcz & Vorts 1972;
Géczy 1968; Géczy 1972; Polgdri et al. 1991; Polgdri et al. 1992).
Geological, sedimentological, palynological, faunal, and facies
investigations demonstrated that the black shale-hosted Mn-
carbonate was deposited within the Upper Liassic Toarcian Fal-
ciferum Ammonite zone.

In the Urkiit Basin, the Upper Liassic Mn ore sequence aver-
ages about 40 m thick, and consists of dark-gray radiolarian
maristone (black shale) with alternating layers of finely to coar-
sely banded Mn-carbonate ore. In the central part of the basin,
the Middle Liassic beds are overlain by finely laminated, organic
carbon-rich pyritiferous radiolarian marlistone in the lower inter-
vals, whereas upwards Mn-carbonate bands are increasingly
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more frequent. This black shale is overlain by the main Mn-car-
bonate bed, with a thickness of 5 - 12 m. The lower part of the
main bed consists of green-gray, Mn-carbonate-bearing, finely
laminated marlistone, followed upward by brown Mn-carbonate
ore. The upper part of the main ore bed consists of alternating
layers of green (celadonite rich, Kaeding et al. 1983) and gray
Mn-carbonate ores. The uppermost gray rhodochrosite bed of
the main ore bed is overlain again by black shale 20 - 25 m thick,
with a second Mn-carbonate ore bed occurring near the top.
The manganiferous section is overlain by Toarcian ammonite-
bearing marlstone.

The lithological and mineralogical associations and the chemi-

posit indicate that manganese may have been concentrated at
oxidation-reduction boundaries with the initial formation of
manganese oxides and oxyhydroxides. Rhodochrosite formation
probably took place as a very early diagenetic process in pore
waters of the sediment pile (Polgdri et al. 1991). Reduction of
manganese oxyhydroxides to manganese carbonates took place
as a byproduct of organic matter oxidation. Low pyrite contents
in parts of the mineralized zone suggest that an additional reac-
tion involving the oxidation of iron monosulphide via manganese
oxide reduction may also have been important (Polgdri et al. 1991).

The Late Cimmerian orogeny played an important role in
development of Mn deposits of the Urkiit Basin. Some units

cal and isotopic (C) compositions of the Urkit manganese de-  were uplifted, and denudation of the Upper Jurassic rocks took
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Fig. 1. Location map, geological sketch map of the Urkiit area, Hungary (after Cseh-Németh et al. 1980) and locations of the samples. The main
ore bed and ore bed No. 2 are the thickest where indicated as fully developed; both bed are present, but are thinner where indicated as less
developed. The denuded areas are predominantly, but not completely, eroded to the basement. Key: 1 - fully developed manganese carbonate
ore, 2 - less-developed manganese carbonate ore; 3 - limestone; 4 - oxidized manganese ore; S - transitional zone between manganese carbonate
and manganese oxide deposits; 6 - redeposited manganese ore; 7 - denuded area; 8 - iron-manganese ore bed at Csdrdahegy; 9 - limestone bedrock
cropping out at the surface; 10 - anticline; syncline, 11 - flexure; 12 - fault. Samples: Groups are defined by their mineralogical compositions,
which are described in the text. I. Group 1. U-1; U-2; U-4; U-6; U-10; U-17; U-19; Samples from the Mn-carbonate deposit, shaft 3, W-field,
N-part. Group 2. U-Cel; U-Cel5; Celadonite-rich samples from the different parts of Mn-carbonate bed, shaft 3, W-field, N-part. IL. Group 3.
Ksl-8; Ksl-12a; Ksl-12b; Mn-oxide ore samples formed by oxidation of Mn-carbonate ore bed, shaft 3, Kisléd mine field, N-part. IIL. Group 3.
U3-21; U3-27b1; U3-27b2; U3-28; U3-29; Mn-oxide ore samples formed by oxidation, shaft 3, W-field, N-part. IV. Group 3. Ksl-39a; Ksl-39b1;
Ksl-39b2; Ksl-49a; Ksl-49b; Mn-oxide ore samples formed by oxidation (transitional zone), shaft 2, Kisléd mine field. V. Group 3. Ksl-52; Ksl-60a;
Ksl-60b1; Ksl-60b2; Mn-oxide ore samples formed by oxidation of black type, fine-laminated Mn-carbonate ore, shaft 2, Kisléd mine field. V1.
Group 3. Ksl-68; Ksl-72a; Ksl-72b; KsI-88; Mn-oxide ore samples formed by oxidation of green- (Ksl-68; Ksl-72a,b) and brown-black type
laminated (KslI-88) Mn-carbonate ore, Kisld, open pit, N-part. VIL. Group 3. U3-94; U3-95; U3-100; Mn-oxide ore samples formed by oxidation
of black-type, fine-laminated Mn-carbonate ore (transitional zone), shaft 3, W-field, S-part. A, C, F. Group 4. Mn-oxide concretions embedded
in the oxidized beds. A - shaft 2, S-part, C - shaft 3, W-field, F - shaft 1.



K/Ar AGE OF MANGANESE OXIDE ORES 367

place, at which time oxidation of the Mn-carbonate beds on the
surface began. Further oxidation may aiso have occurred when-
ever the carbonate beds were moved into oxic diagenetic zones
either by erosion or tectonic activity. The autochthonous, in situ-
oxidized Mn ores mostly preserved the lamination of the original
Mn-carbonate ores.

Samples analyzed

Nine samples were collected for K/Ar dating from the Mn-
carbonate bed (drift section) of shaft 3, W field, N part (Groups
1 and 2, Tab. 1) and 25 samples from different sections of the
oxidized deposit, partly from the western margin of shaft 3, and
partly from the Kislod field (Nyfres), NE of Urkdt (Groups
3 and 4, Tab. 1).

The mineral compositions of the samples were measured by
means of X-ray diffraction. The main characteristics of the dif-
ferent groups follow.

Group 1: the predominant minerals of the Mn-carbonate bed
are rhodochrosite, calcite, 1 nm phyllosilicate, smectite, goe-
thite, siderite, quartz, pyrite, with smaller amounts of K-feldspar,
plagioclase, dolomite, anatase, gypsum, chlorite, and zeolite in
some samples. In samples U-1and U-10 the 1 nm phyllosilicate
proved to be sericite-illite, whereas in the other samples it is
celadonite. The smectite is dioctahedral Ca-Mg-montmorillo-
nite in each sample. Beside the dominance of Ca-Mg-montmoril
lonite, the samples also contain trace amounts of nontronite. The
smectite fraction is 20 percent of the interstratification 1 nm phylio-
silicate/smectite mixed-layer clay mineral; celadonite/nontronite
interstratified clay mineral occur only in sample U-2.

Group 2: the celadonite content of the samples is more than
95 percent; quartz and sericite-illite compose the remainder of
the samples.

Group 3: the main Mn-oxide minerals are cryptomelane, py-
rolusite and manganite; other minerals include goethite, quartz,
calcite, siderite, 1 nm phyllosilicate, smectite, 1 nm phyllosili-
cate/smectite mixed-layer clay minerals with traces of todorokite
and perhaps groutite in some rocks. The clay minerals are rep-
resented by sericitefillite and Ca-Mg-montmorillonite with
kaolinite in some samples. The amounts of celadonite and non-
tronite, which are characteristic of the Mn mineralized rocks
from Urkiit, are minor in group 3 samples.

Group 4: the predominant minerals of Mn-oxide concretions
collected from different places in the oxidized bed are composed
of cryptomelane and goethite, with calcite and sericite-illite as
accessories.

Experimental methods

Measurement of K/Ar ages was performed in the Institute of
Nuclear Research of the Hungarian Academy of Sciences
{ATOMKI), Debrecen, Hungary. The samples were first crushed
to 0.1 - 0.3 mm for Ar determination, than a part of the crushed
samples was selected and pulverized for K determination.

An argon extraction line and a mass spectrometer, both de-
signed and built in the ATOMKI, were used to determine the
Ar content. The rock was degassed by high frequency induction
heating, the usual absorbents (titanium sponge, CuQ, zeolite
and cold traps) were used for cleaning the Ar. The *Ar spike
was introduced to the system from a gas-pipette before the de-
gassing started. The cleaned Ar was directly introduced into the

mass spectrometer. The mass spectrometer was a magnetic sec-
tor type of 150 mm radius and 90° deflection and was operated
in the static mode. Recording and evaluation of the Ar spectra
were controlled by a microcomputer.

A0.1gsplit of each pulverized sample was digested in HF with
the addition of some sulphuric and perchioric acids. The di-
gested sample was dissolved in 100 ml of 0.25 mol.I" HCl and,
after a fivefold dilution, 100 ppm Naand 100 ppm Li were added
as buffer and internal standard, respectively. K concentration
was measured with a digitized flame photometer of OE-85 type
manufactured in Hungary.

The interlaboratory standards Asia 1/65 and GL-O and atmos-
pheric Ar were used for calibrating the measurements. Reproduci-
bility of K measurements was < 1.5 % and values obtained for the
standards were within these limits too (6.60 * 0.1 % for GL-O and
4.12 £ 0.06 % for Asia 1/65). However, an additional 1.5% error
was added as a maximum possible bias for the K concentrations of
the standards. Thus, 3 % total error was accepted for the K con-
centrations. Reproducibility of Ar isotopic ratio measurements
was 0.2 - 0.3 %. Considering the possibility of fractionation dur-
ing baking the Ar extraction line, 1 % total error was accepted
for the Ar isotopic ratios. Details of the instruments, the applied
methods and results of calibration have been described else-
where (Balogh 1985; Odin et al. 1982).

Results and discussion

The apparent ages determined for the fine-grained host rocks
and Mn-carbonates mostly predate the age of deposition
(1ab. 1., Fig. 2). Because Mn-carbonates are free of K, these
ages reflect the associated detrital minerals (mostly clay mine-
rals) that retained at least partly their radiogenic Ar content
during transport, deposition, and diagenetic changes. No corre-
lation was found between the age and mineral composition of
the host rock, but the younger age of sample U3-27b2 indicates
that at some locations the phyllosilicates lost their radiogenic Ar
some time after deposition.

The K/Ar ages of the Mn-axide ores group mostly in the time
interval from 126 to 91 Ma. During oxidation of Mn-carbonate,
K is incorporated and cryptomelane is formed. The source of
K is most likely clay minerals in the host rocks. If radiogenic Ar
was not lost from the K-bearing Mn minerals, the K/Ar ages will
reflect the time of K incorporation, i. e. the time of oxidation of
Mn-carbonate. If any secondary event (e.g. additional
supergene processes, recrystallization, heating, etc.) allowed for
the release of radiogenic Ar from the Mn minerals, then the
K/Ar ageswould reflect the age of the youngest secondary event.
The old K/Ar ages of the clay mineral-bearing host rocks show
that secondary events were not strongenough to release Ar from
the clay minerals. Several pre-depositional ages determined for
K-bearing Mn ores are probably due to older clastic minerals
(e.g. the 256 - 254 Ma age of sample U3-100 is older than the
age of deposition).

In order to better understand the age distribution, we first
tried to decide, if the’possible secondary events that allowed for
the release of radiogenic Ar were related to certain zones of the
study area, or these events, because they were too weak to re-
lease radiogenic Ar from the clay mineral-bearing host rock,
affected only the Mn-oxide ores. Both the oxide nodules and
their clay mineral-bearing crusts were dated from some locations
(e-g- samples: U3-27b(1 and 2); U3-(28 and 29); Ksl-39(a and
b1); Ksl-49(a and b); Ksl-60(a and b1)). Identical post-oxidation
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Fig. 2. Distribution diagram of K/Ar ages.

conditions are assumed to have affected both the nodules and
their crusts. Except the sample pair of U3-27b(1 and 2) much
older ages were obtained for the crusts than for the oxide no-
dules. This result may be interpreted to reflect either that oxide
nodules formed under conditions that did not affect the K/Ar
system of the surrounding fine-grained clastic rocks or, cryptome-
lane is more sensitive to secondary effects than the minerals of
the surrounding sediments. In order to answer the question of
Ar retention in cryptomelane, we determined the K/Ar ages of
apparently pure K-bearing Mn-oxides, and calculated the K/Ar
age of contaminated Mn-oxides by eliminating the effect of clas-
tic minerals. The meaning of the ages was considered by com-
paring the Ar retention of the Mn-oxide and its fine-grained
crust.

A surprisingly old age (254 * 11 Ma) was determined for
oxide nodule U3-100. Age precision was confirmed by repeated
K and Ar determinations. This shows that the presence of clastic
minerals in the Mn-oxides, in even minor amounts that cannot
be detected by X-ray diffraction in the presence of Mn minerals,
may cause large increases of the apparent K/Ar ages. Samples
U3-27b1 and U3-28 represent two pieces of a single oxide no-
dule. In spite of their similar mineral composition as determined
by X-ray diffraction their K/Ar ages and K concentrations
showed significant differences, reflecting the heterogeneity of
the nodule.

Since a small amount of detrital minerals may be suspected in
each Mn-oxide nodule, measurement of the actual age of the
cryptomelane was attempted by first dating the whole rock oxide
ore, than dissolving the manganese oxides and dating the
residue. A true age can be calculated for the dissotved oxides, if
the K/Ar system of the residue was not altered during the solu-
tion process.

The dissolution of manganese oxide from nodule No. Ksl-88
was attempted, because the old K/Ar apparent age (187
+ 7 Ma) indicated a large amount of associated clastic debris.
Manganese oxides were removed using 3 percent HCI with re-
peated addition of several drops of H2O- so that continuous
fizzling was maintained for 5 hours. According to Hunziker et
al. (1986) and Arkai & Balogh (1989), 2 mol.I"* HCI does not
change the K/Ar age of illite and a detailed study by Clauer et
al. (1993) confirmed this conclusion. Lippolt et al. (1986) used
H>0: for non-destructive disaggregation of volcanic tuff, but did
not mention whether this treatment disturbed the K/Ar system
of the mica. However, for sample No. KsI-88 the residue yielded
an age of 132 + 6 Ma, which produces a calculated age for the

dissolved Mn-oxide older than the age of sediment. This can be
explained by Ar loss from the residue during leaching of the
manganese by HCI and H>O.. Instead of identifying the exact
cause of this Ar loss (HCl or H2Oz use, Ar loss from the undis-
sotved part of Mn-oxide), less aggressive chemicals were used
for dissotving the Mn oxides.

A second set of measurements was performed on Mn-oxide
nodule No. Ksl-72a (Tab. 2). Here a K/Ar apparent age of 251
+ 11 Ma was determined for the surrounding clay mineral-bear-
ing crust. Two different size fractions were measured from the
oxide nodule in order to determine whether crushing leads to
mineralogical fractionation of the sample. The size fractions of
0.5 - 0.63 mm and <0.063 mm resulted in ages of 116 + 5 Ma
and 137 £ 5 Ma respectively, which indicates remarkable frac-
tionation. The older minerals of greater K content are enriched
in the smaller size fraction.

An attempt was made to concentrate manganese oxides from
the oxide nodules by making use of their high density. In order
to facilitate separation the finest grains of the <0.063 mm frac-
tion were rinsed away and the residue was centrifuged in
methylene iodide of 3.32 g/cm® density. Although some enrich-
ment of detrital minerals was observed in the lighter density
fraction (deduced from the K concentration and age data), the
small grain size of minerals precluded success of this technique.

The <0.063 mm fraction of oxide nodule No. Ksl-72a was
treated using the technique of Chester & Hughes (1967), i.e.
using a solution of 25 percent acetic acid and 1.0 mol.I"" hydro-
xylamine hydrochloride. Use of the <0.063 mm fraction was
necessary, because dissolution of manganese oxides from larger
grains is a very slow process. In 3 hours 20.36 percent of the
oxide nodule had been dissolved and 190 * 8 Ma was deter-
mined for the age of the residue. From these data 2.05 percent
Kand 7.023x 10° cc STP/g radiogenic “Ar was calculated for the
manganese oxides, which produced a K/Ar age of 86.0 + 15 Ma.
This date is close to the youngest K/Ar age determined for bulk
oxide manganese nodules (from 91 to 95 Ma).

These results suggest that the K/Ar age of the contamination
free cryptomelane falls at the time of the Austrian and/or Sub-
hercynian phases of Alpine orogeny and that the scatter of
radiometric ages is caused mostly by the variable amounts of
contaminating clastic minerals.

In lack of facilities for “Ar/*Ar dating and considering the
difficulties caused by the partial loss of recoiled **Ar atoms from
fine-grained minerals (¢.g. Hunziker et al. 1986), the Ar reten-
tion was checked by recording the Ar release spectra of a Mn-
oxide nodule and that of the clastic sediment from its vicinity.
The sample pair Ksl-60(a and b1) was selected because of the
apparent minor detrital content of the oxide nodule and the
relatively high K contents and old age of the crust. The Ar re-
lease spectra show (Fig. 3) that Ar is liberated from the crust at
lower temperatures than from the oxide nodule. Stronger evi-
dence for Ar retention in the Mn-oxide comes from the Ar-
rhenius plot of the Ar release experiment (Fig. 4). According to
Fechtig & Kalbitzer (1966), the D/a’ diffusion parameters (D:
diffusion coefficient, a: size of the grains) can be calculated from
the fractional argon loss. Plotting the ln(D/az) values against 1/T,
where T is the absolute temperature of argon release, the slope
of the fitted line will be defined by the activation energy. For the
oxide nodule, 15.0 + 2.4 Kcal/mole activation energy was calcu-
lated for the 200 - 600 °C temperature range. The distribution
of points does not indicate argon loss. The two points at 700 and
800 °C, which do not fit the straight line, correspond only to
about 5 and 1 percent of released radiogenic Ar (see Fig. 3).
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Table 2: K/Ar ages of clastic mineral contaminated Mn-oxide ores and their different fractions.

No. Sample K ®Ar(rad) Age
% 10%c STPg % Mazto
Ksl-88 nodular Mn-oxide 130 9808 X 1877
undissolved residue 122 6476 68 132+6
Ksl-72b crust of Ksl-72a 085 8892 55 251+11
Ksl-72a nodular Mn-oxide
0.5- 0.63 mm whole rock 076 3536 58 116+5
< 0.063 mm whole rock 081 4480 66 1375
density >3.32 g/cm’ 080 3941 7 135
density < 332 gicm® 078 4100 76 130+ §
undissolved residue 049 3830 52 1908
calculated values
for the dissolved
oxide ore 205 7023 8615

A lower activation energy (8.9 1.1 Kcal/mole) was obtained
for the clay mineral-bearing sample Ksl-60a, forming the crust
of sample Ksl-60b1, in the 300 - 800 °C temperature range. The
lower diffusion parameter and higher activation energy at
200 °C, according to Fechtig & Kalbitzer (1966), indicates some
radiogenic argon loss from the crust. Assuming greater Ar re-
lease at 200 °C, this point can be aligned with the straight line
defined in the temperature range 300 - 800 °C, if about 8 per-
cent Ar loss characterized the crust.

These results indicate greater Ar retention for the Mn-oxides
than for the sedimentary host rock. Therefore the youngest ages
measured on the Mn-oxides and calculated for sample Ksl-72a
are regarded as the age of oxidation of the Mn-carbonates.
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Fig 3. Release of radiogenic Ar from the oxide nodule No. Ksl-60b1
and from its fine-grained crust (Ksl-60a) with detrital clay minerals.

The isotopic age of deposition of manganese ores might be
obtained by dating the authigenic celadonite, ifit formed, similar
to glauconite, soon after deposition. The ages of two samples
were determined and the difference of ages (151 + 6 Ma and
166 + 7 Ma) is greater than the analytical uncertainty and both
ages are younger than the Toarcian age of deposition. If celado-
nite loses Ar easily, similar to glauconite (Hurley 1966; Odin
& Rex 1982), and if reworked clastic clay minerals occur with
the celadonite, then definitive meaning cannot be attributed to
the age data. Since sample U-Cel5 with a greater amount of
contaminating phyllosilicates resulted in the older apparent age,
a younger actual age has to be assumed for the celadonite. In
addition, from the diffusion parameter data (Fig. 4) of sample
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Fig 4. Arrhenius plot and activation energies of Ar(rad) release for
the oxide nodule No. Ksl-60b1 and its crust No. Ksl-60a.
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Ksl-60a with fine-grained clay minerals, =~ 8 percent argon loss
was estimated and similarly Ar loss from the phyllosilicate clastic
contamination with the celadonite cannot be excluded. Accord-
ing to the work of Odin (1982), K/Ar ages for samples from the
mineral family glaucony frequently give the time of sedimenta-
tion. However, for the Mn-bearing sediments of the Urkiit area,

celadonite dates are clearly younger than the age of deposition.

Because the phyllosilicate contamination with the celadonite is
small, the actual age of the pure celadonite is probably only
a little younger than the apparent K/Ar age of 151 * 6 Ma. This
suggests that celadonite formation took place towards the end
of a very prolonged diagenetic history.

Conclusions

1 - K/Ar ages measured on the sedimentary host rocks and on
Mn carbonates in the Urkit Basin mostly predate the Lower
Toarcian age of Mn-carbonate deposition. This shows that part
of the radiogenic Ar was retained by the associated detrital mine-
rals during transportation, deposition, diagenetic changes, and
oxidation of the Mn carbonates. On the other hand, a few ages
younger than the age of deposition suggest that for some
samples radiogenic Ar was lost during or after deposition.

2 - More than half of the oxidized samples gave ages in the
105 - 91 Ma age range. This cannot be attributed to rejuvenating
effects acting only at certain places of the study area, since the
clay mineral-bearing crusts of the oxide nodules resulted in older
K/Ar ages than the oxide nodules.

Ages older than depositional ages obtained for part of the
oxide nodules are caused mostly by their detrital contamination.
By partial dissolution of the cryptomelane and dating the
residue, a 86.0 * 15 Ma age could be calculated for the dissolved
cryptomelane. This was in accordance with the youngest ages
measured on whole-rock oxide nodules (95 - 91 Ma). These
K/Ar ages of K-bearing Mn-oxides are coeval with the time of
the Austrian and Subhercynian phases of the Alpine orogeny.

The percentage, age, and K content of detrital contamination
is variable and their measurement by X-ray diffraction isdifficult
in the presence of Mn minerals. This explains the lack of corre-
lation between the age increase and the amount of detected
contamination.

3 - Through recording the Ar release spectrum of Mn-oxide
nodules and their fine-grained crust with clastic clay minerals, it
was demonstrated that Ar is released at lower temperatures
from the crust than from the oxide nodule and the activation
energy of Ar removal is higher for the oxide than for the crust
surrounding it. An Arrhenius plot of the diffusion parameter
against 1/T revealed that Ar was not lost from the oxide nodule,
but an Ar loss of about 8 percent was estimated for the crust.
This strongly supports the conclusion that the Austrian - Sub-
hercynian tectonic events are coeval with the time of the oxida-
tion and not with some later secondary process.

4 - Ages measured on 2 celadonite samples post date the time
of deposition. A younger age (151 % 6 Ma) was obtained on the
celadonite with less clastic phyllosilicate contamination. This indi-
cates that the contamination may be older and the celadonite
younger than the measured age. In view of the relatively good Ar
retention of glaucony minerals (Odin et al. 1982), the 151 + 6 Ma
age value can be only a little older than the actual age of celadonite
formation. This suggests that celadonite formation took place to-
wards the end of a very prolonged diagenetic history.

Acknowledgements: Regrettably, the senior author died dur-
ing the course of this work and the manuscript was finished by
the co-authors. Thanks are due to the Central Geological Office
of Hungary and the Hungarian National Science Foundation
(OTKA) Project No. 1180 for granting this study. This work was
performed in the frame of IGCP Project No. 318. The authors
would like to thank E. Arva-S6s and Z. Pécskay for assistance in
K/Ar dating. James R. Hein, U.S. Geological Survey kindly re-
viewed this paper and improved the English.

References

Arkai P. & Balogh K., 1989: The age of metamorphism of the East
Alpine type basement, Little Plain, W-Hungary: K-Ar dating of
K-white micas from very low- and low-grade metamorphic rocks.
Acta Geol. Hungarica, 32,1-2,131 - 147.

Arva-S6s E. & Balogh K., 1979: Investigation of granites and associated
metamorphicrocks by the K-Ar method in the Mecsek Mountains.
Foldt. Kutatds, 22, 33 - 36 (in Hungarian).

Balogh K., 1984: Adaptation and results of the K/Ar method in Hun-
gary. Cand. Sci. Theses, Hung. Acad. Sci., Budapest, 1 - 104 (in
Hungarian).

Balogh K., 1985: K/Ar dating of Neogene volcanic activity in Hungary:
Experimental technique, experiences and methods of chronologi-
cal studies. ATOMKI REPORT D/1, Debrecen, 277 - 288.

Chester R. & Hughes J., 1967: A chemical technique for the separation
of ferro-manganese minerals, carbonate minerals and adsorbed
trace elements from pelagic sediments. Chem. Geol., 2, 249 - 262.

Chukhrov EV,, Shanin L.L. & Yermilova L.P., 1965: On the possibility
of the determination of absolute ages of Mn ores with K content.
Izv. Akad. Nauk SSSR, Ser. Geol., 2,3 - 6 (in Russian).

Clauer N., Chaudhuri S., Kralik M. & Bonnet-Courtois Ch., 1993: Ef-
fects of experimental leaching on Rb-Srand K-Ar isotopicsystems
and REE contents of diagenetic illite. Chem. Geol., 103, 1 - 16.

Cseh-Németh J., Konda J., Grasselly Gy. & Szab6 Z., 1980: Sedimen-
tary manganese deposits of Hungary. In: Varentsov L. M. & Gras-
selly Gy. (Eds.): Geology and Geochemistry of Manganese. Vol. 2.
Akad. Kiad6, Budapest, 199 - 221.

Fechtig H. & Kalbitzer S., 1966: The diffusion of argon in potassium-
bearing solids. In: Schaeffer O.A. & Zahringer J. (Eds.): Potas-
sium-Argon Dating, Springer, New York, 68 - 107.

Galédcz A. & Voros A., 1972: Jurassic history of the Bakony Mountains
and interpretation of principal lithological phenomena. Foldt.
Kozl., 102,122 - 135 (in Hungarian).

Géczy B., 1968: Ammonoides du Lias supérieur d‘Urkat. Folds. Kozl.,
98, 118 - 226 (in Hungarian, French abstract).

Géczy B., 1972: The origin of the Jurassic faunal provinces and the
Mediterranean plate tectonics. Ann. Univ. Sci. Budapest., Sect.
Geol, 16,99 -114.

Hunziker J.C., Frey M., Clauer N., Dallmeyer R.D., Friedrichsen H.,
Flehmig W., Hochstrasser K. Roggwiler P. & Schwander H., 1986:
The evolution of illite to muscovite: mineralogical and isotopic
data from the Glarus Alps, Switzerland. Contr. Mineral. Petro-
logy, 92, 157 - 180.

Hurley PM., 1966: K-Ar dating of sediments. In: Schaeffer O.A.
& Zahringer J. (Eds.): Potassium-argon dating. Springer. Berlin,
Heidelberg, New York, 134 - 151.

Kaeding L., Brockamp O. & Harder H., 1983: Submarin-hydrother-
male Entstehung der sedimentéren Mangan-Lagerstitte
Urkdt/Ungarn. Chem. Geol., 40, 251 - 268.

Kedves M. & Simoncsics P., 1964: Microstratigraphy of the carbonate
manganese ore layers of the shaft III of Urkit on the basis of
palynological investigations. Acta Mineral. Petrogr.,16,3 - 48.

Konda J., 1970: Lithologische und Fazies-Untersuchungen der Jura-
Ablagerungen des Bakony-Gebirges. Ann. Inst. Geol. Publ. Hung,,
50, 161 - 260 (in Hungarian).



K/Ar AGE OF MANGANESE OXIDE ORES 373

Lippolt HJ., Fuhrmann U. & Hradetzky H., 1986: “ArAr age deter-
mination on sanidines of the Eifel volcanic field (Federal Republic
of Germany): constraints on age and duration of a Middle Pleis-
tocene cold period. Chem. Geol., 59,187 - 207.

Odin G.S., 1982: Effect of pressure and temperature on clay mineral
potassium-argon ages. In: Odin G.S. (Ed.): Numerical Dating in
Stratigraphy. Wiley & Sons, Chichester, New York, Brisbane,
307 - 319.

Odin G.S. & Rex D.C,, 1982: Potassium-argon dating of washed,
leached, weathered and reworked glauconies. In: Odin G.S. (Ed.):
Numerical Dating in Stratigraphy. Wiley & Sons, Chichester, New

‘ York, Brisbane, 363 - 385.

Odin G.S. & 35 collaborators, 1982: Interlaboratory standards for dat-
ing purposes. In: Odin G.S., (Ed.): Numerical Dating in Strari-
graphy. Wiley & Sons, Chichester, New York, Brisbane, 123 - 150.

Polgdri, M., Mol4k, B. & Surov4, E., 1992: An organic geochemical
study to compare Jurassic black shale-hosted manganese carbo-
nate deposits: Urkiit, Hungary, and Branisko Mountains, East
Slovakia. Explor. Mining Geol.,v. 1, 63 - 67.

Polgdri M., Okita PM. & Hein J.R., 1991: Stable isotope evidence for
the origin of the Urkit manganese ore deposit, Hungary. J. Sed.
Petrology, 61,384 - 393,

Segev A, Halicz L., Lang B. & Steinitz G., 1991: K-Ar dating of manganese
minerals from the Eisenbach region, Black Forest, southwest Ger-
many. Schweiz. Mineral. Petrogr Mitt., 71,101 - 114.

Segev A. & Steinitz G., 1986: Dating of epigenetic manganese nodules
and reset illites in the Cambrian Timna Formation, southern Is-
rael. Terra Cogn., 6,112 - 113.

Simoncsics P. & Kedves M., 1961: Palaeobotanical examinations on
manganese series in Urkit (Hungary, Transdanubia). Acta Mine-
ral. Petrogr, 14,27 - 57.

Steiger R.H. & Jéager E., 1977: Subcommission on geochronology:
Convention on the use of decay constants in geo- and cosmochro-
nology. Earth Planet. Sci. Lett, 36, 359 - 362.

Szab6 Z., Grasselly Gy. & Cseh-Németh J., 1981: Some conceptual
questions regarding the origin of manganese in the Urkiit deposit,
Hungary. Chem. Geol., 34,19 - 29.

Varentsov M., Grasselly Gy. & Szab6 Z., 1988: Ore-formation in the
Early Jurassic basin of Central Europe: Aspects of Mineralogy,
Geochemistry and genesis of the Urkiit deposit, Hungary. Chem.
d. Erde, 48,257 - 304.

Yashvili L.P. & Gukasyan PKh., 1973: Application of the cryptomelane
for the dating of Mn-ores of Sevkar-Sarigiukh area by K-Ar method
(Arm SSR). Dokl. Akad. Nauk SSSR, 212, 185 - 188 (in Russian).



