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ABSTRACT 

In this study 25 brown coal samples have been examined from Ajka (J6kai mine). The total sulphur content 
of the studied Upper Cretaceous brown coals is highly variable abundances range from 2.1% to 9.7%, mean 
5.1%. The dominant sulphur forms found in the samples were pyritic and organic sulphur. The sulphur content 
of the brown coals is generally less than 0.3%, the mean -0.15%. 

However, there is a difference between the distribution of sulpur in the lower and upper coal beds of the 
mine. The brown coal samples taken from the I я bed can be characterized by extremely high total sulphur 
values (mean 7.5%!), where the pyritic sulphur is dominating giving 65% of the total sulphur content. In the 3rd, 
4th, 5th and 6th coal beds of the lower coal series the prevalence of organic sulphur (270%), an average of ~20% 
pyritic sulphur and a minimal sulphate sulphur content can be traced. These latter distributions of the sulphur 
content are very similar to the values experienced during the earlier analyses of the average sulphur content of 
Transdanubian brown coals, the sequence is organic sulphur > pyritic sulphur > sulphate sulphur. The wide 
range of the total sulphur content within the individual coal beds - save the 6th one - refers to their heterogenous 
nature. The inorganic contents of the coal measures are also different, the average ash content of the samples 
taken from the coal beds showed an upward increase. 

The high sulphur content of the coals of J6kai mine can be explained by the fact that they were deposited in 
a brackish or marine-influenced environment. The really high pyrite content of the 1st bed might be explained by 
the presence of interbedding elayish inorganic layers within the coal beds, while the high organic sulphur 
content of the lower coal series may reflect the influence of the carbonate rocks giving the bottom of seams and 
the low concentration of available reactive iron during peat formation and diaganesis. 

INTRODUCTION 

It is generally known that sulphur present in the coal is usually as inorganic and 
organic sulphur compounds. The inorganic sulphur content is originated mainly from iron 
sulphides (pyrite or marcasite; other sulphides are frequently found in very small quantities 
e. g. arsenic, copper, lead, zinc sulphides). The presence of sulphates (mainly of calcium 
and iron) is generally unimportant except in case of highly weathered or oxidized coal 
samples (weathering of pyrite may generate iron sulphates). Although elemental sulphur 
sometimes occurs in some coals. The sulphur content is conventionally given in total 
sulphur values and the so-called forms of sulphur that are pyritic, sulphate and organic 
sulphur, with the assumption that pyritic sulphur embodies all the metallic sulphides as 
well. 

The first step in the overall process of sedimentary pyrite formation is the bacterial 
reduction of sulphate, under anoxic conditions. The amount of pyrite formed in a sediment 
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depends on three factors: sufficient dissolved sulphate, concentration of organic matter 
and reactive iron minerals. Pyrite forms during shallow burial, via the reaction of detrital 
iron minerals with H2S. The H2S is produced by the reduction of interstitial dissolved 
sulphate by bacteria using sedimentary organic matter as reducing agent and energy 
source. The initial product of this reaction is not pyrite but rather a series of metastable 
iron monosulphides which during early diagenesis transform to pyrite by reaction with 
polysulphide ions (BERNER 1972, 1981, 1984). However, the last reaction step is very 
complicated process. According to a part of the study pyrite single crystals could be 
formed rapidly and directly by the reaction of iron monosulphide with polysulphide ions 
(RLCKARD 1975), but direct pyrite formation was not observed in case of reactions of 
Fe(II) and Fe(III) solutions with polysulphide (LUTHER III 1991). On the other hand a 
number of laboratory studies have demonstrated that pyrite can be synthesized rapidly 
from inorganic solution under suitable conditions (HOWARTH 1979) or DROBNER et al. 
( 1 9 9 0 ) reported the formation of pyrite under fastidiously anaerobic conditions in the 
aqueous system of FeS and H2S. 

In the fresh-water amount o f sulphate less than in sea-water, during burial sulphate 
supply become difficult too, therefore in these circumstances pyrite forms not only via 
reduction o f sulphate. According to ALTSCHULTER et al. ( 1 9 8 3 ) the pyrite formation in 
organic-rich sediment is commonly linked to H 2 S formed within the organic t issues and 
suggests that the sulphid may derive largely from organic sulphur. 

In the sediments, H2S formed from microbial reduction of sulphate initially reacts with 
available iron to form iron sulphid minerals and more gradually with organic matter to 
form organosulphur compounds (TUTTLE and GOLDHABER 1993). The organic sulphur 
compounds found in coals have been categorized according to functionality: thiols, 
sulphides, thiophenes, thiopyrones (GIVEN and WYSS 1961; ATTAR 1979). In their 
experiments CASAGRANDE et al. ( 1979 ) demonstrated that not only H2

35S is incorporated 
in peat as organic sulphur, but elemental sulphur as well (CASAGRANDE and NG 1979). 
Hydrogen sulphide is an important intermediate for pyrite and organic sulphur formation 
in peats (CASAGRANDE 1987). 

The H2S produced by bacterial sulphate reduction exhausts not only in reactions 
mentioned above, but a part of the H2S escapes from the sulphate reduction zone as well. 
In a study on recent bioturbated sediments BERNER and WESTRICH ( 1 9 8 5 ) found that only 
< 1 0 - 7 5 % of the reduced sulphur remains in the sediments. They have concluded that the 
main mechanism of loss of reduced sulphur are oxidation "by 0 2 mixed into the sediments 
by the benthos and, to a lesser extent, via enhanced H2S transport resulting from benthic 
irrigation". Therefore we may support that the mechanisms enumerated by BERNER and 
WESTRICH (1985) did not operate in sediments were bioturbation is absent. Thus these 
sediments have lost no more than 25% (and probably much less) of the reduced sulphur 
produced in them (VETO and HETENYI 1991). 

There is an almost universal tendency for the sulphur content of seams in close 
proximity to marine bands to be abnormally high (WANDLESS 1955; WILLIAMS and KEITH, 
1963; REIDENOUER et al. 1967 and others). The high sulphur content is due to the 
increased availability of sulphate ions in sea-water and by the activity of anaerobic 
bacteria. Coals, which were deposited in calcium-rich swamps, show similar properties to 
marine-influenced coals. Calcareous basements, or influx of calcium-rich waters from 
surrounding swamp areas, reduce the acidity of the peat to a much greater degree than 
does sea-water (SZADECZKY-KARDOSS 1952; STACH et al. 1982). 
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CECIL et al. ( 1 9 7 9 ) concluded that low ash and low sulphur coals were deposited as 
fresh-water peats which were underlain and overlain by fresh-water clastic sediments in 
which limestones were absent. Where limestones are present in fresh-water sedimentary 
sequences the coals are of intermediate ash yield and sulphur content. High ash and high 
sulphur coals are associated with brackish or marine sediments. 

GEOLOGICAL SETTING 

The Upper Cretaceous brown coal mine (Jókai) in the Transdanubian Central Range is 
situated at the N W edge of the S Bakony Mountains, SE from the town of Ajka in the 
middle of the Ajka Basin (Fig. /.). 

In the NW foreland of the S Bakony Mountains the Senonian coal-bearing series can 
be found along a 20-25 kilometres long line. The Upper Triassic Norian dolomite 
complex ("Hauptdolomit") forms the bottom of this coal-bearing series. Besides these the 
Kössen beds (Rhaetian) are represented by distinctive forms of limestones, dolomites, 
marls and clay marls and respectively the rocks of another Upper Triassic Rhaetian deposit 
the Dachstein Limestone ("Dachsteinkalk") (KOZMA 1991). The classical term of Ajka 
Coal Formation covers a unit which consists of an alternation of coal-bearing argillaceous 
and calcareous rocks deposited in lacustrine and, later, salt water swamps which developed 
parallel with the marine transgression in the Senonian (HAAS et al. 1977). The series of the 
Ajka Coal Formation is composed of a multiple cyclical succession of coal, grey clay 
marl, marl, sandstone and limestone layers. In the lower strata of the formation the 
presence of an abundant molluscs indicate freshwater facies while in the upper strata it 
shows an increasing tendency in salinity with cyclical changes (HAAS and EDELÉNYI 
1979). 

The Ajka brown coal measures approximately 120 m thick vertically with a 130 coal 
benches, with the help of the well identifiable unproductive interbeddings can be divided 
into a lower and upper coal series. 

The lower coal series has a 14-25 m vertical thickness and contains most of the coal 
beds. The 2nd, 3rd, 4th, 5th and 6th coal beds are divided by slightly different interbeddings 
in the mine. These unproductive interbeddings are 0.3-2.0 metres thick vertically. 
Between the coal beds and in the beds themselves the appearance of light , brown 
calcareous marls, carbonaceous marls can be observed. 

The upper coal series is divided from the lower one by one a 1-20 metres thick ligh 
grey clay marl interbedding. In the coal series only one workable seam can be found which 
is called the 1st or Amber Coal Bed. It was named after the fossilized resins of Cretaceous 
pine forests, though as it turned out later on practically amber might be found in any of the 
seams. The amber was given the name of Ajkait after the town of Ajka. Above the 1st bed 
the previously mentioned light grey clay marl layers occur again in 5 to 20 metres 
thickness. The geological literature give the name 0 (zero) bed to the 4-5 metres thick 
carbonaceous clay, argillaceous coal and marl mollusc bearing layers above the 1st coal 
bed thus indicating that the discovery of this seam took place after the accepted numbering 
of the coal beds of the series (KOZMA 1991). 
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Fig. I. Geological sketch map of the Ajka Basin (after KLESPITZ, 1971) 
Legend: 1 = Upper Cretaceous limestone, 2 = Eocene limestone, 3 = Miocene pebbles, 4 = Pliocene basalt, 

5 = Pleistocene, holocene deposits, 6 = Fault, 7 = The boundary of the erosion coal bed. 
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SAMPLES AND ANALYTICAL METHODS 

25 brown coal samples have been examined from Ajka (Jókai Mine) (Table 1). First 
the samples were ground to grain size d<0.2 mm. 

The total carbon content was measured at 1000 °C under intense oxygen flow by 
combusting in a Carmhograph-8 (Wösthoff) equipment. 

The determination of calcite and dolomite by gasometry is based on the fact that calcite 
dissolves rapidly and perfectly in 1:1 HC1 at room temperature, but dolomite dissolved 
after some time and very slowly. At the same time both calcite and dolomite dissolves 
after 5 minutes boiling (HETÉNYI and VARSÁNYI 1 9 7 5 ) . 1 cm3 C 0 2 = 0 . 1 9 7 6 g C 0 2 ; CCARB 

= 0 . 2 7 2 9 x C 0 2 . 
The determination of the total sulphur was carried out with Eschka procedure. The 

Eschka method consist of thoroughly mixing the powered coal sample with Eschka 
mixture (two parts calcined MgO and one part anhydrous Na2C03) and then ashing the 
mixture in muffle furnace at 800 °C. The ashed coal is leached with hot water and filtered, 
and sulphate precipitated with BaCl2 was determined by gravimetric analysis as barium 
sulphate. This method is most accurate for coal samples containing no more than 6 or 7% 
sulphur (TSAI 1982). 

The sulphur content of disulphide in coal samples was reduced by nascent hydrogen to 
hydrogen sulphide in the presence of Cr(II)-ions. The hydrogen sulphide originated from 
reduction was buddled through a cadmium acetate solution and the sulphur content of 
disulphide was determined by iodometry. 

The sulphate sulphur was determined by extraction of the powered coal samples with 
hydrochloric acid followed by precipitation with barium chloride and weighing as barium 
sulphate. 

In every case the organic sulphur was determined by the difference between the total 
sulphur and inorganic sulphur. 

RESULT AND DISCUSSION 

Examining the data published in Hungarian geological reports concerning the Ajka 
mine (Table 2) it can be concluded that primarily we have to deal with records of the total 
sulphur content of the Hungarian coals. It can be plainly seen mainly in case of the more 
data found in the reports (FEJÉR et al. 1 9 8 9 ) as well that there are extreme variations in the 
quantities of the total sulphur content in the brown coal samples of the Jókai mine. Our 
measurements proved these extreme variations too. The results of experiments are 
summarized in Table 3. 

The total sulphur content of Upper Cretaceous brown coals from Ajka is highly 
variable abundances range from 2.1% to 9.7%, mean 5.1%. Pyritic and organic sulphur are 
dominant sulphur forms in them. The sulphur content of brown coals is generally less than 
0.3%, with a mean of -0.15%. Besides the general features of the coal measures we have 
to take in to consideration the fact that the development of the individual coal beds might 
be different within the whole system along with the distribution of sulphur content; thus 
the data concerning the individual coal beds give us more accurate information about the 
mine. The distribution of sulphur is different in the 1st bed and the 3rd, 4th, 5th and 6th beds 
of the lower coal series. The brown coal samples taken from the 1st bed can be 
characterized by extremely high total sulphur values (mean 7.5%!), where the pyritic 
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Table 1 
Markings connected with the brown coal samples from Ajka (Jökai Mine) 

Sample 
No. 

Symbol Sampling Features of the coal samples 

1 J/I/l 1st coal bed; coal drawing (37/1) Slightly stratified durain coal 
2 J/I/2 1st coal bed; coal drawing (37/1) Durain coal with vitrain lenticles 

3 J/1/3 1st coal bed; coal drawing (37/1) Durain coal with vitrain lenticles; 
similar to J/I/2 

4 J/III/4 3rd coal bed; coal drawing (52/6) Unstratified durain coal with vitrain lenticles 

5 J/1I1/5 3rd coal bed; coal drawing (52/6) Unstratified vitrain lenticles coal with brown 
precipitated resin 

6 J/III/6 3rd coal bed; coal drawing (52/6) Slightly stratified coal with vitrain streaks 
and fragments of gastropods 

7 J/III/7 3rd coal bed; air way of coal preparation 
(38/IV) 

Unstratified durain coal 

8 J/III/8 3rd coal bed; haulage drift of coal 
preparation (38/IV) 

Durain coal with fragments of molluscs 

9 J/III/9 3rd coal bed; air way of coal preparation 
(38/IV) 

Unstratified durain coal 

10 J/1V/10 4th coal bed; coal drawing (52/6) Unstratified durain coal 
11 J/IV/11 4th coal bed; coal drawing (52/6) Unstratified durain coal 

12 J/IV/12 4Ul coal bed; coal drawing (52/6) Unstratified vitrain coal with millimetre 
sized gypsum 

13 J/1V/13 4th coal bed; haulage drift of coal 
preparation (38/IV) 

Vitrain coal with fragments of molluscs 

14 J/1V/14 4th coal bed; haulage drift of coal 
preparation (38/IV) 

Durain coal 

15 J/IV/15 4th coal bed; haulage drift of coal 
preparation (38/IV) 

Vitrain coal with fragments of molluscs 

16 J/IV/16 4th coal bed; air way of coal preparation 
(38/IV) 

Vitrain coal 

17 J/IV/17 4lh coal bed; air way of coal preparation 
(38/IV) 

Vitrain coal with fragments of molluscs 

18 J/V/18 51,1 coal bed; coal drawing (52/6) Slightly stratified durain coal 
19 J/V/19 5th coal bed; coal drawing (52/6) Slightly stratified vitrain lenticles coal 
20 J/V/20 5th coal bed; coal drawing (52/6) Unstratified durain coal with vitrain lenticles 

21 J/V/21 5th coal bed; 38/IV air way of coal 
preparation 

Durain coal 

22 ¡N122 5th coal bed; air way of coal 
preparation (38/IV) 

Vitrain lenticles coal with fragments 
of molluscs 

23 J/VI/23 6th coal bed; coal drawing (52/6) Hard, vitrain and durain streaks coal 
24 J/VI/24 6th coal bed; coal drawing (52/6) Crumbly, clarain earth coal 

25 J/VI/25 6111 coal bed; coal drawing (52/6) Moderately hard, durain coal with fragments 
of molluscs 
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Table 10 
The total sulphur content and distribution of sulphur in brown coal from Ajka 

on the basis of published data 

Station of 
sampling 

Number of 
samples 

S,a wt% 
(mean) 

Sp
a wt% 

(mean) 
Ssz" W t % 
(mean) 

Sorga W t % 
(mean) 

Ajka1 6 4 . 3 0 - 5 . 5 8 l a 

( 4 . 9 8 ) 

6 . 9 ' " 

Ajka2 3 2 . 8 8 - 3 . 9 8 

( 3 . 5 2 ) 

Ajka3 8 3 . 4 - 4 . 5 

( 4 . 0 ) ' 

0 . 7 - 1 . 3 

( 1 . 0 ) 

0 . 2 - 0 . 5 

( 0 . 3 ) 

1 . 6 - 3 . 3 

( 2 . 7 ) 

Jókai mine4 3 7 1 . 5 7 - 9 . 3 4 

( 3 . 3 9 ) 

St
a, Sp

a, Ssz
a, Sorga: total, pyritic (+sulphide), sulphate, organic (by difference) sulphur content in air dried 

sample. 
' VITÁLIS I. (1939): Occurrence of coals in Hunga ry ; l a after GRITTNER, 1 9 0 6 ; l b after VARGA J. and NYÚL Gy., 

1 9 3 7 . 
2 SZÁDECZKY-KARDOSS E. (1952): Coal Petrology. 
3 MR. KOVATSITS M., WOLF GY. (1980): Sulphur survey of the Hungarian commerical coals. 
4 FEJÉR L., OSWALD GY., SZÉLES L. (1989): The method and results of the sulphur content survey of the 

Hungarian coals. 

sulphur is dominating giving 65% of the total sulphur content. In the 3rd, 4th, 5th and 6th 

coal beds of the lower coal series the prevalene of organic sulphur (>70%), an average of 
-20% pyritic sulphur and a minimal sulphate sulphur content can be traced. These latter 
distributions of the sulphur content are very similar to the values experienced during the 
earlier analyses of the average sulphur content of Transdanubian brown coals, the 
sequence is organic sulphur > pyritic sulphur > sulphate sulphur (PÁPAY 1993). The wide 
range of the total sulphur content within the individual coal beds - save the 6th one - refers 
to their heterogenous nature. The inorganic contents of the coal measures are also 
different, the average ash content of the samples taken from the coal beds showed an 
upward increase. The high sulphur content of the coals of Jókai mine can be explained by 
their deposition in a brackish or marine-influenced environment. The really high pyrite 
content of the 1st bed might be explained by the presence of interbedding clayish inorganic 
layers within the coal beds. As it is known, in the argillaceous rocks the amount of reactive 
iron is plenty 6.5% (Fe203+Fe0), but at the same time in carbonates the iron content is 
only 0.5% or lower (WOYTKEVITSH et al. 1977). The quantity of available ferrous ion is an 
important factor for pyrite formation. At the same time the high organic sulphur content of 
the lower coal series may reflect the influence of the carbonate rocks giving the bottom of 
seams and the low concentration of available reactive iron during peat formation and 
diagenesis. 
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Table 9 

Distribution of sulphur in brown coal samples at Ajka (Jokai Mine) in addition to data of the moisture, ash, total, inorganic, organic carbon content 

Symbol Wa 

% 
Ad 

% 
Q % Ccarb % C0rg % 

S,a 

% 
o a 
3 p % 

O a 
•Jsz % 

o a 
° o r g 

% (diff.) 

S(dar 
% 

c daf 
i p % 

c daf 
^sz 

% 
c daf 

% (diff.) 
J/I/l 7.6 32.7 41.3 0.2 41.1 4.5 1.9 0.1 2.5 7.5 3.2 0.1 4.2 
J/1/2 7.0 26.2 44.5 0.2 44.3 8.4 5.8 0.2 2.8 13.2 8.7 0.3 4.2 
J/1/3 6.2 40.1 31.3 0.2 31.2 9.7 7.0 0.7 2.3 18.6 13.0 1.3 4.3 

J/1II/4 9.1 10.4 60.6 0.1 60.5 7.9 2.3 0.1 5.5 9.8 2.9 0.1 6.8 
J/1II/5 9.0 12.6 64.8 0.6 64.2 5.3 0.3 <0.1 - 4 . 9 6.8 0.4 - 0 . 1 - 6 . 3 
J/III/6 8.6 13.9 60.6 0.6 60.0 4.8 0.3 <0.1 - 4 . 4 6.2 0.4 - 0 . 1 - 5 . 7 
J/III/7 7.6 15.8 56.0 0.1 55.9 6.3 1.6 0.1 4.6 8.2 2.1 0.1 6.0 
J/1II/8 6.1 32.9 43.1 3.9 39.2 3.9 0.7 <0.1 - 3 . 1 6.4 1.2 - 0 . 1 - 5 . 1 
J/Ill/9 7.8 20.4 53.5 0.1 53.4 5.7 2.4 0.1 3.2 7.9 3.3. 0.1 4.5 

J/1V/10 7.8 14.3 58.9 0.2 58.7 5.5 1.1 0.1 4.3 7.0 1.4 0.1 5.5 
J/IV/11 8.2 11.1 63.7 0.1 63.6 5.5 0.8 0.2 4.5 6.8 1.0 0.2 5.6 
J/IV/12 8.0 13.0 59.6 0.6 59.0 6.3 0.5 0.3 5.5 8.0 0.6 0.4 7.0 
J/IV/13 5.1 38.8 34.1 4.0 30.1 3.2 0.4 <0.1 - 2 . 7 5.7 0.7 - 0 . 2 - 4 . 8 
J/IV/14 8.5 13.1 53.8 0.2 53.6 6.3 1.3 0.2 4.8 8.0 1.7 0.3 6.1 
JflV/15 4.3 41.4 32.2 5.5 26.7 2.1 0.4 <0.1 - 1.6 3.9 0.7 - 0 . 2 - 3 . 0 
J/1V/16 6.0 48.6 28.5 0.1 28.4 4.8 2.9 0.2 1.7 10.6 6.4 0.4 3.7 
J/IV/17 5.3 38.1 40.3 4.2 36.1 3.2 0.6 <0.1 - 2 . 5 5.7 1.1 - 0 . 2 - 4 . 4 
J/V/18 8.0 11.7 63.7 0.2 63.5 3.6' 0.7 0.1 2.8 4.5 0.9 0.1 3.5 
J/V/19 8.2 23.8 54.0 0.7 53.3 3.7 1.0 0.1 2.6 5.4 1.5 0.1 3.8 
J/V/20 8.2 13.9 58.9 0.2 58.7 5.2 1.2 0.1 3.9 6.6 1.5 0.1 5.0 
J/V/21 7.7 25.3 46.7 0.1 46.6 6.3 3.2 0.3 2.8 9.4 4.8 0.4 4.2 
J/V/22 6.7 25.7 50.0 2.4 47.6 4.6 0.8 <0.1 - 3 . 7 6.8 1.2 - 0 . 1 - 5 . 5 
J/V/23 9.5 11.5 58.1 0.2 57.9 4.0 1.1 0.1 2.8 5.1 1.4 0.1 3.6 
J/VI/24 9.3 8.9 63.7 0.2 63.5 3.1 0.3 0.1 2.7 3.8 0.4 0.1 3.3 
J/Vl/25 9.7 13.3 58.5 0.4 58.1 3.6 0.2 0.2 3.2 4.7 0.3 0.3 4.1 

Wa: analitical moisture wt %; Ad: ash (air dried sample) wt %; Ct, Ccait> Corg: total, carbonate (inorganic), organic carbon contect wt %; 
St

a, Sp
a, Ssza, S0rga: total, pyritic (+sulphide), sulphate, organic (by difference) sulphur content in air dried sample 

S,"*, Sp^, SM , Sorg^: total, pyrite (+sulphide), sulphate, organic (by difference) sulphur content; dry, ash-free basis 
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