
Geologica Hungarica Series Geologica (1999), Tomus 24: 197-293 
Carlin gold in Hungary

EVALUATION OF THE PROSPECTED AREAS AND FORMATIONS

László Korpás1, Albert H. Hofstra2, László Odor4, István Horváth1, János Haas3 and Tibor Zelenka4

1 Geological Institute of Hungary, H -l 143, Budapest, Stefánia út 14., Hungary
2 US Geological Survey, P.O. Box 25046, Denver, CO 80225, USA
J Hungarian Academy of Sciences, — Eötvös Loránd University, Geological Research Group,

H-1088 Budapest, Múzeum krt. 4a., Hungary
4 Hungarian Geological Survey, H -l 143, Budapest, Stefánia út 14., Hungary

ABSTRACT

A systematic geochemical study by applying stream sediment survey and rock chip sampling was carried out 
between 1995 and 1998 at the Geological Institute of Hungary to evaluate the potential of Carlin-type gold miner
alization in Hungary. Main results of the geochemical explorations will be summarized in the following:

Investigation of 97 formations represented by 1398 samples of 604 sample sites resulted in the estimation of a rather 
modest Carlin gold potential of Hungary. This potential is hosted mainly in Paleozoic, Early Mesozoic subordinately in 
Late Mesozoic and Paleogene formations. The anomalous and subanomalous groups of formation are located in 
favourable geologic and tectonic settings of rifting, subduction and collision and in related master faults and shear zones.

Using threshold values for subanomalous (10-100 ppb Au) and anomalous (>100 ppb Au) groups 18 forma
tions contain gold in subanomalous or anomalous concentrations. Anomalous gold values were detected in the 
folloving seven formations: the Paleozoic (1) Lovas Slate (max. 4770 ppb Au), (2) Velence Granite (max. 2090 
ppb Au) arid (3) Szentlélek Formation (max. 234 ppb Au), the Triassic (4) Rudabánya Iron Ore (max. 630 ppb 
Au), the Jurassic (5) Damóhegy Shale (max. 340 ppb Au), the Cretaceous (6) Felsőcsatár Greenschist (max. 300 
ppb Au) and the Eocene (7) Nadap Andesite (max. 1000 ppb Au).

Ten predictive areas of 2 to 190 km2 below were recommended for further explorations: (1) the Velence Hills 
(190 km2) and (2) Balatonfő (150 km2) in the Transdanubian Range, (3) the Rudabánya Mountains (35 km2), (4) 
Recsk area (80 km2), (5) Uppony Mountains (60 km2) and (6) Szendrő Mountains (40 km2) in the Northeastern 
Range, the (7) the Vas-hegy (3 km2) and (8) Kőszeg Mountains (42 km2) in Western Transdanubia, (9) the Pilis 
Mountains (80 km2) in the Transdanubian Range, and (10) the Mecsek Mountains (2 km2) in South Transdanubia. 
Two of them in the Velence Hills and in the Rudabánya Mountains exhibit promising Carlin gold potential.

1. INTRODUCTION

The evaluation of the prospected areas and formations is based on systematic study and sampling of 97 forma
tions, mainly pre-Tertiary in age (Fig. 1). The Carlin ore perspectivity map (geology) of the Fig. 2 illustrates the 
areal distribution of these formations. Analytical data of 1398 samples representing altogether 604 sample sites 
are recorded in Appendix 1 Their areal distribution completed with the cells of the stream sediment survey is 
demonstrated on the Carlin ore geochemistry map (Fig. 3).

2. MAIN FEATURES OF OUR GEOCHEMICAL TREATMENT

Geochemical methods have always been important in gold exploration of the Carlin Trend in the USA.
(Wakefield 1993, Paul et al. 1993, Doyle-Kunkel 1993 and Rota 1993). During the investigations going on 
for many years on geochemical patterns related to gold mineralization, a very important discovery was the recog
nition of element associations. Detailed geochemical investigation of Carlin ore samples revealed the close asso
ciation of gold with As, Sb and Hg. These elements have become known as the “Carlin Suite”. Some other analy-
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ses have shown that Tl has also given anomalous concentrations in some deposits. But Au, As, Sb and Hg are still 
thought to be the consistent indicator elements of Carlin-type gold mineralization.

In our survey of the potential for Carlin-type gold mineralization in Hungary we have closely followed and 
used the methods recommended by the USGS geologists and geochemists. In the USA, stream sediment, soil and 
rock-chips geochemistry have been used in the detailed investigations for Carlin-type gold.

The main sampling media during our reconnaissance survey was the rock-chip sampling or lithogeochemis- 
try. Outcrops, roadcuts and drillcores of many boreholes have been sampled. Geological formations have been 
the main units to be characterized. Sampling was very uneven and sometimes scarce. Our aim was to collect 
samples from as many geologic formations as possible-using a previous geologic screening and consideration 
as to the possible worth of a given formation for this type of mineralization. This means that alterations which 
are considered to be spatially associated with gold mineralization (like silicification, argillization and sulfida
tion) have always been preferred when taking the samples for our survey. So it is basically a biased sampling 
to show the best possible conditions. It happens that there are formations with only 1 or 2 samples and other 
formations with dozens of samples to help geochemical characterization. The geologic formations themselves 
are not always uniform and they consist of many different rock-types. One has to take all these into considera
tion when evaluating the results.

Parallel with this research another geochemical survey was also conducted at the Geological Institute of Hun- 
gary-a reconnaissance stream sediment survey of the hilly and mountainous parts of the country (Fig. 3), with the 
aims of outlining possible hidden mineralizations and giving surface geochemical data to evaluate the state of the 
environment.

2.1. Processing of the data

Six elements have been analyzed: Au, Ag, As, Hg, Sb and Tl. Analytical methods are described by Bertalan and 
Bartha (1999). Analytical results of earlier investigations (mainly data for Au and Ag) have also been incorporated and 
used in the survey (see Appendix 1). We have had the possibility to check the quality of our data by using outside con
trol.

We have the analytical data of altogether 1398 samples for our disposal to make the geochemical evaluation. These 
data are in Dbase files and are given in Appendix 1 SPSS PC+software package was used to calculate the main geo
chemical parameters, to study the distribution of the concentrations of elements, to decide as to the threshold of anoma
lies and to investigate the possible correlations of elements.

So at the general geochemical description of the different formations sample numbers (Nos.) are enumerated first ac
cording to Appendix 1, in order to help the reader to see the detailed analytical results. Then the lithology of the samples 
is given, followed by the main parameters (minimum value, maximum value and the median) for the elements analysed. 
The lithology of the samples showing the highest concentrations within the formation is also indicated.

Because the investigated samples or populations are not normally distributed and some include outliers, Spearman's 
rank correlation method was used to calculate correlation coefficients (rs). The calculation of these coefficients was one 
of the main steps in the examination of our geochemical data-sets. Correlation coefficients (rs's) were taken only into 
consideration above which the correlation was considered statistically significant at the 1% level for a given number of 
degrees of freedom. (That is there is a 99% chance that the relationship observed in the sample also applies to the popu
lation.)

When the number of samples available for the given formation made it possible we have examined the histograms, 
boxplot diagrams and frequencies of elements to find out distribution characteristics and threshold values for anomalies.

Detailed description of the prospected areas and formations will be given in the following, according to the layouts of 
the above maps.

2.2. Anomaly patterns of the stream sediment surveys

A stream sediment survey was launched in the previous years to cover the hilly and mountainous parts of Hungary 
with 1 sample/4 km2 density. The fine fraction of stream sediments was analysed for 16 elements. The data of these de
tailed surveys were mainly used to outline surface geochemical anomalies and environmental signatures of ore deposits 
and alteration zones in the regions (HORVÁTH et al. 1999, ÓDOR et al. 1999). Out of the 6 Carlin suite elements, 5 ele
ments (Au, As, Ag, Hg and Sb) had also been included in the element list of the stream sediment survey. So it is quite 
obvious to use the relevant stream sediment data and anomaly maps as further information and an independent control 
for our present Carlin survey.

All the processing of the stream sediment data was restricted to the areas or regions outlined by the sampling 
and anomaly maps (Figs. 4, 5, 6 and 7) areas outside these boundaries were left out of the calculations.
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Fig. 1: Stratigraphic chart showing the position o f prospective formations (after CSÁSZÁR 1997)
Quaternary, Pannonian s. 1., Miocene, Oligocène, Paleocene-Eocene, Cretaceous, Jurassic, Triassic, Permian, Paleozoic I. 
(shadowed formations = sampled formations)

QUATERNARY

( 11.6- 12.6]
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Fig. 1 continued
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Fig. 1 continued
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Fig. 1 continued
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Fig. 1 continued
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(1) Polgárdi Limestone (D2), (2) Szendrőlád Limestone (D2.3), (3) Uppony Limestone (D2.3), (4) Tapolcsány Formation (S-C|), (5) Nagyvis- 
nyó Limestone(P2), (6) Szilvásvárad Formation and Mályinka Formation (C2), (7) Rudabánya Iron Ore (T|.2, Rudabánya, Martonyi, Eszt- 
ramos), (8) Csopak Mari (Ti), (9) Aszófö Dolomite (T2), (10) Iszkahegy Limestone (T2), (11) Megyehegy Dolomite (T2), (12) Felsőörs Lime
stone (T2), (13) Bnchenstein Formation (T2), (14) Füred Limestone (T3), (15) Veszprém Mari (T3), (16) Mátyáshegy Formation (T3), (17) 
Sándorhegy Formation (T3), (18) Csővár Limestone (T3-Ji), (19) Rezi Dolomité (T3), (20) Kössen Formation (T3), (21) Feketehegy Formation 
(T3), (22) Hámor Dolomite (T2), (23) Vesszős Shale (T3), (24) Gutenstein Dolomite (T2), (25) Bodvarákó Formation (T2), (26) Tomaszent- 
andrás Shale (T3), (27) Hetvehely Dolomite (T2), (28) Lapis Limestone (T2), (29) Zuhánya Limestone (T2), (30) Csukma Formation / Kozár 
Limestone (T2), (31) Kantavár Formation (T2.3), (32) Óbánya Silt (Ji), (33) Úrkút Manganese Ore (Ji), (34) Buda Marl (E3-Oi), (35) Tard 
Clay (Oi), (36) Hárshegy Sandstone (O,), (37) Kőszeg Quartz Phyllite (J|), (38) Cák Conglomerate (J2), (39) Velem Calc Phyllite (J2_3), (40) 
Felsőcsatár Greenschist (Ki), (41) Balatonfőkajár Quartz Phyllite (O-S), (42) Lovas Slate (O-D), (43) Litér Metabasalt (S), (44) Úrhida 
Limestone (Di.2), (45) Szabadbattyán Limestone (C|), (46) Füle Conglomerate (C2), (47) Velence Granite (C2), (48) Hidegkút Formation 
(TO, (49) Budaörs Dolomite (T2), (50) Vashegy Dolomit (T2), (51) Fődolomit Formation (T3), (52) Dachstein Limestone (T3) (53) Pisznice 
Limestone (J|), (54) Kisgerecse Mari (Ji), (55) Eplény Limestone (Ji.2), (56) Lókút Radiolarite (J2.3), (57) Budakeszi Picrite (K3), (58) Baux
ite Formation (K3-E,) (59) Nadap Andesite (E2.3), (60) Szépvölgy Limestone (E3), (61) Mány Formation (0 2) (62) Börzsöny and Visegrád 
Andesite (M2), (63) Kálla Gravel (M3), (64) Zámor Gravel (M3), (65) Szák Mari (M3), (66) Travertine Formation (P-Qi), (67) Patacs Silt- 
stone (T2), (68) Mecsek Coal (T3-Ji), (69) Vasas Mari (Ji), (70) Hosszúhetény Mari (Ji), (71) Mecseknádasd Sandstone (Ji), (72) Strázsahegy 
Formation (D2), (73) Irota Formation (D2), (74) Abod Limestone (D3), (75) Szendrő Phyllite (C), (76) Rakaca Marble (C), (77) Lázbérc For
mation (C), (78) Tarófő Conglomerate (C2), (79) Perkupa Anhydrite (P2), (80) Szentlélek Formation (P2), (81) Gerennavár Limestone (Ti), 
(82) Ablakoskővölgy Limestone (Ti), (83) Szentistvánhegy Metaandesite (T2), (84) Párád Complex, (T2.3), (85) Fehérkő Limestone (T2.3), 
(86) Berva Limestone (T2_3), (87) Szinva Metabasalt (T3), (88) Kisfennsík Limestone (T3), (89) Felsőtárkány Limestone (T3), (90) Répáshuta 
Limestone (T3), (91) Rónabükk Limestone (T3), (92) Damóhegy Shale (J2), (93) Damó Radiolarite (J2), (94) Szarvaskő Basalt (J2), (95) 
Bányahegy Radiolarite (J2), (96) Lökvölgy Shale (J2.3), (97) Mónosbéi Formation (J3), (98) Oldalvölgy Formation (J3), (99) Edelény Clay 
(M3), (100) Rudabánya Mine Dump (H), (101) Martonyi Mme Dump (H)
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Fig. 4: Stream sediment map of the Buda-Pilis and Visegrád Mountains with Carlin gold sample sites
1) Number (5049) and gold value (2) of stream sediment cells, 2) Additive anomaly score 3-4 of stream sediment cells, 3) Additive anomaly 
score 5-6 of stream of sediment cells, 4) Carlin gold sample site, 5) Carlin gold sample site with subanomalous (10-100 ppb Au) value
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Fig. 7: Stream sediment map o f the Rudabánya and Szendrő Mountains with Carlin gold sample sites
1) Number (2601) and gold value (2) of stream sediment cells, 2) Additive anomaly score 2 of stream sediment cells, 3) Additive anomaly 
score 3-7 of stream of sediment cells, 4) Carlin gold sample site, 5) Carlin gold sample site with subanomalous (10-100 ppb Au) value, 6) 
Carlin gold sample site with anomalous (>100 ppb) value
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Geochemical parameters o f the stream sediment surveys in different regions of Hungary Table I
(Minimum, maximum and median values for Au, As, Ag, Hg, Sb and Ba)

Element Minimum Maximum Median N

Mecsek Mountains 97

Au (ppb) <2 1270 <2

As (ppm) 1.53 42.6 5.72

Ag (ppm) <0.3 <0.3

Hg (ppm) <0.02 0.1 0.02

Sb (ppm) 0.12 6.83 0.39

Ba (ppm) 39.4 281 85.3

Buda and Pilis Mountains 64

Au (ppb) <2 53 <2

As (ppm) 3.1 34.0 9.1

Ag (ppm) <0.3 3.9 0.6

Hg (ppm) <0.02 0.95 0.06

Sb (ppm) <0.2 9.1 <0.2

Ba (ppm) 19.0 511 131

Bukk and Uppony Mountains 172

Au (ppb) <2 22 <2

As (ppm) 3.0 82.6 7.9

Ag (ppm) <0.2 11.0 <0.2

Hg (ppm) 0.02 2.22 0.08

Sb (ppm) <0.1 2.5 0.5

Ba (ppm) 49.2 481 107

Rudabánya and Szendrő Mountains 43

Au (ppb) <2 4 <2

As (ppm) 3.9 37.4 9.2

Ag (ppm) <0.2 0.7 <0.2

Hg (ppm) 0.02 10.7 0.09

Sb (ppm) <0.1 4.7 0.6

Ba (ppm) 24.7 315 161

There are four regions covered by the stream sediment surveys (Figs. 4, 5, 6 and 7) where their data together 
with geochemical parameters for Ba Table 1 can supplement our Carlin-studies.
Maximum values of gold in the Mecsek Mountains (No. 8045-1270 ppb and 8051-332 ppb), in the Buda Hills 
(No 5050-53 ppb), Pilis Mountains (No. 4114-27 ppb, 4164-22 ppb), and in the Bükk Mountains (No. 2364-22 
ppb) are worth mentioning. Otherwise there are no striking differences in the median or maximum concentrations 
of elements in these four regions.

In each region element associations were first studied by Spearman's rank correlation method in order to see 
which elements can be used to construct an additive geochemical anomaly map. Pairs of elements which show 
significant correlations (at significance level of 0.01) are:

Mecsek Mountains: Hg-As; Sb-As and Hg-Sb.
Buda-Pilis and Visegrád Mountains: none (at significance level 0.05: Sb-Ag; Sb-As; Hg-As; Hg-Sb) 
Bükk Mountains: Au-Ag; Hg-As; Sb-As; Hg-Au and Hg-Sb.
Rudabánya and Szendrő Mountains: Hg-As; Sb-As; and Sb-Hg.

So it was possible to use all 5 elements in the computation of additive anomalies. Histograms for each ele
ment, together with frequency tables and boxplot diagrams were used to understand the distribution features of 
the elements. Table 2 might help to understand the procedure. Each element in every sample was given a score
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Stream sediment surveys in different regions of Hungary Table 2
Summary of how the additive indices were calculated according to the concentration ranges of elements

Element The increase of the additive value according to concentration N

+1 +2 +3

Mecsek Mountains 97

Au (ppb) >=2-10 >=10-100 >=100

As (ppm) >=8-12 >=12-19 >=19

Ag (ppm) - - -

Hg (ppm) - - -

Sb (ppm) >=0.8-1.2 >=1.2

Buda and Pilis Mountains 64

Au (ppb) >=2-10 >=10

As (ppm) >=8-15 >16-25 >=25

Ag (ppm) >=1

Hg (ppm) >=0.1-0.24 >=0.24

Sb (ppm) >=0.9

Bükk and Uppony Mountains 172

Au (ppb) >=2-14 >15

As (ppm) 16-24 >=24-30 >=30

Ag (ppm) 0.2-6 >=6

Hg (ppm) 0.2-0.5 >0.5

Sb (ppm) >=1.2

Rudabánya and Szendrő Mountains 43

Au (ppb) >=2

As (ppm) <15 16-30 >30

Ag (ppm) >0.2

Hg (ppm) >=0.3-10 >10

Sb (ppm) >3

according to its concentration. These scores were than added up to get the final scores for each sample, that is for 
each catchment basin of the stream sediment survey. Additive anomalies were plotted according to the values of 
these final scores (see geochemical maps: Figs. 4, 5, 6 and 7).

3. DESCRIPTION OF THE PROSPECTED AREAS AND FORMATIONS

3.1. Kőszeg Mountains

3.1.1. Mesozoic

3.1.1.1. Jurassic

Kőszeg Quartz Phyllite (37)
This 300 to 400 m thick formation (Fig. 8) is a typical graywacke and consists of metaquartzite, quartz phyl

lite and phyllite (F ö ld v á rj et al. 1948). Veins and boudinage like lenses of quartzite are frequent and traces of 
graphite were described by D e á k  (1981). The mineralogical composition includes quartz, muskovite, paragonite, 
chlorite, few albite, graphite, turmaline, zircon, apatite, titanite and ore minerals (L elk es- F elvárj 1998a). Esti
mated age is Lower Jurassic (Iv a n c sic s  in C sá s z á r  1997).
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Fig. 8: Geological map o f  the Kőszeg Mountains with Carlin gold sample sites
1. Holocene alluvial sediments, 2. Quaternary sediments, 3. Late Miocene sediments, 4. Felsőcsatár Greenschist, 5. Velem Calc Phyllite, 
6. Cák Conglomerate, 7. Kőszeg Quartz Phyllite, 8. »72 Carlin gold sample site
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Geochemistry :
The geochemical features of this formation are represented by 20 samples (Nos. 1-20 of Appendix 1). Phyl- 

lites, quartzites, micaschists have been sampled. Ranges and medians are given below:
Au(<2-13), <2 ppb As (0.4-286.0), 3.51 ppm
Ag (<0.05-0.21), 0.05 ppm Hg (<0.02-0.21), 0.021 ppm
Sb (<0.01-119.0), 1.17 ppm T1 (<0.02-0.3), 0.13 ppm

Relatively high concentration of elements (Au, As and Ag) are found in a quartzite breccia. Low level anoma
lies of As and Sb were detected with anomaly thresholds of 20 ppm for As and 10 ppm for Sb. Significant corre
lation have only been found for Sb-Tl.

Cák Conglomerate (38)
This is a clast supported monomictic, upward fining metaconglomerate. It forms lenselike bodies in the Velem 

Calc Phyllite, and was generated by slumping (Iv a n c sic s  in CSÁSZÁR 1997). Its thickness changes between 1 and 
15 m and the pebbles are composed of mainly oolitic dolomite, chalky dolomite, less limestone and marl, with 
subordinated gneis, micaschist and phyllite with a diameter ranging between 2 mm and 30 cm (Nagy 1972, Lel- 
KES-FELVÁR] 1998a). Few quartzite cement and a dense network of quartzite-veins is giving its cellular structure. 
Rare benthic fossils (ostracods, foraminifera, algae and fragments of molluscs, bryozoan and echinoids were men
tioned from the pebbles (Nagy 1972, Deák 1981). Presence of graphite, pyrite, limonite and manganese crust 
was documented by FÖLDVÁRI et al. (1948). The presumed age is Middle Jurassic after Császár (1997).

Geochemistry:
There are only one quartzite and one conglomerate samples (Nos. 79-80 of Appendix 1) to represent the forma
tion. The higher values are in the quartzite sample.

Au(<2-13)ppb As (4.2-245.0) ppm
Ag (<0.05-0.65) ppm Hg (0.0057-0.707) ppm
Sb (1.84-6.27) ppm T1 (<0.05-0.53) ppm

The quartzite sample exhibits subanomalous Au and anomalous As contents.

Velem Calc Phyllite (39)
The 400-600 m thick formation is Middle to Late Jurassic in age (CSÁSZÁR 1997) and consists of mainly calc 

phyllite, calc mica schist, graphitic phyllite, with intercalations of bedded crystalline limestone, dolomite and 
some quartz phyllites and metaquartzites. Partly mined oreshows of stibnite, chalkopyrite-azurite, manganese, sid- 
erite and pyrite on the Velem Szent Vid-hegy were mentioned by B e n d a  (1932) and Fö l d v á r i et al. (1948). 
They were confirmed by later geochemical studies presenting anomalies of Cr, Ni, V, Cu, Pb, Zn and Ag 
(B ö jt ö s n é - V a r r ó k  1965, Fö l d v á r in é - V o g l  1970) and completed with the resujts of geophysical and drill 
hole ore prospections outlined after NAGY (1972) in the following. Nine drill holes located above SP 
(spontaneous potential) anomalies have discovered a disseminated mineralization of pyrite and marcasite (1-12%) 
with traces of magnetite, chalkopyrite, stibnite, native gold, galena and sphalerite. Six samples of the drill hole 
Velem 5 have given the next analytical results: Cu: 0.0-0.05%, Fe: 1.83-12.12%, Au: 0.0-0.20 ppm, Ag:. 0.70- 
2.1 ppm. Average organic carbon content of the rocks composed of semianthracite-anthracite-graphite is about 
4%, while their sulfur content bounded to pyrite and marcasite amounts to 6%.

Geochemistry :
62 samples have been taken from this formation (Nos. 21-78, 81-84 of Appendix 1). Phyllite, graphite shales, 

slates and quartzites have been sampled. Ranges and medians are given below:
Au(<2-19) <2 ppb As (0.4-34.9) 4.9 ppm
Ag (<0.05-0.38) 0.09 ppm Hg (0.0037-0.18) 0.0199 ppm
Sb (0.05-10.7) 0.40 ppm T1 (<0.05-0.35) 0.16 ppm

The higher concentration values were found in graphite slate and phyllite. Insignificant, low value anomaly 
thresholds were detected for Sb and Au, 2 ppm and 7 ppb respectively. Correlation coefficients are significant for 
the following pairs of elements: Hg-Ag, Tl-As, Hg-Au and Tl-Sb.

3.1.1.2. Cretaceous

Felsőcsatár Greenschist (40)
The 100 m thick formation consists of basic metatuffs (greenschists), chlorite-actinolite-tremolite schists with 

bodies of foliated and massive serpentinites, gabbros and related talc deposits. Its typical mineral assamblege is 
represented by klinozoisite, epidote, tremolite-actinolite, chlorite, few titanite, biotite, muscovite, albite and
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Kőszeg Mountains Table 3
Summary of geochemical parameters-median and maximum values

Form-
code

Au
(ppb)

Ag
(ppm)

As
(ppm)

Hg
(ppm)

Sb
(ppm)

Tl
(ppm)

N

Med. Max. Med. Max. Med. Max. Med. Max. Med. Max. Med. Max.

37 <2 13 0.05 0.21 3.51 286.0 0.021 0.21 1.17 119.0 0.13 0.30 20

38 <2 13 ,02m 0.65 4.2m 245 ,01m 0.707 1.8m 6.27 .02m 0.53 2

39 <2 19 0.09 0.38 4.9 34.9 0.02 0.18 0.40 10.7 0.16 0.35 62

40 2 310 <.05 0.76 3.76 71.3 0.003 0.027 0.87 6.49 <05 0.1 7

Remarks:
Formcode = the code number of the Formation:
37=Kőszeg Quartz Phyllite, 38=Cák Conglomerate, 39=Velem Calc-Phyllite, 40=Felsőcsatár Greenschist 
Med.=median value; Max.=maximum value; m=minimum values.

quartz in the greenschist, and by amphibole, chlorite, biotite, klinozoisite-epidote, titanite in the metagabbro 
(L elk es- F elv á r i 1998a). Its presumed age is Early Cretaceous (C sá sz á r  1997).

Geochemistry ;
7 samples have been taken from the formation (Nos. 85-91. of Appendix 1). The sampled lithology is a mixed 

one: greenschists, phyllites, diabase, serpentinite. Ranges and medians are given below:
Au(<2-310) 2 ppb As (1.7-71.3) 3.76 ppm
Ag (<0.05-0.76) <0.05 ppm Hg (0.0015-0.027) 0.003 ppm
Sb (0.38-6.49) 0.87 ppm T1 (<0.05-0.1) <0.05 ppm

Gold values are near detection level, the 310 ppb gold is in the diabase. No significant correlation was found 
between pairs of elements.

Summary for the Kőszeg Mountains:
Main features for the four formations of Kőszeg Mountains are summarized in Table 3 and illustrated on Fig. 9 
Formations represented by less than three samples are not plotted. Reference lines at 10 ppb and 100 ppb are 
given to indicate subanomalous and anomalous threshold values of gold. There are some As and Sb anomalies 
(>100 ppm) with week subanomalous gold concentrations and a noticeable gold value in the Felsőcsatár Green
schist Formation without the enrichment of Carlin suite elements. This last formation is recommended for further 
detailed exploration. All the other formations ean be classed to the subanomalous group and considered less fa
vorable for this type of mineralization.

3.2. Transdanubian Range

The prospected areas and formations of the Transdanubian Range will be evaluated using the regional geo
logical map series of Figs. 10-13 and the regional geochemical map of the stream sediment survey (Fig. 4).

3.2.1. Paleozoic

3.2.1.1. Ordovician-Silurian-Devonian 

Balatonfőkajár Quartz Phyllite (41)
The formation (Fig. 11) is several hundred meter thick and consists of grey, greenish grey or black quartz- 

phyllite, sericite phyllite, sericite quartzite and chlorite-muscovite phyllite accompanied by carbonate-quartz- 
phyllite, albite-gneiss and graphitic phyllite. Scarce intercalations of acidic volcanoclastites and veins of quartzite 
are typical. The mineralogical composition is represented by quartz, albite, muscovite, chlorite, carbonate 
(calcite, siderite and traces of dolomite), biotite, epidote, garnet. Siltstones, claystones and sandstones poor in 
carbonates and organic matter with few intercalations of rhyolitic or dacitic volcanoclastites are considered as 
protolithes. The grade of metamorphism corresponds to the lower-middle part of greenschist facies (FOlö p  1990, 
L elk es- F elv á r i 1998b). K/Ar ages measured on muscovite (from 320 to 343 Ma) and fission track ages on zir
con (247±39 and 270±45 Ma) indicate a pre-Alpine variscan metamorphism (L elk es- F elv á r i 1998b). The pre
sumed age is Late Ordovician to Silurian (C sá sz á r  1997).
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Geochemistry:
The data of 9 samples represent this formation (Nos. 283-291 of Appendix 1). Quartz phyllites and phyllites 

were sampled. Ranges and medians are given below:
Au(<2-27) <2 ppb As (0.4-13.8) 3.3 ppm
Ag (<0.02-0.52) 0.07 ppm Hg (0.0048-0.30) 0.20 ppm
Sb (0.2^1.40) 0.86 ppm T1 (0.05-0.33) 0.12 ppm

There are only two positive values for gold. For four out of the 6 elements analysed high concentrations val
ues are in a phyllite sample. Correlation coefficients are significant for Sb-Ag and Sb-As.

Lovas Slate (42)
The folded formation (Figs. 10 and 11) is 400 to 1050 m thick and consists of grey, greenish grey slate, metasilt- 

stone and metasandstone with intercalations of metavolcanoclastites, porphyroides and metabasalts. Laminated 
metaanthracite bearing grey and black jasper (lidite) horizons up to some metres also occur. As protolithes are con
sidered Late Ordovician-Devonian flysch like sediments deposited in an inner shelf basin and suffered an anchizonal 
metamorphosis of pumpellyit-prehnite-quartz facies. The mineralogical composition is represented by sericite, chlo
rite, quartz, feldspar, muscovite, biotite, zircon, tourmaline, rutil and apatite (FÜLÖP 1990). Estimated metamorphic 
ages (L elkes- F elv á r i 1998b) are the followings: 316±22 Ma (by Rb/Sr method), 311-327 Ma (by K/Ar method), 
252-253 Ma and 288 Ma (by fission track method). At the contact with the intrusion of theVelence Granite has 
formed a wide actinolite, andalusite and tourmaline bearing homfels horizon (H o r v á th  et al. in press)

Hydrothermal alterations and related polymetallic oreshows with gold and silver in the Lovas Slate are known 
for a long time (F ö l d v á r i 1947, Ja n t sk y  1957, K u b o v ic s  1958, B ö jtö sn é- V a r r ó k  1967). Among the 
polymetallic geochemical anomalies main elements of the Carlin suite, like Au, Ag, As, Sb, Hg and T1 (+Cd) 
were also detected (Ja n t sk y  1957, K u b o v ic s  1958, B ö jt ö sn é - V a r r ó k  1967, Fö l d v ÁRiné—Vo g l  1970). Na
tive gold up to 8.5 ppm and silver up to 363.5 and 11,000 ppm was reported by K u b o v ic s  (1958) in the Meleg
hegy quartzite at the contact zone with Velence Granite. Systematic metallometry of soil and rock sampling re
sulted in discovery of anomalies of Ag (soil: >0.36 ppm, rock: >0.79 ppm), As (rock: >194 ppm), Cu and Ba 
(soil: >1340 ppm, rock: >1677 ppm) in the Meleg-hegy and Bence-hegy area (ÓDOR et al. 1982) and anomalies 
of gold (up to 2 ppm), silver, antimony and mercury were detected in rock chip samples of borehole-cores (Nadap 
Nt-1 and 2, Sukoró St-4 and S-3) too (H o r v á t h  et al. 1990).

The polyphase hydrothermal mineralization can be related both to the Late Carboniferous Velence Granite 
and Late Eocene Nadap Andesite (Ja n t sk y  1957, K u b o v ic s  1958, B ö jt ö sn é - V a r r ó k  1967, H o r v á t h  et al. 
1989 and M o l n á r  1998). M o l n á r  (1998) postulates that hydrothermal mineralization was generated by the Ve
lence Granite at temperatures about 300 °C, at a pressure of 1.0-2.4 kbars and took place in the mixing zone of 
two different, C 02 rich fluids.

Geochemistry :
74 samples were analysed representing this formation (Nos. 276-278, 316, 332-340, 349-357, 359-361, 363- 
364, 370-372, 374, 376, 378, 380, 382, 384, 386, 388-389, 391, 393, 395, 397, 399, 401, 402, 404, 406, 408, 
410-413, 415, 416, 418, 420, 422, 424, 426, 428, 430, 432, 434, 436, 438, 440, 442, 444, 455, 456, 458, 459, 
487. of Appendix 1). Slates, limonitic slates, contact slates, contact slate breccias, quartzites and quartzite brec
cias were sampled. We have the data of 74 samples for Au and Ag and of 31 samples for As, Sb, T1 and Hg. 
Ranges and medians are given below:

Au(<2-4770) <2 ppb As (1.17-1255) 26.8 ppm
Ag (<0.02-140) 0.095 ppm Hg (<0.02-0.966) 0.0253 ppm
Sb (0.07-791.0) 1.16 ppm T1 (<0.05-1.06) 0.16 ppm

A limonitic quartzite breccia contains the highest values for almost every element analysed. Gold is in the 
vuggy silica of quartzite breccias and in the contact slate. Thresholds for anomalies were detected for the follow
ing elements (number of anomalous values above thresholds are in paranthesis): 100 ppb for Au (5); 5 ppm for 
Ag (5); 100 ppm for As (10) and 5 ppm for Sb (7). All elements are significantly correlated with each other, ex
cept Tl-Ag, Tl-Hg and Tl-Sb.

Lit ér Metabasalt (43)
According to L elk es- F elv ári (in C sá sz á r  1997) the formation consists of “greyish green, schistose rocks of 

porphyric texture with plagioclase and monocline pyroxene phenocrystals recrystallised to albite, actinolite, epi- 
dote and chlorite. Fine-grained metagabbro, haematite carbonate schist and albitic schist can also be identified. 
The grade of metamorphism corresponds to higher anchizone and the lower greenschist facies. Thicknes: over 
100 m. The age is unknown.”
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Fig. 10: Geological map o f the Keszthely Mountains, Balatonfelvidék and Bakony with Carlin gold sample sites 
1. Holocene alluvial sediments, 2. Quaternary sediments, 3. Late Miocene travertine, 4. Late Miocene basalts, 5. Kálla Gravel and Szák Marl, 
6. Middle-Late Miocene sediments, 7. Oligocene-Early Miocene sediments, 8. Middle-Late Eocene sediments, 9, Senonian sediments, 
10. Albian-Cenomanian sediments, 11. Lókút Radiolarite and Pisznice Limestone, 12. Úrkút Manganese Ore, Kisgerecse Marl and Eplény 
Limestone, 13. Dachstein Limestone, 14. Kössen Formation, 15. Fődolomit Formation and Rezi Dolomite, 16. Veszprém Marl and 
Sándorhegy Limestone, 17. Megyehegy Dolomite, Buchenstein Formation and Felsőörs Limestone, 18. Hidegkút Formation, Csopak Marl, 
Aszófő Dolomite and Iszkahegy Limestone, 19. Late Permian sediments, 20. Lovas Slate, 21. «89 Carlin gold sample site
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Fig. 11: Geological map o f the Balatonfö-Velence Hill with Carlin gold sample sites
1. Holocene alluvial sediments, 2. Quaternary sediments, 3. Late Miocene sediments, 4. Middle-Late Eocene sediments, 5. Nadap Andesite, 
6. Budakeszi Picrite, 7. Füle Conglomerate, 8. Velence Granite, 9. Polgárdi Limestone, 10. Lovas Slate, 11. Balatonfőkajár Quartz Phyllite, 
12. «352 Carlin gold sample site
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Fig. 12: Geological map o f the Buda-Pilis and Visegrad Mountains with Carlin gold sample sites
1. Travertine Formation, 2. Zámor Gravel, 3. Late Miocene sediments, 4. Late Miocene limestone, 5. Middle Miocene sediments, 6. Bör
zsöny and Visegrád Andesite, 7. Early-Middle Miocene sediments, 8. Late Oligocène sediments, 9. Kiscell Clay and Mány Formation, 
10. Hárshegy Sandstone, 11. Buda Marl and Szépvölgy Limestone, 12. Bauxite Formation, 13. Budakeszi Picrite, 14. Pisznice Limestone 
and Lókút Radiolarite, 15. Dachstein Limestone, 16. Feketehegy Formation, 17. Fődolomit Formation, 18. Mátyáshegy Formation, 19. Bu
daörs Dolomite, 20. • 672 Carlin gold sample site
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Geochemistry:
We have only two samples analysed for gold and silver and one sample for the other elements (Nos. 460, 488 

of Appendix 1).
Au <2 ppb As 1 ppm
Ag (<0.02-0.07) ppm Hg 0.055 ppm 
Sb 0.08 ppm T1 0.18 ppm

Úrhida Limestone (44)
The 220 m thick formation, exposed by its type-section of the borehole Úrhida 4 consists of white, light grey, 

thin bedded, stylolitic, nodular, limestone with flaser structures and some intercalations of dolomites, shales and 
black lidite (jasper). This is a pelagic limestone with few slope debris composed of thin horizon of calcareous tur- 
bidites and authigenic breccias. Estimated age is Early to Middle Devonian (FÜLÖP 1990)

Geochemistry:
8 limestone samples of the borehole Úrhida 4 represent the formation (Nos. 341-348 of Appendix 1). Ranges and 
medians are given below:

Au (<2-5) <2 ppb As (1.06-13.70) 3.72 ppm
Ag (0.03-1.35) 0.065 ppm Hg (0.04-0.51) 0.08 ppm
Sb (0.16 -4.23) 1.14 ppm T1 (<0.02-0.29) 0.055 ppm

Significant correlations were found for the following pairs of elements: Sb-Hg, Tl-As, Tl-Hg and Tl-Sb.

Polgárdi Limestone (1)
One of the former candidate of perspective formations during previous screening (Korpás and H o fstra  1994) It is de

scribed below after Lelkes- F elvári (1978), Horváth  and O d o r  (1989) and Fülöp (1990). The folded crystalline lime
stone is composed of cyclic Lofer facies, overprinted by equigranular xenomorphic-hypidiomorphic textures metamorphic in 
origin. The original depositional and diagenetic features, like loferites, mud cracks, fenestrae and early dolomitization are fre
quently preserved despite recrystallisation. The Middle Devonian limestone is poor in fossils, some individual corals and 
alga-horizons, including weakly developed stromatolites have been mentioned by Fülöp (1990) from the Kőszár-hegy 
quany. The depositional system is interpreted by him as a shallow peritidal carbonate bank. Its long term and multiphase pa- 
leokarst evolution including hydrothermal events too was outlined recently by Korpás (1998).

The limestone is cut by the narow dikes of Late Carboniferous granite-porphyrites and by the shallow intru
sive bodies of Middle Triassic porphyritic andesites (H o r v á t h  and O d o r  1989). Beside the diagenetic features 
mentioned above, hydrothermal and metasomatic alteration can be observed, such as skarns related contact meta
morphism and metasomatism. The products of this alteration are: silicification, iron metasomatism with manga
nese, surface and subsurface galena mineralization (Kiss 1951, Fülöp 1990), formation of marble, brucite- 
serpentinite mineral assemblages and skarns of vesuvianite-diopside-garnet type (H o r v á t h  and O d o r  1989).

A minor underground MVT type (?) ore deposit at Szabadbattyán was mined between 1941 and 1954, produc
ing about 9,000 t galena (10-13% Pb) with high content of silver (150 ppm) and traces of gold (0.4-2 ppm Au) 
too (Kiss 1951, Fülöp 1990).

Geochemistry:
27 samples represent the formation (Nos. 297-305, 308, 310-315, 317-319, 321-328. of Appendix 1). 

Lithology of the samples: limestones, limonitic, ankeritic limestones, limonitic infillings, calcite, Mn-rich infill
ing, limonitic limestone breccia, clay. Ranges and medians are given below:

Au (<2-8) <2 ppb As (2.09-596.0) 11.1 ppm
Ag (0.014-1.22) 0.11 ppm Hg (0.016-2.76) 0.26 ppm
Sb (0.18-23.1) 1.04 ppm T1 (<0.02-6.56) 0.13 ppm

Mn-rich infillings and limonitic infillings contain the anomalous and elevated concentrations for most of the 
elements. Threshold values of anomalies have been determined for the following elements (number of anomalous 
values above thresholds are in paranthesis): 100 ppm for As (4), 10 ppm for Sb (3), and 1 ppm for T1 (2). Corre
lation coefficients are significantly high for pairs of elements: Hg-Au, Sb-As, Tl-As, Tl-Hg and Tl-Sb.

3.2.1.2. Carboniferous

Szabadbattyán Limestone (45)
The 90 m thick formation consists of black massive, stylolitic bituminous and pyritic limestone with intercalations 

of light green dolomarl, meta-sandstone, siliceous schist and slate. It is rich in benthic fossils (algae, foraminifera, 
corals, bivalves, brachiopods and echinoids) indicating a shallow marine patch reef of Viseian age (Fülöp 1990).
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Geochemistry:
3 samples have only been collected from this formation (Nos. 329-331. of Appendix 1). They were 

limestones and a limonitic shale. Ranges and medians are given below:
Au (<2-2) <2 ppb As (2.57-99.7) 17.7 ppm
Ag (0.03-0.16) 0.03 ppm Hg (0.0158-0.136) 0.128 ppm
Sb (0.15-5.28) 1.16 ppm T1 (<0.02-0.23) 0.10 ppm

Füle Conglomerate (46)
A rock body consisting of terrestrial-fluvial, grey or variegated conglomerate, fanglomerate, sandstone, siltstone and 

mudstone cycles. At some places it also contains coal seams. Thickness: over 600 m. (Lelkes- F elvári in CSÁSZÁR 1997)
The cyclic alluvial formation comprises of grey and variegated matrix supported massive breccias and con

glomerates, subarcosic sandstones, siltstones and mudstones with few intercalations of coal seams. The coarse 
grained clasts and pebbles are represented mainly by quartzites, quartz phyllites, with some slates and black jas
per (lidite) with scarce meta-rhyolite and gamet-micaschist. The rich flora consists of fragments of carbonised 
plaint remains and tree-trunks, sporomorphs and pollens. Depositional system: alluvial fan deposited in intra- 
mountainous molasse basin. The estimated age is Late Carboniferous (FÜLÖP 1990, Majoros 1998).

Geochemistry:
Sandstones and shales have been sampled (5 samples altogether) from the formation (Nos. 292-296. of Ap

pendix 1).Ranges and medians are given below:
Au <2 ppb As (0.57-5.54) 1.46 ppm
Ag (0.04-0.15) 0.05 ppm Hg (0.0242-0.0596) 0.0372 ppm
Sb (0.18-0.62) 0.22 ppm T1 (0.11-0.48) 0.22 ppm

Gold is below detection limit in all samples, concentrations of other elements are insignificant.

Velence Granite (47)
This formation consists of calc-alkaline, post-collisional, S type, nearly eutectic biotitic orthoclase granite in

truded at a hypabyssal (4-5 km) depth (Buda 1985). It includes some small lenses of pegmatites, aplites (some m 
X some 100 m), minor intrusions of microgranite (200 x 300 m), two types of granite-porphyry dikes (5-25 m x 
up to 2 km) and few kersantites. Based on radiometric dating, its age is 280 to 320 Ma. (H o r v á t h  in Fülöp 1990 
and H o r v á t h  et al. in press).

Well developed phenomena of pneumatolitic and hydrothermal alterations are the followings: tourmalinisation with 
fluorite and molibdenite; epidotisation and chloritisation; silicification, sericitisation, kaolinitisation with pyrite and bere- 
sitisation. The few hydrothermal quartz-veins are some metres wide and up to km long. They frequently contain 
sphalerite, galena, chalcopyrite, stibnite and fluorite. A small sphalerite and galena deposit (with 1.23% Pb and 4.81% 
Zn) was mined at Pátka-Kőrakás-hegy between 1964 and 1972 producing 146,0001 ore. The estimated proven reserves 
are about 180,000 t. Small fluorite-veins up to 1,2 m width and 100 m longitud (with 5-95% CaF2) were mined at 
Pákozd between 1951 and 1961 producing about 8,0001 of fluorite (Fülöp 1990). The Szüzvár underground mine, oper
ating till 1967 on a 40-60 cm thick and 500 m long fluorite-vein has given about 58,000 t of fluorite and 11,300 t of 
basemetals /Pb: 2,21%, Zn: 1,62%/ as by-product (D a r id a  T ich y  in H o r v á t h  et al. in press). Some thin cm to dm 
wide and <50 m long barite-veins were explored at Sukoró (FÜLÖP 1990).

Au, Ag, As, Sb, Hg and TI (+Cd, Se and Те) were detected from the Carlin suite elements mainly by semiquantitative 
analytical methods (Ja n tsk y  1957, K ubovtts 1958 B ö jtö sn é- V arrók . 1967 and Fö ld v á rin é- V o g l  1970). Sys
tematic metallometric survey of soil and rock sampling in 1979-80 resulted in discovery of anomalies of Ag (soil >0.28 
ppm, rock >2.2 ppm) As (soil >95 ppm, rock >330 ppm) and Sb (rock >35 ppm) in the Meleg-hegy and Bence-hegy 
area (ÓDOR et al. 1982). Rock chip sampling of the boreholes Nadap Nt 2, Sukoró St-4, and S-3 has given anomalies of 
Au (0.03-1.6 ppm), Ag (5-142 ppm), Sb (120-250 ppm) and Hg: 0.22-2 ppm) (H o r v á th  1990).

Geochemistry:
14 samples were analysed for Au and Ag and 4 samples for the other elements (Nos. 306-307, 309, 358, 362, 

365, 387, 443, 445, 447, 449, 450, 453, 454. of Appendix 1). Granite, granite porphyry, microgranite, quartzite 
and limonitic quartzite were sampled. Ranges and medians are given below:

Au (<2-2090) <2 ppb As (2.95-38.5) 10.76 ppm
Ag (<0.05-18.0) 0.04 ppm Hg (0.0097-0.24) 0.13 ppm
Sb (0.22-2.72) 0.375 ppm T1 (0.16-0.19) 0.17 ppm

There are only 3 positive values for gold. Limonitic quartzite, microgranite and quartzite contain these Au 
concentrations. Threshold for Au is >10 ppb and it is 1 ppm for Ag (with 4 anomalous values above threshold). 
Significant correlation coefficient was found only for Au-Ag.
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3.2.2. Mesozoic

3.2.2.1. Triassic

Lithological description of the Triassic formations will be given after Haas et al. (1993) in the followings: 

Hidegkút Formation (48)
Lithology: the formation consists of thin bedded to laminated red siltstones and sandstones with thin intercala

tions of dolomites and limestones. Cross stratification, wave ripples and worm tracks are very common. Its lower 
member comprises the Hidegkút Sandstone while the upper one is represented by the Hidegkút Dolomite.

Facies: both members were formed at a wide and flat shelf zone. The sandstone represents a shallow marine 
subtidal environment, while the dolomites deposited mainly in peritidal sometimes evaporitic lagoons.

Age: Lower Triassic.
Thickness: 80-100 m on the Balaton Highland 
Geochemistry:
The geochemical characteristics are illustrated by the data of 7 samples (Nos. 275, 481^186. of Appendix 1). 

Sandstones, siltstone and predominantly dolomite were sampled. Ranges and medians are given below:
Au <2 ppb As (1.52-23.80) 11.0 ppm
Ag (0.04-0.21) 0.09 ppm Hg (0.0007-0.0189) 0.0043 ppm
Sb (0.08-3.14) 0.39 ppm T1 (0.02-0.30) 0.13 ppm

Gold is below detection limit in all samples. Neither anomalous values of other elements nor correlation at 
significance level of 0.01 have been found.

Csopak Marl (8)
Lithology: it is built up in the lower part by grey marls and marly limestones, followed by red calcareous silt- 

stones and capped at the top by greenish grey marls and sandy marls. The thin bedded formation is characterised 
by well developed bioclastic horizons represented by wackestones and grainstones furthermore by bioturbation 
and worm tracks. This horizons are rich in bituminous organic matter (0.1-2.5%, VETŐ 1988).

Oreshows of chalcopyrite (malachite, azurite) galena and sphalerite (Cu <0.25%, Pb <0.1% and Zn <0.2%) were 
reported in the Balatonfiired (Szentes et al. 1972) and Liter area (Raincsák 1984, Korpás and Hofstra 1994 ).

Facies: normal marine open shelf subtidal environment with storm horizons represented by the bioclastic 
limestones.

Age: Lower Triassic, Schythian 
Thickness: about 200 m 
Geochemistry:
14 samples represent this formation (Nos. 244, 470-480, 510, 511. of Appendix 1). Limestone, dolomite, 

sandstone and siltstone were sampled. Ranges and medians are given below:
Au <2 ppb As (2.19-41.50) 5.29 ppm
Ag (0.03-0.12) 0.06 ppm Hg (0.0017-0.040) 0.0034 ppm
Sb (0.11-0.70) 0.225 ppm T10.02-0.34) 0.14 ppm

Gold is below detection limit in all 14 samples. The other elements were analysed only in 12 samples. There 
are no anomalous values and no significant correlation of any pairs of elements.

Aszófő Dolomite (9)
Lithology: it consists of grey, yellowish grey and white, saccharoidal and porous “cellular” laminated and bed

ded somewhere bituminous dolomites, with few intercalations of laminated silty dolomites and dolomarls. Mud- 
cracks and shrinkage structures are very common. Typical microfacies are represented by ooidic-oncoidal grain- 
stones and mikrites, pelmicrites.

Facies: flat peritidal, periodically evaporitic lagoon.
Age: Lower-Middle Triassic, Schythian to Lower Anisian 
Thickness: 100 to 200 m
Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (0.15-0.8 ppm), As (102^421 

ppm), Ba (451-473 ppm), Cu (58-62 ppm), Mo (<2.5ppm), Pb (12-25 ppm), Sb (<16-21 ppm), T1 (<1 ppm), Zn 
(102-272 ppm)

Geochemistry:
One dolomite sample was analysed from this formation (No. 264. of Appendix 1 ). Gold is below detection limit (<2 

ppb) and the other element are present in very low concentration (As 1.12; Ag 0.14; Hg 0.0035 and Sb 0.25 ppm).
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Iszkahegy Limestone (10)
Lithology: Based on its lithological and structural features two parts may be distinguished within the forma

tion. The lower part of the succession is made up by dark grey, platy or laminitic bituminous, argillaceous 
limestones. Worm tracks are common on the bedding planes. 1-10 cm thich intrabreccia interlayers also occur.

The upper part of the formation is characterised by dark grey, locally yellowish, medium bedded micritic 
limestones. The 10-30 cm thick beds are generally covered by thin clayey coatings.

Facies: Platy, microlaminated stucture, poor fossil assemblage, relatively high organic content in the lower 
part of the formation refer to oxygen depleted conditions at the bottom of the basin, indicating restricted basin 
environment, most probably under humid climate. Bioturbated thicker beds of the upper interval may have 
formed under disaerobic conditions i.e. restriction of the basin decreased.

Age: Lower-Middle Anisian
Thickness: 100-150 m on the Balaton Highland
Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (0.15-0.8 ppm), As (102-421 

ppm), Ba (451-473 ppm), Cu (58-62 ppm), Mo (<2.5 ppm), Pb (12-25 ppm), Sb (<16-21 ppm), T1 (<1 ppm), 
Zn (102-272 ppm)

This formation was deleted from the list of predictive formations and was not sampled after studying the Car
lin gold deposits in Nevada, in 1995.

Megyehegy Dolomite (11)
Lithology: It is made up by light grey, yellowish grey thick-bedded dolomites. The bedding plains are smooth. 

The texture is typically sparitic (saccharoidal), the original textural elements are generally unrecognisable due to 
the dolomitization. However, in a few cases, the oncoidal or ooidic texture is recognisable. Due to tectonic effects 
the dolomites are often strongly fractured, brecciated.

Facies: It was formed on a shallow ramp of sluggish water circulation, under arid climatic condition. Based on micro
fossils, slightly enhanced salinity can be assumed. In certain areas it progresses into a platform facies (Tagyon Forma
tion) which was also effected by dolomitization and used to be considered to belong to the Megyehegy Formation.

Age: Middle Anisian
Thickness: 30-250 m (it is also included the dolomitized platform facies which was not separated from the 

Megyehegy Formation earlier).
Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (0.4 ppm). As (<10 ppm), Ba (62 

ppm), Cu (29 ppm), Mo (1.3 ppm), Pb (60 ppm), Sb (<16-21 ppm), T! (<1 ppm), Zn (43 ppm)
Geochemistry:
Seven samples of dolomite and dolomite breccias were taken (Nos. 238-243, 282. of Appendix 1). Ranges 

and medians are given below:
Au <2 ppb As (0.57-31.50) 5.85 ppm
Ag (0.011-0.035) 0.021 ppm Hg (<0.02-0.20) 0.02 ppm
Sb (0.07-3.54) 0.50 ppm T1 (0.01-0.19) 0.04 ppm

Au is below detection limit in all samples. There are no anomalous concentrations in this formation. Correla
tion coefficients are significant for Sb-As, Hg-As and Hg-Sb.

Budaörs Dolomite (49)
Lithology: dolomites. It is made up by medium, rarely dark grey, thin to medium-bedded dolomites. Cyclic fa

cies stacking is characteristic: a few dm thick algal mat beds alternate with beds of similar thickness containing 
Dasycladacean algae or they are poor in fossils. The Dasycladacean beds are generally packed with tubular pores 
of dissolved algae. The texture is predominantly or totally recrystallized xenotopic dolosparite. The original tex
ture elements are scarcely recognisable or completely destroyed.

Facies: carbonate platform deposit. The Dasycladacean dolomites were formed in the internal part of the plat
form under normal salinity conditions in the euphotic, shallow subtidal zone. The algal mat facies represent the 
tidal flat environment. High frequency alternation of these facies reflect sea-level oscillation.

Age: Ladinian-lowermost Camian.
Thickness: Extension of the Budaörs Dolomite is limited to the NE part of the Transdanubian Range (Buda 

Mts., Gerecse, Vértes and eastern part of the Southern Bakony). 1000-1200 m thickness can be assumed.
Geochemistry:
28 samples have been analysed (Nos. 461-469, 493-509, 596, 598. of Appendix 1). We have 28 values for 

gold and 16 data for the other elements. Breccias, infillings and predominantly dolomites were sampled. Ranges 
and medians are given below:
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Au (<2-5) <2 ppb As (0.69-706.0) 16.35 ppm
Ag (0.01-0.56) 0.0835 ppm Hg (0.0019-10.70) 0.0083 ppm
Sb (0.1-18.10) 0.305 ppm T1 (<0.02-2.63) 0.11 ppm

There are only 5 gold values above detection limit, the highest concentration (but it is only 5 ppb) is in a li- 
monitic infilling. Limonitic breccia contains the high values of Sb, Hg and As within the formation. In a dolomite 
sample As is of high concentration (706 ppm) together with high T1 value. A few elements are considered 
anomalous. Thresholds are in the low concentration ranges. Arsenic is anomalous above 50 ppm (5 samples be
long to this population). There are perhaps anomalous concentrations of Ag (1 sample above the 0.5 ppm thresh
old), Hg (5 samples above the 1 ppm threshold), Sb (5 samples above 2 ppm) and Tl (1 sample above 2 ppm). 
Coefficients of correlation are significant for As-Sb, Tl-As and Sb-Hg.

Vashegy Dolomite (50)
The areal distribution of the formation is illustrated by the Fig. 13.
Lithology: dolomites. It is made up by white, medium, rarely dark grey, thin to medium-bedded dolomites. 

Cyclic facies stacking is characteristic: a few dm thick algae bearing beds alternate with massive and brecciated 
dolomites. The texture is predominantly or totally recrystallized xenotopic dolosparite. The original texture ele
ments are scarcely recognisable or completely destroyed. In the outcrops on the Vas-hegy the dolomites are cut 
by Late Eocene hydrothermal calcite veins.

Facies: carbonate platform deposit.
Age: Ladinian (?)
Thickness: more than 500 m
Geochemistry:
3 samples (dolomites and calcite vein) were sampled (Nos. 741-743. of Appendix 1). Ranges and medians are 

given below:
Au(<2-3) <2 ppb As (<2.5-9.40) 3.50 ppm
Ag (<0.3-0.40) <0.3 ppm Hg (0.06-1.66) 0.30 ppm
Sb (0.23-0.54) 0.53 ppm T1 (<0.02-0.36) 0.22 ppm

The vein of calcite contains the relative high value for Hg.

Felsőörs Limestone (12)
Lithology: Brownish grey generally clayey limestone. In some places it can be subdivided into well definable 

members. They are as follows: thin-bedded bituminous argillaceous calacareous dolomites; bedded, cherty 
limestones; crinoidal-brachiopodal limestones; thin-bedded platy bituminous pyritic limestones; nodular cherty 
limestones with tuffaceous interlayers and phosphorate (6.3-27.2%) bearing horizons. Characteristic microfacies 
of the bedded cherty limestone is biomicrite with sponge spicules, whereas the bituminous platy limestone is fila
ment-bearing as a rule.

Facies: The cherty limestones were deposited in a relatively deep pelagic basin. The crinoidal-brachiopodal 
member was formed in a shallower, agitated environment, the upper, platy bituminous limestones were deposited 
in a deep but restricted basin. Ostracode assemblage refer also to deep marine oxygen-depleted environment.

Age: Middle-Upper Anisian
Thickness: Extension of the formation is limits to the Balaton Highland. Its thickness significantly changes lat

erally between 20-180 m.
Previous data of hard rock geochemistry (KORPÁS and Hofstra 1994): Ag (0.4 ppm), As (<10 ppm), Ba (62 

ppm), Cu (29 ppm), Mo (1.3 ppm), Pb (60 ppm), Sb (<16-21 ppm), T1 (<1 ppm), Zn (43 ppm)
Geochemistry:
The two samples are limestone and bituminous limestone (Nos. 245, 280. of Appendix 1).

Au <2 ppb As (2.36-3.13)
Ag (0.09-0.12) Hg (0.0103-0.0534)
Sb (0.24-0.64) T1 (0.09-0.43)

The concentrations are insignificant.

Buchenstem Formation (13)
Lithology: It is made up by nodular, generally cherty or siliceous limestones and tuff with thin limestone or 

dolomite interlayers. Share of tuffs and carbonates is highly variable, consequently the formation is characterised 
by high lithological variability. It can be subdivided into members. The lower member (Vászoly Member) con
sists mainly of light brownish grey bedded limestone with tuffaceous interlayers of various thickness. The middle
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member (Nemesvámos Member) is made up by bedded nodular limestones, typically with flaser bedding and 
chert nodules. The most characteristic rock-type is the reddish or light brown limestone with dark red chert nod
ules, another typical rock-type is light greenish grey limestone with brownish grey cherts and dark grey tuffaceous 
marl interlayers. Locally a third upper member also occurs (Keresztfatető Member). It consists of thin-bedded 
limestones with coquinas of thin-shelled bivalves and siliceous tuffs.

Facies: Condensed pelagic basin facies. The carbonate deposition was punctuated by deposition of tuffaceous 
material partly of primary origin but partly reworked.

Age: Upper Anisian to Ladinian
Thickness: The formation is known in the Balaton Highland area and also explored in the Northern Bakony. 

Its maximum thickness is 80 m in the depocenter of the Middle Triassic basins whereas above the Anisian plat
form it is thinner, about 50 m.

Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (0.4 ppm), As (<10 ppm), Ba (62 
ppm), Cu (29 ppm), Mo (1.3 ppm), Pb (60 ppm), Sb (<16-21 ppm), T1 (<1 ppm), Zn (43 ppm)

Geochemistry:
The formation is represented by 12 samples (Nos. 246-250, 259-263, 281, 320. of Appendix 1). Limestone, 

marl, andesite and tuff were sampled. Ranges and medians are given below:
Au <2 ppb As (0.31-22.7) 1.95 ppm
Ag (0.009-0.21) 0.085 ppm Hg (0.0016-0.10) 0.0076 ppm
Sb (0.07-1.16) 0.17 ppm T1 (0.02-0.27) 0.12 ppm

Gold is below detection limit in all samples. Marls and andesite contain the relative high values within the for
mation. There are no anomalous values for any of the elements. Correlation coefficients are significant for Sb-As 
and Sb-Hg.

Füred Limestone (14)
Lithology: light grey, typically with brownish patches bedded slightly bituminous limestone. Upsection it 

shows continuous transition with marl interlayers into the overlying Veszprém Formation. Its most typical micro
facies are the following: filament biomicrite, pelmicrosparite, biomicrosparite.

Facies: pelagic basin facies which reflected is its fossil assemblage
Age: Based on ammonites, conodont and radiolarians it is lowermost Camian, however the Foraminifera asso

ciation indicate topmost Ladinian in the lower part of the formation
Thickness: The formation is known in the southern belt of the Balaton Highland region. Its maximum thick

ness is 60 m.
Geochemistry:
1 sample was only taken from this formation (No. 265. of Appendix 1). Gold was below detection limit and 

no important concentrations of other elements were found.

Veszprém Marl (15)
Lithology: grey argillaceous marl, marl, silty marl with carbonate interlayers. In its type locality on the Bala

ton Highland it can be subdivided into three consecutive members. The lower member (Mencshely Marl) is made 
up predominantly by clay marl and marl. It is dark grey, grey. Graded allodapic limestone and calcareous marl in
terlayers, slump structures occur, locally. Bioturbation is common and contains bituminous organic matter (0.IS-  
О.60%). The middle member (Nosztor Limestone) consists of light grey thin-bedded, nodular limestones with un
even bedding planes and various amount of chert lenses. Lithoclastic layers and brachiopod coquina beds are also 
typical. The upper member (Csicsó Marl) is made up of grey marl, calcareous marl and subordinately clay marl. 
Mudstone, wackestone and packstone texture are typical in the marl layers with radiolarians, sponge spicules and 
filaments. In the carbonate interlayers ooidic-oncoidal, bioclastic and intraclastic textures are characteristic.

Presence of Cu (<160 ppm), Pb (<30 ppm) and Ag (<8 ppm) was described by Bohn (1979) from the Kesz
thely Mountains.

Facies: It was formed in relatively deep, more or less restricted basins which were separated by elevated carbon
ate banks. Majority of the deposited sediments is fine terrigenous material whereas the carbonate content of the rocks 
is derived partly from the ambient platforms partly from the test of pelagic organisms. The sediment deposition took 
place in unagitated, normal salinity basins, generally under oxygen-depleted conditions. Subordinate proportion of 
platform derived carbonates in the lower and upper members refer to inner basin conditions, while lithoclastic devel
opment of the Nosztor Limestone indicate toe-of-slope environment i.e. progradation of the foreslopes.

Age: Carnian
Thickness: It is known in many parts of the Transdanubian Range, thought its thickness extremely variable. It

232



is thin in the Buda Mts., it may exceed 300 m, in the southern foreland of the Gerecse, but futher to the southwest 
it decreases again and does not exceed 40-80 m. In the Balaton Highland region it is about 600 m, whereas 1000 
m in the Northern Bakony. It is also encountered in the basement of the Small Plain and the Zala Basin.

Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (0.01 ppm), As (16 ppm), Ba (254 
ppm), Cu (47 ppm), Mo (5 ppm), Pb (7 ppm), Sb(<16 ppm), T1 (<1 ppm), Zn (35 ppm)

Geochemistry:
71 samples represent the formation (Nos. 92-104, 201-214, 223-237, 251-258, 266-274, 599-610. of Appendix 

1). Dolomite, limestones, dolomarls, clay and predominantly marls were sampled. Ranges and medians are given below: 
Au (<2—4) <2 ppb As (0.8-27.5) 5.10 ppm
Ag (<0.02-0.48) 0.06 ppm Hg (<0.02-0.42) 0.0116 ppm
Sb (<0.1-0.99) 0.22 ppm T1 (<0.02-0.86) 0.15 ppm

Marls, clays and dolomitic limestones have the elevated values. It is interesting to note that the behaviour of 
Ag is slightly different than that of other elements. Its correlation coefficients are negative, while the coefficients 
of Hg-Sb, Tl-As, Hg-Tl and Tl-Sb are positive and they show a significant correlation. No anomalous values 
were detected in this formation.

Mátyáshegy Formation (16)
Lithology: thin-bedded bituminous, slightly pyritic limestones and dolomites punctuated by marl interlayers. 

Chert lenses and nodules are characteristic both in the limestones and dolomites, but intervals free of chert also 
occur. The limestones are thin-bedded, commonly argillaceous and dolomitic, locally. They are of yellowish 
brown, brownish grey in colour. The chert nodules are of darker shade, brownish or greyish. Wackestones with 
sponge spicules, ostracodes and filaments and peloids are typical. The dolomites are well bedded, and grey "as a 
rule. Their texture do not differ significantly from that of the limestones where the original texture elements are 
recognisable, but they generally strongly recrystallized transforming to dolosparite or dolomicrosparite.

Content of organic matter has a range between 0.1 and 0.6%. Slight anomalies of Ag (<2.5 ppm), Cu (<160 
ppm), Mo (<160 ppm), Sb (<60 ppm), Pb (<160 ppm) and As (<600 ppm) were detected from the chip samples 
of the borehole Vérhalom 1.

Facies: It was formed in a more or less restricted basin. The poor macrofossil and foraminifera assemblage re
fer to restriction of the basin. However, massive occurrence of fragments of thin shelled pelagic bivalves 
(filaments) suggest open marine connections.

Age: According to the poor biostratigraphic data, deposition of the formation may have initiated in the Buda 
Mts. in the Carnian and continued in the Norian-Rhaetian.

Thickness: not known exactly, several hundred meters can be estimated in the Buda Mts.
Geochemistry:
There are 44 data for gold and 27 data for the other elements (Nos. 513, 516-520, 525-541, 543, 546-548, 

552-560, 578, 613-619. of Appendix 1). The lithology sampled is the following: dolomite, cherty dolomite, 
dolomite breccia (infilling), dolomarl, marl, limestone, cherty limestone and siliciclastic sandstone infilling. 
Ranges and medians are given below:

Au (<2—12) <2 ppb As (0.86—463.0) 12.7 ppm
Ag (<0.02-0.39) 0.05 ppm Hg (0.002-111.37) 0.74 ppm
Sb (0.16-1760.0) 1.7 ppm T1 (<0.02-33.7) 0.09 ppm

A dolomite sample contains the max. gold value, limonitic dolomite and limonitic infilling contain the anoma
lous values for Hg, Sb and Tl.

Sándorhegy Formation (17)
Lithology: It is highly variable unit containing limestones, dolomites and shales. The following members can 

be distinguished. The lower member (Pécsely Mb.) begins with dark grey thick-bedded limestones. It is usually 
followed by laminitic, bituminous limestones (organic matter of 0.1 l-2.73%)with slump structures and intraclas- 
tic layers. They are overlain by calcareous marls and marls. Some parts of the member are dolomitic. Locally a 
dolomite member (Henye Mb.) appears between the lower and the upper members. It is light brownish grey and 
massive, as a rule. Pelmicrosparite or recrystallized dolosparite textures are typical. The upper member (Nosztor 
Mb.) begins with light grey, greyish brown bedded, oncoidal, cherty limestones. The clay content shows an up
ward increasing trend. Calcareous marls rich in bioclasts make up the upper part of the member.

Facies: It represents the final stage of the upfilling of the Ladinian-Camian basins. Bituminous limestones of 
the lower member were deposited in an oxygen-depleted restricted basin. The dolomite member is an intercalated, 
dolomitized platform carbonate unit. The marl intercalations may have formed under deeper water conditions
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when the sea-level rise made possible the input of terrigenous fines into the basin. Above a marl interval the up
per member were formed in a shallowing basin which was supplied by carbonate mud from the surrounding plat
forms but it was not restricted from the fine terrigenous material, too.

Age: Upper Camian
Thickness: The formation is developed in the Balaton Highland area, in a thickness of 100-200 m.
Geochemistry:
One sample, a bituminous limestone was analysed (No. 279. of Appendix 1). Its gold content is less than 2 

ppb. The concentration of other elements is not important.

Fődolomit Formation (51)
Lithology: It consists of dolomites of various facies. Meter scale cyclicity is common. The cycles are made up gener

ally by two members: subtidal Megalodont-bearing and algal-laminated (loferitic) beds. The rock are light colour, yel
lowish, brownish, greyish, as a rule. Darker, organic rich developments also occur, locally, mainly in the western part of 
the Transdanubian Range. In a lot of cases, secondary processes i. e. tectonic fracturation and weathering led to deterio
ration of the original structure. Due to the early pervasive dolomitization the original textural characters also usually de
stroyed although their traces are recognisable, locally. Sedimentary breccias of various origin are common.

Facies: It was formed in the inner part of a large peri-continental carbonate platform, influenced by high fre
quency sea-level oscillations. In the high sea-level periods carbonate mud deposited in the subtidal lagoon while 
in the low sea-level intervals the tidal flat prograded onto the lagoon and the lime mud pervasively dolomitized.

Age: Upper Camian-Middle Norian
Thickness: It extends over the whole territory of the Transdanubian Range Unit in a thickness of 800-1500 m.
Geochemistry:
We have got 21 data for gold and 16 data for the other elements (Nos. 161, 561, 565, 569-573, 581, 594, 

626-633, 683-684, 696. of Appendix 1). Dolomites and brecciated dolomites were sampled and analysed. 
Ranges and medians are given below:

Au (<2-25) <2 ppb As (0.63-401.0) 3.37 ppm
Ag (<0.02-0.28) <0.02 ppm Hg (<0.02-1.76) 0.055 ppm
Sb (<0.02-11.3) 1.05 ppm T1 (<0.02-0.415) 0.023 ppm

Brecciated dolomite infilling contains the high values of Au, As and Sb. Thresholds and number of anomalous 
values above them (in paranthesis) are as follows. Au >20 ppb (1); As >10 ppm (2); Hg >1 ppm (1) and finally Sb 
>4 ppm (2). No significant correlations were detected.

Rezi Dolomite (19)
Lithology: grey, thin-bedded, platy, laminated bituminous (0.1-0.2% organic matter), pyrite bearing dolo

mites, cherty dolomites, with intercalations of thick-bedded, porous, saccharoidal dolomites. Its lower member 
consists of platy, bituminous, cherty dolomites. The middle member is made up by thick-bedded dolomites with 
remnants or moldic pores of dasycladacean algae and also contains thin interlayers of the platy dolomites. The 
upper member is platy dolomitic mudstone with mollusc coquina lenses.

Facies: The lower and the upper member was formed in an oxygen-depleted, restricted basin, whereas the 
middle one in a well oxygenated lagoon.

Age: Upper Norian
Thickness: Outcrops of the formation occur in the Keszthely Mts. and the westernmost part of the Southern 

Bakony. Its thickness here about 300 m. It may also occur in the basement of the Zala Basin.
Geochemistry:
11 samples represent the formation (Nos. 131, 143-152. of Appendix 1). Dolomites, bituminous dolomite, 

dolomarls have been sampled. Ranges and medians are given below:
Au <2 ppb As (<1.0-2.65) 0.9 ppm
Ag (<0.05-0.23) 0.07 ppm Hg (0.0044-0.0159) 0.0093 ppm
Sb (0 .1 -1 .48 ) 0.36 ppm T1 (<0.05-0.09) 0.03 ppm

Marls and bituminous dolomites contain the insignificant elevated concentrations within the formation. Nei
ther anomalous values nor correlation of the elements was found.

Kössen Formation (20)
Lithology: dark grey, organic rich, pyritic, argillaceous marl, marl, calcareous marl, silty marl with dolomite 

or limestone intercalations in the transitional intervals. Within its extension area, lithology of the formation mark
edly changes depending on the paleogeographic setting of the given area. In the western part of the Transdanu-
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bian Range Unit (in the Keszthely Mts. and northward to it) i. e. in the inner part of the basin monotonous dark 
grey shales (locally oilshales with 1-2% of organic matter and about 1% of sulfur) were formed with lithoclastic 
and bioclastic toe-of-slope facies in its basal part in the Keszthely Mts. In the western part of the Southern Ba
kony argillaceous dolomite and limestone interbeds appear within the shales and the shales pinch out further 
northeastward i.e. towards the coeval carbonate platform.

Facies: It was formed in a restricted basin behind a large carbonate platform (“Dachstein platform”). In the inner 
part of the basin, stagnant, oxygen depleted conditions came into being near to the bottom. The gentle slope between 
the basin and the ambient platform was populated by a rich epibenthic mollusc fauna. Fragments of mollusc shells 
redeposited at the toe of the slope together with lithoclasts. The upper slope may have reached the euphotic zone.

Age: Upper Norian to Rhaetian
Thickness: Its maximum thickness exceeds 500 m in the basement of the Zala Basin. It is about 300 m in the 

sector of the Keszthely Mts. It pinches out from the western end of the Bakony northeastward.
Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (<0.4 ppm), Cu (16-100 ppm), Pb 

(<16 ppm), Sb (<60 ppm), Zn (<100 ppm)
Geochemistry:
9 limestone, limonitic limestone, dolomite and marl samples were analysed (Nos. 142, 154-160, 200. of Ap

pendix 1). Gold was below detection limit in all samples. Ranges and medians are given below:
Au <2 ppb As (< 1.0-10.2) 1.9 ppm
Ag(< 0.05-0.16) 0.05 ppm Hg (< 0.02-0.08) 0.0063 ppm
Sb (<0.1-3.34) 0.2 ppm T1 (0.05-0.53) 0.15 ppm

There is no anomalous value, slightly elevated concentrations are in limonitic limestones. Only the Sb-As cor
relation is significant at 0.01 level.

Feketehegy Formation (21)
Lithology: It is made up by thin-bedded, platy, bituminous limestones and dolomites. The lower dolomitic 

member is characterised by a thin-bedded structure. The bituminous rock-types are laminated, as a rule. They are 
of greyish brown, dark grey colour. The limestone member is also thin-bedded with meter thick cross-bedded bi
valve coquina and graded calcarenite interbeds. They are light grey in colour. Mudstone, wackestone with pe- 
loids, ostracodes and sponge spicules are the most characteristic microfacies.

Facies: A more or less restricted intraplatform basin was the site of deposition. The lower member was formed 
in an oxygen-depleted lagoon. The limestone member may have formed in a deeper basin receiving large amount 
of bioclasts, oncoids and lithoclasts fom the ambient platforms. The cross-bedded coquinas were formed in a high 
energy current-agitated environment.

Age: Middle-Upper Norian
Thickness: Its extension is restricted to the Pilis Mts. where a thickness of 300 m can be estimated.
Geochemistry:
5 limestone and dolomite samples were analysed (Nos. 691-695. of Appendix 1). Ranges and medians are 

given below:
Au(<2-3) <2 ppb As (2.9-31.9) 5.36 ppm
Ag (0.02-0.08) 0.05 ppm Hg (0.0484-0.1552) 0.1435 ppm
Sb (0.15-4.58) 0.94 ppm T1 (< 0.02-0.28) 0.03 ppm

There are no remarkable anomalies in this formation.

Dachstein Limestone (52)
Lithology: it consists predominantly of white, light grey, rarely darker grey limestones. It shows definite cy

clicity, as a rule. The ideal cycle begins with reddish or greenish argillaceous limestones or clayes with intraclasts 
(generally black pebbles). It is overlain by algal laminated or fenestral laminoid, peloidal limestones or generally 
dolomitic limestones. It is followed by thick-bedded wackestones, ooidic-oncoidal packstones or grainstones with 
chacacteristic Megalodont bivalves. The cycle is ended by another algal laminated layer. The cycles are fre
quently incomplete or truncated, they are separated by unconformity surfaces as a rule.

Facies: The formation is formed in varios facies belts of a carbonate platform under periodically alternating 
sea-level. In the high sea-level periods a predominant part of the carbonate platform was covered by shallow sea. 
On the outer platform ooid and oncoid shoals came into being whereas in the inner part of the platform carbonate 
mud settled. During the sea-level lowering tidal flats prograded onto the former inner shelf and early diagenetic 
and soil-forming processes took place.

Age: Norian-Rhaetian
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Thickness: It extends over a large part of the Transdanubian Range Unit. Coeval deeper water basin facies are known 
in the Csővár Block, in the Buda Hills, some parts of the Pilis Mts. and in the southwestern part of the unit. It thickness in 
700-1000 m as a rule, except of the southwestern area, where overlying the Kossen Formation it is only about 100 m.

Geochemistry:
28 samples have been analysed (Nos. 567, 580, 583, 585, 586, 592, 593, 635-638, 641, 645, 647, 650, 651, 

658, 660, 662, 665, 666, 669, 671, 676, 677, 681, 682, 690. of Appendix 1). The main rock types collected are: 
dolomite, dolomitic limestone, limestone, limestone breccia, limonitic breccia infilling, sandstone. Ranges and 
medians are given below:

A u (< 2 -ll)  <2 ppb As (0.22-198.0) 3.39 ppm
Ag (<0.02-0.15) <0.02 ppm Hg (<0.02-2.90) 0.0717 ppm
Sb (< 0.02-6.92) 0.50 ppm T1 (<0.02-0.95) 0.0335 ppm

The high concentrations are in limestone and limonitic limestone. There are good correlations for the follow
ing pairs of elements: As-Hg, As-Sb, As-Tl and Sb-Hg. Threshold values are established for: As (10 ppm, 6 
samples above), Hg (1 ppm, 3 samples above) and Sb (2 ppm, 7 samples above).

3.2.2.2. Triassic-Jurassic

Csővár Limestone (18)
The areal distribution of the formation is shown on Fig. 13.
Lithology: brownish grey, medium to dark grey, predominantly thin-bedded slightly bituminous limestones, 

dolomitic limestones, dolomites with siliceous patches, chert lenses and nodules. The burial dolomitization af
fected the lower segment of the succession. The upper, predominant part of the formation is made up by 
limestones. Laminitic layers of distal turbidite origin, alternate with allodapic calcarenites of proximal turbidite 
origin. Slump beds and lithoclasic intercalations are common mainly in the upper part of the formation. Below the 
ruins of the fortress on the top of Vár-hegy, the limestones are cut by Late Eocene calcite veins.

Facies: it was formed in a more or less restricted basin and in the toe-of-slope belt of a carbonate platform. 
The lithoclasts and bioclasts of platform origin were accumulated at the base of the slope, whereas the turbiditic 
layers were deposited in the distal part of the slope apron or in the basin. The radiolarian and filament microfacies 
types represent the basin facies.

Age: Camian to Hettangian (Sinemurian?)
Thickness: This formation is known only in the area of the Csővár hörst. The lower part of the formation was 

penetrated by a borehole in a thickness of 600 m. A more than 100 m thick succession crops out on the slope of 
the Vár-hegy in Csővár, representing the Jurassic part of the sequence.

Geochemistry:
35 data are available for gold and 10 data for the other elements (Nos. 706-740. of Appendix 1). Limestone, 

marl, dolomite and cherty limestone were sampled. Ranges and medians are given below:
Au(<2-4) <2 ppb As (1.25-17.3) 3.40 ppm
Ag (<0.3—1.0) 0.35 ppm Hg (0.06-0.7) 0.18 ppm
Sb (<0.02-1.10) 0.47 ppm T1 (<0.02-0.38) 0.065 ppm

Elevated concentrations are found in limonitic infillings and cherty limestones. Neither anomalies nor correla
tions were encountered at the accepted significance level.

3.2.2.3. Jurassic

Pisznice Limestone (53)
The formation consists of “intraclastic, generally well-stratified, bedded limestone with stylolitic bed surfaces. 

Bioclastic material forms a minor fraction in variable amounts. The colour is generally light, ranging from greyish 
violet, through violet-grey, paae pink, red, and flesh-colored to cream” (Knauer in Császár 1997). Thickness 
varies between 10 and 20 m.

Geochemistry:
Two samples (limestone and limestone breccia) were only analysed (Nos. 685-686. of Appendix 1). Ranges 

are given below:
Au <2 ppb As (1.05-4.62)
Ag (<0.02-0.03) Hg (<0.02-0.09)
Sb (0.3-0.5) T1 (<0.02 -0.252)

These concentrations are insignificant.
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Fig. 13: Geological map of the Csővár hörst and its surroundings with Carlin gold sample sites (Detail of the geological map- 
sheet 4862/4-Vác, Unified Stereographic Geological Map Serie)
1) Holocene to Quaternary alluvial and eolian sediments, 2) Oligocène elastics, 3) Late Eocene to Early Oligocène Buda Marl, 4) Cretaceous 
to Eocene Bauxite Formation, 5) Late Triassic to Early Jurassic Csővár Limestone, 6) Late Triassic Dachstein Limestone, 7) Middle Triassic 
Vashegy Dolomite, 8) Carlin gold sample site

Úrkút Manganese Ore (33)
It was one of the former candidates of perspective formations in the previous screening (KORPÁS and HOF- 

STRA 1994). The lithology consists of dark brown, greenish manganese carbonates, oxidic manganese ores of 
variable appearence and laminated black shales or organic rich black clay overlain by marls or crinoidal, locally 
glauconitic limestones.

Facies: Restricted basin facies which was formed during the early Toarcian anoxic event (Vető et al. 1997) 
preferentially in the western current-shadow of paleohighs. Thus the manganese deposit may have formed in oxy- 
gene-depleted, stagnant sub-basins.

The formation contains organic matter (1-2%) and sulfides (1-5%) with some phosphorites (P<1.5%). The 
Mn ore of the operating underground mine is composed partly of primary ore of rodocrosite (20-30%) and partly 
of secondary ore of psilomelan, pirolusite and manganite (40-50%) accompaning with siderite (5%) (S z a b ó  et al. 
1981). Traces of Ag were detected by POLGÁRI (1993).

Age: Lower Toarcian
Thickness: It is extremely variable. In some part of the Bakony (Úrkút Basin) it may reach as much as 50 m, 

but generally much less, a few metre or in the Gerecse Mts. a few decimetre only.
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Geochemistry:
Predominantly Mn ores and marls were sampled in the Úrkút mine (Nos. 168-172, 182-188, 192-195, 218- 

220. of Appendix 1). Ranges and medians are given below:
Au (<2-5) <2 ppb As (1.66-59.1) 13.8 ppm
Ag (0.05-1.08) 0.29 ppm Hg (0.0053-1.671) 0.1249 ppm
Sb (0.14-1.14) 0.59 ppm T1 (0.04-0.7) 0.16 ppm

Elevated concentrations are detected mostly in marls. Threshold values are in the low concentration ranges: 
Ag (1 ppm, 1 sample above) and Hg (1 ppm, 1 sample above). Coefficients of correlation are significant only for 
Tl-Ag.

Kisgerecse Marl (54)
Lithology: Red marls with limestone nodules, locally. It forms a clayey interbed within the Ammonitico Rosso 

type pelagic carbonate sequences as a rule.
Facies: pelagic, deep sea facies which may have formed in a well oxigenated environment. In contrast to the 

significant amount of benthic microfossils in the underlying formations, predominantly pelagic fossil assemblage 
of the Kisgerecse Marl indicates a fast deepening.

Age: Lower Toarcian
Thickness: a few metre
Geochemistry:
12 samples (all radiolarian marls) were analysed (Nos. 173-181, 189-191. of Appendix 1). Ranges and medi

ans are given below:
Au(<2-7) 3 ppb As (9.41-147.0) 23.9 ppm
Ag (0.24-0.9) 0.435 ppm Hg (0.06-0.66) 0.28 ppm
Sb (0.27-2.63) 1.38 ppm T1 (0.12-0.97) 0.275 ppm

There are only two anomalous As values above the 100 ppm threshold. The correlation coefficient is signifi
cant for Sb-Ag.

Eplény Limestone (55)
Lithology: yellowish brown, light grey, thin-bedded or laminated limestones argillaceous limestones, calcare

ous marls with marl intercalations or red, brownish od greenish nodular limestones. Siliceous or cherty in a lot of 
cases. The most typical microfacies is the bositra packstone but radiolarian varieties (bositra-radiolaria pack- 
stone) are also common.

Facies: pelagic basin facies, formed in deep sea above the calcite compensation depth, deeper than the coe
val Ammonitico Rosso limestones but shallower than the radiolarites (Lókút Formation). Interfmgering rela
tionship of the Eplény Formation with the above mentioned ones marks its intermediate paleo-environmental 
setting.

Age: Toarcian-Callovian
Thickness: 40-70 m.
Geochemistry:
6 limestone samples were analysed for this formation (Nos. 162, 215-217, 221-222. of Appendix 1). Ranges 

and medians are given below:
Au(<2-5) <2 ppb As (0.5-24.5) 1.26 ppm
Ag (0.04-0.42) 0.16 ppm Hg (0.0038-0.4492) 0.0348 ppm
Sb (0.05-1.23) 0.12 ppm T1 (0.06-0.58) 0.115 ppm

There are no anomalous values. Correlation is significant between Hg-As.

Lókút Radiolarite (56)
Lithology: yellowish grey, thin-bedded, laminated radiolarite with chert stripes, lenses and nodules, brown or 

black chert interbeds and siliceous limestones. In some localities red or yellowish radiolarian clays occur at the 
base of the formation. In the Gerecse area it is represented by two red chert members separated by limestones.

Facies: deep-sea deposits. They were formed in nutrient-rich pelagic basins. The bottom of the basins may 
have reached the calcite compensation depth. The radiolarian ooze was accumulated firs in the deepest basins, the 
highs reached the critical depth later whereas on the highest seamounts the radiolarites are completely missing.

Age: Bathonoian-Oxfordian or even Lower Kimmeridgian in the Gerecse Mts.
Thickness: More than 100 m in the Zala Basin and in the westernmost part of the Bakony, tens of metres in 

the Bakony and a few metres in the Gerecse Mts.
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Geochemistry:
Two samples (radiolarite and radiolarite breccia) were analysed (Nos. 687-688. of Appendix 1). Ranges are 

given below:
A u (<2—5) A s(126-152)
Ag (0.04-0.08) Hg (1.35-1.43)
Sb (3.5—4.7) T1 (0.15-0.404)

Relatively high As and Hg values are worth mentioning.

3.2.2.4. Cretaceous

Budakeszi Picrite (57)
The formation consists of “igneous rock bodies of alkaline basic (spessartite, picrite, microgabbro, basalt) and 

ultramafic (monchiquite, beforsite, silico-carbonatite) composition appearing as small, subvolcanic bodies, dikes. 
Based on radiometric dating, the age is 77 Ma” (Horváth in Császár 1997).

Geochemistry:
The 1 sample (a microgabbro) is far from being enough to characterise the formation and the alterations re

lated to it (No. 590. of Appendix 1). This sample gave insignificant concentrations for all elements analysed.

3.2.3. Cenozoic

3.2.3.1. Cretaceous-Eocene 

Bauxite Formation (58)
The formation corresponds to the Gánt Bauxite and comprises of “bauxite, bauxitic clay, kaoliné clay, bauxite 

with extraclasts and intraclasts lenses. A bauxite sequence with Eocene overburden. Most likely age: (Paleocene 
to) Early Eocene” (Bernhardt in Császár 1997).

Geochemistry:
Clay and bauxitic clays were sampled (4 samples altogether) from this formation (Nos. 568, 591, 672 and 

674. of Appendix 1). Ranges and medians are given below:
Au (<2-6) <2 ppb As (5.42-28.4) 16.65 ppm
Ag (0.02-0.15) 0.06 ppm Hg (<0.02-0.3294) 0.0509 ppm
Sb (0.22-5.2) 0.9 ppm T1 (0.026-1.59) 0.2785 ppm

Higher concentrations are in the bauxitic clay.

3.2.3.2. Eocene 

Nadap Andesite (59)
“Product of multiple cycles of stratovolcanic activity, comprising lava, pyroclastite, subvolcanic and metasomatic 

rock bodies. The formation consists of volcanites (biotite-amphibole-andesite, biotite-agglomerate, tuff, tuffite, py
roxene-andesite, and dacite which form the Sorompóvölgy Andesite Member), intrusives (diorite, diorite-porpyrite, 
the Cseplekhegy Diorite Member), and altered rocks (quartzite with clay minerals, alunite” +pyrophyllite, “topaz and 
pyrites, the Pázmánd Metasomatite Member). Within the stratovolcanic sequence there are sediment layers with Mid
dle to Late Eocene fossils. The volcanics are over 1000 m thick, the subvolcanic body over 900 m. Based on radio- 
metric dating the age is 29 to 44 Ma” (Zelenka and Darida-T ichy in Császár 1997).

Hydrothermal alterations and metasomatosis in the core zone of the East Velence paleovolcano (Dudko 1988, 
Dudko et al. 1989) were described in detail by Darida-T ichy et al. (1984). Composite and multiphase metaso- 
matites and intrusive breccias widely developed in the area between the Templom-hegy and Cseplek-hegy- 
Zsidó-hegy have resulted Ag, As and Sb anomalies detected by soil and rock sampling of the systematic metal- 
lometric survey. The estimated threshold values of anomalies for the elements above are the followings: Ag / soil: 
0.5 ppm, rock: 1.3 ppm. As / soil: 141 ppm, rock: 458 ppm, Sb / rock: 26 ppm (Odor et al. 1982, Horváth et al. 
1990). Gold and silver shows up to 1000 ppm and 142 ppm were detected in the boreholes of Nadap Nt 2 and 4 
(Horváth et al. 1990).

Geochemistry:
The data of 40 samples were available to characterise the gold and silver contents and only of two samples to 

show the concentrations of other elements (Nos. 366-369, 373, 375, 377, 379, 381, 383, 385, 390, 392, 394, 396, 
398, 400, 403, 405, 407, 409, 414, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 437, 439, 441, 446, 448,
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451, 452, 457. of Appendix 1). Mainly intrusive breccia, silicified intrusive breccia and andesite were sampled. 
Ranges and medians are given below:

Au (<2-1000) <2 ppb As (80.4-173.0)
Ag (<0.02-142.0) 0.3 ppm Hg (0.0162-0.0188)
Sb (1.35-2.20) T1 (0.044-1.37)

Data are only reliable for Au and Ag. There are three gold values above the 100 ppb threshold and 5 anoma
lous values for silver above the 3 ppm threshold. In 6 samples out of the 40 gold is above the detection limit. 
These two elements are significantly correlated. Intrusive breccias and silicified intrusive breccias contain the 
high concentrations of these elements. Data are insufficient as to the behaviour of the other elements.

Szépvölgy Limestone (60)
The formation will be described after Korpás (1998). It is 50-80 m thick, well bedded and composed of bio

clasts. The lower coralgal unit is 5-20m thick, while the upper one with thickness of 30-50m contains Nummu- 
lites, Discocyclina and Lepidocyclina in mass quantity. The main components of sand size are benthic foraminif- 
eras (Nummulites, Dyscocyclina), corallinacean algae, bryozoans, echinoids, some fragments of corals, bivalves 
and decapods. Planktonic fossils, such as globigerinids and radiolaria are subordinate. Few extraclasts of Triassic 
limestone, dolomite, chert, further of altered volcanites and quartzites are accumulated in horizons of some centi
metres to decimetres in thickness. Dominant microfacies types are the following: corallinacea-foraminifera- 
echinodermata-bryozoa packstone; foraminifera floatstone-rudstone; bryozoa-corallinacea-foraminifera pack- 
stone; coral boundstone; echinodermata grainstone-packstone. Its age is based on biostratigraphic and on magne- 
tostratigraphic evidences (Korpás et al. 1999) are the following: nannoplankton zones of NP 18-19/20; dirons 
C15r and C15n. Estimated age of its formation is 35.3-34.6 Ma, according to the timescale of Cande and Kent 
(1992). The following sedimentological, early diagenetic and/or hydrothermal features are to mention: signs of 
mass movement and redeposition; presence of submarine, partly subaerial discontinuity surfaces; phreatic-marine 
primary intergranular and mouldic porosity with few vadose influence; early stylolites; slight dolomitization and 
silicification; well developed system of hydrothermal veins and veinlets of calcite, quartz, barite, fluorite, pyrite 
and cinnabar; high temperature hydrothermal heating of <110-220 °C, confirmed by fluid and gas inclusion stud
ies; elevated mean vitrinite-reflectance values of 0.30-0.55 R%o. The depositional system of the Szépvölgy Lime
stone is considered as a carbonate bank, located on a mobile dissected shelf. It represents a deepening upward se
quence, interrupted by two low stand events before being drowned definitively at 34.9 Ma.

Geochemistry:
9 samples have been analysed (only 8 for Sb and Tl), these were limestones, basal breccia and a hydrothermal 

calcite vein with cinnabar (Nos. 514, 574, 621-622, 624, 653, 689, 778-779. of Appendix 1). Ranges and medi
ans are given below:

Au (<2-4) <2 ppb As (<2.5-64.3) 5.53 ppm
Ag (<0.02-0.16) <0.02 ppm Hg (0.0098-58.2) 0.1094 ppm
Sb (0.25-5.4) 0.63 ppm Tl (<0.02-0.87) 0.024 ppm

Calcite vein, limestone and basal breccia contain the elevated and anomalous values. The low threshold for 
arsenic is 30 ppm (2 samples show higher concentration than this), for mercury is 4 ppm (2 samples above) and 
for Sb is 2 ppm (1 sample with higher value). Au-Ag are well correlated, no other relationship was found.

3.2.3.3. Eocene-Oligocene

Buda Marl (34)
The 60 to 120 m thick formation will be outlined after KORPÁS (1998). It consists of flaser-bedded and lami

nated layers with a variable amount of clay (10-30%) and of carbonate(70-90%). The upper horizons frequently 
include strata of calcareous or siliciclastic sandstones. The entire profile comprises of redeposited volcanomictic 
layers of andesite-sand. Bioclastic calcareous turbidites and allodapic limestones are very common in the basal 
horizons. The disperse organic matter amounts to about 1%, accumulated on the surface of the bedding plains, 
consists of carbonized fragments of plants. The formation is rich in fossils, composed of mainly planktonic fora
minifera, coccoliths, sporomorphs and pollens as well as, benthic forms (a few molluscs, large foraminifera, os- 
tracods, algae, echinoids, bryozoans) redeposited and accumulated in turbiditic layers. Dominant microfacies are 
bryozoan packstone-floatstone in the lower portion of the formation and globigerina wackestone in its upper part. 
Estimated age based on nannoplankton, on planktonic foraminifers, respectively on sporomorphs and pollen is 
Late Eocene to Early Oligocène: NP zones 19/20-21. Magnetostratigraphic data (Korpás et al. 1999) suggest 
chron 13r, with an age of 34.6-33.5 Ma for its deposition. Among the sedimentological, early diagenetic and/or
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hydrothermal phenomena the following will be outlined: sharp lower and gradational upper contacts of the strata; 
gradation; autoclastic breccias; synsedimentary slump structures; presence of allodapic limestones; synsedimen- 
tary, sometimes overturned folds; early diagenetic pyrite; early solutional and fracture porosity; well developed 
fracture system with hydrothermal calcite; high mean values of vitrinite reflectance; hydrothermal silicification 
and argillitization. The depositional system should be considered a narrow, mobile pelagic shelf margin, deep 
outer shelf and slope with dissected morphology.

Previous data of hard rock geochemistry: Ag (<0.4 ppm), As (<600 ppm), Sb (<60 ppm), and 0.21-0.95 ppm 
of Hg from stream sediment sampling (KORPÁS and H o f st r a  1994).

Geochemistry:
Limestone, marl, limonitic marl, silicified marl, sandstone and dolomite (16 samples altogether) have been 

analysed (Nos. 489-492, 522-524, 542, 544, 579, 611, 612, 623, 703-705. of Appendix 1). Ranges and medians 
are given below:

Au(<2-5) <2 ppb As (<2.5-1296.0) 5.49 ppm
Ag (0.016-0.4) 0.0935 ppm Hg (0.0253-66.80) 2.55 ppm
Sb (0.33-46.70) 0.93 ppm T1 (<0.02^1.42) 0.13 ppm

The high concentrations and anomalies are in the limonitic marl and in the limonitic silicified marl. There are 
only 3 positive values for gold. Thresholds have been established for As (50 ppm, 6 samples above), Hg (1 ppm, 
8 samples above), Sb (2 ppm, 7 samples above) and T1 (2 ppm, 3 samples above). Correlations are significant for 
the following pairs of elements: (Hg, Sb, Tl)-As, Hg-Tl, Hg-Sb and Sb-TI. There are no correlations of Au and 
Ag with the other elements.

3.2.3.4. Oligocène

Tard Clay (35)
The formation characterised after KORPÁS (1998) is 100-120 m thick and comprises of rhytmic, laminated 

layers free or poor in carbonate(<10%). Its basal horizons frequently contain beds of bioclastic and allodapic 
limestones or redeposited siliciclastic layers. The entire section consists of volcanoclastic intercalations, andesitic 
in composition and produced by coeval volcanism. The formation is rich in bitumen with a content of 1.0-2.6% 
in TOC and with extractable bitumen of 380-1450 ppm. Content of total S oscillates between 0.98-2.37%, with 
pyrite bounded sulfur of 0.17-1.66%. The source of inmature kerogene is the terrestrial vegetation. This is con
firmed by assembleges of sporomorphs and pollens, respectively by fragments of resin and pines.The formation is 
rich in planktonic fossils, first of all in coccoliths, with a few pteropods, while the scarce benthic elements 
(bivalves, foraminifera, algae) are mainly redeposited. The uppermost levels contain well preserved, carbonized 
plant debris and reprints of fishes in mass quantity. Age constraints based on nannoplankton, on radiometric K-Ar 
measurements and fission track analysis, further on magnetostratigraphic studies are the following: nannoplank
ton of NP-(21)-22-23 zones; K-Ar ages of 32.25±0.9 Ma; fission track age of 32.45±0.54 Ma; dirons C13n, 
C12r, C12n and Cl lr representing a depositional record of 33.5-30.0 Ma (K o r pá s  et al. 1999). Among the sedi- 
mentological, early diagenetic and hydrothermal features the following are to mention: frequent synsedimentary 
slumps and folds; gradation and redeposition; presence of early diagenetic bacterial pyrite; hydrothermal silicifi
cation; partly open fracture system infilled by white calcite and crystalline pyrite. The depositional system is con
sidered an anoxic, isolated bathyal basin with periodic oceanic connections.

Geochemistry:
Clay and marl samples (5 altogether) were sampled and analysed (Nos. 514, 521, 575-577. of Appendix 1). 

Ranges and medians are given below:
Au <2 ppb As (2.48-52.9) 13.8 ppm
Ag (0.08-0.23) 0.16 ppm Hg (0.0271-0.2019) 0.0905 ppm
Sb (0.37-14.5) 1.17 ppm T1 (0.13-1.83) 0.43 ppm

A clay sample contains the anomalous concentration of Sb (threshold. 2 ppm, 1 sample above it) and the max. 
concentration of all other elements.

Hárshegy Sandstone (36)
The limonite (pyrite) rich formation “is a deposit of marine, littoral or shallow sublittoral, and at its lower part 

brackish lagoon facies. It consists of dominantly of coarse-grained sandstone, locally fine-grained sandstone, with 
intercalations of conglomerate and fire-clay, possibly coal seams (Esztergom Coal Member) and, in the lower 
part, kaolinite sandstone. The cement is silica, chalcedony, and less frequently, barite, formed in response to a
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post-hydrothermal impact. The top part includes some kaolinitic sandstone. Thickness: 20 to 200 
m” (N a g y m a r o s y  in C sá szá r  1997).

Geochemistry:
Mainly sandstones and limonitic sandstones (N=30) have been sampled and analysed (Nos. 562-564, 566, 

582, 584, 587-589, 595, 597, 620, 625, 634, 640, 642, 643, 646, 648, 649, 652, 656, 657, 659, 661, 667, 673, 
675, 678, 680. of Appendix 1). Ranges and medians are given below:

Au (<2-2) <2 ppb As (1.13-1065.0) 42.8 ppm
Ag (<0.02-0.22) 0.04 ppm Hg (<0.02-11.54) 0.525 ppm
Sb (<0.02-176.0) 2.95 ppm T1 (<0.02-8.86) 0.166 ppm

Thresholds and the number of samples above them are the following: As (100 ppm, 11 samples), Hg (>5 ppm, 
2 samples), Sb (20 ppm, 4 samples) and T1 (>4 ppm, 2 samples). Both sandstones and limonitic sandstones con
tain the high and anomalous values of the elements. The following pairs of elements show good, significant corre
lations: Hg-As, Sb-As and Sb-Hg. Ag and T1 has no correlation with any other elements.

Mány Formation (61)
“Alternation of calcareous silt, argillaceous silt, sand and sandstone, with conglomerate, coal stringers and 

varegated clay intercalations. It is mainly of brackish, shallow lagoon facies, rarely with limnic and matiné inter
calations.”... “Limnic, paralie lignite beds (Vértessomló Member) are also included at the bottom of the forma
tion. Thickness: 200 to 600 m” (Nagymarosy and Gyalog in Császár 1997).

Geochemistry:
Because of the location within an anomalous stream sediment cell a single sand sample was taken (No. 639. of 

Appendix 1) and analysed. The sample did not show any important concentrations of the six elements analysed.

3.2.3.5. Miocene

Börzsöny and Visegrád Andesite (62)
The fonnation comprising two units will be described after KORPÁS et al. (1998). “The Lower Unit (15.2-14.8 

My) of the volcanics represented by dacites and andesites developed as individual volcanic cones of 2 to 10 km in 
diameter. This early phase is characterised by products of explosive activity”. Extrusions and lava domes furthermore 
“.... dikes and shallow intrusive bodies are frequent, but lava flows are fairly rare. Products of explosive volcanism 
include coarse- to fme grained pyroclastic falls, pyroclastic flows, pyroclastic surge deposits and related epiclastics. 
These deposits and the lava bodies from the phreato-magmatic eruptions filled the....” eastern part of the Danube- 
Ipoly “....basin rapidly and almost completely resulting in a thick strato volcanic complex made up of andesites and 
dacites. Extrusive domes and breccias as well as shallow cylindrical subvolcanic intrusions accompanied the extru
sive activity. The subvolcanic intrusions took place preferentially during the end of the early volcanic phase. The 
lavas and pyroclastics are characterised by large mineralogical variations. The diagnostic accessory mineral is biotite 
(±gamet) and the main mafic phases are hornblende, augite and/or hyperstene.” Slight hydrothermal alteration and 
mineralization with ore shows is related to this volcanic phase in the Central Börzsöny area.

“The Upper Unit (14.8-14.5 My) is represented by large stratovolcanoes”....“ about 10 to 12 km in diameter 
and 1100-1200 m high....” and by small parasite cones of 2.5 km. “The subaerial volcanics are of andesitic com
position, and mainly consist of coarse grained pyroclastics. interbedded with five to seven lava flows on the Ma
gas-Börzsöny cone. The maximum thickness of this stratovolcanic complex is 450 m. The diagnostic minerals are 
hyperstene and basaltic amhibole. Associated shallow intrusive bodies and dikes show a similar mineral composi
tion. Hornblende-bearing, leucocratic andesite dikes representing the final products of the volcanic activity, cut 
the Magas-Börzsöny stratovolcanic complex. The products of the Upper Unit discordantly overlie the Lower 
Unit and do not show any signs of hydrothermal alteration and/or mineralization. The entire volcanism took place 
within the Badenian stage”,....“ between 15.2 and 14.5 My”.

Geochemistry:
Volcanics of the Lower Unit in the contact zone with the Mesozoic carbonate-mass of the Pilis Mountains and 

representing andesites, dacites and pyroclastics (13 samples in anomalous stream sediment cells) were sampled and 
analysed (Nos. 654, 655, 663, 664, 668, 670, 679, 697-702. of Appendix 1). Ranges and medians are given below:

Au <2 ppb As (0.43-4.7) 1.18 ppm
Ag (<0.02-0.3) 0.02 ppm Hg (<0.02-0.04) 0.014 ppm
Sb (<0.02-0.4) 0.1 ppm T1 (0.046-0.20) 0.08 ppm

The elevated concentrations are found in andesite breccia and in biotite dacite. There are no anomalous values 
and no correlations of any pairs of elements.

242



Kálla Gravel (63)
The formation consists of “yellow, limonitic and white quartz-sand beds formed in a shoreline zone of an inland sea, 

subjected to swell of the sea, as well as gravel (pearl gravel) bed consisting of fine-grained, well rounded and polished 
grains, rarely comprising siliceous sandstone-quartzite lenses, and locally polymict bodies of coarse (10 to 50 cm) peb
bles. It has a thickness ranging from 5 to 10 m” (JÁMBOR in CSÁSZÁR 1997). From the pyrite and marcasite bearing 
(quartzite) horizons near Cserszegtomaj and Rezi (Keszthely Mountains) of this formation reported Szentes (1948 p. 
92) traces of gold (Au: 0.60 ppm) and silver (Ag: 23.00 ppm). Our sampling aimed at the checking of these data.

Geochemistry:
21 samples for gold and mercury and 20 samples for the other elements were analysed (Nos. 112-130, 133, 

153. of Appendix 1). Sand, pyritic sand, limonitic sand and silicified sandstone were sampled. Ranges and medi
ans are given below:

Au (<2—7) <2 ppb As (1.59-37.9) 8.47 ppm
Ag (<0.05-0.4) 0.09 ppm Hg (0.0262-0.3593) 0.1392 ppm
Sb (0.11-5.48) 0.39 ppm T1 (0.04-2.18) 0.455 ppm

Pyritic sand and silicified sandstone contain the elevated values. A slight anomaly of Sb (at 1.5 ppm threshold 
with 2 samples above it) is established. Well correlated pairs of elements are: Hg-As and Tl-As.

Zámor Gravel (64)
The formation comprises of “grey, well rounded, mainly quartz or quartzite bearing sand and pebbly sand (“pearl 

gravel” facies), with and arched cross bedding. An inland shore deposit representing mainly a basal rock, less fre
quently an intercalation in the Csákvár and Algyő Formations. Thickness: 10 to 30 m” (Jámbor in Császár 1997).

Geochemistry:
Two limonitic sand samples (Nos. 512, 545. of Appendix 1) have been analysed. Ranges are given below:

Au <2 ppb As (152.0-1810.0)
Ag (0.06-0.11) Hg (0.05-25.63)
Sb (3.9 -48.4) T1 (0.071-0.525)

There are high concentrations of As, Hg and Sb, but due to the small number of samples the formation cannot 
be reliably evaluated.

Szák Marl (65)
“Almost always grey, shallow, sublittoral calcareous argillaceous silt with, molluscs and ostracods, rarely with 

thin silt and fine grained sandstone intercalations. Thickness: 50 to 200 m” according to JÁMBOR in C sá szá r  
(1997). Samples were taken near to the Cserszegtomaj pyrite-marcasite bearing horizon.

Geochemistry:
Mainly marls and sandstones were sampled (16 altogether, Nos. 106-111, 132, 134-141. of Appendix 1). 

Ranges and medians are given below:
Au (<2—3 ) <2 ppb As (1.18-21.6) 4.62 ppm
Ag (0.04-0.23) 0.09 ppm Hg (0.0129-0.0939) 0.0373 ppm
Sb (0.18-2.1 1) 0.305 ppm T1 (0.12-3.41) 0.27 ppm

There is only one positive value for gold. The marl and the palaeosol samples contain the maximum values 
within the formation. Correlations are significant for: Hg-As, Sb-As, Tl-As and Sb-Hg.

3.2.3.6. Pliocene-Pleistocene

Travertine Formation (66)
The 20 m thick formation of the Buda Hills will be outlined after KORPÁS (1998). Its yellow to brown basal 

clastic strata of 3-5 m in thickness consist of fining upward alluvial gravels and sands. The matrix supported, 
slightly cemented gravels are derived from local angular to subangular clasts. They are overlain by lenses of fri
able, limonitic, badly sorted, medium to coarse grained sands. The transition to the overlying laminated travertine 
is represented by laminated silts and sandy clays. The greyish white laminated, sometimes muddy travertine is 2 - 
5 m thick and consists alteming laminae of soft or altered muddy algal limestones, rich in dispersed organic mat
ter. This laminated unit is dissected by synsedimentary normal microfaults and capped by a subaerial 
unconformity surface reflecting a significant depositional break and internal erosion. It is the richest in fossils and 
consists of both terrestrial and freshwater molluscs, vertebrata, arthropods, algae, red grasses, charophytes, bryo- 
phytes, prints and detritus of plants. Dominant microfacies is considered pelmicrosparites, pelmicrites with less 
stromatolite-like types and phytoclastic calcarenites. The top of the laminated travertine is covered by an

243



unconformity related paleosol horizon (15-50 cm), consisting of smectite-type soft clays, bearing angular clasts 
derived from the footwall laminites. The main level of the massive, friable, clastic and grainy paleosol includes 
the horizon “A”, dark reddish in colour and the brown carbonate rich “B” horizon. Both are rich in fossils, repre
sented mainly by terrestrial gastropods and vertebrates. Above this paleosol horizon lies the w'hite massive, crys
talline, sometimes cavernous travertine in a thickness of 8-10 m. The poor fossil ensemble consists of moulds and 
recrystallized shells of terrestrial and fresh water gastropods and some fragments of plants. The depositional envi
ronment is interpreted as a very shallow flat pool fed by coeval thermal springs.

Geochemistry:
Bituminous and limonitic travertines (N=4) were sampled (Nos. 549-551, 644. of Appendix 1). Ranges and 

medians are given below:
Au <2 ppb As (2.87-500.0) 20.93 ppm
Ag (<0.02-0.06) 0.025 ppm Hg (0.04-12.24) 0.185 ppm
Sb (<0.02 -48.4) 0.4 ppm T1 (<0.02-4.88) 0.106 ppm

Gold is below detection limit in all samples. Thresholds cannot be established but elevated concentrations of 
As, Hg, Sb and T1 are interesting. A limonitic travertine contains all the high values, especially for As, Sb and Hg.

Summary for the Transdamibian Range:
Main features of the formations of Transdanubian Range are summarized in Table 4 and illustrated on Figs. 

14, 15 and 16. Formations characterised by less than three samples are not plotted.
Reference lines at 10 ppb and 100 ppb are given to indicate subanomalous and anomalous threshold values of 

gold. Comparison of the gold values of Paleozoic, Mesozoic and Cenozoic formations is illustrated on Fig. 14. 
Anomalous gold values (Au>100 ppb) can only be found in the Paleozoic and Cenozoic [Lovas Slate (42), Velence 
Granite (47) and Nadap Andesite (59) respectively]. Slight subanomalous gold (Au>10 ppb) exhibit the Paleozoic 
Balatonfőkajár Quartz Phyllite (41) and some Late Triassic formations like the Mátyáshegy Formation (16), Fődolo
mit Formation (51) and Dachstein Limestone (52). Mercury anomalies higher or around the threshold (10 ppm) are 
found in the Budaörs Dolomite (49), in the Mátyáshegy Formation (16), in the Szépvölgy Limestone (60), in the 
Buda Marl (34), in the Hárshegy Sandstone (36) and in the Travertine Formation (66) of the Buda Hills.
• Fig. 15 also helps overviewing the anomalies of other elements appearing in the studied formations. There are 
a lot of formations (Paleozoic, Mesozoic and Cenozoic as well) with As maximum values higher than 100 ppm, 
which is considered the threshold value for anomalies: Lovas Slate (42), Polgárdi Limestone (1), Budaörs Dolo
mite (49), Mátyáshegy Formation (16), Fődolomit Formation (51), Dachstein Limestone (52), Kisgerecse Marl 
(54), Buda Marl (34), Hárshegy Sandstone (36) and the Travertine Formation (66). Formations with Sb maximum 
values higher than 20 ppm are the following: Lovas Slate (42), Polgárdi Limestone (1), Mátyáshegy Formation 
(16), Buda Marl (34), Hárshegy Sandstone (36) and the Travertine Formation (66).

The following formations are characterised by silver values above the threshold: Lovas Slate (42), Velence 
Granite (47) and Nadap Andesite (59). Anomalous T1 values are only found in the following formations: 
Mátyáshegy Formation (16) and Hárshegy Sandstone (36) (Fig. 16).

Results and interpretations of stream sediment survey of the Buda-Pilis and Visegrád Mountains (Fig. 4) will 
be summarized in the following. Two subanomalous areas can be outlined: the Pilis fault zone and the Buda Hills.

The Pilis fault zone is accompanied by slight additive anomalies and demonstrated with the following cells, from 
NW to SE: No. 4114, 5001, 4164, 4165, 4169, 5018, 5023, 5024 and 5010 respectively. Low level gold anomalies 
ranging between 3 and 27 ppb Au were detected in the cells No. 4114 (27 ppb), 5002 (4 ppb), 4164 (22 ppb), 4165, 
5018 (6 ppb), 5023 (3 ppb) and 5024 (5 ppb). Gold values above detection level of the chip sampling (Appendix No. 
1) within the cells are related to the Fődolomit Formation (Ns. 683-684: 5, 25 ppb), the Feketehegy Formation (Ns. 
693-694: 3 ppb), the Dachstein Limestone (No. 671: 11 ppb), the Lókút Radiolarite (No. 687: 5ppb) and the Bauxite 
Formation (No. 674: 6 ppb). All other Tertiary formations are free of gold.

The situation in the Buda Hills is similar to the afore mentioned. Slight additive anomalies exhibit the cells be
low: No. 5035, 5042, 5041, 5050, 5048, 5044, 5052, 5051 and 5047. Low level gold anomalies of 3 to 53 ppb were 
discovered in the cells of 5033 (3 ppb), 5035 (7 ppb), 5036 (4 ppb), 5039 (5 ppb), 5044 (3 ppb), 5050 (53 ppb), 
5052 (8 ppb), 5053 (4 ppb), 5046 (4 ppb) and 5047 (4 ppb). Surface chip sampling has given gold values near to the 
detection level in the following formations (Appendix No. 1): Budaörs Dolomite (No. 499: 5 ppb), Fődolomit For
mation (No. 569: 4 ppb), Szépvölgy Limestone (No. 624: 3 ppb) and Buda Marl (No. 490: 5 ppb).

The slight gold anomalies of the Pilis Mountains and the Buda Hills can be related mainly to Middle and Late 
Triassic carbonates and connected bauxites.

Anomalies and subanomalies of gold detected by both chip sampling and stream sediment survey appear in the 
Balatonfő and Velence Hills area, in the Pilis fault zone and in the Buda Hills. The gold anomalies of the Velence
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Transdanubian Range Table 4
Summary of geochemical parameters -  median and maximum values.

Form - Au Ag As Hg Sb Tl N
code (ppb) (ppm) (ppm) (ppm) (ppm) (ppm)

Med. Max. Med. Max. Med. Max. Med. Max. Med. Max. Med. Max.
41 <2 27 0.07 0.52 3.3 13.8 0.20 0.30 0.86 4.40 0.12 0.33 9
42 <2* 4770 .095* 140 26.8 1255 0.025 0.966 1.16 791 0.16 1.06 74*31
44 <2 5 0.065 1.35 3.72 13.70 0.08 0.51 1.14 4.23 0.055 0.29 8
1 <2 8 0.11 1.22 11.1 596.0 0.26 2.76 1.04 23.10 0.13 6.56 27
45 <2 2 0.03 0.16 17.7 99.7 0.128 0.136 1.16 5.28 0.10 0.23 3
46 <2 0.05 0.15 1,46 5.54 0.037 0.060 0.22 0.62 0.22 0.48 5
47 <2* 2090 0.04* 18.0 10.76 38.5 0.13 0.24 0.375 2.72 0.17 0.19 14*4
48 <2 0.09 0.21 11.0 23.80 0.004 0.019 0.39 3.14 0.13 0.30 7
8 <2 0.06 0.12 5.29 41.5 0.003 0.04 0.225 0.70 0.14 0.34 14
11 <2 0.021 0.035 5.85 31.50 0.02 0.20 0.50 3.54 0.04 0.19 7
49 <2 5 0.084 0.56 16.35 706.0 0.008 10.70 0.305 18.1 0.11 2.63 28
50 <2 3 <0.3 0.4 3.50 9.40 0.30 1.66 0.53 0.54 0.22 0.36 3
12 <2 0.09m 0.12 2.36m 3.13 0.01m 0.053 0.24m 0.64 0.09m 0.43 2
13 <2 0.085 0.21 1.95 22.7 0.008 0.10 0.17 1.16 0.12 0.27 12
15 <2 4 0.06 0.48 5.10 27.5 0.012 0.42 0.22 0.99 0.15 0.86 71
16 <2 12 0.05 0.39 12.7 463.0 0.74 111.4 1.70 1760 0.09 33.7 44
51 <2 25 <0.02 0.28 3.37 401.0 0.055 1.76 1.05 11.3 0.023 0.415 21
19 <2 0.07 0.23 0.9 2.65 0.009 0.016 0.36 1.48 0.03 0.09 11
20 <2 0.05 0.16 1.9 10.2 0.006 0.08 0.2 3.34 0.15 0.53 9
21 <2 3 0.05 0.08 5.36 31.9 0.144 0.155 0.94 4.58 0.03 0.28 5
52 <2 11 <0.02 0.15 3.39 198.0 0.072 2.90 0.50 6.92 0.034 0.95 28
18 <2 4 0.35 1.0 3.40 17.30 0.18 0.70 0.47 1.10 0.065 0.38 35
53 <2 <0.02 0.03 1,05m 4.62 0.02m 0.09 0.3m 0.5 <0.02 0.252 2
33 <2 5 0.29 1.08 13.8 59.1 0.125 1.671 0.59 1.14 0.16 0.70 19
54 <2 8 0.31 0.90 24,3 147.0 0.28 0.66 1.06 2.63 0.38 3.18 21
55 <2 5 0.16 0.42 1.26 24.8 0.035 0.449 0.12 1.23 0.115 0.58 6
56 <2 5 0.04m 0.08 126m 152 1.35m 1 43 3,5m 4.7 0.15m 0.404 2
58 <2 6 0.06 0.15 16.65 28.40 0.051 0.329 0.90 5.20 0.279 1.59 4
59 <2* 1000 0.3* 142 80.4m 173 ,016m 0.019 1.35m 2.20 0.44m 1.37 40*2
60 <2 4 <0.02 0.16 5.53 64.3 0.109 58.2 0.63 5.4 0.024 0.87 9
34 <2 5 0.094 0.40 5.49 1296 2.55 66.80 0.93 46.70 0.13 4.42 16
35 <2 0.16 0.23 13.8 52.9 0.091 0.202 1.17 14.5 0.43 1.83 5
36 <2 2 0.04 0.22 42.8 1065 0.525 11.54 2.95 176.0 0.166 8.86 30
62 <2 0.02 0.30 1.18 4.70 0.014 0.04 0.10 0.40 0.08 0.20 13
63 <2 7 0.09 0.40 8.47 37.9 0.139 0.359 0.39 5.48 0.455 2.18 21
64 <2 0.06m 0.11 152m 1810 0.05m 25.63 3.9m 48.4 0.07m 0.525 2
65 <2 3 0.09 0.23 4.62 21.6 0.037 0.094 0.305 2.11 0.27 3.41 16
66 <2 0.025 0.06 20.93 500.0 0.185 12.24 0.40 48.40 0.106 4.88 4

Remarks:
Formcode = the code number of the Formation:
41=Balatonfökajár Quartz Phyllite, 42=Lovas Slate, 44=Úrhida Limestone, l=Polgárdi Limestone, 45=Szabadbattyán Limestone, 46=Ftile 
Conglomerate, 47=Velence Granite, 48=Hidegkút Fm., 8=Csopak Marl, 1 l=Megyehegy Dolomite, 49=Budaörs Dolomite, 50=Vashegy 
Dolomite, 12=Felsőörs Limestone, 13=Buchenstein Fm., 15=Veszprém Marl, 16=Mátyáshegy Fm., 51=Fődolomite Fm., 19=Rezi Dolomite, 
20=Kössen Fm., 21=Feketehegy Fm., 52=Dachstein Limestone, 18=Csővár Limestone, 53=Pisznice Limestone, 33=Úrkút Manganese Ore, 
54=Kisgerecse Marl, 55=Eplény Limestone, 56=Lókút Radiolarite, 58=Bauxite Fm., 59=Nadap Andesite, 60=Szépvölgy Limestone, 34=Buda 
Mari, 35=Tard Clay, 36=Hárshegy Sandstone, 62=Börzsöny and Visegrád Andesite, 63=Kálla Gravel, 64=Zámor Gravel, 65=Szák Clay Marl, 
66=Travertine Fm.
Med.=median value; Max.=maximum value; m=minimum value;
74*3 l=number of analyzed samples for the components marked by *, number of samples for the other elements analyzed.

245



pp
b 

fo
r A

u,
 p

pm
 fo

r H
g 

pp
b 

fo
r A

u, 
pp

m
 fo

r H
g 

pp
b 

fo
r A

u,
 p

pm
 fo

r H
g

Transdanubian Range. A)Paleozoic

□  Au Max 
Au Med

□  HgMax 
Hg Med

Fig. 14: The median (M ed)-maximum (Max) con
centration ranges of Au-Hg, Transdanubian Range 
A/ Paleozoic formations, B/ Mesozoic formations and C/ 
Cenozoic formations

Transdanubian Range. B)Mesozoic
10000 

1000 

100 

10 

1 

.1 

.01

48 8 11 49 50 13 15 16 51 19 20 21 52 18 33 54 55

Formation number

. . . [

i f

’ l f j [ LoE
о |_

18 1 1 1  
o l h

O  Au Max 
Au Med

□  Hg Max 
Hg Med

Transdanubian Range. C)Cenozoic

□  Au Max 
Au Med

О  Hg Max 
Hg Med

Formation number

246



pp
m

 
pp

m
 

pp
m

Transdanubian Range. A)Paleozoic

f I As Max 
As Med

□  Sb Max 
Sb Med

Fig. 15: The median (M ed)-maximum (Max) con
centration ranges of A s-Sb, Transdanubian Range 
A1 Paleozoic formations, B/ Mesozoic formations and C/ 
Cenozoic formations

Transdanubian Range. B)Mesozoic

Formation number

О  As Max 
As Med

□  Sb Max 
Sb Med

Transdanubian Range. C)Cenozoic

П  As Max 
As Med

□  Sb Max 
Sb Med

Formation number

247



PP
m 

pp
m

 
pp

m
Transdanubian Range. A)Paleozoic

□  Ag Max 
Ag Med

□  Tl Max 
Tl Med

Fig. 16: The median (Med)-maximum (Max) con
centration ranges o f Ag-Ti, Transdanubian Range 
A/ Paleozoic formations, B/ Mesozoic formations and C/ 
Cenozoic formations

Transdanubian Range. B)Mesozoic

I I Ag Max 
Ag Med

О  Tl Max 
Tl Med

Formation number

Transdanubian Range. C)Cenozoic

I I Ag Max 
Ag Med

□  Tl Max 
Tl Med

Formation number

248



Hills are accompanied by arsenic and silver anomalies too. Arsenic and mercury anomalies are concentrated in the 
formations of the Buda Hills and the Pilis Mountains, especially in the Triassic and Paleogene.

The Paleozoic metamorphites and granites overprinted by the Late Eocene volcanic-plutonic complexes of the 
Balatonfő-Velence Hills area are considered targets of further, more detailed explorations. The Triassic carbonates 
of the Pilis fault zone with slight subanomalous gold are related to the second group in perspectivity while, all other 
areas and formations are considered unfavorable for gold prospection.

3.3. Mecsek Mountains

3.3.1. Mesozoic

3.3.1.1. Triassic

The prospected areas and formations of the Mecsek Mountains will be evaluated using the geological map in 
Fig. 17.

Patacs Silts tone (67)
The formation (Fig. 17) is made up by alternation of red siltstones and fine-grained sandstones and green 

claystones. In its lower part intercalations of calcareous, ferroan, manganese-oxide rich siltstones are common. In 
its upper part dolomitic marl interlayers occur. Thick bedded as a rule, but microlamination or crossbedding 
within the layers scarcely occurs. On the bedding plains of the sandstone layers ripple marks are common.

Copper ore shows of azurite and malachite (Cu: 0.15-1.10%) near to Magyarürög were described by V á r 
szegi (1965) in a sandstone bed of the formation.

Facies: Tidal-flat to shallow marine subtidal ramp-lagoon facies. The manganese rich layers may represent an 
oxygen-depleted bog facies.

Age: Lower Anisian
Thickness: It is 100-150 m thick in the Mecsek and 10-35 m in the Villány Mts.
Geochemistry:
The 4 samples taken consist of claystone, marl and sandstone (Nos. 744,745, 766, 767. of Appendix 1). 

Ranges and medians are given below:
Au (<2—3) <2 ppb As (1.81-19.2) 2.32 ppm
Ag (0.08-0.91) 0.285 ppm Hg (0.04-0.08) 0.05 ppm
Sb (0.07-0.13) 0.125 ppm T1 (0.16—1.09) 0.205 ppm

A silty marl sample shows the elevated concentrations, but the whole formation is characterised by very low 
values of all elements analysed.

Hetvehely Dolomite (27)
Lithology: grey carbonates with evaporites and shales. In the Mecsek Mts. it can be subdivided into two mem

bers. The lower member (Magyarürög Anhydrite) is made up of dolomites, dolomitic marls and claystones with 
anhydrite and gypsum deposits, and intraformational breccias. This series is overlain by clayed dolomites, dolo
mites, claystones, magnesitic dolomitic marls and yellowish grey dolomitic marl. The upper member (Viganvár 
Limestone) consists of grey, dark grey thin-bedded commonly bituminous (TOC: 0.1-0.3%), limestones with 
marl or claystone interlayers. Dolomitic rock types are scarce. In the Villány Mts. the formation is made up by 
dolomites, dolomitic marls, clay-marls, siltstones and rarely limestones. In the lower third of the succession fine
grained sandstone and anhydrite-gypsum intercalations also occur.

Facies: Evaporites in the basal part of the succession refer to a restricted lagoon environment, with hyper
saline condition near to the bottom. The dolomites may have formed also in a restricted lagoon. Disappearance of 
evaporites and prevalence of limestones in the upper part of the sequence indicate the opening of the basin, estab
lishment of a ramp of open circulation.

Age: Lower Anisian
Thickness: 100-200 m in the Mecsek and less than 80 m in the Villány Mts.
Previous data of hard rock geochemistry (KORPÁS and HOFSTRA 1994): Ag (<0.01 ppm), As (<10 ppm), Ba 

(455 ppm), Cu (30 ppm), Mo (<2.5 ppm), Pb (17 ppm), Sb (<16 ppm), T1 (<1 ppm), Zn (105 ppm)
Geochemistry:
4 samples were collected (dolomites, limestone and marl, Nos. 752, 754-756. of Appendix 1). Ranges and 

medians are given below:
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Au (<2—3) <2 ppb As (0.7—4.47) 0.96 ppm
Ag (0.03-^1.39) 0.05 ppm Hg (<0.02-0.06) 0.03 ppm
Sb (0.05-0.14) 0.085 ppm Tl (0.06-0.2) 0.08 ppm

The only thing worth mentioning is the relatively high max. concentration of silver.

Lapis Limestone (28)
Lithology: grey, dark grey nodular, bioturbated locally bituminous limestones with mollusc coquina and cri- 

noidal interlayers. In the lower part of the formation dolomite interlayers are common. Dolomitic intercalations 
are more characteristic in the Villány Mts. The most typical micro facies type is bioclastic wackestone.

Facies: It was formed on a shallow ramp of open water-circulation as a rule, becaming restricted, occasionally. 
The bioclastic coquina layers are storm deposits.

Age: Lower-Middle Anisian
Thickness: Its thickness in between 200-300 m in the Mecsek Mts., more than 200 m in the northern foreland 

of the Villány Mts., but within the Villány Mts. not more than 80-120 m.
Previous data of hard rock geochemistry (K o r pá s  and H o f st r a  1994): Ag (<0.01 ppm), As (<10 ppm), Ba 

(201 ppm), Cu (57 ppm), Mo (<2.5 ppm), Pb (15 ppm), Sb (<16 ppm), T1 (<1 ppm), Zn (100 ppm)
Geochemistry:
7 limestone samples were analysed (Nos. 749-751, 753, 757, 759, 765. of Appendix 1). Ranges and medians 

are given below:
Au (<2-3) <2 ppb As (1.32-38.5) 3.03 ppm
Ag (0.07-0.62) 0.15 ppm Hg (0.02-0.08) 0.06 ppm
Sb (0.09-0.21) 0.11 ppm T1 (0.07-0.45) 0.12 ppm

There are no anomalous values and there is no correlation between any pairs of elements.

Zuhánya Limestone (29)
Lithology: grey, patchy, locally variegated nodular limestones. In the Mecsek Mountains two members can be 

distinguished. The Bertalanhegy Member is made up of calcareous marl and nodular limestone beds with interca
lations of brachiopod-crinoid coquinas. The Dömörkapu Member consists of dark grey almost black bituminous 
limestones with irregular lilac or yellowish red patches. The relationship of the two members is ambiguous, the 
Bertalanhegy Member is probably intercalated into the Dömörkapu Member. In the Villány Mts. thin-bedded 
nodular, patchy limestones are the most typical. However, thick-bedded greyish limestones with lilac or brownish 
patches are also known, locally. Texture of the rocks is very variable: mudstone, intraclastic, bioclastic grain- 
stone, ooidic grainstone. Burial dolomitization is common.

Facies: open, relatively deep ramp facies. Conodonts and ammonites in the Bertalanhegy Member indicate a 
direct communication with the pelagic environments. The coquina beds are storm deposits.

Age: Middle-Upper Anisian
Thickness: It varies between 40-250 m.
Previous data of hard rock geochemistry (KORPÁS and HOFSTRA 1994): Ag (<0.01 ppm), As (<10 ppm), Ba 

(201 ppm), Cu (57 ppm), Mo (<2.5 ppm), Pb (15 ppm), Sb (<16 ppm), T1 (<1 ppm), Zn (100 ppm)
This formation was canceled from the list of the predictive formations and not sampled after studying the Car

lin gold deposits in Nevada, in 1995.

Csukma Formation /  Kozár Limestone (30)
Lithology: It is made up by shallow marine dolomites and limestones. Two members can be distinguished in 

the Mecsek Mts. The lower that is Kozár Member consists of grey thick-bedded limestones with ooidic and cri- 
noidal intercalations. In the upper part of the member gastropod-rich layers occur which are overlain by layers 
consisting of large oncoids, bivalves and small gastropods. Patchy dolomitization is common. The upper that is 
Kán Member is grey, brownish, yellowish, thin-bedded, sucrosic dolomite with limestone enclaves. In its upper 
part laminitic dolomites with ooidic interlayers also occur, locally. In the Villány Mts. the lower part of the for
mation consists of brownish grey, greyish brown, yellowish thin and thick-bedded rarely platy dolomites. Limy 
layers, limestone enclaves also occur, locally. The upper part of the formation is made up by yellowish grey, 
white thick-bedded to platy dolomites, calcareous dolomites, dolomitic limestones, dolomitic marls 
(Templomhegy Dolomite Member). The clay content shows an upward increasing trend.

Copper ore shows of azurite and malachite in the Kozár quarry were described by TOKODY (1952) in the pa- 
leokarstic infilling breccia of the formation.
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Facies: The successions of the formation show an upward shoaling trend. The lower part is formed in an open 
ramp environment, deeper in the Mecsek and somewhat shallower in the Villány Mts. The oncoidal layers may 
have formed in the shallow subtidal zone. The Templomhegy Dolomite was formed in the shallow subtidal to 
peritidal zones.

Age: Due to lack of age-diagnostic fossils the age of the formation is ambiguous, most probably Ladinian.
Thickness: The thickness of the formation is between 100 and 350 m, it is thinner in the Mecsek and thicker in 

the Villány Mts.
Geochemistry:
2 samples (limestone and limestone breccia) were collected (Nos. 760, 761. of Appendix 1). Ranges are given 

below:
Au <2 ppb As (7.99-264.0)
Ag (1.03-5.1) Hg (<0.02-2.1)
Sb (0.22-15.3) T1 (0.1-0.17)

The high concentrations bound to the limestone breccia (containing the Kozár azurite shows). Because of the 
limited number of samples, the high concentrations cannot be considered as reliable for the whole formation.

Kantavár Formation (31)
Lithology: Dark grey, black platy, laminated argillaceous limestone (biomicrite-wackestone). On the bedding 

planes of the limestone layers prints of ostracodes are common and the thin marl interlayers are packed with os- 
tracodes as a rule. In the uppermost part of the formation the claystone and sandstone intercalations are more and 
more frequent. At the base of the formation locally the Mánfa Siderite Member occurs. It is made up by poorly 
bedded, sideritic, kaolinitic claystone and altered tufite.

Facies: It shows a regressive trend from a restricted and slightly brackish water basin to a strongly diluted and 
to a lacustrine environment. The Mánfa Member consists of strongly altered tuff mixed with sediments. The mol
lusc and monospecific ostracode fauna indicate brackish to freshwater environment.

N a g y  and Ra v a s z n é - B a r a n y a i ( 1968) reported relatively high organic content (0.2-3.1 %), and pyrite (0.6- 
2.5%) with Ag (<0.2 ppm), Mo (<55 ppm) and Cu (<30 ppm) from the Mánfa Siderite Member.

Three bituminous limestone samples from the Kantavár quarry which were analysed by the Laboratories of the 
Recsk Ore Mine Company in 1983 yielded the following results: Cu: 0.01-0.16%, Pb: 0.00-0.04%, Zn: 0.Öl-  
О.04%, Fe: 0.65-0.70%, S: 0.00%, Mo: 0.00%, Au: 0.00 ppm, Ag: 0.00-6.00 ppm (NAGY B. 1996, pers. comm.).

Age: age-indicator fossils are missing. According to its stratigraphic position it is presumably uppermost Lad- 
inian-lowermost Camian.

Thickness: 50-100 m
Geochemistry:
Limestone, claystone and bituminous marl samples (5 samples) were taken from this formation (746-748, 

763, 764. of Appendix 1). Ranges and medians are given below:
A u<2ppb As (1.23-6.5) 4.64 ppm
Ag (0.02-0.05) 0.04 ppm Hg (0.02-0.1) 0.06 ppm
Sb (0.04-0.12) 0.05 ppm T1 (0.09-0.16) 0.15 ppm

Limestone and pyritic bituminous marl samples yielded relative high values but no anomalies were encoun
tered.

3.3.1.2. Triassic-Jurassic

Mecsek Coal (68)
Lithology: It consists of cyclic alternation of grey arkosic sandstone, dark grey shale, claystone and coal lay

ers. Number of coal seams (thicker than 0.5 m) is 10-38. The formation may be subdivided into 3 members (seam 
groups). Within the formation a few meter thick rhyolitic tuff and tufite intercalations occur.

Facies: The lowermost part of the formation (it is partly Triassic) was formed in a lacustrine as well as lacus
trine-delta environment. Its middle part (Hettangian) is essentially alluvial (channel, flood plain, and swamp fa
cies) however, brackish interlayers show growing frequency upsection. The upper part of the formation was de
posited in a supratidal marsh environment.

Age: Upper Rhaetian-Lower Sinemurian
Thickness: 150-300 m in general in the Mecsek Zone and also in the northern part of the Mecsek Mts. but in 

the southern part of the Mecsek Mts. it shows a significant thickening (1200 m). This thickness pattern can be ex
plain by a half-graben structure which may have begun forming in the latest Triassic.
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Geochemistry:
The sampled lithology is a mixed one: coal, pyritic coal, trachydolerite dike and tuff (6 samples, Nos. 762, 

769-773. of Appendix 1). Ranges and medians are given below:
Au(<2—7) <2 ppb As (3.52-29.2) 13.7 ppm
Ag (0.05-0.39) 0.07 ppm Hg (0.08-0.3) 0.14 ppm
Sb (0.15-1.79) 0.56 ppm T1 (0.15-0.93) 0.245 ppm

Pyritic coal carries the high values for Sb, Hg and Tl. No significant corralations were found.

3.3.1.3. Jurassic

Vasas Marl (69)
Lithology: It is made up by fine grained siliceous sandstone in the lower part of the formation. It is followed 

by sphaerosideritic clay marls with Gryphaea sandstone interlayers and above them shales with calcareous marl 
intercalations and in the topmost part calcareous marls. The upper members contain rich mollusc, echinoderm, 
brachiopod and foraminifera assemblage.

Facies: It shows a wide spectrum from the shallow sublittoral in the lower part of the formation to deeper 
neritic, open shelf facies in the upper one. The fauna in the upper part of the formation refers to normal salinity 
marine conditions. The whole succession shows a deepening upward trend.

Age: Sinemurian
Thickness: 300-700 m, showing marked thickening southward in the Mecsek Mts.
Geochemistry:
Only 3 samples (marl, siltstone and limonitic sandstone) were taken from the formation (Nos. 758, 776, 777. 

of Appendix 1). Ranges and medians are given below:
Au (<2-3) <2 ppb As (7.36-16.6) 10.6 ppm
Ag (0.4-1.26) 0.89 ppm Hg (0.08-0.16) 0.10 ppm
Sb (0.1-0.89) 0.36 ppm Tl (0.15-0.34) 0.26 ppm

No significant concentrations were found.

Hosszúhetény Marl (70)
Lithology: Grey marls and calcareous marls of “spotted marl” facies. The “spotted marl” character of 

the rocks reflects their marked bioturbation. In the lower part dark grey , spotted silty calcareous marls are 
characteristic. The silty marls contain millimetre size crinoidal and sandy lenses and crinoidal sandstone in
tercalations upsection. In the topmost part of the formation grey spotted marl and calcareous marl layers al
ternate.

Facies: the formation may have deposited in an open, relatively deep marine environment. Pelagic conditions 
are indicated by common occurrences of ammonites. It was probably formed in the deeper part of the open shelf, 
which was supplied of large amount of fine siliciclastics from distal sources.

Age: Upper Sinemurian-Lower Pliensbachian.
Thickness: 50-350 m, showing southward thickening trend in the Mecsek Mts.
Geochemistry:
2 samples (silty marl and limonitic marl) were analysed (Nos. 768, 774. of Appendix 1). Ranges are given be

low:
Au <2 ppb As (6.84-13.2)
Ag (0.19-0.50) Hg (0.12-0.16)
Sb (0.15-0.22) Tl (0.17-0.20)

All concentrations are insignificant.

Mecseknádasd Sandstone (71)
“The formation consists of a rhytmic alternation of gry, bedded, fine-grained, mainly carbonate 

(crinoidal), graded sandstone, laminar calcareous siltstone, silty, spotted marl and calcareous marl 
(“Middle Liassic Sandstone Membert”). The average grain size is decreasing upwards. The sandstone ce
ment is calcareous, from the middle of the sequence with an increasing silica content, cherty lenses. The 
bioturbated, spotted calcareous marl in the upper part of the sequence contains ammonites. The facies is 
deep sublittoral, higher up it is shallow bathyal. The formation is divided into three (lees frequently, four) 
units of member rank. The formation has a thickness ranging from a few tens of metres to 900 m” (H e t é n y i 
in C s á s z á r  1997).
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Geochemistry:
One limonitic sandstone was sampled (No. 775. of Appendix 1). Gold was below detection limit, the other 

values (As 6.50 ppm, Ag 0.23 ppm, Hg 0.24 ppm, Sb 0.27 ppm and T1 0.21 ppm) were insignificant.

Óbánya Siltstone (32)
Lithology: The lower part of the formation consists of grey, silty, bioturbated marl and siltstone. Its topmost 

part is made up by dark grey, black laminitic organic-rich shale with thin sandstone and crinoidal limestone inter
layers, pyritic limestone nodules. Thin-shelled bivalves and fish remnant are common.

Facies: Depositional environment of the lower part of the formation is a shallow bathial pelagic basin. The 
black shale member was formed under anoxic conditions. Since the anoxic layers show perfect correlation with 
the Toarcian anoxic event, establishment of the oxygen-depleted bottom-water conditions may be attributed to 
this wide spread event.

Dulaj et al. (1992) reported 0.2 to 4.1% organic matter, pyrite and manganese with Cu (160 ppm), Pb (60 
ppm), Mo (16 ppm), Ba (1600 ppm) and Mn (2500 ppm) from the Réka-völgy section.

Age: Upper Pliensbachian-Lower Toarcian
Thickness: 160 m as maximum. The thickness of the black shale member is about 10 m.
This formation was excluded from the predictive formation and no sampled after having negative results in 

1996 from the similar Úrkút Manganese Ore.

Summary for the Mecsek Mountains:
The main geochemical features of the Mecsek Mountains are summarized in Table 5 and illustrated on 

Fig. 18. Here again we indicate that formations characterised by less than three samples are not plotted on 
Fig. 18. The Mecsek Mountains seem to have low potential as to gold and usually low maximum values for 
the other elements. There is only one formation above the established threshold for silver: the Hetvehely 
Dolomite (27).

Results and interpretations of stream sediment survey (Fig. 5) will be outlined in the following. Low to 
medium level additive anomalies are concentrated exclusively in the area of the Western Mecsek. Their in
ternal architecture seems to follow both flanks of the Western Mecsek anticline. Major part of these 
anomalies are located over Triassic formations, indicated by the cells of No. 8026, 8027, 8032, 8038, 
8043, 8044, 8045, 8046, 8051, 8053, 8054, 8055, and 8056. Some anomalous cells, like No. 8002, 8003, 
8004, 8005, 8009 and 8013 are situated on Miocene clastic cover. The low level indivudal gold anomalies 
range between 2 and 72 ppb, but two cells over Triassic exhibit extrem high anomalies as follows: No.

Mecsek Mountains Table 5
Summary of geochemical parameters-median and maximum values.

Form-
code

Au
(ppb)

Ag
(ppm)

As
(ppm)

Hg
(ppm)

Sb
(ppm)

Tl
(ppm)

N

Med. Max. Med. Max. Med. Max. Med. Max. Med. Max. Med. Max.

67 <2 3 0.29 0.91 2.32 19.2 0.05 0.08 0.125 0.13 0.21 1.09 4

27 <2 3 0.05 4.39 0.96 4.47 0.03 0.06 0.085 0.14 0.08 0.2 4

28 <2 3 0.15 0.62 3.03 38.5 0.06 0.08 0.11 0.21 0.12 0.45 7

30 <2 1.03m 5.1 7.99m 264 <0.02 2.1 0.22m 15.3 0.1m 0.17 2

31 <2 0.04 0.05 4.64 6.5 0.06 0.1 0.05 0.12 0.15 0.16 5

68 <2 7 0.07 0.39 13.7 29.2 0.14 0.3 0.56 1.79 0.25 0.93 6

69 <2 3 0.89 1.26 10.6 16.6 0.10 0.16 0.36 0.89 0.26 0.34 3

70 <2 0.19m 0.50 6.84m 13.2 0.12m 0.16 0.15m 0.22 0.17m 0.20 2

Remarks:
Formcode = the code number of the Formation:
67=Patacs Siltstone, 27=Hetvehely Dolomite, 28=Lapis Limestone, 30=Kozár Limestone, 31=Kantavár Fm„ 68=Mecsek Coal, 69=Vasas 
Marl, 70=Hosszúhetény Marl
Med.=median value; Max.=ma\imum value; m=minimum values.
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8045 with 1270 ppb Au near Mánfa and No. 8051 with 332 ppb Au near Magyarürög. Nature and host rock 
of these high level anomalies is unknown, although oreshows of malachite and azurite (Early Triassic: Pa- 
tacs Siltstone, Magyarürög) and siderite (Late Triassic: Kantavár Formation, Mánfa Siderite Member) are 
known within the cells. Rock chip sampling of Triassic and Liassic formations (Appendix 1, Ns. 744-777) 
did not yield any gold anomalies.

Except of the anomalous stream sediment cells No. 8045 and 8051 of gold in the Mánfa and Magyar
ürög region, the entire Mecsek Mountains is considered unfavorable for Carlin-type gold mineralization.

3.4. Northeastern Range

The prospected areas and formations of the Northeastern Range will be evaluated using regional geological 
maps of Figs. 19 and 20 and regional stream sediment maps of Figs. 6 and 7.

3.4.1. Paleozoic

3.4.1.1. Silurian-Devonian-Carboniferous

Tapolcsány Formation (4)
The formation (Fig. 19) consists of grey, dark grey, black shale, siliceous shale and black, radiolarian lidite 

(jasper), with basic metav.olcanite intercalations and graywackes at the basal horizons. It is rich in graphite and pyrite 
(up to 50%), and comprises of some iron ore and manganese bearing horizons (with hematite, goethite, siderite, py- 
rolusite and rodocrosite). The thickness of the anoxic deep-water sediments is about 400 m (FÜLÖP 1994).

Previous data of hard rock geochemistry (KORPÁS and H o f st r a  1994): Ag (0.06-0.15 ppm), Ba (243-692 
ppm), Cu (44-93 ppm), Mo (<2-18 ppm), Pb (7-27 ppm), Zn (74-203 ppm)

The thin iron ore lenses and related manganese are located in the radiolarian lidites (jaspers) and were mined 
between 1765 and 1779 (B a l o g h  and P a n t o  1954, B a l o g h  1964). Fe content of these lenses ranges between 
14.98% and 45.86% with low values of Mn (0.36% to 8.08%) (B a l o g h  and P a n t o  1954, A lfö ld i et al. 1975). 
Fe- and Al phosphates, and jarosites (P20 5: 0.2 to 2.6%) are known both at the altered surface and within the for
mation (FÜLÖP 1994 and K o c h  1985). Reambulation of 22 adits and 11 small open pits including some reopen
ings between 1986 and 1991 resulted in low values of Fe: 12.77-15.43% and Mn: 5.28-6.96% (N a g y  G. in 
F ü l ö p  1994).

Geochemistry:
60 samples have been collected to represent this formation (Nos. 1089-1091, 1094, 1096-1104, 1111-1146, 

1175-1178, 1231-1234, 1260-1262. of Appendix 1). Limestones, pyritic limestones, sandstones, graphitic, pyri- 
tic and Mn-rich shales, dolomitic and jasper breccias were sampled. Ranges and medians are given below: 

Au(<2-17) <2 ppb As (<0.2-468.0) 13.7 ppm
Ag (<0.02-44.0) 0.08 ppm Hg (<0.02-2.30) 0.085 ppm
Sb (<0.1-79.7) 1.48 ppm T1 (0.02-0.75) 0.145 ppm

The max. Au concentration is found in silicified dolomite breccia. Significant correlations have been deter
mined for all pairs of elements except Tl-Au and Tl-Ag. Thresholds of anomalies have been detected for Au (12 
ppb, five samples above it), As (70 ppm, 7 samples above it), Ag (2 ppm, one sample showing higher concentra
tion) and Sb (7 ppm, with 20 samples above that limit). The formation was listed in the subanomalous group of 
formations.

Strázsahegy Formation (72)
The formation is made up by “green or greenish grey tholeitic basic metavolcanite, mainly volcano

sedimentary schalstein, to a lesser extent lava with Silurian pelagic limestone and Lowermost Devonian crinoidal 
limestone olistolithes at one olistostroma level, and with frequent ferruginous metasomatism. Thickness: about 50 
m” (K o v á c s  in C sá s z á r  1997).

Geochemistry:
Three tuff, pyroclastite and dolomite-quartzite samples (Nos. 1088, 1093 and 1095. of Appendix 1) were ana

lysed. Ranges and medians are given below:
Au <2 ppb As (1.01-9.05) 5.78 ppm
Ag (0.04-0.39) 0.06 ppm Hg (<0.02-0.04) 0.02 ppm
Sb (0.17-0.62) 0.34 ppm T1 (<0.02-0.11) 0.07 ppm

Gold was below detection limit in all samples.

257



Irota Formation (73)
It comprises of dark grey, black, graphitic, pyrite rich shales and metasandstones with horizons and lenses of 

lidites (jaspers) and veinlets of quartzite (FÜLÖP 1994). Slight hydrothermal alterations with traces of iron and 
manganese (up to 10,000 ppm) were reported by R a in c sá k n É -K o s á r y  (1978) and uranium-shows explored in 
drillholes by K o v á c s  (1998) near to Irota and Gadna. Some ppb of Ag was detected in the basal horizons of the 
drillhole Alsóvadász 1. Thickness is about 350 m.

Geochemistry:
24 samples (limonitic, graphite shales, quartzites, quartz veins, cherty slate, breccias) were analyzed (Nos. 

1278-1280, 1282-1286, 1309-1324. of Appendix 1). Ranges and medians are given below:
Au(<2—18) <2 ppb As (0.12-557.0) 3.39 ppm
Ag (<0.05-0.35) 0.07 ppm Hg (<0.02-0.09) <0.02 ppm
Sb (0.05-12.1) 0.38 ppm T1 (<0.05-0.37) 0.115 ppm

The highest values appear in graphitic, limonitic and graphite shales within the formation. Significant correla
tion were found between Sb-As and Tl-Ag. Thresholds of anomalies were detected in the frequency distributions 
of Au, As and Sb. (Au 10 ppb/4 samples, As 50 ppm/5 samples and Sb 8 ppm/2 samples.) The formation was 
classified into the subanomalous group of formations.

Szendrőlád Limestone (2)
Characteristic rock-types of the formation are the following: 1) bioherm limestone of patchreef, b) limestone 

of basin facies, c) sandy and silty limestone of basin facies, d) metasandstone, metasiltstone and phyllite. The bio
herm type consists of white and grey well bedded, massive, fine to coarse crystalline limestone rich in corals and 
crinoids. The limestone of basin facies is made up by bluish grey, massive, fine-crystalline, slightly argillaceous 
bedded limestone with conodonts. The sandy and silty limestone of basin facies is grey to dark grey in colour, and 
comprises of alternating beds of sandy or silty limestone and claystones, siltstones with some phyllites. Finally the 
group of metasandstones, metasiltstones and phyllites is built up by grey to dark grey, rhytmic and laminated me- 
tasiltstones and phyllites, intercalated with metasandstones and limestones. Slight syngenetic and early diagenetic 
dolomitization, furthermore presence of pyrite, kaolinite and few graphite is typical for every rock-types of the 
formation. Grade of metamorphosis is: greenschist facies, quartz-albite-muscovite-chlorite subfacies. Thickness 
of the shelf and deep water intrashelf formation is about 400 m (FÜLÖP 1994).

Previous data of hard rock geochemistry (K o r pá s  and H o f st r a  1994): Ag (0.04-0.06 ppm), Ba (316-461 
ppm), Cu (51-101 ppm), Mo (<2 ppm), Pb (5-13 ppm), Sb (2.5-16 ppm), Zn (5-83 ppm).

Small, partly underground iron ore deposit of some tens of tonnes was mined between 1913 and 1933 near to 
Szendőlád. Fe content of the hematite and limonite ore is about 35^10% with 5-6% of Mn (FÜLÖP 1994). Jarosite 
was described at the contact with Late Miocene (Pannonian) sediments (JÁMBOR 1960).

Geochemistry:
15 samples (limestones, limonitic limestones, slate, limonitic sandstone, marble and phyllites) were sampled 

(Nos. 1273-1275, 1277, 1281, 1287-1289, 1291-1292, 1294-1296, 1306-1307. of Appendix 1). Ranges and 
medians are given below:

Au (<2-9) <2 ppb As (<0.02-22.7) 3.41 ppm
Ag (<0.05-0.35) 0.04 ppm Hg (<0.02-0.12) 0.016 ppm
Sb (0.07-5.36) 0.58 ppm T1 (<0.05-0.24) 0.04 ppm

Marble, limonitic limestone, limestone breccia and graphitic slate carry the relatively high concentrations 
within the formation. There are no anomalous values detected, except perhaps for Sb>2 ppm (there are 3 values 
above that). No correlation between any pairs of elements were found.

Uppony Limestone (3)
The formation consists of “light grey, sometimes light bluish grey bedded crystalline limestone of carbonate 

platform facies. Thickness: about 200 m” (KOVÁCS in CSÁSZÁR 1997).
Geochemistry:
Two samples (limestones) were only analysed (Nos. 1165. and 1167. of Appendix 1). Ranges are given be

low:
Au <2 ppb As (1.51-9.73)
Ag (0.06-0.07) Hg (0.06-0.09)
Sb (0.3-1.03) T1 (0.03-0.04)

The concentrations are unimportant.
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F ig . 19 : Geological map of Recsk, Darnó Hill, Bükk Mountains and Uppony Mountains with Carlin gold sample sites 
1. Holocene alluvial sediments, 2. Quaternary sediments, 3. Late Miocene-Pliocene sediments, 4. Middle-Late Miocene sediments, 5. Upper 
rhyolite tuff, 6. Mátra Andesite, 7. Middle Miocene calcareous sediments, 8. Middle rhyolite tuff, 9. Middle Miocene clastic sediments, 
10. Early Miocene lignites, 11. Lower rhyolite tuff, 12. Early Miocens sediments, 13. Late Oligocène sediments, 14. Kiscell Clay, 15. Late 
Eocene sediments, 16. Recsk Andesite, 17. Senonian sediments, 18. Szarvaskő Basalt, 19. Darnóhegy Shale and Darnó Radiolarite, 
20. Lökvölgy Shale, Monósbél Formation, Bányahegy Radiolarite and Oldalvölgy Formation, 21. Vesszős Shale, 22. Fehérkö Limestone, 
Berva Limestone, Kisfennsik Limestone, 23. Répáshuta Limestone, Rónabükk Limestone and Felsőtárkány Limestone, 24. Szentistvánhegy 
Metaandesite, Szinva Basalt, 25. Hámor Dolomite, 26. Gerennavár Limestone, Ablakoskővölgy Limestone and elastics, 27. Nagyvisnyó 
Limestone, Szentlélek Formation, 28. Szilvásvárad Formation, Mályinka Formation and Tarófő Conglomerate, 29. Uppony Limestone, 
30. Lázbérc Formation, Abod Formation, 31. Tapolcsány Formation, Strázsahegy Formation, »944 Carlin gold sample site
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F ig . 2 0 : Geological map of the Rudabánya and Szendrő Mountains with Carlin gold sample sites
1. Holocene alluvial sediments, 2. Quaternary sediments, 3. Edelény Clay, 4. Upper rhyolite tuff, 5. Early Miocene sediments, 6. Jurassic 
sediments, 7. Middle-LateTriassic sediments including Bodvarákó Formation and Tornaszentandrás Shale, 8. Middle Triassic ophiolites, 
9. Gutenstein Dolomite, 10. Rudabánya Iron Ore, 11. Perkupa Anhydrite, 12. Early Triassic sediments, 13. Szendrő Phyliite, 14. Rakaca 
Marble, 15. Szendrölád Limestone and Irota Formation, 16. Tapolcsány Formation, 17. «1180 Carlin gold sample site
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AbodLimestone (74)
“..The formation is a white, bluish grey, violet grey, when weathered brownish yellow, metatuffitic lime

stone with typical chlorite-sericite mesh (“cipollino”), and with metatuffite and tuffitic calcareous schist, or 
basic metavolcanite intercalations. Its non-tuffitic variants are represented by bluish grey bedded limestone 
and brownish, flaser type limestone. (Partly corresponds to “Series II of Uppony” and “Series III of Szen- 
drő”). Pelagic basin facies with conodonts. Thickness: approx. 200 m” (Kovács in Császár 1997).

Geochemistry:
Three samples (limestones and a limonitic sandstone) were analysed (Nos. 1272, 1290. and 1304. of Ap

pendix 1). Ranges and medians are given below:
Au (<2-6) <2 ppb As (3.03-15.0) 4.88 ppm
Ag (0.04-0.17) 0.06 ppm Hg (<0.02-0.29) <0.02 ppm
Sb (0.11-0.72) 0.49 ppm T1 (0.06-0.12) 0.12 ppm

There are no significant concentrations of any element. The 6 ppb gold is in the limonitic sandstone.

Szendrő Phyllite (75)
The formation consists of “a turbiditic sequence (“Series II of Szendrő”), in the lower part of which 

(Meszes Member), graded sandstone, sandstone schist, limestone-olistostroma and allodapic limestone levels 
are intercalated into dark-grey, black phyllite. Its middle part is characterised by distal sandstone turbidites in 
the phyllite (Pestavölgy Member). Its upper part is formed by almost monotonous, darkrgrey, black phyllite 
(Palabánya Member). It represents the Variscan “flysch” period. The major part of the limestone olistostromes 
derive from the Verebeshegy limestone (Rakaca Formation) and the Rakaca Marble. Thickness: 500 to 600 
m” (Kovács in Császár 1997).

Grade of metamorphosis is: greenschist facies, quartz-albite-muscovite-chlorite subfacies. Veinlets of 
quartzite, presence of pyrite and metaanthracite-graphite (0.5-1.5%) was described by FÜLÖP (1994).

Geochemistry:
41 samples were collected from this Formation (the sampled mixed lithology: limonitic shales, limestones, 

quartzites, sandstones, see Nos. 1293, 1297-1303, 1305, 1308, 1325-1328, 1363-1365, 1367-1371, 1373- 
1374, 1377-1380, 1382-1389, 1391, 1393-1394, 1396-1397. of Appendix 1). Ranges and medians are given 
below:

Au (<2-7) <2 ppb As (0.26-25.0) 3.84 ppm
Ag (<0.02-0.38) 0.08 ppm Hg (<0.02-0.34) 0.02 ppm
Sb (0.05-3.61) 0.39 ppm T1 (<0.02-0.78) 0.09 ppm

Limestone, black shale and limonitic slate contain the relative high values within the Formation. Signifi
cant correlation was found for Sb-Au at significance level 0.01. Anomalous value was detected only for Sb 
(threshold = 3 ppm).

Rakaca Marble (76)
The formation consists of “white marble with bluish grey steaks, of carbonate platform facies 

(characterised by a lithology similar to that of the Rakacaszend Marble). The thickness of the formation is 
about 200 m. It interfingers through a transitional facies (“foamy marble”) with a dark bluish grey, finer crys
talline limestone of basin facies (Verebeshegy Limestone Member)” (KOVÁCS in Császár 1997).

Geochemistry:
Marble, ankeritic, pyritic limestones and limestones were collected and analysed (8 samples altogether, see 

Nos. 1276, 1366, 1372, 1381, 1390, 1392, 1395, 1398. of Appendix 1). Ranges and medians are given below: 
Au <2 ppb As (0.39-23.0) 1.18 ppm
Ag (<0.02-0.11) 0.045 ppm Hg (<0.02-0.1) <0.02 ppm
Sb (0.21-2.87) 0.34 ppm TK0.02-0.21) 0.025 ppm

Gold is below detection limit in all samples. Highest values of other elements are found in ankeritic lime
stone and in pyritic limestone. There are no anomalous concentrations. No significant correlations were de
tected between any pairs of elements.

Lázbérc Formation (77)
The formation is made up by alternating strata of grey, dark grey well bedded sometimes laminated mi- 

critic limestone and of grey, dark grey calcareous shales with a single horizon of calcareous sandstone and of 
intraformational conglomerate and breccia. Content of organic matter and pyrite is about 1%. Thickness is 
about 200 to 300 m. (FÜLÖP 1994).
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Geochemistry:
Predominantly limestones (limonitic limestones) and a shale were sampled (11 samples altogether, see 

Nos. 1 152-1 161, 1 163. of Appendix 1). Ranges and medians are given below:
Au <2 ppb As (1.17-14.6) 3.06 ppm
Ag (<0.02-0.06) 0.03 ppm Hg (<0.02-0.14) <0.02 ppm
Sb(O.O-l.O) 0.27 ppm T1 (<0.02-0.08) 0.05 ppm

There are no anomalous values. There is a good and significant correlation between Sb-As.

Szilvásvárad Formation (6)
The formation consists of “a series showing a fine rhytmic alternation of dark grey or black turbiditic sand

stone, siltstone and clay, with intercalations of fine grained polymict conglomerate and sandstone with pebbles. 
The beds contain no fossils. The rock became foliated by the effect of anchizonal metamorphism. The thickness 
may exceed 1,000 m. The age is unkown. The formation underlies the Mályinka Formation” (Pelikán in 
Császár 1997). Small amount of dispers organic matter (partly graphite) and veinlets of quartzite are common 
(FÜLÖP 1994).

Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (0.06-0.24 ppm), Ba (244-381 
ppm), Cu (55-327 ppm), Mo (3 ppm), Pb (10 ppm), Zn (6-1047 ppm).

Geochemistry:
Shales, quartzites, conglomerates (9 samples) represent the formation (Nos. 1017-1020, 1034-1038. of Ap

pendix 1). Ranges and medians are given below:
Au <2 ppb As (4.96-24.6) 11.9 ppm
Ag (<0.1-0.24) 0.03 ppm Hg (0.04-0.21) 0.08 ppm
Sb (0.24-1.61) 0.64 ppm T1 (<0.05-0.34) 0.18 ppm

Conglomerates contain the highest values for Sb, As and Hg within the formation. Sb-As was found to be well 
correlated.

Mályinka Formation (6)
The formation is made up “by-alternation of shallow marine, occasionally poorly stratified, terrigenous, 

fine-grained elastics and limestone. The elastics contain a mixtute of dark-grey to black sand, silt and clay in a 
varying proportions, with polymict quartzite conglomerate lenses. The limestone bodies have a thickness of 10 
to 50 m. The limestone is light or dark grey, with algal, coralline, crinoideal and fusunilida facies. The rock 
became foliated by the effect of anchizonal metamorphism. Maximum thickness: 400 m” (Pelikán in 
Császár 1997).

Previous data of hard rock geochemistry (KORPÁS and Hofstra 1994): Ag (0.06-0.24 ppm), Ba (244-381 
ppm), Cu (55-327 ppm), Mo (3 ppm), Pb (10 ppm), Zn (6-1047 ppm).

Geochemistry:
15 samples (shales, bituminous shale, limestones, quartzites and sandstone) were analysed (Nos. 1027-1029, 

1031, 1039, 1046-1050, 1052-1053, 1058-1060. of Appendix 1). Ranges and medians are given below:
Au < 2 ppb As (1.15-51.3) 5.32 ppm
Ag (<0.1-0.86) 0.03 ppm Hg (<0.02-0.32) 0.0923 ppm
Sb (<0.1-1.22) 0.36 ppm T1 (<0.05-0.2) 0.06 ppm

Gold was below detection limit in all samples. There were no anomalous values found. There is only an Sb- 
Ag correlation significant at 0.01 level.

Tarófő Conglomerate (78)
The some metres thick siliciclastic conglomerate lense is composed of well sorted and rounded quartz and 

quartzites, metasandstone, lidite with some volcanics and crystalline schist. Dominant grain-size of pebbles in the 
clast supported and silicified conglomerate is about 4-6 cm (FÜLÖP 1994).

Geochemistry:
5 conglomerate samples (Nos. 1021-1025. of Appendix 1) were analysed for this formation. Ranges and me

dians are given below:
Au <2 ppb As (5.55-17.8) 13.4 ppm
Ag <0.1 Hg (0.0096-0.1727) 0.0372 ppm
Sb (0.13-0.28) 0.19 ppm T1 (0.06-0.25) 0.09 ppm

Gold and silver are below detection limits in all samples. No anomalous values were found in this formation. 
The elements do not correlate with each other.
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3 .4 .1 .2 . Perm ian

Perkupa Anhydrite (79)
The pyrite rich formation consists of light and dark grey bodies of gypsum and anhydrite, in alternance with 

grey brecciated dolomite, grey, greenish siltstones and dark grey to black shales (Fülöp 1994). In the melange 
zone of the abandoned Perkupa mine serpentinite and diabase-gabbro bodies (M ész á r o s  1954 and 1961) of 
ophiolites were described.

Geochemistry:
16 samples (shales with gypsum, pyritic shales, limonitic breccia, gypsum, anhydrite, veinlets of quartz) were 

collected and analysed (Nos. 1329-1344. of Appendix 1). Ranges and medians are given below:
Au (<2—5) <2 ppb As (0.74-84.6) 9.97 ppm
Ag (0.03-0.3) 0.065 ppm Hg (0.08—4.63) 0.19 ppm
Sb (0.09-2.75) 0.555 ppm T1 (0.06-0.19) 0.11 ppm

Pyritic shale and shale and limonitic breccia contain elevated concentrations within the formation. There are 
no anomalous values (with the exception of Hg). Good correlation was found for Tl-As.

Szentlélek Formation (80)
“Coastal plain sandstone, indicating an arid climate, and an evaporite sequence of sabkha facies. Its lower part wiht a 

thickness of 100 to 300 m includes whitish-grey, green or red sandstone and siltstone with violet spots (Farkasnyak 
Sandstone Member). The upper part is 120 to 150 m thick green mudstone, dolomite, gypsum-anhydrite (Garadnavölgy 
Evaporite Member). The top and bottom of this member is green mudstone with red strips. The rest of the member con
sists of frequently alternating layers of green mudstone, dolomite gypsum and anhydrite, with algal and foraminiferal 
limestone intercalations in the middle. The age of the formation is assumed (to be Middle Permian). It is located in the 
underlying of the Nagyvisnyó Fonnation” (Pelikán  in C sá szá r  1997).

Uranium ore shows with casolite, uranophane and uraninites in the green sandstones of the Farkasnyak Mem
ber were explored by the Mecsek Uran Ore Company between 1976 and 1982 in surface trenches and drillholes 
of the Bán-völgy area (Fülöp 1994). Rock chip sampling of the related polymetallic (chalcopyrite, galena, py
rite) mineralization resulted in the following metal concentrations: Cu: 0.03-0.13% (average of 12 samples: 
0.06%), Pb: 0.37-5.10% (average of 75 samples: 0.74%), Zn: 0.01-0.71% (average of 75 samples: 0.01%), Ag 
0-326 ppm (average of 75 samples: 69 ppm), As: 10-360 ppm (average of 75 samples: 90 ppm). Two samples 
from the malachite and azurite show in the Nagyvisnyó railroad cut section yielded the following results: Cu: 
0.39-1.25%, Pb: 0.01-0.37%, Zn: 0.03-0.07%, Fe: 1.90-2.00%, S: 0.00% (PELIKÁN 1996).

Geochemistry:
6 samples (claystone with malachite, quartzite, limestone, sandstone) were analysed (Nos. 1026, 1030, 1032, 

1040-1042. of Appendix 1). Ranges and medians are given below:
Au (<2-234) <2 ppb As (3.4-533.0) 22.0 ppm
Ag (<0.1—1.49) 0.55 ppm Hg (0.0155-0.814) 0.31 ppm
Sb (<0.1-12.5) 2.43 ppm T1 (<0.05-0.81) 0.37 ppm

There is only one positive value for gold (234 ppb) in a claystone with malachite. There are anomalous values 
(2) for arsenic, above 100 ppm.

Nagyvisnyó Limestone (5)
The formation consists of dark grey, black thin bedded, stylolitic, bituminous (0.6-0.8% TOC), pyritic, fre

quently dolomitized limestone with thin intercalations of claymarl and horizons of black chert-lenses. It is rich in 
fossils, like algae, foraminifera, bivalves, gastropods, nautiloids, trilobites, bryozoans, brachiopods, crinoids, 
echinoids, conodonts and ostracodes. Facies: restricted lagoon. Thickness: 200-270 m (Fülöp 1994).

Previous data of hard rock geochemistry (K o r pá s  and H o f st r a  1994): Ag (0.03-0.11 ppm), Ba (330 ppm), 
Cu (60-73 ppm), Mo (3 ppm), Pb (5-12 ppm), Zn (143-174 ppm).

Geochemistry:
Predominantly limestones, chert, shale and dolomite were sampled (20 samples, see Nos. 1033, 1043-1045, 

1051, 1092, 1105-1110, 1147-1151, 1162, 1164, 1166. of Appendix 1). Ranges and medians are given below:
Au <2 ppb As (<0.2-6.24) 2.1 ppm
Ag (<0.02-1.35) 0.3 ppm Hg (<0.02-0.74) 0.02 ppm
Sb (0.08-2.02) 0.26 ppm T1 (<0.02-0.15) 0.04 ppm

There is no positive value for gold. There is perhaps one anomalous value for Ag (thresholds ppm). No sig
nificant correlation was found between any pairs of elements.
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3.4.2. M esozoic

3.4.2.1. Triassic

Gerennavár Limestone (81)
The formation is made up by “light grey, greyish-brown, ooidic and laminar limestone formed in the outer, 

heavily agitated part of the shelf and its more protected basins, with beige marl intercalations. It has suffered an- 
chizonal metamorphism. It forms the continuation of the Nagyvisnyó Limestone with a rapid transition. Thick
ness: 140 m” (P e lik á n  in C sá s z á r  1997).

Geochemistry:
There is only one sample (No. 1061 of Appendix 1) from this formation. Gold was below detection limit, 

As=1.07 ppm, Ag=0.07 ppm, Hg=0,04 ppm, Sb=0.08 ppm and Tl=0.02 ppm. These concentrations are insignifi
cant.

Ablakoskővölgy Limestone (82)
“It consists of shallow sublittoral, bedded, variegated sandstone, laminar limestone, clay marl and calcareous 

marl. The formation suffered anchizonal metamorphism. The formation can be divided into four members which 
are as follows: at the bottom there is a variegated sandstone containing sandy limestone lenses (Ablakoskővölgy 
Sandstone Member), this is overlain by limestone with marl intercalations (Lillafiired Limestone Member), fol
lowed by the Savósvölgy Marl Member with frequent alternation of calcareous marl and marly limestone, and at 
the top there is dark-grey limestone with worm traces (Újmassa Limestone Member). Thickness: about 300 
m” (P elik á n  in C sá s z á r  1997).

Geochemistry:
Only one sample was collected (No. 1071 of Appendix 1). Gold was below detection limit, As=T.87 ppm, 

Ag=0.04 ppm, Hg=<0.02 ppm, Sb=0.19 ppm and Tl=0.11 ppm. These concentration values are insignificant.

Rudabánya Iron Ore (7)
The main host rocks (Bódvaszilas Sandstone, Szin Marl, Szinpetri Limestone and Gutenstein Dolomite) of the 

ore formation will be described as follows:
Bódvaszilas Sandstone
Lithology: It is made up by alternation of lilac-reddish locally greenish grey sandstone, siltstone and shale lay

ers. On the bedding plains ripple marks and wrinkle marks are common. Ripple cross lamination also occurs. Bi
valve coquinas are characteristics, generally on the bedding surfaces. In the sandstones the quartz grains are pre
dominant with small amount of feldspare and muscovite. Ooidic limestone intercalations are common in the upper 
part of the formation.

Facies: shallow marine, intertidal-subtidal, storm dominated siliciclastic ramp facies.
Age: Lower Triassic (Induan)
Thickness: the formation is known in the Aggtelek Mts. in the Silice Nappe and in the Rudabánya Mts. in the 

Bódva Nappe. Its thickness is 200-300 m.
Szin Marl
Lithology: Grey marl, shale, calcareous marl. In the lower part'of the formation, light brownish grey ooidic, 

sandy limestone and greyish brown cross-bedded sandstone and siltstone interbeds whereas its middle part lilac 
ooidic limestone interlayers with bivalve coquinas are characteristic. On the bedding plains of the marl layers, 
trace fossils are common. Ripple cross lamination also occurs.

Facies: shallow to deeper ramp facies with ooid sand shoals on the edge of the inner ramp. Behind the ooid 
shoals disaerobic conditions came into existence. On the mid-ramp crinoidal-ooidic storm sheets were deposited 
with outward decreasing grain size. The marl layers were formed on the deeper outer ramp under the storm wave 
base.

Age: Lower Triassic (Olenekian)
Thickness: It is known in the Aggtelek and Rudabánya Mts. in a thickness of 300-350 m.
Szinpetri Limestone
Lithology: It is composed of dark grey typically vermicular limestones. In its lower half marl and clay marl in

tercalations occur subordinately. The intense bioturbation masks the original sedimentary structures. Bivalve co
quinas cover the bedding planes, occasionally. In the upper half vermicular limestones alternate with laminated 
ones. Lamination is expressed in an alternation of lighter and darker streaks. Slump structures are common in 
both rock types.

266



Facies: Shallow, restricted inner ramp-ramp lagoon. Weak circulation may have led to density layering and 
probably hypersaline bottom conditions came into being. This is reflected in the poverty of biota.

Age: Lower Triassic (Upper Olenekian)
Thickness: Its thickness in the Aggtelek facies unit of the Aggtelek Mts. is 150-200 m, whereas in the Bódva 

facies unit it is strongly reduced.
The history of mining, description of geological setting and ore deposits of the Rudabánya Iron Ore is discussed in 

details by H o fstra  et al. (1999), therefore only the Carlin gold aspects will be outlined here. This formation was consid
ered as the number one candidate for Carlin gold deposition in previous screening (K o r pá s  and HOFSTRA 1994). This 
estimation was based on anomalie concentrations and distribution of almost all elements typical for the Carlin suite, like: 
Au (traces), Ag (2.7 ppm), Sb (25 ppm), H g (16 ppm), As, Tl, with presence of Cd (0.7 ppm) and Se.

Geochemistry:
There are 96 data for Au, As, Ag and Sb and 67 data for Hg and Tl to characterise the formation (see Nos. 

1179-1230, 1235-1259, 1263-1264, 1345-1346, 1348-1362. of Appendix 1). The lithology is not known for 
most parts of the samples. In other cases hematite, siderite, iron crusts infilling, dolomite, dolomite breccia, shale, 
cherty dolomite were sampled. Ranges and medians are given below:

Au (<2-630) 3 ppb As (0.72-8110) 187.0 ppm
Ag (0.06-520) 18.35 ppm Hg (0.07-3400) 11.4 ppm
Sb (0.27-13354.0) 154.0 ppm Tl (0.03-9.46) 0.36 ppm

It was possible to establish thresholds for anomalies. Threshold values are the following. Au— 15 ppb, As— 
130 ppm, Ag—22 ppm, Hg— 20 ppm and Sb—35 ppm. Taking all samples into consideration good correlations 
were found for almost every pairs of elements. The exceptions are: Tl-Au, Tl-Ag and Tl-Sb.

The anomalous subpopulation for gold (Au >15 ppb) is characterised by the following parameters: range and 
median: (16-630), 50 ppb; mean=93.2 ppb. There is another subpopulation between 15-140 ppb. Four values 
seem really anomalous (of 220, 230, 560 and 630 ppb).

In the same population (Au >15 ppb) there are at least two different populations for Ag: one is from 22-164 
ppm and the other is above Ag=164 ppm. The background for Ag can be characterised by the following parame
ters: range and median: (0.06-18.7), 1.75 ppm; mean: 4.36 ppm.

Several subpopulations can be distinguished for As above its threshold (130 ppm). The range and median val
ues for the background are: (0.72-125.0), 37.0 ppm; the mean: 49.5 ppm.

There are many populations for Hg and Sb merging together. Background and main parameters for Hg are: 
background: <25 ppm; range and median: (0.07-22.2), 2.2 ppm; mean: 4.9 ppm. Background and main parame
ters for Sb: background: < 35 ppm; range and median: (0.27-29.2), 7.73 ppm; mean: 10.25.

In the anomalous subpopulation of gold (Au >15 ppb) the following correlations were positive and significant: 
Sb-Ag, Hg-Au, Sb-Au and Sb-Hg. Tl has significant and negative correlations with all of the other four ele
ments. The formation is classified into the anomalous group of formations and recommended for further, more 
detailed explorations.

Gutenstein Dolomite (24)
Lithology: It is made up by dark grey or black thin bedded, bituminous limestones or dolomites as well as al

ternation of limestone and dolomite layers. Lamination (fenestra! laminated structure) is common in the dolo
mites. In addition to the most typical mudstone and bioclastic wackestone texture types, ooidic textures also oc
cur. Centimetre thick grey marl interlayers are characteristic.

Facies: A large part of the formation (bituminous mudstones) represents restricted lagoon facies. The fenestral 
laminated carbonates were fonned in a peritidal environment whereas the ooidic layers may have formed at the 
margin of the lagoon.

Age: Lower Anisian
Thickness: It is widely extended in the Aggtelek and Rudabánya Mts. It is known in the Aggtelek and Bódva 

facies units and also in the slightly metamorphosed structurally deeper nappes. Its thickness is about 250 m.
Previous data of hard rock geochemistry (K o r pá s  and H o f st r a  1994): Ag (1.7 ppm), As (<10 ppm), Ba 

(3556 ppm), Cu (857 ppm), Mo (3.1 ppm), Pb (230 ppm), Sb (99.7 ppm), Tl (<1 ppm), Zn (117 ppm).
Geochemistry:
Dolomite, bituminous dolomite and dolomite breccia (7 samples) were analysed ( Nos. 1265-1271. of Appen

dix 1). Ranges and medians are given below:
Au <2 ppb As (0.47-2.86) 0.74 ppm
Ag (0.69-80.02) 0.05 ppm Hg (0.03-0.11) 0.05 ppm
Sb (0.23-1.41) 0.43 ppm Tl (0.03-0.04) 0.04 ppm

267



Gold is below detection limit in all samples. The elevated concentrations within the formation are found in 
dolomite breccia. No correlation of elements was detected.

Bodvarákó Formation (25)
The formation represents “deep-water anoxic basin facies consisting of alternating medium to dark grey platy 

limestone and black chert beds, with intercalations of grey, cherty dolomarl, cherty siltstone, mudstone, marl and 
limestone layers. Thickness: about 50 m” (KováCS-Less-H aas in CSÁSZÁR 1997).

It was canceled from the list of predictive formations and not sampled after studying the Carlin gold deposits 
in Nevada, in 1995.

Tornaszentandrás Shale (26)
The formation consists of “black shale and silty shale of pelagic basin facies, foliated to foliae of 2 to 10 mm, locally 

slightly calcareous, rarely with transverse schistosity. Thickness: 30 to 100 m” (L ess and Ha a s  in C sá szá r  1997).
It was excluded from among the predictive formations and not sampled after studying the Carlin gold deposits 

in Nevada, in 1995.

Flámor Dolomite (22)
Lithology: Grey, locally dark grey dolomite. Massive or thick bedded parts alternates with fenestral laminated 

stromatolitic beds. In some cases, the original texture (mudstone, bioclastic wackestone) is recognisable but gen
erally only dolosparites are visible as a consequence of the dolomitization.

Facies: shallow marine inner carbonate platform. The thick bedded rocks may have formed under subtidal 
conditions whereas the stromatolitic layers indicate peritidal environment.

Age: Lower-Middle Anisian
Thickness: It is widely extended in the Bükk unit. Its thickness is 350^150 m.
Previous data of hard rock geochemistry (Korpás and Hofstra 1994): Ag (2.4 ppm), As (16 ppm), Ba (170 

ppm), Cu (47 ppm), Mo (<2.5 ppm), Pb (280 ppm), Sb (62.7 ppm), T1 (<1 ppm), Zn (403 ppm).
Geochemistry:
Bituminous and pyritic dolomites, dolomarls (11 samples) were collected and analysed from this Formation 

(Nos. 972, 1064-1070, 1072-1073, 1083. of Appendix 1). Ranges and medians are given below:
Au <2 ppb As (0.56-8.7) 1.97 ppm
Ag (<0.02-0.14) 0.03 ppm Hg (<0.02-2.22) 0.10 ppm
Sb (0.13-2.17) 0.45 ppm T1 (<0.02-0.24) 0.12 ppm

Gold was below detection limit in all samples. Bituminous dolomite yielded almost all elevated values for the 
elements studied. There are no anomalous values. Good correlation was found for Tl-Sb.

Szentistvánhegy Metaandesite (83)
The formation is made up by “a stratovolcanic sequence mostly consisting of neutral, slightly acidic 

(andesitogenic-dacitogenic) lava and volcanoclastics of various origin (“Szentistvánhegy porphyryte”). Slightly 
more basic (basalto-andesite) or more acidic (rhyolite) versions are also occur in a minor capacity. Thickness: 
200 to 350 m” (S z o l d á n - P elik á n - H aa s  in C sá sz á r  1997)

Geochemistry:
Quartz porphyries, porphyrites, andesite and tuff (6 samples) were analysed to represent the formation (Nos. 

1057, 1063, 1074, 1076, 1077, 1084. of Appendix 1). Ranges and medians are given below:
Au <2 ppb As (0.65-72.8) 2.04 ppm
Ag (<0.05-0.11) 0.025 ppm Hg (<0.02-0.0294) 0.0072 ppm
Sb (0.08-0.78) 0.185 ppm T1 (0.06-0.32) 0.11 ppm

Gold was below detection limit in all samples. The elevated values of most of the elements were found in 
quartz porphyry.

Párád Complex (84)
The formation will be described after FÖLDESSY JNÉ. (1975) and ZELENKA (1996). It consists of the fol

lowing lithological units, from the top to the bottom: 1) Upper Shale, 2) Upper Quartzite, 3) Upper Lime
stone, 4) Middle Quartzite, 5) Lower Limestone, 6) Lower Quartzite, 7) Lower Shale. Total thickness is 
about 1,000 m.

The Upper Shale consists of thin bedded to laminated pyritic shales, with intercalations of cherty horizons, 
sandstone, marl, limestone, dolomite and dolomarl. It is strongly folded, with slump stuctures and related internal
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breccias. The ooidic limestone horizons frequently contain fragments of molluscs, foraminifera, echinoids and os- 
tracodes. Age: Camian to Norian, thickness: 600 m.

The Upper Quartzite comprises of monotonous, shaly and laminated pyritic radiolarian chert with a few lime
stone and dolomite intercalations. Its thickness is about 40 to 250 m.

The Upper Limestone is made up by grey, flaser bedded micritic pyritic limestones interbedded with shales, 
marls, and in a smaller amount with dolomite and nodular stylolitic chert. Bivalve coquinas are characteristic, 
brachiopods, crinoids, echinoids, ostracodes and radiolarians also occur. Age: Ladinian, thickness: 100 to 400 m.

The Middle Quartzite is similar to the Upper Quartzite with a thickness of about 85 to 220 m.
The Lower Limestone is made up by grey, massive, micritic, stylolitic and pyritic limestones, interbedded fre

quently with shales and horizons of radiolarian chert, furthermore with thin dolomites and marls. In some ooidic 
horizons foraminifera, echinoids and ostracodes were encountered. Age: Ladinian, thickness: 100 m

The Lower Quartzite is about 50 m thick and consists of grey, massive, brecciated jasper with a few argillites.
Lithology of the Lower Shale is similar to the Upper Shale, but rich in organic matter. Its thickness surpasses 43 m.
The Párád Complex is the host rock of the shallow intrusive body of the Late Eocene Recsk Andesite and the 

related large porphyry copper and skam Cu-Zn deposit at Recsk (B a k sa  1975). According to B a r t ó k  and N agy  
(1992) its estimetad reserves are 159.3 Mt with Cu content of 1.14%. Above the porphyry copper deposit another 
disseminated gold deposit of high sulfidation type (with enargite and luzonite) was discovered recently in the old 
copper mine of Recsk-Lahóca. The proven reserves of this Late Eocene volcanic centre related deposit are 16.5 
Mt with 2.01 ppm average content of gold (F ö l d e ss y  1997).

Previous sporadic chip sampling of the formation in the drillhole cores of the Recsk copper deposit resulted in 
anomalies of Au (<1.05 ppm), Ag (<418 ppm), As (<580 ppm), Sb (<1080 ppm), T1 (<1 ppm), Se (<300 ppm) 
(Z e l e n k a  1996). Anomalies of arsenic (<1900 ppm), thalium (<15 ppm), antimony (<1600 ppm), selenium (<71 
ppm), telur (<400 ppm) and barium (<15,000 ppm), furthermore traces of realgar and native sulfur in the forma
tion were reported by C silla g  (1975). Statistical analysis of geochemical data carried out by FOg e d i et al. (1991) 
after complementary chip sampling on cores of the Recsk drillholes (Rm 10, 15, 26, 27, 33, 34, 37, 47, 48, 52, 
53, 57, 58,59, 63, 97, 124) resulted in discovery of further Au, Ag, As and Sb-anomalies. In the population of the 
almost 100 anomalous samples the gold ranges from some tens to 1210 ppb, the silver from some ppm to 50 ppm, 
the arsenic from some tens to 3000 ppm and antimony from 1 to 3000 ppm (Recsk ore analysis: pers. comm, of 
Fü GEDIU. in 1997).

Geochemistry:
Jasper breccias, shales, silicified and pyritic shales, limestones, limestone breccias, silicified limestone brec

cias, marl, tuff, skam were sampled (66 samples, see Nos. 780-845. of Appendix 1). Ranges and medians are 
given below:

A u (<2-84) 3.5 ppb As (<1.0-181.0) 19.9ppm
Ag (<0.05-10.6) 0.05 ppm Hg (0.0022-1.903) 0.0514 ppm
Sb (<0.1-108.0) 0.57 ppm T1 (<0.05-0.82) 0.24 ppm

Jasper breccias and shale yielded the elevated concentrations and anomalies within the formation. Threshold 
values were established for Au, As, Ag and Sb. The threshold concentrations and the number of samples above 
these values are listed below: Au-17 ppb, 5 samples; As-100 ppm, 3 samples; Ag-2.5 ppm, 1 sample and Sb-10 
ppm, 4 samples. Significant correlations were found for Au-As, Hg-As, Sb-As, Tl-As, Hg-Au, Sb-Au, Sb-Hg, 
Tl-Au and Tl-Hg.

Fehérkő Limestone (85)
The formation consists of “light-grey, massive or bedded limestone. Some parts are characterised by Lofer- 

cyclic carbonate platform facies. The grade of the metamorphism of the formation ranges from the deep diage- 
netic zone to the high temperature part of the anchizone, and varies from area to area. Thickness: about 400 
m” (P elik á n  and H a a s  in C sá sz á r  1997).

Geochemistry:
One pyritic limestone was sampled (No. 1082 of Appendix 1). Gold was below detection limit, As=2.19 ppm, 

Ag=0.04 ppm, Hg=0.02 ppm, Sb=0.31 ppm and Tl=0.05 ppm. These values are insignificant.

Berva Limestone (86)
It is a “white, light-grey, grey platform limestone, with reef and cyclic lagoonal facies. Maximum thickness: 

350 m” (H Ives- V elled its  and H aa s  in C sá s z á r  1997).
Geochemistry:
Limestone infilling and silicified limestone were sampled (2 samples, see Nos. 968, 1003. of Appendix 1).
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Ranges are:
Au(<2-6)ppb As (18.5-99.8) ppm
Ag (<0.1-0.13) ppm Hg (0.17-6.04) ppm
Sb (0.37-6.34) ppm T1 (<0.05-0.35) ppm

There are elevated values for As, Hg and Sb but limited number of samples does not allow a suitable evalua
tion.

Szinva Metabasalt (87)
The formation is made up by “a heavily deformed sequence consisting mainly of basalt lava and volcanoclas- 

tite, with siltstone, crinoidal limestone, or cherty limestone intercalations, lenses. (The sequence used to be in
cluded in the “Óhuta diabase”). It is partly intercalated into the Hollóstető Formation. Thickness: maximum 50 
m” (S zo l d á n - P elik á n - H a a s  in C sá sz á r  1997).

Geochemistry:
Basalts and tuff (6 samples) were analysed (Nos. 973, 979, 989, 1002, 1078, 1079. of Appendix 1). Ranges 

and medians are given below:
Au (<2-6) <2 ppb As (1.19-9.98) 2.52 ppm
Ag (<0.05-0.10) 0.07 ppm Hg (<0.02-0.19) 0.0079 ppm
Sb (0.07-0.32) 0.13 ppm T1 (<0.02-0.17) 0.08 ppm

All concentrations are insignificant.

Kisfennsik Limestone (88)
“Predominantly light grey, in some areas whitish yellow limestone of carbonate platform facies, with 

Megalontidae bivalves. Generally it has a thick-bedded, or massive appearance. Laminated interbeds occur rarely. 
Occasionally Lofer cycles can be observed. Synsedimentary brecciation is comparatively frequent. The thickness 
is unknown but it is likely to be several hundreds of metres” (P elik á n  and H aas in C sá sz á r  1997).

Geochemistry:
Only one limestone sample was analysed from this formation No. 1055 of Appendix 1). Gold=<2 ppb, 

As=0.94 ppm, Ag=0.09 ppm, Hg=0.04 ppm, Sb=0.09 ppm and Tl=<0.02 ppm. The concentrations are insignifi
cant.

Vesszős Shale (23)
Lithology: Black shale, locally with brownish sandstone interlayers. Greenish tuff horizons were encountered 

in several places within the formation. The slightly metamorphosed (anchi-epizonal) shales consist of quartz, 
muscovite and small amount of calcite and feldspar.

Facies: deeper marine facies which was probably formed in an intraplatfonn restricted basin receiving intense 
siliciclastic input.

Age: It is ambiguous because no fossil has been found in it. Taking into consideration the stratigraphic setting 
of the formation its Camian age is the most probable, however according to other opinions it is Rhaetian-Lower 
Jurassic.

Thickness: It is known in some parts of the Bükk Mts. Its stratigraphic thickness is 150-200 m.
Geochemistry:
Shales, pyritic shale, limestone and dolomite were sampled (6 samples, see Nos. 1062, 1080, 1081, 1085- 

1087. of Appendix 1). Ranges and medians are given below:
Au <2 ppb As (0.81-5.65) 2.52 ppm
Ag (0.03-0.05) 0.035 ppm Hg (<0.02-0.34) 0.065 ppm
Sb (0.2-2.3) 0.685 ppm T1 (<0.02-0.04) <0.02 ppm

Gold was below detection limit in all samples. The elevated values are in the shale and pyritic shale samples. 
The elements are not correlated with each other. There are no anomalies.

Felsőtárkány Limestone (89)
Lithology: Light to dark grey, bedded locally cherty limestone with litoclastic (debrite) and laminated calcitur- 

bidite intercalations. Wackestone less frequently mudstone texture is characteristic with filaments, ossicles of 
planktonic crinoids, foraminifera, ostracods, and sponge spicules.

Facies: deeper intraplatform basin and toe-of-slope facies. The intraplatform basin was formed as a result of 
the Middle Triassic rifting. The debris and carbonate turbidites were accumulated near to the structurally con
trolled slopes between the platforms and the intraplatform basin.
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Age: Based on radiolarians and conodonts it is Ladinian to Norian—Rhaetian.
Thickness: It is not known exactly, about 300-500 m.
Geochemistry:
Limestones, cherty limestones, dolomite, quartzite veinlet (7 samples) were analysed (Nos. 970, 971, 974, 

975, 1000-1001, 1075. of Appendix 1). Ranges and medians are given below:
Au(<2-3) <2 ppb As (<0.5-24.1) 11.0 ppm
Ag (<0.1-0.34) 0.06 ppm Hg (0.0043-0.2031) 0.0478 ppm
Sb (<0.1-0.56) 0.18 ppm T1 (<0.05-0.18) 0.06 ppm

Neither correlations nor anomalous values were found in this formation.

Répáshnta Limestone (90)
Lithology: Yellow, pink, light grey, micritic limestones with crinoidal limestone intercalations and commonly 

with red chert nodules. Thickness of the crinoidal limestone beds may reach tens of meters, locally. Large olistoli- 
thes and olistostromes of platform carbonate origin are common, mainly in the lower part of the formation.

Facies: Slope, toe-of-slope and pelagic basin facies. The olistolithes and olistostromes may have been accu
mulated on the terraces of the slope and on the toe-of-slope taluses. The crinoidal limestones consist of rede
posited crinoid fragments and represent distal toe-of-slope facies.

Age: Based on conodonts it is Norian-Rhaetian but probably continues in the Lower Jurassic
Thickness: It crops out in some parts of the Bükk Mts. Due to the strong tectonic deformation its thickness can 

hardly determine; 100-300 m can be estimated.
Geochemistry:
A limonitic limestone was sampled (No. 1007 of Appendix 1). All concentrations are low and insignificant: 

Au=<2 ppb, As=3.05 ppm, Ag=0.05 ppm, Hg=<0.02 ppm, Sb=0.47 ppm and Tl=0.13 ppm.

Rónabükk Limestone (91)
The formation consists of “grey cherty limestone of pelagic basin facies with marl intercalations which 

used to be included in the “Felsőtárkány Limestone Formation”. The originally bedded limestone became 
transverse schistose, foliated, in response to anchizonal metamorphism. Thickness: 10 to 300 m (Pelikán and 
Haas in Császár 1997).

Geochemistry:
Cherty limestones (2 samples) were analysed (Nos. 1054, 1056. of Appendix 1). Ranges are given below: 

Au <2 ppb As (0.95-0.97) ppm
Ag (0.40-0.40) ppm Hg (<0.02-0.02) ppm
Sb (0.11-0.12) ppm T1 (0.50-0.50) ppm

The above concentrations are low and insignificant.

3.4.2.2. Jurassic

Darnóhegy Shale (92)
The formation consists of grey to black shales intercalated with limestones, sandstones, and some quartzites. 

The folded, often brecciated and turbiditic rocks exhibit internal slump stuctures. Horizons rich on pyrite and 
graphite occur frequently. Its thickness is about some hundred metres, estimated age Middle Jurassic.

Chalcopyrite bearing (Cu: 0.1-0.28%) black shale horizons were described by Baksa et al. (1981) from 
the drillholes Recsk 131 and 135 on the Damó-hegy.

Geochemistry:
87 samples (marls, pyritic breccias, clays, claystones, limestones, sideritic limestone breccias, sandstone, 

quartzite and graphytic shales) were analysed (Nos. 846-861, 863, 865, 866, 868-884, 886, 894-940, 944- 
945, 954. of Appendix 1). Ranges and medians are given below:

Au (<2-340) <2 ppb As (<0.2-177.6) 4.15 ppm
Ag (<0.05-0.42) 0.02 ppm Hg (<0.02-6.49) 0.04 ppm
S b(<0.1-6.2) 0.3 ppm T1 (<0.02-10.5) 0.17 ppm

The relatively high concentrations of almost all elements are in a marl. Thresholds have been established 
for Au, As, Hg, Sb and Tl. Thresholds and number of samples above these values are the followings: A u-11 
ppb, one sample; As-50 ppm, one sample; Hg-1 ppm, one sample; Sb-2 ppm, two samples and Tl—1 ppm, 2 
samples. At significance level 0.01 the following pairs of elements show significant correlations: As-Hg, As- 
Sb, As-Tl, Hg-Sb, Hg-Tl and Sb-Tl.
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Darnó Radiolarite (93)
Lithology: Red, yellowish red bedded radiolarites with red shale interlayers. Within the layers the radio- 

larians appear in lenses. In the radiolarian-rich layers, the tests show gradation. The Darnó Radiolarite is in an 
intimate relation with basic volcanites but nature of their relationship is ambiguous.

Facies: It was formed in deep sea, under the carbonate compensation depth. Gradation of the radiolarian 
tests indicates their redeposition by currents.

Presumed age: Middle Jurassic
Thickness: It was encountered in the environs of the Darnó Hill. Its estimated thickness is 20-30 m.
Geochemistry:
Radiolarites, quartzites, jasper, claystone and silicified claystone were sampled (8 samples, see Nos. 887, 

890, 892, 893, 943, 946, 947, 955. of Appendix 1). Ranges and medians are given below:
Au (<2-5) <2 ppb As (<0.2-7.69) 0.8 ppm
Ag (<0.05-0.14) 0.065 ppm Hg (0.008-0.522) 0.035 ppm
Sb (0.08-0.4) 0.2 ppm T1 (0.02-0.33) 0.09 ppm

Silicified claystone, claystone and radiolarite samples yielded the highest but insignificant concentrations 
within the formation. No significant correlation have been found betwwen the elements.

Szarvaskő Basalt (94)
“The formation consists of basaltic pillow lavas and hyaloclastics that came into being in the starting phase 

of the oceanic rifting. The olders sediments show a gentle pyrometamorphic effect along the contact zone. The 
texture is vitroporphyric-intersertal and often felsitised and chloritised. Thickness: 300 to 500 ” (P e l ik á n  in 
C s á s z á r  1997). Shallow intrusive gabbro-bodies and dikes are also incuded.

Ore shows in quartzite dikes of native copper, chalkopyrite, cuprite, chalcosine and covelline with 
traces of galena (Kiss 1958) in the Baj-patak and the Galambos-tanya are known for a long time. Similar 
occurrences were also detected in the quarries of the Nagy-Réz oldal and in the Polner-adit of the Darnó- 
hegy.

Geochemistry:
Gabbro, basalt, diabase, diabase tuff and radiolarite were sampled (16 samples, see Nos. 862, 864, 867, 

885, 888, 889, 891, 941, 942, 949, 951, 956, 959, 962, 963, 966. of Appendix 1). Ranges and medians are 
given below:

Au (<2-5) <2 ppb As (<0.2-25.3) 1.51 ppm
Ag (<0.05-0.1) 0.03 ppm Hg (<0.02-0.116) 0.017 ppm
Sb (<0.02-1.0) 0.135 ppm T1 (<0.05-0.25) 0.075 ppm

The highest values of various elements are in the gabbro and diabase. There are no anomalous values at 
all. Sb-As, Tl-As and Tl-Sb show good correlation.

Bányahegy Radiolarite (95)
Lithology: Variegated (lilac, red, green, brown, grey, white) thin-bedded radiolarites and radiolarian 

shales, locally with allodapic limestone intercalations (crinoidal limestones) and olistolithes of carbonate 
platform origin. Slump structures are common.

Facies: Toe-of-slope and deep pelagic basin facies. It was deposited under the carbonate compensation 
depth. The olistoilithes and allodapic limestones indicate the vicinity of slopes.

Age: Based on radiolarians it is Callovian to Oxfordian.
Thickness: It is known in the Bükk Mts. in a thickness of 10-30 m.
Geochemistry:
Predominantly radiolarites were sampled along with quartzites and iron-rich jasper breccias (14 sam

ples, see Nos. 969, 978, 980, 981, 992, 996, 999, 1005, 1009-1014. of Appendix 1). Ranges and medians 
are given below:

Au (<2—3) <2 ppb As (0.87-405.0) 14.4 ppm
Ag (<0.02-0.09) <0.02 ppm Hg (<0.02-2.97) 0.1106 ppm
Sb (<0.2-15.2) 0.185 ppm T1 (<0.02-4.03) 0.275 ppm

The highest concentrations are in the jasper breccia and radiolarite. Thresholds have been established 
for As, Hg and Sb. These and the number of anomalous values are listed below: As-60 ppm, 3 samples; 
Hg-1 ppm, 3 samples and Sb-3.5 ppm, one sample. The following pairs of elements show significant cor
relations: Hg-As and Tl-Sb.

272



Lökvölgy Shale (96)
Lithology: Dark grey clayey siltstone with thin sandstone layers and locally conglomerate lenses. From 

genetic point of view it is a distal turbidite series. In the lower part of the formation, thin black radiolarite 
intercalations occur. It was affected by anchizonal metamorphism which resulted in foliation.

Facies: Pelagic basin facies, site of deposition of distal turbidites. Deposition of the thick turbidite suc
cession might be connected with the closure of the Neotethys oceanic basin.

Age: Upper Dogger-Malm.
Thickness: It is widely extended in the southern part of the Bükk Mts. Its thickness exceeds 1000 m.
Geochemistry:
Mainly shales, then olistolithes of basalt, jasper (after radiolarite), radiolarite and limestone skarn were 

sampled (16 samples, see Nos. 977, 982-988, 991, 993, 995, 997, 998, 1004, 1006, 1008. of Appendix 1). 
Ranges and medians are given below:

A u (< 2 - l l)  3 ppb As (0.5-9.62) 2.06 ppm
Ag (<0.02-0.11) 0.03 ppm Hg (<0.02-0.17) 0.052 ppm
Sb (<0.2-0.4) 0.2 ppm T1 (<0.02-0.28) <0.02 ppm

There are no anomalous values in this formation. There is only Hg-As correlation at the agreed upon 
significance level.

Mónosbél Formation (97)
Lithology: The formation is made up predominantly by black shale locally with fine sandstone, radio

larite, limestone and limestone olistostrome intercalations. Based mainly on the features of the carbonate 
intercalation, within the group the following units were distinguished:

Monosbél Formation -  black shale, siltstone with limestone olistostrome bodies. Majority of the lime
stone fragments is of shallow marine facies and Upper Dogger to Malm in age.

Oldalvölgy Formation (see later) -  black shale, siltstone with limestone interlayers and lenses.
Bükkzsérc Formation -  black shale with thick-bedded limestone intercalations. The limestones are made 

up by redeposited ooids.
Csipkéstető Radiolarite -  dark grey, greenish thin-bedded radiolarite interlayers within shales of the 

Monosbél Formation.
Facies: Toe-of-slope and pelagic deep basin facies. The Monosbél Formation represents a proximal toe-of-slope fa

cies with debris flow deposits. The Bükkzsérc Formation may have deposited in the more distal part of the toe-of-slope 
belt. The ooids were redeposited by turbidity currents. The Oldalvölgy Formation is a deep, oxygen-depleted basin fa
cies, while the Csipkéstető Radiolarite represents also a deep marine environment near to the calcite compensation depth.

Age: Upper Dogger-Malm
Thickness: The group occurs in the Bükk Mts. It thickness may exceed 1000 m.
Geochemistry:
10 samples have been collected from the formation (the lithology: shales, hornfels, sandstone and 

quartzite). For details see Nos. 952, 957, 958, 960, 961, 964, 965, 967, 990, 1015. of Appendix 1 Ranges 
and medians are given below:

Au (<2-3) <2 ppb As (0.39-29.9) 7.06 ppm
Ag (<0.05-0.2) 0.005 ppm Hg (<0.02-0.176) 0.094 ppm
Sb (<0.02-1.09) 0.3 ppm T1 (<0.02-0.46) 0.086 ppm

There is only one positive value for gold (3 ppb). Shale seems to be contain the elevated values of ele
ments within the formation. There are no anomalous values. Correlation coefficients are significant for two 
pairs of elements: Sb-As and Sb-Tl.

Oldalvölgy Formation (98)
The formation consists of “black, schistose siltstone of deep-water facies, with mudstone type limestone 

beds or lenses. Thickness: several hundred metres” (P e l ik á n  in C s á s z á r  1997). Veinlets of white quartzite 
are common.

Geochemistry:
Shale, limestone, sandstone and quartzite were sampled (6 samples) to represent the formation (Nos. 

948, 950, 953, 976, 994, 1016. of Appendix 1). Ranges and medians are given below:
Au (<2-4) <2 ppb As (2.29-56.3) 3.89 ppm
Ag (0.03-0.24) 0.06 ppm Hg (0.04-0.57) 0.063 ppm
Sb (0.1-0.75) 0.28 ppm T1 (<0.02-0.24) 0.115 ppm
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Shale, radiolarite and quartzite samples yielded the highest values o f the formation. There are no 
anomalous values in the formation sampled. There is a very good correlation for Sb-As.

3.4.3. Cenozoic

3.4.3.1. Miocene

Edelény Clay (99)
“It consists of a dense alternation of grey and variegated clay, calcareous clayey silt, huminitic clay, 

carbonaceous clay, lignite, in the proximity of the base, vesicular sand and pebbly sand beds. It is a delta 
plain (fluvial, marshy, lacustrine) formation with a thickness of 50 to 300 m, near the top with freshwater 
limestone and clay marl (Szalonna Limestone Member)” (JÁMBOR in CSÁSZÁR 1997).

Geochemistry:
Limonitic sandstones (2 samples) were analysed (Nos. 1375, 1376. of Appendix 1). Ranges are given 

below:
Au <2 ppb As (605.0-806.0) ppm
Ag (0.02-0.04) ppm Hg (0.10-0.13) ppm
Sb (2.59-2.94) ppm T1 0.10-0.15) ppm

The concentration of arsenic is high enough in both samples but otherwise there are no remarkable val
ues for the other elements.

3.4.3.2. Holocene

Rudabánya Mine Dump (100)
Geochemistry:
Iron ore mine waste and base metal flotation waste were analysed (7 samples, see Nos. 1168-1174. of Appen

dix 1). Ranges and medians are given below:
Au (2-5) 3 ppb As (28.9-117.0) 66.0 ppm
Ag (1.53-16.3) 4.09ppm Hg(1.92^1.5) 3.91 ppm
Sb (3.72-118.0) 45.2 ppm T1 (0.46-1.17) 0.82 ppm

Threshold values are established for As, Ag, Hg and Sb. These values together with the number of samples 
above thresholds are listed: As-100 ppm, two samples; Ag-1 ppm, 7 samples; Hg-1 ppm, 7 samples and Sb-10 
ppm, 5 samples. The correlation coefficient is significant only for Sb-Ag.

Martonyi Mine Dump (101)
Geochemistry:
One sample was collected representing a residual black shale (No. 1347 of Appendix 1).
All concentrations are low and insignificant: Au=<2 ppb, As=9.92 ppm, Ag=0.08 ppm, Hg=1.31 ppm, Sb=3.3 

ppm and Tl=0.36 ppm.

Summary for the Northeastern Range:
The formations of this region show the following features. (Table 6, Figs. 21, 22 and 23) The figures showing 

the median to maximum characteristics of the formations are based on Table 6 but those characterised by less 
than three samples are not plotted. Using the established thresholds the following formations are worth mention-
ning:

Fig. 21 helps to draw attention to the high gold values of Szentlélek Formation (80), Rudabánya Iron Ore (7) 
and Damóhegy Shale (92). Mercury appears to be anomalous only in the Rudabánya Iron Ore (7). Subanomalous 
gold values exhibit the Paleozoic Tapolcsány Formation and Irota Formation furthermore the Mesozoic Párád 
Complex.

Numerous anomalous maxima can be seen for As on Fig. 22 both for Paleozoic and Mesozoic formations: Ta
polcsány Formation (4), Irota Formation (73), Szentlélek Formation (80), Rudabánya Iron Ore (7), Párád Com
plex (84), Damóhegy Shale (92), Bányahegy Radiolarite (95) and Rudabánya Mine Dump (100). Anomalous Sb 
maxima can be found in fewer formations: in the Tapolcsány Formation (4), in the Rudabánya Iron Ore (7), in the 
Párád Complex (84) and in the Rudabánya Mine Dump (100). The anomalous values of silver (Fig. 23) appear in 
the same formations as those of antimony enumerated above. T1 maxima above the threshold (9 ppm) are few: the 
Rudabánya Iron Ore (7) and the Damóhegy Shale seem to contain the high values of this element.
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Northeastern Range Table 6
Summary of geochemical parameters -  median and maximum values.

Form-
code

Au
(ppb)

Ag
(ppm)

As
(ppm)

Hg
(ppm)

Sb
(ppm)

Tl
(ppm)

N

Med. Max. Med. Max. Med. Max. Med. Max. Med. Max. Med. Max.

4 <2 17 0.08 44 13.7 468 0.085 2.3 1.48 79.7 0.145 0.75 60
72 <2 0.06 0.39 5.78 9.05 0.02 0.04 0.34 0.62 0.07 0.11 3
73 <2 18 0.07 0.35 3.39 557 <0.02 0.09 0.38 12.1 0.115 0.37 24
2 <2 9 0.04 0.35 3.41 22.7 0.016 0.12 0.58 5.36 0.04 0.24 15
3 <2 0.06m 0.07 1.51m 9.73 0.06m 0.09 0.3m 1.03 0.03m 0.04 2
74 <2 6 0.06 0.17 4.88 15.0 <0.02 0.29 0.49 0.72 0.12 0.12 3
75 <2 7 0.08 0.38 3.84 25.0 0.02 0.34 0.39 3.61 0.09 0.78 41
76 <2 0.05 0.11 1.18 23.0 <0.02 0.1 0.34 2.87 0.025 0.21 8
77 <2 0.03 0.06 3.06 14.6 <0.02 0.14 0.27 1.0 0.05 0.08 11
601 <2 0.03 0.24 11.9 24.6 0.08 0.21 0.64 1.61 0.18 0.34 9
602 <2 0.03 0.86 5.32 51.3 0.092 0.32 0.36 1.22 0.06 0.20 15
78 <2 <0.1 13.4 17.8 0.037 0.173 0.19 0.28 0.09 0.25 5
79 <2 5 0.065 0.3 9.97 84.6 0.19 4.63 0.56 2.75 0.11 0.19 16
80 <2 243 0.55 1.49 22.0 5330 0.31 0.81 2.43 12.5 0.37 0.81 6
5 <2 0.3 1.35 2.1 6.24 0.02 0.74 0.26 2.02 0.04 0.15 20
7 3 630 18.35 520 187 8110 11.4* 3400 154 13354 0.36* 9.46 67*; 96
24 <2 0.05 0.69 0.74 2.86 0.05 0.11 0.43 1.41 0.04 0.04 7
22 <2 0.03 0.14 1.97 8.7 0.1 2.22 0.45 2.17 0.12 0.24 11
83 <2 0.025 0.11 2.04 72.8 0.007 0.029 0.185 0.78 0.11 0.32 6
84 3.5 84 0.05 10.6 19.9 181.0 0.051 1.903 0.57 108.0 0.24 0.82 66
86 <2m 6 c.lm 0.13 18.5m 99.8 0.17m 6.04 ,37m 6.34 <.05m 0.35 2
87 <2 6 0.07 0.1 2.52 9.98 <0.02 0.19 0.13 0.32 0.08 0.17 6
23 <2 0.035 0.05 2.52 5.65 0.065 0.34 0.685 2.3 <0.02 0.04 6
89 <2 3 0.06 0.34 11.0 24.1 0.048 0.203 0.18 0.56 0.06 0.18 7
91 <2 0.40m 0.40 0.95m 0.97 <0.02 0.02 0.11m 0.12 0.50m 0.50 2
92 <2 340 0.02 0.42 4.15 177.6 0.04 6.49 0.3 6.2 0.17 10.5 87
93 <2 5 0.065 0.14 0.8 7.69 0.035 0.522 0.2 0.4 0.09 0.33 8
94 <2 5 0.03 0.1 1.51 25.3 0.017 0.116 0.135 1.0 0.075 0.25 16
95 <2 3 <0.02 0.09 14.4 405.0 0.111 2.97 0.185 15.2 0.275 4.03 14
96 3 11 0.03 0.11 2.06 9.62 0.052 0.17 0.2 0.4 <0.02 0.28 16
97 <2 3 0.005 0.2 7.06 29.9 0.094 0.176 0.3 1.09 0.086 0.46 10
98 <2 4 0.06 0.24 3.89 56.3 0.063 0.57 0.28 0.75 0.115 0.24 6
99 <2 0.02m 0.04 605m 806 0.1m 0.13 2.59m 2.94 0.1m 0.15 2
100 3 5 4.09 16.3 66.0 117.0 3.91 4.5 45.2 118.0 0.82 1.17 7

Remarks.
Formcode = the code of the Formation:
4=Tapolcsány Fm., 72=Strázsahegy Fm., 73=Irota Fm., 2=Szendrőlád Limestone, 3=Uppony Limestone, 74=Abod Limestone, 75=Szendrd 
Phyllite, 76=Rakaca Marble, 77=Lázbérc Fm., 601=Szilvásvárad Fm., 602=Mályinka Fm., 78=Tarófő Fm., 79=Perkupa Anhydrite, 
80=SzentIélek Fm., 5=Nagyvisnyó Limestone, 7=Rudabánya Iron Ore, 24=Gutenstein Fm., 22=Hámor Dolomite, 83=Szentistvánhegy 
Metaandesite, 84=Parád Complex, 86=Berva Limestone, 87=Szinva Metabasalt, 23=Vesszős Shale, 89=Felsötárkány Limestone, 
91=Rónabükk Limestone, 92=Damóhegy Shale, 93=Damó Radiolarite, 94=Szarvaskő Basalt, 95=Bányahegy Radiolarite, 96=Lökvölgy Shale, 
97=Mónosbél Fm., 98=01dalvölgy Fm., 99=Edelény Clay, 100=Rudabánya Mine Dump.
Med.=median value; Max.=maximum value; m=minimum value, when number of samples=2
67*; 96=number of analyzed samples for the components marked by *; number of samples for the other elements analyzed.
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Northeastern Range. A)Paleozoic F ig . 2 1 :  The median (Med)-maximum (Max) con
centration ranges of Au-Hg, Northeastern Range
A/ Paleozoic formations, B/ Mesozoic formations

Formation number

Г~1 Au Max 
Au Med

I~1 Hg Max 
Hg Med

Northeastern Range. B)Mesozoic

Formation number

f~~l Au Max 
Au Med

О Hg Max 
Hg Med

Results and interpretations of stream sediment survey will be outlined using Figs. 6 and 7. Almost all cells of 
low and medium level additive anomalies in the Bükk and Uppony Mountains are concentrated to S from the 
Bükk plateau (No. 2311, 2313, 2351, 2357, 2249, 2364, 2253, 2256, 2262, 2280, 2369, 2374, 2375, 2388 and 
2390 on Fig. 6). They are located mainly over Jurassic shales with radiolarites, rarely over Triassic limestones. 
Gold content of the individual stream sediment cells is near to detection level and ranges between 2 and 22 ppb. 
More than 10 ppb Au was detected in the following cells of the Southern Bükk: No. 2341 (13 ppb), 2343 (10 
ppb), 2357 (18 ppb), 2364 (22 ppb) and 2271 (13 ppb). Surface chip sampling has resulted only in two anomalies 
of gold. The first is related to the oreshow of malachite and azurite in the Permian Szentlélek Formation with 234 
ppb Au in Nagyvisnyó, while the second “subanomalous” gold value (11 ppb) was detected in the Jurassic 
Lökvölgy Shale (Ns. 1040 and 1108 of Appendix 1).

Subsurface (drilling core and mining tunel) chip sampling resulted in continuous low level gold anomalies in 
the Silurian to Carboniferous Tapolcsány Formation of the Uppony Mountains (10 to 14 ppb Au of the samples 
No. 1132, 1134, 1136, 1141 and 1142 of Appendix 1) and in the Middle to Late Triassic Párád Complex, further
more in the Jurassic Damóhegy Shale of the Recsk porphyry copper deposit area (11 to 340 ppb Au of the sam
ples No. 782, 791, 792, 795, 797, 798, 799, 805, 817, 828, 832, 843, 847 and 895 of Appendix 1). Surface per
spectives of the Bükk and Uppony Mountains are considered unfavorable for Carlin-type gold mineralization with 
exception of the single gold anomaly in the Szentlélek Formation.

276



Northeastern Range. A)Paleozoic F ig . 2 2 : The median (Med)-maximum (Max) con
centration ranges of As-Sb, Northeastern Range
A! Paleozoic formations, B / M esozoic formations
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In the Rudabánya and Szendrő Mountains are known only some low to medium level additive anomalies (Fig. 
7), represented by the cells of No. 2573, 2576, 2577, 2583, 2585, 2587, 2588, 2601, 2602, 2603, 2689 and 2695. 
Gold values of the individual cells are also unsignificant (2 to 4 ppb). Chip sampling of the Rudabánya Iron Ore 
in the Rudabánya and Martonyi abandoned open pit resulted in numerosous gold anomalies, ranging between 16 
and 630 ppb Au (No. 1177, 1180, 1182, 1184-1186, 1187-1188, 1189-1192, 1194, 1199, 1202, 1207, 1209, 
1211, 1212-1213, 1215, 1217, 1218-1219, 1221, 1223-1224, 1228-1229, 1236, 1238, 1241, 1245, 1246-1247, 
1252, 1254 and 1256 in Rudabánya and 1350 in Martonyi, Appendix 1). The Tapolcsány Formation at the eastern 
border of the Rudabánya Mountains shows low level anomalies with 11 to 16 ppb Au (No. 1231 and 1233 of Ap
pendix 1). The Irota Formation in the Szendrő Mountains present similar subanomalous gold values, between 13 
and 18 ppb (No. 1278, 1283, 1284 and 1322 of Appendix 1).

Both anomalous and subanomalous groups of formations in the Northeastern Range are related to the Damó 
Zone. The Rudabánya Iron Ore showing typical anomalies for the Carlin suite is considered target of further ex
plorations. Sporadic gold anomalies of the Damóhegy Shale and continuous subanomalous gold values in the 
Párád Complex, both in the area of the Recsk porphyry copper deposit are also recommended for more detailed 
explorations. The subanomalous Tapolcsány Formation and Irota Formation with low level gold values and the 
Szentlélek Formation with sporadic high level gold anomaly are connected with uranium-shows and related to the 
second group in perspectivity. All other areas and formations are unfavorable for gold prospection.
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Northeastern Range. A)Paleozoic F ig . 2 3 :  The median (Med)-maximum (Max) con
centration ranges of Ag-Tl, Northeastern Range
A !  Paleozoic formations, B/ Mesozoic formations
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4. DISCUSSION

Our data cannot stand alone, we should compare them to known deposits and to values of established indica
tors. It is not enough to have high values of let us say ten times that of the dark, some other features of these ele
ments must also be known in order to make useful comparison.

Geochemical analyses of drillhole samples carried out in the USA indicate a large arsenic halo, >1000 ppm, 
that extends outward from gold mineralization. Antimony contents of >100 ppm are restricted to ore body. Hg 
does not correlate directly to gold, however, concentrations of 1-30 ppm occur within and adjacent to gold miner
alization (Paul et al. 1993). In Carlin-type deposits gold is associated with elevated values of As, Sb, Hg and Tl 
and low levels of Ag (T h o r e s o n  1993). According to D o y le- K u n k e n  (1993) a large halo of >500 ppm As sur
rounds the central alteration and mineralization zones. Upper level antimony anomalies are also common. Tl 
anomalies in the 0.5-25 ppm range are locally conformable with the ore horizons. Local concentrations of Ag are 
roughly correlative to gold.

The above results and especially the concentration limits for the indicator elements help us in evaluating our 
accidental hits, that is the chance anomalous values of the perhaps perspective formations. So with these limits in 
mind the geochemistry of the formations is further analyzed.

First we try to analyze the overall characteristics of elements independent of the formations containing them 
and of the regions they are situated in. That is we try to establish overall anomaly thresholds for the elements to
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help to outline and to plot anomalies (especially for gold). This is an important step to separate background from 
anomaly. Then we try to investigate the influence of different factors on the concentration and distribution of ele
ments (like lithology, geological age and geotectonic position of the groups of formation). Finally the results of 
an independent survey (stream sediment survey of the hilly and mountainous parts of Hungary) are also taken into 
consideration parallel with our findings in order to enlarge our means of evaluating the Carlin gold potential of 
the areas investigated.

4.1. Establishing anomaly thresholds

When it was possible (that is samples were available in necessary number) anomaly thresholds were estab
lished even for an individual formation. These threshold values are summarised for formations with N>20 (Table 
7). One can get an idea as to the range of concentrations of these threshold values, their reliability depending 
upon the number of samples used in the investigation. The number of anomalous samples in the formation is also 
given in this table to indicate the frequency of high values.

An other approach can also be used to determine these thresholds. By the use of all data for the 6 elements 
analysed the distribution characteristics can be studied. Histograms, boxplot diagrams and frequency tables were 
used of the SPSS PC+ software package to study the distribution of the concentrations. The results of all these 
procedures are summarised on Table 8. Because of the unevenness of the data, sample numbers used for geo
chemical characterization are different for the elements. There are of course uncertainities concerning the thresh
old of gold for example. On the boxplot diagram of gold, all values are outliers and extremes above 5 ppb. There 
is a break on the frequency distribution of gold concentrations at 10 ppb. (Fig. 24) It is not an entirely exact thing

T hresh o ld  values for the  anomalies  o f  th e  studied fo rm ations  
(Formations with N>=20 are only summarized.)

Table  7

Form -
code

Au
(ppb)

auN Ag
(ppm)

agN As
(ppm)

asN Hg
(ppm)

hgN Sb
(ppm)

sbN Tl
(ppm)

tlN N

37 - - >20 1 - >10 4 - 20
39 >7 1 - - - 2 6 - 62

42 О о * 5 5* 5 100 10 - 5 7 - 74*; 31

1 - - 100 4 - 10 3 1 2 27

49 _* 0.5* 1 50 5 1 5 2 5 2 1 28*; 16

16 -* _* 100 7 2 8 10 7 2 3 44*; 27

51 >20* 1 - >10 2 >1 1 4 2 - 21*; 16

52 - - 10 6 1 3 2 7 - 28

54 - - 100 2 - - 2 1 21

59 >100* 3 >3* 5 - - - - 40*;2

36 - - 100 11 >5 2 20 4 >4 2 30

63 - - - - 1.5 2 - 21

4 12 5 2 1 70 7 - 7 20 - 60

73 10 4 - 50 5 - 8 2 - 24

75 - - - - 3 1 - 41

5 - >1 1 - - - - 20

7 15 35 22 47 130 56 20* 29 35 69 _* 96; 67*

84 17 5 2.5 1 100 3 - 10 4 - 66

92 >11 1 - 50 1 1 1 2 1 2 1 2 87

Remark:
Formcode = the code number of the Formation:
37=Koszeg Quartz Phyllite, 39=VeIem Calc-Phyllite, 42=Lovas Slate, l=Polgárdi Limestone. 49=Budaörs Dolomite, 16=Mátyáshegy Fm., 
51=Fődolomit Fm., 52=Dachstein Limestone, 54=K.isgerecse Marl, 59=Nadap Andesite, 36=Hárshegy Sandstone, 63=Kálla Gravel, 
4=Tapolcsány Fm., 73=Irota Fm., 75=Szendrő Phyllite, 5=Nagyvisnyó Limestone, 7=Rudabánya Iron Ore, 84=Parád Complex, 
92=Darnóhegy Shale
auN, agN, asN, hgN, sbN and tlN=number of anomalous samples above thresholds;
96;67*=number of samples analyzed; number of analyzed samples for the components marked by *
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Thresholds for the anomalous and subanomalous populations of the elements studied T a b le  8

Au (ppb) As (ppm) Ag (ppm) Hg (ppm) Sb (ppm) T1 (ppm)

Thresholds for the anomalous 
population *

 
О о 100 4 10 20 9

Thresholds for the subanomalous 
population

1 0

* 40 0.6 1 4 1.5

Median <2 5.9 0.06 0.0501 0.42 0.13

75% 2 22.6 0.16 0.200 1.64 0.25

90% 6 117 0.89 1.292 15.17 0.53

95% 16 324 10.2 6.322 117.85 0.94

Maximum 4770 8110 520 3400 13354 33.7

N ** 1398 1244 1336 1215 1242 1213

Remark:
*=The anomalous values above these thresholds are shown by the geochemical anomaly maps. 
**=The data-set is uneven: not all samples (altogether 1398) were analysed for all 6 elements.

to put a certain limit as a threshold value. So we have decided to make a distinction between subanomalous and 
anomalous thresholds in order not to leave out any possibly interesting data from the anomalous population, from 
the geochemical anomaly map. The same was true for arsenic, where boxplot also indicated outliers and extremes 
above 40 ppm, so the 100 ppb for gold and 100 ppm for arsenic are somehow artificial thresholds for the anoma
lous population. There are many subpopulations on the histograms for silver and mercury indicating the compos
ite nature of the distribution. The anomaly thresholds shown on Table 8 are used as reference lines on Figs. 9, 14, 
15, 16, 18, 21, 22 and 23 together with subanomalous threshold for gold (10 ppb). These values for gold have 
also been used to plot the geochemical anomaly maps of the investigated regions.

A few parameters of the samples (sample No., formation number, lithology, geological age and gold content) 
considered anomalous (Au >100 ppb) and subanomalous (Au >10 ppb) are compiled in Table 9.

4.2. Influence of certain factors on the distribution of elements

Unfortunately we did not have the chance to have our samples analysed for components other than the six mi
nor elements. All useful material and analytical data we’ve got can be found in Appendix 1 That is why it is not 
possible to look for relationships determined by factors like pyrite content, bitumen content of the analysed sam
ples or degree of alteration reflected by some key mineral and so on. So our search for finding some factors deter
mining the situation, position or value of anomalous samples for further follow-up surveys is limited to the inves
tigation of those listed below.

Frequency distribution of gold concentrations (ppb) 
(Values of Au <20 ppb are plotted)

1000 т--------------------------------------------------------------------------------------------------------

800

600

400

200'

Fig. 24: Frequency distribution of gold con
centrations (ppb)
(Values of Au< 20 ppb are only plotted)

1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20

Au (ppb)
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Gold content of anomalous (Au>100 ppb) and subanomalous (Au 10-100 ppb) samples Table 9

Sample No. Formations Lithology _________ Age_________ Au (ppb)
Kőszeg Mountains

8 Kőszeg Quartz Phyllite quartz phyllite Jl(Mz21) 13
79 Cák Conglomerate quartzite J2(Mz22) 13
66 Velem Calc Phyllite slate J2-3(Mz25) 19
90 Felsőcsatár Greenschist diabase Kl(Mz3) 310

Transdanubian Range
284 Balatoníökajár Quartz Phyllite phyllite 0-S(Pzl 1) 27
349 Lovas Slate limonitic quartzite 0-D(Pzl2) 17
359 Lovas Slate quartzite breccia 0-D(Pzl2) 205
360 Lovas Slate limonitic quartzite breccia 0-D(Pzl2) 4770
361 Lovas Slate quartzite breccia 0-D(Pzl2) 48
363 Lovas Slate quartzite breccia 0-D(Pzl2) 81
364 Lovas Slate quartzite 0-D(Pzl2) 22
370 Lovas Slate contact slate 0-D(Pzl2) 20
371 Lovas Slate contact slate 0-D(Pzl2) 10
386 Lovas Slate contact slate 0-D(Pzl2) 200
388 Lovas Slate contact slate 0-D(PzI2) 2200
389 Lovas Slate contact slate 0-D(Pzl2) 200
391 Lovas Slate contact slate 0-D(Pzl2) 200
455 Lovas Slate limonitic slate 0-D(Pzl2) 38
456 Lovas Slate limonitic slate 0-D(Pzl2) 15
362 Velence Granite limonitic quartzite C2(Pz21) 2090
365 Velence Granite quartzite C2(Pz21) 19
387 Velence Granite microgranite C2(Pz21) 600
541 Mátyáshegy F. dolomite T3(Mzl3) 12
684 Fődolomit F. brecciated dolomite T3(Mzl4) 25
671 Dachstein Limestone limestone T3(Mzl5) 11
368 Nadap Andesite intrusive breccia E2-3 1000
369 Nadap Andesite silicified intrusive breccia E2-3 600
385 Nadap Andesite intrusive breccia E2-3 600
392 Nadap Andesite intrusive breccia E2-3 400

Northeastern Range
1132 Tapolcsány F. limestone S-Cl(Pzl3) 13
1134 Tapolcsány F. pyritic shale S-Cl(Pzl3) 10
1136 Tapolcsány F. pyritic limestone S-Cl(Pzl3) 13
1141 Tapolcsány F. pyritic shale S-Cl(Pzl3) 14
1142 Tapolcsány F. pyritic shale S-Cl(Pzl3) 10
1177 Tapolcsány F. silicified dolomite breccia S-Cl(PzI3) 17
1231 Tapolcsány F. limonitic Mn rich shale S-Cl(Pzl3) 16
1233 Tapolcsány F. limonitic Mn rich shale S-Cl(Pzl3) 11
1278 Irata F. limonitic graphitic shale D2(Pzl4) 13
1283 Irata F. graphitic limonitic shale D2(Pzl4) 18
1284 Irata F. graphite shale D2(Pzl4) 15
1322 Irata F. graphite shale D2(Pzl4) 17
1040 Szentlélek F. claystone with malachite P2(Pz22) 234
1350* Rudabánya Iron Ore limonite Tl-2(Mzl 1) 25
782 Párád Complex jasper breccia T2-3(Mzl2) 16
791 Párád Complex limestone breccia T2-3(MzI2) 24
792 Párád Complex limestone breccia T2-3(Mzl2) 13
795 Párád Complex limestone breccia T2-3(MzI2) 84
797 Párád Complex marl, limestone T2-3(Mzl2) 15
798 Párád Complex breccia T2-3(Mzl2) 60
799 Párád Complex marl T2-3(Mzl2) 22
805 Párád Complex bituminous limestone T2-3(Mzl2) 30
817 Párád Complex limestone breccia T2-3(Mzl2) 12
828 Párád Complex silicified limestone breccia T2-3(Mzl2) 12
832 Párád Complex cherty limestone T2-3(MzI2) 24
843 Párád Complex silicified shale T2-3(Mzl2) 15
847 Damóhegy Shale marl J2(Mz23) 340
895 Damóhegy Shale shale J2(Mz23) 11
1008 Lökvölgy Shale shale J2(Mz24) 11
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Au
 (p

pb
)

Sample No. Formations Age Au (ppb)
1180 Rudabánya Iron Ore Tl-2(M zll) 50
1182 Rudabánya Iron Ore Tl-2(Mzl 1) 70
1184 Rudabánya Iron Ore Tl-2(Mzl 1) 113
1185 Rudabánya Iron Ore Tl-2(Mzl 1) 60
1186 Rudabánya Iron Ore Tl-2(Mzl 1) 230
1187 Rudabánya Iron Ore Tl-2(Mzl 1) 40
1188 Rudabánya Iron Ore Tl-2(Mzl 1) 90
1189 Rudabánya Iron Ore Tl-2(Mzl 1) 630
1190 Rudabánya Iron Ore Tl-2(Mzl 1) 85
1191 Rudabánya Iron Ore Tl-2(M zll) 220
1192 Rudabánya Iron Ore Tl-2(M zll) 560
1194 Rudabánya Iron Ore Tl-2(Mzl 1) 30
1199 Rudabánya Iron Ore Tl-2(Mzl 1) 30
1202 Rudabánya Iron Ore Tl-2(M zll) 50
1209 Rudabánya Iron Ore Tl-2(M zll) 50
1211 Rudabánya Iron Ore Tl-2(M zll) 50
1212 Rudabánya Iron Ore Tl-2(Mzl 1) 29
1213 Rudabánya Iron Ore Tl-2(Mzl 1) 80
1215 Rudabánya Iron Ore Tl-2(M zll) 40
1217 Rudabánya Iron Ore Tl-2(Mzl 1) 140
1218 Rudabánya Iron Ore Tl-2(Mzl 1) 20
1219 Rudabánya Iron Ore Tl-2(Mzl 1) 100
1221 Rudabánya Iron Ore Tl-2(Mzl 1) 40
1223 Rudabánya Iron Ore Tl-2(Mzl 1) 36
1224 Rudabánya Iron Ore Tl-2(Mzl 1) 110
1228 Rudabánya Iron Ore Tl-2(Mzl 1) 16
1236 Rudabánya Iron Ore Tl-2(Mzl 1) 30
1238 Rudabánya Iron Ore Tl-2(Mzl 1) 50
1241 Rudabánya Iron Ore Tl-2(Mzl 1) 20
1246 Rudabánya Iron Ore Tl-2(Mzl 1) 27
1247 Rudabánya Iron Ore Tl-2(Mzl 1) 40
1252 Rudabánya Iron Ore Tl-2(Mzl 1) 20
1254 Rudabánya Iron Ore Tl-2(M zll) 20
1256 Rudabánya Iron Ore Tl-2(Mzl 1) 60

* Data for TVX samples without lithology. Northeastern Range.

4.2.1. Lithology

We were mainly concerned with the behaviour of gold, with the possible influence of lithology on gold con
tent. For this purpose we have used a subpopulation of samples with Au>=2 ppb. Rock types characterized by 
more than 2 samples have only been taken into consideration. The results are illustrated by Fig. 25. Out of the 17 
rock types shown on the figure the following seven types seem to contain anomalous gold concentrations: slates 
and greenschists, shales, ophiolites, quartzites, marls and dolomarls, the Rudabánya Iron Ore and the intrusive

Lithology

Fig. 25: Distribution o f the median to 
maximum concentration ranges (ppb) of 
gold according to lithology 
sla=slates and greenschists, phy=phyllites, 
sha=shales and clays, oph=ophiolites, 
qua=quartzites, jas=jasper and chert, 
rad=radiolarites, lim=limestone, dol=dolomite, 
san=sandstone and sand, mar=marl and dolo- 
marl5 ruii=rocks of Rudabánya Iron Ore, 
iro=iron ore and limonite, man=manganese 
ore, inbr=intrusive breccias, vei=veins, 

[~~i Au Max infHnfillings

Au Med Reference lines at 10 ppb and 100 ppb are 
given to indicate subanomalous and anomalous 
thresholds values of gold.
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breccias. Slates, quartzites and intrusive breccias contain the three highest gold concentrations. All other rock 
types contain only subanomalous or background concentrations. To our surprise these include even the veins and 
infillings, which had previously been supposed to be enriched in the elements analyzed.

4.2.2. Geological age

Based on Table 9 the anomalous and subanomalous samples could be grouped according to their geological 
age. Using only samples with Au>10 ppb could enhance the chance to make distinction between the age units 
(average values have been used for age units represented by more than one sample). Fig. 26 illustrates the gold 
concentrations for age units. It can be seen that Ordovician-Devonian (Pzl2), Carboniferous-Permian (Pz21, 
Pz22), Early-Middle Triassic (M zll), Middle Jurassic (Mz23), Early Cretaceous (Mz3) and Middle-Late Eo
cene (E2-3) formations give the highest gold concentrations in the subpopulation with Au >10 ppb.

4.2.3. Geotectonic position

Many of the investigated formations can be grouped in distinct geotectonic units according to their palaeo- 
geographic situation and stratigraphic position (Haas et al. 1999). Others like the formations of the Mecsek 
Mountains are outside these geotectonic regions and can be used for comparison.

Two geotectonic situations have been distinguished. One is for formations situated and deposited at paleomar- 
gins, belonging to “A” paleotectonic situation (“A l” is for the Paleozoic formations of the Balatonfő-Velence- 
Hills region, in the Transdanubian Range, N=182; “A2” is for the Paleozoic formations of Uppony and Szendrő 
Mountains, in the Northeastern Range, N=196).

The other paleotectonic situation (“B”) is represented by ophiolitic oceanic basins (“B l” is for the Young 
Mesozoic fonnations of the Penninic basin, in the Kőszeg Mountains, West Hungary, N=91; “B2” is for the 
Young Mesozoic formations of the Meleata basin, in Darnó-hegy and Szarvaskő, Northeastern Range, N=223). 
For see the details in the caption of Fig. 27.

Because all median values were below detection limit for gold (2 ppb) it was not plotted in the upper part of 
Fig. 27. It can be seen that there are no great differences in the median values of these grouped formations, the 
ranges between lowest and highest medians are narrow.

If the paleotectonic situations are compared by their 95% values it can be said that “A l” geotectonic situation 
of paleomargins holds the highest concentrations for all elements (and especially for gold) and except for mercury 
it differs much from the other geotectonic situations. The differences, the ranges between highest and lowest 95% 
values, are greater (mainly for Au, Ag and As) than in case of medians. The “A2” geotectonic situation of paleo
margins seems to be geochemically closer to the the “B l” and “B2” geotectonic ones of the ophiolitic oceanic ba
sins.

The different paleotectonic position of the Mecsek Mountains is reflected clearly by Carlin geochemistry too.

G e o lo g ic a l  a g e

F ig . 26 : Distribution in geological time of the av
erage gold contents of anomalous and subanoma
lous groups of formations (Au>10 ppb)
For the explanation of geological ages see Tab!e7
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Comparison of geotectonic situations (median values)
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A2

MECS

B1
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Fig. 27: Comparison o f groups o f for
mations according to their paleotectonic 
situations (A l, A2, Mecsek, B l and B2) 
using median and 95 %  values)

Comparison of geotectonic situations (95% values)
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5. PERSPECTIVE AREAS AND FORMATIONS FOR FURTHER EXPLORATIONS

The perspective areas and formations for further explorations will be discussed using Figs. 24, 26, 27 and 28 
and Table 7.

Frequency distribution of gold concentrations (Fig. 24) and gold content of anomalous and subanomalous 
sample-populations (Table 9) reflect clearly the rather low potential for Carlin-type gold mineralization in Hun
gary. 1398 analytical record of 604 sample sites resulted in detection of 92 subanomalous and anomalous gold 
values, representing about 6,6% of the total amount of the database. This modest gold potential is hosted mainly 
in Paleozoic sedimentary and intrusive formations, subordinate^ in Early Mesozoic sedimentary formations. 
High gold values of the Young Mesozoic metamorphic and sedimentary formations are represented by sporadic 
samples, while the peak of the Middle to Late Eocene indicate gold shows hosted in volcanics (Fig. 26). Distribu
tion of the Carlin suite elements in function of paleotectonic position refers to that both rifting and collision are 
more suitable for enrichment of gold (Fig. 27) as stated by H a a s  et al. (1999). The areal distribution of anoma
lous and subanomalous formations (Fig. 28) is tectonically controlled as well they are located along the master 
faults (Rába Line, Mid-Hungarian Line, Mecsekalja Line) and related shear zones (Balaton Line, Damó Line and 
Pilis fault) separating the main tectonic units of Hungary. The ten predictive areas of about 2-190 km2 (Fig. 28) 
will be evaluated in the following. The succession reflects their suggested order of perspectivity.
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5. 1. Velence Hills-Balatonfő area, Transdanubian Range

The area in discussion is almost 430 km2 (Fig. 28) and its great part is covered by Late Miocene to Quaternary 
sediments. Below these sediments are outcropping the predictive Paleozoic (meta)sedimentary group of forma
tions (Balatonfőkajár Quartz Phyllite, Lovas Slate, Úrhida Limestone, Polgárdi Limestone, Szabadbattyán Lime
stone) intruded by the Late Carboniferous collisional Velence Granite and overprinted by the Middle to Late Eo
cene volcanic-plutonic complex of the Nadap Andesite. This is the geological and tectonic situation which should 
be considered in the first place favorable for Carlin-type gold mineralization.

5.1.1. Velence Hills

The area of about 190 km2 includes favorable formations of the Paleozoic Lovas Slate, and Velence Granite, and the 
Middle to Late Eocene Nadap Andesite. High level gold anomalies up to 4770 ppb were detected in all formations. Ex
tense zones of surface and near surface pneumatolitic and hydrothermal alterations are typical. The related basemetal 
mineralization accompanied by fluorite and barite was explored in many drillholes and trenches, and mined for a long 
time. Systematic metallometric and IP survey resulted in discoveiy of anomalies in the Eastern Velence Hills area, cover
ing the Lovas Slate mantle over the Velence Granite and the volcanic centre of the Nadap Andesite.

The target of further explorations: selection of limited steep diping gold rich zones of some 10 to 100 * 1000 
m in size. This selection on the surface will be achieved at first by systematic soil and follow up rock chip sam
pling covering the whole area. The metallometric survey will be accompanied by the systematic rock sampling of 
drillhole-cores, avialable in the core depositories of the Geological Institute of Hungary. Surface anomalies of 
gold to the depth will be delineated by applying of IP survey and later on explored by some inclined drillholes.

5.1.2. Balatonfő

The anomalous and subanomalous formations (Balatonfőkajár Quartz Phyllite, Úrhida Limestone, Polgárdi 
Limestone, Szabadbattyán Limestone, Velence Granite and Nadap Andesite) of the Balatonfő area (about 150 
km2) covered by a considerable thick Late Miocene to Quaternary sedimentary pile. They form small horstic 
blocks coming up below this cover. Consequently the detection of limited steep diping gold rich horizons ex
pected near the inferred contact with the Velence Granite or in volcanic centres seems to be rather difficult. The 
suggested method is the systematic seismic reflection and IP survey, complemented by dense soil and rock sam
pling in the area of the surface outcrops and accompanied by rock sampling of the avialable drillhole-cores. Typi
cal IP anomalies near the surface will be explored by some inclined drillholes.

5.2. Damó Zone area, Northeastern Range

The whole area of the extended Damó Zone (Fig. 28) is about 930 km2 including the surface and near surface 
subareas of the Rudabánya, Uppony and Szendrő Mountains and of the deep located Recsk porphyry copper and 
skarn deposit. The anomalous and subanomalous partly (meta)sedimentary fonnations (Tapolcsány Formation, 
Irota Formation, Szentlélek Formation, Rudabánya Iron Ore, Párád Complex, Damóhegy Shale) are Paleozoic 
and Mesozoic in age. Their geologic and tectonic setting favorable for gold mineralization can be characterised 
by multiphase processes of rifting, subduction and collision, and related regional shear zones. The Rudabánya 
iron ore deposit, the Recsk porphyry copper and skarn deposit and the Recsk-Lahóca disseminated gold deposit 
are located in the Damó shear zone too. These are the main features promising possibilities in the second place to 
discover Carlin-type gold mineralization.

5.2.1. Rudabánya Mountains

The area in consideration along the eastern border of the Rudabánya Mts. is about 35 km2. The gold prospec
tion on the Rudabánya Iron Ore including the abandoned open pits of Rudabánya, Martonyi and Esztramos mines 
has confirmed our estimations done during the previous screening (K o r pá s  and H o f st r a  1994). The formation 
as first candidate in that time of Carlin-type gold mineralization shows gold values up to 630 ppb and is consid
ered favorable for further explorations. The surface and more detailed geochemical exploration will be developed 
on the following two main directions. Enrichment of gold in the open pits is expected in the upper parts of the 
mineralization, including the zones of secondary iron ore and the zone of base metals with barite. The size of the 
strata bounded or fault controlled potentially gold bearing zones is calculated about some 10 m x some 100 m.
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Therefore the gold potential of the Rudabánya and Martonyi open pits will be controlled by a systematic soil and 
rock sampling, along a dense grid of geochemical profiles oriented from NW to SE. Distance of the individual 
profiles is 200 m, with 50 m steps of sampling. The detected gold bearing zones will be explored by trenches and 
reopening of old adits, furthermore by some normal and inclined drillholes. Subanomalous gold values (up to 16 
ppb) of the Tapolcsány Formation and the additive stream sediment anomalies showing low level gold (2^4 ppb 
Au) will be checked by follow up rock chip sampling.

5.2.2. Recsk area

The area including the deep located porphyry copper and skam deposit, the Lahóca gold deposit and the 
Damó Hill is about 80 km2. Continuous subanomalous gold values up to 84 ppb were known in the Párád Com
plex mantle of the shallow intrusive body hosting the porphyry copper and skam deposit. A single anomaly with 
340 ppb Au was discovered in the Damóhegy Shale. Further explorations will be aimed at the detection of poten
tially gold bearing horizons by applying more dense rock chip sampling of the avialable drillhole cores (Recsk, 
Rm 1-136) deposited in the core lagers of the Geological Institute of Hungary. Gold analysis of the disposable 
pulver samples of the previous copper prospection period will be also involved.

5.2.3. Uppony Mountains

The area proposed for further explorations covers about 60 km2 and includes the southern part of the Uppony 
Mts. and its foreland to S between Nagyvisnyó and Dédestapolcsány. Low level subanomalous gold values up to
17 ppb in the Tapolcsány Formation and a single gold anomaly with 234 ppb in the Szentlélek Formation were 
discovered. The target of the further explorations is to check these anomalies. This will be completed by applying 
of complementary stream sediment survey and follow up rock chip sampling in the Rágyincs-völgy, Csermely
völgy and Szalajka-patak area. Sampling and gold analysis of avialable cores of the drillholes Dédestapolcsány 
and Nagyvisnyó are also required.

5.2.4. Szendrő Mountains

The area located between Abod and Szendrőlád is about 40 km2. Low level subanomalous gold values up to
18 ppb were detected in the Irota Formation. The area in discussion can be characterised by some additive stream 
sediment anomalies and two cells showing low level gold values (2-4 ppb) too. Further explorations will be 
aimed at the checking of these anomalies. This will be achieved by ways of complementary stream sediment sur
vey and follow up rock chip sampling in the Irota-völgy, Nagy-Csákány-völgy Szén-völgy and Bódva-völgy 
area. Sampling and gold analysis of avialable cores of drillholes Szendrőlád, Abod, Irota and Felsővadász are 
also planned.

5.3. East Alpine units in West Hungary

Geologic and tectonic setting of the Penninic oceanic unit of the Rechnitz (Rohonc) window consisting of ophiolites 
and metasediments is considered favourable for enrichment of gold (Haas et al. 1999). Partly mined oreshows of stib
nite, chalkopyrite-azurite, manganese, siderite and pyrite and traces of gold in the metamorphites and ophiolites confirm 
this possibility. The area in discussion is about 45 km2 and includes the Vas-hegy and the Kőszeg Mts. (Fig. 28).

5.3.1. Vas-hegy, Transdanubia

Our sporadic rock chip sampling on the small Vas-hegy plateau (~3 km2) resulted in discovery a single high 
level gold anomaly of 300 ppm in diabase of the abandoned Felsőcsatár talcum mine. Further systematic geo
chemical explorations will be aimed at the checking of this point-like anomaly. Stream sediment survey will be 
applied and complemented by follow up rock chip sampling.

5.3.2. Kőszeg Mountains, Transdanubia

The area in discussion covers 42 km2 and can be characterised by some subanomalous gold values up to 19 
ppb. A systematic stream sediment survey and complementary follow up rock chip sampling is required for to 
check these low level gold anomalies.
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5.4. Pilis Mountains, Transdanubian Range

The area of 80 km2 includes the Mesozoic, mainly Late Triassic horsts of the Kétágú-hegy, Fekete-hegy, 
Pilis-tető, Csévi-szirtek, Hosszú-hegy, Macska-hegy, Majdan and of the Kevély-hegy covered partly by Paleo
gene and Quaternary sediments (Fig. 28). This highland controlled by NW oriented dextral faults shows system
atic additive stream sediment anomalies with gold values ranging between 2 and 27 ppb in the individual cells. 
Low level gold anomalies up to 25 ppb were detected in rock chip samples of the Triassic carbonates and related 
bauxites. Results of more than 75 Carlin samples have proven, that gold anomalies are hosted exclusively in the 
Triassic carbonates and/or related bauxites. Consequently further geochemical explorations will be concentrated 
for the 10 anomalous stream sediment cells and a systematic follow up rock chip sampling of the Triassic carbon
ates and related bauxites will be done within the anomalous cells

5.5. Mecsek Mountains, Transdanubia

The whole area of the Mecsek Mountains excepting the stream sediment cells of No. 8051 (near Magyarürög) 
and of No. 8045 (near Mánfa) was considered unfavorable for Carlin-type gold mineralization (Fig. 28). The ad
ditive anomalies of these two cells (1-1 km2) are accompanied by high level values of gold (332 ppb of the cell 
No. 8051 and 1270 ppb of the cell No. 8045). Oreshows of malachite and azurite in the Early Triassic Patacs Silt- 
stone (near Magyarürög) and siderite in the Mánfa Siderite Member of the Late Triassic Kantavár Formation 
(near Mánfa) are known within the cell. Further geochemical explorations will be aimed at the checking of these 
cells by applying of a systematic follow up rock chip sampling.

6. CONCLUSIONS

Main results of the systematic geochemical explorations for to evaluate the potential of Carlin-type gold min
eralization in Hungary can be summarized in the following:

1) Investigation of 97 formations resulted in estimation of a rather modest Carlin gold potential of Hungary 
This potential is hosted mainly in Paleozoic, Early Mesozoic subordinately in Young Mesozoic and Paleogene 
formations.

2) Using threshold values for subanomalous (10-100 ppb Au) and anomalous (>100 ppb Au) groups remained 
18 formations consisting of gold in subanomalous or anomalous concentration. In seven formations as well the 
Paleozoic Lovas Slate (max. 4770 ppb Au), Velence Granite (max. 2090 ppb Au) and Szentlélek Formation 
(max. 234 ppb Au), the Triassic Rudabánya Iron Ore (max. 630 ppb Au), the Jurassic Damóhegy Shale (max. 340 
ppb Au), the Cretaceous Felsőcsatár Greenschist (max. 300 ppb Au) and the Eocene Nadap Andesite (max. 1000 
ppb Au) were detected anomalous values of gold.

3) Ten predictive areas of 2 to 190 km2 for further explorations were separated as follows: Velence Hills (190 
km2) and Balatonfő (150 km2) in the Transdanubian Range, Rudabánya Mountains (35 km2), Recsk area (80 
km2), Uppony Mountains (60 km2) and Szendrő Mountains (40 km2) in the Northeastern Range, Vas-hegy (3 
km2) and Kőszeg Mountains (42 km2) in Western Transdanubia, Pilis Mountains (80 km2) in the Transdanubian 
Range, Mecsek Mountains (2 km2) in South Transdanubia. Two of them in the Velence Hills and in the 
Rudabánya Mountains exhibit promising Carlin gold potential. 7
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