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Резюме 
Показано минеральное разнообразие аллювиальных седиментов Болгарии на основе 133 237 шлиховых 
проб, собранных между 1945 и 2002 годами. Оно включает 72 минерала, характеризованы частотами 
встречаемости. Киноварь - редкий минерал в аллювиальных седиментах Болгарии, встречен в 0,64% проб 
выборки. Показаны места шлиховых проб, содержащих киноварь, и карта в изолиниях, построенная по 
частоте встречаемости минерала. Составлена двумерная Фурие-модель распределения киновари и 
представлена на карте. Изведены статистические устойчивые минеральные ассоциации киновари в 
аллювиальных седиментах страны. Установленная в шлиховых пробах устойчивая связь киноварь-золото 
обясняется присуствием нискотемпературных ртуть-золотых минерализаций в молодых третичных 
депрессиях. Показаны площади шлиховых ореолов рассеяния киновари и золота в Болгарии. Сделан обзор 
геологических данных о киновари в стране. 
 
Abstract 
The mineral diversity of alluvial sediments in Bulgaria is described in this work based on 133 237 stream-sediment 
pan-concentrated samples taken in the period 1945-2002. The population includes 72 minerals characterized by the 
frequency of occurrence of each mineral. Cinnabar is a rare mineral in the alluvial sediments and is found in 0.64% 
of the stream-sediment sample population. A map of the sites of cinnabar-containing samples and a contour-map of 
cinnabar frequencies in the stream-sediment sample population are shown. A two-dimensional Fourier-model of 
cinnabar in the alluvial sediments in Bulgaria is compiled and shown on a map. The stable cinnabar-containing 
mineral associations were divided applying a statistical approach. The cinnabar-gold relationship revealed from the 
stream-sediment data processing is explained by the existence of epithermal mercury-gold deposits in young 
Tertiary depressions. The areas of cinnabar-gold stream-sediment halos are shown on a map. A review of the 
geological data on cinnabar in Bulgaria is performed. 
 

INTRODUCTION 

Mineral diversity of a given territory is the variety of minerals within its boundaries. A 

quantitative evaluation of the diversity could be the abundances of minerals in the considered 

territory (or the corresponding probabilities/frequencies of occurrence and their error). Thus, the 

data on the frequency of occurrence of a mineral are valuable as they give possibilities for 

evaluating the metallogenic specialization and the level of knowledge on the regional mineralogy 

as well as for comparing different territories with respect to various minerals. On the other hand, 

these frequencies are proportional to the local geochemical abundances, being their mineral 

equivalents. 

The stream-sediment pan-concentrated samples, being a product of the disintegration of 

ore bodies and rocks, inherit the mineralogical peculiarities of the source. In this way the mineral 

composition of stream-sediment samples provides objective information on the mineral diversity 
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of a given territory concerning the heavy minerals, which are stable under supergene conditions. 

When the stream-sediment samples contain ore minerals, they are a material evidence for the 

existence of ore mineralization within the water-catchment basin of the sampling point. This 

makes the stream-sediment surveys a very useful method for mineral prospecting (as proven by 

the worldwide long-term geological experience) and for evaluating the quality of environment 

(both insufficiently used and appreciated up to now). Cinnabar seems to be quite demonstrative 

in this respect, since it is a product of epithermal hydrothermal processes and, hence, outlines ore 

deposits and ore fields. At the same time, upon heating in metallurgical processes, coal and oil 

combustion, cement, ceramics and caustic soda production, etc. cinnabar decomposes and 

evaporates mercury, which is very poisonous (Монов, 1970). 

DATA 

The mineral diversity of alluvial sediments in Bulgaria was studied on the basis of 133 

237 stream-sediment pan-concentrated samples taken in 1945-2002. The data concerning the 

mineral compositon and the sites of the stream-sediment samples studied are organized in a 

database (Витов, 1995, 2001).  

RESULTS AND DISCUSSION 

Seventy two minerals were ascertained in the whole population of stream-sediment 

samples, which are listed in Table 1 in order of decreasing frequency. Minerals like barite, 

scheelite, pyrite, gold, bismutite and galena are present with frequency above 5% and represent 

the component of hypogene mineralizations in Bulgaria, stable under supergene conditions.  

The high frequencies of rutile, titanite, ilmenite and anatase indicate the existence of 

titanium placer deposits in Bulgaria. Another mineral of high frequency of 10% is kyanite, which 

is known as a fireproof material and as a source of aluminium. It is widespread in the alluvial 

sediments, thus indicating that kyanite sources are not only the well known kyanite schists near 

the Chepelare town, Central Rhodopes, but they are also localized in other regions of Bulgaria 

(Костов и др., 1964). Especially high is the frequency of gold in the population studied, which 

indicates an unrealized potential for gold prospecting and production from bedrock, placer and 

paleoplacer deposits. 

Another type of minerals in the stream-sediment samples are the accessory ones, like 

monazite, zircon, xenotime, thorite and orthite, whose amount, by definition, is below 5% of the 

mass of intrusive rocks. The aforesaid accessory minerals are widespread within the territory of 

Bulgaria, which is a reason to prospect for placer deposits of rare-earth elements. For example, 

in 1 tone of gold placer in Kyustendil district there is more than 1 kg Hf-rich zircon (Bakalov, 

unpublished data). On the other side, these accessories contain radioactive elements and their use 

as inert materials (sand in construction industry) is health-risky. In addition to the gamma-
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radiation, they emit radiogenic cancer-inducing radon. So, according to the aforesaid, one must 

determine the content of radioactive minerals/elements in the inert materials and set its upper 

permissible limits. 

The mineral diversity is presented also by minerals of low frequency of occurrence, but 

appearing highly health-risky, such as torbernite, thorite and minerals of heavy metals like 

manganese, lead, cadmium, arsenic, mercury, etc. Especially significant among these minerals is 

cinnabar, since Bulgaria is a part of the planetary Mediterranean mercury band (Федорчук, 

1983) – fig. 1a. Cinnabar and mercury were known and were used since ancient times in 

Bulgarian lands in various human activities like amalgamation in gold production, gilding, as a 

remedy and in magic rituals, etc. (Витов, 2002). 

The widespread atmospheric pollution with mercury for Europe and Near East (fig. 1b, 

1c) shows that the environmental problems concerning cinnabar and mercury are quite important 

and actual. 

In Bulgaria, the prospecting for mercury mineralizations has a long-term history and 

many methods have been applied like stream-sediment pan-concentrated surveys, geochemical 

and mercury surveys, trenching. A lot of mercury occurrences and indications have been 

discovered as a result of this activity, namely Chashki, Banishte, Rzhavec, Mramor, Tran (Tran 

district); Slavcheto, Ravnio rid, Garbino (Kyustendil district); Dren (Radomir district); Rupite 

(Petrich district); Slavianka (Sandanski district); Separeva banya; Hasovica (Smolyan district), 

etc. At the same time, the studies on the mineral composition of Bulgarian base metal deposits 

have shown that the majority of these deposits contain cinnabar and the performed chemical 

analyses also ascertained mercury as trace element in the ores of Kremikovtsi, Sedmochislenici, 

Martinovo deposits (Атанасов, 1969; Atanasov, 1975; Atanasov, Kirov, 1973), Veneca deposit 

(Тодоров, Федорчук, 1986), Chiprovtsi deposit (Dragov, Obretenov, 1974) – fig. 2, Ruen ore 

field (Мънков, 1988), Madan ore field (Минчева-Стефанова, Киров, 1962; Колковски, 1988), 

Zvezdel-Pcheloyad ore field (Тодоров, Федорчук, 1986). Besides cinnabar, mercury is present 

also as balkanite (Cu9Ag5HgS8) in Sedmochislenici deposit (Atanasov, Kirov, 1973), mercurian 

tetrahedrite in Chiprovtsi deposit (Atanasov, 1975) and in Pcheloyad and Eseler deposits 

(Zvezdel-Pcheloyad ore field) (Тодоров, Федорчук, 1986), paraschachnerite (Ag3Hg2) in 

Kremikovtsi deposit (Атанасов, 1981), silver -amalgam in Sedmochislenici deposit 

(Атанасов, 1971), gold amalgams (Atanasov, Jordanov, 1983; Atanasov et al., 1988), and drops 

of mercury in gold placers along the rivers. 
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Table 1. Mineral diversity in alluvial sediments in Bulgaria: N is number of stream-
sediment pan-concentrated samples containing the respective mineral; F is frequency of 
occurrence of mineral and F is its error. 
No Mineral N F [%] F [%]  No Mineral N F [%] F [%] 
1 Monazite 40652 30.5372 0.1262  37 Spinel 1252 0.9405 0.0265 

2 Zircon 33910 25.4727 0.1194  38 Sphalerite 1206 0.9059 0.026 

3 Rutile 31003 23.289 0.1158  39 Columbite 950 0.7136 0.0231 

4 Scheelite 28644 21.5169 0.1126  40 Malachite 912 0.6851 0.0226 

5 Barite 27508 20.6636 0.111  41 Cinnabar 853 0.6408 0.219 

6 Titanite 23242 17.459 0.104  42 Biotite 825 0.6197 0.0215 

7 Pyrite 21772 16.3548 0.1014  43 Andalusite 788 0.5919 0.021 

8 Ilmenite 18820 14.1373 0.0955  44 Molybdenite 608 0.4567 0.0185 

9 Apatite 18793 14.117 0.0954  45 Pyroxene 522 0.3921 0.0171 

10 Chromite 18593 13.9668 0.095  46 Staurolite 491 0.3688 0.0166 

11 Kyanite 13712 10.3002 0.0833  47 Anglesite 357 0.2682 0.0142 

12 Gold 13637 10.2439 0.0831  48 Chalcopyrite 342 0.2569 0.0139 

13 Orthite 12317 9.2523 0.0794  49 Chlorite 331 0.2486 0.0136 

14 Thorite 9884 7.4247 0.0719  50 Pyrolusite 237 0.178 0.0116 

15 Bismutite 9816 7.3736 0.0716  51 Sillimanite 217 0.163 0.0111 

16 Xenotime 9189 6.9026 0.0695  52 Glauconite 216 0.1623 0.011 

17 Galena 7940 5.9644 0.0649  53 Wolframite 191 0.1435 0.0104 

18 Garnet 7578 5.6925 0.0635  54 Fluorite 185 0.139 0.0102 

19 Titaniumbearing 6268 4.7084 0.0581  55 Massicot 144 0.1082 0.009 

20 Hematite 5746 4.3163 0.0557  56 Copper 115 0.0864 0.0081 

21 Anatase 5509 4.1383 0.0546  57 Azurite 110 0.0826 0.0079 

22 Magnetite 5343 4.0136 0.0538  58 Cuprite 84 0.0631 0.0069 

23 Martite 4770 3.5832 0.509  59 Bismuthinite 77 0.0578 0.0066 

24 Limonite 4759 3.5749 0.0509  60 Vanadinite 69 0.0518 0.0062 

25 Turmaline 4360 3.2752 0.0488  61 Minium 43 0.0323 0.0049 

26 Cerussite 3475 2.6104 0.0437  62 Tantalite 21 0.0158 0.0034 

27 Leucoxene 3444 2.5871 0.0435  63 Stibnite 17 0.0128 0.0031 

28 Corundum 2732 2.0522 0.0389  64 Silver 17 0.0128 0.0031 

29 Pyromorphite 2500 1.878 0.0372  65 Covellite 16 0.012 0.003 

30 Lead 2279 1.712 0.0356  66 Plumbojarosite 12 0.009 0.0026 

31 Epidote 1662 1.2485 0.0304  67 Bismuth 11 0.0083 0.0025 

32 Marcasite 1463 1.099 0.0286  68 Graphite 8 0.006 0.0021 

33 Wulfenite 1380 1.0366 0.0278  69 Chalcocite 5 0.0038 0.0017 

34 Arsenopyrite 1306 0.981 0.027  70 Moissanite 4 0.0015 0.0015 

35 Amphibole 1305 0.9803 0.027  71 Tremolite 3 0.0023 0.0013 

36 Cassiterite 1291 0.9698 0.0269  72 Torbernite 1 0.0008 0.0008 
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Fig. 1. Distribution of cinnabar and mercury: a) major world regions of mercury deposits (after 
Федорчук, 1983): 1 - plates, shields, massifs and depressions, 2 - orogens, 3 - boundaries of 
global mercury bands, 4 - mercury deposits outside the largest bands; 5-13 - regions of mercury 
deposits of the main genetic and economic types: 5-6 - plutonogenic (5 - quartz-chlorite-sericite, 
6 - quartz-carbonate), 7-10 - telethermal (7 - quartz-dickite, 8 - jasperoid, 9 - carbonate, 10 - 
listwanite), 11-13 - volcanogenic (11 - carbonate-argillic, 12 - alunite-opalite, 13 - travertine); b) 
48-hour average of ambient concentrations of particulate mercury in the first model layer (c.a. 50 
m a.s.l.) (ng/m3) (after Pirrone, Hedgecock, 2001); c) emissions of total Hg from anthropogenic 
sources in Europe in 1995 distributed within the EMEP grid system of 50x50 km (after Pacyna et 
al., 2001); d) forecast areas of prospecting for mercury mineralizations (after Федорчук, 1972, 
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simplificated unpublished data): 1-3 (after Yovchev), 1 - boundaries of metallogenic zones, 2 - 
boundaries of metallogenic regions, 3 - metallogenic zones: MP - Missian Platform, C - 
Carpatian Zone, WP – Western PredBalcan, WB - Western Balcan, K - Kraishtidi, S - 
Srednogorie, R - Rhodopes; 4a - cinnabar occurrences, 4b - cinnabar and mercury-containing 
indications; 5- first-order forecast areas, 6 - second-order forecast areas; 7-10 - zones of expected 
mercury mineralizations of particular type: 7 - telethermal, 8 - hydrothermal, 9 - subvolcanic 
opalite-alunite, 10 - subvolcanic argillic; e) sketch of the Bulgarian mercury-containing base 
metal deposits (after Озерова, 1986): 1 - Missian platform, 2 - non-reworked and slightly 
reworked PraRhodopes, 3 - Triassic, Jurassic and Lower Cretaceous rocks, 4 - Lower Cretaceous 
and Paleocene effusive and intrusive formations, 5 - complex of small intrusions; 6 - zones of 
deeply penetrating faults: a - of first order, b - of second order; 7 - base metal deposits: a) 
mercury-rich ones: 1 - Chiprovtsi, 2 - Sedmochislenici, b) mercury-poor ones: 3 - Madjarovo, 4 - 
Madan, 5 - Lozen, 6 - Galenit, 7 - Laki; 8 - Chernichevo antimony deposit; f) sketch of the 
distribution of antimony and cinnabar deposits and occurrences in Bulgaria (after Тодоров, 
Федорчук, 1986, modified; structure after Bonchev, 1974): 1 - antimony deposits (a) and 
occurrences (b); 2 - cinnabar occurrences (a) and single grains of cinnabar and other mercury 
minerals (b); 3 - stream-sediment halos: of clear significance (a), of unclear significance (b); 4 - 
concordant bodies (a) and discordant ones (b); 5 - deeply penetrating faults: 1- PredBalcan fault, 
2 - Brestnica-Preslav flexure, 3 - Stara planina frontal line, 4 - ZadBalcan fault, 5 - Marica fault, 
6 - major deeply penetrating faults in Kraishte, 7 - Kniajevac-Pirot dislocation, 8 - Olten 
cryptofault bundle, 9 - Etropole line, 10 - Tvardica fault bundle, 11 - East Tracia line; 6 - 
structural blocks: MP - Missian Platform, TZ - Transition Zone, P- PredBalcan, SP - Stara 
planina Zone, KS - Kotel Stripe, S - Srednogorie, RM - Rhodopian Massif, K - Kraishte, SC - 
Southern Carpathians, SMM - Serbio-Macedonian Massif. 
 

Till now, an evaluation of the perspectives for prospecting for mercury mineralizations in 

Bulgaria has been performed by Поярков (1960, unpublished data); Федорчук (1972, 

unpublished data) - fig. 1d; Димитров и др. (1972); Озерова (1986) - fig. 1e; Тодоров (1984); 

Тодоров, Федорчук (1986) - fig. 1f. These authors have pointed out the spatial proximity of the 

mercury and the antimony deposits in Bulgaria, and the presence of mixed antimony-mercury 

deposits and occurrences. They have divided several genetic types of the mercury occurrences 

which are predominant for Bulgaria: quartz-carbonate-barite - Staina chuka, Banishte-Rzhavec-

Mramor, Tran; quartz-dickite - Hasovica, Sapareva banya; quartz-carbonate-argillic - Rupite-

Kozhuh; jasperoid - Mihalkovo, Yugovo and Ribnovo ore fields, Zhrebichko and Trigrad; 

listwanite - in the zone of Marica fault; carbonate - in Kremikovtsi and Sedmochislenici 

stratiform and strata-bound deposits; alunite-opalite and opalite-argillic - in Srednogorie and 

Rhodopes; travertine - with hot thermal springs in Southern Bulgaria (fig. 1d).  

These authors have also classified the mercury-containing ore deposits and occurrences 

in Bulgaria into the following types: copper-lead-zinc strata-bound and stratiform deposits in 

the PredBalcan and Stara planina zones - Sedmochislenici and Kremikovtsi; silver-lead 

metasomatic deposits - Chiprovtsi; pyrite, copper-pyrite and gold-copper-pyrite deposits in 

Srednogorie; quartz-gold deposits of vein type - Govezhda, Sveshti plaz, Zlata, etc.; fluorite 

deposits - Slavianka; antimony occurrences - Ravnio rid. 
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Fig. 2. Fluorite (1), cemented by pyrite (2) 
and cinnabar (3). The hand specimen is 
crosscut by late carbonate veinlets (4). 
Chiprovtsi deposit, Western Balcan. 
Mineral collection of Central Laboratory 
of Mineralogy and Crystallography at 
Bulgarian Academy of Sciences. 
 

 
The largest in size and intensity of mercury manifestation with native mercury and 

cinnabar findings is the Dren occurrence, Radomir district (Димитров, 1960, unpublished data; 

Костов и др., 1964; Пелова, 1972, unpublished data), discovered by stream-sediment survey 

and containing non-economic lead-zinc-copper mineralization. 

In the present study, we found cinnabar in 853 stream-sediment samples (0.64%), a fact 

which specifies it as a rare mineral in the alluvial sediments of Bulgaria (Table 1), but also that 

about 711 km2 of the Bulgarian territory can be considered as perspective for mercury and 

mercury-containing mineralizations. 

The cinnabar-rich areas are concentrated in Transko and Kyustendilsko Kraishte, 

Western Balcan, Southern Rila (Razlog district), Eastern Rhodopes, Sakar and Strandja (fig. 3a). 

The cinnabar distribution histogram is bimodal with first mode around the first rank (1-10 

grains) and second mode around the fifth rank (101-200 grains), and it reveals a well-expressed 

left-side shifted asymmetry (fig. 3a, inset а1). The same holds for the cinnabar-frequency 

histogram (fig. 3a, inset а2). 
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Фиг. 3. Distribution of cinnabar in Bulgaria: а) sites of mercury-containing stream-sediment 
samples (small color circles indicate the cinnabar abundance in ranks). The abundance ranks are 
numbered as follows: 1 - from 1 to 10 grains; 2 - from 11 to 20 grains; 3 - from 21 to 50 grains; 4 
- from 51 to 100 grains; 5 - from 101 to 200 grains; 6 - from 0.001 to 0.01 wt %; 7 - above 0.01 



 49

to 0.02 wt %; 8 - above 0.02 to 0.05 wt %; 9 - above 0.05 to 0.1 wt %; 10 - above 0.1 to 0.5 wt 
%; 11 - above 0.5 wt % (see the inset а1 for the rank histogram); contour-map of cinnabar 
frequency of occurrence - first isoline 0.1%, step 2% (see the inset а2 for the frequency of 
occurrence histogram); b) complete two-dimensional Fourier-model. Large color circles - 
mercury occurrences (grass-green) and indications (green) as well as mercury-containing base 
metal deposits (blue). 
 

These histograms could be interpreted as indicative for the presence of at least two types 

of cinnabar mineralization in Bulgaria: a dispersed mercury-poor mineralization (related to base 

metal deposits after geological data) and a mercury-rich one. 

The two-dimensional Fourier modeling of cinnabar in Bulgaria revealed a patterned 

spatial distribution. Cinnabar is grouped in two clearly expressed regional stripes (fig. 3b): 

Transko Kraishte-Dospat (135о SE-NW) and Kirkovo village (Zlatograd district)-Madjarovo-

Ljubimec-Elhovo (45о NE). This strip-patterned distribution should be taken into consideration 

when one draws the metallogenic scheme of Bulgaria. 

The stable cinnabar-containing mineral associations obtained on the basis of the stream-

sediment population (fig. 4) correspond to some of the types proposed by Тодоров, Федорчук 

(1986). The minerals correlating with cinnabar in the stream-sediment population are barite, 

galena, secondary lead, massicot, malachite, scheelite, anatase, leucoxene, zircon, which 

confirms the relation between cinnabar and both copper-lead-zinc and barite ores reported by 

Тодоров, Федорчук (1986). In addition, the stream-sediment data point out clearly to cinnabar 

being related to gold. One can suppose that this relationship is stable as it is present in five of the 

seven cinnabar-containing mineral associations. The well known quartz-gold deposits of vein 

type: Govezhda, Svesti plaz and Zlata, located in Western Stara planina and gold-containing 

copper deposits in Srednogorie can not account for the observed frequent simultaneous 

appearance of cinnabar with gold in the stream-sediment samples. 

We think that this steady relationship could be explained with the existence of epithermal 

mercury-gold deposits in the young Tertiary depressions: Eastern Rhodopian, Smolyan, Mesta 

and Tundja depressions, Djerman graben, etc. The spatial closeness of cinnabar and gold is 

illustrated in fig. 5, where one can see also the areas of expected epithermal mercury-gold 

mineralizations in Bulgaria. Such an explanation is supported by the existence in these areas of 

jasperoids, opalites, argillites, described in the literature, and of cinnabar-gold-containing 

stream-sediment halos in these depressions. If this is the case, cinnabar could be used as a 

pathfinder of gold mineralization. 
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Fig. 4. Mineral associations of cinnabar in the stream-sediment sample population. 

 
Our results from the stream-sediment data processing confirm statisticaly that the base 

metal deposits in Bulgaria contain mercury (fig. 4), a fact that should be taken into account in 

their metallurgical processing. The metal production using ores from similar deposits in Finland 

and Germany produce more than 200 tones of mercury per year in addition, thus reducing the 

environmental pollution (Федорчук, 1983, p. 221). However, the metallurgical plants for base 

metal production and the coal combustion in Bulgaria are still emitting into the atmosphere 

considerable amounts of mercury (fig. 1c). 

The results of this work and their summary show the necessity of further stream-

sediment, geochemical and mineralogical study on the distribution of cinnabar and mercury in 

Bulgaria. 

CONCLUSIONS 

1. The mineral diversity of alluvial sediments in Bulgaria amounts 72 heavy minerals 

stable under supergene conditions. The following minerals which frequency of occurrence 

exceeding 5% determine some aspects of the metallogenic character of the Bulgarian territory: 

gold, cinnabar, bismutite, galena, barite, scheelite. 

2. The high occurrence of minerals containing radioactive and toxic elements in the 

alluvial sediments in Bulgaria requires creation of standards for the mineral composition of inert 

materials and strict control of their usage in the construction industry. The same holds for sands 

draining water sources, for which one should take into account the sand mineral composition in 

order to prevent the water from pollution with heavy metals. 
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Fig. 5. Stream-sediment halos of mercury (1) and gold (2) contoured according to their 
frequency of occurrence: 0.1%-isoline for cinnabar and 1%-isoline for gold; 3 - indications (a), 
occurrences (b) and deposits of gold (c), after unpublished data of Мазников, 2002; 4 - 
occurrences (a) and indications of cinnabar (b), and mercury-containing base metal deposits (c), 
after unpublished data of Мазников, 2002. 

 
3. Cinnabar is rare mineral in the alluvial sediments of Bulgaria (0.64% frequency), but 

indicating that at least 711 km2 of the Bulgarian territory is perspective for mercury prospecting.  

4. The relationship of cinnabar with particular minerals in the stream sediments indicates 

transitions typical of post-magmatic hydrothermal deposits: scheelite-galena-barite-gold-

cinnabar. 

5. The reported in this work stable relationship between cinnabar and gold in stream-

sediment samples and the spatial proximity of cinnabar and gold stream-sediment halos indicate 

the existence of epithermal mercury-gold mineralizations in Bulgaria and, at the same time, gives 

prospects in particular regions. 
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