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Abstract 

The article presents the first data on biotite-hornblende lamprophyres discovered at the Peshchernoe gold deposit. We 

consider the geological position of lamprophyre dikes in the deposit structure and the relationship of these rocks with 

tectonically weakened and mineralized zones. The data on the structural position of mineralized zones, faults, dike 

bodies, metasomatic halos, and host volcanogenic-sedimentary rocks confirm the tectonic nature of the Peshchernoe 

deposit alteration system. Lamprophyre dikes are pre-ore, as evidenced by the superimposed metasomatic mineral as-

sociations. We assume that dikes of andesitic rocks, lamprophyres, and subsequently hydrothermal fluids, including 

ore-bearing ones, were intruded along the fault zone of northeastern strike at different geological times. The description 

of mineralogical and chemical transformations of lamprophyres, which occurred as a result of alteration, is given. Two 

stages of metasomatism are distinguished: carbon dioxide (beresitization-listvenitization) and subsequent alkaline 

(sodic metasomatism). During carbon dioxide metasomatism, dark-coloured minerals are replaced by chlorite, albiti-

zation and sericitization of plagioclase occur, and ferruginous dolomite is formed under the influence of a significant 

supply of CO2. Alkaline (sodic) metasomatism is superimposed on the mineral metasomatic paragenesis of the first 

stage. We consider metasomatic zoning during sodic metasomatism, manifested in one of the spessartite dikes. Chlorite 

and relics of magmatic dark-coloured minerals are replaced by magnesite, the supply of Na leads to the appearance of 

newly formed albite, and the supply of S leads to the formation of pyrite, which concentrates iron from other minerals. 

As a result of the sodic metasomatism, iron content in carbonates decreases in the direction from the outer metasomatic 

zone to the inner one. We conclude that it was the alkaline-sulphide sodium solutions that performed the ore-bearing 

function, and beresitization and listvenitization prepared a favourable environment for ore deposition. 
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Introduction 

Dike swarms of various compositions, including lamprophyres, are often present within the ore 

fields of gold deposits. Lamprophyres are found in gold deposits of various genetic types: orogenic 

[1, 2], controversial type between orogenic or intrusion-related [3-5], epithermal [6-8], Carlin-

type [9-11], reduced intrusion-related RIRGS [12, 13], etc. [14, 15]. Based on frequent spatio-tem-

poral connections between lamprophyres and gold mineralization, it was suggested that they might 

play a key role in ore formation in mesothermal gold deposits [16-18]. 
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In the Urals, examples of deposits with widespread biotite-hornblende lamprophyre dikes are 

the Kochkarskoe [19], Berezovskoe [20-22], and Vorontsovskoe [23-25] gold deposits. As a rule, 

lamprophyre dikes are pre-gold ore [19, 21, 23], as evidenced by the superimposed alteration types. 

In the case of the Kochkarskoe deposit, most of the gold mineralization occurs in metasomatically 

altered lamprophyre dikes [19], which have received their own name “tabashki”. At the Voron-

tsovskoe deposit, the gold content in the dikes does not exceed 0.2 g/t [26]. 

The Peshchernoe deposit is on the eastern slope of the Northern Urals, 4.5 km southwest of the 

town of Krasnoturinsk. Mineralogically, it belongs to the Krasnoturinsk ore cluster, which includes 

skarn-magnetite and copper-skarn deposits, as well as the large Vorontsovskoe gold deposit [23, 27]. 

The deposit area is on the western limb of the Turinskaya brachysyncline, composed of volcanogenic-

sedimentary rocks of the Turinskaya Fm. (S2-D1tr), which have a gentle (10-20) eastern, northeastern 

dip (Fig.1, b). The Turyinskaya brachysyncline, in turn, is in the eastern part of the Tagil-Magnitogorsk 

megazone (Fig.1, a), in the southern segment of the Auerbakhovskii volcano-plutonic belt, composed 

of the Late Silurian-Devonian volcanogenic-sedimentary rocks of intermediate composition [28]. 

800 m to the east of the deposit is the Poludenskii diorite massif (Fig.1, c) of the Early-Middle 

Devonian gabbro-diorite-granite Auerbakhovskii complex [29]. Small diorite bodies, presumably of 

the same complex, are present at the deposit. 

The Peshchernoe gold deposit was discovered by the Ural Branch of AO Polymetal UK and is 

currently being mined by ZAO Zoloto Severnogo Urala. The deposit mineralization is classified as 

gold-low-sulphide-quartz [30]. Volcanogenic-sedimentary rocks in the deposit structure include 

tuffaceous siltstones and tuffaceous sandstones with interlayers of tuff gritstones, which are intruded 

by numerous dikes of mafic and intermediate rocks. In terms of chemical composition, tuffaceous 

siltstones and tuffaceous sandstones correspond to intermediate volcanics of the normal petrochemical 

series. Gold mineralization is represented by mineralized zones in metasomatically altered volcano-

genic-sedimentary rocks (tuffaceous siltstones and tuffaceous sandstones), less often in andesites and 

basaltic andesites. The most productive ore areas contain minerals of polymetallic paragenesis (pyrite, 

arsenopyrite, galena, fahlore, chalcopyrite, sphalerite), and gold is found mainly in the form of native 

segregations, often filling fractures in sulphides. 

The position of mineralized zones at the deposit is controlled by northeastern-trending faults 

occurring subconformably with the contact of volcanogenic-sedimentary rocks of the Turinskaya Fm. 

and the coeval basalt sequence (Fig.2, a, b). The faults are accompanied by cataclasis and crushing 

zones and, according to observations, are marked by lamprophyre dikes. Attitude was measured for 

several lamprophyre dikes by sampling azimuthally oriented cores. The dip azimuth (d.a.) of the dikes 

is 120-125° with a dip angle of 55-60°, which is subconformable with the direction and dip angle of 

the ore zone. The lamprophyre bodies intersect a tuffaceous siltstone sequence, which, according to 

the bedding (Fig.2, c), dips northeast at an angle of 10-15°. Dike thickness ranges from a few tens of 

centimetres to three metres. Dike contacts and the host tuffaceous siltstones are sharp, with hardening 

zones to 5 cm thick. 

Gold mineralization may have spatial, temporal, structural, paragenetic, or genetic relation to 

dike complexes. Study of lamprophyres as a component of dike clusters at gold deposits can provide 

information on the age boundaries of ore formation, the nature and character of metasomatizing 

fluids, including ore-bearing ones. Since lamprophyres have a consistent mineral and chemical com-

position, they are more representative for the study of superimposed mineralogical and chemical  

metasomatic alterations compared to volcanogenic-sedimentary rocks. 
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geological map of the Turyinskaya brachysyncline (b) and the Peshchernoe deposit area (c), 

compiled based on the report1 materials and [29, 30] with additions 
 

1 – Cis-Ural foredeep; 2-6 – zones: West Ural (2), Central Ural (3), Tagil-Magnitogorsk (4), East Ural (5), Trans-Ural (6);  

7-10 – formations: Svetlinskaya (7), Serovskaya (8), Mysovskaya, Kamyshlovskaya, and Zaikovskaya (9), Langurskaya (10); 

11 – gabbrodolerites of the Ivdel complex; 12 – Limkinskaya Fm.; 13-16 – granitoids of the Auerbakhovskii complex (D1-2a1-3): granites (13), 

granodiorites (14), diorites (15), gabbrodiorites and gabbro (16); 17, 18 – rocks of the Krasnoturinskaya Fm. (∑D1kt): tuffaceous sandstones 

and tuffaceous siltstones (17), andesites and their tuffs (18); 19-22 – rocks of the Turinskaya Fm. (∑S4-D1tr): tuffaceous sandstones and tuffaceous 

siltstones (19), andesites and their tuffs (20), basalts and their tuffs (21), trachybasalts and their tuffs (22); 23 – granitoids of the Levinskii complex; 

24 – Krasnouralskaya Fm.; 25 – faults; 26 – Peshchernoe deposit; 27 – Vorontsovskoe deposit; 28 – Peshchernoe deposit area 

 

                                                      
1 Report of the Serov geological survey party on extensive additional geological study at 1:50,000 scale of the Serov prospect 

within sheets O-41-1-A (eastern half), O-41-1-B (western half), O-41-1-V, O-41-1-G (western half), O-41-13-A, O-41-13-B (north-

western quarter), O-41-13-V, conducted in 1974-1978. 
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 1 – basalts; 2 – andesites; 3 – andesibasalts; 4 – tuffaceous siltstones; 5 – spessartites; 6 – quartz veins; 7 – weathering crust; 

8 – deluvial deposits; 9 – transition (a) and inner (b) metasomatic zones in a spessartite dike; 10 – ore zone; 

11 – metasomatic alterations; 12 – geological boundaries; 13 – tectonic faults; 14 – lower boundary of the quarry at the time of drilling exploratory 

wells in 2022; 15 – exploratory wells; 16 – projections of exploratory well axes in the section plane (a) and across (b); 17 – sampling points 

(PU04/191.4 – dike margin, hanging wall, outer metasomatic zone; PU04/193.9 – transition metasomatic zone; PU04/195.2 – dike central part,  

inner metasomatic zone; PU04/198.6 – dike margin, footwall, outer metasomatic zone); 18 – section area shown at an enlarged scale in Fig.2, b 
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Research methods and materials 

The material composition of lamprophyres was studied on samples from several dikes selected 

from the core of exploratory wells. Their location is indicated in the sketch geological map of the 

deposit (Fig.2, a). The first part of the sample number corresponds to the designation of the explora-

tory well, and the second, to the sampling depth. The composition of minerals was determined in 

polished sections on a TESCAN Mira LMS scanning electron microscope using an EDS detector at 

the Geoanalytic Collective Use Centre of the IGG UB RAS, Ekaterinburg. The following setups were 

used for surveying: accelerating voltage of 20 kV, electron beam current of 0.8 nA, beam diameter 

of 8-9 nm. The contents of petrogenic components in rocks were determined by X-ray fluorescence 

analysis on an SRM-35 multichannel spectrometer. The detection limits for the main part of petro-

genic components using this method are in the range of 0.006-0.09 wt.%. The microelement compo-

sition of rocks was studied by the ICP-MS method on an Agilent 7700x mass spectrometer at the 

South Urals Federal Research Center of Mineralogy and Geoecology of the Urals Branch of the RAS, 

Miass. Thermal analysis was performed on a Diamond TG-DTA thermal analyser and semi-quanti-

tative X-ray phase analysis on an XRD-7000 X-ray diffractometer at the Geoanalyst Collective Use 

Centre. Gold contents were determined for several samples by atomic absorption spectrometry with 

electrothermal atomization on a ContrAA 700 spectrometer. The gold detection limit was 0.8 mg/t, 

and the error did not exceed 40 rel.%. 

Research results  

Petrographic and mineralogical characteristics of rocks. The rocks of the studied dikes have a 

dark grey colour, massive texture, porphyritic, lamprophyre, and ocellar structures. Almost all the 

lamprophyres that make up the dikes are metasomatically altered to varying degrees, which is ex-

pressed in the replacement of intermediate plagioclase by albite, the development of dolomite, chlo-

rite, and sericite. Of the preserved primary (magmatic) mineral paragenesis, amphibole, biotite and 

plagioclase relics are present in the rocks. According to the set of preserved primary minerals, as well 

as textural and structural features, lamprophyres of the Peshchernoe deposit correspond to spessar-

tites and kersantites [18]. Porphyritic phenocrysts in spessartites are represented by amphibole 

(Fig.3, b, c), and in kersantites – by biotite, which is replaced by a mineral aggregate of chlorite and 

sericite (Fig.3, a). Ocelli have a rounded shape, 1-2 mm in size, and are composed of an aggregate of 

dolomite, quartz, and albite (Fig.3, c). The rock bulk consists of plagioclase, dolomite, quartz, chlo-

rite, and sericite. The pyrite content in the studied samples varies from 0.5 to 5 vol.%. Sphalerite, 

pentlandite, and chalcopyrite are present in pyrite as small inclusions. Monazite, apatite, rutile, and 

chrome spinelide were found among the accessory minerals. 

In the central part of one of the spessartite dikes there is a fracture filled with quartz, probably 

marking the permeability zone. Along the well axis the thickness of this dike was 12.2 m, with a true 

thickness of 3.1 m (see Fig.2, c). The fracture dip azimuth is 105°, with a dip angle of 60°, which is 

subconformable with the dip direction of the dike itself. From the permeable zone towards the edge 

of the dike there are several zones of metasomatic alterations: inner, transition, and outer. The bounda-

ries between the metasomatic zones are distinct. Sometimes quartz veinlets 1-2 mm thick run along 

them. The rock in the outer metasomatic zone is dark grey. The mineral composition is similar to that 

of metasomatically altered spessartites from other dikes, except that amphibole, in addition to chlo-

rite, begins to be replaced by magnesite (Fig.3, d). In the transition zone, spessartites acquire a light 

grey colour with a greenish tint. In this zone, amphibole and biotite are no longer preserved, chlorite 

disappears, plagioclase is completely albitized, and the magnesite content increases. A characteristic 

feature of the rocks in the transition metasomatic zone is an increase in sericite proportion in mineral 

composition (Fig.3, e). Part of sericite is represented by bright green fuchsite, which causes the green-

ish tint of the rock. In the transition metasomatic zone relative to the outer zone, the pyrite content 

increases from 0.5 to 2 vol.%. Spessartites in the inner metasomatic zone are light grey with a beige 

tint. The mineral composition of the rocks in the inner metasomatic zone is simplified, chlorite and 
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sericite almost disappear (Fig.3, f). Albite content in the rocks in this zone exceeds 50 vol.%.  

In addition to albite, developing after plagioclase, independent grains appear – aggregates of this 

mineral. Pyrite content in the inner metasomatic zone increases to 5 vol.%. The proportion of quartz 

in the mineral composition of spessartites during the transition from the outer metasomatic zone to 

the inner one slightly decreases. 

Magmatic mineral paragenesis. Amphibole of spessartites is widespread in the form of grains 

of prismatic habit, to 2 mm in elongation, pleochroic from pale greenish-yellow to brownish-green. 

In chemical composition (Table 1) it corresponds to magnesiohastingsite [32]. Biotite is present in 

spessartites and kersantites, forms tabular grains to 1.5 mm in size along the pinacoid plane with a 

thickness of no more than 0.1 mm (Fig.4, a). In thin section it is pleochroic from greyish-green to 

dark greenish-brown. Biotite belongs to the annite-phlogopite isomorphic series with an admixture 

of eastonite-siderophyllite component (see compositions in Table 1). Plagioclase is preserved as relics 

in the bulk (Fig.4, b) and has an andesine composition. Accessory chrome-spinel, which is preserved 

at all stages of metasomatic alterations, can also be attributed to the minerals of magmatic paragene-

sis. Chrome-spinel is usually observed inside ocelli in the form of rounded, isometric grains (Fig.4, d), 

as well as octahedrons measuring 0.01-0.05 mm, less often in the bulk in the form of grains with a 

square cross-section, to 0.2 mm in size (Table 1). According to the classification by end members [33], 

this mineral from spessartites corresponds to aluminous magnesiochromite. Another ubiquitous  
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accessory mineral, which is present in all studied lamprophyre samples, is apatite. Apatite consists of 

grains elongated in one direction, to 0.1 mm long and 0.01-0.02 mm wide (Fig.4, c). In chemical 

composition it corresponds to fluorapatite [34], has increased SiO2 and SO3 contents, low P2O5 con-

tents, and reduced sum values. Low sum values may indicate enrichment of apatite in hydroxyl group 

and carbon, but the used electron microscopy method only enables to assume such a conclusion. 

Apatite composition changes insignificantly depending on the location in a particular zone of meta-

somatic alteration of spessartites. From the outer metasomatic zone to the inner one, CaO, P2O5 con-

tents and the sum values statistically increase in apatite, which may indicate a decrease in CO2 and 

OH proportion in it. A mineral containing Sr, Ba and S, probably a sulphate of the barite-celestine 

series, is present in apatite in the form of small inclusions. 
 

Table 1 

Representative chemical compositions of minerals of metasomatically altered spessartites, wt.% 

Sample 
PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

195.2 

PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

191.4 

PU04/ 

195.2 

Mineral Am Am Bt Bt Cl Cl Crs Crs An Ab Ap Ap 

SiO2 41.04 40.23 37.14 37.81 33.93 34.55 0.83 0.42 53.53 67.62 1.74 1.53 

TiO2 1.48 1.86 0.93 0.92 – – 0.3 0.43 – – – – 

Al2O3 14.14 14.30 16.70 16.98 15.86 14.95 18.94 20.32 29.74 20.31 0.27 0.19 

Cr2O3 – – – – – – 47.82 44.02 – – – – 

FeO* 11.28 11.87 12.89 12.14 15.61 14.38 17.64 21.67 0.56 – 0.66 0.35 

MnO 0.23 0.16 – 0.16 – – – – – – – – 

MgO 13.82 13.53 18.41 18.40 21.52 23.71 13.41 12.98 – – 0.50 0.43 

CaO 11.82 11.90 0.18 0.18 0.11 0.35 – – 10.41 0.08 52.11 55.28 

Na2O 2.43 2.47 0.65 0.90 – – – – 5.34 11.99 0.73 0.46 

K2O 1.04 1.02 7.66 8.00 – – – – 0.42 – – – 

P2O5 – – – – – – – – – – 34.79 37.14 

SO3 – – – – – – – – – – 2.16 1.57 

SrO – – – – – – – – – – 1.01 0.98 

F – – – – – – – – – – 2.16 2.1 

Cl – – – – – – – – – – 0.44 0.47 

O = F, Сl* – – – – – – – – – – 1.01 0.99 

H2O* 2.05 2.04 4.06 4.11 12.09 12.27 – – – – – – 

Total 99.33 99.38 98.62 99.60 99.12 100.2 98.94 99.84 100* 100* 95.56 99.51 

Estimated formula units 

 24 O atoms 22 cations 10 cations 4 O atoms 
5 cations  

and 8 anions 

17 cations  

and 26 anions 

Si 6.04 5.94 2.74 2.76 3.37 3.38 0.03 0.01 2.41 2.94 0.31 0.26 

Ti 0.16 0.21 0.05 0.05 0.00 0.00 0.01 0.01 – – – – 

AlIV 1.96 2.06 1.26 1.24 0.63 0.62 – – – – – – 

AlVI 0.49 0.43 0.19 0.22 1.22 1.10 – – – – – – 

Al – – – – – – 0.70 0.74 1.41 1.04 0.06 0.04 

Cr – – – – – – 1.18 1.08 – – – – 

Fe2+ 1.05 1.12 0.80 0.74 1.29 1.18 0.41 0.42 0.02 – 0.10 0.05 

Fe3+ 0.34 0.35 0.00 0.00 0.00 0.00 0.05 0.14 – – – – 

Mn 0.03 0.02 0.00 0.01 0.00 0.00 – – – – – – 

Mg 3.03 2.98 2.02 2.00 3.18 3.45 0.63 0.60 – – 0.13 0.11 

Ca 1.86 1.88 0.01 0.01 0.01 0.04 – – 0.31 0.00 9.78 9.99 

Na 0.69 0.71 0.09 0.13 0.00 0.00 – – 0.61 1.01 0.25 0.15 

K 0.20 0.19 0.72 0.74 0.00 0.00 – – 0.04 – – – 

P – – – – – – – – – – 5.16 5.30 

S – – – – – – – – – – 0.28 0.20 

Sr – – – – – – – – – – 0.10 0.10 

F – – – – – – – – – – 1.20 1.12 

Cl – – – – – – – – – – 0.13 0.13 

 
Note. FeO* – total iron FeO and Fe2O3. O = F, Cl*, H2O*  – estimated values. 100* – contents are normalized to 100 %. The estimation 

of formula units was performed by the MineralCalc software with the determination of the Fe2+ and Fe3+ indices using the G.T.R. Droop 

method [35]. 
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Outer metasomatic zone, sample PU04/191.4 (a, b); transition metasomatic zone, sample PU04/193.9 (c, d);  

inner metasomatic zone, PU04/195.2 (е, f) 
 

An – anorthite, Ap – apatite, Ca – calcite, Chp – chalcopyrite, Pln – pentlandite. For other symbols, see Fig.3 

a b 

c d 

e f 

µm µm 

µm µm 

µm µm 

Fig.4. Backscattered electron micrographs of metasomatically altered spessartites. 
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Metasomatic mineral parageneses. Chlorite in lamprophyres of the Peshchernoe deposit replaces 

amphibole and biotite and corresponds to clinochlore in chemical composition (Table 1). Replace-

ment of amphibole and biotite by chlorite is accompanied by the formation of fine dissemination of 

rutile with individual grains less than 0.01 mm in size. The main metasomatic mineral in altered 

spessartites is albite, which makes up about 40 vol.% in the rocks and is a primary plagioclase re-

placement product. It is found both in independent segregations and in intergrowths with sericite and 

plagioclase relics with individual grains measuring 0.01-0.02 mm. In metasomatites after spessartites 

with pronounced metasomatic zoning, albite content in the transition zone increases to 50 vol.% and 

in the inner zone to 55 vol.%. In the transition and inner metasomatic zones, newly formed albite 

appears. Unlike the similar mineral replacing andesine, it has independent larger grains to 0.1 mm in 

size. Carbonate in altered lamprophyres is represented by ferruginous dolomite (Table 2) and makes 

up 35-40 vol.% in the rocks. Zoning is observed in dolomite grains, in which the central part of the 

dolomite grains is less ferruginous than the marginal part (Fig.4, b, d, f). 
 

Table 2 

Chemical composition of carbonates, wt.% 

N Sample Mineral FeCO3 MnCO3 MgCO3 CaCO3 SrCO3 Total 

1 PE472/264.8 Do1 10.43 1.18 30.64 57.75 0.00 100.0 

2 PU04/191.4 Do1 9.20 0.82 30.81 59.17 0.00 100.0 

3 PU04/191.4 Do1 10.98 0.87 30.48 57.67 0.00 100.0 

4 PU04/191.4 Do1 с 8.83 1.71 31.26 58.20 0.00 100.0 

5 PU04/191.4 Do2 e 17.99 0.67 27.20 53.01 1.12 100.0 

6 PU04/193.9 Do1 9.90 0.52 30.56 59.02 0.00 100.0 

7 PU04/193.9 Do1 10.16 0.66 29.24 59.95 0.00 100.0 

8 PU04/193.9 Do1 с 9.61 1.87 31.49 57.03 0.00 100.0 

9 PU04/193.9 Do2 e 14.60 2.76 28.19 53.12 1.33 100.0 

10 PU04/193.9 Do1 с 11.00 0.51 31.07 57.09 0.32 100.0 

11 PU04/193.9 Do2 e 12.49 3.23 29.23 53.84 1.20 100.0 

12 PU04/193.9 Do3 5.67 1.02 35.38 56.40 1.53 100.0 

13 PU04/195.2 Do1 8.94 1.40 31.11 58.56 0.00 100.0 

14 PU04/195.2 Do3 с 3.66 1.31 35.79 57.87 1.37 100.0 

15 PU04/195.2 Do1 e 8.49 1.18 32.56 57.77 0.00 100.0 

16 PU04/195.2 Do3 с 4.26 1.03 35.77 57.59 1.36 100.0 

17 PU04/195.2 Do1 e 10.90 1.79 29.65 57.38 0.29 100.0 

18 PU04/191.4 Mg1 59.03 0.98 37.99 2.00 0.00 100.0 

19 PU04/191.4 Mg1 56.50 1.30 40.48 1.73 0.00 100.0 

20 PU04/193.9 Mg2 36.47 0.55 62.49 0.49 0.00 100.0 

21 PU04/193.9 Mg2 33.94 1.94 62.89 1.23 0.00 100.0 

22 PU04/195.2 Mg3 13.98 0.47 85.05 0.50 0.00 100.0 

23 PU04/195.2 Mg3 13.12 0.00 86.67 0.22 0.00 100.0 

24 PU04/195.2 Mg4 8.38 0.00 90.72 0.91 0.00 100.0 

25 PU04/195.2 Ca1 1.88 0.00 4.09 94.03 0.00 100.0 

26 PU04/195.2 Ca1 1.71 0.00 4.55 93.10 0.63 100.0 

27 PU04/195.2 Ca2 1.49 0.39 1.03 97.10 0.00 100.0 

 
Notes: c – grain centre; e – grain edge; 18, 19 – replaces amphibole; 25, 26 – at the boundary between dolomite and magnesite;  

27 – fills a fracture in magnesite. 

 
In addition to dolomite chemical composition change within a single grain, variations in compo-

sition are observed during the transition from one metasomatic zone to another. Three types of dolo-

mite can be distinguished by chemical composition. In the outer and transition metasomatic zones, 

the grains centre is represented by dolomite-1 (Do1 in Table 2) with 8.5-11.0 wt.% FeCO3. Dolo-

mite-2 (Do2) from the marginal part of the grains is more ferruginous. In the outer metasomatic zone, 

FeCO3 content in it reaches 18.0 wt.%, in the transition zone – 12.5-14.6 wt.%. In addition to a higher 

iron content, Do2 has a SrCO3 content of 1.1-1.3 wt.%, while in Do1 the content of this component 
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is to 0.3 wt.%. In the inner metasomatic zone, the central part of the grains is dolomite-3 (Do3), with 

a FeCO3 content of 3.7-4.3 wt.% and SrCO3 of about 1.5 wt.%. The marginal part of the dolomite 

grains in the inner metasomatic zone is similar in chemical composition to Do1. In addition to dolo-

mite, magnesite appears in the outer metasomatic zone. Magnesite replaces porphyritic phenocrysts 

of amphibole and in chemical composition corresponds to breunnerite (Mg1 in Table 2), with FeCO3 

content of 56-59 wt.%. In the transition metasomatic zone, magnesite becomes less ferruginous 

(Mg2) and has FeCO3 content of 34-36.5 wt.%. In the inner metasomatic zone, two types of mag-

nesite (Mg3 and Mg4) are present, differing in iron content. In the first type FeCO3 is from 13 to 

14 wt.%, in the second – about 8.4 wt.%. 

Thus, in the direction from the outer metasomatic zone to the inner one, the iron content of 

carbonates in altered spessartites decreases. In the inner metasomatic zone, in addition to dolomite 

and magnesite, small calcite segregations were found. In one case, calcite is located between dolomite 

and magnesite (Ca1 in Table 2), in the other it fills a microfracture in magnesite (Ca2, Fig.4, f). 

Sericite in metasomatically altered spessartites belongs to the muscovite – paragonite isomorphic 

series (Table 3). In different parts of the metasomatic halo, the percentage of sericite varies and its 

chemical composition changes. In the outer metasomatic zone, sericite makes up 5 vol.%. It is domi-

nated by the paragonite end member with Na2O and K2O contents of 5 wt.% each (Src1 in Table 3). 

In the transition metasomatic zone, the amount of sericite increases to 10 vol.% with the size of indi-

vidual grains being 0.5-1 mm (Fig.4, c). 

According to the chemical composition, three types of sericite are distinguished in this zone. The 

first type is close to sericite from the outer zone with a slight predominance of the paragonite end 

member and Na2O and K2O contents of 3.2 and 7.0 wt.%, respectively. In the second type of sericite 

(Src2), the muscovite end member predominates, and to 10 mol.% of the fuchsite end member is 

observed. The contents in it are, wt.%: Na2O 1.6-1.8, K2O 5.5-5.7, and Cr2O3 to 1.6. Sericite of the 

third type is muscovite (Src3) with Na2O content of about 0.6 wt.% and K2O 9.4 wt.%. In the inner 

metasomatic zone, sericite content is 1-2 vol.% and it is represented by muscovite. 

 
Table 3 

Chemical composition of sericite, wt.% 

Component 
PU04/191.4 PU04/193.9 PU04/193.9 PU04/193.9 PU04/193.9 PU04/195.2 PU04/195.2 PU04/195.2 

Src1 Src1 Src2 Src2 Src3 Src3 Src3 Src3 

SiO2 54.66 52.49 49.80 49.69 48.63 48.98 49.38 49.65 

Al2O3 28.62 30.14 35.25 35.34 32.64 32.05 32.98 31.15 

Cr2O3 – – 1.59 1.46 – – – – 

FeO* 1.13 1.39 0.30 0.45 2.5 2.48 1.85 2.98 

MgO 0.36 1.25 0.82 0.83 1.74 2.29 1.98 1.81 

CaO 0.92 – 0.30 0.28 – – – – 

Na2O 4.72 3.16 1.60 1.83 0.58 0.45 0.31 0.28 

K2O 4.95 6.96 5.68 5.48 9.39 9.22 8.94 9.60 

H2O* 4.64 4.60 4.60 4.61 4.53 4.54 4.57 4.52 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Content of end-members, mol.% 

Muscovite 33 44 52 49 74 73 79 77 

Paragonite 62 46 34 38 11 10 7 6 

Celadonite 5 10 5 5 15 17 14 17 

Fuchsite – – 9 8 – – – – 
 

Note. Muscovite KAl2(AlSi3O10)(OH2), paragonite NaAl2(AlSi3O10)(OH2), celadonite K(Mg,Fe3+)(Si4O10)(OH2), fuchsite 

K(Al,Cr)3(Si3O10)(OH2) were used as end members. 
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Sulphides. In the metasomatically altered lamprophyres of the Peshchernoe deposit, sulphides 

are mainly represented by pyrite, the content of which averages 0.5 vol.%. Pyrite has sections of 

predominantly complex shape, less often rectangular, with an average size of 0.01 mm, rarely to 

0.05 mm. In different metasomatic zones developed along the spessartite dike, the amount and mor-

phology of pyrite vary. In the outer metasomatic zone, the content and character of pyrite are similar 

to those observed in the other lamprophyre dikes. In the transition metasomatic zone, pyrite increases 

to 2 vol.%, the sections also have a predominantly complex shape with the presence of rectangles, 

the size of the sections is on average 0.01-0.03 mm, rarely to 0.2 mm. In the inner metasomatic zone, 

pyrite increases to 5 vol.%, the average grain size increases to 0.05 mm. The shape of the pyrite 

sections in the inner zone is mainly rectangular, sections corresponding to the shape of grains in the 

form of pyritohedra appear (Fig.4, e). The chemical composition of pyrite is quite consistent, with 

small variations in the content of Co and Ni impurities. An As impurity was found in a single grain 

from the inner metasomatic zone. Sphalerite, chalcopyrite, and pentlandite are present in the form of 

inclusions in pyrite, as well as small independent grains (Fig.4, d, f). 

Petrochemical characteristics of rocks. The contents of petrogenic components and rare ele-

ments in lamprophyres of the Peshchernoe gold deposit are given in Table 4. Low SiO2 contents and 

high loss on ignition (LOI) values in lamprophyres indicate metasomatic alterations and can serve as 

a criterion for assessing their manifestation scale. In the least altered spessartites, the SiO2 contents 

are 40-41 wt.% with a LOI of 12.5-13.5. In the most altered samples, these values are 34.7-36 wt.% 

and 15.5-17.1 wt.%, respectively. In kersantites from the Peshchernoe deposit, the SiO2 values are 

higher than in spessartites, from 42 to 45 wt.%, and the LOI is lower – 8-10 wt.%. 
 

Table 4 

Content of petrogenic components (wt.%), gold (mg/t), and rare elements (g/t)  

in lamprophyres from the Peshchernoe gold deposit  

Component 

Sample  

PU03/ 

96.6 

PU04 

150.6 

PU04/ 

167.9 

PE472/ 

264.8 

PU04/ 

191.4 

PU04/ 

193.9 

PU04/ 

195.2 

PU04/ 

198.6 

PE472/ 

179.5 

PE473/ 

254.5 
Spec_В Kers_В 

1 2 3 4 5 6 7 8 9 10 11 12 

SiO2 34.72 40.66 36.03 39.82 38.52 35.65 38.89 40.89 44.81 42.39 46.04 52.55 

TiO2 0.64 0.83 0.55 0.73 0.67 0.78 0.71 0.78 1.22 1.18 0.72 1.19 

Al2O3 11.85 12.79 10.27 11.81 10.45 12.02 11.18 11.58 14.62 14.18 12.54 12.08 

FeO* 5.17 7.54 6.20 7.53 7.76 6.39 5.27 7.54 7.34 7.24 9.82 5.90 

MnO 0.12 0.13 0.13 0.16 0.14 0.13 0.11 0.13 0.19 0.14 0.16 0.12 

MgO 8.12 9.62 12.23 13.44 12.44 10.22 11.28 10.46 9.59 8.04 13.02 8.34 

CaO 15.38 10.60 11.68 10.12 10.75 10.29 9.89 11.43 8.03 9.48 8.17 6.7 

Na2O 4.67 3.04 3.92 2.72 2.75 4.24 5.01 3.07 3.19 4.98 2.1 2.4 

K2O 0.15 0.58 0.42 0.18 0.40 0.77 0.21 0.56 1.32 0.24 0.66 5.0 

P2O5 0.15 0.40 0.21 0.30 0.29 0.31 0.27 0.34 0.71 0.72 0.15 0.84 

LOI 15.42 13.05 16.06 12.44 15.02 17.11 13.37 12.57 7.96 10.21 5.8 4.3 

S 3.15 0.33 1.94 0.30 0.28 1.73 3.24 0.21 0.44 0.64 0.22 0.16 

Total 99.56 99.57 99.64 99.54 99.47 99.63 99.44 99.56 99.41 99.43 99.75 99.78 

Au – – – <0.8 2.8 4.3 23.0 8.2 – – – – 

Li 0.86 25.1 11.4 22.5 22.2 2.77 7.82 17.6 6.53 14.6 – – 

Be 0.46 0.89 0.59 0.80 0.74 0.81 0.44 0.91 1.18 1.19 – – 

Sc 20.6 24.2 26.9 26.8 28.0 25.4 26.2 25.8 20.2 20.4 – – 

V 129 183 128 164 148 168 116 170 212 219 – – 

Cr 178 333 480 535 501 454 273 348 307 292 – – 

Co 30.6 34.1 38.6 39.3 41.4 36.2 39.6 36.4 28.3 29.7 – – 

Ni 175 185 265 254 253 215 254 232 136 131 – – 

Cu 40.9 54.7 49.1 49.3 35.6 53.8 55.4 50.1 85.2 80.6 – – 

Zn 45.6 56.8 47.3 58.5 50.1 51.2 46.0 58.0 64.8 69.9 – – 

Ga 11.6 13.0 10.0 11.7 11.0 11.0 10.8 12.4 14.8 15.2 – – 

As 212 9.07 110 3.80 2.93 63.7 191.1 2.55 9.32 6.67 – – 

Rb 2.51 9.15 6.16 1.91 6.52 10.7 3.08 6.46 6.37 19.8 – – 
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End of Table 4 

Component 

Sample 

PU03/ 

96.6 

PU04 

150.6 

PU04/ 

167.9 

PE472/ 

264.8 

PU04/ 

191.4 

PU04/ 

193.9 

PU04/ 

195.2 

PU04/ 

198.6 

PE472/ 

179.5 

PE473/ 

254.5 
Spec_В Kers_В 

1 2 3 4 5 6 7 8 9 10 11 12 

Sr 1618 1060 851 665 969 732 820 1236 1091 702 – – 

Y 10.5 14.5 10.6 14.1 12.9 13.4 13.4 14.9 17.8 18.0 – – 

Zr 66.7 91.8 72.4 91.2 90.2 75.3 74.6 93.7 134 132 – – 

Nb 1.74 2.87 1.43 1.30 1.57 1.10 0.85 2.48 4.41 7.58 – – 

Mo 0.70 0.18 0.54 0.13 0.10 <0.10 <0.10 0.42 1.18 1.00 – – 

Cd 0.24 0.25 0.16 0.15 0.16 0.17 0.15 0.15 0.19 0.17 – – 

Sn 0.31 0.55 0.39 0.64 0.44 0.45 0.31 0.53 0.87 0.80 – – 

Sb 2.78 2.64 1.19 0.43 0.38 0.87 8.46 1.14 0.36 0.84 – – 

Cs 0.07 0.84 0.41 0.65 0.88 0.63 0.29 0.53 0.68 0.61 – – 

Ba 351 829 321 872 472 244 531 954 368 678 – – 

La 34.0 47.8 35.3 42.1 39.8 34.6 36.4 45.7 54.7 43.5 32.6 – 

Ce 67.4 101 68.3 86.3 83.6 69.8 70.7 93.8 110 93.2 69.8 – 

Pr 8.61 12.5 8.48 11.2 10.3 8.87 9.09 11.9 13.5 11.0 9.22 – 

Nd 35.6 49.0 34.4 43.8 40.4 36.9 38.7 46.0 50.9 41.7 36.3 – 

Sm 6.17 8.15 5.92 7.39 6.89 6.51 6.74 7.69 7.87 6.98 6.08 – 

Eu 1.68 2.34 1.63 2.18 1.93 1.70 1.88 2.28 2.21 2.31 1.85 – 

Gd 5.03 6.69 4.94 6.20 5.62 5.34 5.48 6.43 6.85 6.12 4.41 – 

Tb 0.54 0.71 0.52 0.66 0.60 0.60 0.59 0.69 0.75 0.73 0.48 – 

Dy 2.48 3.23 2.40 3.00 2.82 2.75 2.74 3.20 3.53 3.65 2.74 – 

Ho 0.42 0.54 0.43 0.54 0.49 0.47 0.46 0.56 0.64 0.66 0.51 – 

Er 1.23 1.55 1.20 1.49 1.42 1.38 1.36 1.58 1.81 1.82 1.43 – 

Tm 0.14 0.18 0.16 0.18 0.17 0.15 0.15 0.19 0.22 0.23 0.20 – 

Yb 0.99 1.19 0.97 1.16 1.11 1.05 1.07 1.25 1.48 1.50 1.36 – 

Lu 0.14 0.17 0.13 0.18 0.16 0.17 0.15 0.18 0.22 0.20 0.21 – 

Hf 1.80 2.21 1.68 2.15 2.24 1.80 1.85 2.26 3.07 2.96 – – 

Ta 2.65 0.64 0.37 0.33 0.34 0.31 0.34 0.40 0.39 0.53 – – 

W 0.82 0.14 0.09 <0.08 <0.08 0.16 0.21 <0.08 0.22 0.32 – – 

Pb 9.04 7.51 4.39 4.93 2.67 3.39 4.16 6.69 5.10 5.82 – – 

Th 5.00 6.54 5.00 5.69 5.60 5.16 4.97 6.43 5.53 5.55 – – 

U 1.10 1.49 1.17 1.34 1.29 1.15 1.10 1.45 1.28 1.30 – – 

 

Notes: 1-4 – spessartite dikes; 5-8 – samples from one spessartite dike: 5 – marginal part, hanging wall, outer metasomatic zone,  

6 – transition metasomatic zone, 7 – central part, inner metasomatic zone, 8 – marginal part, footwall, outer metasomatic zone;  

9, 10 – kersantite dikes; 11, 12 – rocks of the Vorontsovskoe gold ore deposit according to [25, 36]: 11 – spessartite (petrogenic 

elements – sample N 933, REE – sample N 34-2/17), 12 – kersantite. FeO* – total iron FeO and Fe2O3. 

 
Another pair of components that correlates with the degree of metasomatic alteration of lampro-

phyres are Na2O and S. In less altered rocks, the Na2O content is 2.7-3.1 wt.%, and S is about 

0.3 wt.%, in more altered samples 4.7-5 wt.% and 3.2 wt.%, respectively. The two pairs of petrogenic 

components listed above do not always correlate with each other. For example, spessartites from the 

inner metasomatic zone, which actually underwent the greatest metasomatic processing, have high 

Na2O and S contents with average SiO2 and LOI values. 

TiO2 content in lamprophyres varies depending on the rock type, amounting to 1.2 wt.% in ker-

santites and 0.5-0.8 wt.% in spessartites. In addition, kersantites have higher Al2O3 contents compared 

to spessartites. Widely varying K2O contents in kersantites from 0.2 to 1.3 wt.% indicate the replace-

ment of biotite by secondary minerals during metasomatism with the removal of potassium from the 

rock, which is confirmed by petrographic observations. In altered spessartites, K2O is 0.2-0.8 wt.%. 

MnO, FeO, MgO, and CaO contents in kersantites and less altered spessartites of the Peshchernoe 

deposit have similar values. Variations in the total FeO content in spessartites correlate with the de-

gree of metasomatic alteration. In the least altered spessartites, FeO is 7.5 wt.%, decreasing with 

increasing metasomatic alteration to 5.2 wt.%. 
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Thermal analysis was performed for samples from a spessartite dike with evident metasomatic 

zoning. It allows estimating the contents of OH and CO2 components in these rocks. Mass losses 

during decomposition of dolomite and magnesite were 12-17 %, which leads to the conclusion that 

the CO2 content in the rocks is 12-17 wt.%. The OH contents were estimated from the mass change 

during chlorite decomposition and amounted to 1.3 wt.%. Part of the mass decrease during thermal 

analysis is due to adsorption moisture in the preparation and pyrite decomposition. The total mass 

changes in the studied samples were 14.2-18 wt.%, which is quite close to the obtained values of loss 

on ignition measured as part of the X-ray fluorescence analysis. 

Geochemical characteristics of rocks. Spessartites and kersantites of the Peshchernoe gold de-

posit differ in the content of individual rare elements (Table 4, Fig.5 and 6). Kersantites have higher 

values of Be, V, Cu, Zn, Y, HREE, Zr, Hf, Nb, Mo, Sn, W relative to spessartites, while the latter 

have higher Cr, Co, and Ni contents. Variations in the rare element contents are observed in spessar-

tites depending on the degree of metasomatic alteration of rocks. More altered spessartites have lower 

Li, Zr, Hf, and REE contents and higher As, Sb, and W contents. The above-mentioned geochemical 

features of lamprophyres are reflected in Fig.5 and 6, where the absolute contents of the element in 

the rock are normalized to chondrite C1 [37] and the average content in calc-alkaline lamprophyres 

according to [18], respectively. Spessartites in these diagrams are divided into three groups: weakly, 

moderately, and strongly metasomatically altered. Distribution of samples by the degree of metaso-

matic alteration was made according to petrographic, petrochemical, and geochemical data. Au con-

tents were measured in one of the dikes of less altered spessartites, as well as in metasomatites after 

a dike of spessartites with pronounced metasomatic zoning. In weakly altered spessartites, Au content 

was below the detection limit. The rocks of the inner metasomatic zone contain, mg/t: 23 gold, in the 

transition zone 4, in the outer zone in the hanging wall of the dike 3, in the outer zone in the footwall 8. 

Note that the metasomatites of the outer zone in the footwall of the dike have higher Sb, Zn, Pb, Ba, 

Mo, Th, and U contents than in the hanging wall. 

Discussion of the results 

According to petrographic and petrochemical observations, lamprophyres of the Peshchernoe 

deposit correspond to spessartites and kersantites that underwent significant metasomatic alterations. 

In addition to lamprophyre dikes, the deposit also contains andesitic dikes. A similar compositionally 

diverse dike complex was described at the Vorontsovskoe gold deposit [25, 36], located approxi-

mately 8 km southeast of the Peshchernoe deposit. The observed spatial relationship between gold 

mineralization and dike series, including spessartites, kersantites, and andesitic rocks, can serve as a 

prospecting criterion for this region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

a – individual dikes of spessartites and kersantites (1-3 – spessartites of the Peshchernoe deposit: 1 – weakly metasomatically altered, 2 – moderately 

altered, 3 – strongly altered; 4 – kersantites of the Peshchernoe deposit; 5 – spessartites of the Vorontsovskoe deposit according to [36]); 

b – metasomatic zones in the dike of altered spessartites (6 – central part of the dike, inner metasomatic zone; 7 – transitional metasomatic zone;  
8 – marginal part of the dike, footwall, outer metasomatic zone; 9 – marginal part of the dike, hanging wall, outer metasomatic zone) 
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Fig.5. Rare earth element contents in lamprophyres of the Peshchernoe deposit, normalized to chondrite C1 [37]: 
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The measured attitude of the lamprophyre dike coincides with the direction and dip angle of the 

ore-controlling faults. The presence of discontinuous faults, which are fluid conductors and usually 

filled with lamprophyre dikes, is noted at many gold deposits [11, 17]. Dikes of lamprophyres and 

andesitic rocks are pre-ore, as evidenced by the superimposed metasomatic mineral associations. 

Metasomatic alterations at the Peshchernoe deposit are controlled mainly by a series of faults striking 

northeast, forming a metasomatic halo enveloping the fault zone. Structurally, faults dipping south-

east at an angle of about 60°, dike bodies, metasomatic halos and mineralized zones represent one 

system, and the host volcanogenic-sedimentary rocks gently dipping to the northeast represent  

another one. 

The diagram of the arrangement of additive geochemical halos of Ag + Sb + As [30] to the south 

of the Peshchernoe deposit reflects a series of linear, near N-S elongated geochemical anomalies, which 

spatially coincide with the Zapadno-Peshcherninskii fault. It can be assumed that the geochemical halos 
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normalized to the average content in calc-alkaline lamprophyres according to [18]:  

a – individual spessartite and kersantite dikes; b – metasomatic zones in a dike of altered spessartites 

See Fig.5 for legend 

Fig.6. Rare element contents in lamprophyres of the Peshchernoe deposit,  
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record the influence of fluids entering through fault systems. In the deposit area, elongation of the 

geochemical halos takes on a northeastern direction and coincides with the orientation of the faults in 

which the mineralized zones are localized. The northeast striking fault zone occurs subconformably 

with the contact of the volcanogenic-sedimentary rocks of the Turinskaya Fm. and the coeval basalt 

strata. Probably, basalts served as a screening structure for hydrothermal solutions. 

The data on the structural position of mineralized ore zones, faults, dike bodies, metasomatic 

halos, and host volcanogenic-sedimentary rocks suggest that the alteration system of the Peshchernoe 

deposit is tectonogenic. Probably, dikes of rocks of andesitic composition, lamprophyres were in-

truded along the northeast striking fault zone at different geological times, and subsequently it became 

a channel for hydrothermal fluids, including ore-bearing ones. The influence of primary orientation 

of volcanogenic-sedimentary rocks for gold, as was proposed for Vorontsovskoe [24], seems unlikely 

in the Peshchernoe deposit area. 

To assess the influence of metasomatism on the chemical composition of lamprophyres, it is 

necessary to determine the primary rock composition. It was not possible to detect unaltered lampro-

phyres in the Peshchernoe deposit drillhole core. The average composition of lamprophyres from the 

Vorontsovskoe ore field [25, 36] and calc-alkaline lamprophyres according to [18] are quite close, 

which may indicate an insignificant degree of their alteration by metasomatism. Therefore, we ac-

cepted the compositions of spessartites and kersantites from the Vorontsovskoe deposit [25, 36] as a 

possible educt. Individual compositions of these rocks are given in Table 4. 

The least altered spessartites and kersantites from the Peshchernoe deposit differ from similar 

rocks of the Vorontsovskoe deposit by a lower SiO2 content and higher CaO, Na2O, and LOI values. 

In addition, spessartites from Peshchernoe have a lower total FeO content, compared with spessartites 

from the Vorontsovskoe deposit. Kersantites from Peshchernoe contain less K2O, relative to kersan-

tites from the Vorontsovskoe deposit. The REE contents in spessartites from the Peshchernoe and 

Vorontsovskoe deposits are almost identical (see Fig.5). The differences in the contents of petrogenic 

components in lamprophyres from the Peshchernoe and Vorontsovskoe deposits are the result of a 

higher degree of metasomatic alterations in the former. Accordingly, the initial metasomatic stage 

observed in lamprophyres from the Peshchernoe deposit was accompanied by SiO2, FeO, K2O  

removal from the rocks and CaO, Na2O, CO2 supply. REE contents remained without significant 

changes. 

A more detailed analysis can be made of the substance balance during the next stage of metaso-

matism, expressed in the development of metasomatic mineral parageneses that form individual meta-

somatic zones in one of the dikes of altered spessartites. The alterations that occurred when metaso-

matites formed at this stage led to a change in the rock density. Spessartites of the outer metasomatic 

zone (sample PU04/191.4) have a density of 2.8 g/cm3, in the transition zone (sample PU04/193.9) it 

increases to 2.85 g/cm3, and in the inner zone (sample PU04/195.2) it is 2.86 g/cm3. The estimation 

results are presented in Table 5; Ni
v is the number of element atoms in a geometric volume of rock in 

10,000 Å3: Ni
v
1 in metasomatically altered spessartites of the outer, Ni

v
2 in the transition, and Ni

v
3 in 

the inner zones; ΔNi
v is the difference between the number of element atoms in a geometric volume 

of rock in 10,000 Å3 of the source and resulting rock: ΔNi
v
1-2 in the outer and transition, ΔNi

v
2-3 in the 

transition and inner, ΔNi
v
1-3 in the outer and inner zones; ΔNi

v is designated with a plus if the element 

is supplied and with a minus if it is removed; ΔNi
v/Ni

v
1 is the relative change in the number of element 

atoms as a percentage of the number of element atoms in the source rock, in our case, the number 

of element atoms in metasomatically altered spessartites of the outer zone. Figure 7 shows the 

relative changes in the number of element atoms when passing from the outer metasomatic zone to 

the transition zone and from the transition zone to the inner one, the line is the result of these 

changes, corresponding to the difference in the number of element atoms between the outer and 

inner metasomatic zones. 
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Table 5 

Estimation of the substance balance during the alteration of spessartites at the sodic stage of metasomatism 

Elements 

Number of atoms per 10,000 Å3 Supply-removal per 10,000 Å3 

PU04/191.4 PU04/193.9 PU04/195.2 Absolute differences Relative to Ni
v
1, % 

Ni
v
1 Ni

v
2 Ni

v
3 ΔNi

v
1-2 ΔNi

v
2-3 ΔNi

v
1-3 ΔNi

v
1-2/Ni

v
1 ΔNi

v
2-3/Ni

v
1 ΔNi

v
1-3/Ni

v
1 

Si 110 103 112 –7 +9 +2 –6.36 +8.18 +1.82 

Ti 1.43 1.70 1.57 +0.27 –0.13 +0.14 +18.88 –9.09 +9.79 

Al 35.0 40.9 38.5 +5.9 –2.4 +3.5 +16.86 –6.86 +10.00 

Fe2+ 18.5 15.5 12.9 –3.0 –2.6 –5.6 –16.22 –14.05 –30.27 

Mn 0.33 0.31 0.27 –0.02 –0.04 –0.06 –6.06 –12.12 –18.18 

Mg 52.7 44.0 49.1 –8.7 +5.1 –3.6 –16.51 +9.68 –6.83 

Ca 32.8 31.9 30.9 –0.9 –1.0 –1.9 –2.74 –3.05 –5.79 

Na 15.2 23.8 28.3 +8.6 +4.5 +13.1 +56.58 +29.61 +86.18 

K 1.47 2.84 0.77 +1.37 –2.07 –0.70 +93.20 –140.82 –47.62 

P 0.69 0.75 0.68 +0.06 –0.07 –0.01 +8.70 –10.14 –1.45 

S 1.47 9.37 17.72 +7.90 +8.35 +16.25 +537.41 +568.03 +1105.44 

CO2 56.7 64.3 48.2 +7.6 –16.1 –8.5 +13.40 –28.40 –14.99 

OH 12.4 – – –12.4 – –12.4 –100.00 – –100.00 

O 526 502 481 –24 –21 –45 –4.56 –3.99 –8.56 

Total + – – – +31.7 +26.95 +34.99 +3.67 +3.12 +4.05 

Total – – – – –56.02 –45.41 –77.77 –6.48 –5.25 –8.99 

Total 864.69 840.37 821.91 –24.32 –18.46 –42.78 –2.81 –2.13 –4.94 

 

Note. The estimation was performed using the atomic volume conversion by Yu.V.Kazitsyn and V.A.Rudnik [38].  

 
Four groups of elements can be distinguished after a matter analysis. The first group is repre-

sented by S and Na, which are supplied into the rocks of the transition and inner metasomatic zones. 

The second group consists of relatively inert elements at this stage of metasomatism: Al, Ti, Si, P, 

Ca, Mg. Elements of the third group are removed from the rocks. They include Mn, Fe, and OH. The 

fourth group of elements is represented by K and CO2. The amounts of these components increase in 

the transition zone and decrease significantly in the inner one. We have concluded that this is the 

result of K and CO2 redistribution from the inner metasomatic zone to the rocks of the transition zone, 

and not their removal by metasomatizing solutions. Negative values of the resulting relative changes 

in K and CO2 contents can be due to the fact that the transition metasomatic zone is twice thick as the 

inner one. 

The supply and removal of rare elements at the sodic stage of metasomatism is illustrated in 

Fig.5, b. The rocks in the inner metasomatic zone have higher Au, As, Sb, and W contents relative to 

spessartites in the outer zone, which indicates the supply of these elements as a result of metasomatism, 

while Li is removed from the rocks. Spessartites with a moderate and strong degree of metasomatic 

alterations demonstrate a slight depletion in REE relative to less altered rocks with the preservation of 

the REE spectra shape (see Fig.5). The studied spessartite dike is outside the ore zone (see Fig.2, b). 

However, the distribution of elements observed in it may reflect general patterns. The rocks in the 

dike footwall have higher Au, Sb, Zn, Pb, Ba, Mo, Th, and U contents compared to the rocks in the 

hanging wall. This is consistent with the position of ore zones in the footwall of ore-controlling faults 

and the absence of mineralization in metasomatically altered rocks of the hanging wall. 

Two stages of metasomatism can be distinguished in metasomatic alterations observed in the 

Peshchernoe deposit spessartites: carbon dioxide and subsequent sodic. During carbon dioxide 

metasomatism, dark-coloured minerals are replaced by chlorite, albitization and sericitization of 

plagioclase occur. Ferruginous dolomite is formed under the influence of a significant supply of CO2. 

The forming mineral paragenesis corresponds to the outer metasomatic zone during listvenization of 

gabbro [20, 39, 40]. Alkaline (sodic) metasomatism is superimposed on the mineral metasomatic 
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paragenesis of the first stage. Chlorite and relics 

of magmatic dark-coloured minerals are replaced 

by magnesite, the supply of Na leads to the ap-

pearance of newly formed albite, and as a result 

of the supply of S, pyrite is formed, which con-

centrates iron from other minerals. As a result of 

the sodic stage of metasomatism, the iron content 

in carbonates decreases in the direction from the 

outer metasomatic zone to the inner one, whereas 

the opposite trend was described for listveniza-

tion [40]. By high sodium content, formed meta-

somatites are similar to eisites. They differ from 

the latter by a significant supply of S and the ab-

sence of hematite [41, 42]. The absence of 

hematization and the binding of iron into pyrite 

may indicate a higher felsicity of metasomatizing 

solutions than during the formation of classical 

eisites [41]. 

In addition to alterations observed in lampro-

phyres, propylitized rocks are present in the  

peripheral areas of the deposit. Propylites and 

metasomatic alterations of the carbon dioxide 

stage are widespread in the Peshchernoe deposit 

area, and the influence of sodic metasomatism 

has a more local distribution near permeable 

fault zones. The limitation of eisitization halos 

by the sizes of solution-supplying channels can 

be explained by the positive volumetric effect 

of mineral alterations, leading to the blockage 

of fractures and pores [41]. 

The set of metasomatic styles at the Peshchernoe deposit generally corresponds to the propylite-

beresite eisite-bearing alteration type, characteristic of tectonic alteration systems. According to the 

model by E.V.Plyushchev et al. [43], due to the high volatility of carbon dioxide in the upper levels 

of the hydrothermal system, a carbonatization area can form, which corresponds to the high content 

of carbonates in metasomatites from the Peshchernoe deposit. A combination of beresite-listvenites 

and eisites in connection with mineralization is observed at the Kochkarskoe, Chudnoe, Kumakskoe 

and other gold deposits [44]. 

The study of metasomatically altered spessartites of the Peshchernoe deposit showed that Au, 

As, Sb, and W accumulate as a result of late sodic metasomatism. This stage is associated with a 

significant supply of sulphur and sulphide formation. Beresitized rocks of the Peshchernoe deposit 

with a superimposed association of alkaline (sodic) metasomatites have the highest gold concentra-

tions [45]. It was the alkaline-sulphide sodium solutions that had the ore-bearing or ore-mobilizing 

function during gold mineralization development at the deposit. Beresitization-listvenitization created 

a favourable environment for ore deposition [40]. Beresitization-listvenitization, according to the 

metasomatic zoning theory [46], corresponds to the “felsic stage”, and eisitization may represent the 

“late alkaline stage”. The solubility and transport of gold in sodic hydrothermal solutions were con-

sidered by various authors [47, 48]. Recently, the possibility of extracting gold from ore using alkaline 

  

 

ΔNi
v – difference between the number of element atoms  

in 10,000 Å3 of the source and resulting rocks; 

Ni
v
1 – number of element atoms in 10,000 Å3  

of metasomatically altered spessartites of the outer zone 
 

Alterations during transition: 
1 – from the outer metasomatic zone to the transition zone; 

2 – from the transition metasomatic zone to the inner one; 

3 – the resulting line of alterations corresponding to the difference  
in the number of element atoms between the outer  

and inner metasomatic zones 
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solutions of sodium polysulphide has been actively discussed [49, 50]. Gold ore deposition from 

alkaline solutions into relatively felsic rocks (listvenites, beresites) and quartz veins is considered in 

detail by V.N.Sazonov [40]. The data obtained confirm the previously identified direct relationship 

between mineralization related to the gold-low-sulphide-quartz formation and Ag, As, and Sb in rocks 

of the central segment of the East Tagil tectono-stratigraphic area, to which the Peshchernoe deposit 

area belongs [30]. 

The spatial proximity to the massif of the gabbro-diorite-granite complex, the connection of mine-

ralization with fault zones and lamprophyre dikes, high CO2 contents in metasomatically altered 

rocks, and an increased content of As, Sb, and W as a result of ore-accompanying metasomatic 

processes indicate that the Peshchernoe deposit can be classified as a gold prospect associated with 

intrusive massifs and formed in the area of their hydrothermal influence [12, 51]. 

Conclusion  

Lamprophyres at the Peshchernoe gold deposit are represented by spessartites and kersantites. 

Lamprophyre dikes mark faults that later became channels for hydrothermal fluids, including ore-

bearing ones. Two stages of metasomatism are distinguished in the metasomatic alterations observed 

in spessartites: carbon dioxide and subsequent sodic. Geochemical orientation of sodic metasomatites 

after spessartites indicates that it was the sodic stage of metasomatism that accompanied ore. Identi-

fication of sodic metasomatism halos in the field of widespread metasomatites of the propylite-

beresite formation may be promising for more accurate localization of ore zones. 
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