NGU GEOLOGI FOR SAMFUNNET

Norges geologiske undersokelse

GEOLOGY FOR SOCIETY

NGU Report 2014.035

Hydrochemical data report from
sampling of polymetallic mines in
Zaibalkalskii Krai, eastern Serbia,
Russian Federation




Postboks 3006 - Lade
7002 TRONDHEIM
Tif. 73904011

Telefaks 73 92 16 20

p

NGU”,

Norges geologiske undersakelse
Gelogical Survey of Narway

RAPPORT

Rapport nr.: 2014.035

ISSN 0800-3416

Gradering: Apen

Tittel:

Hydrochemical data report from sampling of polymetallic mines in Zaibaikalskii Krai, eastern Siberia,

Russian Federation

Forfatter:
Banks, D., Karnachuk, O.V., Kadnikov, V.V.,
Watts, M., Boyce, A., Ivasenko, D.A., Filenko,
R.A., Danilova, E.V., Pimenov, N.V., Gundersen,

Oppdragsgiver:
Tomsk State University (Russia), University of
Glasgow (UK), D Banks Geoenvironmental
Services (UK), British Geological Survey (UK)

P.

Kommune:

Zabaikalskii Krai

Fylke:
Russian Federation

Kartblad (M=1:250.000) Kartbladnr. og -navn (M=1:50.000)

Forekomstens navn og koordinater: Sidetall: 102 Pris: 200

Sherlovaya Gora, Akatui, Balei, Zhireken Kartbilag:
Feltarbeid utfgrt: Rapportdato: Prosjektnr.:
August 2014 27/11/2015 346000
Sammendrag:

This report documents the hydrochemical and stable isotope (**0, *H, **SO,”) analyses performed on water samples
and stable isotope analyses (34S and 34SO4=) performed on mineral samples, all collected during a field expedition
during July / August 2014 to several metal sulphide mining sites in the Zabaikalsk polymetallic province of south-
eastern Siberia.

Water samples collected from the Sherlovaya Gora (Schorl Mountain) polymetallic/greisen deposit (rich in Be, F, B,
W, Sn, Bi, Mo, Fe, As, Pb, Zn, Cu and S) exhibited field pH values as low as 2.5. The waters were all extremely
impacted by sulphide oxidation processes, containing between 3 and 16 g/L sulphate, up to 0.47 g/LL Al, 1.9 g/L Fe,
0.75 g/LL Mn, 3.6 g/L. Zn. Waters also contained up to 80 mg/L Cu, 49 mg/L As, 38 mg/L Cd, 2.5 mg/L Th and 2.3
mg/L U. Beryllium concentrations reach several hundred pg/L and exceed 0.5 mg/L in one borehole. Conversely,
tungsten and tin remain below analytical detection limits in the waters. The variation in concentrations of some
elements (chloride, uranium) suggests that the water in the opencast pit lake and (especially) the tailings area pond,
have been strongly concentrated by evaporation in the extreme summer heat. This interpretation is supported by 0
and *H trajectories.

At Novii Akatui Pb-Zn(-Ag) mine, water emerges at pH 7.15 and a temperature of 2.8°C from flooded underground
workings. The water contains extremely low chloride concentrations (0.6 to 0.9 mg/L) characteristic of continental
Central Asia. It also contains some 223 mg/L sulphate and 2.7 mg/L Zn. Iron concentrations are modest at 0.14 mg/L.
It is likely that interaction with carbonate-rich host-rocks has maintained the mine water at a high pH and alkalinity
(3.6 meg/L) and suppressed iron solubility. As the mine water traverses the large tailings areas it gradually acquires
sulphate and the alkalinity decreases, suggesting that leachate from the tailings are adding acid sulphide weathering
products to the water (and pyrite is visible in the tailings). Arsenic concentrations in the Akatui water vary from 53 to

246 pg/L.

Samples from Balei (gold) and Zhireken (molybdenite) mines are also documented, as is a CO,-effervescent water
from Bazanovskii borehole, near Akatui.

Emneord: Geokjemi Hydrogeologi Borebrgnn
Grunnvannskvalitet Stabile isotoper Sur gruveavrenning
Malm Sulfidisotoper
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1 INTRODUCTION

1.1  Previous studies and sampling activities

Tomsk State University (TGU) has long enjoyed informal yet fruitful collaboration in
the field of hydrochemistry with Norges geologiske undersgkelse (NGU) and
Holymoor Consultancy (UK), now trading as D Banks Geoenvironmental Services.
This collaboration initially supported a joint project between TGU and the Khakassian
State Committee for Environmental Protection (SCEP) to produce the geological
section of an "Environmental Atlas of Khakassia". This period of collaboration
resulted in the following publications:

Parnachev, V.P., Banks, D. & Berezovsky, A.Y. (1997). The anionic composition of
groundwaters in extensional tectonic environments: the Shira Region, Khakassia,
southern Siberia. Norges geologiske undersgkelse Bulletin 433, 62-63.

Parnachev, V.P., Khromikh, V.C., Kopilova, Y.G., Tanzibaev, M.G., Polozhii,
A.V., Kurbatskii, V.l., Makarenko, N.A., Vidrina, S.N., Zarubina, R.F.,
Kallas, E.V., Kulizhskii, S.P., Naumova, E.G., Smetanina, I.V., Solovyeva,
T.P. (1998a). Otsenka sostoyaniya prirodnikh resursov i sozdanie ekologicheskovo
atlasa territorii  Respubliki Khakassia (Otchet ob itogakh vipolneniya
khozdogovornikh rabot po teme No. 277 za 1997 god). TGU/Tomsk 1998, 129 pp.

Parnachev, V.P., Khromikh, V.C., Kopilova, Y.G., Tanzibaev, M.G., KurbatskKii,
V.l., Makarenko, N.A., Zarubina, R.F., Kulizhskii, S.P., Petrov, A.l.,
Smetanina, 1.V., Panteleev, M.M., Sai, M.V., Arkhipov, A.L., Polekh, N.V.
(1998b). Otsenka sostoyaniya prirodnikh resursov i sozdanie ekologicheskovo
atlasa territorii  Respubliki Khakassia (Otchet ob itogakh vipolneniya
khozdogovornikh rabot po teme No. 277 za pervoe polugodie 1998 goda).
TGU/Tomsk 1998, 120 pp.

Parnachev, V.P., Banks, D., Berezovsky, A.Y. & Garbe-Schonberg, D. (1999).
Hydrochemical evolution of Na-SO,4-Cl groundwaters in a cold, semi-arid region of
southern Siberia. Hydrogeology Journal, 7, 546-560.

Parnachev, V.P., Makarenko, N.A., Kopilova, Y.G., Tanzibaev, M.G., Kulizhskii,
S.P., Petrov, A.l, Zarubina, R.F., Smetanina, 1.V., Arkhipov, AL,
Arkhipova, N.V. (2000). Otsenka sostoyaniya prirodnikh resursov i sozdanie
ekologicheskovo atlasa territorii Respubliki Khakassia (Otchet ob itogakh
vipolneniya khozdogovornikh rabot. po teme No. 277 za 1999 god). TGU/Tomsk
2000, 142 pp.

Banks, D., Parnachev, V.P., Frengstad, B., Holden, W., Karnachuk, O.V. &
Vedernikov, A.A. (2004). The evolution of alkaline, saline ground- and surface
waters in the southern Siberian steppes. Applied Geochemistry 19, 1905-1926.

and the following NGU Reports



Banks, D., Parnachev, V.P., Berezovsky, A.Y., & Garbe-Schonberg, D. (1998).
The hydrochemistry of the Shira region, Republic of Khakassia, southern Siberia,
Russian Federation - data report. Nor. Geol. Unders. report 98.090.

Banks, D., Parnachev, V.P., Frengstad, B., Holden, W., Karnachuk, O.V. &
Vedernikov, A.A. (2001). The hydrogeochemistry of the Altaiskii, AskizsKii,
Beiskii, Bogradskii, Shirinskii, Tashtipskii & Ust" Abakanskii Regions, Republic of
Khakassia, Southern Siberia, Russian Federation, data report. Nor. Geol. Unders.
report 2001.006, 45 pp. + appendices.

Banks, D., Parnachev, V.P., Frengstad, B., & Karnachuk, O.V. (2008).
Hydrogeochemical data report: the sampling of selected locations in the Republic
of Khakassia, Kuznetsk Alatau oblast’ and Kemerovo oblast’, Southern Siberia,
Russian Federation. Nor. Geol. Unders. report 2008.013, 60 pp. + appendices.

In more recent years, the focus has been transferred to new projects: in particular, (i) a
series of projects involving the characterisation of microbial communities in mine
waters, mine wastes and oil boreholes, managed by Prof. Olga V. Karnachuk (Dept.
of Plant Physiology and Biotechnology, Tomsk State University), and (ii) a project
between Professor Valerii P. Parnachev (Department of Dynamic Geology, TGU) and
the Tomsk Oblast” Committee for Ecology, to produce an atlas and characterisation
of water quality in Tomsk Oblast’. Results of this period of work have been presented
in the following NGU Reports and publications:

Banks, D., Parnachev, V.P., Frengstad, B., & Karnachuk, O.V. (2008).
Hydrogeochemical data report: the sampling of selected locations in the Republic
of Khakassia, Kuznetsk Alatau oblast’ and Kemerovo oblast’, Southern Siberia,
Russian Federation. Nor. Geol. Unders. report 2008.013, 60 pp. + appendices.

Karnachuk, O.V., Gerasimchuk, A.L., Banks, D., Frengstad, B., Stykon, G.A,,
Tikhonova, Z.L., Kaksonen, A., Puhakka, J., Yanenko, A.S. & Pimenov, N.V.
(2009). Bacteria of the sulfur cycle in the sediments of gold mine tailings,
Kuznetsk Basin, Russia (baktepuii mukina cepsl B OcaJkax XBOCTOXpaHHJIWIIA
no0bIYM 30i10Ta B Ky36acce). Microbiology 78 (4), 483-491. Published in Russian
in Mikrobiologiya, 78 (4), 535-544.

Banks, D., Parnachev, V.P., Karnachuk, O.V., Arkhipov, A.L., Gundersen, P. &
Davis, J. (2011). Hydrogeochemical data report: the sampling of selected localities
in Kemerovo oblast' and Tomsk oblast’, Siberia, Russian Federation. Nor. Geol.
Unders. report 2011.054, 69 pp. + appendices.

Banks, D., Frank, Y.A., Kadnikov, V.V., Karnachuk, O.V., Watts, M., Boyce, A.
& Frengstad, B.S. (2014). Hydrochemical data report from sampling of two deep
abandoned hydrocarbon exploration wells: Byelii Yar and Parabel’, Tomsk oblast’,
western Siberia, Russian Federation. Nor. Geol. Unders. report 2014.034, 44 pp.

1.2 Sampling activities - August 2014

This report documents the most recent round of field work, in the period 27" July - 1°
August 2014, carried out by:



- Prof. Olga V. Karnachuk and Prof. Marc Solioz (Dept. of Plant Physiology and
Biotechnology, Tomsk State University).

- Dr Vitalii V. Kadnikov (Bioengineering Centre of the Russian Academy of
Sciences, Moscow),

- David Banks (University of Glasgow and D Banks Geoenvironmental
Services, UK),

- Dr Nikolai V. Pimenov (Vinogradsky Institute of Microbiology, Russian
Academy of Sciences, Moscow).

- Denis A. Ivasenko (Dept. of Plant Physiology and Biotechnology, Tomsk State
University)

- Roman A. Filenko (Institute of Natural Resources, Ecology and Cryology,
Siberian Branch, Russian Academy of Sciences, Chita, Russia)

- Erzhena V. Danilova (Institute of General and Experimental Biology, Siberian
Branch, Russian Academy of Sciences, Ulan-Ude, Russia).

Sampling was carried out of mine waters at four mining sites in Zabaikalsk Krai in
eastern Siberia (Figure 1.1):

e The Sherlovaya Gora [IllepsiioBast ['opa] polymetallic opencast mine and
tailings area, an area historically worked also for topaz, beryl (aquamarine and
heliodor) and tourmaline. The name translates as Schorl Mountain and is
located around 25 km NW of the town of Borzya and 250 km SE of the city of
Chita.

e The Novii Akatui [Hossiit Akaryii] underground mine and tailings area,
located around 18 km NW of Aleksandrovskii Zavod and 310 km ESE of
Chita.

e The mines of Balei [baneii] and their tailings areas, located around 46 km S of
Nerchinsk and 220 km ESE of Chita.

e The opencast molybdenite (MoS;) mine and tailings area of Zhireken
[>Kupexen], located around 110 km NE of Nerchinsk and 280 km ENE of
Chita.

The TGU Department of Plant Physiology and Biotechnology is currently engaged in
a research project to characterise the microbiota able to tolerate the extreme conditions
encountered in some of these mine waters. Additionally, groundwater samples were
also taken from

e aborehole at Bazanovskii, some 15 km WNW of Aleksandrovskii Zavod and
13 km SSW of Novii Akatui. The water here overflowed under artesian
pressure, was extremely cold and effervesced with carbon dioxide.



During the sampling of July/August 2014, alkalinity, pH, temperature and (where
meaningful) Eh were measured in the field at all sites.

Field-filtered (0.45 um) samples of water were returned to the United Kingdom for
analysis by:

e Inductively Coupled Plasma Mass Spectrometry (ICP-MS) at the British
Geological Survey, Keyworth, Nottinghamshire.

¢ lon Chromatography (IC) methods at the British Geological Survey,
Keyworth, Nottinghamshire.

o ®0 and ?H stable isotopic determinations at the laboratory of NERC Isotope
Community Support Facility, Scottish Universities’ Environmental Research
Centre (SUERC), Rankine Avenue, East Kilbride, G75 0QF.

Solid samples of:

e Mineral phases, especially primary sulphide or secondary sulphate phases
e Barium sulphate precipitate, derived from adding barium chloride solution to
sulphate-rich mine waters

were also returned to the NERC isotope facility of SUERC for stable isotopic
determinations of **S.

Dr Michael Watts and his staff at the British Geological Survey and Professor Adrian
Boyce of SUERC / University of Glasgow are gratefully thanked for providing these
analyses.

In addition, Tomsk State University collected samples of water and precipitates from
the various sample locations for analysis by ICP-MS, SEM-EDS and XRD methods.
These results are documented separately in a report by D.A. Ivasenko, forming
Appendix A of this report.

This report is intended to document the raw data produced during the study, together
with a limited degree of interpretation. This raw data report will form the
documentation basis for scientific papers interpreting the data collected during the
study.
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Figure 1.1. Map of Zabaikalskii Krai, by Nzeemin [CC-BY-SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia
Commons. Sampling locations are shown.



2 SAMPLING AND ANALYSIS ROUTINES: YEAR 2014

The sites sampled in July / August 2014 are detailed in Sections 3 to 7 of this Report.

2.1  Mine Water and Groundwater Sampling

Groundwater samples were taken at the wellhead of the Bazanovskii flowing artesian
borehole. The borehole overflows continuously, so no “purging” was required. Field
measurements were made in a container continuously being replenished by the overflowing
water.

Groundwater / minewater samples were taken from shallow boreholes (most likely aborted
blasting boreholes, or possibly exploration boreholes) in a bench of the opencast quarry at
Sherlovaya Gora. The water in these boreholes may represent a mixture of (a) groundwater
contaminated by the oxidation products of sulphide minerals and (b) surface water run-in to
the boreholes. The replenishment rate of the boreholes was so low that they could not
realistically be purged. The water samples thus represent the water found in the boreholes on
arrival. The water was extracted using a bailer comprising a cut-off bottled water flask on a
cable. Field measurements were made in the bailer immediately on removal from the
borehole.

The other minewater samples were collected either from pit lakes and tailings ponds, or from
flowing minewater. In all cases, water samples were collected from a short distance (c. 5 cm)
below the water surface, and field measurements were also made by submerging the relevant
probes to a depth of c. 10 cm.

Water samples for analysis in the UK were filtered on site using a 0.45 um filter capsule,
mounted on a polypropylene hand-held syringe.

For each sample, the following aliquots were taken:

- 1x30mland 1x 15 mL polyethene flasks, of water filtered at 0.45 pm, using a
Millipore filter capsule and hand-held polypropene syringe. No acidification was
carried out in the field. These samples were carried in baggage to the UK and
delivered to the British Geological Survey. Except during periods of transport, samples
were stored in the dark at c. 4°C. The 30 mL flask was used for ion chromatography
analysis and the 15 mL flask for ICP-MS.

- 1 x15 ml polyethene flask, completely filled with water, filtered at 0.45 um, using a
Millipore filter capsule and hand-held polypropene syringe. Sample flask sealed
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additionally at neck with “Parafilm®” to hinder any leakage or evaporative losses.
These samples were carried in baggage to the UK and delivered to SUERC. Except
during periods of transport, samples were stored in the dark at c. 4°C.

- In some cases, a selection of samples for bacteriological analysis at TGU and
additional chemical analysis at Russian organisations.

2.2 Field Measurements

Field determinations included:

- determination of alkalinity (by average of multiple determinations, typically three
determinations) using a standard solution of 0.05 N HCI, prepared by TGU’s
Department for Plant Physiology and Biotechnology, an indicator comprising Hach
bremocresol green / methyl red powder portioned in foil pillows (with an end point, in
the region 4.3 to 4.6, depending on the alkalinity value, giving a measure of t-
alkalinity), and a sampling syringe / container from the AquaMerck 11109 alkalinity
test kit. This arrangement was due to strict air carriage regulations prohibiting carriage
of acid and indicators in flammable organic solutions by aircraft from the UK.

- pH, Eh and temperature (T) using TGU Department for Plant Physiology and
Biotechnology’s Hanna Instruments H18314 pH meter, regularly calibrated against
solutions of known pH around 4, 7 or 10 as appropriate. Measurements were manually
corrected for drift (assumed to be linear with time) on the basis of daily calibrations.
The pH value was automatically temperature-compensated by the meter.

2.3 Analysis at British Geological Survey

Samples (for each sample 1 x 15 mL and 1 x 30 mL aliquot of filtered water) were transported
by David Banks to the laboratory of the British Geological Survey at Keyworth, Nottingham.
Prior to analysis, samples were stored in a refrigerator at around +4°C, except for brief periods
of transport.

Analytical procedures at the British Geological Survey. are broadly identical to those
documented in NGU Report 2014.034 (Banks et al. 2014).

The 15 mL flasks were used for ICP-MS analysis. The samples were acidified with 1% v/v
HNO3 and 0.5% v/v HCI prior to analysis. The highly concentrated mine water samples were
diluted, as appropriate, prior to analysis. These dilution factors are reflected in the cited
detection limits.

The 30 mL samples were used, following appropriate dilution, dependent on total dissolved
solids, for the ion chromatography determination.
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3 SHERLOVAYA GORA (LLIEPJIOBASI I'OPA)

3.1  Location and Description

The name Sherlovaya Gora translates as “Schorl Mountain™ and is located around 24 km NW
of the town of Borzya and 250 km SE of the city of Chita. The deposit is located in
association with a Jurassic (Kozlov, 2009) pegmatitic granite inlier, forming a cluster of low
hills (up to c. 1000 m asl), surrounded by the plains of the Onon and Borzya Rivers. The inlier
is surrounded by clastic and volcanoclastic rocks (slates/shales and sandstones) of Lower
Carboniferous age.

The mining area can be subdivided into two sub-areas:

(i) the original gemstone mining area, a greisen deposit, associated with a dome
leucogranite in the hills of the western part of the area. This is also associated with
tungsten and bismuth mineralisation. The granite is regarded by Kozlov (2009) as
being associated with the Jurassic Kukul’bei Complex (although other sources -
Webmineral, 2014 - rather dubiously cite a Palaeozoic age for the granite).

(i)  the eastern area, associated with eruptive and subvolcanic quartz and felsite
porphyries (ongonites'), hosting the main cassiterite and polymetallic sulphide ore
bodies, and recently worked via a large opencast. The eruptive/subvolcanic phase
is believed to be later than the granite intrusion: Webmineral (2014) suggests that
it is of Early Cretaceous age.

The sampling activity described in this report focussed on the latter, eastern polymetallic area.

The western Aquamarine-Topaz Greisen area

The Sherlovaya Gora gemstone deposit is associated with a greisenised? granite dome, and
was first mentioned in records in 1721-1723 (Kozlov, 2009), but was probably known about
long before that (Kokunin, 2006). Initially, the Sherlovaya Gora greisen deposit was worked
on the southern slopes of the hill, from the 18™ Century, for semi-precious stones such as:

e aguamarine and heliodor - blue and yellow varieties of beryl (BesAly(SiO3)e),
respectively. High grade aquamarine was the most sought-after gem.

e topaz - Al;SiO4(F,OH),

e smoky quartz

! an ongonite is a topaz-rich quartz keratophyre; the subvolcanic equivalent of REE-, Li and F-rich granites
2 a greisen is a -highly self-altered endoskarn granite or pegmatite, characterised by an abundance of
hydrothermal minerals, e.g. tourmaline, beryl, topaz, fluorite etc.
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e tourmaline, a crystalline borocyclosilicate, of which schorl is one variety:
(Ca,K,Na)(Al,Fe,Li,Mg,Mn)3(Al,Cr,Fe,V)s(BO3)3(Si,Al,B)sO15(OH,F)4

According to Klopotow & Kantor (2014) and Webmineral (2014), the mineralised veins are
enriched in W, F, B, Be and As and are also associated with pneumatolytic mineralisation
such as:

e wolframite - (Fe,Mn)WO,, which is reported to have been worked from 1915-16,
according to Klopotow & Kantor (2014).

e cassiterite - SnO,. According to Wikipedia (2014), cassiterite mining commenced at
Sherlovaya Gora from 1928-32. Kozlov (2009) reports that rich cassiterite placers
were being worked in the 1940s and 1950s within the dome area.

e molybdenite - MoS,

e native bismuth and bismuthite - Bi,CO3(OH)4, which was also worked, from a later
date than the wolframite.

e fluorite - CaF;

e siderite and siderophyllite - KFe';Al(Al,Si2)O10(F,0H),

Local inhabitants still sporadically work the shallow underground mine workings in the
original Sherlovaya Gora gemstone deposit.

The eastern Polymetallic Ore area

According to Kozlov (2006), the Academician S.S. Smirnov discovered a large cassiterite-
polymetallic sulphide ore body in the quartz porphyry (ongonite) zone in the 1930s. In the
upper part of the ore body, oxidised ores predominate, including cassiterite (SnO,) and iron
oxyhydroxides, yielding a reddish hue. At greater depth, the polymetallic sulphide ores occur,
exploited via progressively deeper opencasting since the 1970s.

Among the sulphide minerals associated with Sherlovaya Gora are:

e pyrites, FeS,, pyrrhotite, Fe1xS (x = 0 to 0.2) and arsenopyrite (FeAsS))
e galena (PbS)

e sphalerite (ZnS),

e chalcopyrite (CuFeS,)

According to Webmineral (2014), the polymetallic ores are associated with quartz,

tourmaline, muscovite, chlorite, feldspar and also fluorite, native bismuth, bismuthinite
(Bi,S3) and cosalite (Pb,Bi,Ss). The opencast metal mine was closed in ¢.1995.
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Figure 3.1. Geological map of Sherlovaya Gora (after P.P. Sushinskii, 1915), from the
website of Klopotow & Kantor (2014). 1 = granite, 2 = quartz porphyry, 3 = felsitic
porphyry, 4 = aplite, 5 = deposits/placers of quartz / felsite porphyry and eruptive breccia, 6 =
slate/shale. No. 16 = the Millionaire Mine. The scale is in versts (1 verst = ¢. 1.067 km).
Today’s major opencast is in the porphyry area (indicated by red arrow) to the east of the
beryl/topaz/tourmaline greisen/granite deposit.
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Figure 3.2. Extract of 1:200,000 map of Sherlovaya Gora (m-50-XV dated 1983). Each
square is 4 km, north is vertically up the page. The pale blue ellipse shows the opencast pit
lake. Shgl01 is the sample of the pit lake water; Shg001, 007 and 008 are from boreholes
drilled into an opencast bench; while Shg003 is a sample from a shallow area of ponded water
in the tailings area.

3.2  Samples

Boreholes on Opencast Bench

The majority of the sampling activity took place on a bench of the opencast quarry, on the
eastern side of the pit, where a number of shallow (c. 10 m) boreholes had been drilled into
the floor of the bench. It is unclear whether these were drilled as exploration boreholes, or as
unused shot holes for bench blasting.

Some of these boreholes were dry, while some contained a few metres of water, typically of
pale yellow to orange colour and containing the products of sulphide oxidation. Surface water
could be observed to run into several of the boreholes from the bench surface, and it is
thought likely that, while a component of the water in the boreholes could be groundwater or
interflow, a significant component could represent run-in from the contaminated (with
sulphide oxidation minerals etc.) surface of the rock bench.

15



Water was extracted from the boreholes using an improvised bailer, comprising a plastic
water bottle on the end of a rope. There was insufficient replenishment of water in the
boreholes to realistically “purge” the boreholes, thus the samples should be regarded as water
“as found” in the bores. pH, temperature and Eh were determined on the water samples
immediately on extracting the water with the bailer, while water samples (filtered at 0.45um)
were taken from 3 of the boreholes.

e Sample Shg-01F from borehole 1 at 11.15 am on 27/7/14

e Sample Shg-01Fdup, duplicate sample from borehole 1 at 13.30 pm on 27/7/14
e Sample Shg-07F from borehole 6 on 30/7/14

e Sample Shg-08F from borehole 7 on 30/7/14

Aliquots (filtered) for °H and ‘20 analysis were taken for Shg-01F (borehole 1) and Shg-07F
(borehole 6).

A larger quantity of water was taken from borehole 1 for addition of barium chloride solution,
for precipitation of aqueous sulphate as BaSO, and isotopic analysis of sulphate **S.

The sampled boreholes (1, 6 and 7) were among those exhibiting the lowest pH and most
intense orange water colour. The numbering system for the boreholes was arbitrary.

The samples contained significant quantities of fine particulates / flocculates, necessitating the
use of several filters at some boreholes.

Opencast Pit Lake

The water quality in the main opencast pit lake has also been measured at a sampling point on
the NW shore. A single set of samples (Shg-101F) was taken of filtered water from just below
the water surface around 1 m from the shore, comprising several aliquots.

An aliquot of water (filtered) for 2H and 20 analysis was also taken for Shg-101F, as was a
larger quantity of water for addition of barium chloride solution, precipitation of aqueous

sulphate as BaSO, and isotopic analysis of sulphate *S.

Ponded Water in Tailings Area

To the ESE of the main opencast is a large, now mainly dry, area where tailings have
historically been deposited. An area of ponded water exists in one part of this area, and this
was also subject to sampling.
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A single set of samples (Shg-03F) was taken of filtered water from just below the water
surface around 1 m from the shore, comprising several aliquots.

An aliquot of water (filtered) for H and '®0 analysis was also taken for Shg-03F, as was a
larger quantity of water for addition of barium chloride solution, precipitation of aqueous

sulphate as BaSO, and isotopic analysis of sulphate 3*S.

Mineral samples

The following mineral samples were taken for sulphide S isotopic analysis

e Shg-A: Near drilled bench in Sherlovaya Gora opencast. Primary sulphide
(possibly arsenopyrite with some galena) mineralization. 27/07/2014

e Shg-B Near drilled bench in Sherlovaya Gora opencast. Primary sulphide
mineralization. 27/07/2014

e Shg-C Sherlovaya Gora opencast. Primary sulphide (probably sphalerite)

mineralisation. 27/07/2014
and the following mineral samples were taken for sulphate S isotopic analysis

e SG-14-1-4  Near drilled bench, Sherlovaya Gora opencast. Secondary sulphate
mineral - possibly epsomite, maybe gypsum. 27/07/2014

3.3 Field Measurements

The full set of field measurements is shown in Table 3.1. It will be seen that the pH of the
borehole water was in the range 2.47 (borehole 1) to 4.03 (borehole 2). The waters were
highly oxidised and the colour intensity of the water was inversely related to pH in most cases.
The fact that the pH varied somewhat when boreholes were resampled on later dates suggests
that the water is influenced by surface run-in, rather than just being a stable groundwater
quality.

The ponded water in the tailings area had a consistent pH of just over 3.7, but its temperature
was in the mid-20s°C when sampled, reflecting the very hot summer weather and intense

sunshine during the sampling period. The water was relatively clear and colourless.

The water in the opencast pit lake also had a stable pH of around 2.9 and was also clear and
colourless. The high temperature also reflects solar warming of the water surface.
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Sample Location Date pH Eh Temp. | t-alkalinity | Description
mV | °C meq/L
27/07/2014 . ,
Shg-01F Sherlovaya Gora Borehole 1 11.15 am 258 | +494 | 6.6 0 Dark orange colour. Some Fe retained on filter.
27/07/2014 . . . ,
Shg-01F dup | Sherlovaya Gora Borehole 1 13.30 pm Dark orange colour and more turbid. Some Fe and particulates retained on filter.
Sherlovaya Gora Borehole 1 28/07/2014
Sherlovaya Gora Borehole 2 27/07/2014 Very slight yellow colour
Sherlovaya Gora Borehole 3 27/07/2014 Medium orange colour
Sherlovaya Gora Borehole 4 27/07/2014 Medium orange colour
Sherlovaya Gora Borehole 5 27/07/2014 Less orange colour
Sherlovaya Gora Borehole 6 27/07/2014 Little colour
Sherlovaya Gora Borehole 6 30/07/2014 Medjum orange colour in bulk, but clear and colourless after filtration. Orange flocs
retained on filter.
Sherlovaya Gora Borehole 7 27/07/2014 Fairly colourless
Sherlovaya Gora Borehole 7 30/07/2014 Palg yellow golour in bulk, but clear and v. pale yellow after filtration. Orange flocs
retained on filter.
Sherlovaya Gora Borehole 8 27/07/2014 Colourless
Sherlovaya Gora Borehole 9 27/07/2014 Colourless
Sherlovaya Gora Borehole 10 27/07/2014 Very pale yellow colour
Sherlovaya Gora Borehole 11 27/07/2014 Colourless
Shg-03F Sherlovaya Gora tailings pond 28/07/2014 | 3.73 | +430 | 22.0 Clear colourless water. Small amount of precipitate on filter
Shg-03F Sherlovaya Gora tailings pond 30/07/2014 | 3.75 | +384 | 26.3 Clear colourless water. Little or no precipitate on filter
Shg-101-F Opencast pit lake, Sherlovaya Gora | 27/07/2014 | 2.90 | +556 | 23.1 0 Water clear colourless. Iron precipitation on lake bed near shore
Shg-101-F Opencast pit lake, Sherlovaya Gora | 30/07/2014 | 2.90 | +555 | 23.1 0 Water clear colourless. No precipitate on filter

Table 3.1. Summary of field measurements taken at the Sherlovaya Gora site. Note that the samples Shg-101F and Shg-03F for water chemical
analysis were taken on 27" and 28" July respectively, while those for oxygen, hydrogen and sulphate isotope determination were taken on 30/7/14.
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LIMS Code 13444- 13444- 13444- 13444- 13444- 13444-
0001 0002 0007 0008 0011 0003
Sample Code Shg-01F 223’01F Shg-07F | Shg-08F IS:hg'lol' Shg-03F
Date 27/7/14 | 27/7/14 30/7/14 | 30/7/14 | 27/7/14 28/7/14
. Borehole | Borehole | Borehole | Borehole | Opencast | Tailings
Detection limit 1 1 6 7 it pond
Field Measurements
pH 2.58 2.58 3.19 2.65 2.90 3.73
Eh mV 494 494 365 447 556 430
Temp °C 6.6 6.6 4.4 6.5 23.1 22.0
Alkalinity | meq I 0.0 0.0 0.0 0.0 0.0 0.0
Anions
CI mg I <0.05 <50 <50 <20 <125 5.3 30
SO0~ mg I <0.05 15990 16352 6522 3631 2708 6288
NO;’ mg I <0.03 <30 <30 <12 <7.5 <3.0 <75
Br mg I <0.01 <10 <10 <4.0 <2.5 <1.0 <2.5
HPO,> mg I <0.01 11 <10 <4.0 <25 <1.0 <25
F mg I <0.01 13 14 <2.0 4.6 14 105
Cations and main metals
Ca mg/I <855 <855 <855 <855 <855 <855 <855
Mg mg/I <65 381 380 391 151 214 477
Na mg/I <1000 <1000 <1000 <1000 <1000 <1000 <1000
K mg/l <135 <135 <135 <135 <135 <135 <135
Al mg/I <2.2 471 471 24.6 170 34.2 137
Fe mg/I <2.845 1898 1891 342 434 31.4 <2.845
Mn mg/I <0.435 734 751 584 48.7 91.1 275
Cu mg/I <0.325 80.9 79.4 0.668 6.67 3.81 14.3
Zn mg/I <0.6 3597 3621 1868 787 457 1394
S,Si&P
P mg/I <13 13 14 <13 <13 <13 <13
S mg/I <4045 4410 4451 <4045 <4045 <4045 <4045
Si mg/l <63.3 <63.3 <63.3 <63.3 <63.3 <63.3 <63.3
Minor and Trace Elements
Ag pg/l <225 <225 <225 <225 <225 <225 <225
As pg/l <60 48282 48698 121 3922 <60 81
B pg/l <32500 <32500 <32500 <32500 | <32500 <32500 <32500
Ba uo/l <100 <100 <100 <100 <100 120 <100
Be pg/l <15 563 592 250 101 170 264
Cd pg/l <70 16023 16092 7131 34622 3328 38404
Cr pg/l <105 120 110 <105 204 <105 <105
Co pg/l <42 2596 2672 2766 1161 931 3744
Cs pg/l <6 10 14 23 9 24 20
Ga uo/l <665 <665 <665 <665 <665 <665 <665
Hf pg/l <5 7 7 <5 <5 <5 <5
Li pg/l <7250 <7250 <7250 <7250 <7250 <7250 <7250
Mo pg/l <18 229 74 <18 <18 <18 30
Nb pg/l <5 <5 <5 <5 <5 <5 <5
Ni pg/l <80 3467 3522 3121 1974 2776 13543
Pb pg/l <30 349 276 328 436 534 2399
Rb pg/l <16 32 28 196 <16 92 133
Sb pg/l <13 13 15 <13 <13 <13 <13
Se pg/l <330 <330 <330 <330 <330 <330 <330
Sn pg/l <280 <280 <280 <280 <280 <280 <280
Sr pg/l <135 666 562 1917 <135 1828 1036
Ta pg/l <4 <4 <4 <4 <4 <4 <4
Ti pg/l <150 <150 <150 <150 <150 <150 <150
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Th pg/l <50 2328 2536 113 212 66 145
Tl pg/l <22 <22 <22 <22 <22 <22 <22
U pg/l <29 2287 2306 257 1286 148 805
\Y pg/l <1210 <1210 <1210 <1210 <1210 <1210 <1210
W pg/l <175 <175 <175 <175 <175 <175 <175
Zr pg/l <176 437 354 206 <176 <176 465
REE

Y pg/l <6 6499 6518 1746 3849 619 4197
La pg/l <5 2694 2739 265 262 73 369
Ce pg/l <5 6177 6172 660 651 180 1118
Pr pg/l <4 752 743 78 92 26 218
Nd pg/l <80 2728 2645 284 394 <80 908
Sm pg/l <10 668 657 84 180 45 431
Eu pg/l <4 87 75 16 14 6 10
Th pg/l <7 144 151 31 79 17 125
Gd pg/l <6 790 832 139 342 81 609
Dy pg/l <5 910 932 194 569 99 723
Ho pg/l <4 205 210 47 118 20 142
Er pg/l <5 634 628 143 359 54 414
Tm pg/l <4 87 90 19 51 9 59
Yb pg/l <5 589 592 107 314 47 305
Lu pg/l <3 82 86 18 44 7 45

Table 3.2. Laboratory chemical determinations (British Geological Survey) of water
samples (filtered in the field at 0.45 pm) from Sherlovaya Gora. Anions (CI', SO,*, NO3,
Br, HPO,>, F) analysed by ion chromatography, all other elements by ICP-MS. Field
measurements included in uppermost rows for comparison. All samples were laboratory-
diluted by a factor of 60000 prior to analysis by ICP-MS, hence the very high detection limits.

3.4

Results: Laboratory Chemical Analysis of Water Samples

The results of the laboratory chemical analyses performed by BGS are shown in Table 3.2. All
samples were laboratory-diluted by a factor of 60000 prior to analysis by ICP-MS, hence the
very high detection limits. The following should be noted:

The duplicate samples from Borehole 1 show very good reproducibility, despite the
fact that they are extracted by bailing 2 hours apart from each other.

Chloride concentrations are generally low. This is presumed to reflect low chloride
concentrations in precipitation in this extreme inland location.

Chloride concentrations are six times higher in the very shallow tailings pond (30
mg/L) than in the opencast pit lake (5.3 mg/L). This may represent evapoconcentration
of soluble salts in both open water bodies in the extremely hot summer climate. One
might estimate that the shallow waters of the tailings pond are around 6x more
evapoconcentrated than the deeper pit lake waters.

It is noteworthy that a number of other elements show a similar evapoconcentration
factor between the pit lake and the tailings pond (such as some of the REESs, uranium).
The anion composition is dominated by sulphate, ranging from 3.6 to 16 g/L in the
borehole waters, and 2.7 g/L and 6.3 g/L in the pit lake and tailings pond respectively.
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This, together with the acid nature of the waters and extreme metal concentrations,
illustrates the overwhelming dominance of sulphide oxidation processes in
determining the chemical nature of the water.

Extreme aluminium concentrations of several tens to several hundred mg/L of
aluminium are observed, reflecting aluminosilicate hydrolysis in the extremely acidic
environment, and the solubility of Al at low pH. The highest concentration is 471
mg/L in the lowest pH waters of Borehole 1.

Extreme concentrations of many metals are also observed. The highest contents are
typically observed in the low pH water of Borehole 1: for example; 1.9 g/L iron
(although Fe is below detection limit in the higher pH waters of the tailings pond), 750
mg/L manganese; 80 mg/L copper, 3.6 g/L zinc, 2.3 mg/L uranium and a massive 2.5
mg/L thorium. 16 mg/L cadmium is observed in borehole 1 and almost 35 mg/L Cd in
borehole 7.

Despite its higher pH, the tailings pond exhibits elevated concentrations of some heavy
metals, presumably reflecting evapoconcentrative processes: e.g. 2.4 mg/L lead (Pb),
13.5 mg/L nickel (Ni), 3.7 mg/L cobalt (Co), 38.4 mg/L cadmium (Cd).

Arsenic is present in extreme quantities in borehole 1, of 48-49 mg/L.

Other elements associated with the greisen mineralization are present in elevated
quantities, including fluoride at 13-14 mg/L in borehole 1 and the pit lake and at 105
mg/L in the evapoconcentrated waters of the tailings pond; beryllium at several
hundred pg/L and exceeding 0.5 mg/L in borehole 1.

On the other hand, both tin and tungsten are generally below analytical detection limit
in all samples, despite their known abundance in the ore mineralization. Tin has a
generally very low environmental aqueous solubility, while tungsten is generally
soluble at higher pH values (Frengstad et al. 2001).

3.5  Results: Laboratory Stable Isotope Analysis of Water Samples
Sample Location Sample date  §"°0Osmow | 6°Hsmow
Shg-01F Sherlovaya Gora Borehole 1. 11.15am  27/7/14 -13.1 %o -87.9 %o
Shg-07F Sherlovaya Gora Borehole 6 30/7/14 -12.8 %o -93.0 %o
Shg-101F | Opencast pit lake, Sherlovaya Gora 30/7/14 -6.5 %o -69.8 %o
Shg-03F Sherlovaya Gora tailings pond 30/7/14 -2.0 %o -43.5 %o

Table 3.3. Laboratory ?H and 'O determinations (SUERC) of water samples (filtered in
the field at 0.45 pum) from Sherlovaya Gora. Job number 14-38-TOMSKOH.
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Figure 3.3. '%0 vs 8°H plot of water samples from this study, compared with deep
borehole samples from Tomsk oblast’ (Banks et al. 2014 - NGU report 2014-034). All
values are in %o. The Global Meteoric Water Line (GMWL) is defined as 5°H = 8.13*5'%0 +
10.8, after Clark & Fritz (1997).

The results of the laboratory ?H and 20 analyses performed by BGS are shown in Table 3.3
and are plotted on Figure 3.3. The following should be noted:

e The two borehole samples plot very close to the global meteoric water line (GMWL)
as defined by the equation

8°H = (8.13*3'%0) + 10.8  (Clark & Fritz 1997)

effectively confirming that they are derived from precipitation. The fact that most of
the Zabaikalsk samples lie a little above the GMWL suggests that there is a local (arid
zone) meteoric water line (LMWL) slightly enriched in ?H relative to the GMWL
(Banks, 2014; SAHRA, 2014).
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e The pit lake and the tailings pond lie below the GMWL, but above and to the right of
the borehole samples. This enrichment in both heavy isotopes, but preferentially in

180’

3.6  Results: Laboratory Sulphur Isotope Analysis of Mineral Samples

is strongly indicative of evaporative upconcentration.

The following sulphur isotope results were obtained from SUERC for analysis of primary
sulphide and sulphate minerals (Table 3.4):

Sample | Description 8>Sy cot (%0)

Sulphide mineralization
Near drilled bench. Sherlovaya Gora opencast. Sulphide (possibly

Shg-A o X e 2.1
arsenopyrite with some galena) mineralisation

Shg-B Ngar dr!lleql bench. Sherlovaya Gora opencast. Sulphide 19
mineralisation

Shg-C Sherlovaya Gora opencast. Probably sphalerite mineralisation -2.2

Sulphate mineralization

SG14-1-4 Near drilled bench. Sherlovaya Gora opencast. Secondary sulphate 84

mineral. Possibly epsomite, maybe gypsum

Table 3.4. Laboratory **S determinations (SUERC) of primary sulphide and

secondary(?) sulphate mineral samples from Sherlovaya Gora. Job number: 14-53-Banks.

The values of around -2%o. in the sulphides are compatible with a magmatic origin, but cannot
be regarded as exclusively indicative of such an origin (Frietsch et al., 1995; Seal, 2006).

The sulphate mineralization has a much lower &*S value of -8.4%e.

3.7  Results: Laboratory Sulphur Isotope Analysis of Water Samples

Table 3.5 documents the sulphur isotope composition of the barium sulphate precipitated from
the water samples.

Sample Description 8 **Sv.cot (%o0)
Shg-01 Water from Sherlovaya Gora borehole 1 -0.4
Shg-03 Ponded water, tailings area, Sherlovaya Gora -2.2
Shg-101 Open cast pit lake, Sherlovaya Gora -5.8

Table 3.5. Laboratory **S determinations (SUERC) of on barium sulphate precipitates
derived from addition of excess barium chloride to water samples from Sherlovaya
Gora. Job number: 14-53-Banks.
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3.8 Sources of information:

Wikipedia (2014). Ileprosas lTopa. Available at https://ru.wikipedia.org/wiki/
[lepnosas ['opa. Accessed November 2014.

Klopotow, K.I. & Kantor, B.Z. (2014). Lleprosa copa. Website: Munepansl Poccum.
Available at
http://klopotow.narod.ru/mindata/locathn/Chit_obl/zabaik/sherlov/fersman.htm,
accessed November 2014.

Kokunin  M.V. [Kokynnn M.B.] (2006). MHcmopusa eceonocuueckoco — uzyuenus
Lllepnosocopckoeo mecmoposcoenusi bepunia u monasa. Website: Ileemnvie kammu
Tpancoaiikanvbcko2o pecuona. Available at
http://lavrovit.narod.ru/history/sherlovagora.htm. Accessed November 2014.

Kozlov, V.D. (2009). Rare-earth elements as indicators of ore sources and the degree of
differentiation and ore potential of rare-metal granite intrusions (eastern
Transbaikalia). Russian  Geology and  Geophysics 50: 29-42.  doi:
10.1016/j.rgg.2008.06.015.

Webmineral (2014). Illeprosozopckoe mecmopodcoenue, bop3unckuil pation, 3abaikanbckutl

Kpatl, 3abatikanve, Poccus. Available at
http://webmineral.ru/deposits/item.php?id=1204, accessed November 2014.
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Figure 3.4. Sherlovaya Gora hoét rocks - porphyritic effusives (Photo by David Banks)
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Figure 3.5. The polymetallic opencast at Sherlovaya Gora, seen from the north (Photo by
David Banks)

Figure 3.6. Bench of the polymetallic} opencast at Sherlovaya Gora, into which shallow
boreholes had been drilled, and which were sampled for water (Photo by David Banks)
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Figure 3.7. Borehole in bench of the
polymetallic opencast at Sherlovaya
Gora (Photo by David Banks)

Figure 3.8 (below) Sampling the
ponded water at the tailings area
(Shg-03) (Photo by David Banks).
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Figure 3.8 (above). Filtering mine
water samples to obtain
microbiological samples (Photo by
David Banks).

Figure 3.9 (left) Addition of
barium chloride solution to
Sherlovaya Gora opencast pit
lake water (Shg-101) produces a
white barium sulphate precipitate
(Photo by David Banks).



Figu 3.10. The polymetallic opencst at Sherlovaya Gora, seen from samling oint
for Shg-101, looking east. The red arrow indicates the bench into which the sampled
boreholes were drilled. Note the iron oxyhydroxide staining of the lake bed near the shore
(Photo by David Banks)
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4 Novil AKATUI (HOBHIA AKATY)

4.1  Location and Description

\ v, %T\ K@g S
W’{" Bl % \x
“ Ut I 53%:").\ N

{}

Figure 4.1. Extract of 1:200,000 map of Akatui (m-50-X dated 1989). Each square is 4
km, north is vertically up the page. The blue circle shows the approximate location of the
mine water adit. The tailings areas are approximately indicated in yellow. The prison is shown
as a red/white diamond, and the mine buildings by a red arrow. The Bazanovskii borehole
(Chapter 5) is shown as a black/orange circle.
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Figure 4.2. Historic geological map of Akatui (believed to be after S.S. Smirnov and
downloaded from http://lavrovit.narod.ru/maps/Rudnik.html). The prison is shown as a

red/white diamond while the sampled Novii Akatui mine is located in the area marked as
Upper Akatuevskoe ore body.
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According to Wikipedia (2014), a silver-lead sulphide ore was discovered at Akatui in 1815.
From 1832 to 1917, the tsarist regime operated the Akatuiskaya prison, which provided labour
in the mines.

More recently, the skarn deposits associated with the contact zone between a granite intrusion
and the carbonate country rocks have been exploited for Pb-Zn (sphalerite-galena) ores via
underground mining. The deposit is associated with other sulphide minerals such as pyrite
(which is found in high concentrations in the tailings) and chvilevite (Na(Cu,Fe,Zn),S,)
(Dobrovolskaya 1996). The Novii (New) or Severo-(North) Akatui mine kept working until
1994 (Webmineral 2014). At present, the underground workings are flooded and overflow via
a horizontal tunnel (adit) into the tailings area.

According to Zabaikalskii Krai (2014), the regional geology comprises Lower Palaeozoic
(Cambrian) sedimentary and metamorphic rocks, intruded by lower Palaeozoic gabbros and
diabases, late Palaeozoic granites and overlain by Lower Jurassic clastic sediments and later
Jurassic volcanoclastic and effusive rocks. Widespread small Jurassic age intrusions also
occur. The mineralisations largely occur along a strip 0.6 - 1.2 km in width extending SW-NE
in carbonates and shales. The main ores are referred to as the Akatuevskoe and Upper / North
Akatuevskoe ores and lie along the NW limb of an anticlinal structure, falling at around 60°.
The ore deposits reported to be strongly oxidised to a depth of 100-240 m. The minerals
present are:

e anglesite (PbSO,)

e cerussite (PbCOg)

e galena (PbS)

e sphalerite (ZnS)

e smithsonite (ZnCO3)

e pyrite, arsenopyrite, pyrrhotite and boulangerite (PbsSbsSi11).

¢ the deposit also contains significant contents of Mn, As, Cd, In, Bi, Ag (up to 243 g/t)

and Au (up to c. 2 g/t).

4.2  Samples

Water samples

The Novii Akatui site comprises three main levels of tailings deposits descending southwards
along the head of the valley of the Akatui River, each with a retaining dam or embankment at
its southern end. The upper tailings area was not observed to have any major flows of surface
water across it when visited in July 2014, but was occupied by a lake of standing water.
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A flow of mine water emerges from a major mine tunnel, dated 1959, from the west side of
the valley, near the junction between the upper and middle tailings levels. Samples Shg-05F
were taken from the mouth of the adit.

Figure 4.3. The flowing 1959 mine adit, from which samples Shg-05F were taken (Photo
by David Banks)

Figure 4.4. The middle tailings level at Novii Akatui (Photo by David anks)
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Figure 4.5. Mine water flowing over the lower tailings level at Novii Akatui (sample Shg-
06F). The dam at the foot of the middle level can be seen to the left (Photo by David
Banks)

|

Figure 4.6. Ponded mine water on the lower tailings level at Novii Akatui, looking north
The dam at the foot of the middle level can be seen at the rear of the pond (Photo by
David Banks)
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Figure 4.7. Seepage of water from foot of dam at base of lower tailings level at Novii
Akatui (pH 6.7, +289 mV). (Photo by David Banks)
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Figure 4.7. Spring at eastern end of foot of dam at base of lower tailings level at Novii
Akatui (pH 6.7, +258 mV, samples Shg-04F). (Photo by David Banks)
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Figure 4.8. Schematic of the three tailings areas (yellow) at Novii Akatui. The red circles
show sample locations, the green diamonds show locations of other field measurements.
North is up the page.
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The mine water flows down the embankment and across the middle level of tailings. It then
flows down the embankment of the middle tailings level to the lowest tailings level. Here,
samples Shg-06F were taken from the flowing mine water. At this location, where minerals
had been sorted by the flowing water, the very high pyritiferous content of the tailings was
clear to observe.

The minewater then ponded on the lower tailings level, with no surface water outlet. It is thus
assumed that the minewater infiltrates vertically downward into the lower tailings body.
Below the foot of the lowest tailings dam, a few seepages of water emerge, the largest of
which was sampled (Shg-04F).

Mineral samples

Two samples of primary sulphide were collected from Novii Akatui:

e Shg-Ei Pyrite/chalcopyrite from tailings area. 29/07/2014
e Shg-Eii Sphalerite with small crystals of pyrite. 29/07/2014

4.3 Field Measurements

The full set of field measurements is shown in Table 4.1.

The water in the lake (“upper pond” in Figure 4.8) on the upper level of the tailings area
shows little sign of contamination by acid rock drainage. The pH is elevated (almost 7.7) and
the Eh is not excessively high.

The minewater itself is clear, colourless, very cold (2.8°C), has a slightly alkaline pH and a
high content of bicarbonate (3.6 meqg/L). This likely reflects the carbonate nature of the host
rocks which would buffer and neutralise any acidity generated by sulphide oxidation and
would suppress the solubility of ferric iron and manganese.

As the mine water flows down over the lower tailings area (possibly mixing with leachate
from the tailings?), its temperature rises in the hot summer weather, while the Eh initially rises
and then falls.

The water seeping from the base of the lower tailings dam has a lower pH than the mine water
and a lower Eh than the lower pond, possibly reflecting the dissolution of sulphide oxidation
products during seepage through the tailings. The temperature is also much lower than the
pond, as the water picks up stored “coolth” from the tailings mass during its passage through
them.
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Sample Location Date pH Eh Temp. | t-alkalinity | Description
mV | °C meq/L
Novii Akatui, upper tailings lake 29/07/2014 | 7.69 | +178 | 24.5 Ponded water. Brownish coloured lake with little vegetation
Novii Akatui. Minewater flow from 1959 3.6 . . - ,
Shg-05F aditatc. 10 Ls. 29/07/2014 | 715 | +210 | 2.8 (36363.) Flowing mine water. Clear colourless water. No precipitate on filter.
Shg-06F Ngyn Akatui, stream running over lower 201072014 | 650 | +435 | 16.9 3.6 Elowmg water derived from mine adit. Clear colourless water. Grey/buff residue on
tailings area (3.7,3.5,3.6) | filter
Novii Akatui lower tailings pond 29/07/2014 | 7.20 | +345 | 221 Very slight bluish colouration in bulk
Novii Akatui. Seepage at foot of 29/07/2014 | 6.7 | +289 | 7.3 Iron hydroxide precipitation in area
retaining dam of lower tailings area
§ Novii Akatui, spring at eastern foot of 2.6 Clear colourless water. No precipitate on filter. Eh is -40 mV in sediments and
Shg-04F retaining dam of lower tailings area 2000712014 | 6.7 +258 | 9.7 (2.5,2.7,2.6) | sulphate reduction is apparent. Some iron hydroxide precipitate in stream bed

Table 4.1. Summary of field measurements taken at the Novii Akatui site, sorted in descending order through the site, from north to south.
The column marked t-alkalinity shows the average of three titrations, followed (in parentheses) by the three titration results.
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13444- | 13444- 13444- | 13444-0012 | 13444- 13444-
LS ks 0005 | 0006 0004 0009 0010
Sample Code Shg-05F | Shg-06F Shg-04F | Shg-102-F | Shg-09F | Shg-10F
Date 29/7/14 29/7/14 29/7/14 29/7/14 31/7/14 1/8/14
Detection limit Qli(:;u' 'sot\:(eaatul# SAeI;z;tm Egrzeanovsku Balei Zhireken
Field Measurements
pH 7.15 6.50 6.7 6.36 3.40 5.6
Eh mV +210 +435 +258 +41 +468 +446
Temp °C 2.8 16.9 9.7 0.8 25.2 17.5
Alkalinity | meq I 3.6 3.6 2.6 33.2 0.0 1.2
Anions
CrI mg I <0.05 0.57 0.93 0.76 5.1 13 3.2
8042' mg It <0.05 223 298 400 0.06 1447 403
NO3 mg It <0.03 1.4 6.3 7.9 <0.03 7.8 46
Br mg It <0.01 <0.01 0.02 <0.01 0.03 0.01 0.01
HPO,* mg I <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1.8
F mg It <0.01 0.39 0.47 0.64 0.08 0.45 0.22
Cations and main metals
Ca mg/I <0.8 135.8 170.9 188.0 259.3 248.8 141.9
Mg mg/l <0.06 33.64 35.10 33.05 108.37 212.31 33.90
Na mg/l <0.9 2.9 6.4 4.7 417.8 41.1 24.9
K mg/l <0.2 1.0 1.4 2.2 4.9 15.5 3.4
Al pg/l <2 5 4 <2 3 1891 2
Fe uo/l <3 141 27 78 8621 2952 5
Mn uo/l <0.4 178.4 181.5 220.0 555.1 1339.3 2.9
Cu uo/l <0.4 0.6 2.5 1.1 <0.4 3.5 8.5
Zn uo/l <0.5 2723.2 1388.7 533.9 15.0 145.3 10.7
S,Si&P
P mg/| <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S mg/l <4 90 120 150 <4 548 140
Si uo/l <53 7754 8372 7380 10609 642 1000
Minor and Trace Elements
Ag pa/l <0.2 <0.2 <0.2 <0.2 0.5 <0.2 <0.2
As uo/l <0.05 52.78 24591 59.08 3.13 4.95 1.30
B pg/l <28 64 72 83 53 <28 <28
Ba uo/l <0.1 8.4 17.2 29.9 10764 13.8 25.9
Be uo/l <0.02 0.08 <0.02 <0.02 0.32 0.69 <0.02
Cd uo/l <0.06 3.96 4.05 1.97 <0.06 0.22 0.42
Cr uo/l <0.09 <0.09 <0.09 <0.09 0.16 0.26 <0.09
Co uo/l <0.04 0.81 0.44 0.05 <0.04 19.83 0.15
Cs uo/l <0.005 0.672 0.629 0.247 5.389 2.719 0.459
Ga uo/l <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
Hf uo/l <0.01 <0.01 <0.01 <0.01 0.92 0.01 0.02
Li uo/l <7 13 15 13 1194 149 18
Mo uo/l <0.03 1.93 2.45 5.43 0.08 <0.03 882.18
Nb uo/l <0.02 <0.02 <0.02 <0.02 0.03 <0.02 <0.02
Ni uo/l <0.1 7.2 45 1.4 0.2 28.4 2.4
Pb pa/l <0.03 0.70 15.99 0.42 0.38 0.21 <0.03
Rb pa/l <0.02 2.74 3.51 2.66 71.22 11.64 9.50
Sh pa/l <0.02 5.42 7.11 3.17 0.04 0.19 12.31
Se pa/l <0.3 2.5 17 0.3 <0.3 <0.3 51
Sn pa/l <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
Sr pa/l <0.2 508 661 812 23016 3438 2141
Ta pa/l <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Ti pa/l <0.2 <0.2 <0.2 <0.2 8.7 <0.2 0.8
Th pa/l <0.05 <0.05 <0.05 <0.05 0.40 0.39 <0.05
Tl pa/l <0.02 0.02 0.05 <0.02 <0.02 0.11 <0.02
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U pg/l <0.03 3.76 6.27 8.81 0.08 2.33 58.41
\Y pa/l <2 <2 <2 <2 <2 <2 <2
W pa/l <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Zr pg/l <0.2 <0.2 <0.2 <0.2 208.9 <0.2 4.6
REE

Y po/l <0.005 0.605 0.213 0.310 4.500 13.709 0.035
La po/l <0.004 0.091 0.027 0.189 0.776 4.785 0.012
Ce po/l <0.004 0.186 0.041 0.022 1.147 12.727 0.013
Pr pg/l <0.004 0.022 0.005 0.017 0.152 1.792 <0.004
Nd po/l <0.07 0.08 <0.07 <0.07 0.66 7.78 <0.07
Sm pg/l <0.009 0.028 0.012 0.009 0.223 2.300 <0.009
Eu po/l <0.003 0.007 <0.003 0.005 0.085 0.562 <0.003
Th po/l <0.006 0.009 <0.006 <0.006 0.046 0.445 <0.006
Gd po/l <0.005 0.052 0.010 0.018 0.260 2.909 <0.005
Dy pg/l <0.005 0.063 0.021 0.020 0.332 2.406 <0.005
Ho po/l <0.003 0.017 0.009 0.006 0.092 0.476 <0.003
Er pg/l <0.005 0.046 0.044 0.022 0.306 1.293 <0.005
m pg/l <0.003 0.008 0.009 0.005 0.048 0.178 <0.003
Yb g/l <0.004 0.041 0.085 0.032 0.343 1.002 <0.004
Lu po/l <0.002 0.007 0.021 0.007 0.075 0.148 <0.002

Table 4.2. Laboratory chemical determinations (British Geological Survey) of water samples
(filtered in the field at 0.45 um) from Novii Akatui, Bazanovskii, Balei and Zhireken. Anions
(CI', SO,%, NOg', Br', HPO,%, F) analysed by ion chromatography, all other elements by ICP-MS.
Field measurements included in uppermost rows for comparison. All samples were laboratory-
diluted by a factor of 5 prior to analysis by ICP-MS, hence the slightly higher than normal detection
limits.

4.4  Results: Laboratory Chemical Analysis of Water Samples

The results of the laboratory chemical analyses performed by BGS are shown in Table 4.2. All
samples were laboratory-diluted by a factor of 5 prior to analysis by ICP-MS. The major cations
and anions have been converted to meg/L in Table 4.3 and are shown as pie diagrams in Figure 4.9.

It will be noted that the ion balance errors for the Novii Akatui samples range from 5-8%, which is
relatively high. Table 4.3 suggests, however, that when alkalinity is low or negligible, the ion
balance errors are low, but that the errors increase as alkalinity increases. This suggests that the
source of ion balance error is likely to be the field alkalinity titration (which used “home-prepared
acid”), which is likely to slightly underestimate the true alkalinity.

The following should be noted from the analyses:

Shg-05F | Shg-06F | Shg-04F | Shg-102-F Shg-09F | Shg-10F
Akatui Akatui Akatui Bazanovskii . .
) Balei Zhireken

mine stream seep bore
Ca meg/L 6.77 8.53 9.38 12.94 12.41 7.08
Mg meg/L 2.77 2.89 2.72 8.92 17.47 2.79
Na meg/L 0.13 0.28 0.20 18.17 1.79 1.08
K meg/L 0.03 0.04 0.06 0.13 0.40 0.09
CI meg/L 0.02 0.03 0.02 0.14 0.36 0.09
SO, meg/L 4.64 6.20 8.33 0.00 30.13 8.38
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Alkalinity meq/L 3.6 3.6 2.6 33.2 0.0 1.2
NO;’ megq/L 0.02 0.10 0.13 0.13 0.74
F megq/L 0.02 0.02 0.03 0.00 0.02 0.01
Sum cations | meg/L 9.69 11.73 12.36 40.15 32.07 11.04
Sum anions | meg/L 8.30 9.95 11.11 33.38 30.63 10.42
IBE % 7.74 8.21 5.32 9.21 2.29 2.88

Table 4.3. Laboratory chemical determinations (British Geological Survey) of water samples
(filtered in the field at 0.45 um) from Novii Akatui, Bazanovskii, Balei and Zhireken,
converted to meg/L. IBE = calculated ion balance error.

All three water samples from Akatui, while not identical, are broadly hydrochemically
similar, suggesting that mine water is the major component in all, possibly modified by
tailings leachate (in Shg-04F and Shg-06F), or by admixture with natural groundwater in
Shg-04F.

Chloride concentrations are very modest (0.6 to 0.9 mg/L), which likely reflect the very low
chloride concentrations in precipitation (due to distance from the sea and the low content of
marine salts). These concentrations are not dissimilar to those found elsewhere in Central
Asia (e.g. Afghanistan, Banks 2014).

Sulphate is the major anion at 220 to 400 mg/L. Thus, although the mine water contains
only modest concentrations of dissolved metals and is slightly alkaline, it does bear the
hydrochemical fingerprint of sulphide oxidation. The sulphate content increases
“downstream” through the tailings area, suggesting that sulphate is being acquired through
contact with the tailings and seepage through them. The decrease in alkalinity between the
second and third sampling points may also reflect acquisition of acidity from the tailings.
The mine water type is Ca-(Mg)-SO,, suggesting that acid, generated by sulphide oxidation,
is being neutralised by Ca-(Mg) carbonates in the host rocks.

The content of several other ions increases downstream, e.g. Ca, K, F, Mn. It is possible
that these are being acquired through dissolution of secondary salts in the tailings area.

The iron concentration of 141 pg/L in the minewater is relatively modest and does not
increase downstream, despite the pyrite content of the tailings. The iron concentration is
related to redox conditions - as Eh increases, iron decreases - suggesting iron in the
minewater is largely in ferrous (Fe™) form and is precipitated out by oxidation to ferric
iron.
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Novii Akatui Shg-05F mine water

NO3, 0.02, 0%

Alkalinity, 3.60,

0
20% F,0.02, 0%

Ca, 6.77,38%

S04, 4.64,26%
Cl,0.02,0% Mg, 2.77, 15%

K, 0.03, 0%

Na, 0.13, 1%

Novii Akatui Shg-06F stream of mine water on lower tailings area

NO3, 0.10, 0%

Alkalinity, 3.60,

17% F,0.02, 0%

Ca, 8.53,40%

S04, 6.20, 29%
Cl,0.03,0% Mg, 2.89, 13%
K, 0.04, 0%

Na, 0.28, 1%

Novii Akatui Shg-04F seepage below lower tailings dam

F,0.03, 0%

NO3, 0.13,1%

Alkalinity, 2.60,
11%

Ca, 9.38,40%

S04, 8.33, 35%

Cl,0.02, 0% Mg, 2.72, 12%

K, 0.06, O%j7

Na, 0.20, 1%

Figure 4.9. The analyses for Novii Akatui shown as pie diagrams. For each parameter, the first
figure is the meg/L concentration, the second figure the percentage of the ion total in meg/L.
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e The minewater contains modestly elevated concentrations of several other sulphide-related
metals and metalloids - Zn at 2.7 mg/L, Cd at 4 pg/L and As at 53 pg/L. Both Zn and As are
soluble in high-pH environments.

e Zn appears to be removed downstream in the system, possibly due to precipitation as a
carbonate phase.

e Pbisonly present at <1 pg/L in the mine water (solubility suppressed in a high pH
environment), but increases to 16 pg/L in the stream of the lower tailings area. Arsenic
increases to 246 ug/L.

45  Results: Laboratory Stable Isotope Analysis of Water Samples

Sample Location Sample date  §"*Osmow | $°Hsmow

Shg-05F Novii A_katui. Minewater flow from 29/7/14 15.3% | -102.3 %
1959 adit at c. 10 L/s.

Novii Akatui, spring at foot of

retaining dam of lower tailings area

29/7/14 -13.7 %o -96.9 %o

Shg-04F

Table 4.4. Laboratory ?H and 0O determinations (SUERC) of water samples (filtered in the
field at 0.45 um) from Novii Akatui. Job number 14-38-TOMSKOH.

The results of the laboratory H and *20 analyses performed by BGS are shown in Table
4.4 and are plotted on Figure 3.3. The following should be noted:

The samples plot very close to the global meteoric water line (GMWL) and also very close to the

groundwater from the nearby Bazanovskii borehole. This effectively confirms that the samples are
derived from precipitation.

4.6  Results: Laboratory Sulphur Isotope Analysis of Mineral Samples

The following sulphur isotope results were obtained from SUERC for analysis of primary sulphide
minerals:

Sample | Description d**Sv.cor (%)
Shg-Ei Pyrite/chalcopyrite from tailings area +3.4
Shg-Eii Sphalerite with small crystals of pyrite +1.2

Table 4.5. Laboratory *S determinations (SUERC) of primary sulphide mineral samples
from Novii Akatui. Job number Job: 14-53-Banks.

The values of around +1-3%. are compatible with a magmatic origin, but cannot be regarded as
exclusively indicative of such an origin (Frietsch et al. 1995, Seal 2006).
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4.7 Sources of information:

Dobrovolskaya, M.G. (1996). Geochemistry of alkali metals in sulfides. Abstract 133, 6" V.M.
Goldschmidt Conference, Heidelberg, March/April 1996. Awvailable at http://www.the-
conference.com/JConfAbs/1/133.html, accessed July 2015.

Webmineral (2014). Axamyii mecmopoosicoenue, Anexcanoposo-3aso0ckuil pailon, 3abatikanreckuil
kpati, 3abaiikarve, Poccus. Available at  http://webmineral.ru/deposits/item.php?id=412,
accessed December 2014.

Wikipedia (2014). Hoswiii Axamyi. Available at https://ru.wikipedia.org/wiki/HoBeiii AxaTyi,
accessed December 2014.

Zabaikalskii Krai (2014). Ilopsioox u ycroeus npogedenuss ayKyuoHd. HA Npaso NOJIb306aAHUS
HeOpamu ¢ yeavio pazeedku u 000bIYU CBUHYA, YUHKA, cepebpa, 3010ma, KAOMUsL U NONYMHbIX
KOMNOHEHMO8 Ha yyacmike Hedp Axamyeeckoe pyouoe noie 6 Anekcanoposo-3a800CcKoM
paiione 3abaiikanvckozo kpas. [lpunosicenue 1 k npukazy Llenmpcubneopa om 05.05.2014 Ne
104. Available at http:/geo.chita.ru/documents/download/532.
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5 BAzANOVSKII (BA3AHOBCKHUI) BOREHOLE

5.1  Location and Description

This artesian borehole is located just south of the road from Borzya to Aleksandrovskii Zavod,
around 13 km SSW of Novii Akatui and 15 km west of Aleksandrovskii Zavod. The borehole is
drilled in the valley bottom on the flood plain of the Gun’gundzha River (Figure 4.1).

The depth of the borehole is not known, but its temperature suggests it is not of any great depth.
Indeed, a document by GIPROGOR & NIPETERPLAN (2010) states that the depths of the aquifer
horizons are only 25-50 to 60-70 metres. The water is effervescent, degassing bubbles of CO; on
emergence from the continuously flowing discharge pipe from the well head. The borehole is used
as a source of drinking water by local residents who come to collect water in containers.

52  Samples

A single sample (Shg-102F, field filtered at 0.45 um) was taken directly from the well-head on
29/7/14, where field measurements were also taken. The artesian discharge rate was estimated as
0.5 L/s.

PERP® o 3 | TR
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Figure 5.1 Bazanovskii borehole well head. The discharge pipe passes through the rear wall.
(Photo by David Banks)
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Figur 5.2. BazanovskKii borehole discharge pipe (photo by David Banks).

5.3 Field Measurements

The full set of field measurements is shown in Table 5.1. The appearance of the water was clear
and colourless and effervescing with bubbles of (presumed) CO,.

Date 29/07/2014
pH 6.36
Eh +41 mV
Temperature 0.8°C
Average t-alkalinity in meg/L 33.2
(individual titration results in parentheses) (33.4,32.9,33.4)

Table 5.1. Summary of field measurements taken at the Bazanovskii borehole. The column
marked t-alkalinity shows the average of three titrations, followed (in parentheses) by the three
titration results.

It will be noted that the water is extremely cold, only just above 0°C. The water’s pH is low,
although not negative and the pH is slightly acidic, likely reflecting the high content of dissolved
CO,. The alkalinity is, however, high. Use of PHREEQC Interactive suggests that (a) the water is
saturated with respect to calcite and (b) the partial pressure (fugacity) of CO, in the water is as high
as 107 atmospheres, compared with typical partial pressures of up to 10™° atm. in the soil zone.
This is suggestive of either:
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e of an unusual source of CO,, which has partially reacted with basic minerals to generate a
high alkalinity

e or a source of other (proton) acidity, that has reacted with carbonate minerals to release an
excess of alkalinity.

5.4  Results: Laboratory Chemical Analysis of Water Samples

The results of the laboratory chemical analyses performed by BGS are shown in Table 4.2. All
samples were laboratory-diluted by a factor of 5 prior to analysis by ICP-MS. The major cations
and anions have been converted to meg/L in Table 4.3 and are shown as a pie diagram in Figure
5.3.

It will be noted that the ion balance errors for the Bazanovskii sample is rather high at c. 9%. Table
4.3 suggests, however, that when alkalinity is low or negligible than ion balance errors are low, but
that the errors increase as alkalinity increases. This suggests that the source of ion balance error is
likely to be the field alkalinity titration (which used “home-prepared acid”), which is likely to
slightly underestimate the true alkalinity.

Bazanovskii borehole water

NO3, , 0%

F, 0.00, 0%

Ca, 12.94, 18%

Alkalinity, 33.23,

45% Mg, 8.92,12%

S04, 0.00, Na, 18.17, 25%

Cl,0.14, 0%
K,0.13,0%

Figure 5.3. The analysis for Bazanovskii borehole shown as a pie diagram. For each parameter,
the first figure is the meg/L concentration, the second figure the percentage of the ion total in
meq/L.

The following should be noted from the analyses:

e The water is a Na-(Ca-Mg)-HCO3 water. There is a significant excess of Na over Cl, which
is indicative of intensive mineral hydrolysis.
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e Nitrate is not detectable in the water and sulphate is almost absent. This indicative of
reducing conditions in the water. The high barium concentration (10.8 mg/L) is only
possible due to the absence of sulphate and thus of a barite saturation ceiling. This is
strongly indicative of sulphate reduction processes occurring.

e The elevated dissolved iron (8.6 mg/L) and manganese (0.56 mg/L) concentrations are also
indicative of reducing conditions.

e The fact that uranium concentrations (0.08 pg/L) are lower than thorium (0.4 pg/L) is
another indicator of a generally reducing environment.

e Concentrations of Si are higher than would be expected, at 10.6 mg/L, another indicator of
intense hydrolysis of silicate minerals by CO..

e The concentration of lithium is remarkably high at 1.2 mg/L, as is strontium at 23 mg/L.
Both are indicators of intense and/or prolonged water-rock interaction.

e Zirconium and titanium concentrations are elevated at 209 pg/L and 9 pg/L respectively.

The water has been analysed previously, as reported by GIPROGOR & NIPETERPLAN (2010):
here the water is described as rich in carbon dioxide (3.4 to 3.6 g/L), rather modestly mineralised
(3.3t0 3.5 g/L) and of HCO3-Mg-Ca-Na type, with 13.4 to 22.3 mg/L iron. The temperature is
confirmed as only 0.3°C.

5.5  Results: Laboratory Stable Isotope Analysis of Water Samples

Sample Location Sample date  8"*0Osmow | $°Hsmow
Sparkling (CO2) mineral water,

Shg-102F | overflowing at c. 0.5 L/s. Clear 29/7/14 -12.9 -89.0
colourless

Table 5.2. Laboratory ?H and 0 determinations (SUERC) of water samples (filtered in the
field at 0.45 um) from Bazanovskii borehole. Job number 14-38-TOMSKOH.

The results of the laboratory H and 20 analyses performed by BGS are shown in Table

5.2 and are plotted on Figure 3.3. The sample plots very close to the global meteoric water line
(GMWL) and also very close to the waters from the nearby Akatui mine. This effectively confirms
that the samples are derived from precipitation.

5.6 Sources of information:

GIPROGOR & NIPETERPLAN (2010). «Ctparerusi TeppHUTOPHAIBHOTO ILJIAHUPOBAHUS U
I'PaJIOCTPOUTENILHOTO pa3BUTHUS 3a0aliKalbCKOTo Kpas ¢ y4€ToM YCIIOBHM ocoboro mepuoja
2009-2012 rr.»; Oran 2 «CxeMa TeppUTOPHATIHHOTO IIAHUPOBAHUS 3a0aiiKalIbCKOTO Kpas»,
Tom 2 Marepuansl no oOocHoBanuio mnpoekta Kuura 1 CoBpeMeHHOE COCTOSHUE
tepputopun [Strategy for the areal planning and urban development of Zabaikalsk Krai

2009-2012]. OAO «Poccwuiickuii T'ocymapctBennsiii MucTHTYT ['pamocrpourtenscTBa U
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HNuBecturmonnoro Pazsutusa «'UITPOI'OP» & OOO «Hayuno— HccnenoBaTenbCkuil U

[MpoektHbiii Uuctutyr TepputopuansHoro IlnanupoBanus u Ynpaeinenus». Moscow-Chita

2010.
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6 BALEI (BAJIEI)

6.1 Location and Description

HOBDIPARUK

. Qe S NG R _..-"l-'if';-:: ' il -i.i‘.:';:-i-.::‘i..-'?' Je &
Figure 6.1. Extract of 1:100,000 map of Balei (m-50-018 dated 1988). Each square is 2 km,
north is vertically up the page. The red/black circle shows the approximate location of the

sampled ponded water within the tailings area (sample Shg-09F). The Taseevo mining area is also
shown.

Prokof’ev et al. (2006) regard the gold-bearing epithermal quartz-sulphide-adularia veins of Balei
as being of Early Cretaceous age (114-120 Ma). The veins are also associated with phyllosilicates,
carbonates, pyrite, marcasite, sulphosalts of antimony, stibnite and arsenopyrite. The gold deposit is
associated with a Mesozoic-Recent ENE-WSW graben-like structure, termed the Unda Valley Rift
(Ross 2005). The ore veins are partly located in Palaeozoic granitoids and also in Cretaceous
conglomerates and sandstones which fill the rift basins. Working has been both by opencasting and
underground working and both flotation and cyanide leaching have been used in ore concentration
(Ross 2005, Mining Encyclopedia 2014). During Soviet times, the Balei area represented the
largest gold deposit in Chita district (Prokof’ev et al. 2006). In situ oxidation and sulphatisation is
believed to have taken place in some parts of the ore, such that large crystals of gypsum can be
found in the tailings.

Alluvial gold had been worked around Balei from the second half of the 19" Century (Wikipedia
2014) before a quartz-gold deposit was discovered in 1928, which came into production within a
few years of discovery. At the Balei epithermal Au-Ag deposit, underground mining was carried
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out from the 1920s, while opencast mining was carried out from 2" World War to the 1970s (Ross
2005).

Around 2 km south of the original Balei deposit is the more modern location of extraction at
Taseevo (Figure 6.1), while other lodes are registered at Sverdlovskoe and Srednegolybtaiskoe
(Jensen et al. 1983). The Taseevo deposit has been worked by underground methods from 1946 till
1992, down to depths in excess of 300 m, producing a total of 195 tons Au with an average content
of 13.6 g Au/t of ore. In the 1980s opencast mining of the deposit was also introduced, reaching c.
100 m depth (Ross 2005).

Tailings have been dumped in large areas in the immediate vicinity of the town. The current project
team sampled ponded water within one of the largest tailings areas, north of the river Unda at the
western end of Balei (Figure 6.1). The water was ponded at the foot of a tailings embankment
(which, according to the map in Figure 6.1 was probably a railway embankment).

6.2  Samples

A single sample of water was taken from ponded water standing on the tailings area at the foot of
the former (presumed) railway embankment on the east of the major mine tailings area to the north
of the river. The embankment also appeared to be largely constructed (or at least faced with)
tailings material. The sample was taken c. 30 cm from the edge of the ponded area, from about 5
cm below the water surface. It was designated Shg-09F (filtered at 0.45 pm).

Within the tailings material, abundant secondary mineralisation could be observed, tentatively
identified as yellowish jarosite (or similar hydroyxsulphate mineral).

Large crystals of transparent gypsum were also found amongst the tailings and spoil: these are
thought to represent in-situ oxidation, alteration and sulphatisation of the ore body and not recent
alteration products within the tailings. A single sample of this gypsum mineral was taken for
sulphur isotope analysis, designated Sample Shg-G.
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Figure 6.4. Sampling ponded water at foot of tailings area embankment at Balei. (Photo by
Dave Banks).

-

Figure 6.5. Presumed jarosite mineralisation with tailings area embankment at Balei. (Photo
by Dave Banks).
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Figure 6.6. Gypsum mineralisation found within tailings material at Balei. (Photo by Dave
Banks).

6.3 Field Measurements

The full set of field measurements is shown in Table 6.1. The appearance of the water was clear
and colourless but left a pale yellow-orange residue (jarosite/ iron oxyhydroxide?) on the 0.45 pm
filter on filtration.

Date 31/07/2014
pH 3.40
Eh +468 mV
Temperature 25.2°C
t-Alkalinity (meg/L) 0

Table 6.1. Summary of field measurements taken in the water ponded at the Balei tailings
area.

It will be noted that the water is relatively acidic, oxidising and has been warmed up by the intense
solar radiation and summer heat of the fieldwork period to over 25°C.
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6.4  Results: Laboratory Chemical Analysis of Water Samples

The results of the laboratory chemical analyses performed by BGS are shown in Table 4.2. All
samples were laboratory-diluted by a factor of 5 prior to analysis by ICP-MS. The major cations
and anions have been converted to meg/L in Table 4.3 and are shown as pie diagrams in Figure 6.7.

Balei tailings pond

—-F,0.02, 0%

NO3, 0.13, 0%
Alkalinity, 0.00,
0% Ca, 12.41,20%

S04, 30.13,
47%

Mg, 17.47, 28%

K 0.40 1% Na, 1.79, 3%

Figure 6.6. The analysis for water from the Balei tailings area shown as a pie diagram. For
each parameter, the first figure is the meg/L concentration, the second figure the percentage of the
ion total in meg/L.

It will be noted that the ion balance errors for the Balei sample is rather good at only c. 2%. The
water is dominated by sulphate as an anion and magnesium, followed by calcium, as cations.
Chloride is 13 mg/L, probably representing evaporatively up-concentrated chloride in rainfall.
Sulphate is 1447 mg/L, which, together with the low pH, indicates acid-generating sulphide
oxidation, possibly also with dissolution of gypsum. The water is by no means as “concentrated” as
the waters from Sherlovaya Gora (Chapter 3), however. The following additional points should also
be noted:

e aluminium, iron and manganese are all significantly elevated in this low pH environment, a
1.9, 3.0 and 1.3 mg/L respectively.

e other sulphide-related elements are surprisingly low, with Cu at only 3 pg/L and Zn at a
rather modest 145 pg/L.

e Silicon concentration is very low at 0.64 mg/L, suggesting rather little hydrolysis of silicate
minerals in the water on top of the tailings area. It is thus possible, that the standing water
simply receives the readily soluble products of sulphide oxidation or sulphate dissolution
from a superficial layer of the tailings.

e For an area which has been subject to so much speculation regarding high levels of
uranium/thorium-related environmental radioactivity (Jones 1997, Orttung et al. 2000), the
uranium concentration in the tailing water samples very modest at c. 2 pg/L.
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6.5  Results: Laboratory Sulphur Isotope Analysis of Sulphate Samples

The following sulphur isotope results were obtained from SUERC for analysis of a large sulphate
(gypsum) crystal derived from the Balei tailings area (Sample Shg-G)

Sample | Description 0%'Sy._cot (%o)
Shg-G Gypsum crystal from Balei tailings area -0.2

Table 7.2. Laboratory **S determinations (SUERC) of gypsum mineralisation from Balei
spoil/tailings. Job number Job: 14-53-Banks.

6.6 Sources of information:

Jensen, R.G., Shabad, T. & Wright, A.W. (1983). Soviet Natural Resources in the World Economy.
University of Chicago Press, 700 pp.

Jones, L. (1997). Radioactive cement sickens town. The Moscow Times, 24/7/97. Available at
http://www.themoscowtimes.com/sitemap/free/1997/7/article/radioactive-cement-sickens-
town/303751.html.

Mining Encyclopedia (2014). Banretickoe mecmopooicoenue. At Website TopHast SHIHKIONEIN,
available at http://www.mining-enc.ru/b/balijskoe-mestorozhdenie/. Accessed December 2014.
Orttung, R.W., Lussier, D.N. & Paretskaya, A. (2000). The Republics and Regions of the Russian
Federation: a guide to politics, policies and leaders. East-West Institute and M.E. Sharpe Inc.
Prokof’ev, V.Y., Baksheev, L.A., Zorina, L.D., Belyatskii, B.V. & Bortnikov, N.S. (2006). First
estimate of the age of gold ores of the Darasun Deposit (Eastern Transbaikal Region) by the
Sm-Nd method. Doklady Earth Sciences 409A(6): 963-966. doi:

10.1134/51028334X06060298.

Ross, A.F. (2005). Highland Gold Mining Limited: Taseevskoye Resource Estimate Update. Project

No. V381. Report prepared by Snowden Mining Industry Consultants, February 2005.

Wikipedia (2014). Faneu. Available at https:/ru.wikipedia.org/wiki/baneii, accessed December

2014.
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7 ZHIREKEN (7JKMPEKEH)

7.1  Location and Description

The molybdenum deposit at Zhireken was discovered in 1954 (Wikipedia 2014). The deposit is a
Mo-Cu deposit, occurring in Upper Jurassic (c. 160 Ma) felsic porphyries, within the Bushulei
granitic/granodiorite/granosyenite pluton. It occurs along the so-called Mongolo-Okhotsk volcano-
plutonic belt, related to the Mesozoic subduction of the Mongolo-Okhotsk oceanic plate beneath
Siberia and the eventual collision between the Siberia and Mongolo-Chinese plates in the mid-late
Jurassic (Berzina & Sotnikov 2010).

Figure 7.1. The tailings pond, Zhireken. (Photo by David Banks)

The mineralized stockwork occupies an area of some 0.12 km? associated with a fault junction. It
incorporates a pipe-like breccia extending to some 600 m depth. The deposit contains molybdenite
(MoS,) chalcopyrite (CuFeS;), chalcocite (Cu,S), scheelite (CaWOQ,) and also high contents of
palladium (Pd) and platinum (Pt) - (Berzina & Sotnikov, 2010). The terminal ore stage is
represented by quartz- pyrite-sphalerite-galena veinlets in sericitised zones (Berzina et al. 2005).
The ore is mined by a single deep opencast pit.

In 2013, the falling global molybdenum prices led to a halt in production and the Zhireken opencast
being “mothballed”
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Figure 7.2. Extract of 1:100,000 map of Zhireken (m-50-115 dated 1985). Each square is 2
km, north is vertically up the page. The red/black circle labelled Shg010 shows the approximate
location of the sampled ponded water near the tailings area (sample Shg-10F). Blue shading shows
the tailings lakes, orange/brown shows the approximate opencast area.

7.2  Samples

Water sample Shg-10F: The main tailings pond (Figure 7.1) was not sampled, as the pH was
relatively high and the water was not deemed to be of interest to Tomsk State University in their
quest for acid- and metal-tolerant extremophile micro-organisms.

Instead, a smaller area of water, ponded against the dirt road, on the SE side of the tailings area,

was sampled. It showed some evidence of elevated iron concentrations, depressed pH and ochre
precipitation. The water samples were filtered at 0.45 um and designated Shg-10F.
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Sulphide sample Shg-H: A single sample of primary sulphide: molybdenum sulphide (MoSy),
with some chalcopyrite, was collected from the opencast pit area. This was designated Shg-H and
submitted for sulphur isotope determination.

7.3 Field Measurements

The full set of field measurements is shown in Table 7.1. The water in bulk had a slight orange-
brown hue and there was some evidence of minor ochre precipitation in the ponded area. After
filtration, the samples were clear and colourless, however.

Date 1/8/2014
pH 5.6
Eh +446 mV
Temperature 17.5°C
t-Alkalinity (meg/L) (1.0t01.3,1.2,1.0 to 1%:33

Table 7.1. Summary of field measurements taken in the water ponded near the Zhireken
tailings area. The row marked t-alkalinity shows the average of three titrations, followed (in
parentheses) by the three titration results.

7.4  Results: Laboratory Chemical Analysis of Water Samples

The results of the laboratory chemical analyses performed by BGS are shown in Table 4.2. All
samples were laboratory-diluted by a factor of 5 prior to analysis by ICP-MS. The major cations
and anions have been converted to meg/L in Table 4.3 and are shown as pie diagrams in Figure 7.3.

It will be noted that the ion balance error for the Zhireken sample is rather good at only c. 3%. The
water is dominated by sulphate as an anion and calcium as a cation. Chloride is only 3 mg/L,
probably representing slightly evaporatively upconcentrated chloride in rainfall. Sulphate is rather
high at 403 mg/L, presumably as a result of sulphide oxidation reactions. The water is by no means
as “concentrated” as the waters from Sherlovaya Gora (Chapter 3), however. The following
additional points should also be noted:
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Zhireken

NO3, 0.74, 3%

_F,0.01, 0%
Alkalinity, 1.20, |

6% Ca, 7.08,33%

S04, 8.38, 40%
Cl,0.09, 0% Mg, 2.79, 13%

K, 0.09, 0% —Na, 1.08, 5%

Figure 6.6. The analysis for water from the Zhireken water shown as a pie diagram. For each
parameter, the first figure is the meg/L concentration, the second figure the percentage of the ion
total in meq/L.

7.5

the pH is relatively high at 5.6, suggesting either that the main sulphide oxidation reactions
are not sulphide generating, or that any protons generated by sulphide oxidation have been
largely neutralised by basic minerals.

Concentrations of Al, Fe and Mn are very low, all <5 pg/L, probably reflecting the high pH
and oxidising environment. Any iron present in the water (slight orange coloration) is
probably present as flocs or particles of oxyhydroxide and hence not in the filtered sample.
Silicon concentration is rather low at 1 mg/L, suggesting that the ponded water is largely of
surficial nature, having experienced rather little hydrolysis of silicate minerals.
Concentrations of most sulphide-related elements are modest, with the exception of very
high molybdenum concentrations (882 pg/L) and slightly elevated concentrations of
antimony (12 pg/L) and selenium (5 pg/L).

Uranium is present at a relatively high concentration of 58 pg/L.

Nitrate is present at 46 mg/L. There is no obvious source of organic waste or fertiliser to the
water. Nitrate may possibly be derived from explosives residues from the opencast quarry.

Results: Laboratory Sulphur Isotope Analysis of Mineral Samples

The following sulphur isotope results were obtained from SUERC for analysis of primary sulphide

minerals:
Sample | Description 8*'Sy.cor (%)
Shg-H Molybdenum sulphide with some chalcopyrite, from opencast area +3.2

Table 7.2. Laboratory *S determinations (SUERC) of primary sulphide mineral samples
from Novii Akatui. Job number Job: 14-53-Banks.
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The value of around +3.2%. is compatible with a magmatic origin, but cannot be regarded as
exclusively diagnostic of such an origin (Frietsch et al. 1995, Seal 2006). Previous sulphide 5**S
determinations, cited by Berzina & Sotnikov (2010) range from +0.6 to +4.1%o.

7.6 Sources of information:

Berzina, A.N., Sotnikov, V.I., Economou-Eliopoulos, M. & Eliopoulos, D.G. (2005). Distribution
of rhenium in molybdenite from porphyry Cu-Mo and Mo-Cu deposits of Russia (Siberia)
and Mongolia. Ore Geology Reviews 26: 91-113. doi: 10.1016/j.oregeorev.2004.12.002.

Berzina, A.N. & Sotnikov, V.I. (2010).Contribution from mafic melt to the Zhireken porphyry Mo-
Cu Deposit, Eastern Transbaikalia, Russia: Evidence from mafic microgranular enclaves.
International Journal of Economic & Environmental Geology 1(1): 42-45

Wikipedia (2014). JKupexen. Available at https://ru.wikipedia.org/wiki/’Kupexen, accessed
December 2014 .https://ru.wikipedia.org/wiki/)Kupeken
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8 SUMMARY

This report documents the hydrochemical and stable isotope (**0, 2H, **S0O,7) analyses performed
on water samples and stable isotope analyses (**S and **S0O,7) performed on mineral samples, all
collected during a field expedition during July / August 2014 to several metal sulphide mining sites
in the Zabaikalsk polymetallic province of south-eastern Siberia.

Water samples collected from the Sherlovaya Gora (Schorl Mountain) polymetallic/greisen deposit
(rich in Be, F, B, W, Sn, Bi, Mo, Fe, As, Pb, Zn, Cu and S) exhibited field pH values as low as 2.5.
The waters were all extremely impacted by sulphide oxidation processes, containing between 3 and
16 g/L sulphate, up to 0.47 g/L Al, 1.9 g/L Fe, 0.75 g/L Mn, 3.6 g/L Zn. Waters also contained up
to 80 mg/L Cu, 49 mg/L As, 38 mg/L Cd, 2.5 mg/L Th and 2.3 mg/L U. Beryllium concentrations
reach several hundred pg/L and exceed 0.5 mg/L in one borehole. Conversely, tungsten and tin
remain below analytical detection limits in the waters. The variation in concentrations of some
elements (chloride, uranium) suggests that the water in the opencast pit lake and (especially) the
tailings area pond, have been strongly concentrated by evaporation in the extreme summer heat.
This interpretation is supported by 20 and ?H trajectories.

At Novii Akatui Pb-Zn(-Ag) mine, water emerges at pH 7.15 and a temperature of 2.8°C from
flooded underground workings. The water contains extremely low chloride concentrations (0.6 to
0.9 mg/L) characteristic of continental Central Asia. It also contains some 223 mg/L sulphate and
2.7 mg/L Zn. Iron concentrations are modest at 0.14 mg/L. It is likely that interaction with
carbonate-rich host-rocks has maintained the mine water at a high pH and alkalinity (3.6 meg/L)
and suppressed iron solubility. As the mine water traverses the large tailings areas it gradually
acquires sulphate and the alkalinity decreases, suggesting that leachate from the tailings are adding
acid sulphide weathering products to the water (and pyrite is visible in the tailings). Arsenic
concentrations in the Akatui water vary from 53 to 246 ug/L.

Samples from Balei (gold) and Zhireken (molybdenite) mines are also documented, as is a CO5-
effervescent water from Bazanovskii borehole, near Akatui.

The Bazanovskii water is remarkable for its low temperature (0.8°C) and reducing nature, with
negligible quantities of nitrate and sulphate, significant dissolved iron and manganese, and a high
concentration of 10.8 mg/L Ba, due to the absence of a barite saturation ceiling. Indicators of
intense mineral hydrolysis also include elevated Li (1.2 mg/L), Sr (23 mg/L), Si (10.6 mg/L) and a
high Na/Cl ratio.

The ponded water from the Balei tailings area contains elevated Al, Fe and Mn (1.9, 3.0 and 1.3

mg/L respectively), sulphate (1447 mg/L) and a low pH of 3.4. The presence of gypsum and
jarosite in the tailings and the low concentrations of Si in the water itself, suggests that the ponded
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water is dominantly rainfall, containing dissolution products of secondary sulphate mineralisations,
rather than of primary mineral hydrolysis.

The Zhireken water is remarkable primarily for its elevated molybdenum concentration (882 pg/L).

8.1  Sulphur Isotopes

A stable isotope of an element is a non-radioactive atomic form of the element, which has the
characteristic number of protons normally found in the element’s nucleus, but a differing number of
neutrons. For example, the most abundant form (95.02% of all sulphur atoms) of sulphur is
sulphur-32 (33S), which has an atomic mass of around 32 amu, due to its nucleus containing 16
protons and 16 neutrons. A less abundant isotope, sulphur-34 (3*S comprising 4.21% of sulphur
atoms), has an atomic mass of 34 amu (16 protons and 18 neutrons).

The deviation from the “normal” isotopic composition is cited as an enrichment (positive %o) or
depletion (negative %o) in S relative to some arbitrary but easily definable standard. For stable
oxygen and hydrogen isotopes (**0 and 2H), this standard is Vienna Standard Mean Ocean Water
(VSMOW). For sulphur, the standard is a particular iron sulphide mineral found in a meteorite and
verified by the IEA in Vienna - the standard is called the Vienna Canyon Diablo Troilite (VCDT).
The isotopic content of any sample is cited as §**S in parts per thousand (%) deviation, relative to
the standard.

8%S %o = (Rsampte/ Rstandard - 1)1000

where R is the ratio of the heavier isotope to the lighter one (in the case of sulphur-34, this is
around 0.044). The higher the 5**S, the more enriched it is in 3S, relative to **S (USGS 2004a,b).

The two isotopes *2S and **S have almost identical chemical behaviours, but small differences
(fractionations) can arise due to their differing masses, volatilities etc. It is these small differences
that can tell us about the sources of solutes in water and about reaction pathways. For example,
igneous rocks derived from the mantle (i.e. similar isotopic composition to the meteorite troilite)
have an isotopic signature (5**S) around 0%o. Run off derived from oxidation of sulphides in such
rocks thus also has an isotopic signature around 0%.. One of the main processes changing the
isotopic signature is reduction of sulphate to sulphide by sulphate reducing bacteria. This typically
leads to a negative 5**S (depletion) in the biogenic sulphide phase and, if extensive enough, a
corresponding enrichment in the sulphate phase.

Present day ocean water has a 8>S sulphate isotopic signature of +21%. (although this has ranged
from between +10%o at the start of the Mesozoic to +30%o at the beginning of the Palacoxzoic -
USGS 2004b). River run-off from continents has a variable signature (depending on the relative
proportions of sulphide and sulphate weathering in the catchment), but is often in the range 0 to
+10%o. As regards sulphur sinks from the ocean, these are typically sulphate evaporites (8348
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similar to ocean water) or marine sulphides in sediments (typically negative 8*S but variable
within the range +15 to
-70%o - Paytan et al. 2012).

Rye (2005) reviews sulphate isotope systematics in magmatic systems and suggests:

e that sulphate minerals (such as jarosite) formed directly by supergene oxidation of sulphides
typically have a sulphate 8°*S similar to the parent sulphide (often around 0%o in the case of
magmatic sulphide).

e isotopically heavier (i.e. positive §**S) sulphate can be derived from either admixture with
other sulphate sources (e.g. meteoric/marine) or disproportionation of SO, — SO4~ + S or
H,S

Nordstrom et al. (2007) reviewed the sulphur isotope chemistry of the acid mine drainage-impacted
Animas River catchment in the USA and found that:

¢ sulphide mineralisation was relatively light 8%S = -7 to +2.5%o
 hypogene (hydrothermal) sulphates were typically heavier at around §*S = +15 to +18%o

Nordstrom et al (2007)further state that “not more that a few %o fractionation takes place during
oxidation of S,> in pyrite to S°* in dissolved sulfate”. They cite Field (1966) as hypothesising that
the 5°*S of sulphides would change little on oxidation to sulphate and that reported data suggest
fractionation effects of —2 to +3%o.

Bacterial sulphate reduction typically results in a strong depletion in §3*S (Habicht & Canfield,
1997) of between -5 and -45%o Canfield and Teske, 1996; Detmers et al., 2015). The strongest
isotopic depletions in sulphides may be due to repeated cycles of oxidation of sulphides formed
initially from sulphate reduction to sulphur, followed by bacterial disproportionation of the sulphur
to sulphate (enriched in §**S) and sulphide (depleted in 5**S) (Canfield & Thamdrup, 1994).

We can summarise the relatively sparse sulphur isotope data from this study as shown in Table 8.1.
All of the primary sulphide mineralization samples exhibit a **S signature that is compatible with
primary magmatic sulphide. The sulphate minerals also exhibit negative signatures and thus show
no evidence of fractionation due to admixture with other sulphate sources or sulphur/SO,
disproportionation. The mine water samples from Sherlovaya Gora also exhibit negative signatures
similar to the primary sulphides: they are thus most likely derived from direct oxidation of sulphide
minerals (or dissolution of secondary sulphates) and show no clear evidence (at least in the sulphate
signatures) of subsequent bacterial sulphate reduction enriching the water in **S (although this
does not preclude bacterial sulphate reduction in niches that are quantitatively insignificant
compared with the sulphate reservoir that the water represents).
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Sample Location | Type | 5%S (%)
Primary sulphide minerals
Shg-A Sherlovaya Gora | Sulphide (possibly arsenopyrite with some galena) n -2.1
Shg-B Sherlovaya Gora | Sulphide -1.9
Shg-C Sherlovaya Gora | Probably sphalerite mineralisation 2.2
Shg-Ei Novii Akatui Pyrite/chalcopyrite from tailings area +3.4
Shg-Eii Novii Akatui Sphalerite with small crystals of pyrite +1.2
Massive sulphate (hydrothermal??)
Shg-G ‘ Balei ‘ Massive gypsum ‘ -0.2
Secondary sulphate minerals
SG-14-1-4 ‘ Sherlovaya Gora ‘ Possibly epsomite, maybe gypsum ‘ -8.4
Dissolved sulphate in mine water
Shg-01F Sherlovaya Gora | Water from borehole 1 -0.4
Shg-03F Sherlovaya Gora | Water from pond in tailings area 2.2
Shg-101-F | Sherlovaya Gora | Water from opencast pit lake -5.8

Table 8.1. Summary of sulphur isotope data from this study
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10  APPENDIX A: REPORT BY D.A. IVASENKO ON SAMPLING AND ANALYSIS (BY TOMSK
STATE UNIVERSITY) BY ICP-MS, SCANNING ELECTRON MICROSCOPE / ENERGY

DISPERSIVE X-RAY SPECTROSCOPY (SEM-EDS) AND X-RAY DIFFRACTION (XRD)
METHODS
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HA TEPPUTOPUU I'OPHO-PY IHBIX MECTOPOXXIEHUI 3ABAVIKAJIBCKOI'O KPA S
POCCHUIMCKOU ®EJIEPALIUN
HYDROCHEMICAL ANALYSIS OF GROUNDWATER FROM METAL ORE OPENCASTS IN
THE MINING BELT OF ZABAIBALSK REGION, RUSSIAN FEDERATION

SKCIEJNLIMSA B 3ABANKAJILCKUM KPAIL. 2014r.
EXPEDITION TO ZABAIKALSK REGION, 2014
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1. OIMUCAHHUE MECT OTBOPA ITPOB (DESCRIPTION OF SAMPLE LOCALITIES)

Ilepaosoropckuii 'OK (Sherlovaya Gora)
nrr. lllepaoBas ropa, bop3uncknii paiion, 3adaiikanbckuii kpaid, Poccust

[TpoOb1 muist ananm3a O6buTH 0TOoOpansl ¢ 27.07.14 mo 30.07.14 roga Ha TeppUTOPUU Kapbepa
u xBoctoxpanunumia [llepnosoropckoro I'OK, pacnonoxennoro psgom ¢ nrt. LllepnoBas ropa
bop3unckoro paiiona, 3abaiikambckoro kpas. C 1932r. goObiBanach OJIOBSHHAs —pyjna

(xaccuteput). B 1995 r. B cBs3u ¢ ucromenueM mecropoxaeHus ['OK Obu1 3akpbIT.

[lepeuens u onucanue nonyueHHbIX pod (Sketch map of sampled boreholes on opencast bench):

O3epo

. Ne 3
Ne 7
® O [ )

‘ Ne 1

Yt1éc

- OIIBITHAasA CKBaXHMHa

: - mycTast ckBaxxuna (dry borehole)

1. O6pazern III'-14-1 - I'myObunHa ckBaxkunbl 7,5 M. Beicota BogsiHOTO cTosI0a OKOJIO 1 M. [[BET
BO/JIbl — UHTEHCUBHBIN OPAHKEBO-KPACHBIN.

T=6,5-6,6
pH=2,58
Eh =+ 494 mV

Otobpansr: 3 danbkona — moces + JJHK
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2 (danpkoHa — npodubTpoBansl uepes Guastp 0,2 mxm (ICP-MS)
2 MeMOpaHHBIX (UIBTPA HA TTOCEB

[TumenoB: cynbdarpeaykius, cTabuiIbHbIE U30TOIbI, METaH
Butanuii: MmerareHom

2. O6pazen III-14-7
CkBaxknHa 6
T=4,4
Eh =+ 365 mV
pH=3,19
Orobpanu:
Msr: 1 danbkon moces/JJTHK
Buranunii: 10 1 MmeTareaom

3. Oo6pazen LII-14-8

CkBaxkpuHa 7.

T=6,5

pH =2,65

Eh =+ 447 mV

LIBET CBETIIO-KEITHIN

OtoOGpanu:

1 panbkon 50ma Ha BeIgeneHue JJHK
2 danpkona ICP-MS

Buranunii: 15 1 MmeTarenom

4. O6pazen HII'-14-2 - (BbeiBuiuii 111'-4) mox kaMHEM - TIMHUCTAs BIaXKHAast TOPOJIa TEMHO-
CEeporo IBETa ¢ HACJIOEHUSIMH OcajKa royboro 1seta, OTodpaHo 2 MIaCTUKOBBIX (aibKOHA
o 50 mi. B3smu Ha HUHTEHCUBHOCTH CyNb(AaT PeIyKIIMH U Ha TIOCEB.

5. Oo6pazer HII'-14-3 (XBoCcTOXpaHMIUIIEC)
Bona npo3paunas ronyboBaTo-3e51€HOBaTast, BCEe JHO MOKPHITO 00pacTaHUSIMH 3€JIEHOTO
[BETA, SIBHBIE CTPUMEPHI CEPOBATO-3€JIEHOBATHIE, CIU3b.
T=22
pH=3,73
Eh =+ 430 mV
Orobpanu:
Msr: 2 danpkona o 50 mi va ICP-MS
3 danprona — noces/JJHK/SEM
Ot6upanu Ha noces//JHK — maTbl + cTpuMepsl + 0cafok Mo HUIMH, BCE CMEILaIH
OprKeHa: MaThl
Buranuii: mater/ocamok
[TuMEeHOB: HHTEHCHUBHOCTb

69



n. HoBwlii Akaryii (Novii Akatui) AnekcanapoBo-3aBoackoro paiiona 3ab6aiikajibcKkoro Kpasi

AKaTyeBCKO€ PyTHOE TI0JIe PACTIONOKEHO HAa TEPPUTOPUH OJTHOTO M3 CTAPEUIITUX PYAHBIX PaliOHOB
3abaiikanbs, nuzydeHue koroporo 6su10 HayaTo eme B X VIII Beke. C 1993 1. mo 2002 r. Ha CeBepo-
AKaTyeBCKOM MECTOPOKJICHUH MMPOBOJAMIIUCH SKCIUTyaTaIlMOHHBIE PAOOTHI.

MecTopoxaeHre pacrojaraeTcsa Ha ceBepo-3anaaHoi okpaune n. HoBwiil AkaTyi
AJiekcaHIpoBO-3aBOACKOI0 pailoHa, MIIOMAab yyacTka 12,1 KBaipaTHBIX KM.

MecTopoXaCHUE COJICPIKHT:

» CBuHeIl - 3anackl 6anancobie 1o kateropuu C1 - 7,8 Teicsun ToHH, C2 - 7,8 THICSYH TOHH,
3abanancoBbie o C1 - 5,6 ThICSYM TOHH; IPOTHO3HBIE pecypchl 1o P1 - 24,5 Thicsun TOHH.

* [{unk - 3amacel 6amancosbie o Cl1 - 14,3 teicsaun ToHH, 110 C2 - 7,7 ThICAYN TOHH; IPOTHO3HBIE
o P1 - 45,5 Teicsun TOHH.

*» Cepebpo - 3anacel 6anancossie 1o C1 - 15,4 Tonnsr, mo C2 - 1,2 TonHsl; 3a6anancossie 1o Cl -
12,7 TOHHEL.

* 30110710 - Oanmancosble o C1 - 189 kr, 3a6anancoselie o C1 - 804 kr.

» Kagmuii - 3anacel 0amancossle 110 C2 - 69 ToHH.

6. Oo6pazer HII'-14-4

Bonoro nox nam6oii. Okucnenue, ppikue 30Hb1. JKeae3ucToie CTpUMEpbl OpaHKXeBbIE + 3eEHbIE.
Brixos moa3zeMHoi BOJIBI.

T=9,7

pH=6,7

Eh =+ 258 mV

OTtoOpanu:

Mar: 1 panskon DGGE

2 ¢anpkona Ha ICP-MS

2 ¢anpkoHa Ha METOYHOCTh

1 anbkoH amerat nmuHKA — 5 MJ1 + 2 MJT TPoOBI (OcajKa HEeT)

Buranuii: matsl

[TuMeHOB: HTHTEHCUBHOCTh

Kens: 1 GpanpkoH — MatTel

1 panpkoH U3 BbIXOAA, T/ie OBUIH YEPHBIE 30HBI C MJICHKOM cephbl U MHTEHCUBHBIN 3amax
CEepoBOAOPOA.

7. O6pazer HII'-14-5

Brixog u3 mroinHU

T=2,8
pH="7,15
Eh=+271mV

MaccoBble 3e1€HbIE CTPUMEPBI
Marsl Ha iepeBe

Mar 2,5-3 mMm

Cron:

3eneHbIit

Kenterit

benbrit

YepHsblit

OTtobpanu:
Martsl B (hanbkoH
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2 ¢anpkona Ha ICP-MS
Kens: mar
Unesa: DGGE mara

8. Oo6pazen LII-14-6

Pyueit nnymnii B Xxsocroxpanunuuie. [IpumemnBaercs Boaa, BBIXOAAINAS U3 IAXTHI.

T=169

pH=16,5

Eh =+ 435mV
OTtobGpanu:

Msi: 1 ¢anbkoH Ha oceB
2 panpkona Ha ICP-MS

Kapsep.

Wnes: mocMOTpeTh CTaOMIIBHYIO U30TOINIO U OMOpa3Ho00pa3ue B pa3InYHbIX CKBOKMHAX.
CkBaxuHa 4 ananornusa o pH ckBaxune 1. CkBaxkxuHa 6 Gosiee riay0okast U MEHee OKHCIIEHHas,
CKBakHHa 7 OoJiee TiIyOoKasi C Mpo3payHoid BOJIOM HA 3aMETHOM OTJIaJICHUU OT OCTaJIbHBIX
CKBaXHH.

JBun: Ecnu temneparypa HU3Kast — 10JKEH ObITh MOATOK MOA3EMHBIX BOA. B ckB. 4 oueHb maio
BOJIbl, IOATOMY PEIIUIN 0TOOpaTh U3 CKB.6 U CKB.7.

Baaxeii (Balei)

ropoa B 3abaiikanbckoM kpae Poccum pacmosnoxken Ha peke YHmaa, B 350 km
oT YuThl. ATIMUHUCTPATUBHBIN LIEHTp baselickoro MyHuIMNaNbHOIO paiioHa.

OcHOBa MPOMBIIIJIEHHOCTH TOpoja — 3070Toa00b4a. Jlo 1917 roma sto Mecto nano
ctpane okoso 40 ToHH 3050Ta, a K 1994 romy cBeimie 400 TOHH 30JI0Ta, B MOCJEIHEE BPEMs
n00b14a 30510Ta OPUITHATHEHO HE BEIETCA.

9. O6paszer HII'-14-9 (y banakca nmpoda 10)

Jlpyroe XBOCTOXpaHWIHILE, HE TO, KOTOPOE MPoOOBaIN B MPOLUIbII pa3. MHOTO BOJBI,
PacTUTENbHOCTb, CHHUH 1IBET.
Oxucrnenue xenroe, Ha JamOe BbIXO/IbI TUIICA.

T=252
pH=3,4
Eh =+ 468 mV

Kupexencknii 'OK (Zhireken)

XKupekeHckoe MECTOpPOXKAEHHE paciojiokeHo B UepHbleBckoM paiione 3abalikanbckoro Kpas
(Bocrounas Cubups), B 400 kM ot r. Yutel u 7 kM 0oT TpaHCcCHOMPCKON 3KEIe3HOI0POKHON
Maructpanu. brwxkaiimmii aspomopt pacrnonokeH B r.Uure npubnusurensHo B 400 kM ot
XKupexeHnckoro komOuHara.
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«Kupekenckuii 'OK» BxoauT B coctaB Ympasistomeil kommannu «Coro3meramipecype» (SMR).
Ocnosnas npoaykuust OO0 «Kupukenckoro 'OK»:

» KoHnieHTpaTr MoanOACHOBBII;

* KoHIIeHTpaT MEIHBIN;

» deppomonubacH;

* Hepyansle cTpoutensHble MaTepUaibl U Jp.

JlokazanHbie 3amacbl JKHUPEKEHCKOTO MOJUOACHOBOTO MECTOPOXACHHS cocTaBistor 10,6 MiH.
TOHH; MIPOTHO3HBIE 3anackl - 57,3 MiiH. TOHH. COTJIaCHO TEXHUYECKOMY OTYETY, MOJTOTOBIEHHOMY
kommanueit SRK, npu o6beme nepepadoTku B 4,0 MITH. TOHH B T'OJI pAaCYETHBIA CPOK IKCILTyaTallUH
Kupexenckoro I'OK cocrasnser 17 ner.

JKupekeHckoe MecTopokeHne ObIII0 OTKPHITO B 1958 T.; mepBhie reosioropasBeoyHbie padOThI
3aBepuieHbl B 1961-1966 rr. rpynmoil reojsoroB UYHUTHMHCKOTO TI'€OJIOTHYECKOTO YIPABJICHUSA
MunucrepctBa reosoru PCOCP. 3amacel MecTopokaeHus ObUIM yTBEpKIEeHBI B 1966 T.
CrpoutenbcTBo JKUpEKEHCKOro KoMOMHAaTa Ha4ajoch B 1982 T., U CTPOUTETLCTBO MIEPBOM oUepeIn
oborarutenbHOU (pabpuku ObLI0 3aBepiieHo B 1988 1. B nepuoa ¢ 1996 o 1999 rr. KupekeHckuii
3aBoj mpocTtauBan v Obul BHOBb 3amyiieH B 2000 r. B 2003 r. Ob1 MOCTPOGH U MYIIEH B
SKCIUTyaTallMI0 OMBITHBIM 3aBOJ MO MPOU3BOACTBY (eppoMonudeHa ¢ eIWHCTBEHHOW MOJ0BOU
neusto. Btopas momoBas meup Obuta moctpoeHa B 2004 r. B 2005 r. qis mepepaboTKu
MOJIMOJICHOBOTO KOHIIGHTpaTa B (eppoMoanOAeH ObUIM IMOOCTPEHBI LEeX O0XHuTra, APOOMIBHBIN
1eX, IeX CMEIIEHUS U TIaBUIbHBIN.

Opnako ¢ HayanoM Kpusuca MUPOBOU SKOHOMHKH B 2008 roay peHTabenbHOCTb MPEANPUATHUS
cTajla OTPUIATENBHOM.

Ha naHHbII MOMEHT NpeAnpusaTrs 3aKOHCEPBUPOBAHO.

10. O6pazen HII'-14-10 (y bankca mpoba 11)
XBoctoxpanwiuiie pH 6,4
I'OK monub6neH, pyaa monubaeHut — cynbdur Mo. [Ipumecu Se, Re, Fe nupur, Xxanbkonupur.
Bosbiioe XBOCTOXpaHUIIHILE, BEPOATHO MOJIIIETaUYUBAIOT U3BECTHIO.
COoky oT 1amMOBI XBOCTOXpaHMIIMIIA — BOJA, BOJIOPOCIH, TPaBa.

T=17,5
pH=5,6
Eh =+ 446 mV
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Puc. 2. Mecto ot6opa npo0 I11I"-14-2.

Puc. 4. Mecto ot6opa npo0Osr LLT-14-4.
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Puc. 6. Mecto ot6opa npoOs1 LII'-14-6.

Puc. 8. Mecto ot6opa npoOsr 1111'-14-10.
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Ta0muma Nel. Pe3ynbraThl Macc-CIEKTPAILHOTO aHAIN3a ¢ MHIYKTUBHO cBs3aHHOM u1azmoit. (ICP-MS analysis results by Tomsk State Univ.)

Homep | 1III'-14-1 1r-14-3 1II-14-4 Ir-14-5 1I'-14-6 ir-14-7 1I1-14-8 1I-14-10
Ne | mpo6w
/I | sneme cojepKaHue, Conepxanue, Coneprxanue, Coneprxanue, Conepxanune, | Coaepxanue, | Comepkanue, Coneprxanue,

HT MF/I[M3 MF/I[M3 Mr/z[M3 Mr/z[M3 MF/,Z[M3 MF/,I[M3 MF/,I[M3 Mr/z[M3
1 Li 1,04 0,74 0,011 0,0033 0,010 0,52 0,39 0,012
2 Be 0,57 0,27 <0,0001 <0,0001 0,0032 0,33 0,14 <0,0001
3 B <0,002 0,11 0,079 0,074 0,052 0,014 0,064 <0,002
4 Na 5,2 137,1 4,4 2,7 59 22,9 14 21,4
5 Mg 421 462 33 32 35 365 139 32
6 Al 505 115 0,094 0,11 0,081 19 154 0,022
7 Si 39 28 6,9 7,3 7,4 19 14 0,89
8 P 18,9 0,077 <0,07 <0,07 <0,07 2,0 2,4 <0,07
9 K 0,81 10,9 2,1 1,2 1,7 12,9 0,059 3,5
10 Ca 255 564 188 152 171 377 81 131
11 Sc 0,19 <0,002 <0,002 <0,002 0,010 0,057 0,085 0,019
12 Ti 0,14 0,029 0,019 0,0094 0,012 0,027 0,094 0,0047
13 V 0,0076 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002
14 Cr 0,21 0,16 0,27 0,18 0,15 0,30 0,38 0,056
15 Mn 731 253 0,24 0,014 0,18 524 46 0,0029
16 Fe 1916 0,41 0,89 0,46 1,28 305 401 0,95
17 Co 3,1 3,7 0,00061 0,00020 0,00066 3,0 1,2 0,0011
18 Ni 3,7 13,6 0,052 0,079 0,052 3,4 2,0 0,040
19 Cu 98 16 0,0054 0,0040 0,0039 0,95 6,95 0,022
20 Zn 3185 1041 0,56 1,70 1,00 1639 596 <0,002
21 Ga 0,034 0,069 0,00060 <0,0002 0,00037 0,0094 0,0086 0,00035
22 Ge 0,012 0,0033 <0,0002 <0,0002 <0,0002 0,0010 0,0015 <0,0002
23 AS 0,143 0,030 0,076 0,074 0,35 0,0081 0,89 0,0021
24 Se 0,067 0,067 0,00062 0,0024 0,0026 0,14 0,10 0,025
25 Br 0,056 0,33 0,11 0,010 0,011 0,014 0,020 0,016
26 Rb 0,033 0,13 0,0030 0,0020 0,0039 0,23 0,010 0,0081
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27 | Sr 0,73 1,05 0,83 0,49 0,65 2,15 0,24 1,96

28 |Y 6,9 3,9 0,0013 0,0011 0,018 2,0 4,2 <0,0001
29 | Zr 0,014 0,00068 0,00093 <0,0002 0,00180 0,010 0,0061 0,0022
30 [ Nb 0,0019 <0,0001 <0,0001 0,00046 <0,0001 <0,0001 <0,0001 0,00015
31 | Mo 0,0060 0,0019 0,0057 0,0024 0,0039 <0,0002 <0,0002 0,81

32 | Ag 0,0012 0,00065 <0,0001 <0,0001 <0,0001 0,00092 0,00053 <0,0001
3 | Cd 18 37 <0,0001 0,0029 0,0035 8,3 38,8 0,0011
34 |lIn 1,01 0,00047 <0,00005 <0,00005 <0,00005 0,0080 0,11 <0,00005
35 | Sn 0,072 0,0030 0,0012 <0,0002 <0,0002 0,0070 0,010 0,0011
36 |Sb 0,024 0,0018 0,0032 0,0057 0,0064 <0,0001 0,0091 0,010

37 | Te <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002
38 |1 0,010 0,0030 0,0017 0,00094 0,0016 0,0014 0,0032 0,0019
39 |GCs 0,012 0,022 0,00017 0,00051 0,00050 0,024 0,0068 0,00052
40 | Ba 0,042 0,048 0,035 0,0078 0,019 0,0055 0,0044 0,025

41 | La 2,94 0,32 0,000077 0,00011 <0,00005 0,31 0,28 <0,00005
42 | Ce 701 101 <0,00005 0,00018 <0,00005 0,79 0,77 <0,00005
43 | Pr 0,82 0,2 <0,00005 <0,00005 <0,00005 0,092 0,11 <0,00005
44 | Nd 3,09 0,93 <0,00005 <0,00005 <0,00005 0,38 0,44 <0,00005
45 | Sm 0,76 0,39 <0,00005 <0,00005 <0,00005 0,94 0,19 <0,00005
46 | Eu 0,082 0,014 <0,00005 <0,00005 <0,00005 0,017 0,017 <0,00005
47 | Gd 0,95 0,54 <0,00005 <0,00005 <0,00005 0,17 0,34 <0,00005
48 | Tb 0,17 0,11 <0,00005 <0,00005 <0,00005 0,033 0,086 <0,00005
49 | Dy 1,07 0,70 <0,00005 <0,00005 <0,00005 0,24 0,62 <0,00005
50 | Ho 0,22 0,13 <0,00005 <0,00005 <0,00005 0,054 0,13 <0,00005
ol | Er 0,69 0,39 <0,00005 <0,00005 <0,00005 0,16 0,40 <0,00005
92 | Tm 0,1 0,051 <0,00005 <0,00005 <0,00005 0,022 0,054 <0,00005
23 | Yb 0,64 0,30 <0,00005 <0,00005 0,000056 0,13 0,33 <0,00005
54 | Lu 0,093 0,039 <0,00005 <0,00005 <0,00005 0,019 0,047 <0,00005
55 | Hf 0,0049 0,0040 <0,00005 <0,00005 <0,00005 0,0013 0,0030 <0,00005
56 | Ta 0,028 0,00075 0,00021 <0,00005 <0,00005 0,00054 0,0012 0,000034
ST |W 0,0075 0,0011 0,000051 0,00011 0,00020 0,0011 0,0024 0,00019
58 | Au <0,00005 <0,00005 <0,00005 <0,00005 <0,00005 <0,00005 <0,00005 <0,00005
99 | Hg 0,00074 0,00075 <0,00005 <0,00005 <0,00005 <0,00005 <0,00005 0,00069
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60 | TI 0,00038 0,0058 <0,00005 <0,00005 0,00005 0,0033 0,00021 <0,00005
61 |Pb 0,32 2,20 0,00060 0,0029 0,014 0,32 0,46 0,0014
62 | Bi 0,0099 <0,00005 0,000089 <0,00005 <0,00005 <0,00005 0,00014 0,00043
63 | Th 2,79 0,0018080 <0,00005 <0,00005 <0,00005 0,0716589 0,2690608 <0,00005
64 |U 2,35 0,73 0,0083 0,0037 0,0056 0,30 1,37 0,052

65 |S 5373 2121 137 116 2210 1233 136
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JI71st TOTy9eHHBIX P00 BOBI M OCAJAKOB M3y4eHbI (DU3NKO-XUMHUUYECKHE TTapaMeTPhl U
OmnpeieJIeHbl KOHILIGHTPAllUU PACTBOPEHHBIX METAUIOB METOJOM MAacC-CHEKTPaIbHOTO
aHaJIM3a ¢ MHIYKTUBHO CBSI3aHHOM IJIa3MOi.

[Ipo6sr HII'-14-1, III'-14-3, III-14-7, IHI'-14-8 xapakTepu30BAIUCh HHU3IKUM
sHayuenuem pH — 2,58; 3,73; 3,19; 2,65 coorBercTBeHHO. OCHOBHBIMH METaJUIAMU M
METAIIOUIAMU ISl TUX TIPOO OBLIN: HATPHIA, MAarHUW, aTFOMUHUHN, JKEJIe30, [IMHK, MBIIIbSK,
KPOME TOT'O BBISIBJICHO HAIMYKE JIJAHTAHOUIOB.

Bricokne KOHIIEHTpAIMKU CEPbl CBUIETEIBCTBYIOT 00 aKTUBHOM MPOTEKAHUH TIpoLiecca
OKHCJICHUS, YTO MPUBOAUT K MOHMKEHUIO YpOBHS pH M BBIBEJECHHUIO METAIJIOB B PacTBOP.

Haubonee BeposTHas popma cepsl B BOAHOH ¢aze — cynbdar.
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3. PE3YJIbTATBI AHAJIU3A OBPA3IIOB METOJOM PACTPOBOM
JEKTPOHHON MUKPOCKOIIMH (SEM-EDS RESULTS)

crledax32\genesis\genmaps.spe 25-Aug-2014 11:08:50
LSecs: 27
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Puc. 9. Mukpodotorpapuu (SEM 515) ocaaxos II'-14-2 u coorBercTBytomue uM 3/1C Ha
pa3HOM YBEJIMYECHUHU.
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crledax32\genesis\genmaps.spe 25-Aug-2014-10:44:13
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Puc. 10. Mukpodororpaduu (SEM 515) ocankos I11I'-14-3 u coorBercTBytomuue um J1C Ha
pPa3HOM YBEJIMYECHUU.
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Puc. 11. Mukpodororpaduu (SEM 515) ocankos 111I'-14-6 u coorBercTBytonme um IJ1C Ha

pa3HOM YBEIUYEHUH.
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Puc. 12. Mukpodotorpadpuu (SEM 515) ocankos I1I1-14-9 u coorBercTBytomue um I/1C Ha
pa3HOM YBEJIMYECHUHU.
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Puc. 13. Mukpodororpaduu (SEM 515) ocankos I1II'-14-10 u coorBercTByronme uM 3J1C

Ha Pa3HOM YBCIIMYCHUU.
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Tabmuia 2 — BecoBast u aTOMHast 10715 2JIEMEHTOB, OOHAPY>KEHHBIX B OCaJiKax (He

MEPECYUTAHBI IO YTIIEPO.LY)

11T-14-2 111T-14-3 111T-14-6 111T-14-9 11I-14-10
sl |2 |E |2 g |2 | |2 | |Z
515 |E |5 |§ |8 |5 |8 5 |E |3
= o = o = o = o = o =
Q) = = = o = = = o = o

3 S ) s 3 s ) s 3 s

8 = 8 = 8 = 8 = 8 =

3 g 3 2 3 2 3 2 3 2

oM < m < o < m < o <
C | 1477 | 22,80 | 37,37 | 4927 | 22,16 | 34,19 | 09,93 | 16,02 | 16,76 | 27,00

06,57 | 10,77 | 00,00 | 00,00 | 09,36 | 20,06 | 37,42 | 51,74 | 31,15 | 42,32

07,36 | 12,12 | 19,20 | 29,97 | 38,12 | 52,00 | 24,42 | 34,64

O | 4534 | 5254 | 40,41 | 40,00 | 36,26 | 42,00 | 4652 | 56,34 | 3540 | 42,79
49,05 | 60,39 | 65,38 | 80,53 | 08,23 | 13,25 | 33,58 | 34,86 | 41,98 | 42,81
4450 | 54,96 | 44,02 | 51,60 | 33,62 | 34,49 | 4454 | 47,42

F - - - - 05,04 | 04,92 - - - -
- - 00,00 | 00,00 | 16,10 | 21,81 - - - -
04,08 | 04,24 - - - - - ;

Mg - - - - 02,55 | 01,94 | 00,79 | 00,63 - -
- - 00,44 | 00,36 | 01,89 | 02,00 | 00,77 | 00,52 - -
02,11 | 01,71 | 03,43 | 02,65 | 00,77 | 00,52 - -

Na - - - - - - - - - -
- - - - - - 00,84 | 00,62

Al | 0872 | 0599 | 0322 | 01,80 | 01,29 | 00,88 | 13,51 | 09,70 | 10,20 | 07,31
12,39 | 09,05 | 01,17 | 00,85 - - 06,34 | 03,90 | 06,05 | 03,66
08,55 | 06,26 - - 06,35 | 03,86 | 06,77 | 04,27

Si | 2433 | 16,06 | 06,35 | 03,58 | 06,65 | 04,39 | 20,60 | 14,21 | 27,34 | 18,83
2317 | 16,25 | 00,78 | 00,55 | 00,75 | 00,69 | 07,10 | 04,20 | 16,98 | 09,86
2204 | 1551 | 01,71 | 01,14 | 07,12 | 04,16 | 18,43 | 11,18

Mo - - - - - - 02,54 | 00,51 - -

- - - - - - 01,64 | 00,28 - -
S - - 04,65 | 02,03 | 07,57 | 04,37 - - - -

- - 15,81 | 09,72 | 37,17 | 29,84 - - - -

02,84 | 01,75 - - 00,85 | 00,44 - -

K | 01,95 | 00,93 | 00,95 | 00,39 - - 02,99 | 01,48 | 03,41 | 01,69
02,87 | 01,45 - - - - 03,34 | 01,42 | 01,85 | 00,77
01,83 | 00,93 - - 03,30 | 01,39 | 02,46 | 01,07

Ca | 00,42 | 00,20 | 0523 | 02,07 | 09,04 | 04,18 - - - -
- - 15,84 | 07,79 | 00,78 | 00,50 - - - -
01,09 | 00,54 | 30,44 | 14,24 - - - -

Fe | 0446 | 01,48 | 01,81 | 0051 | 09,45 | 03,14 | 02,63 | 00,91 | 06,89 | 02,39
0595 | 02,10 | 00,57 | 00,20 | 25,72 | 11,85 | 06,62 | 01,97 | 01,99 | 00,58
0558 | 01,98 | 01,21 | 00,41 | 06,67 | 01,96 | 02,19 | 00,67

- - - - - - 00,47 | 00,19 - -

- - - - - - 03,19 | 01,11 - -
Ti - - - - 03,20 | 01,09 | 00,36 | 00,13
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4. TUO®PAKIIMOHHBIN AHAJIN3 OCAJIKOB (XRD ANALYSES OF PRECIPITATES)

Ab
Il
Qu
28050
6000 <
Qu
5000 -
4000 - Ab Ka
Mu Mu
E
Z 30004 m
=

th
[—y
th
r
th
w
h
N

Puc.14. — 1IT-14-2.

O06o03HaueHus Ha AUQpaKkTOrpaMmme:

Mu — myckoBut, KAl>(AlSiz010)(OH);

Kh — kmuroxop, (Mg,Fe,Al)s(Si,Al)4010(OH)s

Qu - kBapr, SiO;

Ab — ans6uT, (Na,Ca)Al(Si,Al);0s

Nn — Houtponut, (Na,Ca)o 3Fe2(Si,Al)4010(0OH),*H,0

1 — nwwmar, (Ko.71Ca0.01Nao 01)(Al1.86MJo.15F€0.04) ((Siz.27Al0.73)O10(OH)2)
Ka - kaomuuut, Al,Si,Os(0OH),
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Ab

Qu
Gy 21000
7000 -
Gy
Ab
6000 -
Mu
Qu
5000 - thI Ab
Mu
E 4000
[—]
5
3000 -
2000 -
1000 -
0 ) 1 ) 1 ) 1 1 1
5 15 25 35 45 55 65 75 85
2 Theta

Puc. 15. — II'-14-3.

O6o3HaueHus Ha AUGPAKTOTPAMME:

Cl — xnopuT (kauHOXJIOP), M2 5Fe1 65Al1 5Siz Al s010(OH)g
Qu - kBapt, SiO,

Ab — ans6uT, (Na,Ca)Al(Si,Al)30s

Gy — rumnc, Ca(S0,4)(H20),

Mu — myckoBut, KAI(AlSiz010)(OH);

Or — oprokinas, K(AlSiz)Og
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An
10000 - 31600
An
8000 - Py, An
7000 - Qll, All, Cc
- 6000 - Do, An, Ka
£
= 5000 A
-
4000 -
3000 -
2000 -
1000 A
0 L) I L) L) L) L) L) L)
5 15 25 35 45 55 65 75 85

Puc.16. — 11II'-14-6.

O06o03HaueHus Ha AUQpaKkTOorpaMmme:
Qu - kBapt, SiO,

Ka - kaomuuut, Al,Si,Os(0OH),

Py — mupur, FeS;

Do — momomut, CaMg(COs3),

An — anoprut, CaAl,Si,Og

Cc — xanmeiut, CaCOg3

Mu — myckoBut, KAl (AlSiz010)(OH);
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Puc.17. — 1IT"-14-9.

O06o03HaueHus Ha AUQpaKkTOrpaMmme:

Ja — Sposut, KFe3(SO4)2(OH)e

Nn — Houtponut, (Na,Ca)o sFe2(Si,Al)4010(OH),*H,0
Kh — knunoxsop, (Mg,Fe,Al)s(Si,Al)4010(OH)sg

Qu — kBapii, SiO;

Gy — rumnc, Ca(S0,4)(H20),

Mu — myckoBut, KAI(AlSiz010)(OH);

Im — wiemenwur, Fe(TiOs3)
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Qu Ph
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2 3000 7 Cm
S Mi
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Puc. 18.— 1I'-14-10.

O6o3HaueHus Ha AUGPAKTOrPaMME:

Ph — pummuncut, Cay 4K2Si10.67Al533032(H20)12

Sd — canmaun, (Ko gsNag 14) (AlSi3Og)

Cm — mamoswurt, (Fe,Al,MQ)s(Si,Al)4010(OH)s

Qu - kBapr, SiO;

Mi — Mukponus, Ko.9sNag 06Al0.95S13.050s

Ab — ans6wur, (Na,Ca)Al(Si,Al)304

Ka - kaomunut, Al,Si,Os(0OH),4

1 — wnnm, (Ko.71Ca0.01Nao.01)(Al1.86Mdo.15F€0.04) ((Siz.27Al0.73)O10(OH)2)
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5. OIMCAHUE MHUHEPAJIOB (DESCRIPTIONS OF MINERALS)

Mi — Muxposnus, Ko gsNag 0sAlo 955130508

Cl — xmoput (kaurOoX10p), Mg2sFe1 5Al1 5Si22Al1 8010(0OH)g
Ja — Sposut, KFe3(SO4)2(OH)s

Nn — Hourponut, (Na,Ca)o sFe2(Si,Al)4019(0OH),*H,0

Sd — cannau, (KogsNap 14)(AlSizOg)

Cm — mamosur, (Fe,Al,MQ)s(Si,Al)4010(OH)g

Do — nomomut, CaMg(COs3),

An — anoprut, CaAl,Si,Og

Cc — xaneiut, CaCOs3

Kh — knmunoxmop, (Mg,Fe,Al)s(Si,Al)4010(OH)sg

Qu - kBapi, SiO;

Ab — anrouT, (Na,Ca)Al(Si,Al)30g

Gy — runc, Ca(S0,4)(H20),

Mu — myckoBut, KAI(AlSiz010)(OH);

Hl — mmmm, (Ko.71Cag.01Nag.01) (Al1.86Mo.15F€0.04) ((Siz.27Al0.73)O10(OH)5)
Ka - kaomuuut, Al,Si,Os(0OH),

Or — oprokinas, K(AlSiz)Og

Im — unpmenwur, Fe(TiO3)

Sd - CaHU/IHH, (Ko_geNao_14)(A|Si308)

Canumin (anrn. Sanidine) — wmmnuepan, ¢opmyna K(AISi3)Og, TumuuHble mpuMech
Fe,Ca,Na,H20, monekynsapusiii Bec 274,30. IIpoucxoxxaeHne Ha3BaHHSI — OT TIPEUYECKOTO
sanis — «rabauuka» u idos — «BHI», H3-3a €r0 TA0IUTIATOrOradbuTyCa

IIBeT MuHepana — OECI[BETHBIN, OEIBIiA, CEPBIii, JKEITOBATO-0EIbIi, KpaCHOBATO-OEIbIiA,
IBET YepThl — Oebli, MPO3pauHblil WK MOJIYPO3payHblid, Oeck — CTeKISHHbINA. TouHoe
pa3zeneHue MeXay CaHUIWHOM, MHKPOKIMHOM, aHOPTOKJIa30M M OPTOKIIa30M MOKHO
IIPOBECTH MCXOJSI M3 ONTHYCCKUX CBOMCTB M PE3yJbTaTOB PEHTTEHO-CTPYKTYPHOTO aHATN3A.

CaHuIUH TUTIUYEH ISl SKCKPY3UBHBIX U3BEPKEHHBIX TIOPO/I, T/I€ MPOUCXOAUT OBICTPOE

octbiBacHUe nopoabl. Canuaun -BeicokoreMmeparypubiii KIIII. Ero ctpykrypa ctabuibpHa
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rpu 900° C u Bere. [Ipu 500 - 900° C crabunbHa CTPYKTYypa OPTOKIIa3a , a Mpu TeMIiepaType
menbiied 400° C crabuneH MHUPOKIMH . CTPYKTYpbl OTJIMYAIOTCS TOJBKO CTENEHBIO
VIIOPSIIOYEHHUS aTOMOB alOMUHUA U KpeMHHsA. C TMOBBIIIEHHEM TeMIIepaTypbl CTEleHb
YIOPSIIOUEHNS YMEHBIIAETCS - CTPYKTYpa CAaHUAMHA caMasi pa3ylnopsijoueHHasl.

B npupone canunumH BcTpedaeTrcs B BHJAE TaOJIMTUATBIX KPHUCTAIIOB CBETIIO-CEPOrO,
ceporo 1Bera, pexxe OecuperHble. CaHUIMH OOBIMHO 00pa3yloT YIUIOIIEHHBIE KPHCTAJLIBL.
CanuauH He oOpa3yeT BOJOKHUCTOTO JBOMHHUKOBAHUs, XapakrtepHoro s apyroro KITII -
MHUPOKJINHA .

CaHuguH - TOBOJBHO PACHpPOCTPAHEHHBIM MUHEpaj, HO IOBEJIHPHBIE PAa3HOBHUIHOCTH
peaxu. IIpo3pauynble 00pa3ibl CAaHUAMHA TPAHAT U UCIIOJIB3YIOTCA /ISl BCTABOK B IOBEJIMPHbBIE

U30CINA.

Cm — mamo3ur, (Fe,AI,Mg)e(Sl,AI)4010(OH)8

MuHepan u3 Tpynmbl CIOUCTHIX CHIIMKATOB. [loArpyrina BhICOKOXKENE3UCTHIX XJIOPUTOB.
Kpucranno-xumuueckas ¢popmyna Fe4+2Al[Si3AIOlo](OH)6. Cocras: Si0; = 25+ 28%, Al,O3
= 15 + 20%, FeO =35 +40%, Fe,O3 no 5%, H,O no 5%. PactBopum B ropstaeit HCI. Ha
TepMorpaMMax HMeeTcs JHjaoTepmudeckuid 3¢dekr npu 580 — 600° BTOpOU
supotepmudeckuii d3pdexT (~900°) yacTo MmIoxo BeIPAKEH. DK30TEPMHUECKAs PEAKIUS MIPU
920 — 950°. B oueHb HEOOMBIINX KOJIHYECTBAX PACHPOCTPAaHEH BO MHOTHUX II.: TYHJIPOBBIX,
JIEPHOBO-TIOA30JIUCTHIX, CEPBIX JIECHBIX W T. M. MMewTcs yka3aHWs Ha TPUCYTCTBUE
[IaMO3UTONIOIOOHBIX MUHEPAJIOB B JIATEPUTAX M (DEPPaUIUTHBIX M., Pa3BUTHIX HA MPOAYKTAX
W3MEHEHUSI OCHOBHBIX MOPOJI. BO3MOXKHO, 4TO 3/1€Ch IAMO3UT SIBJISIETCS HOBOOOPA30BaHHBIM
MHUHEPAJIOM.

[ITamMO3UT MOKET MUMETh CaMO€ pa3InYHOE MPOUCXOXKICHHE - XEMOT€HHO-0CaJ0YHOE,
TUIIEPTEHHOE, THAPOTEPMAIIBHOE, METACOMATHUECKOE.

[ITamMO3UT 0CaOYHOTO MPOUCXOXKIEHUS BCTPEUACTCS B TIMHUCTHIX OTJIOKEHHUSX U B
0CaJIOYHBIX (OOJIMTOBBIX) JKENE3HBIX pynaaxX, (HOPMHUPYIOMUXCS B MPUOPEKHBIX 30HAX
MOPCKHUX 0aCCEMHOB, MPEUMYIIECTBEHHO B YCIOBHSIX MeDUIITA KUCTIOPO/Ia.

l'umepreHHpIil MaMO3UT PACIIPOCTPAHEH B OYEHb HEOOJBIINX KOJMYECTBAX BO MHOTHUX
MOYBaxX: TYHJAPOBBIX, JEPHOBO-TIOJI30JUCTHIX, CEPHIX JIECHBIX, a TaKXE B JATepUTaX H

(I)eppaHHI/ITHLIX IMo4YBax, pa3BUTHIX HA MPOAYKTAX U3SMCHCHUA OCHOBHLIX ITOPO/I.

91


http://kristallov.net/osnovnyie.html

Bmecre ¢ TeM, IIaMO3UTHI SBISAIOTCA XapaKTEPHBIMU >KWJIBHBIMM MHHEpAJlaMU psAla
TUAPOTEPMAIBHBIX MECTOPOKIECHUH, a TaKxke BXOJST B COCTaB

OKOJIOPYIHBIX MCTACOMATHUTOB.

Do — gonomut, CaMg(COs3),

JomoMuT — MuHeEpan u3 kiacca kapbonatoB xumudeckoro cocraBa CaCO3*MgCOs;
JOJIOMUTOM HAa3bIBAIOT TaKXKe OCAZAOYHYI0 KapOOHATHYIO FOPHYIO TOPO/Y, COCTOSIIYIO M3
MUHepasia  jgonomutra Ha 95% wm  Oomee. Ilomyunmnm  Ha3BaHMe B YeCTb
dpaniysckoro nikeHepa u reosiora Jleona  ne  Jlomomsé (1750—1801),  ommcasiero
MIPU3HAKHU JOJIOMUTOBBIX MTOPO/I.

CoctaB MuHepasia 6Iu30K K Teopetnueckomy. Kpucramnsr pombosapuyeckue. OObIYHO
MAacCHBHBIC, OT TPy0O- JO TOHKO3CPHUCTBHIX H (apPopOBUAHBIX, arperatbl. L[Ber —
OecLBETHBIN WK OETbIi, JKENTOBAThIA, OypOBaThIil (3a CYET MPUMECH THAPOKCUIOB Kee3a U
TJIMHUCTBIX YacTHUIl). bBJECK CTEKJISIHHBIM 10 MaTOBOTO W MEPJIaMyTPOBOTO. XPYIKHUH.
CnaiiHocTh coBepiuieHHas. TBépaocth 3,5-4,0. U3nom crymneHYaTblii 10 pakoBUCTOrO (B
dapdopoBuaHbix arperarax). YHepra oemnas. C HCI pearupyer ciabo (ogHaKo OYpHO BCKHITaeT
B ropsiueit HCI). Bekumaer noa nefictBuem 1%-ro pacTBopa CONSIHON KHCIOTHI B MOPOIIKE (B
1apamnuHe).

OTnuyuTh JOJOMHUT OT Jpyrux KapOoHAToB HempocTo. bomee Toro, oH dacto
ACCOIIMUPYETCS C KAJIBIIMTOM, OOJaJalOIIMM CXOAHBIMH JTUArHOCTHUYECKUMHU TPH3HAKaMHU,
MPEeKIE BCErO0 POMOOIHIAPUYECKUM OOIUKOM KPUCTAIJIOB. B TONEBBIX YCIOBHSX IS
OTpEeNIeTICHUsI STUX MHUHEPATIOB OOBIYHO MCIOJIB3YIOT COJIsIHYIO KuciaoTy. Kycouek mMuHepana
pa3MepoM CO CIUYCUHYIO TOJIOBKY KJIAIyT Ha cTekio U kanatoT Ha Hero HCI. Kanpuur OypHO
«BCKHUIAE€T» B XOJIOAHOW KHCIOTE C BBIIEICHHEM YIJIEKHCIIOrO ra3a, TOrJa KakK JO0JIOMUT

pearupyeTt O4€Hb MCAJICHHO, HCOXOTHO, a4 paCTBOPSACTCA TOJIBKO IIPU HAI'PEBAHUU.

Cc — kaapnut, CaCOg3

Kamernr, w3BectkoBbId 1mmatr — MuHepain CaCO3 u3  rpynmsl kapOOHATOB, OJHA U3
OpUPOAHBIX (opM KapOoHaTa Kaiblius. VICKIIOUMTENTPHO WIMPOKO PACIPOCTpaHEH Ha
MTOBEPXHOCTH 3emutn, MOPoO1000pa3yIOITUiA MHUHEpAJL. Kansuurom
CJIOKEHBI N3BECTHSKH, MEJIOBBIE TIOPOJIBI, MEPTENN, KAPOOHATUTHI. Kampiiutr —  camblit

paCHPOCTpaHéHHBII\/’I 6I/IOMI/IH6paH: OH BXOAHWT B COCTAaB PAKOBUH M SHIOCKEJICTA OONBIIMHCTBA
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http://kristallov.net/metasomaticheskie_gornyie_porodyi.html
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B0%D1%82%D1%8B_(%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8B)
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BE%D0%B4%D0%B0_%D0%B4%D0%B5_%D0%94%D0%BE%D0%BB%D0%BE%D0%BC%D1%8C%D1%91
https://ru.wikipedia.org/wiki/HCl
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D1%8F%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/HCl
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%BA%D0%B8%D1%81%D0%BB%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B0%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B0%D1%82_%D0%BA%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%80%D0%BE%D0%B4%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D1%83%D1%8E%D1%89%D0%B8%D0%B5_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%B2%D0%B5%D1%81%D1%82%D0%BD%D1%8F%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BB_(%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B3%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B0%D1%82%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%BA%D0%BE%D0%B2%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B4%D0%BE%D1%81%D0%BA%D0%B5%D0%BB%D0%B5%D1%82

CKEJICTHBIX OECIIO3BOHOYHBIX, a TaKke MOKPOBHBIX CTPYKTYp HEKOTOPBIX OJHOKJIETOYHBIX
OpraHU3MOB.

Kap6onar KaJIbLIUS MeeT u npyrue noauMopdubie MOaUpUKALUNT —
aparoHuT (pOMOMUYECKOI CHHIOHUY) U (paTepuT(rekcaroHanbHOW CHHIOHHH).

HaszBanue mnpennoxeno Iaiiaunrepom B 1845 rogy © NOpOUCXOAUT, Kak U
HA3BaHUE XMMHUUYECKOTO 3JIEMEeHTa, OT JiaT. CalX(poa.m. calcis) — u3BecTs.

B uncTom Buae KajgbUUT OCNblii MM OCCIBETHBIN, MPO3pAYHbIA (MCIAHICKHIA IIIT1aT)
WM TPOCBEUYHMBAIONINNA, — B 3aBUCHUMOCTH OT CTEIEHH COBEPIICHCTBA KPUCTAJUIMYECKOU
cTpykTypsl.  [lpumecu  okpammMBarOT e€ro B pasHbie 1iBeta. NiokpammBaeT B
3eJIEHBIN; KOOATBTOBBIEC, MAPTAHIIEBLIC KATBIIUTHI — pO30BEHIE.
ToHKOAMCIEPCHBIN [TUPUT OKpAIIMBAET B CHHEBATbIi M 3eieHoBaThld LBeT. Kambuur c
MIPUMECHIO JKeneza — JKEIITOBATHIM, OypoBaThbIid, KpPacCHO-KOPUYHEBBIN; c
MPUMECBIO XJIOPUTA —  3€JEHBIA.  YTIUCTOE BEIIECTBO 4YacTO NPHUAAET  KAJIbLMTY
HEpPaBHOMEPHYIO YEPHYIO OKpacKy. M3BeCTHbI KpPHUCTAIBI € MHOTOYUCICHHBIMU
BKJIFOUEHUSIMU OMTYMHHO3HOT'O BEIIECTBA, OHU UMEIOT KENTHIN UITU OyphIif LIBET.

UYepra Oemas, mI0THOCTE 2,6-2,8, W3IIOM  CTyNEHYAThld, TBEPAOCTh IO MK
Mooca 3, criailHOCTh COBEpIIEHHass MO  OCHOBHOMY pOoMOO03/1py, OJeCK CTEKJISHHBIN 110
nepiaMmyTpoBoro.  Bcekumaer  mpu B3aUMOJMEHCTBMM ¢ pa30aBICHHOW COJISTHOUN
xuciotoit (HCI). XapakrepHo MHOroo0pasue JBONHMKOB CPaCTaHUs M IPOpACTaHHUs IO
MHOTOYHUCJICHHBIM 3aKOHaM, a Takxke JaedopmanonHble aBoitHkN. [Ipo3padnbie KpUCTaIIIbI
00Ja/1at0T IBYNPEIOMIEHHEM CBETa, 0CO00 XOpOIIO HaOII0IaeMbIM CKBO3b MOBEPXHOCTH

CHAHOCTH B pOM603I[pI/I‘-ICCKI/IX BBIKOJIKaX HMJIK TOJICTBIX IIJTaCTHHAX.

An — anoprtut, CaAl,Si,Og

Anoprut (yip.-rped. dvopbog — KOCOoit) — MHUHEpal U3 TPYMIbI  TOJIEBBIX  IINATOB
(mrarmokiazos). Ilo cocTaBy OTHOCHUTCS KallOMOCHIIMKATAM CO CTPYKTYpPOH KapKacHOTO
THIIA.

Xumuueckass (opmyiaa uuctoro amoprtura: CaAl,Si,Og, tme CaO— 20,1 %,
Al;03-36,7%, SiO, — 43,2 %. becuBerHblii Win OeNblif, Cepblii, MHOTAA >KEITOBATHIH,
KpacHOBAThIN. bileCk CTEKIISIHHBIN, M3JI0M HEPOBHBIN. [Tpo3paunHblil 40 MOTYyNIpPO3pavHOro.

Teépnocts 6 — 6,5. [LnoTHOCTE 2,76 T/cM®. AHOPTUT 00pa3yeT B OCHOBHOM 3€pHHUCTHIE
arperatbl. KpucTtayuiel mpu3MaTHdeckue, peke BBITAHYTH. OOpa3yeT CIUIONIHbBIC 3ePHUCTHIE

MaccChbI.
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D0%B7%D0%BC_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B0%D0%B3%D0%BE%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%BC%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wiktionary.org/wiki/calx
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BB%D0%B0%D0%BD%D0%B4%D1%81%D0%BA%D0%B8%D0%B9_%D1%88%D0%BF%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B1%D0%B0%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D0%B5%D1%86
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%80%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D0%9C%D0%BE%D0%BE%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D0%9C%D0%BE%D0%BE%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B0%D0%B9%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%BC%D0%B1%D0%BE%D1%8D%D0%B4%D1%80
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B5%D1%81%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D1%8F%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D1%8F%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%BE%D0%B9%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%BE%D0%B9%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%BE%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BB%D1%83%D1%87%D0%B5%D0%BF%D1%80%D0%B5%D0%BB%D0%BE%D0%BC%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5%D0%B2%D1%8B%D0%B5_%D1%88%D0%BF%D0%B0%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B3%D0%B8%D0%BE%D0%BA%D0%BB%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8E%D0%BC%D0%BE%D1%81%D0%B8%D0%BB%D0%B8%D0%BA%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/CaO
https://ru.wikipedia.org/wiki/Al2O3
https://ru.wikipedia.org/wiki/SiO2
https://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D1%91%D1%80%D0%B4%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C

CUHIOHMS TPUKJIMHHAsA. XapaKTepHbIM JUIsl OCHOBHBIX MHTPY3MBHBIX U 3((y3UBHBIX
MarmMatuyeckux mnopol. HaxoguTcss BMECTe € MAarHUMCTO-XKEJIE3UCTHIMM CHJIMKaTaMHy, a
TaK)Ke B MeTeopuTax. Mcrnonb3yercs B kepaMU4ECKON POMBILIUIEHHOCTH.

Yucteiii aHOpTUT penok. [Topomoodpaszyroniuii MUHEpall TAKUX MarMaTH4eCKUX MOPO/,
Kak OasayibT, rab0po, HOpUT;  BCTpeyaeTcs B~ MecTaX  KOHTAKTOB MarMaTHUYECKHX
II0pPO/J1 € U3BECTHsAKAMM, B aM(pubonuTax. AHOpTUT Berpeuaercss BKapenuu, Ha Ypaie,
Ha YkpauHe. SIBasercd Takxke OAHOM M3 OCHOBHBIX IOpoJ jiyHHOro perosuta (Hapsny,

C IIMPOKCCHOM, OJIMBUHOM U I/UII)MGHI/ITOM).

Ja — SIpo3ut, KFe3(SO,)2(OH)s

Sposut (or Ha3BaHus MecTHocTu Jaroso — Xapoco B Vcnanum, rae BIepBbie ObLI
HaliIeH SIPO3UT) — MUHEpasl, OCHOBHBIN CyJIb(aT Kalus U kKejle3a; XUMHUYECKUH COCTaB:
KFe(III)3(SO4)2(OH)6, 3auacTyro conep >XUT MPUMECH HATPUSL.

Teépmocte mo mikaie Mooca: 2,5— 3,5 (runc — kajabuur), miotHocts: 2,9 — 3,3
r/cm®. Kpucramnusyercss BTpUroHaibHOU (TUpaMuIaibHON) cucTeMe. SIpo3uT BCTpedaercs ¢
IIPO3PAYHOCTHI0 OT MPOCBEYMBAIOLIETO 10 MOJIHOCTbIO HENPO3payHOro. bieck cTekysHHBII
100 TYCKIBIN. [[BET — KOpUYHEBBIH, KENTHIN.

OdeHp dYacTo SPO3UT MYTAKOT C JIUMOHUTOM, FETUTOM, C KOTOPBIMM OH 4YacTo
BCTPEUAETCS B JKeJe3HbIX 1sinax. [1o cyTH, Spo3uT — xkene3oconep kaluil aHauor alyHUTa.

Munepan gpo3uT oOpa3dyeT MeJIkue poMOO3IpUYECKHE KPHUCTAJUIBI; arperarbl
TOHKOKPHUCTAJUIMYECKUE, CIUIOIIHBIE 36PHUCTBIE, PEKE 3EMIIUCTBHIE.

OXpUCTO-XKENThI I1IBET; HEBBICOKAs TBEPAOCTb;, KPUCTAJUIMUECKOE COCTOSHUE;
COBEpILIEHHAs CHAHOCTh; aMa3HbIN OJIECK Ha IJIOCKOCTSAX CIMAHHOCTH (SpKUe MPOoOJIeCKU B
KPUCTAIIIMYECKUX arperatax); JKUpHBIA Ha ougynb; pactBopsercs B HCI; cuibHbIIT
MIUPOVIEKTPUK.

MuHepan spo3UT BCTPEYAETCSI B aCCOLMALIMU € AITYHUTOM, ITUPUTOM.

Musnepan spo3uT (HOpMUpPYETCS B IK30T€HHBIX YCIOBUSX INPH HAYAIbHBIX CTaIUsX
pa3BUTHS 30H OKHUCIIEHUS CYyIb(OUIHBIX MECTOPOKIECHUHN, BOSHUKAET MIPU OKCHIJIEHUU MHUPUTA.
B noBepXHOCTHBIX YCIOBHSAX HEYCTOWUYMB, THUJIPATUPYETCS, MEPEXOAS B IETUT U THIPOTETUT.

CoxpaHeHuIo spo3uTa OJIaronpUATCTBYIOT YCIOBHSI CyXOI0 XKapKOro Kiumara.

Nn — HOHTpOHI/IT, (Na,Ca)o,3Fe2(Si,AI)4010(OH)2*H20
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https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B1%D0%B1%D1%80%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%B2%D0%B5%D1%81%D1%82%D0%BD%D1%8F%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D1%84%D0%B8%D0%B1%D0%BE%D0%BB%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B5%D0%BB%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A3%D0%BA%D1%80%D0%B0%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D1%83%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D0%BE%D0%BB%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%80%D0%BE%D0%BA%D1%81%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%9E%D0%BB%D0%B8%D0%B2%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%98%D0%BB%D1%8C%D0%BC%D0%B5%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BF%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BB%D1%8C%D1%84%D0%B0%D1%82%D1%8B_(%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8B)
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%82%D1%80%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D0%9C%D0%BE%D0%BE%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%BF%D1%81
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D0%BE%D0%BD%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D1%91%D1%82%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BD%D0%B0%D1%8F_%D1%88%D0%BB%D1%8F%D0%BF%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%83%D0%BD%D0%B8%D1%82
http://kristallov.net/alunit.html
http://kristallov.net/pirit.html
http://kristallov.net/pirit.html
http://kristallov.net/goethite.html

HonTponut (ot Ha3s. r. Houtpon, Nontron Bo ®paniinn — mecTa mepBoi Haxoaku " a.
nontronite; H. Nontronit; ¢. nontronite, graminite; u. nontronita) — MUHEpas MOAKIACCA
CJIOMCTBIX CHJTUKATOB TPYIIIIBI CMEKTHTOB (MOHTMOPHMJIIOHUTA),
(Fe,Mg)2[Si4010](OH)2enH20. Conepxut uzomopdusie npumecu Al, Mg, Ni, Co, Cu, Zn
(mo uenbix%). Cunronus MoHOKIuHHas. Kpucramnuueckas CTpyKTypa CiOUCTasl.
Berpedaercss B BUAE 3€MIIMCTBIX | IUIOTHBIX (OMAIIONOMOOHBIX) arperatoB, >KUPHBIX Ha
OIIYIIb. Oxpacka 3eJICHOBATO-KENTAas, OJIMBKOBasI, OypoBarasi. Wznom
paxoBucthiid. TBeprocts 1-2. Ilmotnocte 1700-1900 xr/m3. OOnamaer BBICOKOW aHHOH-
katnoHHOW oOMeHHOW (80-90 wmr/skB. Ha 100 T) W COpOIMOHHON CIIOCOOHOCTHIO,
Ha0yXaeMOCThIO B MPUCYTCTBUU BOJIbI. OOpa3yercs P BLIBETPUBAHUY CEpIICHTUHUTOB. [Ipu

JabHEHIIEM BRIBETPUBAHUH 3aMEIIaeTCs THAPOKCHIaMH Jkelie3a. Bxoaut B coctas py Ni.

Im — uabmenut, Fe(TiO3)

WnbMeHUT (TUTAaHUCTBIA  KENEe3HSK) — MUHEpal o0me  XUMUYecKoi  (opMyIbl
FeO-TiO2 unu FeTiO3 (36,8 % Fe, 31,6 %O, 31,6 % Ti), cocraB HemocTosHEH. Peakuii
MUHEpPAJ, CJIOKHBIM OKCHJI, BHEIIHE MOXO0XXHM Ha WIbMEHMT, HA3bIBACTCS «KPUUYTOHUTOM.
Wnbmenut 6b11 BriepBbie onucad B 1827 rony A.T. Kynddepom.

WnpmMeHUT KpuUCTaUIM3yeTCsl B TPUTOHAJIBHOM CHHTOHMM, 00pa3ysl CIIOKHbIE
POMOO’IPHUECKUE UITH TNIACTUHYATbIE KPUCTAIUIBI, TPEUMYIIECTBEHHO UCKa)KEHHOTO 00JIHKA.
Arperatsl - 3epHUCTbIE MacChl U CIUIONIHbIE CKOIUIeHUs. Henpo3paueH; BET YepHBIN ¢ IPKUM
MeTaJuIn4eckuM OsieckoM. TBepaocTs 5-6; yaenbHbI Bec 4,72. B unctom Buae npu oObIYHON
TEMIEpaType UIbMEHUT HEMarHuTEH, YTO UMEET BaKHOE 3HAYEHHE IPU €0 MPOMBIIUIEHHOM
usBnedennn. Kpucramibl, comepxkamme Oonee 25 % Fe203 B Buae TBeporo pactBopa,
MarHuTHbI. IBMEHUT U TUTAHOMArHeTUTSBIIAIOTCS LEHHOW PyAOM NS MOTy4YeHUs TUTaHA U
€ro MPOU3BOJHBIX (OKCHIA TUTaHa, (EeppPOTUTAHA U IPYTHX).

Kpynneie MecropoxzaeHuss wibMeHuTa HaxoasaTcss B Poccuum Ha OxHOM VYpane, rae
3TOT MHUHepasl ObUT BIEpBbIE OTKPHIT B MiibMeHckux ropax. MIbMEHMT BCTpedaeTcs BO
MHOTUX  MecTopoxaenusx Hopgeruu, [lIgennn, @unnauanu, B pynax bymisenbackoro
xomiuiekca B FOAP u  pynHoro paiiona CanOepu B Kanazne, Kpome TOro MWJIbBMEHHTOM

Oorara JTyHHas TTOYBA.

Qu - kBapu, SiO,
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http://www.mining-enc.ru/f/francij/
http://www.mining-enc.ru/m/mineral/
http://www.mining-enc.ru/p/plotnost/
http://www.mining-enc.ru/a/agregat/
http://www.mining-enc.ru/t/tverdost/
http://www.mining-enc.ru/v/voda/
http://www.mining-enc.ru/v/vyvetrivanie/
http://www.mining-enc.ru/zh/zhelezo/
http://www.mining-enc.ru/r/ruda/
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%82%D0%B0%D0%BD_(%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82)
https://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D0%B5%D1%80%D0%B4%D1%8B%D0%B5_%D1%80%D0%B0%D1%81%D1%82%D0%B2%D0%BE%D1%80%D1%8B
https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B8%D1%82%D0%B0%D0%BD%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D1%82&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D1%80%D0%BE%D1%82%D0%B8%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%B0%D1%8F_%D0%A4%D0%B5%D0%B4%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AE%D0%B6%D0%BD%D1%8B%D0%B9_%D0%A3%D1%80%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%98%D0%BB%D1%8C%D0%BC%D0%B5%D0%BD%D1%81%D0%BA%D0%B8%D0%B5_%D0%B3%D0%BE%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%B2%D0%B5%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A8%D0%B2%D0%B5%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BD%D0%BB%D1%8F%D0%BD%D0%B4%D0%B8%D1%8F
https://ru.wikipedia.org/w/index.php?title=%D0%91%D1%83%D1%88%D0%B2%D0%B5%D0%BB%D1%8C%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%91%D1%83%D1%88%D0%B2%D0%B5%D0%BB%D1%8C%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%AE%D0%B6%D0%BD%D0%BE-%D0%90%D1%84%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%A0%D0%B5%D1%81%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%B4%D0%B1%D0%B5%D1%80%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D0%B0%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D1%83%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%87%D0%B2%D0%B0

Ksapi (Hem. Quarz) — oMH U3 caMbIX PAcTIPOCTPAHEHHBIX MUHEPAJIOB B 36MHOM KOpeE,
opo1000pa3yomuii MUHEpal OONBIIMHCTBA MAarMaTUYeCKUX M METaMOP(PHUECKUX TOPO/I.
CBobogHOe cozaepkanue B 3eMHOM kope 12 %. BxoauT B cocTaB Apyrux MUHEPAJIOB B BHUJIC
CMecel U CIIIMKAaToOB. B 001Ieli ClI0)KHOCTH MaccoBasi JI0Jisk KBapIiia B 3eMHOU kope 6oiee 60

%. Xummnueckas popmyna: SiO, (AMOKCHUT KPEMHHUS).

MU — MyCKOBHT, KA|2(A|SI3010)(OH)2

MyckoBur — wmuHepas, kamueBas ciojga  KAI(AISisO10)(OH),. Hcnonssyor B
JEKTPO- U PAAMOTEXHUKE, JJI MU3TOTOBIIEHUS CMOTPOBBIX OKOHIIEB B KOTJIAX, Me4yax W Jp.
Kpucrannsl TabnuTyarble MOHOKJIMHHOM cucreMbl. CnaiHOCTH 1O 0a3ucy BecbMa
coBepiieHHas. MYCKOBUT JIETKO pacHICIUIAeTCS Ha TOHYAlIIMe JUCTOYKH, YTO
00YCJIOBITUBAETCS €0 KPUCTAJUTMYECKON CTPYKTYPOM, CIOXKEHHOM 3-CIOMHBIMU MAKETaMH U3
2 JHCTOB KpeMHE- M aJIOMOKHCIOPOJHBIX TETPadApoOB, COCAUMHEHHBIX dYepe3 CIIOH,
COCTaBJIGHHBIA M3 OKTadApOB, B IIEHTPE KOTOPBIX PACIIONIOKEHBI MOHBI Al, oKpyxeHHBIE 4
nonamu kuciopona u 2 rpynmamu OH; 1/3 okra’apos He 3amonHeHa moHamu Al. [TakeTsr
COEIMHEHBI MEX/1y COO0N MOHAMU KaJusl.

Martepuan  obOnmagaer  O4YeHb  BBICOKMMH  DJIGKTPUYECKUMH  CBONCTBaMHU:
Harpesocroiikocts 500—600 °C; YaensHoe o0beMHoe compoTtuBienue 1012—1014 Owm/m;

Tanrenc yrna noteps 0.0003; OTHOCHTENIBHAS TUAJIEKTPUYECKas IPOHUIIAEMOCTh 6-8.

Ka - kaosmmuur, Al;Si;Os(OH),

KaonmuHuT — TriMHUCTBIN MuUHEpad W3 TPYNIbl BOAHBIX CHJIMKATOB AJTFOMUHUS.
Xumudeckuit coctaB Aly[SigO10](OH)s; comepxut 39,5 % Al,Os3, 46,5 % SiO; u 14 % H,0.
O6pa3yeT 3eMJIUCThIE MAacChl, B KOTOPBIX MPHU OOJBIIUX YBEIUUYCHHSIX IO SJICKTPOHHBIM
MHUKPOCKOIIOM OOHApy>KMBAIOTCSI MENKHE MIECTUTPaHHbIE KpHCTauibl. Kpucrammmsyercs B
MOHOKJIMHHOM CHHTOHMM. B OCHOBE KpHUCTAUIMYECKOM CTPYKTYpbl KAOJHWHHUTA JEXaT
OECKOHEUHBIC JTUCTHI U3 TeTpa’ApoB Si—O4, UMEIONIMX TPHU OOIIUX KUCIOPOJA U CBSI3aHHBIX
MOTIAPHO Yepe3 CBOOOHBIC BEPIITUHBI ATFOMUHUEM U TUIPOKCUIAOM. DTH JUCTHI COSAMHEHBI
MEXIy CcOo00l cnaObIMU CBS3SIMH, YTO OOYCIOBJIMBAE€T BECbMa COBEPIIEHHYIO CIIAWHOCTH
KAOJIMHUTA ¥ BO3MOKHOCTh PA3JMYHOIO HAJIOKEHUS OJTHOTO CJIOS Ha JAPYTrOM, 4TO, B CBOIO
ouepesib, BeAET K HEKOTOPOMY U3MEHEHUIO CUMMETPHUH BCEH KPUCTATUIMYECKOM MOCTPOUKHU.

Croucrast CTpyKTypa KaoJdWMHUTA NPUAAET MHUHEpajgaM Ha €ro OCHOBE (TJMHAM H

KaOHI/IHaM) CBOMCTBO IIaCTUYHOCTH. TBéleOCTL 1o MPIHCpEU'IOl“H‘-ICCI(OfI IIKajae 1; IIJIOTHOCTH
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http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%8E%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%BD%D0%B8%D1%86%D0%B0%D0%B5%D0%BC%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D1%8B%D0%B9_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B0%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%BA%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D1%8F(IV)
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%82%D1%80%D0%B0%D1%8D%D0%B4%D1%80
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BB%D0%B8%D0%BD

2540—2600 xr/m?; )xupen Ha omrynb. [Ipu HarpeBanuum 10 500—600 °C KaOJUHUT TEpsIET
Boxy, a mpu 1000—1200 °C pa3znaraercs ¢ BbIJICJICHUEM TEILIA, JlaBasi BHaYajle CUJIJTMMAHUT,
a 3aTeM MYJUTUT; PEaKIIHs 3Ta COCTABISIET OCHOBY KEPAMHUYECKOTO IPOU3BOJICTBA.

KaonuHUT — OCHOBHOW KOMMOHEHT MHOruX riinH. OOpa3yercss Mpu KaoJuHU3AINN
(BBIBETPUBAHUM U TUIPOTEPMAILHOM M3MEHEHUHU MOJEBOLINATOBBIX Mopoxa). Okomno 50 % ot
BCEro J00BIBAEMOT0 KAOJIMHUTA UCTIONB3YETCS P MPOU3BOACTBE OyMaru Jijisi MEJIOBaHUS U B
Ka4yeCcTBE HAIOJIHUTENS. B KepaMU4ecKO# MPOMBIIIICHHOCTH OH MCIIOJIB3YETCS JUIsl CO3AaHuUs
anro6a u rnaszypu. KaonmHUT Takke mpuMeHsieTcs B (papMmarieBTHKE, B KaUeCTBE ITHUINEBOI
n00aBKH, B 3yOHBIX TacTax (B Ka4ecTBE JIETKOro abpa3MBHOTO MaTepuaia), B KOCMETUKE (10

Ha3BaHHUEM «OeJias TJINHAY») ¥ MHOTHX JAPYTUX 00JIACTsX.

Or - oprokaa3, K(AlSi3)Og

OpTokia3 — MUPOKO PaCHpPOCTPaHEHHBIM MOpPo000pa3yoIInuii MUHEpal M3 Kiacca
CUJIMKATOB, OJIHA M3 PA3HOBUIHOCTEH TMOJIEBBIX IIMATOB (KAJIHEBBIN 110JIeBOM mmaT). B coctan
oprokiasa Bxomar okcuj kanus (K,0) — 16,9 %, oxcun amomunus (Al,O3) — 18,4 %,
mokeny kpemuus (SiO) — 64,7 %, Takke 9acTO MPUCYTCTBYET HECKOJIBKO IPOILICHTOB
okcuaa Hatpus (NayO). Moxer conepxkats Mzomopdurie mpumecu: Na, Ba, Rb, Fe’*, Can
np. Oprokia3, Kak W JAPYrue Kalu-HaTPUEBBIC IIOJIEBBIC IIMATHI, BCTPEYACTCS TIIABHBIM
00pa3oM B KUCIIBIX, MHOTJA B CPEAHUX MO KHUCIOTHOCTH M3BEPKEHHBIX MOPOIaX.

[IpumensieTcst Kak ChIphE A MPOU3BOJCTBA (hapdopa u snekTpokepaMuku. bobiioro
3HAUEHUs KakK IOBEMPHBIA M TMOJENOYHbIN Marepuan He uMmeeT. [Ipo3paynbie, OeciiBETHBIE
WK JKENTHIE OPTOKJIA3bl MHOT/IA TOJIBEPTal0T OTpaHKe KaK JIFOOOMBITHYIO KOJIICKIIMOHHYIO

PCAKOCTE.

Ka - kaosmmuur, Al;Si;Os(OH),

KaonmuuuT — TrMHUCTBIN MuHEpand W3 TPYNIbl BOAHBIX CHIIMKATOB AJTFOMUHUS.
Xumnueckuit coctaB Aly[Sis010](OH)s; comepxut 39,5 % Al,03, 46,5 % SiO; u 14 % H,0.
O0Gpa3yeT 3eMJINCTBIE MAacChl, B KOTOPBIX MPH OOJBIIUX YBEIUYCHHSIX IO SJICKTPOHHBIM
MHUKPOCKOIIOM OOHApY>KMBAIOTCSI MENKHE MIECTHTPAaHHbIE KpHCTaUIbl. Kpucrammmsyercs B
MOHOKJINHHOM CHHTOHMH. B OCHOBE KpHUCTAINIMYECKON CTPYKTYpPhl KAOJWHHTA JIeKaT
OECKOHEUHBIC JTUCTHI U3 TeTpa’ApoB Si—O,, UMEIONIMX TPHU OOIIUX KUCIOPOJA U CBSI3aHHBIX
MOTIAPHO Yepe3 CBOOOJIHBIC BEPITUHBI ATFOMUHUEM U TUIPOKCHUAOM. DTH JIUCTHI COSAMHEHBI

MCKOY co0oi crnabbIMu CBA3sIMMH, UYTO O6YCJ'IOBJ'II/IB8.CT BE€CbMa COBCPHICHHYIO CHaHOCTh
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http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BB%D0%B8%D0%BC%D0%B0%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BB%D0%BB%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BE%D0%B1
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B0%D0%B7%D1%83%D1%80%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%89%D0%B5%D0%B2%D1%8B%D0%B5_%D0%B4%D0%BE%D0%B1%D0%B0%D0%B2%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%89%D0%B5%D0%B2%D1%8B%D0%B5_%D0%B4%D0%BE%D0%B1%D0%B0%D0%B2%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%80%D0%BE%D0%B4%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D1%83%D1%8E%D1%89%D0%B8%D0%B5_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8B
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5%D0%B2%D0%BE%D0%B9_%D1%88%D0%BF%D0%B0%D1%82
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%BA%D0%B0%D0%BB%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B0%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4_%D0%BA%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D0%B7%D0%BC
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%BB%D0%B5%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D0%BE%D0%B2
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B8%D1%81%D1%82%D1%8B%D0%B9_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B0%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%BA%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D1%8F(IV)
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%82%D1%80%D0%B0%D1%8D%D0%B4%D1%80

KAaOJIMHUTAa ¥ BO3MOXHOCTh PA3JIMYHOTO HAJOXEHHsI OJHOTO CJIOsl Ha IPYroi, 4To, B CBOIO
ouepenib, BEAET K HEKOTOPOMY M3MEHEHHIO CUMMETPHUH BCEH KPUCTAJUIMYECKOU IIOCTPOUKHU.

Crnoucrass cTpykTypa KaoJMHHUTa MPUAAET MHUHEpajlaM Ha €ro OCHOBe (rimHamM U
KAa0JMHAM) CBOMCTBO IUIACTUYHOCTHU. TBEPAOCTh IO MUHEPAIOTHYECKOM 1IKaje 1; MIOTHOCTD
2540—2600 xr/m?; )xupen Ha omrynb. [Ipu HarpeBanuu 10 500—600 °C KaOJUHUT TEpsIET
Boxy, a mpu 1000—1200 °C pa3znaraercs ¢ BbIJIeJICHUEM TEILIA, J1aBasi BHAYaJIe CUJIJTMMAHUT,
a 3aTeM MYJUIUT; peaKIlMsl 3Ta COCTaBISIET OCHOBY KEPAaMUYECKOTO MPOU3BO/ICTBA.

KaonuHuT — OCHOBHOW KOMMOHEHT MHOTrMX riinH. OOpa3yercss Mpu KaoJWHU3AINN
(BBIBETPUBAHUM U TUIPOTEPMATILHOM M3MEHEHHUH MojeBolmnaToBbix mopoa). Oxono 50 % ot
BCETO JI0OBIBAEMOT0 KAOJIMHUTA UCIIOIB3YETCs P MPOU3BOJICTBE OyMaru Jjisi MEJIOBAaHUS U B
KauyecTBe HAMOJHUTENsA. B kepaMuueckoil MPOMBIIIJICHHOCTH OH UCHONB3YeTCs ATl CO3aHMs
anro6a u rnaszypu. KaonmHUT Takke mpuMeHseTcs B (papMarieBTHKE, B KaUeCTBE ITHUINECBOI
no0aBky, B 3yOHBIX MacTax (B KauecTBe JErKoro abpa3uBHOTO MaTepuana), B KOCMETHKE (TI0]]

Ha3BaHHUEM «OeJias TJINHAY») ¥ MHOTHX JAPYTUX 00JIaCTsX.

Py — nupur, FeS;

ITuput — cepHbI KosidyenaH, jKeJIe3HbId KoauedaH — MuHepasl, Jucyibhu xenesa
XHUMHYECKOTro coctaBa FeS; (46,6 % Fe, 53,4 % S). Hepenku npumecu Co, Ni,As, Cu, Au, Se
u ap. Iluput xpucrammmsyercss B KyOMYeckoil CHHIOHUHM, o0O0pa3zys KyOuueckue,
MEHTArOHI0AeKadJpudeckne (PeKEOKTadIPUUECKre) KPHUCTAIIB; Ha TPaHAX KPHCTAIJIOB
XapakTepHa Tpy0Oas IITpUXOBKa, mapaienbHas pé6pam kyba. Ho pacmpoctpanén
NPEUMYIIECTBEHHO B BHJE CIUIOIIHBIX MAacC, MEIKO3EPHUCTBIX arperaTroB, MPOKUIKOB, a B
0CaJI0YHBIX TOPHBIX MOPOAAX — MKEJIBAKOB M CTSHKEHUN pa3nuyHoi ¢opMbl. L[BeT Ha cBexeM
CKOJIE CBETJIbIM JaTyHHO-KENTBINA 10 30JJ0TUCTO-KENTOT0, CO BpEMEHEM MEHSETCSl 10 TEMHO-
KENTOro, 4acTo ¢ Mo0exanocTbio, 3a cYET 00pa30BaHMs MOBEPXHOCTHONW OKHUCHOW IJIEHKH.
HNmeer metammuueckuit 6sieck. O6agaeT mpoBOIHUKOBLIMY CBOMCTBAMM.

Teépnocts mo mikane Mooca 6—6,5 (yMeHbIIAETCA TMPH TOBBILIEHUH COJEPKAHUS
HuKens); wiotHocTh 4,9—5,2 r/em®, TermonpoBoaHocTh = 47,8+2.4 B1/(m K) mpu T=300 K;
temrneparypa rasienus 1177—1188 °C. HepactBopum B Boje. [lapamarueTuk.

[Tuput — OAMH W3 caMbIX pacHpOCTpaHEHHBIX B 3eMHON Kope cynbhuaos. bonbimne
€ro 3aJIeKU COCPEOTOUYEHBI B MECTOPOXKIEHHUSAX TIMIPOTEPMATIBLHOIO TPOUCXOXKICHUS,
OCOOEHHO B CEPHOKOJHYETAHHBIX 3aJiekax, OCaJOYHBIX HMeTamMoppuueckux mnopoaax. B

OCaJOYHBIX IOpOAax IIHUPUT o6pa3yeTC${ B 3aKpPBITBIX MOPCKHUX 6aCCCﬁHaX, HO)IO6HLIX
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http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BB%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%BB%D0%B8%D0%BC%D0%B0%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BB%D0%BB%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BE%D0%B1
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B0%D0%B7%D1%83%D1%80%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%89%D0%B5%D0%B2%D1%8B%D0%B5_%D0%B4%D0%BE%D0%B1%D0%B0%D0%B2%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%89%D0%B5%D0%B2%D1%8B%D0%B5_%D0%B4%D0%BE%D0%B1%D0%B0%D0%B2%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D1%87%D0%B5%D0%B4%D0%B0%D0%BD
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D1%87%D0%B5%D0%B4%D0%B0%D0%BD
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%83%D0%BB%D1%8C%D1%84%D0%B8%D0%B4(2-)_%D0%B6%D0%B5%D0%BB%D0%B5%D0%B7%D0%B0(II)
http://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
http://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B1%D0%B0%D0%BB%D1%8C%D1%82
http://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9C%D1%8B%D1%88%D1%8C%D1%8F%D0%BA
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D1%8C
http://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BE
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D0%BD%D1%82%D0%B0%D0%B3%D0%BE%D0%BD%D0%B4%D0%BE%D0%B4%D0%B5%D0%BA%D0%B0%D1%8D%D0%B4%D1%80
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%82%D0%B0%D1%8D%D0%B4%D1%80
http://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B1%D0%B5%D0%B6%D0%B0%D0%BB%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B5%D1%81%D0%BA
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D1%91%D1%80%D0%B4%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D0%9C%D0%BE%D0%BE%D1%81%D0%B0
http://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%BA%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0_%D0%BF%D0%BB%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BB%D1%8C%D1%84%D0%B8%D0%B4%D1%8B_(%D0%BD%D0%B5%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5)
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%80%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D1%8B
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D1%87%D0%B5%D0%B4%D0%B0%D0%BD%D1%8B
http://ru.wikipedia.org/wiki/%D0%9E%D1%81%D0%B0%D0%B4%D0%BE%D1%87%D0%BD%D1%8B%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D0%B7%D0%BC

YépHnomy MopIo, B pe3yabpTaTe OCaXIEHHUs cepoBoopoaa. Kpome Toro, nupur B HEOOIBLINX
KOJIMuYecTBaX o0Opasyercs IpM MarMaTudeckux npoueccax. OH uyacto oOpasyeT
1CEeBIOMOP(O3bl MO0 OPraHUYECKUM OCTAaTKaM (IO JAPEBECHMHE U Pa3IM4YHBIM OCTATKaM
opranu3mMoB). Ha 3eMHON NOBEPXHOCTHM HEYCTOMYMB, U CO BPEMEHEM KPHUCTAJLIbl MUPUTA

paspymaroTcia, OKUCIAACh 10 JIMMOHKTA.

Gy - runc, Ca(SO4)(H20)2

I'mnc — wmuHepan u3 kiacca cynbdaros, mo cocraBy CaSO4*2H,0. Bonoknwucras
Pa3HOBUAHOCTh THIICA HA3bIBACTCA CEJICHUTOM, a 3epHHcTas — anebactpom. breck
CTEKJISIHHBIA HJIM ILEIKOBUCTBIA (Y BOJIOKHHUCTBIX Pa3HOBHMJIHOCTEW), CIIAliHOCTHL BEChMa
COBEpILEHHAs B OJJHOM HaIIpaBJICHUU (pacUIerisieTcs Ha TOHKME IIacTUHKM). L[Ber Oenbli,
Cepbli, MHOIJA KpPACHOBATBIA, IIPM HAIMYAHM IPUMECEH HMMEET CEpyr0, >KEITOBAaTYIO,
pO30BaTyto0, Oypyro OKpacky. BoJoKHHCTBIE pa3HOCTH JAalOT 3aHO3UCTBIN U3510M. YepTa Gernasi.
Cucrema moHokIuHHas. [LiotHocTs — 2,3 T/cM?, TBEpHOCTH WO mmikaire Mooca — 2.

TeKCTypa — MaccuBHag. I'unc ABasIeTcsS TUIIMYHBIM 0CaJ0YHbIM MHHCPAJIOM.

NI — mamnr, (Ko .71Cap.01Nao.o1) (AlL.ssMo.15F€0.04) ((Siz 27Al0.73)O10(OH)2)

Wiut (CHHOHUMBI: THAPOMYCKOBUT, MOHOTEPMHUT, IPYH/UT, TSIIBUTIUT) — MUHEpAI
U3 TPYyNIbl TUAPOCIIOJ CTPYKTYPHOIO THIA JIMCTOBBIE CHUIMKAaThl kiacca Cumkatsl. B
OOJBIIMHCTBE CITy4aeB WIUIUT — MPOAYKT YACTUYHOIO THIPOJIN3a MYyCKOBUTA, B PAJIE CIIy4aeB
IPU 3TOM MOSIBJISIFOTCS CMEIIAHHO CIIOMHbIE WIITMT-MYCKOBUTOBBIE 00pa30BaHMs, K KOTOPHIM
B OOJIBIIMHCTBE CIIy4aeB U MPUMEHSETCS Ha3BaHHE T'MJPOMYCKOBUT. B HEKOTOpPBIX ciyudasx
— NPOAYKT M3MEHEHHs INpU IPEBPALICHUM II0JEBBLIX LINATOB B KAOJMHUT. Beimensercsa B
YelryHyaTblX ¥ TOHKOILJJACTMHYATBIX OENbIX Maccax, >KMPHBIX Ha OIIyIlb, B COCTaBE IJIMH,
0OBIYHO B CMECH C KAOJIMHUTOM M JPYTUMH MUHEpaTaMH, 4acTo B ITOYBAX.

Omnupudeckas dopmyna: (Ko75(H30)0.25)Al2(SizAl)O10((H20)0.75(0OH)g.25)2; 1BeT —
Oenblii, OJIeTHO-KENTHIH, OJeIHO-3eeHbIH; OJIeCK — MepIaMyTOBBIN; CIIaliHOCTL — OYEHb
cmabasi; CHHTOHHMS — MOHOKIMHHAs, TBepmocth — 1-2 (mkana Mooca). Hapsay ¢
KAOJIMHUTOM, MCHOJBb3YyeTCd B INPOM3BOACTBE KEpaMOIpaHWTa, NpPHUABas CMECAM

IMOBBIIICHHYIO IJIACTUYHOCTb.

Kh - kaunoxmop, (Mg,Fe,Al)(Si,Al)4010(OH)g
(mam MQa 54Alo 97F€0.46MnNg 03 (Si2.85Al1.15010) (OH)g)
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http://ru.wikipedia.org/wiki/%D0%A7%D1%91%D1%80%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D1%80%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BC%D0%BE%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B5%D0%B3%D0%BE%D1%80%D0%B8%D1%8F:%D0%A1%D1%83%D0%BB%D1%8C%D1%84%D0%B0%D1%82%D1%8B_(%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8B)
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B5%D0%B1%D0%B0%D1%81%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B5%D1%81%D0%BA
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B0%D0%B9%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D1%91%D1%80%D0%B4%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D0%9C%D0%BE%D0%BE%D1%81%D0%B0
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%81%D0%BB%D1%8E%D0%B4%D1%8B
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B8%D0%BA%D0%B0%D1%82%D1%8B_(%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D1%8B)
http://ru.wikipedia.org/wiki/%D0%9C%D1%83%D1%81%D0%BA%D0%BE%D0%B2%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5%D0%B2%D1%8B%D0%B5_%D1%88%D0%BF%D0%B0%D1%82%D1%8B
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B0%D0%B9%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%BA%D0%BB%D0%B8%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D0%B5%D1%80%D0%B4%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0_%D0%9C%D0%BE%D0%BE%D1%81%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BE%D0%BB%D0%B8%D0%BD%D0%B8%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D1%80%D0%B0%D0%BC%D0%BE%D0%B3%D1%80%D0%B0%D0%BD%D0%B8%D1%82

KnuHoxmop - MuHepasn, JUCTOBOM alIOMOCWIMKAT JKejle3a M Marhus, HauOoiee
pacnpocTpaH€HHBIN YIeH rpynIbl XJI0puToB. OOpa3yeT Cepuio TBEP/IBIX PACTBOPOB CO CBOUM
JKEJIE3UCTBIM aHAJIOrOM 11aMO3UTOM. [[BEeT KIMHOXIJIOpa H3MEHSETCS OT TPaBAHO-3EJIEHOTO 10
OJIEZTHOTO OJMBKOBO-3€JIEHOT0, JKENTOr0, WHOTAA OeNoro (JeMXTeHOepruT) ¢ CepoBaThIM,
PO30BBIM, (HOJETOBBIM (Y XPOMCOAEPXKAIIMX Pa3HOCTEN) U APYrMMHU OTTEHKaMH. B TOHKMX
JUCTOYKAX TMPO3payHbli WM IPOCBEeUMBAaEeT. biieck Ha IUIOCKOCTSAX  CIIAMHOCTH
IIePJIaMyTPOBBIi. Manoxene3ucras OecrBeTHas pPa3HOBUIHOCTH Ha3bIBACTCS
JeUXTeHOepruToM, a ¢ MPUMEChI0 XpoMa - Kouybentom ((hrosneToBo-po3oBslii). [Tox m. Tp. He
wiaBurcs. IloJHOCTBIO pasilaraercs TOJNBKO B KOHLIEHTPUPOBAHHOM CEPHOM KHCIOTE.
MeTamopduuecknii MUHEpald B CIAHLAX M Mpamopax, Kak THApOoTepMaibHbIi MHHEpal B
KBApLEBBIX JKUJIAX W KWJIAX aJbIINNACKOrO TUNa. XapaKTepHbIA NPOAYKT IMAPOTEPMAIBHOTIO
u3MeHeHus: am@ubonoB, nHpokceHOB W OumotuTa. [lopomoobpasyromuii  MHHEpa
XJIOPUTOBBIX ClIaHIeB. BeTpedaercst B pa3iuyHbIX MeTaMOppHUUECKUX MOpOoJaxX, BOSHUKAS 32
CU4€T M3MEHEHHS MUPOKCEHOB, aM(uOOIOB, TpaHATOB, MarHE3MAIbHO-)KEIE3UCTBIX CITIO]L.
Taxke B KOHTAaKTOBO-METAaCOMAaTUYECKHX MOPOAAX -CKAPHAX U B U3MEHEHHBIX 3ab0aHIax U

OOKOBEIX nopoaax ru ApOTepMaJibHbIX KUJI.

Ab — ansout, (Na,Ca)Al(Si,Al);Og

AnpOUT — OoauH U3 Haubollee PACIPOCTPAHEHHBIX IOPOI000PA3YIONINX MUHEPAIIOB,
OCNbIii HATPUEBBIN ITOJIEBOM IITIAT MarMaTu4deckoro MPOUCXOXKACHHS KJacca CHIIMKATOB,
ATFOMOCHIJIMKAT TPYIIIBI JIATMOKIa30B. AJNIBOUT C Upu3alneil, Cepo-roryooro, CHHE-ToIy0o0ro
Wi 0yeqHO-(DUONIETOBOrO IBETa HAa IUIOCKOCTSX Ha3BaH OenmoMopuToM. Takxke OH
Has3biBaeTcs mepucteputoM (ot Ilepucrepu). Kpucramibl TabmuTyaThie, BCTPEUYAFOTCS
CABOWHHUKOBAHHBIC KPUCTAIUTBI, TOJUCUHTeTHUeCKHEe MBOMHUKU. CocTaB (%): Na,O — 11,67,
Al,O3 — 19,35; SiO; — 68,44. Ilpumecu: K, Ca, Rb, Cs. IlnaButrcs ¢ Tpymom, ciabo
pacTBopuM B kuciorax. OOpa3oBaHHE 4acTO CBS3aHO C METACOMATHYECKHMU TPOIECCAMH.
Arperatsbl TUIOTHBIE, Ty4YUCTHIE, B JopMe 3EPEH.

Hcnonb3ytoT B KepamMuieckoM MPOU3BOACTBE. JlJIsI yKpalmleHHWl Yamie HCIOJIb3YIOTCS
oOpa3iel ¢ onTtuueckuM dhdekToM wupusanuu, KOTOpble OOBIYHO 00pabaThIBarOTCS
nuioBKOH B (hopMe TUTOCKHUX KaOOIIOHOB. B HayYHBIX WCCIICIOBAHMIX MPUMEHSETCS IS

ompezeneHus crenenu Meramophuszma. [TomyIsipHbIN KOIeKIIMOHHBIN KaMEHb.

Ph — punauncut, Cay 62K3Si1067Al533032(H20)12
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OUIUIUIICAT — MHUHEpal, KApKaCHbIN CHJIMKAT U3 TPYIIbI 1EONUTOB. OUIIIMIICUT, KaK U
OOJBIIMHCTBO JPYTrUX ILEOJIUTOB, HMEET JOCTaTOYHO CIIOXKHBIA XUMHYECKMH COCTaB.
Bcerpeuaercst B BUJie OIMHOYHBIX MPU3MAaTHUECKUX KPUCTAJIOB, a TAK)KE UX CPOCTKOB, 4aCTO
KpecTooOpa3Hbeix. OOpa3yeTcsi NPEeMMYIIECTBEHHO B TpemuHax 3(Qy3uBHBIX mOpoa U3
[OCTMarMaTHYECKUX TEPMAJIbHBIX PAaCTBOPOB, a TaKXKe 3a CUET M3MEHEHUs IaJlaroHuTa B
YCIIOBUSIX MEUIEHHOTO OCaJKOHAKOIICHUSI.

TunnyHoe MecTOHaXOKIEHHE 3TOro MHHEpaja - MUHJIAIUHBI B Oa3aibTax, IIe €ro u
OoOHapyXMBAIOT MHOTJAa COBMECTHO ¢ maba3utom. Berpewaercss Takke B MyCTOTaxX APYrHX
U3BEP)KEHHBIX IIOPOJ] M  HEKOTOPbIX OCaJ0YHBIX I[OpOJax B BUAE OJUHOYHBIX
IPU3MaTHYECKUX KPUCTAJIOB, a TaK)K€ HX CPOCTKOB, 4YacTO KpecTooOpa3HbIX. UMCTbII
¢wimuncuT OeclBETeH, HO MOXeT OBbITh OKpallleH IpUMECSIMM B CBETJIO-Cepble WU
JKEJITOBaTO-cepble OTTeHKHU. bieck crexmsiHHbIA. Kpucramiel ¢umumncura npo3payHsle,
HOJIYIPO3payHble UM POCBEYUBAIOLIHE.

Mu — myckoBut, KAI(AlSi304)(OH),

MyckoButr — wmuHepas, KamueBas cioga KAlp(AlSi3010)(OH),. Hcmonb3yor B
AJIEKTPO- U PAJUOTEXHHUKE, JJISI U3TOTOBIIEHUSI CMOTPOBBIX OKOHIIEB B KOTJIAX, M€4ax W Jp.
Kpucramnel Tabnuryatele MOHOKIMHHOW cucTeMmbl. CnailHocTh 1o 0a3ucy BecbMa
coBepuieHHas. MYyCKOBUT JIEFKO pacUIeIUIseTCss Ha TOHYAMIIWe JIMCTOYKH, 4TO
00YCIIOBIMBAETCS €r0 KPUCTAJUIMYECKON CTPYKTYPOH, CII0KEHHON 3-CIIOMHBIMU MaKeTaMH U3
2 JHCTOB KpeMHE- M aJIOMOKHCIOPOJHBIX TETPa3ApOB, COEAUHEHHBIX 4Yepe3 CIIOH,
COCTaBJIEHHBI M3 OKTa3/pOB, B IIEHTPE KOTOPBIX PacIoNIO’KeHbl MOHBI Al, oKpyxeHHbIe 4
noHamu kucnopoga u 2 rpynnamu OH; 1/3 okxrtasapoB He 3anmonHeHa noHamu Al. Tlakerst
COEZMHEHBI MEXy COO0N MOHAMU KaJHsl.

Martepuan  oOnajgaer  O4eHb  BBICOKMMM  DJIGKTPUYECKUMH  CBONCTBaMHU:
Harpesoctoiikocte 500—600 °C; VaenbHoe oobemHOe conpoTusieHne 1012—1014 Om/m;

Tanrenc yrina moteps 0.0003; OTHOCHTENBHAS TUAIIEKTPHYECKAs TPOHUIIAEMOCTD 6-8.
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6. INOJIYYEHUE HAKOIIUTEJIBHbIX KYJIBTYP U3 OBPA3LIOB ITPOB

(ENRICHMENT CULTURES FROM SAMPLES)

Hazpanwme | Jlata Hara VcnoBus PesynbTaThl
poObI [ToceBa Hayana KYJIbTUBHPOBAHUS MHUKPOCKOTIMPOBAHHS
pocta
IT'14-1 | 19.08.2014 | 08.09.2014 | Cp.Bunnens+dpykroza | B mose 3penns 20-25 kinerok. U3
pH(cpensr)=2,3 HUX npuMepHo 90% noBHKHbBIE

najgouku, a 10% kpymnssie
Majioyku co crnopoi. Kpome
TOT0, BCTPEUAIOTCS EAMHUYHBIC

CJICTKA U30THYTBIC ITAJIOYKH
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