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This report documents the geochemical and microbiological data on water samples collected during field
expeditions during the summers of 1999 and 2000 to the Republic of Khakassia (Russian Federation) in
southern Siberia. Data have been obtained from groundwater (boreholes, springs, wells), rivers and lakes
and a preliminary interpretation suggests an evolutionary pathway from groundwater to surface waters
and lakes involving up-concentration of highly soluble solutes (sodium, sulphate, chloride, boron,
magnesium), and removal of silicon and calcium by precipitation of mineral phases. There is also a
tendency to elevated pH and alkalinity in surface waters, which has yet to be satisfactorily understood. It
is believed that this observation forms the key to understanding hydrochemical evolution in the study
area and it will be the focus of subsequent interpretation. Mineral samplés from lake / marsh areas have
been analysed by XRD, which analyses confirm the formation of thin secondary evaporite crusts around
lakes, comprising thenardite, calcite, dolomite and halite. In single cases, gypsum and mirabilite were
detected. Analyses also suggest that groundwaters in villages have a tendency towards elevated nitrate
levels and bacterial counts, possibly resulting from contamination from latrines. Analyses were also
made of mine waters from coal mines in the Abakan-Chernogorsk syncline and from metalliferous mines
at Abaza and Vershina Tyei. These mine waters had relatively high pH and low metals contents, due to
the buffering nature of ambient groundwater and ore host rocks.
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1. INTRODUCTION

Tomsk State University (TGU) has long enjoyed fruitful collaboration in a number of
scientific fields with the authorities of the Republic of Khakassia. During the period since
1996, TGU has been collaborating with the Khakassian State Committee for Environmental
Protection (SCEP) to produce the geological section of an "Environmental Atlas of
Khakassia" (Parnachev et al. 1998a,b, 2000). Personnel from the Geological Survey of
Norway (NGU), the Norwegian University of Science and Technology (NTNU), URS Dames
& Moore (UK) and Holymoor Consultancy (UK) have been fortunate enough to be invited to
join this collaboration in the field of hydrochemical and hydrogeochemical mapping and have
co-authored this report. The authors have been assisted greatly by the following persons
during fieldwork:

- Ivan L. Vishnivyetskii, Chairman of the Khakassian SCEP

- Nikolai N. Kuznetsov, Vice-Chairman of the Khakassian SCEP

- Alexander A. Bulatov, Chairman of the Khakassian State Committee for Natural
Resources

- Nikolai A. Gaevskii and Andrei G. Degermendzhii, Krasnoyarsk Institute of
Biophysics

- Nikolai A. Makarenko, Hydrogeochemist, TGU

- Alexander Y. Berezovskii, doctorant, TGU

The participation of Norwegian and British hydrogeologists in the fieldwork has been funded
by:

- The British Council - Moscow

- Norwegian University of Science and Technology (NTNU) - Trondheim

Staff time has been provided to the project by:

- NTNU

- NGU

- URS Dames & Moore, London, UK

- Holymoor Consultancy, Chesterfield, UK

while NGU and the University of Kiel have supported the costs of water analyses.

Previous groundwater sampling was carried out in the Shira region of Khakassia during the
period 16" - 21* August 1996, by David Banks (NGU), Prof. Valery Petrovich Parnachev
(Dept. of Dynamic Geology, Tomsk State University) and Alexander Y. Berezovsky (Tomsk
State University / Shira Regional Administration). Results of this sampling round are
published by Banks et al. (1998a) and Parnachev et al. (1997a, 1999a).



This report deals with sampling carried out in the summers of 1999 and 2000

- 1999. Sampling was carried out during the period 9" - 15™ June 1999, by David Banks
(Holymoor Consultancy), Prof. Valery Petrovich Parnachev (Dept. of Dynamic
Geology, Tomsk State University), Bjern Frengstad (NTNU/NGU) and Anatoly A.
Vedernikov (Khakassian SCEP, Abakan office). During this sampling round, samples
were mainly taken of lake waters and groundwaters from wells, boreholes and springs,
in the vicinity of Abakan. Three samples of coal mine water were taken from the
Abakan-Chernogorsk coal field. Lakes at Vlasyevo and Shira (Shirinskii region) were
also sampled. During this period, samples were also taken of evaporite crusts around
lakes and in spring areas for subsequent analysis by X-Ray Diffraction (XRD).

- 2000. Sampling was carried out during the period 7" - 12™ September 2000, by David
Banks (Holymoor Consultancy), Prof. Valery Petrovich Parnachev (Dept. of Dynamic
Geology, Tomsk State University), Wayne Holden (URS Dames & Moore, UK), Olga
V. Karnachuk (Dept. of Plant Physiology and Biotechnology, Tomsk State University)
and Anatoly A. Vedernikov (Khakassian SCEP, Abakan office). During this sampling
round, samples were mainly taken of groundwaters from wells, boreholes and springs,
and river/stream waters in the vicinity of Abaza, Askiz and Vershina Tyei. Samples of
mine waters were taken from metalliferous mines at Abaza and Vershina Tyei. Samples
of surface water along the length of the River Son were taken, and depth profiling and
sampling was carried out in Lake Shira (Shirinskii region).

Alkalinity, pH, temperature (and Eh, where meaningful) were measured in the field, while
filtered (0.45 um) water samples were returned to NGU for analysis by Inductively Coupled
Plasma Atomic Emission Spectrometry (ICP-AES), Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) and Ion Chromatography (IC) methods. Evaporite samples were
analysed by X-Ray Diffraction at NTNU, Trondheim. Bacteriological samples of unfiltered
water were analysed by standard culture and plate counting procedures at TGU.

This report is intended to document the raw data produced during the study. This raw data
report will form the documentation basis for scientific papers interpreting the data collected
during the study.

The hydrochemistry of Khakassia has already been reported and published, to some extent, in
the publications detailed in the "References" section.



2. INTRODUCTION TO THE STUDY AREA

Much basic physiographical data on the Republic of Khakassia can be found in the Atlas by
Balakhchina et al. (1999).

2.1  Setting

2.1.1 Physiological Boundaries

Khakassia is situated in the central part of the Altai-Sayan Mountain region in southern Siberia,
Russia (Fig. 4.1, 5.1). The western margins of the republic comprise the Kuznetsk Alatau
mountains (rising to a maximum of 2178 m asl), while the southern fringes are dominated by
the Western Sayan (highest peak 2930 m asl).

The lowland area in the east of the country (Shira, Askiz-Abakan) are Devonian-
Carboniferous-Permian basin structures of the Minusinsk intermontane trough.

2.1.2 Political Boundaries

Politically, Khakassia shares borders in the west with Kemerovo Oblast', to the north and east
with Krasnoyarsk Krai, to the south-east with the Republic of Tuva and to the south-west with
the Altai Republic. The western and southern borders coincide with the Kuznetsk Alatau and
Western Sayan mountain chains, respectively. The eastern border is largely formed by the
River Yenisei.

2.1.3 Rivers

The major watercourse of the Republic is the River Abakan, rising in the south-western part of
the country and flowing through Abaza and Askiz to its confluence with the Yenisei near
Abakan city. In the northern part of the country, the Chulim River system dominates, rising in
the hills south-west of Shira

The republic straddles a major natural watershed. The River Tom' (a major tributary of the
Ob') rises in the mountains in the west of the country.

2.2 Climate

The Khakassian climate is highly continental and becomes more extreme towards the east.
Figures 4.2 shows typical precipitation and temperature data for Abakan, which enjoys less
than 400 mm precipitation per year. Winter minimum temperatures can fall to -50°C, while
summer maxima rise to +36°C (Balakhchina et al. 1999).



Further west, precipitation amounts increase (Figure 4.3) and the temperature range becomes
less extreme (Figure 4.4). In the mountainous south-west of the country, 1500 mm
precipitation are recorded annually.

In general, Khakassia does not experience regional permafrost conditions.

2.3  Landscape and Vegetation

2.3.1 Lowland Areas

The lowland areas in the east of the country are characterised by the following:

- low rainfall

- extreme temperature

- tendency to salinisation of soils and groundwaters (see Fig. 14 in Balakhchina et al.
1999)

- steppe landscape

- presence of both freshwater and saline lakes

These areas coincide with the Devonian-Carboniferous geological basins. Thus, when
considering groundwater quality in these formations, it is often unclear to what extent a
feature, such as salinity, is due to geological factors (presence of palacoevaporites) or modern
climatic factors.

Limited agriculture takes places in these areas, although much of the steppe landscape is
dedicated to cattle ranching.

2.3.2 Upland Areas

These are characterised by:

- pre-Devonian, erosionally resistant rocks

- elevated precipitation

- only slightly less extreme temperature fluctuations
- wooded, often taiga-like, vegetation

- freshwater lakes

- fresh groundwaters

The highest mountains are above the limit of forest.



2.4  Mining and Industry

Several different types of mining occur in Khakassia.

- Pyritiferous magnetite iron ores are worked at Abaza and Vershina Tyei

- Coals, of Permo-Carboniferous age, are worked in the Chernogorsk / Abakan syncline
area

- Molybdenum is worked in a massive opencast mine at Sorsk, possibly the largest such
mine in the former Soviet Union.

- Gold is worked at a number of locations including Kommunar and Priiskovii

- Other metals have been mined and processed in the Tu-im area.

Other major industries include:
- large-scale aluminium processing at Sayanogorsk.
- hydroelectric power generation south of Sayanogorsk

- forestry in the mountain areas
- chemical industry at Ust' Abakan.

2.5  Geology

The geology of Khakassia is described in detail in Appendix C.

3. ANALYTICAL RESULTS FROM SAMPLING OF 1999

The sampled sites are detailed in Appendices A and B.

3.1 Sampling and Analysis Routines

3.1.1 Groundwater Sampling

As in the previous sampling round, groundwater samples were taken, to the extent possible,
from flowing sources (springs), artesian (flowing) boreholes or regularly-used wells and
boreholes, to ensure that "fresh" groundwater was sampled. In the case of boreholes in use, the
sample was typically taken from the nearest available tap to the well head. In a few cases, this
would mean that the water had passed through a water tower or header tank prior to sampling.
In one case, water was taken from a dug salt well which did not appear to be in especially
regular use (sample Xa59). For each sample site the following samples were taken:



- 2 x 100 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.

- 1 x 10 ml sterile glass vial of unfiltered water for bacteriological analysis at TGU

- in the case of lakes, 1 x 10 ml sterile glass vial of lake sediments for bacteriological
analysis at TGU.

3.1.2 Lake Water Sampling

Lake water samples were typically taken by wading into the lake to the extent that wading
boots would allow (typically ¢. 70 cm water depth) and taken by submerging the sampling
bottle to a depth of some 20-30 cm in water free of disturbed sediment.

3.1.3 Field Measurements

Field measurements of groundwater were taken either in the flowing water source or, if this
was not possible, in a large (c. 15 1) bucket filled directly from the source. In lakes, the
electrodes were submerged to maximum extent below the lake surface (c. 5-10 cm) for
measurements to be taken. In the case of alkalinity, reaction vessels were filled either from the
flowing source, or (e.g. in the case of lakes) from a large bucket filled with the water from the
source. Field determinations included:

- determination of alkalinity (by average of multiple determinations, typically three
determinations) using a AquaMerck 11109 alkalinity test kit, which employs titration
against an acid solution with phenolphthalein (end-point pH=8.2) or mixed (end-point
pH=4.3) indicators for p-alkalinity and t-alkalinity, respectively.

- pH, Eh (where turbulence and mixing with air were low enough to permit a sensible
reading) using a Palintest Microcomputer 900 series instrument with pH, Eh, and
temperature electrodes. These were calibrated at regular intervals (at least thrice daily)
against solutions of known pH around 4, 7 or 10 (automatic temperature correction),
as appropriate.

- Measurements of Eh in lake bottom sediments were simply taken by inserting the Eh
electrode a short distance (1-2 cm) into the lake bed sediments.

3.1.4 Analysis at Norges Geologiske Undersgkelse

Samples (typically two samples of filtered water from each site) were transported by Bjern
Frengstad to the NGU analytical laboratory in Trondheim. Prior to analysis, samples were
stored in a refrigerator at around 4°C, except for brief periods of transport. Upon arrival, the
samples were stored in the NGU cool-room at 4°C. For analysis, the following procedure was
followed:
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1. One flask was used directly for ion-chromatography (Dionex 120 DX machine) analyses of
anions.

2. The second flask was acidified with 0.5% concentrated Ultrapur HNO; in the original
flask. This was done to hinder absorption / precipitation (and dissolve already
sorbed/precipitated) of elements. This acidified quantum was used for ICP-AES (Thermo
Jarrell Ash ICP 61 machine) and ICP-MS (Finnegan Mat machine with Meinhart Nebulizer
CD-1) analyses.

3. In two cases (Xa57 and Xa58) alkalinity was so high that field measurements were
uncertain. Additional 100 ml polyethene flasks of unfiltered water were collected for
laboratory alkalinity analysis at NGU.

3.1.5 Sampling and Analysis of Evaporites

At some sites (lake shores, dry lakes, marsh areas) samples of very thin crusts of recent
secondary evaporite mineralisation were collected in bags for analysis by X-Ray Diffraction. In
most cases, the crusts were so thin that the sample also contained soil material. Non-
quantitative analyses were performed at the Department of Geology and Mineral Resources
Engineering, NTNU, Trondheim, using a PW1710 diffractometer. Peak positions were defined
by minimum of 2™ derivative of peak.

3.1.6  Bacteriological Analysis at TGU

TGU analysed the glass sample vials of water for three groups of micro-organisms: aerobic

saprophytes, anaerobic saprophytes and sulphate-reducing bacteria (SRB). The term
saprophytes (saprophytic micro-organisms) is used for all heterotrophic micro-organisms that
can grow on nutrient-rich organic media, either by fermentation or respiration. F. coli is, for
example, a saprophyte. Plate Count Agar is a standard medium for enumerating this group,
and it contains tryptone (protein), dextrose (sugar) and yeast extract (source of various organic
substances including vitamins). Saprophytes are considered good indicators of the organic
pollutant load an ecosystem, due to their high metabolic activity.

Environmental regulation authorities often have a prescribed procedure to analyse for
saprophytic micro-organisms in water samples and a system for classifying water bodies
accordingly. Generally speaking, a high number of aerobic saprophytes correlates with high
contents of organic matter and biogenic compounds (e.g. dissolved inorganic nitrogen and
phosphorus).

Aerobic saprophytes were analysed by the most probable number technique (MPN) on Plate
Count Agar (Difco), a standard method prescribed by USA Drinking Water Regulations. The
US standard places a limit of less than 500 cells/ml for potable water. Russian regulations
employ similar standards (Guseva et al., 2000), but have differing limits for differing water use
types:
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Water class Number of aerobic saprophytes, cells/ml
Very clean / Class 1 <500

Clean / Class 2 500-5,000

Moderately contaminated / Class 3 5,100-10,000
Contaminated / Class 4 10,100-50,000

Polluted / Class 5 50,100-100,000

Severely polluted / Class 6 >1,000,000

It should, however, be noted that Russian authorities tend to use another medium for running
MPN technique than the US for saprophyte enumeration. The Russian method tends to
underestimate cell numbers, compared to Plate Count Agar (Saava & Rinne, 1987).

Sulphate reducing bacteria (SRBs) were enumerated (by Tomsk State University) in
completely filled glass tubes using a liquid modified basal Widdel medium containing (g/l
distilled water): 1.0 NaCl; 0.4 MgCl,.6H,0; 0.15 CaCl,.2H,0; 4.0 Na,S04; 0.25 NH,CI; 0.2
KH,PO; and 0.5 KCI. Trace element, vitamin, selenite-tungstate, NaHCO;, and Na,S solutions
were added to the basal media as described by, e.g. Widdel & Bak (1992). Lactate (2 ml 40%
lactic acid per 1 of medium) was used as the electron donor for sulphate reduction. Iron paper
clips were placed in tubes as an additional reducing agent and Fe source for bacteria and as a
solid surface for nucleating FeS precipitation and to signal sulphate reduction. Cultures were
kept at 28°C for one month. Tubes were considered as positive for growth by visual
assessment of black sulphide precipitate.

The analysed bacterial counts are much higher than one would expect for groundwater
samples. Given the length of elapsed time between sampling in the remote Khakassian field
area and analysis at TGU and, given that samples were not always able to be refrigerated in the
field (although this was done, where facilities were available), it is possible that bacterial
reproduction has occurred in the sampling vessels. It is thus possible that the analytical results
do not reflect real bacterial counts "at source". However, we regard the analyses as probably
giving some indication of the relative degree of bacterial population of the water samples (e.g.
contaminated waters will have larger aerobic saprophyte bacterial populations at source and
probably a higher content of nutrients to sustain bacterial reproduction in vitro, and will thus
result in an elevated analytical aerobic saprophyte bacterial count.
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3.2  Designation of Samples to Lithological and Land Use Classes

Sample no. |Location Rock Geology Date| Source| Depth Yield| Land Use
m Vs

Xa34|Lake Kurinka D3, C1 09/06/99 4 1
35|Marble quarry Schists R1,R2 09/06/99 1 60 6.94 1
36|Maina Schists K1 09/06/99 1 35 1
37|Bogoslovka Ophiolite/Alluvium? K1/Q? 09/06/99 1 45 2.78 3
38|Lake Utinoe D3 09/06/99 4 1
39|Byeya Dairy Carbonates D2 09/06/99 1 40 1.39 3
40 |Novotroitskaya D3 09/06/99 1 3
41|Lake Chérmoe C1+Q 09/06/99 4 1
42| Tumannii Granite (Nordmarkite) K2 10/06/99 2 0.63 1
43| Mount Amoga Spring Carbonates R3 10/06/99 3 1
44|Vershino-Bidzha Spring |Carbonates R3 10/06/99 3 >1.0 1
45|SW of Moskovskii Siltstone, tuff Cl 10/06/99 3 1
46|Khan Ku!' borehole D3 11/06/99 2| 3507 0.07 3
47|Lake Solenoe D3+C1 11/06/99 4 1
48|Lake Bulankul' Nepheline-syenite K-O 11/06/99 4 1
49|Sanatorium Bulankul' Nepheline-syenite K-0 11/06/99 1 45 3
50}E of Pulankul' Basalt D1 11/06/99 1 257 2
51} Vtoroi Kluch Basalt/syenite K(-0) 11/06/99 3 0.40 1
52|Mount Timirtag Limestone D2 11/06/99 2 0.10 1
53|Kharasug Spring D2 (K-0) 11/06/99 3 1.00 1
54|Charkov D2/D3/?2Q? 12/06/99 1 3
55|N of Charkov D1 12/06/99 3 1
56|Ust' Kamisyak Basal conglomerate Cl 12/06/99 3 1
57|Lake Ulugkol' Cl 12/06/99 4 1
58|Lake Uskol' C1 12/06/99 4 1
59| Abakanskii 2 salt-well D3 12/06/99 5 1
60| Moskovskit Sovkhoz Carbonates D2 12/06/99 1 3
61(Byelii yar opencast Alluvium Q 13/06/99 1 32 4
621Izikskii 1 Opencast P 13/06/99 6 61.11 4
63 |Izikskii 2 Opencast P 13/06/99 6 5.00 4
64|Khakasskaya mine C3 13/06/99 6 140 13.89 4
65|Znamenka Carbonates D2 13/06/99 1 3
66|Polindeika Basalt/sandstone D1 13/06/99 1 3
67|Lake Vlasyevo V-K/D1 15/06/99 4 1
68]Lake Shira (kurort) D3 15/06/99 4 3

Source code:

1 = borehole (pumped)

2 = artesian borehole (overflows naturally)

3 =spring
4 = lake
5 =dug well

6 = mine water

Land Use Code: 1 = rural
2 = agricultural / cattle station

3 =urban/ village

4 = coal mining

Geology: R = Riphean, V = Vendian, K = Cambrian, O = Ordovician, D1/D2/D3 =
Lower/Middle/Upper Devonian, C = Carboniferous, P = Permian, Q = Quaternary
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3.3 Field Analyses of Waters (pH, Temperature, Eh, Alkalinity)

Sample no. |Location pH| Temp Eh| Eh-sed| Alk 1| Alk 2| Alk 3] Alk aver| H2S
°C mV mV| meq/l| meq/l| meq/l meq/]
Xa34|Lake Kurinka 10.11] 20.0 [-15] 420 353| 36.1 3577 2
35|Marble quarry 7.52] 75 [+77] 3.6 3.7 37, O
36{Maina 7.55| 8.0 [+40] 39| 3.75| 3.7 38 0O
37|Bogoslovka 7.61 6.1 [+150} 5 52 5.1 0
38|Lake Utinoe 9.36| 20.1 [+80-90]] <200 14.1] 143 142 1
39(Byeya Dairy 73] 638 205 46| 4.7 471 O
40|Novotroitskaya 809 6.1 [+155] 10.8| 10.9 109 1
41|Lake Chérnoe 9.13| 18.1 [+150]] <-200 11} 114 112 1
42| Tumannii 779 2.9 180 44| 46 45 0
43(Mount Amoga Spring 7.351 9.6 210 6.1 63 62 0
44|Vershino-Bidzha Spring 739 7.8 215 56 5.6 56/ O
45|SW of Moskovskii 835] 115 <+100|] <-400| 10.9] 10.6 10.8 1
46|Khan Kul' borehole 8.04[ 62 <+100 6.9] 6.7 68 0
47|Lake Solenoe 9.011 141 [+80] <-200} 14.1] 14.7} 14.1 143] 1
48|Lake Bulankul' 837] 17.0 [+120-130] 37] 3.8 38 O
49|Sanatorium Bulankul' 7.41 3.9 [+145] 6.8 65| 63 65 O
50|E of Pulankul' 749 6.1 [+78] 43 44 44 0
51| Vtoroi Kluch 734 48 142 44 45 45 0
52|Mount Timirtag 751 6.0 -14 4 42 4.1
53]Kharasug Spring 748] 4.5 177 3.9 3.9 39 O
54{Charkov 7511 63 68 52| 52 52 O
55N of Charkov 7.64] 7.0 139 63| 63 63 O
56|Ust' Kamisyak 738] 73 190 6.6] 64 65 0
57|Lake Ulugkol' 9.84] 16.5 [+50]] <-400| >100 977} 2
58|Lake Uskol' 993 15.8 [0-+50][ <-400 84 80.1 1
59|Abakanskii 2 salt-well 741 10.6 [<+100] 76 59 59 59 1
60[Moskovskii Sovkhoz 727 438 [+110] 7| 6.9 70 ©
61|Byelii yar opencast 7.92( 10.1 [+130) 43 38| 43 4.1 0
62 |Izikskii 1 Opencast 839 86 [+140] 6.5 6.6 6.6
63 [Izikskii 2 Opencast 7.76] 11.2 [+160] 227 274 229 243
64[Khakasskaya mine 8.18| 10.1 [+170] 22 222 221 O
65|Znamenka 759 5.0 [+127] 6.7] 6.7 6.7 0
66|Polindeika 813 73 [+50] 2.8 3 291 0
67|Lake Vlasyevo 9.24] 18.0 [+50] -200f 193] 22.1 19.5 203] O
to -300
68|Lake Shira (kurort) 9.09( 17.8 [+65] >0| 16.6] 16.8 16.7) 0

Eh values are positive unless specified otherwise

Alkl, Alk2, Alk3 = field determinations of alkalinity. Alk_aver = average alkalinity (used in interpretation)

Note, for samples Xa57 and Xa58, the field measurements of alkalinity are given under Alk1, while lab determinations are
given under Alk_aver

Eh values in square brackets [ ] indicate considerable uncertainty due to manner of measurement (pumping, turbulence,
opportunities for aeration etc.)

Eh-sed = Eh value measured by placing Eh electrode in sediment at bottom of lake.

H,S : 0 = no smell, 1 = some smell, 2 = strong smell
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3.5  Analyses of Waters by Ion Chromatography at Norges Geologiske Undersekelse

(parentheses indicate analytical uncertainty due to possible interference at high salinity)

Sample no. F cr| No;| Br] NOs|POS® SO,
mg/1 mg/l| mg/ll| mg/l| mg/ll mg/ mg/1
Xa34| <2.0 5586| <4.0( 31.73| <2.0| <4.0 8041
35 0.05 34.4( <0.05] <0.1| 6.44] <0.2 5.29
36| 0.18 0.69] <0.05] <0.1f 4.50] <0.2 8.30
37| 0.25 2.17| <0.05] <0.1] 8.90| <0.2 5.61
38| 1.33 1682| <2.0{ 13.38| <0.05| <8.0 4042
39| <0.05 7.05| <0.05] <0.1] 10.11 <0.2 21.9

40 1.60 192| <0.8( 0.78] 212.36| <0.2 578
41| 1.68 617| <0.8| 4.37] <0.05} <0.2 530
42 0.98 1.95] 0.07] <0.1 1.51 <0.2 14.5
43} 0.61 5.13| <0.05] <0.1f 4.89f <0.2 63.0
441 0.66 4.48| <0.05} <0.1] 4.29} <0.2 49.7
451 143 747 <0.8] 3.30] 5.30] <3.2 1939

46{ 0.95 84.9] <0.05| 0.88 24.58] <l.6 1418
47| 3.21 1183] <0.8| 10.00] <0.8] <3.2 8607
48] 1.51 5.58} <0.05] <0.1] <0.05| <0.2 0.91
49| 0.89 8.39} <0.05|] <0.1] 15.01] <0.2 11.9
501 0.79 7.75] <0.05| <0.1] 7.28] <0.2 46.0

51 0.99 14.3] <0.05] <0.1] 20.22{ <0.2 41.5
52 0.69 6.27] <0.05| <0.1] 6.51] <0.2 154
53| 0.81 7.43] <0.05| <0.1f 9.32] <0.2 414
54 0.94 16.7[ <0.05| <0.1| 6.24] <0.2 73.8

55| 0.42 2421 <0.05] 0.20|] 11.28] <0.2 90.0
56 0.50 3.83] <0.05] <0.1] 5.34| <0.2 40.2
571 <2.0 7645] <4.0( 49.68f <2.0| <8.0 11052
58] 18.70 3471 <2.0[ 15.72] <2.0] <8.0 10765
59| (300) 56325 <50| (200)] <50} <200 8372

60| 0.60 124 <0.4 0.98] 87.18} <0.2 456
61| 0.58 54.3| <0.05] 0.19( 15.17} <0.2 88.5
62| 0.54 92.5| <0.05] 0.33] 724} <0.2 115
63| 0.11 305( 0.48] 049 7.14] <02 567
64| 0.29 307 <0.05| 0.82f 2.78| <0.2 1135
65| 0.66 96.8] <0.05| 0.46] 28.67| <0.2 331
66| 0.65 128§ <0.05( 0.75] 10.04| <0.2 143
67| 1.0 387| <0.8] 2.78] 0.29( <0.2 1333

68| <2.0 2096| <2.0| 12.97 0.16 <8.0 9765

Nitrite (NO)) values regarded as invalid due to storage prior to analysis.
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3.7  Bacterial Analyses, by Dr O.V. Karnachuk of Tomsk State University, Department of
Plant Physiology and Biotechnology

Sample no.| Aerobic Saprophytes Anaerobic Sulphate Reducing
Saprophytes Bacteria (SRB)
cells/ml cells/ml cells/ml
Xa34| 28x10"° [ 2.8E+11| 12x10° | 1.2E+07 10’ 1E+07
35 38x10’ 3.8E+08 400 4.0E+02 0 0E+00
36| 32x10% | 3.2E+03 500 5.0E+02 0 0E+00
371 12x10° 1.2E+06 700 7.0E+02 10° 1E+03
38 70x10° | 7.0E+06] 60x10* | 6.0E+05 10’ 1E+07
39| 20x10° | 2.0E+06| 20x10° | 2.0E+03 10* 1E+04
40[ 45x10" | 4.5E+08| 20x10*° | 2.0E+03 0 0E+00
41| 53x10° 5.3E+09| 20x10° | 2.0E+04 10° 1E+09
42 14x10° | 1.4E+06 200 2.0E+02 0 0E+00
43| 27x10° 2.7E+04| 32x10° | 3.2E+03 10° 1E+03
44  72x10° | 7.2E+06 100 1.0E+02 10° 1E+02
45| 85x10*° | 8.5E+03| 50x10>° | 5.0E+03 1 1E+00
46| 21x10* 2.1E+05| 20x10* | 2.0E+05 10* 1E+04
471 19x10° 1.9E+04| 40x10° | 4.0E+07 10® 1E+08
48| 94x10° | 9.4E+04| 20x10* | 2.0E+05 0 0E+00
49| 56x10° | 5.6E+04| 2x10° 2.0E+05 10° 1E+02
50| 61x10° | 6.1E+04] 50x10° | 5.0E+04 10* 1E+04
51{ 98x10° 9.8E+04| 12x10° 1.2E+04 10° 1E+03
52| 30x10° | 3.0E+03 1 1.0E+00 0 0E+00
53 13x10° 1.3E+07]  2x10° 2.0E+05 10° 1E+03
54| 88x10° 8.8E+06|  1x10* 1.0E+04 10* 1E+04
55 98x10° | 9.8E+04| 4x10? 4.0E+02 0 0E+00
56| 66x10° | 6.6E+03 21 2.1E+01 0 0E+00
57 nd nd 1x10° 1.0E+05 10* 1E+04
58 nd nd 1x10° 1.0E+03 10° 1E+03
59 30 3.0E+01|  6x10° 6.0E+05 0 0E+00
60| 87x10° | 8.7E+07| 1x10° 1.0E+04 0 0E+00
61{ 40x10* | 4.0E+03| 18x10° 1.8E+05 0 0E+00
62| 14x10° | 1.4E+04 5 5.0E+00 10 1E+01
63]  5x10? 5.0E+02| 12x10° 1.2E+07 0 0E+00
64| 71x10" | 7.1E+05| 3x10° 3.0E+04 10 1E+01
65| 78x10° | 7.8E+03| 1x10° 1.0E+03 0 0E+00
66| 27x10° | 2.7E+04| 1x10° 1.0E+05 0 0E+00
67 16x10* | 1.6E+03| 2x10’ 2.0E+07 10* 1E+04
68 620 6.2E+02[  1x10’ 1.0E+07 10* 1E+04

nd = not determined
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3.8  Analyses of Evaporite Mineralisations by X-Ray Diffraction (XRD) at NTNU,
Trondheim

Sample No Xa38 Xadl Xad5s Xad7 Xa57 Xa58 Xas9

Locality Lake Lake SW of Lake Lake Lake Abakanskii 2 salt-
Utinoe Chérnoe Moskovskii Solenoe Ulugkol' Uskol' well

Quartz X X X X X X X

Plagioclase X X X X X X

K-feldspar X X X X X X

Thenardite X X X X X X X

Mirabilite X

Calcite X X X X X X X

Dolomite X X

Mica X X X

Gypsum X

Halite X X X

Chlorite X X

Kaolinite X

Rozenite - FeS04.4H,0 X

™

Bemalite Fe(OH)3 (?7) X

Ettringite (?) X X X X

X = detection
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3.9 Major Ion Chemistry

Sampleno.| Mg Ca Na K Alkalinity Cr NOy S04
ppm ppm ppm ppm meq/l mg/1 mg/1 mg/l

Xa34 83.7 184 7970 64.4 35.7 5586 <2.0 8041
35 5.66 80.7 3.59 247 3.7 34.4 6.44 5.29
36 8.38 60.2 5.41 <0.5 3.8 0.69 4.50 8.30
37 294 52.7 5.88 0.888 5.1 2.17 8.90 5.61
38 240 43.6 2790 37.7 14.2 1682 <0.05 4042
39 11.0 822 7.24 0.805 4.7 7.05 10.11 21.9
40 203 19.1 662 2.33 10.9 192 212.36 578
41 30.1 333 797 4.98 11.2 617 <0.05 530
42 212 47.6 16.0 1.03 4.5 1.95 1.51 14.5
43 352 75.7 15.7 1.46 6.2 5.13 4.89 63.0
44 333 68.6 15.2 1.37 5.6 4.48 429 49.7
45 65.1 95.3 1320 3.84 10.8 747 5.30 1939
46 820 87.7 553 3.59 6.8 84.9 24.58 1418
47 306 112 4130 154 14.3 1183 <0.8 8607
48 23.0 26.7 14.7 4.53 3.8 5.58 <0.05 0.91
49 30.6 59.8 25.9 243 6.5 8.39 15.01 11.9
50 13.8 69.7 18.3 1.18 44 7.75 7.28 46.0
51 213 63.6 27.9 1.57 4.5 14.3 20.22 41.5
52 21.1 93.2 194 1.89 4.1 6.27 6.51 154
53 10.2 67.6 13.5 1.58 39 7.43 9.32 41.4
54 33.1 63.8 32.1 2.82 52 16.7 6.24 73.8
55 31.8 74.5 46.4 2.83 6.3 242 11.28 90.0
56 28.7 64.6 26.9 1.21 6.5 3.83 5.34 40.2
57 178 421 11700 59.4 97.7 7645 <2.0 11052
58 15.7 4.48 7560 20.2 80.1 3471 <2.0 10765
59 1990 963 31700 83.2 5.9 56325 <50 8372
60 92.1 120 143 2.28 7.0 124 87.18 456
61 27.8 491 67.5 1.68 4.1 54.3 15.17 88.5
62 38.9 452 129 2.76 6.6 92.5 7.24 115
63 11.7 29.8 812 3.77 243 305 7.14 567
64 132 69.6 858 10.8 22.1 307 2.78 1135
65 80.4 126 79.7 3.12 6.7 96.8 28.67 331
66 13.1 53.1 133 <0.5 2.9 128 10.04 143}
67 309 21.9 626 31.8 20.3 387 0.29 1333
68 1110 524 3320 373 16.7 2096 0.16 9765
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3.10 Ion Balance / Quality Control

Sample |Location Sum of anions | Sum of cations | Ion balance error
no. (meq/l) (meq/l) (%)
34|Lake Kurinka 360.69 356.13 -0.64
35|Marble quarry 4.88 471 -1.79
36/Maina 4.06 3.93 -1.70
37|Bogoslovka 5.42 5.33 -0.87
38|Lake Utinoe 145.80 144.25 -0.54
39|Byeya Dairy 5.52 5.34 -1.61
40|Novotroitskaya 31.79 31.48 -0.49
41|Lake Chérnoe 39.65 38.93 -0.92
42|Tumannii 4.88 484 -0.40
43|Mount Amoga Spring 7.73 7.39 -2.25
44|Vershino-Bidzha Spring 6.83 6.86 0.22
45|SW of Moskovskii 72.34 67.63 -3.37
46(Khan Kul' borchole 39.11 35.27 -5.17
47Lake Solenoe 226.87 210.81 -3.67
48|Lake Bulankul' 3.98 3.98 0.05
49|Sanatorium Bulankul' 7.23 6.69 -3.84
50|E of Pulankul' 5.69 5.44 -2.28
51| Vtoroi Kluch 6.09 6.18 0.71
52|Mount Timirtag 7.59 7.28 -2.08
53|Kharasug Spring 512 4.84 -2.82
54|Charkov 7.31 7.38 0.47
55|N of Charkov 9.04 8.43 -3.51
56|Ust' Kamisyak 7.53 6.79 -5.20
57|Lake Ulugkol' 543.50 525.30 -1.70
58|Lake Uskol' 402.10 330.87 -9.72
59|Abakanskii 2 salt-well 1769.07 1592.83 -5.24
60[Moskovskii Sovkhoz 21.38 19.85 -3.72
61|Byelii yar opencast 7.72 7.72 -0.02
62|1zikskii 1 Opencast 11.72 11.14 -2.56
63|1zikskii 2 Opencast 44.81 37.87 -8.40
64|Khakasskaya mine 54.44 51.93 -2.35
65|Znamenka 16.78 16.45 -0.99
66|Polindeika 9.65 9.51 -0.71
67|Lake Vlasyevo 58.96 54.57 -3.87
68|Lake Shira (kurort) 279.14 239.34 -7.68

Sum cations based on Na, Mg, Ca, K and pH
Sum anions based on SO,, NO5’, CI” and alkalinity
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4. ANALYTICAL RESULTS FROM SAMPLING OF 2000

4.1  Sampling and Analysis Routines

4.1.1 Water Sampling

As in the previous sampling round, water samples were taken, to the extent possible, from
flowing sources (springs, rivers) or regularly-used wells and boreholes, to ensure that "fresh"
groundwater was sampled. In the case of boreholes in use, the sample was typically taken from
the nearest available tap to the well head. In a few cases, this would mean that the water had
passed through a water tower or header tank prior to sampling. In one case, water was taken
from a domestic dug well using a bucket (sample Xa76).

Field measurements were taken either in the flowing water source or, if this was not possible,
in a large (c. 15 1) bucket filled directly from the source. Field determinations included:

- determination of alkalinity (by average of multiple determinations, typically three
determinations) using a Hanna Instruments HI 3811 alkalinity kit. This employs
titration using a 0.1% hydrochloric acid solution against 5 or 15 ml of water. A
phenolphthalein indicator of turning point 8.3 is used to determine p-alkalinity, and a
bromophenol blue indicator of turning point 4.5 to determine t-alkalinity

- pH using one or more of the following instruments: (a) Hanna HI 1280 Piccolo pH
amplified electrode (only calibrated to pH 4 and 7) and (b) Hanna "pH Checker".

- Temperature using a Hanna "CheckTemp" thermistor-based electronic instrument. This
suffered problems in the latter part of the sampling exercise, and the thermistor on an
ELWRO Konduktometr N5721M was thereafter employed.

Samples for analysis at NGU were filtered at 0.45 um, by a Millipore filter capsule and hand-

held polypropylene syringe. One filtered sample of size c. 120 ml was taken in a polyethene
screw-top bottle at each sampling location. No acidification was carried out in the field.

4.1.2 Sampling of Lake Shira

For sampling of lake water at Lake Shira, samples were taken at 2 m intervals, from 1 m to
almost 19 m, using a double-barrel, weight activated, throughflow perspex depth sampler,
belonging to the Krasnoyarsk Institute of Biophysics, from location N54°30.420' E90°12.384'
(GPS reading) using a small motor-powered launch. The depth sampler was equipped with a
mercury thermometer for temperature determinations, and taps at the bottom of the barrels for
decanting of samples. These taps were used to take c¢. 120 ml filtered samples for analysis at
NGU (as described below) for five of the depths sampled. At the same five depths, flasks of
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water were collected for immediate analysis of alkalinity when the boat came ashore, using the
Hanna Instruments HI3811 kit.

Additionally, the following field analyses were made in the boat at every sample depth:

- temperature using the mercury thermometer in the depth sampler barrel

- pH using two pH meters

Olga V. Kamnachuk of Tomsk State University's Department for Plant Physiology and

Biotechnology also took a series of unfiltered samples in glass bottles from all sampled depths

for the following analyses:

for dissolved oxygen by the Winkler method. This was fixed immediately following
sampling using alkaline manganese sulphate and potassium iodide. This fixes oxygen as
manganese (III) hydroxide. Subsequent addition of acid generates iodine (I) in
proportion to oxygen, which can be titrated with a solution of Na,S,0;. Determinations
were carried out on the day of sampling in the field lab of the Krasnoyarsk Institute of
Biophysics at Lake Shira.

for hydrogen sulphide (H>S). This was fixed immediately following sampling, using zinc
acetate. Sulphide was analysed in the lab at TGU within 3-4 days of sampling. Soluble
sulphide was analysed using a methylene blue method, based on a colorimetric assay of
dissolved H,S and HS’, using N,N-dimethyl-p-phenylenediamine (as dihydrochloride
salt) as the chromophore (Cline 1969).

in sterile glass bottles and vials for bacteriological analysis. These were kept in a
refrigerator prior to analysis within no more than two weeks.

4.1.3 Analysis at Norges Geologiske Undersgkelse

Prior to analysis, samples were stored in a refrigerator at around 4°C, except for brief periods
of transport. Samples were transported by David Banks to the NGU analytical laboratory in
Trondheim, arriving on 2/10/00. Upon arrival, selected samples were subject to alkalinity
determination, using the AquaMerck 11109 alkalinity titration kit (as a control of field
measurements - see 4.3) and then the samples were stored in the NGU cool-room at 4°C. For

analysis, the following procedure was followed:

c. 10-20 ml water was taken from every flask and transferred to a separate flask. This
non-acidified quantum was used for ion-chromatography (Dionex 120 DX machine)
analyses of anions.

The remaining volume ml was acidified with 0.5% concentrated Ultrapur HNO; in the
original flask. This was done to hinder absorption / precipitation of (and dissolve
already sorbed/precipitated) elements. This acidified quantum was used for ICP-AES
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(Thermo Jarrell Ash ICP 61 machine) and ICP-MS (Finnegan Mat machine with
Meinhart Nebulizer CD-1) analyses. Analyses were completed and reported by the end
of November 2000.

4.1.4 Additional Analysis at Tomsk State University

Analytical determinations other than H,S have been carried out on samples from Lake Shira at
the Laboratory of Water Chemistry at the Institute of Civil Engineering at Tomsk. All
compounds were determined by means of standard procedures prescribed by the Russian
authorities for drinking water (GOST Voda pit’evaia 2874-82) on unfiltered samples within 2-
3 days of sampling. All samples were kept in a refrigerator at 4°C prior to determinations. No
fixing procedures were carried out on the samples.

- Sulphate was determined gravimetrically by precipitation as BaSO4 (GOST 4389-72).
- Chloride was determined by titration with Hg(NOs), (GOST 4245-72).
- Photometric determinations have been performed for the following components:
- orthophosphate with ammonium molybdate (ISO 6878/1-86);
- ammonia with Nessler Reagent (ISO 7150/1-84);
- nitrates with Na-salycilate (ISO 7890/3-88);
- nitrites with Griess Reagent (ISO 6777-84).
- Total Fe was analysed photometrically with o-phenanthroline (ISO 6332-83) on
unfiltered samples.
- Dry residue was analysed by drying in a water bath (GOST 18164-72)
- Mn permanganate oxidability was determined by titration with oxalic acid (ISO8467-
86).

25



4.2  Designation of Samples to Lithological and Land Use Classes

Sample Location Type |Depth {Geology |H;S |Land Use
m smell

Xa70 Abaza mine 6 632|LPS 1 4
Xa7l Silver Spring I 3 O|LPS 0 2
Xa72 km 212 3 O|LPS 0 1
Xa73 Radon spring, km 223 3 O[LPS 0 1
Xa74 River Bolshoi On 7 0 0 1
Xa75 Matur borehole 1 90(D12 0 3
Xa76 Matur private well 5 6[|Q 0 3
Xa77 River Matur 7 0[D12 0 2
Xa78 Baza DRSU Shepchul 1 35|D12 0 2
Xa79 River Bolshaya Syeya 7 0|D12 0 1
Xa80 Verkhnaya Syeya 1 30|D12 0 3
Xa81 Tashtip North 1 40|D12 0 3
Xa82 Imek North 1 100|D12 0 3
Xa83 River Tyeya 7 0|D3 0 1
Xa84 Vershina Tyei bore 1 35|LPS 0 1
Xa85 Mine stream, V. Tyei 6 0 0 4
Xa86 Mine water, V. Tyei 6 0 0 4
Xa87 Silver spring, Birikchul 3 0|C-O 0 1
Xa88 Kazanovka station 1 75|D12 0 3
Xa89 Askiz station 1 40(D3 0 3
Xa%0 River Baza 7 0|D3 0 2
Xad%1 River Son, Sonskii 7 O|LPV 0 2
Xa92 River Son, Katyushkino 7 0 0 1
Xa93 River Son, S. of Borets 7 0|D2 0 1
Xa%4 River Son, d/s Borets 7 0|D2 0 1
Xa95 Oz. Shira, 0.05 m 4 0.05|D3 0 3
Xa96 Oz. Shira, 3 m 4 3|D3 0 3
Xa97 Oz. Shira, 9 m 4 9|D3 0 3
Xa98 Oz. Shira, 13 m 4 13|D3 2 3
Xa99 Oz. Shira, 18.4 m 4 18.4|D3 2 3
Type 1 = Pumped borehole

2 = Artesian borehole

3 = Spring

4 = Lake

5 =Dug Well

6 = Mine Water

7 = River / stream
Depth = depth of borehole / well or depth of sampling in mine or lake. Springs and rivers have depth set to 0 m.
Geology = dominant bedrock geological type

LPS = Precambrian or Lower Palaeozoic metasedimentary rocks

LPV = Lower Palaeozoic volcanics

C-0O = Cambro-Ordovician granitoids
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HS

Land Use

D12 = Lower-Middle Devonian sedimentary rocks
D3 = Upper Devonian Sedimentary rocks

Q = well in Quaternary deposits

0 = No obvious smell

1 = Some H;,S smell

2 = strong H,S smell

1 = rural

2 = agriculture / cattle pasture or station

3 = urban / periurban

4 = mining
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4.3  Field Analyses of Waters (pH, Temperature, Eh, Alkalinity)

Field alkalinity measurements using Hanna Instruments Alkalinity kit

Sample Field alkalinity measurements using Hanna Instruments Alkalinity kit
t-Alk p-Alk

Meas. 1 [Meas. 2 |Meas. 3 |Meas. 4 |Average |Average
mg/l mg/l mg/l mg/1 mg/l meq/l  |mg/l meq/1
CaCO; [CaCO3 |CaCO; |CaCO; [CaCOs CaCO;3

Xa70 27 21 20 22 21 0.4 0 0.0

Xa71 135 135 150 140 2.8

Xa72 171 156 180 169 3.4

Xa73 117 126 126 123 2.5

Xa74 30 31 31 31 0.6

Xa75 216 216 216 43

Xa76 306 321 324 317 6.3

Xa77 219 225 222 222 44 0 0.0

Xa78 276 270 270 272 5.4

Xa79 192 183 189 188 3.8

Xa80 246 234 246 242 4.8

Xa81 270 270 279 273 5.5

Xa82 264 258 258 260 52

Xa83 123 132 128 25 9 0.2

Xa84 120 123 120 121 24

Xa85 114 117 120 117 23

Xa86 120 117 114 117 23

Xa87 141 141 144 142 28

Xa88 165 165 159 163 33

Xa89 240 243 243 242 4.8

Xa90 213 213 210 212 42

Xadl 174 186 189 195 186 3.7

Xa92 255 261 252 256 5.1

Xa93 342 345 344 6.9

Xa%4 372 348 357 359 72

Xa95 930 915 900 915 183 144 2.9

Xa%6 885 891 882 886 17.7

Xa97 990 1005 998 19.9

Xa9%8 1035 1032 1017 1028 20.5

Xa99 1065 1065 1065 213 144 29

Field measurements with Hanna HI 3811 alkalinity test kit, utilising a titration reaction between
0.1% HCI with 5 or 15 ml water, and a phenolphthalein indicator (end point pH 8.3) for p-alk, or
a bromophenol blue indicator (end point pH 4.5) for t-alk.

Meas. 1, 2, 3, 4 = measurements 1, 2, 3, 4
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Laboratory alkalinity determined using AquaMerck 11109 kit at Norges Geologiske

‘Undersskelse 2/10/00

t-alkalinity measured in lab.

p-alkalinity measured in lab.

meq/l meq/1 meq/1 meq/1 meq/] meq/1
Measurement 1 Measurement 2 Average Measurement 1 Measurement 2 Average
Xa89F 5.0 5.0
Xa90F 4.1 4.1
Xa91F 3.9 3.9
Xa92F 4.7 4.7
Xa93F 6.8 6.8
Xa94F 6.7 6.7
Xa95F 17.1 16.9 17.0 2.9 29
Xa96F 17.5 17.5 4.1 4.1
Xa07F 19.5 19.5 3.9 3.9
Xa98F 20.2 20.2 39 3.9
Xa99F 19.3 19.3 3.8 3.8

Notes: these results are in general accordance with field measurements

These measurements with AquaMerck alkalinity kit 11109, using acid titration
with 5 ml water, and phenolphthalein indicator (end point pH 8.2) for p-alk
and mixed indicator (end point pH 4.3) for t-alk.

Analysed 2/10/00
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Field pH and Temperature

Sample Temp. Temp. Temp. pH() | pH(2) pH Temp.
(Hanna) | (ELWRO) | (thermom.) (used) | (used)
°C °C °C

Xa70 16.0 6.9 7.0 6.95 16.0
Xa7l 83 7.25 7.4 733 83
Xa72 7.5 8.0 82 8.10 7.5
Xa73 4.1 7.75 7.76 7.76 4.1
Xa74 6.1 7.95 8.05 8.00 6.1
Xa75 58 7.5 7.6 7.55 5.8
Xa76 75 725 73 7.28 7.5
Xa77 114 83 8.45 8.38 11.4
Xa78 6.0 7.15 7.5 7.33 6.0
Xa79 13.1 84 8.55 8.48 13.1
Xa80 15 7.35 7.68 7.52 715
Xa81 9.8 13 7.6 7.45 9.8
Xa82 14.5 73 7.44 7.37 14.5
Xa83 15.7 8.7 8.9 8.80 15.7
Xa84 4.9 1.75 8.1 7.93 4.9
Xa85 33 74 7.6 7.50 33
Xa86 11.0 7.85 7.85 11.0
Xa87 1.3 7.75 7.75 4.5
Xag8 6.7 73 7.58 7.44 9.9
Xa89 0.8 4.0 7.41 7.64 7.53 4.0
Xa%0 7.0 8.25 8.69 847 7.0
Xa91 7.2 8.20 8.30 8.25 72
Xa92 6.8 8.50 8.58 8.54 6.8
Xa93 6.3 8.25 8.40 8.33 6.3
Xa94 4.8 8.55 872 8.64 4.8
Xa95 17.8 8.91 8.81 8.86 17.8
Xa96 17.3 8.92 8.88 8.90 173
Xa97 7.9 8.92 8.91 8.92 79
Xa98 2.0 8.85 8.86 8.86 2.0
Xa99 1.6 8.74 8.77 8.76 1.6

pH measured using a Hanna Instruments "pH Checker" electrode calibrated daily to pH 7 and pH10,
and also a Hanna HI 1280 Piccolo amplified electrode, calibrated previously between pH 4 and pH 7,
but recalibrated daily to pH 7. These are designated pH(1) / pH(2)

In most cases the lower pH was measured using the Hanna "pH Checker" and the higher using

the Hanna HI 1280 Piccolo pH amplified electrode. In samples Xa95, 96 and 97, the Piccolo gave the
slightly lower reading.

Temperature measured initially (Xa70-Xa89) using a Hanna "CheckTemp" electrode. This malfunctioned
around Xa87. Subsequently the temperature electrode on an ELWRO Konduktometr N5721M was
used. Temperatures for the former electrode for Xa87 to Xa89 have been corrected by adding 3.2°C
to attain agreement with the ELWRO meter.

Temperatures in Lake Shira (Xa95-Xa99) were measured by a permanently installed mercury
thermometer in the depth sampler's Perspex barrel.

Temp.(used) and pH(used) are values used in database and data interpretation.
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4.4  Analyses of Shira Lake Profile

4.4.1 _Field Determinations

Depth pH1 pH2| pH (ave.)] Temp. H,S| t-Alkalinity| Sample
(m) 0 (meq/1) no.
0.05 8.91 8.81 8.86 17.8 0 18.3] Xa95F
1 8.91 8.87 8.89 17.4 0

3 8.92 8.88 8.90 17.3 0 17.7| Xa96F
5 8.93] 889 891l 172 0

7 8.91 8.90 8.91 16.1 0

9 8.92 8.91 8.92 7.9 0 19.9] Xa97F
11 8.87 8.91 8.89 3.1 0

13 8.85 8.86 8.86 2.0 2 20.5| Xa98F
15 8.81 8.82 8.82 1.7 2

17 8.81 8.77 8.79 1.7 2

18.4 8.74 8.77 8.76 1.6 2 21.3] Xa99F

pH1 = Wayne's pH meter; Hanna "pH Checker"
pH2 = Olga's pH meter; Hanna HI 1280 Piccolo pH amplified electrode.
Temperature measured by mercury thermometer installed in Perspex sample cylinder

H,S: 0 = no smell, 1 = some smell, 2 = strong smell

4.4.2 Chemical Determinations by Tomsk State University

Depth (m)  [Sample no Diss. O;| Diss. H;S| NH,'{ NO;| NO;| NH-N| NO;s-N| NO;-N| N-total

mg/1 mg/l mg/l| mg/l mg/l mg/l mg/l mg/l mg/1
0.05 Xa95F 9.6 < 2.07; <0.18] <0.004 1.61] <0.041] <0.001 1.61
1 9.6 < 2.25] <0.18] <0.004 1.76] <0.041] <0.001 1.76
3 Xa96F 9.55 < 4.42] <0.18| <0.004 3.45] <0.041] <0.001 3.45
5 9.6 < 1.96] <0.18] 0.004 1.53] <0.041 0.001 1.53
7 10.82 < 2.33] <0.18] 0.004 1.82] <0.041] 0.001 1.82
9 Xa97F 13.48 < 2.25] <0.18[ 0.015 1.76] <0.041 0.005 1.76
11 6.95 0.412 3.21| <0.18] 0.026 2.50] <0.041] 0.008 2.51
13 Xa98F < 1.094 3.46] <0.18] 0.015 2.70| <0.041 0.005 2.70
15 < 7.21 3.45] <0.18] 0.017 2.69] <0.041] 0.005 2.70
17 < 14.7 5.05f <0.18] 0.014 3.94| <0.041 0.004 3.94
18.4 Xa99F < 18.5 6.64| <0.18] 0.006 5.18] <0.041 0.002 5.18
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Depth (m) | N-totall POs*| PO*-P| Inorganic| SOs°| CI|SOs/CI| Fe total| Permanganate|Dry residue
(mg/M| (mgM)| (mg/l)| N/Pratio] (g/M)| (gM)| ratioj (mgh) oxidation, (mg/)
(mgON)
0.05 1.61 0.48 0.16 10.2] 8.23| 1.42 5.81 1.09 6.72 19312
1 1.76 0.19 0.06 27.8] 9.04] 1.44 6.28 0.96 6.8 18705
3 3.45 0.17 0.05 63.3] 9.15] 1.44 6.36 0.93 6.8 18737
5 1.53 0.31 0.10 15.0] 9.26] 1.45 6.39 1.18 6.56 18646
7 1.82 0.41 0.13 13.5] 9.72| 142 6.83 1.29 6.56 18480
9 1.76 0.47 0.15 11.4] 10.36] 1.50 6.91 2.65 6.96 20278
11 2.51 0.43 0.14 17.7f 9.62| 1.58 6.08 1.82 6.45 20911
13 2.70 0.46 0.15 18.0] 9.97 1.53 6.53 1.34 6.05 21363
15 2.70 0.48 0.16 17.1] 9.48| 1.58 5.99 1.05 3.69 21816
17 3.94 0.48 0.16 252 949 1.58 6.00 0.96 7.48 22210
18.4 5.18 0.52 0.17 30,11 9.30] 1.58 5.89 2.00 11.5 22479
4.4.3 Bacteriological Determinations by Tomsk State University
Depth (m) Aerobic saprophytes| Sulphate reducing| Anaerobic saprophytes
(cells/ml) bacteria (cell/ml)
logio(cell/ml)
0.05 30433 3 2.0E+05
1 nd nd nd
3 25067 7 3.0E+06
5 602 7 2.0E+05
7 248 7 3.0E+05
9 578 7 3.0E+06
11 528 7 3.0E+06
13 292000 10 2.0E+01
15 650 10 2.0E+07
17 50 10 2.0E+06
18.4 26 10 3.0E+07
4.4.4 Inter-laboratory Comparison of Water Quality, Lake Shira
Sample no NO; PO> cr S0.> Fe
mg/ll mg/ll] mgl mgl gl mgl gl mgl mgl mgl
TGU| NGU| TGU| NGU| TGU| NGU| TGU| NGU| TGU| NGU
Xa95F <0.18] <0.05] 0.48| <1.6} 1.42| 2000 8.23| 9625| 1.09| <0.01
Xa96F <0.18] <0.05[ 0.17| <1.6] 1.44| 2047 9.15 9862| 0.93 <0.01
Xa97F <0.18] <0.05[ 0.47| <1.6] 1.50] 2299] 10.36] 10627| 2.65| <0.01
Xa98F <0.18] <0.05[ 0.46| <1.6/ 1.53] 2331} 9.97| 10892| 1.34| <0.01
Xa99F <0.18[ <0.05] 0.52| <1.6] 1.58| 2401} 9.30; 10895 2.00[ <0.01
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The above table compares results of analyses of nitrate, sulphate, phosphate, chloride and iron
at the facilities of Tomsk State University (TGU) with the same parameters analysed by ion
chromatography (nitrate, phosphate, chloride and sulphate) and ICP-AES (iron) at the
Geological Survey of Norway (Tables 4.5 and 4.6). It will be seen from the table that
reproducibility is rather poor, especially in the case of iron. The discrepancy in the case of iron
may be related to a filtration effect (total iron by TGU) and dissolved iron (<0.45 um) by
NGU.

Lake Shira is characterised as a eutrophic water body (Degermendzhy et al. 1996). This fact
suggests an elevated concentration of organic matter in the water column and the possibility
that much of the iron may be complexed with organic matter. These complexes may have been
excluded from 0.45 um filtered samples, but included in the determinations of iron by Tomsk
State University.

4.4.5 Graphical Presentation of Depth Profiles of Lake Shira

The following profiles are compiled on the basis of field determinations and TGU analyses
culled from Tables in Sections 4.4.1, 4.4.2 and 4.4.3.

Lake Shira Depth Profile 12/9/00 mpp=Temp. (°C)
18.0 9 00 |=m==H2S
—&—pH1
16.0 pH2
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< ¥ 100 0
o c I
£ & 8.0 a
F oo 8.70
Y 6.0
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0.0 8.50
0 5 10 15 20
Depth (m)
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Lake Shira Depth profile, 12/9/00
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Lake Shira Depth Profile 12/9/00
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4.6  Analyses of Waters by Ion Chromatography at Norges Geologiske Undersgkelse

Sample  [Location F| CI| NO,| Br| NO;| PO’ SO

mg/ll mg/l mg/ll mgll mg/l mgll mg/l
Xa70 Abaza mine 3.23] 148| <0.05| 1.26/ 0.13] <0.2[ 219
Xa7l Silver Spring II 0.18| 6.88 <0.05| <0.1f 0.71] <0.2] 6.27
Xa72 km 212 0.09] 1.12| <0.05| <0.1 1411 <02 112
Xa73 Radon spring, km 223 0.07| 0.55 <0.05| <0.1f 2.09] <0.2] 5.98
Xa74 River Bolshoi On <0.05] 0.15] <0.05] <0.1] 0.96] <0.2 1.7
Xa75 Matur borehole 0.14] 2.8 <0.05| <0.1 13.0] <0.2] 8.24
Xa76 Matur private well 0.1] 75.11 <0.05] 0.11] 39.6/ <0.2 150
Xa77 River Matur 0.12| 0.84[ <0.05| <0.1 0.8 <0.2| 378
Xa78 Baza DRSU Shepchul 0.25] 0.32| <0.05| <0.1 1.66|] <02 797
Xa79 River Bolshaya Syeya 0.09] 1.03| <0.05( <0.1f <0.05 <0.2] 248
Xa80 Verkhnaya Syeya 0.14| 5.64 <0.05| <0.1f 7.86] <0.2] 250
Xa8l1 Tashtip North 0.36| 3.77 <0.05| <0.1f 9.93] <0.2] 36.9
Xag82 Imek North 0.3] 28.0] <0.05] 0.26] 23.6] <0.2 256
Xa83 River Tyeya 0.11] 4.43| <0.05] <0.1 1.19] <0.2] 364
Xag4 Vershina Tyei bore <0.05[ 0.47] <0.05| <0.1f 222 <02 6.97
Xa85 Mine stream, V. Tyei 0.33] 127 <0.05] 0.15| 93.0 <0.2 988
Xag6 Mine water, V. Tyei 1.54] 19.1 244 0.18) 31.6] <0.2 312
Xa87 Silver spring, Birikchul 03] 1.1] <0.05] <0.1] 3.55] <02 20.6
Xag8 Kazanovka station 0.25( 93.1f <0.05| 034 278 <0.2 618
Xa89 Askiz station 0.33( 75.8 <0.05| 0.27| 26.0] <0.2 199
Xa%0 River Baza 0.26| 2.48 <0.05| <0.1f 2.11|] <0.2] 18.0
Xa%1 River Son, Sonskii 0.37] 0.53] <0.05| <0.1] <0.05] <0.2} 200
Xa92 River Son, Katyushkino 0.43| 5.11f <0.05| <0.1f 3.41] <0.2{ 333
Xa93 River Son, S. of Borets 0.7 8.66] <0.05( 0.19 0.6 <0.2| 680
Xa%4 River Son, d/s Borets 0.69] 14.5] <0.05 0.18 0.34] <0.2{ 98.0
Xa95 Oz. Shira, 0.05 m <2.0{ 2000 <l1| 12.5| <0.05| <1.6] 9625
Xa%6 Oz. Shira, 3 m <2.0| 2047 <l1| 14.0] <0.05 <1.6] 9862
Xa97 Oz. Shira, 9 m <2.0| 2299 <1| 16.1] <0.05| <1.6] 10627
Xa98 Oz. Shira, 13 m <2.0] 2331 <1| 16.4] <0.05 <1.6] 10892
Xa99 Oz. Shira, 18.4 m <2.0] 2401 <1| 16.3] <0.05| <1.6] 10895

Analyses for nitrite (NO,) are regarded as invalid due to period between sampling and
analysis.

38



sjnsa1 SHV-dDI 10} S 9[qe 01 IsJal = SHV-dDI

6¢

YSny 003 Ajjeonewa)sAs eadde synsax wnmupes sy J, :gN

p6°ClL £0°0> 10> §'0> S8L°0 59°0 9790 (4158 859 ¢Sl 66'¢ Sdv-ddI  |1°0> SHV-dOI 66eX
8¢t £0°0> 10> 0> 7850 [$3%Y 6v'0 6100 8TL 79'1 L8'€ SEV-dDI |1°0> SHV-dOI 86X
65°¢ 6£0°0 10> 0> G05°0 15¥°0 [424° 6£0°0 0’8 861 0t Sdv-ddI |1'0> SHV-dII L68X
IL61 7900 10> 0> 44\ 60¢0 LLTO 6£0°0 $6'9 vl 8yt SHV-dDl [1'0> SHV-dOI 96eX|
10> 8€0°0 10> S'0> yeT0 LyT0 (344 100> STL vyl 8p'€ SHv-doI [1°0> SHV-dOI S68X
£C0 6800 10> S'0> 200> 1€0°0 6100 10°0> 1344 10> 1€°0 86'65 0> ves p6eX
y1°0 8500 10> S0> 200> 9200 200 100> 97T 10> ST0 16°'Lv 10> 87T £68X
10 £0°0> 10> §S°0 200> €€0'0 00 100> L0T 10> I1°0 86°8C 10> v0'1 768X
10> £0'0> 10> S0> ev0'0 200 810°0 8100 ¥9'€ 10> vT0 L1l 1'0> (444 168X
10> £0°0> 10> 44! 00> 1€0°0 8100 100> 8¢'C 10> (44" Se1T 10> 651 068X
10> LEOO 10> §0> 200> §20°0 6100 8100 L99 910 1¢°1 ILEST 10> L'6T 68X
10> LP0'0 10> §0> 200> 1€0°0 200 €200 L 10> 66'C LEYS 10> Sv'8¢ 88eX
10> £0°0> 10> S 0> 200> 10°0 8100 §T0°0 €98 10> 900 13944 10> Sv'v L8eX
14 LT8°0 10> 6801 00> S10°0 10°0 8I'1 SHv-doI (10> S8'1¢ SHV-dOI |1°0> [4! 98eX]
60  |ts60  [ro>  [eL0  [co0> 6700  |Lv0'0  |T9S'T  [SAV-AOL |1'0> L8 9°€9 1'0> LT0 ¢gex
10> €0°0> S0 8L'1 00> 100 ¥10°0 10°0> £6°0 10> 90'0 (X4 10> 0> y8eX
10> §e0'0 10> 890 200> £€0°0 §700 €00 Y0l 1'0> ¥'0 6Tyl 10> 8Pl £8eX
610 7900 10> §0> 00> §T0°0 8100 6100 8L'C 10> 6L0 VLS 10> 9I'¢tl 788X
10> €0°0> 10> S0> 700> €00 $T0°0 410" se'e 10> §S°0 Ly'LE 10> SOl 188X
LT'0 £0°0> $S'0 890 700> 200 6100 10°0> LL'1 10> 43! £6°L1 10> 134 08eX
LT0 £0°0> 10> 61 700> 870°0 Ly0'0 10°0> 8’1 10> €0 171 10> wi 6L8X
10> £0°0> 10> §'0> 700> 8100 9100 10°0> 6L'0 1'0> 950 LTET 10> £€C9 8LeX
10 £0'0> 10> 790 00> 6£0°0 6£0°0 1100 (44! 10> €0 16°S1 10> 17§ LLBX
SL'1 9110 10> S0> 00> 8¥0°0 £50°0 LEQO 690 10> 110 £0°9¢ 10> 68’6 9LeX
10> £0°0> S1°0 S 0> 00> 8100 £€0°0 S10°0 6€'¢ 1'0> T4 6T11 10> €97 SLeX
10> £0°0> 10> 116 00> $£0°0 700 100> S'0> 10> 8¢°0 €6'7 10> 0> vLeX
10> £0°0> Se0 ¢ 0> 00> 9100 €200 y10°0 (41} 10> §T0 6L'9 10> 0> €LeX
£C0 £0'0> ve'0 S 0> 20°0> L10°0 €100 L10°0 YTl 10> 17°0 16°€1 10> S0 LeX]
y1°0 £0°0> 10> S'0> 70°0> L10°0 100 10°0> 10'1 10> 90°0 1444 10> Sv'0 1LeX
10> £€0°0> 10> 01 980°0 850°0 6¥0'0 £80°0 °6°1¢ 8C°0 6°0 S4dv-doI  |1'0> v8'el 0LeX
IN ) 1D [\ 4 ad 3 €] PO ON 17 i q g T opdueg

(1/311 synsaz [je) As[ENLSIAPU[] YSIZ0[035) SAZI0N I8 SIN-dDI Aq sasfjeuy  Lp




4.8  Bacterial Analyses, by Dr O.V. Karnachuk of Tomsk State University, Department of
- Plant Physiology and Biotechnology

Sample Aecrobic saprophytes
cell/ml
Xa70F 72 x 10° 7.2E+04
Xa7lF 49 x10* 4.9E+03
Xa72F 94 x 10° 9.4E+04
Xa73F 71 x 10° 7.1E+04
Xa74F 17 x 10* 1.7E+05
Xa75F 24 x 10* 2. 4E+05
Xa76F 15x 10° 1.5E+04
Xa77F 56 x 10* 5.6E+05
Xa78F 28 x 10° 2.8E+07
Xa79F 49 x 10* 4.9E+05
Xa80F 18 x 10° 1.8E+07
Xa81F 42 x 10* 4.2E+05
Xa82F 71 x 10° 7.1E+04
Xa83F 12 x 10° 1.2E+04
Xa84F 53 x 10° 5.3E+04
Xa85F 95 x 10* 9.5E+05
Xa86F 40 x 10* 4.0E+05
Xa87F 12 x 10* 1.2E+05
Xa88F 12 x 10* 1.2E+05
Xa89F 89 x 10° 8.9E+06
Xa90F 61 x 10° 6.1E+05
Xa91F 92 x 10° 9.2E+04
Xa92F 51x 10° 5.1E+04
Xa93F 92 x 10° 9.2E+04
Xa94F 67 x 10° 6.7E+04
Xa95F 30 x 10° 3.0E+04
Xa96F 25x 10° 2.5E+04
XA97F 578 5.8E-+02
XA98F 292 x 10° 2.9E+05
XA99F 26 2.6E+01
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49  Major Ion Chemistry
Sample |Location Mg Ca Na K |Alkalinity| CI' | NOs | SO
ppm | ppm | ppm | ppm | meq!l |mgl| mgl | mgl

Xa70 Abaza mine 0.863 59.8 171 1.34 0.4 148 0.13 219
Xa7l Silver Spring II 11.5 454 13.7] 0.956 28| 688 071 6.27
Xa72 km 212 13.1 77.0 4.13 1.51 34| 112 141 11.2
Xa73 Radon spring, km 223 8.06 60.8 2.82} 0.841 2.5 0.55 2.09 5.98
Xa74 River Bolshoi On 1.34 10.3[ 0.933 <0.5 0.6] 0.15| 0.96 1.7
Xa75 Matur borehole 18.5 101 6.40; 0.816 43| 28 13.0 8.24
Xa76 Matur private well 30.8 232 40.1 1.93 6.3] 75.1 39.6 150
Xa77 River Matur 18.5 101 7.54( 0.708 4.4 0.84 08 378
Xa78 Baza DRSU Shepchul 17.0 127 7.11] 0.968 54| 0.32 1.66 7.97
Xa79 River Bolshaya Syeya 10.5 74.6 5.64| 0.997 3.8| 1.03] <0.05{ 248
Xa80 Verkhnaya Syeya 19.4 114 7.37 1.07 48| 564 7.86f 250
Xa81 Tashtip North 29.6 108 377 1.43 55| 3.771  9.93] 369
Xa82 Imek North 423 150 67.2 2.03 52| 280 236 256
Xa83 River Tyeya 9.16 48.3 5.82 1.00 25| 4.43 1.19 364
Xa84 Vershina Tyei bore 10.5 48 .8 1.90] 0.617 24 047 222 6.97
Xa85 Mine stream, V. Tyei 140 232 11.0 7.03 23| 127 93.0 988
Xa86 Mine water, V. Tyei 51.9 114 14.5 10.8 23| 19.1] 316 312
Xa87 Silver spring, Birikchul 9.94 62.8 6.46] 0.674 28! L1 3.55| 206
Xa88 Kazanovka station 77.1 201 69.5 4.54 3.3] 93.1] 278 618
Xa89 Askiz station 433 116 102 3.99 48 75.8 26.0 199
Xa%0 River Baza 20.1 69.6 7.36 1.36 42| 248 2.11 18.0
Xa%1 River Son, Sonskii 11.3 59.0 3.86( 0.807 3.7] 0.53] <0.05] 20.0
Xa92 River Son, Katyushkino 221 81.7 7.26 1.66 5.1 5.11 3.41 333
Xa93 River Son, S. of Borets 332 82.1 31.6 1.79 6.9 8.66 06| 68.0
Xa%4 River Son, d/s Borets 39.8 85.4 422 1.73 72| 14.5 0.34 98.0
Xa9s Oz. Shira, 0.05 m 1270 50.2 3701 39.3 18.3| 2000] <0.05[ 9625
Xa%6 Oz. Shira, 3 m 1280 50.5y 3707 39.3 17.7] 2047| <0.05] 9862
Xa97 Oz. Shira, 9 m 1460 53.3] 4190 44.1 19.9f 2299 <0.05| 10627
Xa98 Oz. Shira, 13 m 1470 540 4161 44.9 20.5| 2331| <0.05] 10892
Xa9%9 Oz. Shira, 18.4 m 1410 533 4214 433 21.3| 2401| <0.05] 10895
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4.10 Ion Balance / Quality Control

Sample |Location Sum of anions | Sum of cations Error
meq/1 meq/1 %

Xa70 Abaza mine 9.16 10.53 6.97
Xa7l Silver Spring II 3.13 3.83 10.02
Xa72 km 212 3.66 5.14 16.74
Xa73 Radon spring, km 223 2.63 3.84 18.68
Xa74 River Bolshoi On 0.67 0.66 -0.24
Xa75 Matur borehole 4.78 6.86 17.91
Xa76 Matur private well 12.21 15.90 13.12
Xa77 River Matur 5.26 6.91 13.54
Xa78 Baza DRSU Shepchul 5.64 8.07 17.75
Xa79 River Bolshaya Syeya 4.30 4.86 6.06
Xa80 Verkhnaya Syeya 5.64 7.63 14.99
Xa81 Tashtip North 6.49 9.50 18.82
Xa82 Imek North 11.70 13.94 8.75
Xa83 River Tyeya 3.45 344 -0.11
Xa84 Vershina Tyei bore 2.61 3.40 13.06
Xa85 Mine stream, V. Tyei 24.77 23.75 -2.10
Xa86 Mine water, V. Tyei 9.88 10.86 4.73
Xa87 Silver spring, Birikchul 3.35 4.25 11.77
Xa88 Kazanovka station 19.20 19.51 0.80
Xag9 Askiz station 11.54 13.89 9.25
Xa90 River Baza 4,72 548 7.51
Xadl River Son, Sonskii 4.15 4.06 -1.05
Xa92 River Son, Katyushkino 6.01 6.25 1.99
Xa93 River Son, S. of Borets 8.53 8.25 -1.71
Xa9%4 River Son, d/s Borets 9.63 9.41 -1.13
Xa95 Oz. Shira, 0.05 m 275.10 268.93 -1.13
Xa96 Oz. Shira, 3 m 280.78 270.03 -1.95
Xa97 Oz. Shira, 9 m 306.04 306.11 0.01
Xa98 Oz. Shira, 13 m 313.07 305.72 -1.19
Xa99 Oz. Shira, 18.4 m 315.85 303.02 -2.07

Anion sum calculated on basis of nitrate, sulphate, chloride, alkalinity

Cation sum calculated on basis of calcium, magnesium, sodium and potassium
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5. INTERPRETATION AND CONCLUSIONS

This report documents the geochemical and microbiological data on water samples collected
during field expeditions during the summers of 1999 and 2000 to the Republic of Khakassia
(Russian Federation) in southern Siberia. Data have been obtained from groundwater
(boreholes, springs, wells), rivers and lakes. It is not the purpose of this report to indulge in
detailed interpretation of the data presented. However, statistical presentations of the data,
according to land use, sample type and dominant geology can be found in Appendices D-1. The
following main observations may be noted:

1. A preliminary interpretation of the data suggests an evolutionary pathway from
groundwater to surface waters and lakes involving up-concentration of highly soluble
solutes (sodium, sulphate, chloride, boron, magnesium), and removal of silicon and calcium
by precipitation of mineral phases.

2. There is also a tendency to elevated pH and alkalinity in surface waters, which has yet to be
satisfactorily understood. It is believed that this observation forms the key to understanding
hydrochemical evolution in the study area and it will be the focus of subsequent
interpretation.

3. There are clear indications of sulphate reduction processes occurring in saline lakes and
lake sediments.

4. Mineral samples from lake / marsh areas have been analysed by XRD, which analyses
confirm the formation of thin secondary evaporite crusts around lakes, comprising
thenardite, calcite, dolomite and halite. In single cases, gypsum and mirabilite were
detected.

5. Analyses also suggest that groundwaters in villages have a tendency towards elevated
nitrate levels and bacterial counts, possibly resulting from contamination from latrines.

6. Analyses were also made of mine waters from coal mines in the Abakan-Chernogorsk
syncline and from metalliferous mines at Abaza and Vershina Tyei. These mine waters had
relatively high pH and low metals contents, due to the buffering nature of ambient
groundwater and ore host rocks.
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FIGURES

Figures 2.1 - 2:4. Maps showing sampling locations in Khakassia.

Figure 4.1. Overview map of Khakassia

Figure 4.2. Average annual temperature and precipitation statistics for Abakan city. Redrawn
after Balakhchina et al. (1999)

Figure 4.3. Annual average precipitation in Khakassia. Redrawn after Balakhchina et al. (1999)

Figure 4.4. Average January and June temperatures in Khakassia. Redrawn after Balakhchina
et al. (1999)

Figure 5.1. Sketch map of the Minusinsky intermontane trough within the Altai-Sayan
mountain region, southern Siberia, Russia (after Luchitsky 1960). Key: I boundary of the
Minusinsk trough; II the main Devonian sub-basins; III Horst/ridge areas between sub-
basins; IV, V depressions; VI horst/ridge area, beneath cover of Devonian volcanogenic
rocks; VII ditto, beneath cover of Mesozoic (mainly Jurassic) deposits; VIII Chulimskaya
synclinorium (Mesozoic sediments); IX Pre-Devonian magmatic and metamorphic
formations surrounding the Minusinsk trough (i.e. basement); X basement, beneath cover of
mid-Palaeozoic sedimentary rocks.

Figure 5.2. Schematic geological map of the Republic of Khakassia, redrawn after Balakhchina
et al. (1999). It should be noted that this not based on the most modern geological mapping
and some inaccuracies are present. However, the fundamental trends are valid.
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APPENDIX A. DESCRIPTION OF SAMPLE LOCALITIES, 1999 FIELDWORK

NB Ozero = Lake

9/6/99

Xa34

Xa35

Xa36

Xa37

Xa38

Xa39

Xa40

Xadl

Ozero Kurinka. Lake water sample from eastern lobe of lake, northern shore. Shallow
lake, with muddy bed. Immediately under the lake-bed, the mud is black, with a
strong H,S smell. In-situ measurements of water made c. 10 cm below lake surface.
Geology = boundary between D3 Old Red Sandstone and C1. Land use = rural steppe
(some free range cattle). No obvious evaporite minerals.

Marble Quarry. 60 m deep borehole in Proterozoic schists, way below the quarry.
Taken from tap at pumping station. No H,S smell. Yield 25 m*/hr. Owners believe
they have an Fe problem, but no Fe observed on the filter. Land use = rural/forest.
Designated Riphean;.,

Maina borehole. Communal water borehole of unknown depth in basaltic schists of
probable Cambrian,; age. Sampled from rising main pipe at a leak from a valve during
pumping. Located way outside village, land use = rural/forest. No H,S smell. Anatoly
A Vedernikov ascertained later that borehole is 35 m deep.

Bogoslovka village. From borehole 45 m deep, drilled into rock (according to later
investigations by Anatoly A Vedernikov). Taken from a large water tank directly
above the borehole. Aquifer rock believed to be Cambrian; ophiolite. Conceivably
some input of water from Quaternary deposits. Pump rate = 10 m*/hr. No H,S smell.
Surrounding land use = small village (urban).

Ozero Utinoe. Lake sample. Samples and in-situ measurements from 10 cm below
surface. Lake has quite a coarse grained, sandy bed, with only a little black H,S-
smelling mud in the subsurface. Some very sparse recent evaporite minerals around
the lake (sampled). Geology = D3 sediments, land use = rural with some agriculture.
Byeya - Maslo-Sir Zavod (Butter/cheese factory). Borehole to 40 m depth in D2
carbonate-bearing rocks (Byeyaskaya formation). Yield = 5 m’/hr. Samples taken
directly from tap on rising main. No H,S smell. Surrounding land-use = urban.
Novotroitskaya. Borehole for village supply in D3 sediments. Very strong flow from
outlet of rising main (thus, Eh reading not meaningful). Slight colour and very slight
smell. Depth unknown. Land use = urban.

Chernoe Ozero (Black Lake). Lake water sample. On deposits consisting of C1 and
Quaternary. Bed of lake is muddy, becoming black with some H,S smell below the
surface. Samples and in-situ measurements taken some 10 cm below the water
surface. Surrounding land use = dominantly rural.
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10/6/99

Xad2

Xad3

Xad4

Xa45

11/6/99

Xa46

Xa47

Xa48

Xa49

Xa50.

Tumannii (near Sorsk). Artesian (overflowing) borehole drilled in Lower Palaeozoic
igneous plutonic rocks, believed to be Nordmarkite / syenite (possibly Cambrian,).
Overflowing at a rate of 10 | per 16 s. Rural land use (outside main village area).
Depth unknown. No H,S smell. Some rumour of old mine shafts to uranium-bearing
black shales in the vicinity.

Spring near Mount Amoga. Well-defined spring from base of Vendian-Cambrian
limestone outcrop (geological map indicates Riphean;), feeding a small lake. Land use
= rural.

Spring area north of Vershino-Bidzha village. Flow = > 1 I/s derived directly from
Vendian-Cambrian carbonates (map indicates Riphean;). Land use = rural. No H,S
smell.

Spring area south-west of Moskovskii Sovkhoz. Diffuse spring area, comprising a
slow flowing channel, sampled in a rushy wetland area. Lots of recent evaporite salts
in soils surrounding spring area (sampled). Sediment in base of channel black and
smells of H,S. Land use = rural but cattle obviously use the area as a watering hole.

Khan Kul' mineral water borehole. Artesian overflowing borehole in D3 sedimentary
rocks. Land use = urban (small village + railway). Depth believed to be some 350 m.
Overflow = 1 litre per 14 s. No smell of H,S.

Ozero Khan Kul' (marked on maps as Ozero Solenoe). Lake water sample from
southern side of lake. Geology appears to be D3/C1. Very clear water and many
benthic flora. In the immediate subsurface of the lake bed is blackish sediment with a
little H,S smell. A recent evaporite crust exists on the shore (sampled). Land use =
rural, with some agriculture on the northern shore.

Ozero Bulankul' (northern lake). On outcrop of Cambro-Ordovician nepheline syenite
/ syenite. Bed of lake is coarse and gravelly with no clear H,S smell from the
sediments. All samples and measurements some 10 cm below lake surface. Land use =
largely rural but some huts.

Ozero Bulankul', children's sanatorium (south of Lake Bulankul'). Borehole to 45 m
depth in Cambro-Ordovician nepheline-syenite/syenite. Sampled from water pumped
directly from borehole into a bucket. Eh reading meaningless due to turbulence. Land
use = urban (huts + sanatorium) and rural. No H,S smell.

7 km east of Pulankol. Borehole in D1 basalts. Sampled from water pumped directly
from borehole into a bucket (only short pumping time). Eh reading meaningless due
to turbulence. Depth guestimated at 25 m. No H,S smell in water. Land use =
agriculture (cattle station)
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Xas1

Xas2

Xas3

12/6/99

Xas54

Xas5s

Xas6

Xa57

Xas8

Xas59

Xa60

13/6/99

Vtoroi Kluch, spring 4 km north of cattle station. Believed to be in Ripheans-
Vendian-Cambrian igneous rock complex (basalts with some syenites???) according
to one map. However, a more detailed map suggest Cambro-Ordovician igneous
rocks. Discrete spring with flow 0.3 - 0.5 I/s. Land use = rural, no H,S smell.

Artesian overflowing borehole near Mount Timirtag, drilled in D2 carbonates.
Surrounding land is rural, although borehole used for cattle watering. Rate of
overflow 10 litres in 1 min 40 s.

Kharasug spring. A fairly discrete spring, in D2 carbonates but with Cambro-
Ordovician granites immediately up contact. A block was found by the spring,
showing the D2 - granite contact. Probably also some component of flow through
loose cover or head. Flow c. 1 I/s. Land use = rural. No H,S smell.

Charkov. Town borehole. Sampled from pipe direct from borehole pump. Appears to
be drilled into D2 carbonates of Byeyaskaya Formation, but map indicates near
boundary of D3. Possibly also some contribution from Quaternary deposits. No H,S
but slight metallic tang to water. Land use = urban (largish village)

Spring north of Charkov from D1 volcanics and sedimentary rocks (possibly some
Quaternary head also). Temp. varies between 7.5 and 6.8°C depending on
whereabouts measured in the spring pool. Fairly discrete spring area but rather low
flow. Probably quite a large, predominantly rural, catchment, No H,S smell.

Ust' Kamisyak. Spring from conglomeratic formation (maybe basal conglomerate of
D3, but probably of C1). Water is fast and shallow at spring exit. Land use = rural.
No H,S smell.

Ozero Ulugkol'. Lake water sample from southern side of lake. Samples and in-situ
measurements taken some 5 cm under water surface. Geology = C1, land use = rural.
Evaporite crusts present on shores of lake (sampled). Bottom sediments of lake are
black with a strong smell of H,S.

Ozero Uskol. Lake water sample from southern shore. Samples and in-situ
measurements taken some 5 cm under water surface. Geology = C1, land use = rural.
Evaporite crusts present on shores of lake. Bottom sediments of lake are black with a
smell of H,S. Round edge of lake is a reddish scum (halophile bacteria or algae ?7?)
Abakanskii IT Salt Well in bed of dry lake. Samples from and in-situ measurements in
a 3 m x 3 m shaft (well) in lake bed. Geology = D3, land-use = rural. Under the
surface of the lake bed (which is crusted with evaporites) is black, H,S-smelling mud.
Moskovskii Sovkhoz village borehole. Sample taken probably via a header tank. Land
use = urban. Geology believed to be D2. No H,S smell.
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Xa6l1

Xa62

Xa63

Xa64

Xa65

Xa66

Byelii Yar Coal Opencast. Sample of borehole-derived drinking water from tap in
mine buildings (via water tower). Water has not been subject to any form of water
treatment. Depth of borehole = 32 m, no H,S smell. Land use = coal opencast area,
but immediate land use unknown. Borehole drilled in alluvial sediments of the River
Abakan.

Accumulated water in base of eastern coal opencast (Izikskii I). Samples and in-situ
measurements taken c. 5 cm below water surface in vicinity of dewatering pump.
Level of base of quarry reported to be 185 m OD. Strata are of Permian age. In the
walls of the quarry, the lower 2/3 of the sequence comprise dark, coal-bearing strata.
The upper 1/3 comprises lighter, coal-free rocks. It is from near the base of the upper
(light, coal-free) part of the section that the bulk of the water seeping into the
opencast is derived. The water in the opencast is clear and free of ochre. The
accumulated water in the pit is pumped continuously at a high rate, reported to be
some 220 m*/hr.

Accumulated water in base of western coal opencast (Izikskii II). Level of base of
quarry believed to be ¢. 200 m OD. The strata are of Permian age and are observed to
include very carbonate-rich mudstones (tested with acid). In the walls of the quarry,
the lower 1/3 of the sequence comprise dark, coal-bearing strata. The upper 2/3
comprises lighter, coal-free rocks. It is from near the base of the upper (light, coal-
free) part of the succession that the bulk of the water seeping into the opencast is
derived. The water in the opencast is not as clear as Xa62, but is free of ochre. The
accumulated water in the pit is pumped at a lower rate than Izikskii I, reported to be
some 18 m’/hr.

Khakasskaya Shaft. Minewater from underground coal-mine. All mine water from the
working Yeniseiskaya Mine and from opencast mines to the west, collects in the
Khakasskaya mine, from where it is pumped to the surface. The coal here is of
Carboniferous (C3) age. The mined coal is a single seam of thickness 2.2 m. The
water was sampled underground at the 140 m depth level, and brought to the surface
in a bucket for analysis (the temperature of 10. 1°C was thus measured at surface). A
maximum of 50 m’/hr is pumped from the shaft. No iron/ochre coloration or deposits
are noted, nor is any H,S smell.

Znamenka village borehole. Depth unknown, in D2 carbonate-bearing rocks. Water
was sampled from a public standpipe some 80 m from the borehole. Land-use =
urban, no H,S smell.

Polindeika village borehole. Borehole located above village near farm. Drilled in D1
basalts and sandstone. Sampled from the nearest village standpipe to the borehole
(some 400 m away). No H,S smell.
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15/6/99

Xa67

Xa68

Ozero Vlasyevo. Sampled on lake shore adjacent to main road. Lake has sandy bed,
no smell of sulphide. Very slight evaporite crust around lake. Samples and in-situ
measurements at 5 cm below lake water surface. Land use: village on N side of lake,
otherwise rural (with main road running past). geology comprises Vendian-Cambrian
carbonates on the north edge, D1 on the south. Land use designated as rural.

Ozero Shira, water sample from near shore just north of the kurort. Samples and in-
situ measurements at 5 cm below lake water surface. Lake bed stony/sandy, no sign of
sulphate reduction / no H,S smell. Land use rural + kurort resort. Geology = D3.
Land use designated as urban.
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APPENDIX B. DESCRIPTION OF SAMPLE LOCALITIES, 2000 FIELDWORK

NB. No rainfall during entire sample period

7/9/00

Xa70F

XaT7lF

Xa72F

Xa73F

Xa74F

8/9/00

Xa75F

Xa76F

Water inflow from a relatively newly-drilled horizontal exploration borehole in the
service area (i.e. away from the main ore body) of the Abaza magnetite mine at the
minus 95 m level (mine entrance at plus 537 m level). No salt taste or H,S smell.
Rock appears to be a dark carbonate rock with calcite fracture fillings. Geol. map
indicates Cambrian,.,ar.

2™ Silver Spring (Serebrianii Istochnik), Malii Arbati. Near Abaza. Flowing spring.
Surrounding rocks believed to be Cambrian sediments / Devonian (?) dolerite.
Spring probably emerges at boundary between alluvial fan from hillside and river
flood plain. Surrounding area used for cattle pasture. Geol. map indicates
Cambrian;ar. (with D, nearby)

Roadside seepage spring at km 212 on the Abakan-Ak-Dovurak Road. Rises from
greenschists at foot of steep slope. Surrounding land use = rural forest (and
roadside). Geol. map indicates Cambrian;vm.

Radon spring, near Kubaika at km 223 on the Abakan-Ak-Dovurak Road. Strongly
flowing point spring from schists near roadside at foot of steep wooded hill
Surrounding land use = rural forest (and roadside). Geol. map indicates Riphean,,dg
(near boundary with Cambrian;nm and PynCambrian;).

River Bol'shoi On, at top bridge where Abaza-Tuva road crosses river, near border
with Tuva. River water sample. Surrounding land = completely rural mountain
plateau area. Surrounding mountains composed of igneous intrusive and
metasedimentary rocks. Run-off partly from snowmelt.

Matur village borehole. Borehole 90 m deep, yield 15 m*/d. Borehole accessed by a
single tap, which operates c. 3 hrs/day. Sampled via this tap. Surroundings
periurban, some cattle pasture. Geol. map indicates D;.tl or D,as or Dy.tl.
Domestic well at house on Sovjetskaya street no. 35, Matur. Well 6-7 m deep
according to neighbour, 2-3 m deep according to owner. Located in centre of village
(urban). The village has 6-7 times the average rate of hepatitis among children
(according to Mr. Ivan 1. Vishnivyetskii, Chairman of the Khakassian SCEP). Geol.
map indicates Dytl, but well is almost certainly in Quaternary deposits.
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Xa77TF

Xa78F

Xa79F

Xa80F

Xa81F

Xa82F

Xa83F

9/9/00

Xa84F

Xa85F

River Matur, river sample from c. 1 km upstream of Matur village. Land use =
agricultural. River channel c. 4 m across. Water rather particle-free (some resistance
with filter). Geol. map indicates Ditl.

Highway Authority Base (Baza DRSU), Shepchul (on the Tashtip-Matur Road)
Borehole 30-40 m in bedrock (probably D1 or D2) or (possibly) colluvial / alluvial
material. Land use = agricultural / cattle pasture. Sampled directly adjacent to
borehole, via pressure tank. Geol. map indicates Dxil.

River Bol'shaya Sjeja at bridge at Verkhnaya Sjeja. River sample. River catchment
upstream of bridge is largely rural. Water relatively particle free. D-as.

Communal borehole; Verkhnaya Sjeja village. Sampled via water tower and nearby
standpipe. Borehole ¢. 40 m away from sampling point and c. 30 m deep.
Surroundings urban (middle of village). Geol. map indicates Ditl.

Borehole at Tashtip (N of town). Drilled on higher ground at north fringe of town.
Depth 40 m in Devonian D1 (Tashtipskaya Formation). Water sample from tap in
house supplied by borehole. Borehole v. close to house but 150 m from water tower
(i.e. water has 300 m journey to sample point). Land use = periurban, with some
cattle pasture. Geol. map indicates D;.otl or D;tS.

Borehole at Imek town. 100 m deep borehole at northern end of town in D1
Imekskaya Formation. Sampled from domestic house tap (Yubileinaia Street No.
21), c. 100 m from water tower. Land use = urban / agriculture. Geol. map indicates
Dyté.

River Tyeya. River water sample at main road bridge. Channel c. 10-12 m wide.
Water relatively particle-free, with no sign of pollution. Geol. map indicates D;tB
and alluvial material.

Vershina Tyéi, Borehole No. 2. Borehole supplying mine, c¢. 5 km from mine in river
valley. Driller's log suggests 0-3.5 m Quaternary clay; 3.5-9 m Quaternary gravel; 9-
35 m Cambrian,, limestone. Total depth 35 m, water level 5.9 m bgl. Aquifer =
Cambrian limestone (+ Quaternary ?). Quite a lot of sandy particles in the water.
Sampled from fracture in pipe. Land use = rural. Geol. map indicates
Vendian,Cambrian,K.

Stream flowing through mine waste areas of Vershina Tyéi mine and emerging from
the toe of a coarse mine waste pile. Stream is thus not pure leachate - it commences
above the mine waste area. Good flow (channel is ¢. 2 m across). No obvious
iron/ochre staining in stream. Water is relatively particle-free and supports aquatic
plants. The mine waste is largely coarse grained with little obvious sign of oxidation.
Both large and small pyrite crystals were observed. No cover material. No obvious
damage to vegetation at toe of wastes. Previous analyses indicate 858.4 mg/l
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Xa86F

Xa87F

Xa88F

Xa89F

Xa90F

10/9/00

Xa9lF

Xa92F

11/9/00

Xa93F

sulphate (from pyrite oxidation ?) and 60 mg/l nitrate (from explosives). Geol. map
indicates y;Cambrian;Ordovician,t.

Piped mine water discharge from Vershina Tyéi opencast mine (normally flows
through settlement ponds, but currently these are non-operational). Water appears
fresh with no iron staining. Previous analyses suggest high sulphate and nitrate (SO4
= 325.8mg/l; NO;" = 16.4 mg/l). Flow during sampling c. 2 I/s (pumped between 3
hrs/day and 24 hrs/day depending on hydrological conditions). Previous analyses
also indicate c. 1.9 mg/l iron. The mine is an opencast magnetite mine with pyrite
(often large crystals) in Cambro-Ordovician volcanics (trachybasalt, trachyrhyolite,
granosyenite etc.) and also carbonates, dolomites, serpentinite, and explosion
breccias. Geol. map indicates y,;Cambrian;Ordovician;t.

Silver Spring (Serebrianii Istochnik), Birikchul'. Fairly discrete spring at base of
wooded hillside (rural land use). Geology observed in field = Cambro-Ordovician
granite. Flow = 12 1in 20 s (0.6 I/s). Geol. map indicates y,;CambrianzOrdovician;t.
Kazanovka Station (Stantsiia Kazanovka). Borehole drilled in D1 rocks beside
railway line and line of houses. 75 m deep. Urban land-use. Sampled from standpipe
ca. 40 m from water tower above borehole. Geol. map indicates D.tl.

Askiz Station (Stantsiia Askiz). Bore on fringe of town on entering the built-up area
from the north. Borehole 40 m deep in D3 sediments. Sampled from standpipe 50 m
from water tower. Periurban land use. Geol. map indicates D;od.

River Baza, river sampled upstream of Ust' Baza village. Smallish river, ¢.2-3 m
wide. (Further upstream in the catchment are gold mines using heap leaching with
cyanic acid). Geol. map indicates D;kh.

River Son. c¢. 1 km upstream of Sonskii railway embankment. Narrow wooded
valley, some cattle pasture. Reasonable flow of water; channel some 2 m wide.
Local geology is basalt, probably of Vendian-Cambrian age. Sampled at c¢. 19:00 hrs
in evening.

River Son. c. 1-2 km upstream of Katyushkino village. The surroundings are still
hilly but the valley is wider than Xa91. More grass/pasture land. River still ¢. 2 m
wide but a little deeper than Xa91. Some cattle grazing (but largely rural) and some
particles in water. Sampled c. 20:00 hrs in evening.

River Son, (3km upstream of Borets) south of Borets. (No rain overnight, sampled
at 11:22 am). Clear deep, fast-flowing river channel, c. 1.5 - 2 m wide. Boggy area
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in a wide valley framed by D2 carbonate-rich rocks. Flow at least 5 times greater
than Xa92, and probably 10 times greater.

Xa%94F  River Son, below Borets (2 km downstream of Borets). Sampled at 11:50 am. Wide
(10-15 m), shallow channel in wide boggy plain with hills of D2 rocks to the south.
Some cow-grazing but designated rural. Clear water.

12/9/00

Depth sampling in Shira Lake at location:

N54°30.420' E90°12.384' (boat GPS reading)

Sampled by boat at location of maximum lake depth (by depth sounder) of 20.8 m. Used a
double barrel, weight-activated throughflow Rutner-type Perspex depth sampler.

Depth sounder indicates depth of thermocline at 7-12 m. Confirmed by temp. measurements

H,S could be smelled in water from 13 m down. (analyses indicate that H,S appears at 9m,
with 0.412 mg H,S/I)

All samples had significant particle content (probably due to microplankton).

Xa95F  Shira Lake surface (5-10 cm depth)
Xa96F  Shira Lake, 3 m depth.

Xa97F  Shira Lake, 9m depth.

Xa98F  Shira Lake, 13 m depth.

Xa%99F  Shira Lake, 18.4 m depth
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APPENDIX C. GEOLOGY OF THE STUDY AREA

Cl  Geological Setting (after NGU Report by Banks et al. 1998a)

Khakassia is situated in the central part of the Altai-Sayan Mountain region in southern Siberia,
Russia (Fig. 5.1). The lowland areas comprise a number of graben-like basins within the
Minusinsk intermontane trough, bounded by the mountain areas of Kuznetsk-Alatau in the
west, and the Western and Eastern Sayans in the south and the east. The trough itself,
containing Upper Palaeozoic sediments and volcanics, is divided, from north to south, into four
sub-basins by ridges of Precambrian/Lower Palaeozoic rocks: the Nazarovskaya, Chebakovo-
Balakhtinskaya, Sido-Eribinskaya and Yuzhno-Minusinskaya basins. The intervening ridges are
offshoots of the Kuznetsk Alatau and Eastern Sayan ranges and include the Solgonskii and the
Batenevskii ridges. From a tectonic perspective, the Minusinsk Trough is considered an early
Devonian palaeo-rift structure (Parnachev et al., 1996a,b).

The region of Khakassia is particularly interesting inasmuch as it presents a very varied
geology consisting of Precambrian and Palaeozoic metamorphic, sedimentary and igneous
rocks (Fig. 5.2). The Kuznetsk-Alatau and Western Sayan ranges are comprised of
Precambrian and Lower Palaeozoic formations (including volcanics, clastic and carbonate
sedimentary rocks and granitoids), as are the ridges which define the borders of the sub-basins.
The sub-basins are essentially synclinorial structures, infilled by Devonian and Carboniferous
volcanics, evaporites and sediments, with a complex internal structure.

Very simply, the Sayan and Kuznetsk-Alatau mountains are described as being of Caledonian
age (Silurian-Lower Devonian), resulting from the closure of a proto-Tethys-like ocean. The
Upper Devonian sediments of Khakassia accumulated in extensional troughs behind the
orogenic zones. Further extensional activity took place in Tertiary time, possibly related to the
formation of the Baikal Rift.

C2  Shira (- Abakan) Region

The report of Banks et al. (1998a) considers the chemical quality of groundwater in the rocks
of the Chebakovo-Balakhtinskaya Basin (and earlier rocks adjacent to the basin), in the vicinity
of the town of Shira. The following description of the geology of this area, also holds true to a
large extent for the Devonian lowland areas of the Abakan region, sampled in 1999-2000.
(Formation names may, however, differ in the Abakan area).
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Lower Devonian deposits are represented by the sedimentary-volcanogenic Biskarskaya series,
which unconformably overlaps the Riphean-Vendian and Cambrian-Ordovician rocks
bordering the Basin. The Biskarskaya series contains alternating horizons of volcanic and
sedimentary rocks. The volcanics consist of interbedded acidic and basic (homodromous
trachyrhyodacite-trachybasalt) rocks, while sedimentary horizons are generally discontinuous
layers of red-bed sandstones, siltstones, tuffites and occasional conglomerates and gritstones.
The deposits tend to reflect continental conditions, while the occurrence of evaporite minerals
(halite and gypsum imprints) suggests deposition in enclosed lagoon or lake basins The
thickness of the series is estimated to be 1800 - 2000 m.

The Middle Devonian is represented by the Saragashskaya and Beiskaya suites. The former
transgressively overlies Lower Devonian deposits and contains thin interlayers of gritstone at
the base of the sequence. These are replaced upwards by interbedded yellow- and greenish
siltstones, sandstones, mudstones, marls and limestones. The thickness of the Saragashskaya
Formation varies from 150 to 300 m and is conformably overlain by the Beiskaya Formation,
comprising grey limestones, with interlayers of dolomites, marls, occasional calcareous
sandstones, siltstones and mudstones. The thickness of the Beiskaya Formation varies from 60
to 250 m.

Upper Devonian deposits include the terrigenous red-bed sedimentary rocks of the
Oidanovskaya, Kokhaiskaya and Tubinskaya Formations. The Oidanovskaya Formation is
some 200 - 600 m thick, conformably overlies the Beiskaya limestones and consists of
siltstones, mudstones and occasional cross-bedded gritstones. The Kokhaiskaya Formation is
30 - 600 m thick and is dominated by intercalated greyish siltstones and mudstones (containing
thin beds of sandstones), marls and algal and brecciated limestones. The Tubinskaya Formation
varies from 200 to 1200 m in thickness and is composed of red sandstones, with interlayers of
siltstones, mudstones and conglomerates.

The Lower Carboniferous system (Turnaisian Stage) is represented by the Bystryanskaya and
Altaiskaya Formation. The Bystryanskaya Formation conformably overlies the Tubinskaya red-
beds, and comprises grey, yellowish and greenish sandstones, limestones, siltstones, mudstones
and tuffites, with a total thickness of some 275 m. A gradual upwards transition introduces the
Altaiskaya Formation, comprising red-brown and yellowish-violet tuffs, tuffites, siltstones and
sandstones, which is 50 - 135 metres thick.

The sedimentary rocks of the Middle (Saragashskaya, Beiskaya) and Upper (Oidanovskaya,
Kokhaiskaya, Tubinskaya) Devonian and Lower Carboniferous are believed to have been laid
down in a post-rift sedimentary basin under shallow-water marine and lagunal (Middle
Devonian and Carboniferous) or continental (Upper Devonian) conditions. Indicator-minerals
of evaporite conditions (interbeds of gypsum, barite and fluorite, imprints of rock salt) are
known from Devonian and Lower Carboniferous deposits.
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The modermn structure of the sub-basins of the Minusinskii Trough is traversed by sublatitudinal
faults. The most recent displacements on these faults, accompanied by the formation of
volcanic pipes, took place in the interval 28 - 78 Ma ago (Parnachev et al., 1996b).

Summary
Essentially, therefore, the geology simply comprises:

- Pre-Devonian metasedimentary and igneous rocks

- Lower Devonian sedimentary, clastic rocks, with a significant component of
volcanic/volcanosedimentary strata. Contains some evaporite minerals (gypsum /
imprints of halite)

- Middle Devonian sedimentary rocks, often with a significant content of carbonates.

- Upper Devonian tendency to red-bed facies ("Old Red Sandstone"), with evaporite
minerals (gypsum / imprints of halite)

- Carboniferous sedimentary rocks of varied type, including tuffites, carbonates and, in
the Chernogorsk/Abakan area, coals.

- Inthe core of the Abakan syncline, coal-bearing Permian sedimentary rocks also occur.

- Tertiary: fault reactivation. Volcanic plugs in the Shira area.

- Quaternary. Modest glaciation. Local, rather than regionally extensive, ice activity.
Alluvial deposits along rivers.

C3  Kuznetsk-Alatau Region

The following is (selectively) translated from (Parnachev et al. 1998a), from the chapter
entitled "Kuznetsk-Alatau Mega-Anticlinorium”. It reflects the legend of Tables 6.1-6.3 in
Appendix J.

Riphean Era (R): Includes four suites: the Sinnigskaya, Tyurimskaya, Charishtatskaya and
Bidzhinskaya. The Sinnigskaya Suite comprises tuffaceous sandstones, tuffaceous
conglomerates, effusives of intermediate and acidic composition, with rare layers of limestone
and siliceous slates. I.e.: the composition of the rocks of this suite is fundamentally
volcanogenic. The other three suites differ little lithologically - they are comprised of
limestones, dolomites and rare sandstones, siltstones and slates. Thus, the Riphean deposits of
the Kuznetsk Alatau have a fundamentally carbonate nature.

Vendian System (V): Comprises several suites: the Amarskaya (sandstones, conglomerates,
siltstones), the Tarzhul'skaya (dolomites, limestones, silicilites), the Gidrinskaya (dolomites,
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limestones), and the Martyukhinskaya (dolomites, limestones) suites. Thus, in the deposits of
the Vendian system is observed a dominance of carbonate lithologies.

Vendian - Lower Cambrian (V-€,): Includes the Sorninskaya and Belkinskaya formations,

comprised of limestones, siliceous slates, phosphorites and dolomites.

Lower Cambrian (€ ,): To the Lower Cambrian belong the Ust' Kundatskaya, Brodovskaya,

Bogradskaya, Usinskaya, Tunguzhul'skaya and Kolodzhul'skaya suites. All these have a rather
mixed composition: limestones, dolomites, siliceous slates, siltstones, sandstones, argillites,
with sparse basalts. Carbonate rocks dominate. Only in the Ust' Kundatskaya suite do clastic
rocks predominate - slates, sandstones and siltstones. In these, vulcanites of primary
composition are also rather frequently encountered.

Lower - Mid Cambrian (€, - €): Many suites coincide with this chronostratigraphical level
and these are classified into different structural-facies zones under different names:
Azirtal'skaya, Yefremkinskaya, Sonskaya, Bogoyul'skaya, Poltavskaya and Ulutagskaya. All of
these suites occupy, in section, a close position, and are primarily composed of detrital rocks:
sandstones, siltstones, conglomerates, amongst which occur layers of tuffs, limestones and
flows of effusive rocks.

Middle Cambrian (€): In the middle Cambrian, the following suites are recognised:
Tolcheinskaya, Sladkokorenyevskaya, Bezimyannaya, Kanimskaya, Batenevskaya and
Berikul'skaya. These are composed predominantly of sandstones, siltstones, tuffs and clayey
slates; but in the Bezimyannaya suite the rocks are dominated by carbonates (limestones) and
in the Berikul'skaya by effusives of intermediate composition (andesites and andesobasalts).

Ordovician (0): The Koshkulakskaya suite, whose age is controversial, is tentatively
allocated to the Devonian. Some researchers place the suite in the Middle Cambrian, others to
the Devonian. Our point of view is that the Koshkulakskaya effusives have a riftogenic nature
and were formed during the Ordovician / Silurian (Makarenko & Parnachev 1994).

Intrusive Magmatic Rocks of the Kuznetsk Alatau are fairly widely developed, and in our
region of interest, belong to the Salanskii Complex of hyperbasites (R;?), the Izikhskii Gabbro-
Pyroxenite Complex (R;?), the Tyurimskii Gabbro-Diorite Complex (R3?), Kundustul'skii

Gabbro-Plagiogranite Complex (€;.,), the Kogtakhskii Gabbro-Monzodiorite Complex (€,),
the Tigertishskii / Martaiginskii Complex (€5-0,) and the Yulinskii Granitoid Complex (D,?).

All of these intrusive complexes form different-sized bodies.
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Tectonically, the Kuznetsk-Alatau Mega-anticlinorium represents a folded (?) system of
Salairo-Caledonian consolidation, which, in its turn, divides into still smaller structures. Within
the bounds of the study area, two structural-formation zones are prominent: the Batenevskaya
and the Mrasskaya. The first is developed between the Central and Northern parts of the Askiz
region; the second follows a narrow belt along the western administrative border of the
Republic of Khakassia. representing the extreme eastern limit of the Mrasskii platform. All the
differently aged lithologies of these tectonic structures are intensively dislocated (?), developed
with series of disjunctive discontinuities of north-west, submeridianal and north-east direction
and perforated with granitoids and granite-granosyenite-syenite intrusives of the Tigertishskii,
Martaiginskii and Uibatskii Complexes. In the northern part of the region is located the
southern extremity of the Uibatskii graben-rifi, representing a linear tectonic structure (400 x
30-70 km), formed as a result of Cambro-Ordovician continental riftogenesis, first
demonstrated and substantiated by the researches of the authors (Makarenko & Parnachev
1994, 1996).

C4  The Western Sayan Mega-Anticlinorium

PreCambrian (R;2?): To the PreCambrian massif belong metamorphic slates, metasandstones
with layers of marble, comprising the Dzhebashskii Platform, ascribed by many researchers to
the Baikal Structure, although there also exist theories of a younger (Ordovician) age for the
Dzhebashskii metamorphics (Kachalo 1996).

Lower Cambrian (€ ;): Two suites are distinguished, in terms of composition, in the Lower

Cambrian - the Lower Monokskaya, which is substantially volcanogenic, comprising basalts,
andesites, plagiorhyodacites, tuffs and jaspers, and - the Upper Monokskaya, which is
terrigenetic, comprising sandstones, siltstones, conglomerates, argillaceous and silicic slates,
tuffs and limestones.

Middle Cambrian (€;): Inthe Middle Cambrian, the Arbatskaya Suite is divided into two

sub-formations: (i) the Lower comprises tuffaceous sandstones, tuffaceous conglomerates,
tuffs, effusives of basic and intermediate composition, sandstones and siltstones; (ii) the Upper
comprises sandstones, siltstones, conglomerates and rare tuffs.

Upper Cambrian - Lower Ordovician (€3 - O;): The Kurukulskaya Formation is mapped in

this chronostratigraphic interval, comprising sandstones, siltstones, conglomerates, converted
in zones of fracturing to crystalline slates and gneisses.

Ordovician System (O): This is present with all three parts: (i) the Lower, where the
Yerinatskaya Formation is identified: diverse sandstones, siltstones, mudstones and
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conglomerates; (ii) the Middle, where the Kokhoshskaya Formation is recorded: diverse
sandstones, siltstones, argillaceous-siliceous slates and conglomerates, and (iii) the Upper,
where the Karatashskaya Formation is mapped: sandstones, siltstones and argillaceous-
siliceous slates.

Silurian System (S): This comprises two parts. In the Lower Silurian, the following
formations are distinguished (from the bottom upwards): the Oninskaya (limestones, marls,
sandstones, siltstones and conglomerates), the Tostugskaya (sandstones, siltstones, siliceous-
argillaceous slates and conglomerates), the Pozarimskaya (sandstones, siltstones, mudstones,
tuffs and conglomerates). In the Upper Silurian is mapped the Kulogeshskaya Formation (limy
sandstones, mudstones, limestones, tuffs).

Devonian System (D): Represented by the Lower Devonian (Kup-Khol'skaya Suite),
composed of rhyolites, rhyodacites, trachyrhyolites, dacites, andesites, but also of tuffs and
layers of tuffaceous sandstone and tuffaceous conglomerate.

Carboniferous System (C): The youngest (Pre-Quaternary) deposits occur in the Lower
Carboniferous Uzyupskaya suite, comprised of sandstones, conglomerates, siltstones, tuffs,
with layers of limestones.

Magmatic (Intrusive) Bodies of the Western Sayan zone are diverse. On the combined
legend (Table 5.2, Appendix J) are shown all the intrusive complexes currently recognised. The
oldest intrusions are found in the Aktovrakskii serpentinite complex of serpentinitised
peridotites, dunites, pyroxenites, assumed to be of middle Riphean age. In the range middle
Riphean - early Cambrian, is placed the Kurtushibinskii-Borusskii Melange - Olistostromic
Complex, comprised of a combination of variolites, quartzites and siliceous slates with
diabases, serpentinites and gabbroids. In the early Cambrian, the Subbotinskii Complex of
gabbroids and gabbro-diorites was introduced. The intrusives of the early Palaecozoic Mainskii
intrusive complex enjoy a wide distribution: the first phase comprises gabbroids, the second
comprises diorites, tonalites and gabbro-diorites, the third phase, plagiogranites. Additionally,
in the early Cambrian, we find the Lisogorskii intrusive complex of gabbroids, pyroxenites,
dunites and diorites. In the Silurian is registered the Bol'sheporozhskii Complex of tonalites,
granodiorites and diorites. The intrusives of the early Devonian sub-volcanic complex of
granite-porphyries enjoy considerable development: as do the granite-diorites and
granodiorites-leucogranites of the Dzhoiskii Complex. The "youngest" intrusives of the
formation are the granodiorites / diorites of the Kozerskii Complex of Devonian age.

Tectonically, the Western Sayan behaves as a major mega-anticlinorium, in whose structure
the smallest subdivisions (from north to south) are: (i) the Northern Sayan lineal zone, dividing
the Western Sayan structures from the structure of the Minusinsk intermontane trough; (ii) the
Dzebashskii anticlinorium (platform) and (iii) the Western Sayan synclinorium. The tectonic
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formation of the mega-anticlinorium was accomplished during several tectono-magmatic cycles
- the Baikalskii, the Salairskii and the Caledonian. The ancient deposits are intensively
metamorphosed; for the Caledonides a characteristic predominance of flyschoid and molassic
facies-complexes is noted. All of the rocks are dislocated and perforated with intrusives of
various ages. A widely distributed network of faults, which, in the north and north-east have
the typical "Western Sayan" direction, but which, in the south-west, acquire a sub-meridianal,
north-west and north-east trend - i.e. "Gorno-Shorskii" and "Altaian" trends.

5.5  Minusinsk Intermontane Trough

The deposits relating to this geological structure are widely distributed within the Askiz, and
also in the northern part of the Tashtip, regions, where they form part of the South-Minusinsk
depression. Here, they are characterised by effusive-sedimentary rocks, from all parts of the
Devonian and Carboniferous systems.

Devonian system (D): The Lower Devonian suites are situated with a sharp angular
unconformity on Pre-Devonian basement and comprise the Biskarskii sedimentary-
volcanogenic complex. They were formed in the process of continental riftogenesis
(Parnachev, Viltsan, Makarenko et al. 1996). By virtue of the sharp changeability of
composition, they are allocated by different researchers to a large number of suites and strata,
which form lateral sequences. Vertically, they are allocated to five chronostratigraphical levels
of development of these and other stratons (from the bottom up): the Chilanskii, the Imyekskii,
the Tolochkovskii, the Tashtipskii and the Timertasskii.

- Inthe Chilanskii chronostratigraphic level, is developed the following lateral sequence
of contemporaneous formations: the Kharadzhul'skaya, the Kazanovskaya, the
Matarakskaya, the Chernoiyusskaya and the Kop'yevskaya. These are developed in
different structural-facies zones and have a general lithological-petrographical
composition including basalts, andesites, dacites, sandstones, siltstones, conglomerates
and tuffogenic rocks.

- The Imyekskii chronostratigraphic level includes the following contemporaneous
formations: the Chergatinskaya and the Tastrezenskaya. The lithologies include the
following: trachydacites, trachyrhyolites, tuffs, tuffaceous sandstones, siltstones,
mudstones, limestones and dolomites.

- The Tolochkovskii age level, as well as the Tolochkovskaya Formation, includes the
following: the Sidinskaya and Bereshskaya. This level comprises sandstones, tuffaceous
sandstones, effusives and tuffs. The Sidinskaya and Bereshskaya formations are
developed outside of the region under consideration.

- The Tashtipskii level is characterised by various contemporaneous formations of
different facies: the Uibatskaya, the Koksinskaya, the Migninskaya and the
Kachaevskaya. Of these, the Uibatskaya and Koksinskaya are fundamentally
terrigenous and are composed of sandstones, siltstones, limestones and tuffs. The
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Migninskaya and Koksinskaya are primarily volcanogenic: intermediate, acidic and
basic effusives, often of elevated alkalinity.

- The Timirtasskii-age level, apart from the Timirtasskaya formation, includes the
Sagarkhainskaya and Perevoznaya formations. These comprise volcanogenic-
sedimentary rocks with a predominance of vulcanites of basic composition
(trachybasalts) relative to terrigenous rocks.

Middle Devonian (D;): In the middle Devonian is a sequence of suites, differing in position in
section, and in composition of rocks. Typically, they are an alternation of terrigenous and
carbonate sediments, the terrigenous sediments being distinguished for their colour (reddish,
7772, and multicoloured) such that they are widely used during geological mapping. They are
divided into the following formations (from the bottom upwards): the Toltakovskaya, the
Askizskaya, the Ilyemorovskaya, the Beiskaya. In the Beiskaya suite, carbonate rocks
(limestones, marls) predominate, while in the other formations, terrigenous-clastic rocks
dominate (sandstones, siltstones, mudstones, with occasional conglomerates and layers of
limestone).

Upper Devonian (Ds): The deposits of the Upper Devonian are divided into three formations
(from the base upwards): the Oidanovskaya, the Kokhaiskaya and the Tubinskaya. The
sequence of rocks in all formations is of one type: sandstones, siltstones, mudstones, with
occasional conglomerates. They are primarily distinguished by the colour of the rocks.

The Carboniferous System (C): Within the Lower Carboniferous (C;) are found nine
formations (from the base upwards): the Bistryanskaya, the Altaiskaya, the Kamishtinskaya,
the Samokhval'skaya, the Krivinskaya, the Solomenskaya, the Yamkinskaya, the Bainovskaya
and the Podsin'skaya. The material composition of the formations is fairly uniform, namely
tuffogenous-sedimentary rocks: tuffs, tuffites, sandstones, siltstones, mudstones, and
occasionally limestones and conglomerates. In view of the similar lithological-petrological
composition, it is often not possible to subdivide the stratigraphical succession into all the
component members. In such a case one must combine these formations into three stratons:
the Bistryanskaya, the Altaiskaya and the Kamishtinskaya are combined; the Samokhval'skaya,
the Krivinskaya and the Solomenskaya likewise; and finally the Yamkinsko-Podsin'skaya (see
Table 6.3 in Appendix J).

The Middle Carboniferous (C;). The middle Carboniferous is divided into two formations
(from the base, upwards): the Chernogorskaya (comprising siltstones, sandstones,
conglomerates, coals) and the Poberezhnaya (siltstones, mudstones, sandstones).

The Permian System (P). The sediments of the undivided lower-middle parts of the Permian

(P;2) comprise the rocks of the Narilkovskaya formation: siltstones, sandstones, mudstones,
coals.
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Magmatic (intrusive) rocks of the south Minusinsk depression are not very widely
developed, and they have a sub-volcanic character. They are spatially and genetically related
with the vulcanites of the Biskarskaya formation of the Lower Devonian. These smallish bodies
are of rather diverse petrographic composition: trachyandesite-porphyries, trachyrhyolite-
porphyries, trachite-porphyries, trachybasalts, andeso-basalts, gabbros, microgabbros, dolerite-
basalts, microdiorites, diorites, syenite-porphyries, granosyenite-porphyries.

As regards tectonic relationships, the South-Minusinsk depression belongs to the system of
Devonian riftogenic basins of the central part of the Altai-Sayan fold (orogenic ?) region
(Parnachev, Viltsan & Makarenko 1996), for which a combination of vulcanites of elevated
alkalinity with terrigenous rocks of continental molasse sub-formation (type ?) and distinctive
"riftogenic" mineralisation is characteristic. Within the study region are recorded the
southwestern margins of a depression, which, along the Kandatskii deep fracture, is accounted
part of the tectonic structure of the Western Sayan mega-anticlinorium. In the north, northeast
and northwest, it is regarded as belonging to the Salairskii-Caledonian megacomplexes of the
Kuznetsk-Alatau fold system. In the last case, the character of the contact is complex - in
places tectonic, in others stratigraphic, with distinct angular disconformities. The middle and
upper Palaeozoic deposits of the basin are intensively folded by the "Western Sayan" extension
and faulted by numerous disjunctive fractures of varying orientation. The system of plicate
dislocations is united with the structure of the Abakanskii and Tashtipskii basins.
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APPENDIX D - BOXPLOTS SHOWING DISTRIBUTION OF FIELD AND
ANALYTICAL PARAMETERS BASED UPON SAMPLE TYPE, DOMINANT LAND
USE (GROUNDWATERS ONLY) AND YEAR OF SAMPLING (ALL WATERS)

Boxplots are based on field determinations, and analytical determinations performed at NGU (i.e. analyses in
Tables 3.3, 3.4, 3.5,3.6, 4.3, 4.5, 4.6, 4.7). H,S is based on 0 = no smell, 1 = some smell, 2 = strong smell. For
the purposes of statistical presentation, concentrations below detection limit are set to half the detection limit.

- 1™Figure: H,S to SO,

- 2™ Figure: Ag to Fe, by ICP-AES

- 3" Figure: K to Si, by ICP-AES

- 4" Figure: Sr by ICP-AES to Co by ICP-MS

- 5™ Figure: Cr to Zr, by ICP-MS

The following should be noted:

- HaS smell is often observed at lake sites (sulphate reduction in lakes)

- pH values are highest in lakes, then in rivers and lowest in groundwaters

- Temperature and alkalinity are also highest in lakes

- Ehis lower in lake water than groundwater

- the following parameters are generally higher in lake waters than other water types, probably due to
evaporation (or, in some cases complexation): ¥, CI', Br, SO, B, K, Li, Mg, Mn, Na, P, Sr, V, Zn,
La (ICP-MS), Ce (ICP-MS), Pb (ICP-MS), Zr (ICP-MS)

- the salinity of urban groundwaters tends to be greater than that of rural or agricultural groundwaters.
This is probably related to the location of urban areas in lowlands, but may also have a contamination-
related component.

- the following parameters tend to be higher in urban groundwaters than groundwaters with other land
uses: CI', Br, NOj, SO,7, B, Ca, Ce, K, Li, Mg, Na, Si, Sr

- lake waters generally have less of the following parameters than other water types: Ba, Ca, Si

- urban groundwaters generally have less of the following elements than the other land use categories:
Ba

- Mine waters tend to be relatively high in the following parameters compared with other water types:
Fe, Mn, Mo, Al (ICP-MS), Co (ICP-MS)

- Cd (ICP-MS) is significantly higher in the year 2000 than in 1999, backing up the laboratory's
suspicion that analysed Cd by ICP-MS was systematically too high for that year (see footnote to Table
4.7

Note that the most saline samples were often not analysed by ICP-MS. This leads to distortion in boxplots for
elements analysed by ICP-MS especially for lake waters, the majority of which are rather saline.
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APPENDIX E - BOXPLOTS SHOWING DISTRIBUTION OF FIELD AND
ANALYTICAL PARAMETERS BASED UPON DOMINANT AQUIFER GEOLOGY

Boxplots are based on ficld determinations, and analytical determinations performed at NGU (i.e. analyses in
Tables 3.3, 3.4, 3.5, 3.6, 4.3, 4.5, 4.6, 4.7). H,S is based on 0 = no smell, 1 = some smell, 2 = strong smell. For
the purposes of statistical presentation, concentrations below detection limit are set to half the detection limit.

1* Figure: H,S to SO,

2™ Figure: Ag to Fe, by ICP-AES

3" Figure: K to Si, by ICP-AES

4™ Figure: Sr by ICP-AES to Co by ICP-MS
5™ Figure: Cr to Zr, by ICP-MS

Note: LPS = Precambrian and Lower Palacozoic sedimentary rocks (groundwater only)
LPV = Precambrian and Lower Palacozoic volcanic rocks (groundwater only)
C-O_Granite = Cambro-Ordovician intrusive igneous granitoids (groundwater only)
D12 _tot = Lower and Middle Devonian strata (groundwater only)

D3 = Upper Devonian Strata (groundwater only)

Carb. = Carboniferous strata (groundwater only)

Q = superficial Quaternary sediments (groundwater only)

LPS_Lakes = Precambrian and Lower Palacozoic sedimentary rocks (lake waters only)
etc.

The following should be noted:

- H,S smell is typically observed at lake sites in D3 and Carboniferous geology (sulphate reduction in
lakes)

- pH and alkalinity values are highest in lakes.

- Temperatures are also highest in lakes

- Many parameters in groundwater exhibit their highest values in D3 and Carb., followed by D12, with
lowest values in the Lower Palacozoic and Precambrian rocks. These include: F, CI', Br, NOs’
(although in this case not Carb.), SO,, B, Ce, K, Li, Mg, Na, Sr, Rb (ICP-MS)

- Many parameters in lake water exhibit their highest values in lakes in D3 and Carb. These include: F,
CI, Br, SO4, B, Fe, K, Li, Na

Note that the most saline samples were often not analysed by ICP-MS. This leads to distortion in boxplots for
elements analysed by ICP-MS especially for lake waters, the majority of which are rather saline.
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APPENDIX F - BOXPLOTS SHOWING DISTRIBUTION OF BACTERIOLOGICAL
PARAMETERS, BASED UPON WATER TYPE, DOMINANT LAND USE
(GROUNDWATERS ONLY) AND YEAR OF SAMPLING (ALL WATERS)

Boxplots are based analytical determinations performed at TGU (i.e. analyses in Tables in 3.7
and 4.8). Note that in the year 2000, only analyses for aerobic saprophytes were carried out).

1* Figure: Aerobic and anaerobic saprophytes, sulphate reducing bacteria
The following should be noted:
- of the water types, aerobic saprophytes are fewest in the lake waters, whereas
anaerobic saprophytes and SRB are most abundant in the lake waters.

- as regards land use, all three classes of bacteria are most abundant in urban
groundwaters.
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APPENDIX G - VARIATION OF ANALYTICAL PARAMETERS WITH CHLORIDE
SALINITY

Boxplots are based on field determinations, and analytical determinations performed at NGU
(i.e. analyses in Tables 3.3, 3.4, 3.5, 3.6, 4.3, 4.5, 4.6, 4.7). For the purposes of statistical
presentation, concentrations below detection limit are set to half the detection limit.

1" Figure: Correlations of chloride versus sulphate, chloride versus sodium and calcium
versus t-alkalinity for all waters, according to water type.

2" Figure:  Correlation of various parameters (pH, t-alkalinity (field), F, Br,, NO; (by IC),
Si, Mg, Ca, K, Sr, Li, B (by ICP-AES) with chloride (by IC) for all waters, according to water

type.

The following should be noted:

- for Ca vs. t-alkalinity the upper envelope of the data shows a tendency towards a
negative trend. This is indicative of the presence of calcium and alkalinity being limited
by a saturation ceiling for calcium carbonate.

- There is a very good correlation between chloride and sulphate, but an even better one
between sodium and chloride.

- There is a correlation between t-alkalinity and chloride, especially in higher salinity
samples.

- Lake waters are characterised by high concentrations of salinity related parameters (CI,
S04, Na, Br, Mg, K, Sr, Li, B), all of which have a good correlation with chloride.

- Fluoride also shows some degree correlation with chloride, especially in the more saline
water samples.

- Nitrate shows some degree of correlation with salinity in rivers and groundwaters,
possibly indicating it to be concentrated by evaporation. In lakes, however, it exhibits
low concentrations, probably related to nitrate reduction processes.

- Lake waters exhibit especially high pH values. River waters also exhibit higher pH
values than groundwaters, for a given chloride concentration.

- Silicon and calcium concentrations are relatively constant in waters of low to moderate
salinity, but decrease in ground- and lake-waters of high salinity.
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APPENDIX H - COVARIATION OF BACTERIOLOGICAL WITH OTHER
ANALYTICAL PARAMETERS

Boxplots are based on bacteriological analyses performed at TGU (Tables in Sections 3.7 and
4.8), field determinations, and analytical determinations performed at NGU (i.e. analyses in

Sections 3.3, 3.4, 3.5, 3.6, 4.3, 4.5, 4.6, 4.7). For the purposes of statistical presentation,
concentrations below detection limit are set to half the detection limit.

1* Figure: Inter-correlations of bacteriological parameters, correlation of bacteriological
parameters with nitrate, sulphate, H,S smell, t-alkalinity and potassium for all waters,
according to water type.

The following should be noted:

- There is no clear correlation between aerobic saprophytes and anaerobic saprophytes /
SRB

- There is a weak positive correlation between anaerobic saprophytes and SRB

- There is a weak positive correlation between aerobic saprophytes and nitrate

- There is a weak negative correlation between anaerobic saprophytes/SRB and nitrate

- There are weak positive correlations between anaerobic saprophytes / SRB and
sulphate.

- There is a weak positive correlation between SRB and the presence of an H,S smell

- There is no correlation between SRB and alkalinity, nor between aerobic saprophytes
and potassium
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APPENDIX I - COMPARISON OF ELEMENT ANALYSES BY VARIOUS
TECHNIQUES AT NGU, AND COVARIATION OF SELECTED PARAMETERS ON
X-Y DIAGRAMS (ALL WATERS)

Boxplots are based on field determinations, and analytical determinations performed at NGU
(i.e. analyses in Tables 3.3, 3.4, 3.5, 3.6, 4.3, 4.5, 4.6, 4.7). For the purposes of statistical
presentation, concentrations below detection limit are sct to half the detection limit.

1" Figure:  ICPMS vs. ICPAES for Al to Pb
2" Figure:  ICP-MS vs. ICPAES for Zr
IC vs. ICPAES for P
t- and p-alkalinity in field and in lab. (year 2000 only - Table 4.3)
Eh in sediment vs. Eh in water
t-Alkalinity vs. calcium
Fluoride vs. calcium
Barium versus sulphate
Sulphate versus chloride
Sulphate versus sodium
Sodium versus chloride
t-alkalinity vs. chloride

The following should be noted:

- ICP-MS and ICP-AES determinations are broadly compatible for the following
elements: Al, B, Be, Cd, Co, Cr, La, Li, Mo, Ni, Pb, Zr. There is a rather poor degree
of correlation between ICP-MS and ICP-AES for Ce.

- P by ICP-AES and PO,> by IC are compatible

- field and laboratory determinations of alkalinity are compatible.

- there is some correlation between Eh in water and in sediment, with Eh in sediment
generally significantly lower than that in water

- for Ca vs. t-alkalinity, fluoride vs. calcium and barium vs. sulphate, the upper envelope
of the data shows a tendency towards a negative trend. This is indicative of the
presence of calcium, alkalinity, barium and fluoride being limited by saturation ceilings
for calcium carbonate, fluorite and barite.

- There is a very good correlation between sodium and sulphate, but an even better one
between sodium and chloride.

- There is a correlation between t-alkalinity and chloride, especially in higher salinity
samples.
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APPENDIX J - STRATIGRAPHIC TABLES (IN RUSSIAN) FOR THE STUDY AREA.
AFTER PARNACHEY et al. (19982)
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CsopHas cxeMa crpaturpaduu pailoHa oTpaxeHa B JereHae (tabmi. 6.1,
6.2,6.3) ‘

Pudeiickas spatema (R) Bximoyaer 4 CBUTHI - CBIHHHUICKYIO, TIOPUMCKYIO,
yapbIUTATCKYIO U OUIKUHCKYI0. ChIHHHICKasl CBUTA COCTOUT U3 Ty(donecyaHu-
KOB, TYGOKOHTTIOMEPATOB U 3(pdy3UBOB CPEIHETO U KUCIOI'O COCTaBOB C pel-
KAMH IIPOCIIOSMH U3BECTHIKOB M KPEMHHUCTBIX CIAHIIEB, T.€. COCTAB MOPOI 3TOMH
{ CBUTHI CYLIECTBEHHO BYIKaHOTeHHbI. OcTanbHble TPU CBUTHI MAJIO OTIMYAIOTCS
0 JIUTOJIOTHUHU - OHM CIIOXKEHbI U3BECTHSAKAMH, JOJIOMUTAMHU C MPOCIOIMH Hec-
yaHUKOB, aJIEBPOJIMTOB, claHleB. Takum oOpa3oM, 1 pUGEHCKHUX OTIIOKEHUH
Kysneuxkoro AmaTay xapaKTepeH CyLIECTBEHHO KapOOHAaTHBIM (auuanbHeid
npoUIIL.

Benpackas cucrema (V) 06beIHHSIET HECKOIBKO CBUT: aMapcKas - IeCYaHu-
KH, KOHIJIOMEpAaThl, ajleBPOJINThI; TAPXKYIbCKAad - JHOJIOMUTHI, U3BECTHAKH, CH-
THIVUIHTBI; TUAPUHCKAS - JOJIOMUTHI, H3BECTHAKH; MAPTIOXMHCKAS - JOJIOMHTEIL,
uBeCcTHAKU. Takum oOpa3oM, B OTIIOKEHUSIX BeHOa HaOmomaeTcs npeodianga-
gie KapOOHATHBIX JINTOhaLMIA.

Benp-uuknuii kemopmit (V-Ci) BKIIIOHAeT COPHUHCKYIO M OEIKHHCKYIO
(BUTBI, COCTOSILIIME U3 U3BECTHSIKOB, KPEMHHUCTBIX cllaHUeB, GocdopuTos, noo-
MUTOB.

Huwxuuii kemOpuii (C1). K HkHeMy KeMOpHIO OTHOCATCS YCTb-KYH-
paTckas, OponoBckas, 6orpajackas, yCUHCKas, TYHTYXYJIbCKas, KOJOMKYNIbCKas
(BUTHI. Bce OHU HMMEIOT AOBOJBHO MECTPBI COCTaB: U3BECTHAKU, TOJIOMMTHI,
KpEMHUCTbIE CIAHLBI, aleBPOIUTEI, NECYaHUKHU, apIUILIUTBI, PEOKO 0a3anbThl.
llpeobnanator xapboHaTHbie noponsl. JIump B YCTh-KYHIATCKOM CBUTE IpeBa-
MPYIOT 0OJIOMOYHBIE MTOPOABI - CIaHIbl, TIECYAHUKH, aJIeBPOJIUTEI. B Hel mo-
BOJIbHO YaCTO BCTPEYAIOTCA U BYJIKAHUTHI OCHOBHOI'O COCTaBA.

Huxkauii-cpennuii kemOpuii Hepacuienenubnie (Ci2). K maHHOMY XxpoHO-
(rpaturpaduyeckoMy YPOBHIO MPHYPOYEHO AOBOJBHO MHOIO CBUT, KOTOpBIE
BhiZiesieHbl B Pa3HbIX CTPYKTYPHO-(aluuadbHbIX 30HAX MOJ pa3HbIMU Ha3BaHUS-
Md: a3bipTaibCcKas, e(ppeMKUHCKAs, COHCKas, OOrorpbCcKas, MOJITaBcKasd, yiy-
Tarckas. Bce nepedncieHHble CBUThI 3aHUMAIOT B pa3pe3e OJIM3KOe MOI0XKEHUE U
(IO3XeHBbI PEUMYLIECTBEHHO OOJIOMOYHBIMH MOPOAAMHU: IIECYAaHUKAMH, aJIeBpO-
MTraMu, KOHIJIOMEpATaMH, CPeIHd KOTOPBIX BBIAENAIOTCS NPOCION Ty(oB, u3-
BeCTHAKOB, MOTOKH 3¢ (Py3UBOB. }

Cpenneii kemOpuii (Cz). B cpenHeM keMOpHUU U3BECTHBI CIEAYIONINE CBUTHL:
ToTyerHCKAs!, CIaOKOKOPEHbeBCKas, Oe3bIMAHHAS, KaHbIMCKas, OaTeHeBcKad,
Sepuxymnbckas. CoctosT oHH NIPEUMYLIECTBEHHO U3 I1ECYaHUKOB, aJIEBPOJIUTOB,
YhoB, rMMHKUCTHIX CIAHLEB, HO B GE3bIMSAHHON CBUTE JOMHHHUPYIOT KapOOHAT-
fbie (M3BeCTHAKHU), & B OEpUKYILCKOH - 3(Py3UBBI CPEIHErO COCTaBa (AaHIE3UTHI
annesnbasansThl).

Heson (D). K 1eBOHCKHM OTIOKEHHAM YCIOBHO OTHECEHBI BYIKAHHUTEHI
Ouikynakckoii cBUTBI, BO3pacT KOTOPOH AHCKyccroHeH. OIHH HCCIenoBaTeN!
AHocaT ux K cpenHeMy KeMOpHIO, ApYyTHE - K IeBOHY, 10 HALLHM IIPeCTaBIeH -

—4_




Tabauua 6.1.

Ceoanas nerenaa aiasa Kysneukoanarayckoro MeraHTHK/IHHOPUS
(mo marepnanam I'Tl "KpacHospckreosorusi'" u Xakacreoakoma)

vED12ju | FOnunckuit komnnexc. Ipanocuenutst (€), CyOienouHble rpannTh (£7)

l D%s |

Kouwkynakckas ceyira. TpaxnaHAe3NThI, TPAXHUThI, TPaxubazansThl, TYObI.
Teiickas ceuTa (I5) - TPAXMPHOIUTHI, TPAXHARUHTHI, AHACIUTHI, TYDbI

lyzC3-O| t |+ Turep- Bropas da3za. JlefikokpaToBble rPaHHUTBI
' THILICKHHA .
y1C3-Oyz |+ KoMm- IlepBas ¢a3za. 'paHuTHl, IPAHOZUOPUTSI
. JeKe :
E3Cok |: Kor- : TpeTbs dasa. CHEHHTSI, WENOYHbIE CHEHHTBI
© Tax- .
pozk ¢ ckuit . Bropas da3a. MOHLIOAHOPHUTBI, MOHLIOHHTHI, IHOPHTHI
. KoMm-
viCak © qexc : Tlepsas ¢asa. 'ab6po, accekcuTsl
prCy? Bepukynbckuii cyOBYNKaHHYECKHH KOMIIEKC.
Juoputossie nopbHpHTbI

C?t Bartenenckas ceuta. [lecuanuku, KOHIIOMepaThl.
Bepukynsckas cButa (br)- aHae3nTsl, Tyosl, TyhonecuaHuku
Cs Cpennuii xemOpuit. TosuenHckas, c1aAKOKOPEHbEBCKS, GE3bIMAHHASA, KaHbIMCKAR CBUTHI. [Tecuanuxy, anes-
POJINTbI, TPABEIHTDI, KOHTJIOMEPAThI, H3BECTHAKH, 3G dY3HBLI, TybI, TTHHHCTO-KPEMHUCTBIE ClaHLLb]
p’Y’Cl Skn Kynaycry- Bropas da3a. [TnaruorpaHurst
i IONIbCKHH ¢
viCiokn | @ xomnnexc . Mepsas daza. 'ab6po, rabopo-gonepuTsbi
v&iC).» | Pauue-cpennexembpuiickuii cy6Bynkanndecknii komniexc. I'ab6po-anopuTsl,
JHOPUTOBbIE NOPGUPHTHI (67)
Ciaaz Hitxunii-cpennuii kemGpuil. Alvipranbekas, ebpemkunckas (ef), coHckas (sn), 6ororonsckas (bg), nonras-
ckas (pf), ynyrarckaa (uf) csutet. [lecuanukn, aneBponuTbl, KOHITOMepaThl, TydonecyaHukH, 3¢dy3usst,
Tydel, HIBECTHAKH .
ClllS Yenuckas ceura. MssecThsaxy, anesponutsl. Mazacckas csuta (mz) - kpeM-  Hyoicnuil kem6puit.” Bponos-
HHCTBIC CTAHUBI, H3BECTHAKH CKad, Gorpaucxaz, YcHHCKad,
C 1 bg Cl Borpuackas ceuta. H3BecTHAKH, KPEMHHCTBIE H IJIHHHCTO-KPEMHHCTIE CAHLIbL. KyTeHb-GyTyKCKas, TYHIyKYilb-
Mpacckas cuta (mr) - Tydonecuanuxs, TyboaneBpHTst, IhdysHss CKas, KOJIOIMKYNbCKaf CBHTLL
W3BecTHAKH, JOTIOMMTBI, ClaH-
Cibr Bponosckan csuta. H3BeCTHAKH, HONOMUTBI, CHIHUMIHTBL KapuuTCKas pu; gkpewumcThie M IIHHHCTO-
caiTa (A7) - HIBECTHAKH, KPEMHHCTBIE c/TaHUBL Tamanbikckas cnTa (1m) - ypemmncTLie ANEBPOITHTHI
H3IBECTHAKH, aeBPOJMTEL, KPEMHHCTHIe Cranupl, dochoputst. Kypry- pecyammky, aprwturs, 6a-
cytosibekas cuTa (Kg) - H3BECTHAKH 3371 ThI

YceTekynnaTekas (?) ceuta. CiiaHLbl ITHHHCTO-KPEMHHCTBIE, ITECYaHNKH, AIEBPOIIHTHL,
3thdy3nBbl, TyQbl, U3BECTHAKH

CopHuHckas cBTa. VI3BeCTHAKH, KpeMHUCTBIE cnaHubl, pocdopnTtsl. Benkuuckas cauta (bl)

- W3BECTHAKH, OJIOMUTBI, ClTaHUbl, GOCHOPHTHI
Beup. AMapckas M TapsKyZlbCKas CBHTBI

Tapxynsckas cBUTA. MUTbI, H3BECTHAKH, CHITHUHINTDL [Ha-
PKY. Ta. Rono » M3BCCTE » CHIHLHIIHT Ha ofbenuHeHHble, MApTIOXMHCKas  CBMTa
vV pHHCKas cBUTA (gd) - DOTOMHTHL, HIBECTHSIKH (mr) - DOTOMMTH, WIBECTHIKH. 3aNAIHO-

Amapcxaﬂ ceuta, IMecyaHuxH, KOHIJIOMEpAThI, aJICBPOJIHTHI cHOuUpcKan cBUTA (Z5) - JOTOMMTBL. H3BeCT-
HAKH, CHIHUHANUTLHL

vR 3¢ Tropumckuii kommekc. ['a66po, raG6po-a1opHThI

Bumx Bepxhuii pudeil. KynsbropcTiorckas, noleHKoBcKas,
HIUKHHCKASA CBHTA. JONOMHTbI, HIBECTHAKM apaMOHCKas CBHUTHI, JIMTBHHCKasA Tomma. OCHOBHBIE 1

R; Yapelitarckas ceuta, M3BecTHAKH, JOTOMHTbI, Speanie sgy3unsl, Tydl, TyonecHaHHKH, H13BeCTHS-
KH, OOJIOMHTSHI, KPEMHHCTBIE CIRHLBL. Kasblp]ll!lCKaﬂ

CAaHUbI, 3d)d)y3”8b" TybI cuTa (Ab) - u3BeCTHAKY, JONOMHTBL, 3dPy3HBbI, Tydb!

Tropumckas cBita. H3pecTHAKH, NPOCION MecyaHUKOB, aneBpouToB. I'MaBcTanckas cauTa (g/)

- H3BECTHAKH
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CoixHurckas cauta. Tygonecuannky, TydokoHrnomepaTsl, 3pdy3ussl # Tydbl CpeaHEro H KHCIOro cocTasa,
H3BECTHAKH, KDEMHHCTBIE CITAHLBI

vR 2 H3bixckuit kommexe, [a66po, rabopo-nMpoKCeHNTbI, aHOPTO3HTHI

Ri7bi

Benoutocckas ceuta. MetaMopdusoBanHble 3¢ dy3uBel H Tydb! OCHOBHOTO COCTaBa, MPOCIOH
KPEMHHCTBIX CTAHLEB, MPAMOPH3OBAHHLIX H3BECTHAKOB

oR%s Canancxuit kommiaekc. CepneHTHHHTBI

Cirauz

i

Tabanua 6.2
Caopunas JiereHaa Aas 3anajHocasHCKOT0 MeraHTHKIHHOpPHSA
(no marepuanam I'TI "KpacHosipckreonorus" u Xakacreoyskoma )

Vatorickas cBuTa. nCanHHKH, KOHIJIOMEPATLI, AJIEBPOJIMTLI, Ty(bbl, TMPOCIIOH U3IBECTHAKOB

oD%k Kosepcxnit kommiexc. I' paHOAHOPHTHI, AHOPHTEI (8)
ly.Did | Tikoii- Bropas dasa. JlelixorpaHuTsi
©ocknit
Did ' KOMIN-
Y2 . nexc : Ilepsas daza. Ipanntsi, [paHOAHOPHTHI
oDy PanHeneBOHCKHHA cyOBYIKaHHYECKHIT KOMITUTEKC. JIHOPUTBI, rpauuT-nopdupst (Y0)

Kynxonscxas cButa. PHONUTHI, PHORALINTLL, TPAXHPHONUTDI, JALMTHI, aHAE3UTHI, TYDbI, TYHONECUaHHKH,
TydOKOHIIOMEPATh!

K}'HOFZIUJCKaﬂ cBuTa. 3BeCTKOBHCTLIE NECYAHUKH, apTHININUTLI, H3BECTHAKH, qu)bl

H03apblMCKaﬂ CBHUTA. HCC‘!&HHKH, AJICBPOJINUTDLL, APTHIUINTBI, KOHTTIOMEpAThl, H3BECTHAKH, Ty(bbl

2 BOHbUJCnO O)KCKHFI KOMHHCKC.TOH&IIHTH,F AHOAHOPHUTLI, AHOPHTHI
Y6S?bp P

TOCT)’I‘CK&H ceuTa. M3BECTKOBHCTBIE MECYAHHKH H ANIEBPOJIHTLL, KPEMHHUCTO-TJIHHUCTHIC CIaHLIbl, MEPIelH,
H3BECTHAKH, KOHITOMEPATh!

OnuHckas cBuTa. I/I3BCCTHXKH, Meprejii, neC4aHHuKH, aJIEBPOJIUTLI, KOHITIOMEPAThI
Kapa"romcxaﬂ ceuta. Ilecyanuky, aNIeBpPOJINTDI, TNTHHUCTO-KPEMHHUCThIE CTAHUbL

Koxouickas ceuta. [TecTpouseTHble necuaHUkH, aNeBPOIHTDI, ITHHHCTO-KPEMHHCThIE CIIAHLbI, KOHIIOME-
paTsl

EpMHaTCKaﬂ cBHTA. HCCTpOLlBCTHblC NnecyaHHKH, alIEBPOJIHTBI, aPTHIIUTB!, KOHTJIOMEPAThI

KypyKynbcxaﬂ CBUTA. I'Iecqamnm, QJIEBPOJINTDI, KOHIJIOMEPATLI, KpHUCTAJIITHYECKHE CITaHLbI,
rHelich

Apbat- | BepxHeap6atckas noacsuta. [lecuannx, anesponnTsl, KOHIIOMEPaTh!, TY(bI
ckas .
ceuta + Hwxneap6arckas noncsuta. TydonecuaHukH, TyGokoHriomepatst, Tydbl 1 3bdy3u-

.......... Bbl OCHOBHOTO 1 CPEAHEr O COCTABA, MECYAHHUKH, aJIEBPOIHTDI

voCil JIsicoropekuii kommekce. 'a66po, npOKCEHHTBI, AYHUTbI, IUOPHTHI
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BepxHemoHokcKkas cBuTa. [lecHaHHKH, aIEBPOMHUTBI, KOHIJIOMEPATHI, TJIMHICTHIE ¥ KPEMHHCTBIE CIaHUbI,
Tydbl, H3BECTHAKIH, 6a3aIbThI

l £\nm

pys€1m ‘Maiin-: Tpetba pa3a. [LnarnorpanuTsl
;. CKUH .
§:€1m |t xomn- ; Bropas daza. [[HopHTbI, TOHANHTLI, FaGOPO-AHOPHTHL
. JIeKC !
vi€m | . Ilepsas daza. 'a66po
vi€i PannexemOpuiicknit cyOBynkannueckuii xomnnexc. Fabopo-npodupnTel, nnarnorpa-
HHT-NOPGHPBI (pYT)

HuxueMoHOKCKas cauTA. BasanbTel, anne3uTsl, niIarMopHoaalHnThl, Ty(bbl, KPEMHHCTLBIC ClIaHUbI, AWIMbI

vi?s | Cy66orunckuii komnnexc. 'a66po, rab6po-auoputsi (v3)

R»-Cikb Kyprywmn6uncko-60pycckii  MeNaHK-OJIMCTOCTPOMOBLIHT  KOMIMIeke. BapHonuTsl, KBapuwThl,
KPEMHHCTBIE CAHUB!, AXa0a3bl, TYGL!, SHIMbI, CEPNEHTHHHTLI, rabopo

sR»7a AxToBpakckuii kommiexc. CeprieHTHHUTbI, CEPIIEHTHHH3HPOBAHHBIE NEPHAOTHTbI, JYHHTBI, THPO-
-’ KCEHHTBI

Ri.27dg

Hxebawckas cepus. Metamopduuecke claHLbl, MPOCION MPaMOPOB

Tabsnua 6.3
Cpoanas nerenga aasa MHHYCHHCKOIO MeKropHOro nporuda
(mo matepnasam I'T1 "KpacHosipckreosorus' i XakacreoikomMa)

YeTBepTHUYHbBIE OTAOXKEHHS i

vP-Tk | Konbesckuii komnnexc. [a66po, fonepuThl, NMKpOROIEPH-
Thl, TEWEHNTSI

HapblHKOBCKaH cBUTA. AJ'XCBpOﬂHTbl, NECHAHHKH, aPTHJUINTBI, KAMEHHBIE YIJTH

Benospckas ceuta. [lecuannku, aneBpoONHTHI, KAMEHHbBIE YTIIH

TlobGepexHas cBHTAa. ANEBPONHTBI, APTHIUIUTDI, MTECUAHHKH YepHoropckas o
Calr+Coypb nobepexHas CBHTa
YepHoropckas cBUTA. AJIEPOIHTHI, IECYAHHKH, KOHIJIOMEPATHI, 06begHHEHHbIE
KaMEHHbIE yITIH b
Capcxas cauTta. [lecuaHnky, aneBpoONHTHI, aprHIUTHTLI, KAMEHHbBIE YIIIH Coxkenbckas " {
Cisk+ Casr capckas CBHTbI

Coxxenbckas cBiTa. KOHIIOMEPaTh!, FPaBENHTBI, MECYaHHKH, AIEBPOSHTLl  0fbeHHEHHbIE )

Moncunsckas cauta. Tydsl, TybduTtel, SMkuHckas  baiiHoBckas u
. Cibnt Cips | pecuanuxu U MOJACHHb- TMOJCHHbCKASA CBH-
Cujnt Cips Baiinosckas cBiTa. [TecyaHukH, aneBpoln-  cxas CBHUTbI Thl OOBEAHHEHHbIE
Tbl, TYQbI, KOHIIOMEPATHI Hepacune-

AmxHuckas ceuta. Tydel, Tydonecyanuky, Tyhoanespo-  yeynple
TTHTBL, HIBECTHAKH

Conomenckas ceuta. M3secTuaxy, TydbonecuaHuk, CamoxBanbckas, .
TV KpUBHHCKAA " :
Cism* Cusl Kpusunckas caura. Tydsl, Tydonecuanukit, Tygoanepo-  conomeHcKas i
JINTHI CBUTBI obnen- s
Camoxanbsckas cButa. [lecuanuku, TydduTsl, HHHHbIE B
Tvihhi o
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Kamblutuuckas ceuta. Tydbl, necyaHuKy, as€BpOANTHI, H3BECTHA-
XH

Anraiickas csuta. [lecuanuku, Tydsl, Ty hUTh

BoictpsaHckas ceuta. TydduThl, necHaHHKH, aeBpOIMTHI,
M3BECTHAKH, KOHTJIOMEPAThI

Ty6bunckas ceura. IlecuaHHKH, alE€BPOUThI, KOHITIOMEPATbI
Koxalickas cBuTa. ANEBpPONIMTHI, APTHIIIUTHI, MeCYaHNKH

OitnanoBckas cBUTa. IlecyaHHKH, aIeBPONHTbI, apPTHILUTHThI

Beiickas ceuta. 3BecTHAKH, aJIEBPOJIHTHI, apTHILIIHThI

Hnemoposckas cuta. [TecyaHHKH, aJEBPONHTbI, aprHJUTHTBI, H3-
BECTHSAKH, TPABEIUTD, KOHIJIOMEPAThI

Acku3ckas CBUTA. ANEBPONUTDI, MEPTENH, APTUIITTHThI

BoIcTpsHCKas,
anraiickag H
KaMbIUTHHCKAA
CBUTbI  0OBEAU-
HEHHbIE

BepxHeneBoHckue
OTNIOXEHHSA
HepacueHeHHble

CpeaHeneBoHCKHE
OTJIOKEHUS
HepacuJleHeHHble

TonTakoeckas ceuTa. HecanuKH, AJIEBPOJINTBI, APIrHJUTHTLI, TPABCINTBl, KOHITIOMEDATDI

Ditm

DS

Dt

D 1 imk

: L

D¢t

B

dOMmexcy

runep0a3uToB

Tumupracckas ceuta. TpaxHaHIe3uTbl, TpaxHba3ansTel, Tydst. TydoKoHIIO-
MepaTsl, MeCYaHUKH, aNeBPOHTHI, FpaBeauThi. CarapxauHcxas cButa (sg) -
KOHITIOMEPATh!, NECUaHNKH, anNeBpPO/MThL, Oa3anbThl. [epeBo3Has caura (pr) -
necyaHHKH, aseBpOMThI, KOHITIOMepaThl, Ga3anbTel. MapyeHratuckas cBUTa
(mr) - 6a3a/IbThI, MECYAHHKH :

Tawrsinckas ceuta. U3BecTHAKY, asleBponuThl, Mepreiu. YiiGatckas caura
(ub) - necHaHHKH, aneBPOJHTLI, H3BecTHAKH. KokcHHckas cBuTa (kK) - asteBpo-
JIMTHY, MECYAHUKH, UIBECTHAKHM, Tydsl, 6asanbTel. MUrHHHCKAS cBUTA (ng) -
cpenne-kHenble 3bdy3HBel ¥ Tydbl, MecHaHHKH, KOHIIIOMEPaThl. ApaMuakckas
cBuTa (qr) - TEppUreHHbIE H TEPPHIeHHO-MHPOKIACTHYECKHE NMOPOaLl, TY(bI.
Karaesckas cauta (kg) - TPaXMaHAE3HTh!, TPAXHTHL, Tydbl, MecyaHHKH. ALIaH-
CKa4 CBUTA () - KOHTTIOMEPAThl, MecHaHNKH, 3dhdy3uBLI

Tonoukosckas cuta. ecuanuky, Typonecyanuky, addy3usst, Tydst. CoiaHH-
ckas cBHTa (sd) - 6a3anbThi, aHAe3HThI, Tydbl. Bepetickas cButa (br) - wenoy-
Hble H cyOulenouHbie 6a3anbTOMAbL, TPAXHTDI, Ty(bl

Mnmekcxas ceuTa. Mepreni, necyaHuKH, apruiUIHThl, H3BeCTHAKU, MapuHckas
cBHTa (id) - TPAXMAALHUTB, TPAXHPHOMHUTHL, Ty(b!, Tydonecyanuxy. Lynerckas
CBHTa ($n) - AIEBPONUTSLL, APTHILTUTEL, TYPONECYAHHKH, H3BECTHSAKH, IOJIOMH-
Tb1. YepraTuHckas cura (Crg) - necdaHuKH, aleBPOMUTHI, KOHTTIOMEPATH,
6a3astbThl, Ty¢s1. TacTpeseHckas cBHTA (151) - 3¢ dy3usel, Tydsl, TydonecyaHu-
KH

Unnanckas csura. [lecyaHnku, ajleBpOIHTBI, KOHIIOMEpaThl, 6a3a1bThI, Ty(bI.
Xapmxynnekas csuta (Ar) - 623anbThl, aHASINTHI, JaUHTH, Tydbl. KazaHosckas
ceuta (hz) - MecyaHiKy, aJIeBPONMTHI, KOHITIOMepaThl. MaTapakckas cauta (mf)
- 6a3anbThl, TpaxuaneanTsl, Tydo!, TyGonecuannky. YepHoHiocckas cBuTa (¢i) -
Ga3anbThi, aHRe3NTbY, Tyl Konbesckas cuta (kp) - 6a3ansThl, TyQb

(R17), wu3BIXCKOMY

PannenesoHckuii cy6BynkaHuyeckHii koMmnnekc. Tpaxuangeunr-

Dl nop¢Hpbl, TPAXHPHOIUT-NIOPGHUPLI (TAT), TPaXHT-nopdupst (17), Ba-

3anbToBble (Br) M aHaesuT-GasansToBble (Afn) nopdupst, rabépo (v),

o MuKporaGopo (mv), nonepurto-6asanbTet (vB), MHKpOAHOPHTHI (MS),
AnopuThl (), cuenuT-nopdupst (§1), rpaHockedHT -nopdupsbt (YEn)

Boickapcekuii oca-
JOYHO-
BYJIKAHOT€HHbIH
KOMILJIEKC Hepac-
yreHeHHblH. D¢-
by3uBel H TYdbI
PasIMYHOro co-
€TaBa, MeCHaHHKH,
KOHTIOMEPATHI,
TPaBeNHThI, ANEB-
POTUTHI

1M kowkymakckue 3¢ ¢y3uBsl UMEIOT PUGTOrEHHYIO IIpUpoAy U cHOpMHPOBa-
1uch B oproBuK-cunypHiickoe BpeMs (Makapenko, [Tapuaues, 1994).

Marmatnyeckue (MHTpYy3uBHbIe) nopoabl B Ky3HeuxkoMm AjaTay pa3BUTHI
$0BONILHO WHPOKO U B MHTEPECYIOLIEM HAC PETMOHE OTHECEHBI K CaJIAHCKOMY
rabopo-nUpOKCEHUTOBOMY
#%vmexcy (R1?), TIopuMcKOMy KoMIulekcy raGGpo-muoputoB (Rs?), KyHmyc-
3 TYIII,CKOMy rabopo-rarnorpanutHomy komiuiekcy (Ci.2), KOrTaxckomy rao-
6p0~MOHuO}1HOpH-TOBOMy komruiekcy (Cz), THUIEpPTHILICKOMY, MapTaHTHHCKOMY
% mexcam (C3-01), OMHHCKOMY KOMITIEKCY rpaHuTou1oB (D1 ?).
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Bce nepeunciaeHHble HHTPY3UBHbIE KOMIUIEKCHI (OPMHUPYIOT pa3IMYHbIe
10 pa3MepaM Tena, MPOCTPAHCTBEHHOE paclpelneieHue KOTOPbIX OTPaXeHO Ha
{ puc. 6.1.
B TtextoHnuyeckom oTHoweHun Ky3Henko-AnaTaycCKHHd MeraHTHKIIMHO-
{ puii npencTaBiseT coboit CKIagYaTyio CUCTEMY Cadaupo-Kalle-TOHCKOH KOHCO-
IUAALNH, KOTOpasi, B CBOIO OYepelb, pa3lensiercs Ha 6ojee MeIKUe CTPYKTYPHI.
B mpedenax HM3y4eHHOW TEPPUTOPUU  BBINEJSIOTCS OBE CTPYKTYPHO-
popManMoHHbIe 30HbI - baTeneBckas m Mpacckas. IlepBas pasBuTa B LIeHT-
paJIbHOM U CEBEPHOM YacTAX ACKM3CKOro paiioHa, BTOpas - TPACCHPYETCs y3KOH
[I0JIOCOH BAOJIb 3aIlaJgHOi aIMUHUCTPAaTUBHON IrpaHulbl Pecrybnuku Xaxacus,
i npeacTaBiaa cobol KpaitHee BOCTOYHOe oOpamieHre Mpacckoro BeicTyna. Bee
pa3sHOBO3PACTHBIE OTIIOKEHUA ITHUX TEKTOHMYECKHX CTPYKTYP MHTEHCHBHO IHC-
JOLMPOBAHbI, pa3OUTbl cepUeldl NOU3BIOHKTHUBHBIX HapyLUIEHUH CeBepo-3amnai-
HOT'O, CyOMEPHIHOHANBHOTO U CEBEPO-BOCTOYHOIO NMPOCTUPAHUSA U HPOPBAHbI
irpaHuTOMIAMH M TPAHUT-TPAHOCHEHUT-CUEHUTOBBIMH HHTPY3UBaMH THIEp-
THILLICKOI'O, MAPTAHTMHCKOTO U YHOATCKOro KOMIUIEKCOB. B ceBepHOit uacTH pe-
[MOHA HAaXOOUTCSA IOXKHOE OKOHYaHWe Yitbatckoro rpabeH-pudTa, mpencraB-
prorero coboit nuuernyio (400%x30-70 kM) TEKTOHUYECKYIO CTPYKTYpY, cdop-
MHPOBAHHYIO B P€3yJbTaTe MPOSIBICHUA KEMOPO-OPAOBUKCKOI'O KOHTUHEHTAJIb-
HOTO pU(TOreHe3a, BIiepBbl€ BbIICTIEHHOIO 1 0O0CHOBAHHOTO HUCCIIEHOBAHUAMMU

aBTOpoB (MaxkapeHnko, [TapHaues, 1994, 1996).

B R B

=S =

3anagHo-CasgHCKUIT MeraHTHKJIMHOPHIA

Hoxem6puii (R12?). K nokeMOpuiickuM ToMIaM OTHECEHBl MeTaMopduye-
} (KHie CIIaHLbl, METAleCYaHMKH C MPOCIOIMH MpPaMoOpOB, ciararwuue [xebalu-
§ C(kHil BBICTYI, OTHOCUMBIII MHOTMMH HCCIIEAOBATeNAMU K OalKanbCKOR CTpyK-
§Type, XOTs CYLIECTBYIOT NPEACTABIEHUA U O Oojee MOJIOOOM (OPAOBUKCKOM)
§ Bo3pacTe mxebaickux Meramopduros (Kavano, 1996).

{ Hizkuuiit kemGpuii (C1). B cocTaBe HMKHEro xeMOpHs Pa3iMyaloT JBE CBHUTHI -
{ IDKHEMOHOKCKYIO CYLIECTBEHHO BYIKAHOTEHHYIO - 0a3anbThl, aHAE3UTHI, IUIa-
g THOPHOALIUTBI, TY(BI, ALMBI ¥ BEDXHEMOHOKCKYIO - TEPPUTEHHYIO: MIECYaHMKH,
{ MIEBPOJIMTHI, KOHIJIOMEpaThl, IIIMHUCTbIE U KPEMHHUCTbIE CIAHLBI, TY(bl, U3-
4 BECTHAKH.

’ Cpennuit KeMOpuu (C). B cpelHeM KeMOpHUH BhlIeiaeHa apOaTckas CBUTa

3¢)(1)y3msbl OCHOBHOI'O U CpCIIHCI‘O COCTaBa, necanHKn, aJeBPOIUTHI U BCpXHeH.
HleCYaHMKH, aJIEBPONIUTHI, KOHTTIOMEPATHI, PEOKO Ty(bl.

Bepxmm KemOpuii-Hu:kuui opaosuk (Cs -01). Ha aToM xpoHocTpaTurpa-
; lbudeckom ypoBHe KapTHpyeTcs KypyKy/IbCKas CBHTA: IECYAHHKH, aJeBPOIIMTHI,

_ Opnosukckas cucrema (O) npencTaBieHa BCEMU TpeMsl OTHEIAMU: HHUX-
M, TIie BblIENeHA ePMHATCKAS CBUTA - [IECTPOLBETHBIE NMECYAHNKH, ANEBPOIIH-
qn, aprusUIHTbI, KOHTTIOMEPAThl; CPEIHUM, [Ae QUKCUPYETCA KOXOLUCKas CBUTA -
o “eCTpouBeTbee NeCUYaHUKH, aJ€BPOJIUTLI, JIMHUCTO-KPEMHHUCTBIE CIIaHLIbI, KOH-
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[JIOMEpAThl; U BEPXHUM, TlIe 3aKapTUPOBaHA KapaTallcKas CBUTA - [IECYAHUKH,
4JIEBPOIIUTHI, TIIMHUCTO-KPEMHHUCTHIE CIIAHLIBL

Cunypwuiicxas cucrema (S) COCTOUT U3 IBYX OTHENOB. B HIDKHEM cHilype
BBIIEJIEHBI CIIEAYIOIME CBUTHI (CHU3Y BBEPX): OHUHCKAS - H3BECTHSAKH, MEpreliy,
IECYAHUKHU, aJIEBPOJIUTHI, KOHIJIOMEPAThl; TOCTYICKas - MECYaHHKH, aleBPOIIH-

i Tbl, KDEMHHUCTO-TJIMHUCTBIC CJIaHIIbl, KOHIJIOMEPATHI; I103aphIMCKas - IMeCYaHU-

KU, aJIeBPOJINThI, aPIUIIUTHI, Ty(bl, KOHIJIOMEpPAThl. B BepxHEM cuiype 3akap-

1 THpOBaHa KyJIOreuICKas CBUTA - M3BECTKOBBIE NECYAHUKH, APTHILIHTEL, H3BECT-
HAKH, TY(DEL.

JeBonckas cucrema (D) mpencraBieHa HUXHUM JIEBOHOM (KYH-XOJIbCKas
(BUTA), COCTOSIUIUM U3 PUOJIMTOB, PUONALUTOB, TPAXUPHOJIIUTOB, JALUTOB, aH-
E3UTOB, a TAKXKE TY(POB C NPOCIOIMHU TyHOINECHAaHUKOB H TY(HOKOHTJIOMEPATOB.

Kamennoyroabnas cucrema (C). Cambie MoJIoable (DOYeTBEPTUYHBIE) OT-
I0XKEHUs: OOBEAMHEHB! B HUXKHE-CPEIHEKAMEHHOYTOJIBHYIO Y3IONCKYIO CBHTY,
CIOKEHHYIO II€CYaHUKAMH, KOHIJIOMEpaTaMH, aJeBpOIUTaMu, TyhaMu ¢ IMpo-
CTOSIMU U3BECTHSIKOB.

MarmaTtnyeckie (MHTpy3uBHbIe) oOpa3zoBanus 3ananHo-CasHCKON 30HEBI
pa3sHOOODA3HBI, UX Pa3MELUeHUE, Pa3Mephl U MPUHAJIE)KHOCTD K TEM WJIH UHBIM
KOMIUJIEKCaM OTpaxeHbl Ha puc. 6.1. B cBogHoi#l nerenne (tabn. 5.2) mokazaHbl
BCE BBIIEJIICHHBIE B HACTOsIllee BpeMs HHTPY3UBHble KOMIIIeKchl. CaMble apeB-
HUE MHTPY3UHM OOBEIMHEHbI B aKTOBPAKCKUI KOMIUIEKC CEPIEHTUHHUTOB, cep-
IEHTUHU3UPOBAHHBIX MEPUAOTUTOB, AYHHTOB, NHUPOKCEHUTOB IIPEAIOIOKHU-
TeIbHO CpenHepHQeNcKoro Bo3pacTa. B auamnasoHe cpenHuil pudei-panHuit

keMOpHUI BBIIEIEH KYPTYMIHOHHCKO-OODPYCCKHH MEIaHX - ONUCTOCTPOMOBBIMH
{XOMILIEKC, CIIOXXEHHBIM COYETAHMEM BAPHUOJIMUTOB, KBAapLUUTOB, KPEMHHUCTBHIX
jcraHueB ¢ auaGa3aMu, CepHeHTHHUTaMu, rabGbpoumamu. B paHHeM KeMOpuwm
{suenpuiics cy600THHCKUE KoMILeke raGOpounos u rabopo-auopurtos. 1lupo-
JKIM pacnpoCTpaHeHHEM IOJIb3YIOTCS MHTPY3HMBBI MAHHCKOTO paHHENaaeo30i-
{(KOTO MHTPY3MBHOI'O KOMIIJIeKca: nepBasi ¢aza - rabOpouasl; BTOpas - IUOPHU-
J1bl, TOHAIUThl, rabOpo-IUOpuUTHl; TpeThs (a3za - rurarnorpanutsl. Kpome nepe-
§UCITeHHBIX KOMITJIEKCOB BBIZIENIEH HIKHEKEMOPHICKUN JILICOTOPCKHE UHTPY-
MBHEIH KOMIUIEKC raGOpPOUIOB, THPOKCEHUTOB, MyHUTOB, JUOPUTOB. B cuiype
j0TMEueH OOJBUICTIOPOXKCKUN KOMIUIEKC TOHATUTOB, I'PaHOAMOPHUTOB, HUOPU-
{0B. 3HAUMTENBHBIM PA3BUTHEM MOJB3YIOTCS HHTPY3UBbI PAHHEIEBOHCKOIO
1'Y0ByIKAHMUECKOrO KOMIIIEKCca I'PaHUT-IOpGUPOB, a TaKXkKe T'PaHUT-THOPHUTHI U
ADaHOMMOPUT-IEHKOTPAaHUTBl JIKOMckoro xommiaekca. Camele "Momoaple" HH-
Npy3uBHBIE 0Opa30BaHMs NPENCTABJIEHbl TPAHOAUOPUT-IUOPUTOBON accouua-
llneﬁ KO3epCKOIr0 KOMIIJIEKCa IEBOHCKOT O BO3pacTa.

B TexkToHMuYeckOM OTHoLIeHUHU 3anaaHbplii CasH OTHOCUTCS K KPYIHOMY

eRTommecme oOpa3oBaHuUA MeraHmKJmHopm ccpopanOBaHbl B TeYyeHue
ACKONBKHX TEKTOHO-MAarMaTH4eCKHX LIMKJIOB - 0aifKalbCKOro, calaupckoro u

‘HUWlenonckoro. JIpeBHHE OTIOXKEHUS UHTEHCUBHO MeTaMopdU30BaHbl; U Ka-

e
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1 jemoHMI XapakTepHoO NpeobnanaHue hIMILIOUIHBIX X MONACCOBBIX (halHalbHbIX
KOMIUIEKCOB. Bce nmopoasl aucmouupoBaHel, MpOpBaHbl Pa3HOBO3PACTHLIMHU HH-
{ rpy3usamu. llupoko passBuTa CeTb pa3jiOMOB, KOTOpPbIE Ha CEBEPE U CEBEPO-
§ BOCTOKE MMEIOT TUNUYHOE "3amaIHo-cagHCKoe" NPOCTHpaHue, a Ha KpahHeM
1 joro-3amnae paspbIBbl IPUOOPETAIOT CyOMEPUAUOHAIBHOE, CEBEPO-3aIIaHOE U
1 (eBEPO-BOCTOYHOE MPOCTHPAHUE - "TOPHO-IIOPCKOro” u "anraiickoro” Hampas-
4 JCHHA.

MuHYCHHCKHIi MeKTOPHbIi POrud

OTJIO)KCHI/IH, OTHOCHMBIE K JAaHHOM I'€OJIOrHYeCKOH CTPYKTYpPE, IIHPOKO

4 pa3BUTBI B IIpCOCIax ACKI/I3CKOI‘O, a4 TaKXE B ceBepHoﬁ yactd TamTeIIickoro

pallOHOB, TI€ OHM YYacTBYIOT B CTpoeHMH IOXHO-MHHYCHH-CKOI BNamuHBI
(puc. 6.1). 3aecy 3akapTHUPOBaHbI 3P PY3UBHO-OCATOUYHbIE IOPOJBI BCEX OTIEIOB
[eBOHCKOU U KAMEHHOYT' OJIbHOM CHUCTEM.

Hesonckas cuctema (D). HuxkHeneBoHCKHE CBUTHI 3aJIETAIOT C PE3KUM Yr-
TOBBIM HECOIJIACHEM Ha JOJEBOHCKOM (PyHOAMEHTE U OOBEOUHAIOTCS B ObICKap-
(KHH OCafOYHO-BYJIKAaHOTE€HHbIN KoMIuIekc. OHU cpOPMHUPOBAIUCH B IIpOIIEcCe

| xoHTHHEeHTanbHOro pudtorenesa (Ilapnaues, Beuinman, Makapenko u mp.,

1996). B cumy pe3koil U3MEHYMBOCTH COCTaBa Pa3HBIMU HCCIIEOOBATEIIMU BbI-

1 ICJIEHBI MHOT'OYHCJIEHHBIE CBHUTBI U TOJIIH, KOTOPKBIE o6pa3y10T JJaT€palIbHbIC

panbl. Ilo BepTHUKamM BBIOENAIOTCS MATh XPOHOCTPATHUTpadHUUECKHX YpPOBHEM
pa3BUTHA TeX WM UHBIX CTPATOHOB (CHU3Y BBEPX): YMIIAHCKHUI - UIMEKCKHIA - TO-

{ TOYKOBCKHH - TALUTHIIICKUNA U TUMEPTACCKUH.

Ha yunanckom xpoHocTpaTturpaduyeckoM yYpOBHE BBIIENIEH CIEMYIOLIMIA
IaTepabHbIA PSAA OTHOBO3PACTHBIX CBUT: XapalXKyIbCKas - Ka3aHOBCKas - Ma-
TapaKckas - 4YepHOMIOcCKas - KomneeBckasg. OHM pa3BUTHI B Pa3IMYHBIX CTPYK-
TypHO-(paLaIbHBIX 30HaX M UMEIOT OOLIMIT JTUTONIOro-IeTporpaduyecKuii co-
(TaB, BKJIFOYArOLINil Oa3anbThl, aHOE3UTHI, JALUTHl, NECUaHUKH, AJEBPOJIUTEHI,
KOHIJIOMepaThl, TyGhOreHHbIE TOPOIBI.

Nmekckuil xpoHocTpaturpaduyeckuii ypoBeHb BKIIIOYAET B ceOs cile-
IyIolMe OJHOBO3PAaCTHbIE CBUTHL: YEPraTHHCKYI0 M TacTpe3eHckyw. HabGop
TOpON CHAEOYIOLUNA: TpaxWIalUThl, TPAXHPUOIUTEI, TYy(}bl, TydOIecUaHUKH,

] UIEBPOJIUTBI, APrUJUIUThl, U3BECTHAKU, JOJIOMUTEI.

Tosn0uKOBCKUil BO3pacTHONH YPOBEHb KPOME TOJIOYKOBCKOH CBHUTHI BKIIIO-

193€T - CBIOMHCKYIO U OepelucKyro CBUThbl. DTO MECUaHUKHU, TydOnecuaHukH, 3¢-

{by3uBbl, Tydel. Coiaunckas u 6epelickas CBUTH Pa3BUTHI 3a NpeJenaMu paiio-
gha.

TawTeinckuil ypoBeHb XapaKTepU3YyeTcsl pa3HOOOpa3ueM OIHOBO3pPAacCT-

jibIX pasHodanMagbHBIX CBUT: yHOaTcKkas, KOKCHHCKas, MUTHHHCKas, Kadaes-

i%as. 3 Hux yibaTckas ¥ KOKCHHCKAsl CYUIECTBEHHO TEPPUTEHHBIE H COCTOAT 3

4leCyaHMKOB, aNeBpPOJIMTOB, M3BECTHSIKOB, TyhoB. MMUrHUHCKAs, KOKCHHCKas

1IDeHMYLLIECTBEHHO BYJIKAHOTEHHBIE: CPEIHUE, KUCIblEe U OCHOBHBIE 3(¢dy3UBEHI,

Aiepe 1Ko MOBBILLIEHHOI LIETOYHOCTH.

Tumupracckuil Bo3pacTHOI ypOBeHb, KpOME THMHPTACCKOM BKIIIOYAET

JlrapxaMHCKyIO U MEPEeBO3HYIO CBUTHI. DTO BYIKAaHOT€HHO-OCAZOYHbBIE IIOPOIBI
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¢ npeobagasyeM BYJIKAHUTOB OCHOBHOI'O COCTaBa (Tpaxuba3anbTbl) Hax Tep-
PUTEHHBIMH [TOPOJAMH.

Bonee nonpoOHbie CBeNEHUS 110 COCTABY KaXIOW U3 OTMEUYEHHBIX CBHUT CO-
pepaTcs B CBOOHOI sereune (tabi. 6.3).

Cpennnii neson (D2). B cpennem neBoHe BbIOENSAETCS PAL CBUT, Pasiiu-
garolLUXCsl CBOMM ITIONIOXKEHHEM B pa3pe3e U HabopoM nopond. TUNNYHO Yyepeno-
BaHUE€ TEPPUTEHHbLIX U KapOOHATHBIX OTJIOXKEHHUH, NPHYEM TEPpPUIE€HHBIE OTIIO-
KEHUS OTIUYAIOTCS CBOEH OKpPAcKOW (KpAaCHOLIBETHBIC, CEPOIBETHBIE, MECTPO-
[BETHBIE), YTO LUMPOKO HCIIOJIb3YETCS IIPU F€OIOrMYECKOM KapTHUPOBAaHMU. BhIl-

| neyieHbl cienyroue CBUTHI (CHU3Y BBEPX): TOJNTAKOBCKasi, aCKHM3CKas, HIIEMO-
] poBckas, Oefickas, npu 3ToM B Oelickoil cBUTe npeobianaroT xkapObOHATHEIE HO-

pOZibl (MU3BECTHSAKHU, MEPTENH), & B OCTAJIbHBIX - TEPPHI€HHO-00JIOMOYHBIE ITOPO-

{ Ibl. IECYAHUKH, aJIEBPOJIUTHI, aPTHJUIUTHI, PEAKO KOHITIOMEPATHI U MPOCION H3-

BECTHSKOB.

Bepxnuii neson (D3). OTOXEeHHS BEPXHEro JAEBOHA pac4yeHEHbl HA TPHU
(BUTHI (CHU3Y BBEPX): OMIaHOBCKYIO, KOXalcKyto, TybuHckyro. Habop mopon Bo
BCEX CBHTAX OJHOTHIIEH: NECYAHUKH, aJIeBPOJIUTHI, aprUJUIMTHI, PEIKO KOHIJIO-
mepaThl. OTIMYAIOTCA OHU MPEUMYLIECTBEHHO LIBETOM MOPOL.

KamenHoyroabHas cucrema (C). BHyTpu HHXHero kapboHa BbIIENISIIOTCS 9

§ cBUT (CHU3Y BBEPX): OBICTpAHCKAsA, anTaicKas, KaMbILUTUHCKAs, CaMOXBaJIbCcKas,
{KpUBUHCKasl, COJOMEHCKas, fAMKHMHCkas, OallHOBckasg, NoOJACUHbCKas. Beuie-

(TBEHHBI COCTAB CBUT AOBOJIBHO ONHOOOpa3eH. DTO TyhOreHHO-OCaaO4yHbIE
noponsl: Tydsl, TyQPUThI, MECYaHUKHU, ATIEBPOIIUTHI, ApTUIUTATHI, PEAKO U3BECT-
HIKM ¥ KOHrjioMepaTel. BBUIY GJIM3KOIO JIUTONIOTO-NIeTPOrpadHIecKoro cocra-
Ba YACTO HE YIAETCS PACWIEHUTh CTpAaTUrpadruecKuil pa3pe3 Ha BCe CTPATOHBI.
B aToM ciywae npuxoaurcs 06beAUHATh 3T CBUThI B TPHU CTpPaTOHA: OBICTPAH-
(kasg, anTaickas W KaMbIIITHHCKAsT CBUThI OOBEOUWHEHHBIE, CaMOXBaJbCKas,
KPUBMHCKAS. M COJIOMEHCKAs CBUTbI OOBbeOMHEHHBIE, U SMKHUHCKO-IIOJCHHbCKAS
(BUTA OOBEOUHEHHBIE (CM. Ta0I. 6.3).
‘ Cpennnii kapoon (Cz). B cpenHeM kapOOHe BbIOENAIOTCS ABE CBUTHI (CHU3Y
BBEpX): YEPHOTOpPCKas - ajeBpOJIMTHI, MECYAaHUKH, KOHIJIOMepaThl, KAMECHHbIE

Y, HO6€p€)KHaH - &JIEBPOJIUTHI, apTrUJUIUTBI, ITCCUAHUKH.

Ilepmckas cucrema (P). OTnoxxeHnss HepaculIeHeHHbIX HHUKHETO - CPEedHE-

0 otnenos nepMu(Pi.2) coxkeHsl MOPOJaMH HapBIIIKOBCKON CBUTHI: aleBPOJIH-
#1bl, IeCYAHHKH, apTUITUThI, KAMEHHBIE YTJIH. '

; MarmaTnuyeckie (MHTpy3HBHbIe) nopoabl FOxHO-MUHYCHHCKOI BIaagNHEI
§P3BUTHI HE OUEHb LIMPOKO M UMEIOT CyOByIKaHUYecKUd xapakTtep. OHM Mpo-
APAHCTBEHHO ¥ [EHETUYECKH CBs3aHbl ¢ BYJKAHHUTaMH OBICKAPCKOH cepuu
{ikHero neBoHa. DTO MeJIKHE TeJla JTOBOJBHO pa3HooOpa3Horo nerporpadude-
j%oro cocrasa: TpaxUaHOE3UT-NOPGUPEI, TPAXUPHOIHUT-NOPOUPEI, TPaXHUT-
Jophupsl, TpaxubaszansTel, aHne3nda3anbThl, rabdpo, MUKpOradbopo, gonepu-
{0-Ga3asbThl, MHKDOIHOPUTHI, OHOPHUTBHI, CHEHUT-TIOQUPHI, TIPAHOCUEHHUT-
dopdupsl. '

l B TexToHnyeckoMm oTHouwieHHMH FOxHO-MUHYCHHCKAas BnagdHa BXOOUT B
.?E“CTemy HEBOHCKHUX PU(PTOreHHBIX HNpPOrMOOB LieHTpalbHOW wyacTH Autae-

Maauckoil cknaguatoit obmactu (ITapnaves, Bouinasn, Makapenko, 1996), nns
|y
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KOTOPBIX XapaKTEPHO COYETaHHE BYJIKAHUTOB MTOBBILIEHHOMN IEIOYHOCTH C Tep-
pUT€HHBIMH MOPONAMHM KOHTHHEHTAJIBbHOH MONAcCOBOW cyOjopmaimy u cBoe-
1 obpa3Has "pudToreHHad" mMuHepareHus. B M3y4eHHOM peruoHe (QUKCHpYeETCH
1 oro-3ananHas oKpauHa BIaAMHbI, koTopad no Kanmarckomy riryOuHHOMY pas-
1 IOMY COYJIEHAETCS ¢ TEKTOHHYECKMMHU CTpyKTypaMm#u 3anagHo-CasHCKOro Me-
{ raHTUKJIMHODHS; Ha CEBEpe, CeBEpO-BOCTOKE M CEBEpO-3alame - € CalaupcKo-
{ kaeIOHCKMMH  MerakoMmnekcamy Ky3Henko-AmnaTaycko CKIamdaToil cH-

creMbl. B nocnenHeMm cilyyae xapakTep KOHTAKTa CJIOKHBINA - MECTAMU TEKTOHU-
YeCKHH, y4acTKaMH - CTPATUIPaPUUECKU ¢ OTYETIUBO BBIPAXXEHHBIMM YIJIO-
BpIMU HecornacusMu. CpenHe- M BEPXHENAIIEO30MCKHE OTJIOXKEHUS BITAJUHEI
i CMSATBI B MHTEHCHUBHBIE CKIAAKHU C "3alagHO-CASHCKUM" MNPOCTHPAHHEM oOcCei
CKTaJOK U pa3OuThl MHOIOYMCIEHHBIMM Pa3HOOPHUEHTHPOBAHHBIMH IH3BIOHK-
{ THBHBIMM HapyuieHHsIMU. CHCTeMa MIMKATUBHBIX JTUCIOKAUWA OO0BbeuHAeTCS B
{cocraBe AbGakaHCKOro U TamThINICKOTO MPOruboB.

s

6.3.MunepaibHbie pecypcehbl

Ackuzckuit 1 TaluThIICKMIE paliOHBl COAEPXAT B CBOMX Henpax 3Ha4H-
{ TeIbHOE KOJIMYECTBO IOJIE3HBIX UCKOMAEMBIX PA3IUYHBIX TEHETHUYECKHX B (op-
MaLIMOHHBIX TUIOB. [IpodunupyronnMy SBIAIOTCA KeIEe30PyaHbIE, 30JI0TOPOC-
CLIIMHBIE, MONUMETAIUIMYECKUE MECTOPOXKIEHHUS, a4 TaKXe CTPOUTENbHbIE MaTe-
puasbl ¥ XMMHYECKOE Chipbe. B M3y4YeHUU MECTOPOXIECHUHM 3THX PErHOHOB B
pasHbie TOIb! Y4aCTBOBAJIM HECATKU IE€OJIOTOB NMPOU3BOACTBEHHBIX U HAYYHBIX
opraHm3anuii. B nocienHee BpeMs Opula Npou3BeneHa MepeoleHKa MPOrHO3HbIX
PECYpCOB BEOYLIMX TBEPAbIX MNOJIE3HBIX HcKomaeMbix Pecnybnuxu Xaxacust
1(Kauano, 1996) u cocraBieHa cBOgHAs KapTa MOJE3HBIX UCKONAEMBIX (aBTOPBI
11.1T1.Kauano, JI.M.BoHnapes), o TAaHHBIM KOTOPBIX HAMHU IMPOBEIEH KPATKUil
§0630p MHHEpaTBLHBIX PECYPCOB PErOHA.

4

ACKU3CKUIT paiioH

31ech OTMEYEHO OTHOCHUTENBHO HEDONbHIOE KOJIMYECTBO KPYMHBIX MECTO-
~Jroxnennit. K HUM MOXHO OTHECTH ACKM3CKHE KAMEHHbIE YITIH, MECTOPOXKACHHH
IkapHOBBIX Xene3HbIXx pynd Teiickoil rpynmel (cobcTBeHno Teiickoe, Abarac-
{koe, Enprenrarckoe), Ka3zpIMUMHCKOE CBHHIIOBO-IIMH-KOBOE MeETacoMaTHye-
j%oe MecTopoxmeHue, cTpaTUGOPMHOE MECTOPOXKACHHE CAMOPOJHON H Cylb-
dhumoit menu (Basunckoe, TyCTYXKyNIbCKOE), CTPOMTENbHbIE MATEPHAIL U XHU-
Biiyeckoe cpIpbe - U3BEeCTHAKHU (Xab3ac-ckoe), Mpamopsl (M3acckoe) u HekoTo-
{bie mpyrue. Mo p.Banpikcy U e NPUTOKAM W3BECTHBI IPOMBIILIEHHEBIE POCCHITH
{aMopoaHoro 3omorta. ITpocTpaHCTBEHHOe pachpeneneHue KPYyMHBIX MeCTO-
o nenuit oTpaxeno Ha puc. 6.1.

: B HacToslee BpeMs 3KCIIyaTUPYETCS JHUIUL POCCHIIM 30510Ta o p. ba-
YBIKCY ¥ ee PUTOKAM, a TAKXKe JKeJe30pyaHble MecTopoxaeHus Telckoii rpym-
'f“BI riociiefIHME pa3pabaThIBAIOTCS KapbepHBIM CIIOCOOOM, ¢ OOpa3oBaHUEM
4i9nTeNBHBIX TOPHOPYAHBIX OTBAJIOB U PYIHUYHBIX BOJ.

4 OcranbHble MECTOPOXIEHUS, OTMEUYEHHBIE HA pUC. 6.1, OTHOCATCA K KaTe-

Hpuu pesepsHbIX. KpoMe BhILIENEpeYUCIEHHBIX MECTOPOXKICHUH HA TEPPHUTO-




