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LOCAL CAUSTIC DOLOMITE BINDERS OF SOGD REGION

This paper presents the exploration of dolomite deposits and their chemical analysis in the Sughd region, a:
Tajikistan is a mountainous region with a large reserve of natural materials for construction andcecithver o the
national economyDolomite is a rock composed of more than 90% (depending on the deposit) of the mineral dolomite, a
carbonate with a chemical formula of CaMg(#£The composition of pure dolomite is: 45.8% Mg{64.2% CaC@ In
terms of xides, it contains 21.87% MgO, 30.41% CaO, and 47.72% D@lomite may contain oxides such as §iEeO,
Fe0s;, Al,O3, MNO, organic matter, and othe¥®hen dolomite is fired, it decomposes into magnesium and calcium oxides
and carbon dioxide [1]:

MgCO;L.CaCQY MgO + CH1 + CO

MgCO;Y Mg O s#2)CO

CaCQY Ca #3)CO

Depending on the firing temperature, binders for construction of various compositions and purposes can be
produced. The decomposition of Mggidto MgO and CQoccurs at 7007 5 0 AC,  ecanpositiam ef CdCQinto
CaOand CQoccurs wupon heating to 900AC. Depending on the
following products are distinguished: caustic dolomite; dolomite cement; dolomite Fianthermore, several area$ o
construction materials development can be identi@dhermal insulation structural materials with organic fillers (xylitol,
fiberboard, etc.)b) foam concrete with magnesite binde); cladding materialsg) asbestofree roofing sheets with
magnedie binder.Dolomite is also used in the production of refractory materials, for lining electric furnaces, ladles,
convectors, and rotary kilns, as well as for producing caustic dolomite by firing and grinding. This dolomite is widely used
in construction a a binder, filler for concrete, safiche brick, metallurgy (furnace linings), paint and varnish production,
polymers, and electronic components. It is also used in agriculture as a fertilizer for deoxidizing and enriching soil with
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magnesium. As a resudf exploration in the Sughd region of Tajikistan, the following deposits were identified that meet
our criteria and GOST requirements. In total, 20 dolomite deposits in the Sughd region alone were identified, with precise
geographic locations, magnesiuxide content, and some potential reserves, as well as their suitability as raw materials for
various industries.

Keywords: dolomite, magnesite, material, deposits, carbonate, calcium, hydrosilicates, refractories, lining,
development, minerals, raw matdsiamagnesium, criteria, reserves.
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ON PROCESSING THE RESULTS OF UNEQUAL-ACCURACY MINING SURVEYING MEASUREM ENTS OF
ANGLES AND DISTANCES (FROM PRACTICE)

In mine surveying, where redundant measurements are always taken, the resulting data is often unequal. Ensuring
uniform measurement accuracy in mining surveying operations is a virtually impossible task. iRgocessual
measurements is accomplished through other methods, particularly by introducing the concept of measurement weight.
Processing the results of unequal mine surveying measurements often involves angles and heights. Processing
measurements with mearement weights allows for not only an assessment of the overall measurement accuracy but also
the accuracy of a single measurement. Processing unequal measurements in mine surveying operations during mineral
deposit development is currently relevant heseait ensures an adequate assessment of their acciifasyarticle
substantiates the idea that when processing the results of unequal mine surveying measurements, the calculation of
parameters such as mean, accuracy, and root mean square error sipaufdrbeed using measurement weightke use
of multiple, independent methods allowed us not only to identify and eliminate rare gross and systematic errors, but also to
quantify the range of probable values and the reliability of the obtainedTdeaeastsquares method proved to be the
most effective, being used to optimize the relationship between the obtained measurements and their theoretical values.

Keywords: Mine surveying, equally accurate and unequal measurements, measurement weights, garocessin
measurement accuracy.
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Figure 3. Talus susceptibility map of Pamir
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PREDICTION OF TALUS ACCURENCE OF PAMIR

This study investigates factors controlling talus foioratn Southeastern Tajikistan. The region is characterized by
high-mountain and higiplateau relief of the Eastern Pamirs, where modern glaciation, permafrost, and hydrological
processes significantly influence landslide development. Key morphologicarsfaimclude slope steepness, aspect,
altitudinal zonation, stream power index, plan and profile curvature, and proximity to faults and rivers. Using a modified
frequency ratio method, the contribution of each factor to landslide occurrence was quelytisagtessed. Based on these
results, dandslide susceptibility modelas developed to predict the most hazardous areas. Results indicate that the main
triggers are steep slopes (300 A ) -elevations of 25008500 m, moderate precipitation (3@D0 mm),and high stream
power (>30). Seismicelated factors (peak ground acceleration) have a relatively smaller effect. The spatial distribution of
landslides also depends on plan and profile curvature, which influence runoff concentration and acceleraib@sas
proximity to faults and streams.

Keywords: landslides, slope steepness, precipitation, stream power index, profile curvature, faults, susceptibility
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PHYSICAL AND WATER CLASSIFICATION OF STONY SOILS OF THE SUGHD REGION OF THE
REPUBLIC OF TAJIKISTAN

Stony soils are widely distributed across a significant part of the territories of thealCAstan republics
(Tajikistan, Uzbekistan, Kyrgyzstan), southern Kazakhstan, Armenia, and Azerlifajikistan, these soils occur along
the middle course of the Syr Darya River, including the Bobojon Gafurov, Asht, Jabbor Rasulov, and Konibodzs distr
of the Sughd regiorThis article presents an analysis of the wateysical properties of stony soils in the Sughd region
(Asht district). These soils belong to newly reclaimed drepwn stonygravelly soils.The analysis of the examined soil
profiles shows that the watphysical characteristics of grdyyown stony soils are as follows: bulk density, depending on
the depth of the horizons, rangesi2f.rirdom gl .cé ;t and. 1ot @l
the upper lagr and 3638% in the lower horizondn terms of qualitative composition, the fine earth fraction consists
predominantly of sands of various sizes with a small admixture of sandy loam, which, together with tiskedtial
fraction, results in unfavorablwater properties of the soil: low wateolding capacity (11.8%) and high filtration rate.

Keywords: desert soilsgenetic (diagnostic) horizons and featunearticlesize distribution and microaggregate
composition bulk density particle densityporasity, dispersity density stoninessfraction, water permeabilityfiltration,
gravel pebblescarbonatedine earth.
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PETROGRAPHIC FEATURES AND MINERAL COMPOSITION OF DIORITES FROM THE
PANGHAZJILGA COMPLEX, CENTRAL PAMIR

Odinaev Sh.A:?
'Guangzhou Institute of Geochemistry, Chinese Academy of Sciences
%Institute of Geology, Earthquake Engineering and Seismology, National Academy of Sciences of
Tajikistan

1. Introduction. Granitoid magmatism in the Central Pamir, encompassing the Cenozoic
(Shatput, Tuzakchi) and Cambrian (Panghazjilga, Zorburulyuk) complexes, is characterized by rocks
of diverse origins, ranging from subductioglated melting of mantle sources to postiisional partial
melting of metasomatized mantle and crustal dehyuralriven melt generation [15i 6; 8; 11; 14].

Thus, the geological framework of the Central Pamir reflects a prolonged teotmgroatic evolution

from the Cambrian to the Cenozoic. Their spatial distribution, mineralogical and geochemical
characteristics and structural relationships with the surrounding rocks largely constrain the
geodynamic history of the Pamir. Nevertheless, many aspects of the intrusive complexes of the Central
Pamir remain insufficiently studied.

Detailed studies on the tectonic evtobn and magmatism of the Central Pamir, as well as the
geological characteristics of the Panghazjilga complex, have been comprehensively addressed in
numerous publications % and references therein]. However, the petrographic characteristics and
minerd composition of the diorites of the Panghazjilga magmatic complex are insufficiently studied.
The present study aims to provide a detailed petrographic characterization and to determine the
chemical composition of roeforming minerals in diorites from ¢hPanghazjilga complex in the
eastern part of the Central Pamir tectonic zone.

2. The Panghazjilga complexis represented by the large Panghazjilga massif composed of
diorites, quartz diorites, and granodiorites, as well as by several smaller intrusisisilaf
lithologies distributed along the Koindy, Kulma, and Karadzhilgakry river valleys, as well as the
Tohterek River and right bank of the Shatput Rived{Ai 6; 91 10; 12; Fig. 2 in 7] (Fig. 1).

The rocks of the Panghazjilga massif are exposethenniddle reaches of the Panghazjilga
River, on the watershed between the Kultuk and Akjilga rivers, as well as in the lower reaches of the
ShverAyryk River (Fig. 1). The gneissic fabric observed in the rocks of the massif is inherited in
nature, as evideed by undeformed xenoliths of the country rocks [13].

3. Materials and Methods.As a result of field investigations conducted along the Panghazjilga
River valley, representative samples of the main lithological varieties of the Panghazjilga complex
(Pandnazjilga massif), including quartz diorites, granodiorites, and monzodiorites (MMES), were
collected. The chemical composition of minerals was analyzed using a CAMECKO®GXlectron
microprobe operating at an accelerating voltage of 15 kV and a beamtafr@0 nA (analyst: N.N.
Farrakhova, Zavaritsky Institute of Geology and Geochemistry, Ural Branch, Russian Academy of
Sciences).

4. Field observationsin the upper reaches of the Panghazjilga River valley suggest that the
Panghazjilga complex, dominatéy diorites, quartz diorites, and granodiorites, is characterized by
intricate geological interactions with the surrounding lithologies (Figs. 1, 2). In the vicinity of contacts
with younger granites and quartz syenites belonging to the Shatput and Aiuzakplexes, the
initially massive rocks of the Panghazjilga complex commonly develop a gneissic fabric. In places,
melanocratic inclusions are present within the quartz diorites and granodiorites, among which mafic
microgranular enclaves (MMEs) can bemtfied (Figs. 2bd). These enclaves hosted by the quartz
diorites and granodiorites (Figs. 1,183 are generally rounded to elliptical in shape and frequently
exhibit lobate or crenulate margins. Reaction rims at the contacts between the enclaveshast th
granitoids, as well as hornfelsing of the enclave material, are absent. The rocks of the complex are
transected by granite veins and pegmatites with variable orientations (Figs. 2a, c, e).
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Figure 1. Geological map of the Panghazjilga area, eastepart of the Central Pamir [3]
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A distinct, welldefined contact is observed between the Panghazjilga quartz diorite (PNIpZ21
and the granites of the Shatput complex (Figs. 2a, e€). With decreasing distance to the granitic contac
the quartz diorite dplays a modest increase in the modal abundances of plagiocidée féddspar,
and quartz, resulting in a gradual compositional shift toward granodiorite.

Figure 2. Field relationships showing interactions between quartz diorites of the Panghazjilga
complex, Shatput granites, pegmatites, and MMEs
73| b : w= |
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(a)1 contact between quartz diorites and pegmatltes @I)anodlonte (cd) | MMEs (e)'l ag granltlc vein of the Shatput
complex intruding the quartz diorite.

The U Pb age of zircon obtained from one suaklave (PNDZ2110) is close to the zircon ages
from the host rocks of the massif [5]. Quartz diorites typically display a gneissic texture. The vein suite
associated with the studied massif is represented by rare idiplite dikes. In addition, the roslof
the massif are crosscut by veins of Cenozoic leucocratic granites of the Shatput complex [8], alkalin
syenite porphyries not related to the Panghazjilga complex, and granitic pegmatite$.Ptheirdon
age of the granitic pegmatites (PNDZ2) ovefaps, within analytical uncertainty, with the
empl acement of the Panghazjilga massif aRbd vy
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zircon ages of 517 N 1 Ma and 520 N 2 Ma obte
Panghazjilga massifdicate a Cambrian age of emplacement [5].

5. Petrography and Mineral Chemistry. Quartz diorites and granodiorites of the Panghazjilga
complex, based on their modal and chemical composition [Table 4 in 5], from quartz diorites
(PNDZ21-2) to granodiorite§PNDZ2111), distinguished by variable abundances of ferromagnesian
minerals, primarily amphibole and biotite. Their textures are predominantly equigranular, ranging from
fine- to mediumgrained in the quartz diorites (PNDZ2) to coarsegrained in the gmodiorites
(PNDZ2111). The microstructure is hypidiomorphgranular (Fig. 3a). Granodiorites display a
massive fabric, whereas quartz diorites exhibit a weakly developed gneissic fabric governed by the
preferred orientation of biotite flakes and amplabbiotite aggregates (Figs. B31).

Figure 3 Cross-polarized photomlcrographsofthln sectlons from rocks

: ', 2 2 y ]
PNDZ21-11 3 : 0.1 mm PNDZz21-118 L 0.5 mm.
(@)1 structure and texture of quartz diorite (PNDZ2)1 (b-f) 7 biotitei amphibole aggregate aligned along gneissosity

foliation (PNDZ22%2); (d, f)i amphibolé biotite aggregate containing irregular inclusions of quartz and plagioclase within
amphibole (PNDZ2411); (e)i myrmekite (PNDZ2111). Mineral abbreviationisere and below follow [15].

Quartz diorites and granodiorited'he studied rocks display considerable variation in modal
mineralogy. Plagioclase contents increase from approximately 25 vol.% in the quartz diorites
(PNDZ212) to about 4650 vol.% in the ganodiorites (PNDZ211). Ki Na feldspar constitutes a
relatively constant proportion of +8 vol.% across both lithologies, whereas quartz abundances rise
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from ~5 vol.% in the quartz diorites to ~10 vol.% in the granodiorites. In contrast, amphibolesis mor
abundant in the quartz diorites (up to ~15 vol.%) and decreases to ~8 vol.% in the granodiorites, whil
biotite contents range from ~25 vol.% in the quartz diorites to ~12 vol.% in the granodiorites.
Plagioclase is dominated by andesine (Table 1), wittonoligoclase, and typically occurs as tabular
idiomorphic to subidiomorphic crystals reachingi2® mm in length (average ~1 mm) and showing
well-developed polysynthetic twinning; antiperthitic intergrowths are locally developed within
individual grans. Ki Na feldspar is represented by orthoclase (Table 1) and forms anhedral to irregular
grains up to 1.62.5 mm in size (average ~1 mm). Plagioclase commonly hosts mineral inclusions, and
myrmekitic textures locally develop along grain boundaries witlacadljt K Na feldspar (Fig. 3e).
Amphibole in both quartz diorites and granodiorites predominantly forms anhedral grains up to 1.7
2.0 mm (average ~0.7 mm) and is mainly represented by pargasite, which exhibits green pleochroisi
(Table 2, Fig. 4). The Mg# Waes of pargasite are slightly higher in the quartz diorites (0.58)
compared to those in the granodiorites (D0481). Differences are also noted in the halogen content
of amphiboles: in granodiorite, F = 011028 wt.% and Cl = 0.0'0.12 wt.%, wheras in quartz
diorite, F = 0.350.43 wt.% and Cl = 0.2®.30 wt.%. Amphibole, often occurring together with biotite

or alone, forms aggregates up to 3 mm in size (Fig. 3f). Rounded inclusions of quartz, and more rarel
plagioclase, are commonly observedhivitamphibole grains (Figs. 3d, f). Biotite (Table 3, Fig. 4)
occurs as flakes ranging from 1.6 mm (PNDZ31o 2.5 mm (PNDZ2111), or as aggregates up to 3

mm in size. Biotite from granodiorites differs from that in quartz diorites by a lower Mg# (08

in granodiorites versus 0.62.55 in quartz diorites) and lower halogen contents (F = 0.38 wt.%

and CIl = 0.13 wt.% in granodiorite biotite; F = 0.8878 wt.% and Cl = 0.29.29 wt.% in quartz
diorite biotite). Occasionally, ore mineral and titeninclusions are observed within biotite. Quartz is
anhedral with respect to the other minerals and often exhibits blocky or mosaic extinction. Grain size
range from less than 0.1 mm to 2.5 mm. Locally, recrystallized quartz patches are observedryAccesso
minerals include zircon, apatite, titanite, magnetite, and rutile.

Table 1. Compositions of feldspars from the Panghazjilga complex rocks and MME, in wt.%

Numb PND
er PNDZ21:2 PNDZ21-11 z
sampl 21-7
e
— [578]578 58.0 585]64.7| 56.0| 57.2]| 57.9] 63.8| 64.0] 64.3| 57.6
sio, | °181°7®] s7.87| 58.10| °5°| 58.22| 58.30| *5° | 057|909 51| 5791 638 6901 623 57
258 25.9 258 256|182 260 25.7| 254 | 18.1| 18.3| 18.0| 26.0
AL, | 2281259 26.36| 26.46| 708 | 26.15| 25.00| 25| 132 20.0| 257 2541 1511 183 18.01 20
Feo | 014]|011] 012 | 011 | 017| 014 | 0.18 | 0.13] 0.08] 0.06| 0.07| 0.21] 0.03 BLD BLD 0.14
cao | 867|875| 9005 | 8.78 | 8.18| 8.73 | 866 | 8.29 BLD 9.17| 8.70| 8.20| 0.07| 0.02 BLD 8.66
BaO | 0.11] 0.20| 0.10 | 0.04 | 0.05| 0.04 | 0.01 | 0.04| 1.00 BLD BLD 0.12| 0.69| 0.68| 0.87| 0.08
N&O | 6.84| 6.71] 6.61 | 6.92 | 6.81| 6.77 | 7.05 | 6.72| 1.11| 6.81| 6.84| 7.24| 1.46| 1.14| 1.20| 6.92
K,0 | 028|029 022 024 | 033| 026 | 0.28 | 0.20 1‘8'8 019 0.28| 0.26 1‘;'6 1‘(")'8 1‘;8 0.23
o | 99| 997 | 100.3| 100.6| 99.4| 1002[ 100.4] 99.6| 99.9| 99.2| 98.8| 99.4] 98.8 99.0 99.3| 99.7
A A 5 | 3| 8 71 214|166 |3|3]|7]| 2
ST | 2.60] 260| 259 | 258 | 2.62| 2.60 | 259 | 2.63| 3.00| 257 | 259 2.60| 2.98| 2.99]| 3.00| 2.58
A | 137] 1.37] 1.39 | 139 | 1.37| 138 | 1.36 | 1.36| 1.00| 1.38| 1.37| 1.35| 1.00| 1.01| 0.99| 1.38
BD BD | BD | BD BD | BD | BD
Fe [001| 5° | BDL | BOL | 0.01] 0.01 | 0.01 | 0.01| B° | B2 | B 1op1| B2 | B2 1 BE | o0
ca |042|042| 043 | 0.42 | 040| 0.42 | 0.41 | 0.20 BLD 0.44| 042 0.40 BLD BLD BLD 0.42
BD | BD BD BD BD | BD | BD
Ba | 50 | BP |eoL [ BoL | 5P | eoL | BoL | BP | ooz| BP | BP | BP 1001 0.01] 002| BOL
Na | 060|059 057 060 |060| 059 | 061 | 059] 0.10] 0.60| 0.60| 0.63]| 0.13| 0.10| 0.11| 0.60
K 1 002]002| 001 | 001 ]002] 002 ] 0.02|002|088[001|002|002| 087|088 089 0.01

Note. PNDZ212 i quartz dioritePNDZ21-117 granodiorite; PNDZ247 i MME in quartz diorite. BDLi below detection
limit.
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Table 2. Compositions of amphiboles from the Panghazjilga complex rocks and MME, in wt.%

Numb
er

PNDZ21-2 PNDZ2%11 PNDZ217

sampl
e
Sio, 43.1] 43.6| 43.9| 43.9( 44.1 44.7 45.0( 40.9( 43.4( 43.5(43.5(44.2| 44.8| 42.8| 43.4| 43.7

0 9 3 9 8 ' 6 0 5 4 9 2 1 8 5 7
TiO, | 1.08]| 0.98]| 0.90| 1.02| 0.95( 1.01| 0.67 | 1.17| 1.04| 1.12| 0.75]| 0.58| 0.86] 1.15| 1.42| 1.08
Al,O; [ 9.73] 9.34| 8.83| 9.58| 9.74 | 8.88| 8.59 1;'6 9.71( 9.43( 9.46 | 8.45| 8.43| 9.59| 8.96 | 8.69
FeO 18.2] 18.8( 18.4| 18.2| 18.4| 17.4| 17.5| 20.4| 19.6| 19.6| 19.4( 19.4] 18.8| 17.6| 17.3| 17.4

3 4 2 8 8 8 3 6 5 1 6 6 1 8 4 8

MnO | 0.39{0.42] 0.44] 0.35(0.29] 0.36[ 0.37] 0.46[ 0.52| 0.55[ 0.46]| 0.47( 0.48]| 0.41| 0.39| 0.44

10.3] 10.1( 10.4| 10.6| 10.2| 10.9] 11.3 102 | 10.8| 10.6
MgO > 7 8 0 5 1 0 7.90] 8.84(9.09]|9.34(9.68| 9.71 1 1 2
cao 12.0]11.8( 11.9| 12.0( 11.8| 12.0| 11.9| 11.8| 11.8| 12.0] 11.9| 12.0 11.9 11.8( 12.0| 12.0
8 6 3 9 I 5 8 6 1 0 3 8 ' 8 3 0

NaO | 1.19( 1.23] 1.19] 1.29| 1.26| 1.20| 1.19( 1.17| 1.07] 1.05]| 1.09]| 0.94 | 0.98| 1.40| 1.35] 1.28

KO |136]122]112(1.22(1.26]1.11]1.07| 150 1.20( 1.17| 1.08] 0.87] 0.94| 1.25| 1.19| 1.07

F 0.43] 0.40] 0.39| 0.38] 0.35| 0.38] 0.38| 0.24] 0.24| 0.21] 0.28 | 0.22] 0.19| 0.29] 0.29 0.24

Cl 0.29] 0.30] 0.23| 0.27] 0.28 | 0.24] 0.24| 0.12] 0.11| 0.10| 0.07| 0.12] 0.10] 0.25] 0.27 ] 0.22

98.1|1 98.4|97.8(99.0|98.9(98.2]98.3|97.3|97.6|97.8|97.5|97.0|97.1| 96.9| 97.4] 96.9

Total | "1 " s 5 [ 1| 9| 7| 7 15| ol 9| ol 7| 8] 2

Si 6.53| 6.60| 6.65( 6.58]| 6.61| 6.70| 6.74| 6.31| 6.62| 6.62| 6.64| 6.75| 6.81| 6.56| 6.60| 6.67

Al(IV

) 147(11.40|1.35]1.42|139|130(1.26(1.69|1.38]1.38| 1.36| 1.25( 1.20( 1.44| 1.40| 1.33

Al()VI 0.27( 0.26] 0.23| 0.27| 0.33| 0.27| 0.25] 0.42] 0.37| 0.31| 0.34( 0.27] 0.31] 0.29| 0.20 | 0.23

Ti 0.12{ 0.11] 0.10] 0.12| 0.11| 0.11| 0.08] 0.14] 0.12| 0.13| 0.09 | 0.07| 0.10] 0.13] 0.16| 0.12

Fe* |[0.27]0.31] 0.30| 0.28[ 0.27] 0.23] 0.30] 0.26] 0.23| 0.23[ 0.27] 0.29] 0.22] 0.22] 0.21 | 0.22

Fe'* | 2.01]2.03]2.00[1.97[2.00[1.94]185]2.36]|2.27|2.27[2.18]2.18]2.17] 2.04] 1.98| 2.00

Mg 233 229|237(236] 229244252182 201|206|212|220| 2.20| 2.33| 2.45] 2.42

Mn®* [ 0.05( 0.05| 0.06| 0.04| 0.04 | 0.05| 0.05| 0.06 | 0.07 | 0.07 | 0.06 | 0.06 [ 0.06 | 0.05| 0.05| 0.06

Fe* | 0.03| 0.04| 0.03| 0.04( 0.04| 0.02| 0.04 | 0.02 BLD BLD 0.02] 0.02 BLD 0.01| 0.01] 0.01
Ca [192]191)191|192(190(1.94]1.91] 193] 1.93|194(1.92[1.92]1.94] 1.94]| 1.94| 1.94
Ca | 0.04]0.01] 0.02( 0.02 BLD BLD 0.01( 0.04 BLD 0.02] 0.03| 0.06 BLD 0.01| 0.02] 0.02

Na [ 0.35]0.36]| 0.35| 0.37| 0.37] 0.35] 0.35] 0.35| 0.32 | 0.31] 0.32] 0.28] 0.29]| 0.42| 0.40| 0.38

K 0.26| 0.24] 0.22] 0.23| 0.24| 0.21| 0.20] 0.30] 0.23| 0.23| 0.21| 0.17] 0.18] 0.24] 0.23| 0.21

Mg# | 0.53| 0.52 ]| 0.53| 0.54| 0.53| 0.56]| 0.56| 0.44 ] 0.47] 0.48]| 0.49] 0.50| 0.51] 0.54| 0.55] 0.55

Note. PNDZ212 1 quartz diorite; PNDZ24117 grandliorite; PNDZ217 7 MME in quartz diorite.

Table 3. Compositions of biotites from the Panghazjilga complex rocks and MME, in wt.%

Number sample PNDZ21-2 PNDZ21-11 PNDZ21-7
Sio, 36.04| 36.39( 36.73| 36.78| 37.19( 35.41| 35.68| 35.91| 36.01| 36.08| 36.08 35.93| 36.17
TiO, 3.30| 367 | 3.26 | 357 | 3.07 | 3.66 | 3.37| 3.04| 3.25| 3.17 | 3.39 | 3.18 | 3.32
Al,O;3 13.73] 13.65| 13.91| 13.63| 13.60| 14.57( 14.29] 15.09| 14.16( 14.57| 14.23| 13.85| 13.67
Cr,03 BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.08 | 0.22
FeO 20.48] 20.29( 20.23] 20.17| 19.74| 21.77 | 22.18] 20.70| 22.23] 21.20| 21.89( 18.63] 19.88
MnO 0.22 | 0.25] 0.28 | 0.23 | 0.26 ] 0.31 | 0.23 | 0.21 ] 0.29 | 0.36 | 0.29 | 0.32 | 0.27
MgO 11.27] 11.30| 11.76| 11.64] 12.14] 10.29{ 10.19] 10.39| 10.30 10.08] 10.14| 12.12{ 11.39
Na&,0 0.08] 0.08 0.11| 0.11 ] 0.07 [ 0.10 | 0.06 | 0.10 | 0.07 ] 0.09 [ 008 | 0.09 | 0.12
K;0 9.28 ] 935 9.38| 948 | 939 | 894 | 931 | 9.46 ] 9.29 | 942 | 9.32 | 9.31 | 9.19

F 060 | 058 0.76 | 0.61] 0.78 [ 0.35| 0.27 | 0.37 | 0.32 ] 0.38 | 0.31 | 0.76 | 0.65
Cl 0.24]1 026 | 029 | 0.25] 0.28 (| 0.14| 0.14| 0.13| 0.14 | 0.14 | 0.13 | 0.22 | 0.23
Total 95.24] 95.82[ 96.71] 96.46| 96.52| 95.54] 95.72| 95.40( 96.06] 95.49| 95.86( 94.46] 95.09
Si 280 | 281 | 281 | 282 | 284 | 275 | 277 | 278 | 2.79 | 2.80 [ 2.79 | 2.80 | 2.81
Al(IV) 120 119 119] 118 | 1.16 [ 1.25] 1.23| 1.22 | 1.21 ] 1.20| 1.21 | 1.20 | 1.19
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Al(VI) 0.19 | 0.21] 0.19] 0.05| 0.18 | 0.08 | 0.08 [ 0.15| 0.08 | 0.13 [ 0.09 | 0.07 | 0.06
Ti 0.06 [ 0.05] 0.07 | 0.21 | 0.07 | 0.21 | 0.20 | 0.18 | 0.19 | 0.19 [ 0.20 | 0.19 | 0.19
Cr BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.01 | 0.01
Fe™ 133 ] 131 | 1.30] 1.29| 1.26 | 1.41| 144 | 1.34 | 144 | 1.38 | 1.42| 1.21 | 1.29
Mn 0.01) 0.02 | 0.02 ] 0.02 ] 0.02 | 0.02] 0.02 | 0.01] 0.02 ] 0.02 [ 0.02 ] 0.02 | 0.02
Mg 131|130 134 133|138 119 1.18 | 1.20| 1.19| 1.17 | 1.17 | 1.41 | 1.32
Na 001 0.01] 0.02] 002 0.01] 0.02]| 0.01 | 0.02| 0.01]| 0.01 | 0.01| 0.01] 0.02
K 092 092] 092] 093 | 0.92] 0.89 | 092 0.93 ] 0.92 | 093 | 0.92 | 0.93 ] 0.91

Mg# 0.52 | 053] 0.54 | 054 | 0.55]| 049 | 048 | 0.50| 0.48 | 0.49 [ 0.48 | 0.57 | 0.53

Note. PNDZ212 1 quartz diorite; PNDZ241171 granodiorite; PNDZ247 i MME in quartz diorite.

Secondary alterations are manifested as mild sericitization of plagioclase, pelitizatiohNaf K
feldspar, partial chloiitation of biotite and amphibole, and partial actinolization of magnesian
hornblende, as well as the formation of secondary epidote associated with biotite and amphibole.

Figure 4. Compositions of biotites (a) and amphiboles (b) from rocks of the Panghdigja
ggmplex.PNDZZl—Z T quartz diorite; PNDZ21-117 granodiorite; PNDZ21-71 MME.
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Mafic microgranular enclaves (MMEs).The MMEs observed in samples PNDZ2land
PNDZ21-10 vary in size from several centimeters up to 20 cm and exhibit differing proysodfo
mafic and felsic phases (Figs.i2). The compositional differences among these enclaves likely
reflect variable degrees of interaction or contamination with the surrounding quartz diorite. For
detailed analysis, enclaves were selected that, bastbioriextural and structural features, could be
reliably classified as mafic microgranular enclaves (MMES).

The MMEs are represented by monzodiorite (samples PNOZ2id PNDZ2110). The texture
ranges from fineto mediumgrained, with a hypidiomorphigranular microstructure and grain sizes
of approximately 0.5 mm, locally poikilitic (quartz and plagioclase inclusions are observed within
amphibole) (Figs. 5al). The rock exhibits a massive texture and consists of amphibole approximately
301 40 vol.%, plaioclase approximately 40 vol.%,iKla feldspar approximately 7 vol.%, biotite
approximately 10 vol.%, with quartz present at about 1 vol.%.

Plagioclase is represented by andesine (Table 1), with grain sizes ranging from <0.5 to 1.5 mr
(average ~1 mm). KNa feldspar is anhedral and forms grains up to 0.5 mm in size. Locally,
myrmekitic intergrowths are observed. Quartz fills the interstitial spaces betweenagdtatized
minerals, and individual quartz grains do not exceed 0.5 mm in size. Quartz meculs as rounded
inclusions and, less frequently, as irregularly shaped grains within amphibole.

Amphibole is predominantly pargasite (Table 2, Fig. 4) and occurs as individual grains up to 1.5
mm, as well as in larger aggregates reaching 2.5 mm, frég@associated with biotite(Figs. 5b, d). In
terms of composition, pargasite from the melanocratic enclave is very similar to pargasite from the
granodiorites and quartz diorites of the Panghazjilga complex, and its magnesian index (Mg# = 0.54
0.55) is corparable to that of pargasite from the quartz diorites. In terms of halogen composition, the
pargasite from the melanocratic enclave shows fluorine contents (Fi=0@2924wt.%) similar to those
in granodiorite, while its chlorine content (Cl = 0iR27 wt%) is comparable to that of pargasite in
guartz diorite. Amphibole frequently hosts rounded inclusions of quartz and plagioclase.

Biotite is present as flakes up to 1 mm in length and in aggregates with amphibole, and is the
dominant mica phase (Table Bg. 4). Its majoelement composition, Mg# values, and fluorine and
chlorine contents in the melanocratic enclave closely resemble those of biotite from the quartz diorites
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A notable characteristic of biotiingupfo0.2mt%, he M
whereas chromium is absent in biotite from the surrounding host rocks. Accessory minerals include
apatite, zircon, monazite, and magnetite.

Figure 5. Cross-polarized photomicrographs of thin sections from MMEs within quartz diorite:
(ai d) i MMEs.
<= B \

PNDZ21-10E

Secondary alterations are manifested as weak saussuritization of plagioclase, pelitization of K
Na feldspar, partial actinolization of primary amphibole, and chloritization of biotite.

The MME (PNDZ2110) crosscut by a pegmatitic vein isngoarable in texture and structure to
enclave PNDZ2¥ (Figs. 5ab).

The MME (PNDZ2110) consists of amphibole ~60 vol.%, plagioclase ~17 vol.%N&K
feldspar ~10 vol.%, biotite ~10 vol.%, and quartz ~3 vol.% (Fig$dbcAmphibole is mainly
represented byommon hornblende, occurring as individual grains up to 1.5 mm and as larger
aggregates, frequently associated with biotite (Figisdbdiotite is present as flakes up to 1 mm long
and also forms aggregates with amphibole. Plagioclase is predominadégiree, with grain sizes
ranging from <0.5 to 1.5 mm (average ~1 mmi)N& feldspar is anhedral and forms grains up to 0.5
mm in size. Locally, myrmekitic intergrowths are observed. Quartz fills the interstitial spaces between
earliercrystallized minera, and individual quartz grains do not exceed 0.5 mm in size. Quartz
commonly occurs as rounded, and more rarely as irregularly shaped inclusions within amphibole.
Similar MMEs, as well as their host quartz diorites, are commonly transected by pegreatgiay to
2 cm thick (Fig. 2c).

Small inclusions (possibly xenoliths) with fhggained textures and isometric to elongated
shapes are also observed in the granodiorite (Fig. 2b). These inclusions are primarily composed of
biotite aggregates. They differom the MMEs in quartz diorites, where amphibole is the
predominantmineral (Figs. Pd and 5&d).

6. Conclusions.The occurrence of MMEs, represented by monzodiorites within quartz diorites
and granodiorites, along with the overall rock association, stgjtjeat both mafic and felsic magmas
played a role in the magma generation process. Ferromagnesian mineraldMivEsewere likely
originally enriched in chromium, as indicated
monzodiorite (PNDZ217; Table 3). The predominance of amphibole and the absence of pyroxene in
quartz diorites, granodiorites, and monzoiiorMMESs indicate that amphibole was the main early
crystallizing mineral. The significant presence of amphibole and biotite in the mineral assemblages
highlights the i mportant role of H O during ma
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PETROGRAPHIC FEATURES AND MINERAL COMPOSITION OF DIORITES FROM THE PANGHAZIJILGA
COMPLEX, CENTRAL PAMIR

The results of a detailed petrographic and mineralogical study of quartz diorites, granodindtespnzodiorites
(mafic microgranular enclaves, MME) from the Panghazjilga complex in the eastern part of the Central Pamir are
presented. It was established that the quartz diorites and granodiorites of the complex are characterized by a
hypidiomorphiegranular structure and a massive to weakly gneissic texture. The main mineralogical feature of the rocks is
the dominant paragenesis of amphibole (pargasite) and biotite in the complete absence of pyroxene, indicating
crystallization from a watesaturatedmelt. Systematic variations in the composition of mafic minerals were revealed:
amphiboles and biotites from more mafic rock varieties possess a higher magnesium number (Mg#) and elevated
concentrations of volatile components (F, Cl). The presence ot madirogranular eclaves (MMEs) of monzodioritic
composition with crenulated contacts within the rocks serves as direct evidence for magma hybridization processes.
Biotites from the MMEs contain chromium (up to aétto22 wt .
biotites from the host rock&uartz diorites The obtained data unequivocally indicate that the complex was formed as a
result of hybridization of a watesaturated magma in an active continental margin setting.

Keywords: Panghazjilga complex, Ceal Pamir, quartz diorite, granodiorite, mafic microgranular enclaves
(MMEs), petrography, amphibole, biotite, wasaturated magma.
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The composition, occurrence forms, and distribution characteristics of bitumens, as well as of inclusiobgein mar
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The study and investigation of bitumen content in marble onyx provide broad opportunities for clarifying the conditions of
mineral formation, th stages of their development, and other regularities.
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FEATURES OF ORGANIZING AND CONDUCTING OF MINE SURVEYING WORKS IN OPEN-MINING OF
THE CHULBOI GOLD DEPOSIT (AYNINSKY DISTRICT)

At the Chulboy gold deposit, located in the Ayni district, mining is entfy conducted primarily using op4it
mining. Modern methods and equipment are used in-pemining at the Chulboy deposit, and surveying operations,
including logbook maintenance, calculation of work volumes, ore extracted, and other tasks,iedeocarto a high
standard in accordance with current regulatory requirements. Surveying operations are conducted regularly and
continuously throughout the mining period and represent a continuous production process. Surveying operations cover the
entire cevelopment process at the Chulboy deposit, enabling the development of a development plan, the location of
blastholes, the direction of mining and quarry development, and the calculation of reserves, i.e., the volume of extractable
ore and the volume of saciated waste rock.

Keywords: Tajikistan, Ayni district, Chulboy gold deposit, geology, mine surveying, surveying, volume
determination, reserve accounting.
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Table 1. Decline in glacierarea of the Paldorak River
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Figure 1. Paldorak Glacier Area
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Table 2. Glacier decline depending on their morphology type
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Figure 2. Diagram of glaar retreat by morphology type
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Figure 3 Results of glacier changes in the Paldorak River area during the period-2823 using
Arcgis 10.5 software
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Figure 4. Climate map of the Paldorak River Basin
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Figure 5. Minimum temperature at Dehavs base
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6. List of the 20 warmest years in the Zarafshan River Basin
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Figure 7. Trend of changes in average maximum and minimum temperatures
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Table 3. Air temperature deviation from the norm for 202023
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Table 4. Average air temperature in the Zarafshan basin
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Figure 8. Annual precipitation accumulation trend
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Table 5. Variation in precipitation accumulatlon % from the norm in the Zarafshan basin
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2014 17 70 5 -20 -11 -20 75 95 70
2015 40 61 30 3 37 3 75 121 32
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2018 26 62 16 0 33 0 52 28 76
2019 52 32 54 17 5 17 53 83 19
2020 22 1 30 24 -36 24 52 22 88
2021 -20 79 -53 -58 10 -58 -13 23 -59
2022 39 78 23 29 42 29 129 144 121
2023 -7 19 -14 -58 21 -58 21 55 -30
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Table 6. Dynamics of changes in monthly precipitation accumulation, % of the norm (23).4n
the Zarafshan basin
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Figure 10. Photo of a naturally formed lake
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DEGRADATION OF THE PALDORAK GLACI ER SYSTEM IN THE ZARAFSHAN RIVER BASIN UNDER
CLIMATE CHANGE

This article examines the process of glacier degradation in the Paldorak area, one of the major tributaries of the
Zarafshan River, under conditions of climate change. The study is based omodatthd USSR Glacier Catalogue,
satellite images from Landsd@tand Landsa8 (1993, 2000, and 2024), and GIS analysis conducted in ArcGIS 10.5. The
results show that the area of eight gl aci er2%bewedanio9a t ot
and 2024. Among the morphological types, cirgaliey glaciers exhibited the highest rate of degradation (36.9%).
Analysis of climatic parameters from the Dehavz meteorological station indicates that increasing air temperature and
decreasig humidity are the key factors contributing to glacier metiese processes lead to the formation of glacial lakes
at glacier tongueswhich pose a risk of outburst and can cause significant damage to downstream popAilsticaisa
distance ofl24 kmfrom the village of Paldoraldue to a landslide and the blockage of the river chaankelke with an
area of (2 km? was formedwhich will significantly increase the risk of damage

Keywords: glaciers, Paldorak, Zarafshan, Landsat, ArcGIS, degradatiorgte, morphology, melting, monitoring,
temperature, precipitatiotgke, river, danger
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SOME REGULARITIES IN THE DISTRIBUTION OF MARBLE ONYX DEPOSITS IN TAJIKISTAN

Marble onyx is widely but unevenly distributed across various regions of Tajikistan. It occurs among rocks of
different compositions, mainly metamorphic as well ase@s (granitoid) formations, which mostly belong to the Late
Paleozoic and Mesozoic geological complexes. The most significant occurrences are confined to the southern part of tt
Gissar structuraformational zone.The deposits of marble onyx are mairdgsociated with tectonic faults and are
characterized by specific mineralogical features. They attract attention due to their diverse colors, textures, and hig
decorative properties his article discusses the main regularities of distribution and thditems of formation of onyx
deposits in the region, determined by geotectonic, structural, lithological, stratigraphic, and geomorphological factors.

Keywords: marble onyx, distribution regularities, Southern Tien Shan, Gigs§ik depression, formation
conditions.
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Figure 1. Average temperature changes in Tajikistan
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Table 1. Overview of observed glaciers in Tajikistan
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Figure 3. Changes in Tajlklstan s glaciers based on area classification
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Figure 4. Changs in the length of monitored glaciers
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Figure 5. Changes in the tongue section of glaciers No. 156 and No. 153 over the past 50 years
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Table 2. Changes in the area obsevable glaciers in Tajikistan
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Figure 6. Changes in the thickness of the Vanjyakh (Fedchenko) glacier over the past 100 years
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Figure 8. Thickness profiles of the Vanjyakh (Fedchenko) glacier using radar
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STATE OF GLACIERS IN TAJIKISTAN UNDER CON DITIONS OF GLOBAL CLIMATE CHANGE

This article substantiates the significance of studying the glaciers of Tajikistan as a strategic source of watel
resources for Central Asia. The geographical, climatic, and hydrological characteristics of the countaynamede and
the impact of global warming on glacier dynamics and the regional water balance is demonstrated. The necessity of glaci
conservation under conditions of climate change and their international importance are emphasized. The objectives of tf
study include a comprehensive assessment of the current state and changes of glaciers, forecasting future trends, :
developing recommendations for their protection and rational use. The article is based on a methodology that includes tt
analysis of scietific literature and observational data, which ensures the reliability and scientific validity of the obtained
results. The methodology relies on the analysis of scientific literature and observational data, thereby ensuring th
credibility and scientificoundness of the findings.

Keywords: climate change, glaciers of Tajikistan, global warming, water resources of Central Asia, glacier retreat,
glacier monitoring, remote sensing methods (GIS, satellite imagery), Amu Darya and Syr Darya rivers.
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RECREATIONAL LANDSCAPES OF TAJIKISTAN AND THEIR USE

This article provides a brief overview of the history of landscamnse and its main areas of study. It describes the
recreational landscape and the main trends in its development, analyzing its main uses. It also examines the key factors
the development of landscape science and its main challenges. The praatifiahsize of recreational landscape types
and their potential in various regions of the Republic of Tajikistan are examined. Their economic benefits are highlighted
It is shown that certain conditions for organizing recreational activities are baseel ecotiomic potential of recreational
landscape zones for improving the natural environment of these areas and ways to protect their environment. Th
sustainability of recreational landscapes in mountainous regions, as well as factors for restoratiepanadhle damage,
are consideredDeveloped recreational regions of Tajikistan are described, identifying ways to utilize various types of
recreation (leisure, therapeutic, and tourist) and their relationships with various recreational landscapegor-tors
effective use in the country's economy and ways to improve it in cities, national parks, and other favorable recreationa
areas are presented.

Keywords: Tajikistan, landscape, recreation, tourism, parks, mountains, recreation, territory.
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Figure 1. Pamir territorial river basin

104



