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ORIGIN OF THE OVER CONSUMPTION
OF CYANIDE DURING THE LEACHING OF THE AMESMESSA GOLD ORE

Purpose. Physicochemical characterization of four gold ores from the Amesmessa deposit centre (western Hog-
gar, in the south of Algeria) to determine the mineralogical and chemical composition of the ore body in the depth
zone and ore cyanidation behaviour. The principle is to compare the gold recovery and the cyanide consumption rates
at the end of the leaching process. The purpose of this test is to detect the possible presence of cyanogenic elements
in the mineralised zone.

Methodology. The samples were crushed and analysed using many techniques, such as x-ray diffraction (XRD),
Infrared spectroscopy (IR), and x-ray fluorescence spectrometry (XRF). The leaching tests were carried out over a
24-hour period. Two different types of gold ore were used.

Findings. Gold is distributed throughout all the facies making up the orebody, including the schistose structure.
Ore characterization by XRD revealed that quartz, dolomite, calcite, phengite, and pyrite are the major ore phases at
depth. The quartz facies and the altered one located in the depth zone are rich in gold 163 and 10.8 g/t respectively.
XRF characterization reveals that the schist facies are rich in iron and carbonates (23 % Fe and 14 % Ca). Infrared
spectroscopy is a powerful and efficient tool for distinguishing the nature of the facies. Ore from altered facies shows
overconsumption of cyanide, with an overage of 48 %, compared to the 86 % required for quartz ore. The presence of
cyanide over-consuming elements leads to low overage in the altered ore.

Originality. The application of rapid and reliable spectroscopy, such as infrared spectroscopy in combination
with XRD and XRF, allowed understanding the mineralogy of the different facies in the deep zone of the Ames-
messa deposit.

Practical value. The knowledge of the facies mineralization is an important parameter for determining recovery
and cyanide consumption during the leaching tests, anticipating the presence of cyanide overconsumption elements.
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Introduction. Gold is a noble metal that is inert to
most chemical reactions in non-complex environments.
It is known for its good conductivity and ductility. It is
widely used in electronic products, medical devices,
aerospace equipment, catalysts, jewelry, and other fields.
It is mainly found in its native state and as fine nuggets
disseminated in rock-forming minerals such as carbon-
ates, silicates, sulphides, tellurides, and oxides [1].

In most cases, gold extraction is based on leaching
and extraction from cyanide solutions. Previous re-
search has shown that cyanide leaching depends on sev-
eral factors: NaCN concentration, agitation velocity,
solid/liquid ratio, temperature and pH [2, 3], oxygen
concentration, gold particle size and shape, sludge con-
centration, and cyanide leaching time [4].

The deposit mineralogy is a decisive factor in the
leaching process. In some cases (refractory gold, for ex-

© Baghdadi M.Y., Chafi Z., Louz M., Tahri T., Benamar M.E.A.,
Bellucci S., 2025

ample), several technical difficulties arise during extrac-
tion, such as high cyanide consumption and the impos-
sibility of releasing the gold using the conventional pro-
cess because of cyanide-consuming elements [5]. In this
case, cyanide recovery is possible after pretreatment [6].
Each deposit has different mineralogical conditions.
These conditions include the mode of occurrence of
gold, host, and gangue minerals, the particle size distri-
bution of these minerals, associated minerals, alteration
minerals, and the distribution of gold grains [7]. In this
case, the processing method choice is site-specific, de-
pending on the geological, chemical, and metallurgical
conditions [8].

The Amesmessa gold deposit is located 450 km south-
west of Tamanrasset and 60 km south of the Tirek depos-
it. The Amesmessa veins are hosted within the East Ouz-
zal ultramafic shear zone formation [8]. The Amesmessa
deposit contains both gold-rich and gold-poor veins. Sev-
eral veins were open pit mined by ENOR (Société Natio-
nale des Mines d’Algérie) between 2007 and 2013.
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Most quartz veins occur as swarms extending over
hundreds of meters in length and depth. Extending the
workings underground requires mineralogical investiga-
tion and evaluation of the ore-leaching process using
metallurgical tests [9].

This paper describes the use of various spectroscopic
analyses and the study of cyanidation to understand the
relationship between structural characteristics and the
estimation of cyanide consumed by an ore from the deep
zone of the Amesmessa deposit (western Hoggar, south-
ern Algeria). For this reason, an experimental approach
was set up using simple and effective characterisation
techniques such as DRX, FX, and IR.

Materials and Methods. Characterisation studies. To
evaluate the facial change that may affect lixiviation, we
chose the zone where the exploitation has been well-
developed. The exploitation reaches tens of meters with-
in the central zone of the deposit. This zone is rich in
golden mineralization. At a depth of 61 meters, a groove
sampling was performed perpendicular to the mineral-
ized body to cover all the formations constituting the
mineralised body targeted for extraction. Four facies
were identified.

Gold samples larger than 2mm are subjected to me-
chanical preparation in the laboratory to reduce either
the dimensions of the grains or obtain representative
samples. These are homogenization, crushing, quarter-
ing and grinding while ensuring representativeness in
weight according to the statistical (empirical) relation-
ship of Richards-Chechette [10].

Experimental procedure. Gold recovery was deter-
mined using the fire assay technique. This involves heat
treatment at a temperature of 1,000 °C applied to the
sample pulp obtained after grinding to 75 um. After cool-
ing, the mass transformed into a solid slag and was placed
in a magnesite dish in an oven preheated to 950 °C.

The base metals oxidise and are adsorbed through
the cup, while the precious (stainless) metals remain on
the surface. At the end of the cupellation process, a sil-
ver bead (Au + Ag) is obtained. These are then treated
with nitric acid (diluted to 30 %) and hydrochloric acid
to remove the silver. All the solutions obtained are anal-
ysed using an atomic absorption spectrometer (AAS):
Agilent Technologies 55 AA.

The main mineralogical phases of the facies were
identified using a RICAGU Minflex X-ray diffractom-
eter equipped with an X’acelerator spatial detector,
which covers a range of about 2 degrees with a resolu-
tion of 0.03.

The elemental chemical composition was identified
by X-ray fluorescence. The analysis was carried out us-
ing an Epsilon 3 XL spectrometer equipped with a Pelti-
er-effect silicon air current detector with a resolution of
132.6 keV for K-Mn X-rays (PANalytical, primary target
Ag, 50 kV).

Infrared spectra were acquired using an Agilent 630-
IR spectrometer equipped with a quartz ATR accessory.
All samples were analysed in this mode. The spectra
were collected at room temperature in the mid-infrared
spectral range (400—4,000 cm™') with a resolution of
4 cm™'. This analysis was carried out to complete the
identification of the mineralogical phases determined by
XRD and also to assess the degree of structural crystal-
linity of our facies.

Samples of different mineralogy were selected for the
leaching tests. The tests were conducted in a 5-litre bea-
ker with continuous stirring at 400 rpm. 2 kg of ore
ground to 75 um was used for each test. The suspension
containing 49 % solids was conditioned with 0.5 g/1 so-
dium cyanide. The pH was adjusted to 10.2 by adding
0.754 g/1 NaOH. Every extraction experiment was con-
ducted for one day at ambient temperature.

Samples were collected and filtered periodically
during and after cyanidation to determine gold and
free cyanide content. The concentration of free cya-
nide was determined by titration using silver nitrate
and P-dimethyla-minobenzylidene rhodanine as an
indicator.

Results and Discussion. Morphological description.
In the sampling area (at depth) we encountered, from
west to east, first facies of 30—50 cm of milky white
quartz, trending NNE°026 and dipping 70° to the
west. The second facies is an altered rock cut by
quartz veins in the same direction as the first facies. It
is very rich in pyrite grains and is 0.8 to 1m thick. The
third one is also an altered rock, but with a schistose
structure (green). It dips to the north so that the 4
facies changes direction. This can be considered as
another quartz vein, with a greenish appearance and a
thickness varying between 20 and 30 cm. The bound-
ary of the 4™ facies shows strong galena and pyrite
mineralisation. The 47 facies represents alternations
of grey-white quartz rich in galena with a thickness
varying between 70 and 90 cm, its direction is N° 170
and a dip of 52° SW

Fire Assay. This analysis was carried out to determine
the gold distribution across the facies that make up the
gold mineralised body at depth. The results of this assay
are presented in Table 1.

The results showed that gold is distributed across all
the facies that constitute the orebody. With the naked
eye, we were able to see that the limits of the orebody
(facies 7 and 4) are made up mainly of quartz, with this
mineralogical phase appearing less as we move towards
the centre. We also noted that facies 2 (altered) is rich in
gold (10.8 g/t). The lowest gold content was recorded on
facies 3, at around 1 ppm. This facies is altered and
schistose in structure. It can be inferred that the gold
content is high towards the extremities of the workings
and decreases towards the centre of the orebody where
the quartz is less prominent.

X-ray diffraction analysis. The mineralogical study of
the four gold ores collected from the bottom of the quar-
ry was carried out by X-ray diffraction (XRD). The ob-
tained XRD results are reported in Figs. 1 and 2.

Phase analysis was conducted using High Score Plus
software and the PAN ICSD database. XRD analysis
identified quartz, dolomite, calcite, phengite, and pyrite
as the primary phases. Quartz appears perfectly across
all facies as the Amesmessa veins are essentially com-
posed by quartz (> 99 %) [8].

Table 1
Gold content on the different facies

Facies number 1 2 3 4
Gold content (g/t) 24.40 10.80 0.80 163
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Fig. 1. X-ray diffractograms of facies 3 and 4 (collected
from the mineralisation zone)
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Fig. 2. X-ray diffractograms of facies2 and p.p sample

The mineralisation zone spectrum (P.P) validates
the existence of muscovite in the altered rock, shown
by phengite with the chemical composition
H,Al 7Feq 21Ko.9sMgo 24Nag 001,813 35 Tig 0o-

Additionally, pyrite emerges as the main metallic
component in the point zone of the altered rock (fa-
cies 2) with 72 % quartz content. In this facies, pheng-
ite levels exceed those of dolomite and pyrite (22, 4 and
1 % respectively). Remaining elements constitute mi-
nor phases. Marngniac noted that the quartz-dolo-
mite-phengite combination typifies the rock formed
through hydrothermal alteration of the original ultr-
amylonite rock. The rock’s mineralogical composition
of this rock was altered on facies 3, showing 11 % cal-
cite with a decrease in quartz content to 39 %. Dolo-
mite and phengite reached 22 and 28 % successively.
XRD quantification reveals that the grey-white quartz
facies (facies 4) contabundant quartz (94 %). It in-
cludes notable quantities of dolomite and pyrite (5 and
1 % respectively).

IR infrared spectroscopy analysis. The infrared ab-
sorption of minerals is qualitatively related to the vibra-
tional mode of the constituents. The infrared absorption
spectra of the facies which composed the ore body are
shown in Fig. 3.

Analysis of the first infrared spectrum indicates
that quartz represents the primary constituent of the
facies. The signature bands 1,870—1,875, 1,615—1,620,
1,080—1,085, 795—800, 695—700, 515—520 and
455—460 cm™' align with quartz [11]. It is worth men-
tioning that the characteristic band at 800 cm™! typi-
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Fig. 3. Infrared spectrum of different facies

cally helps determine silicate classification [12]. The
presence of distinctive peaks at 466.44, 694.778, 798,
1,160, 1,081.07 cm™" validates the occurrence of quartz
within the facies constituting the orebody. The peak
detected at 466.44 cm™! signifies the deformation vi-
bration of quartz [13, 14]. This band represents the
combined Si—O—Si and O—Si—O bending vibration.
The signals at 462 and 514 cm™" are rarely used because
they are common to many silicate minerals [12]. Anal-
ysis revealed that the signal at 520.38 cm™' shows
greater intensity in facies 3 compared to facies 4 (curve
01), whilst DRX findings indicated higher quartz levels
in facies 04 than facies 3 (quartz comprises approxi-
mately 94 % in facies 04, but only reaches 39 % in fa-
cies 03). This suggests that this signal is not attribut-
able to quartz. The dual characteristic signals at 778
and 798 cm™! suggest the potential existence of a.-type
quartz [15].

The distinctive peaks 727.35, 878.25, 1,440 cm™
found in the infrared spectrum of facies 3 are indica-
tive of dolomite [16]. The strongest dolomite signal
detected at 1,400 cm™' arises from the symmetrical
stretching of the COZ™ group. The peak at 878.5 cm™'
corresponds to the out-of-plane bending motion of
CO7? [17]. Regarding the peak at 890—850 cm™, re-
search [18] has demonstrated that a linear correlation
exists between the integration of this peak and calcite
concentration.

The correlation was established using a synthetic
blend of quartz and calcite, suggesting the potential
presence of calcite in the upstream facies. This observa-
tion is supported by the clear identification of calcite
through XRD analysis. The IR spectrum of facies 2 does
not display distinct dolomite bands clearly, which aligns
with the minimal dolomite content (4 % via DRX) de-

Table 2
Identification of IR bands

Frequency, cm™ Type of vibration
466.44 Mixed Si—O—Si, O—Si—O bending
694 Vibrational mode of link Si—O
778, 798 Si—O—Si, Symmetrical stretching
1,160 Stretching Si—O—Si
1,081.07 Stretching vibration =Si—0O—Si=
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tected in facies 02. The absorption peaks at 830, 905,
1,000, and 1,027 cm™' indicate phengite presence. The
830 and 905 cm™' bands correspond to Si—O—Al vibra-
tions and Al—O(H)—Al bending, respectively [19]. The
prominent absorption bands at 1,000 and 1,027 cm ™! are
associated with Si—O (basal) stretching [20]. This com-
ponent is absent in spectrum 0/ (facies 04). These find-
ings strongly correlate with the X-ray diffraction (XRD)
results.

Chemical compositions. The chemical composition
was determined using the XRF technique. This analyti-
cal approach enables the identification of both major
and minor elemental components. It serves as a comple-
mentary method alongside XRD. Table 3 presents the
elemental composition across different facies within the
orebody. Analysis reveals Si as the predominant element
throughout all facies, with its lowest concentration ob-
served in the schistose altered rock (Facies 03), primar-
ily attributed to the reduced quartz content in these fa-
cies. The elements K and Al exhibit significant concen-
trations in the altered facies (facies 02 and 03). This oc-
currence stems from the substantial presence of musco-
vite (phengite) in these facies (22 to 28 %).

The elemental analyses align well with the findings
from alternative methods (XRD and IR). Facies 3 con-
tains significant Ca (14 %), attributed to its high dolo-
mite concentration. This pattern is evident in other fa-
cies as well (4 and 1 %).

The fluctuations in pyrite levels correspond to
changes in Fe and S concentrations. These elements
show marked increases in the altered facies (facies 2),
as the metasomatite frock formation consists of quartz-
pyrite-sericite (phengite)-carbonate assemblage. In fa-
cies 3, iron concentration reaches 29 %, while sulphur
remains minimal at 1 % (6,614 ppm), suggesting this

Table 3

Chemical composition of the quartz vein (facies 4)
and altered rock (facies 2, 3)

Contents in %
Elements Facies 4 Facies 2 Facies 3
(quartz vein) | (altered rock) | (altered rock)

Si 87.10 52.70 31.69

K 1.51 13.93 11.069
Fe 4.73 13.34 29.21
Al 1.10 8.87 8.72

S 1.57 4.82 6,614 ppm
Ca 1.43 4.17 14.67
Ti 1,724 ppm 1.35 2

P 4,682 4,891 4,322
Zr 103 1,520 1,517
Pb 1.07 932 —
Mn 425.4 ppm 713 ppm 4,974 ppm
Zn 5,730 ppm 258.2 ppm 475 ppm
Sr 85 ppm 282.7 ppm 1,337 ppm
\" — 226.6 572.1 ppm
Cr 234 ppm - -

phase differs substantially from pyrite. Additionally,
the facies colouration (absence of reddish tint) indi-
cates the iron content is not from oxidation. The schis-
tose structure in facies 3 reveals significant de-forma-
tion, potentially explaining the sulphur loss from the
pyrite phase.

The altered rock facies exhibit distinct structural
characteristics (facies 2 being solid and facies 3 being
crumbly). This likely results from tectonic activity, which
significantly influences the development of friable

structures within the rock. Trace metal analysis was
conducted using XRF technique. Pb and Zn emerge as
the primary elements associated with gold in this region
(depth). Pb content reaches 1 % in gold-rich facies (fa-
cies 04), but is undetectable in gold-poor facies (facies 3
containing 0.8 g/t gold). The Amesmessa gold deposit
primarily contains galena and iron-poor sphalerite as
metallic sulphides [8, 21].

In Amesmessa’s deeper zones, the hard-textured al-
tered rock shows high gold content (10 g/t). This facies
extends across a substantial area (1 m). Gold extraction
parameters are determined by geological conditions [7].
Cyanidation testing was implemented to evaluate the
impact of surrounding rock on gold mineralisation.

Cyanidation tests. For the cyanidation experiments,
16 samples of 2 kg weight and 70 um particle size were
readied for each ore category. These comprised quartz
vein types (facies 7 and 4) and altered rock variants (fa-
cies 2 and 3). Gold values are shown in Table 4. The
leaching of gold ores from the depth zone exhibits dis-
tinct behaviour in total extraction kinetics. Fig. 4 com-
piles these test results.

Table 4

Gold content in: Au' in the quartz veins samples,
Au? in altered rock

Sample | 01 | 02 | 03| 04| 05| 06 | 07 | 08
Aul g/t [76.883.01 76.9(74.3|69.0(72.2]66.3]68.7
Aul g/t (245 2.42 |2.44|1.77|2.46|2.47(2.49 | 2.75
Sample | 09 | 10 | 11| 12| 13| 14| 15| 16
Au' g/t [80.3] 69.7 66.574.982.9(75.7(84.0|87.0
Aul g/t [2.63| 2.88 |2.70]2.50|2.37|2.67 | 2.53 | 2.60
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Fig. 4. Comparison of gold recovery in two different facies
as a function of time
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Fig. 5. Impact of ore composition on cyanide concentra-
tion as a function of time

During the initial 30 minutes of leaching, gold re-
covery attained 35 % from the altered rock and 65 %
from the quartz vein. The kinetics exhibited a linear pat-
tern. Between 30 and 300 minutes (5 h), the kinetics
shifted to parabolic behaviour. The recovery achieved
80 % for gold in quartz ore and 45 % for gold in altered
rock (carbonate). Following this interval, the quartz ore
leaching reaction remained stable until # = 1,100 min.
After 24 hours of leaching, the final recovery rates
reached 86 % for quartz ore and 48 % for gold present in
the altered rock.

Fig. 5 illustrates two distinct patterns of deep zone
ore behaviour in relation to cyanide usage during cyani-
dation experiments.

The consumption of free cyanide is different in the
two ores at depth. After 300 minutes, 50 % of the free
cyanide had been consumed in the quartz ore leach,
whereas 78 % of the free cyanide had been consumed
in the carbonate-rich ore leach. The period from 5 to
300 minutes is characterised by a fluctuation in the
cyanide levels recorded. This is recorded in the leach
medium of the altered ore. After this period the con-
sumption of free cyanide is linear until the end of the
experiment.

Throughout the quartz ore leaching process, the
gold concentration remains consistent within the
300—1,100 min interval (Fig. 4). This finding correlates
with the stabilisation of cyanide uptake (Fig. 5). This in-
dicates that cyanide consumption for this ore variety de-
pends on gold leaching. This suggests that the primary
cyanide-consuming components are absent from the
quartz vein.

The occurrence of pyrite within modified rock (fa-
cies 2) may hinder leaching processes. During cyanida-
tion conditions, the Fe(CN)¢~ complex forms as per the
reaction [22, 23]

FeS, ) +6CN™ — Fe(CN).* +S;?

This process results in heightened cyanide usage and
restricts gold solubility [24]. In certain instances, ferric
ions may impede gold dissolution through iron hydrox-
ides’ (Fe(OH);) passivating properties [25]. The cyanide
extraction process could also be influenced by elevated
phengite levels in the transformed rock. Extracted gold
might undergo absorption or adsorption by phyllosili-
cate minerals through physical or chemical processes

[26—28]. The surface of pyrite can reversibly absorb au-
rocyanide complexes [29]. The presence of dolomite
disrupts pH balance in the cyanidation environment
[30]. These mineralogical characteristics of the trans-
formed rock hinder gold dissolution and result in exces-
sive free cyanide consumption.

Conclusion. The mineralogical analysis of the facies
in the mineralised zone revealed that the gold occurs in
two distinct ore types. The ore within the quartz veins
exhibits a high concentration of quartz (94 %). The al-
tered ore presents two facies: one dominated by quartz
and pyrite, whilst the other contains carbonates (dolo-
mite, calcite) and phyllosilicates (phengite). Gold con-
centrations peak at the boundaries of the mineralised
zone and diminish towards the centre as quartz content
decreases. The altered rock in the deeper zone contains
10 g/t gold and 29 % iron.

Through cyanidation tests, we determined the ore
behaviour in the deep zone. Using a sodium cyanide
concentration of 500 g/t, 88 % of gold present in the
quartz ore could be extracted. The leaching Kinetics
demonstrate that cyanide consumption correlates di-
rectly with gold dissolution. The altered rock exhibits
excessive cyanide consumption, with 78 % of free cya-
nide being depleted after 300 minutes of processing. The
recovery rate for gold in the altered rock reached only
48 %. Iron sulphides and phyllosilicates are primarily
responsible for this phenomenon.

Face sampling combined with spectroscopic analysis
using standard techniques helped identify the cause of
excessive cyanide consumption in deeper ore zones.
This practical method can substitute complex metallur-
gical procedures during mining operations.
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Meta. ®Di3uKo-XiMidyHa XapaKTepPUCTUKA YOTUPHOX
BUIIiB 30JIOTOHOCHOI PYIM 3 LIEHTPY pOoAOBUIlIa AMec-
Mecca (3axigHmit Xorrap, IiBIeHb AJDKHPY) IUISI BH-
3HAQUE€HHSI MiHEPAJIOTiYHOIO M XiMiYHOTO CKJIaay pya-
HOTO TiJIa y NIMOMHHIIN 30Hi Ta XapakTepy LiiaHyBaHHS
pyau. [TpuHUMT MoOJsATa€ B TOMY, 1100 MOPiBHATU TO-
Ka3HUKHW BUJIYYEHHS 30JI0TA W BUTPATH ILiaHIAy B pe-
3yJIbTaTi MpoLEeCcYy BUJIYroBYBaHHS. MeTa 1IbOro Olli-
HIOBaHHS — BUSIBUTU MOXJIMBY MPUCYTHICTh LliaHO-
TFeHHUX eJIEMEHTIB Y 30Hi MiHepasTi3aLii.

Mertomuka. I[licis moapiOHeHHs 3pa3KiB OyB Mpo-
BelIeHUI 1X aHaJli3 i3 BUKOPUCTAHHSIM 0araThbox MeTO-
IiB, TaKWUX S$IK: PEHTTeHOCTPYKTypHMM aHami3, [Y-
CIIEKTPOCKOIIisSI, PEHTreHOMIYOPECIICHTHNI aHali3
(P®A). BurnpobyBaHHSI Ha BWIYTOBYBaHHS IIPOBOIN-
JIMCST IPOTSITOM 24 ronuH. bynu BUKopurcTaHi nBa pi3-
HUX TUITHA 30JIOTOHOCHOI PYIH.

PesyabTaT. 3010TO po3MojijeHe MO BCiX (allisix,
10 CKJIAJaloTh PYAHE TiIO, BKIJIIOYAIOYM CIAHLIEBY
CTPYKTYpY. AHaJti3 pynu 3a noromoroio PMDA rmokasas,
0 OCHOBHMMM a3amMu 3pyIdeHIHHA Ha IJIMOMHI
€ KBapll, TOJOMIT, KaJIbIIUT, (peHTiIT i miput. KBapiosa
dawig i 3MiHeHa aliisi, po3TalioBaHi y TIMOMHHIN
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30Hi, 6arati Ha 3051070 1631 10,8 /T BianoBiaHo. PeHT-
reHo(IyopeclieHTHUI aHaJli3 TToKa3aB, 110 CJIaHIi 0a-
rati Ha 3aji30 Ta kapboHatu (23 % Fe ta 14 % Ca).
IHdpayepBoHa CMEKTPOCKOMisA € MOTYXXKHUM i edek-
TUBHUM iHCTPYMEHTOM JUISI PO3Pi3HEHHS MpUpoau ¢a-
wii. Pyna 3i 3MiHeHoi (aliii ieMOHCTpy€e HaaMipHe CITO-
JKMBaHHS LiaHimy, 1o nepesuinye Ha 48 %, MopiBHSIHO
i3 86 %, HeoOXiTHMMU IsI KBapLoBoi pyau. IIpucyr-
HICTb €JIEMEHTIB, 110 HAJAMIpHO CIOXWBAIOTh ILiaHiI,
MPU3BOAUTH 10 HU3bKOTO HAJIUIIKY Y 3MiHEHIH pyi.
HaykoBa HoBU3HA. 3aCTOCYBaHHS IIBUIKUX 1 HAIilA-
HUX METOJIB CMEKTPOCKOIIii, TaKUX SIK iH(ppayepBoHa
CITIEKTPOCKOITiSI B TTIOEAHAHHI 3 peHTTEHOCTPYKTYPHUM

aHaJi30M i peHTreHOMIYyOpeCLIeHTHUM aHaji3oM, 10-
3BOJIUJIO 3PO3YMITH MiHEpaJIOTito pi3HUX (dalliil y rIu-
OWHHI 30HI ponoBuIilla AMecMecca.

IIpakTnyna 3HaunMicTh. 3HAHHS MiHepai3allii ¢a-
il € BaXXJIMBUM TTapaMeTPOM ISl BUBHAUCHHST BilTHOB-
JICHHSI Ta BUTpATH 1iaHiAy Mix yac BUMPOOyBaHb HA BU-
JIYTOBYBaHHSI, 1110 Iepeadayae HasiBHICTb €JIEMEHTIB
HaJIMipHOIO CITIOXKMBAHHSI LiaHiIiB.

KmouoBi ciioBa: podosuue Amecmecca, 3010monocHa
pyoa, yiany8auHs, 8UAYHEeHHS 3040Md, MIHepanoeis
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