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ABSTRACT

The paper presents the outcome of a comprehensive study at macro- to nanoscale levels of
enrichment products from technogenic wastes. The products were obtained thanks to the
experience of gravity enrichment during the treatment and preparation of the gold and REE
sample material with preliminary mechanical and thermal activation. Thermal activation was
applied for the first time. Native gold was identified in the form of single, micron-sized grains and,
according to technological testing of enrichment products, there is a predominance of "invisible"
dispersed gold. The gold content in the initial material was 2.93 g/t, which upon thermal activation
of the sample increased to 6.37 g/t. According to the spectral analysis and electron probe
microanalysis, the products of all enrichment stages are characterized by an increased content of
yttrium and REEs. The REEs occurrence forms were determined. REEs are mainly found in micro-
and nano-sized fluorine and fluorine-free phosphates (in apatite, by substitution of calcium), in
REE-phosphates (in xenotime), and less often, possibly, in complex sulfo-phosphates and
phosphate silicates. In thermal products consisting of inhomogeneous aggregates of nanosized
phases, according to X-ray phase analysis, considering the elemental composition, REEs are
included in the composition of phosphates: florensite and phases Ce(Ps014), CasMgSm(POa)7
Keywords: gold, REEs, micro- and nano-sized grains, technogenic wastes, Caspian Mining-
Metallurgical Plant, Kazakhstan.
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Introduction

Accumulated for decades and occupying vast
lands, technogenic wastes of large enrichment
combines, factories, and plants, are rightly

In the Mangistau oblast, the uranium-
phosphorite deposits of Melovoe, Tomak, and
others provided raw materials for the Caspian
Mining and Metallurgical Plant (CMMP) [[1], [2], [3]].
According to open sources literature [[4], [5], [6], [7],
[8], [9]], the CMMP ore process was as follows:

considered as technogenic deposits of valuable
elements, and their study results may well comprise
a separate section of metallogeny.

1. the clays were washed and classified,
separating the washed phosphatized fish bones into
large classes;
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2. the washed bone detritus was sent to the
plant’s  hydrometallurgical reprocessing for
extraction of uranium and phosphorus, and the REEs
were sent for storage in a sludge reservoir.

This way, two types of technogenic deposits
were accumulated in Aktau:

- ore wash tailings: black, organically enriched
clays, the most abundant;

- rare earth industrial sludge, limited by the
sludge reservoir volume.

According to E.A. Pirmatov et al. [7], the content
of rare-earth oxides in Aktau mineral technogenic
formations comprises 3.67%, including 0.24% of the
most valuable heavy group.

The research objective: a study of phase and
mineral composition of enrichment products from
technogenic wastes, that is phosphogypsum,
formed as a result of reprocessing of uranium-
phosphorus concentrates of fish bone detritus of
Neogene-Paleogene marine clays. Of interest are
gold and rare-earth phases (minerals) of micro- and
nano-size.

Sample preparation and research methods

Material preparation and enrichment to obtain
representative samples (enrichment products) for
mineralogical, chemical, and other types of analyses
were implemented according to the developed
technological procedure for the enrichment of gold
and rare earth element (REE) samples [[10], [11]].
The technology included additional operations for
deep disintegration of sample material in a self-
crushing mill and thermal activation (RK Patent No.
7613 [10]) of bulk analytical samples allowing
approaching closely to the enrichment and
guantitative determination of micro- and nano-
components of ores.

Products of all reprocessing stages were
analyzed in the Mineralogy Laboratory in K.l
Satbayev Institute of Geological Sciences (Almaty).
To study the mineral and elemental composition,
the samples were separated in heavy liquids into
light and heavy fractions, followed by the separation
of the heavy fraction into  magnetic,
electromagnetic, and non-magnetic. Grains of
minerals, selected under a binocular, were studied
by drop-microchemical, luminescent analyses, and
electron probe microanalysis.

The following research methods were employed
to identify micro- and nano-mineral components of

enrichment products from technogenic wastes:
optical microscopy (LEICA DM2500P), X-ray phase
(DRON-3 with PDF2 Release 2022), spectral (semi-
quantitative) analyses, atomic absorption (Thermo
ICE 3500 spectrometer) analyses, electron probe
(JCXA 733 with INCA ENERGY energy dispersive
spectrometer). The chemical analyses were
implemented in an accredited laboratory
(NKZ.T03.1460 as of February 28, 2019) by EcolLux-
As LLP (Stepnogorsk).

Research results

The initial material was white with a yellowish
tint homogenous sludge formed from the sulphuric
acid processing of uranium-phosphate ores at the
hydrometallurgical plant.

Thanks to our own technique of initial material
pre-processing of mechanical and thermal activation
(RK Patent No. 7613 [10]), it became possible to
concentrate ore load in small weight mineralogical
batches (finishing concentrates) and to obtain the
technological parameters on gravitation enrichment
of gold (Table 1, Table 2) and REE (Table 3). Table 1
shows the results of the gravity concentration of
stockpiled tailings (sludge) after mechanical
activation in a self-crushing mill. As the material is
fine-grained and clumpy, manual disintegration was
ineffective. The yield of non-disintegrated "lumps"
was ~15 %, mechanical ~1.5 %. Therefore,
enrichment was carried out after the mechanical
activation of the initial material in the self-crushing
mill.

Native gold in the form of single, micron-sized
grains was detected in the gravity concentration
products. In Figure 1, the gold particle is in
phosphate-(Fe). The elemental composition
according to electron probe microanalysis (%) is Cu
12.85, Ag 4.51, and Au 82.65.

To study dispersed gold, samples were taken
from the final tailings after their mechanical and
thermal treatments (at 750-800°C) in a thermal
activator [10]. It is assumed that heating causes the
enlargement of dispersed gold nanoparticles up to
micron size [[10], [11]] with their subsequent
extraction into grave-concentrate (Table 2).

"Invisible" dispersed gold predominates in the
technogenic wastes according to a study of
enrichment products. The gold content in the initial
material was 2.93 g/t, which after thermal activation
of the sample increased to 6.37 g/t.
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Table 1 - Results of gravity concentration of stockpiled tailings (sludge) after mechanical activation in the self-crushing
mill

Enrichment products Output Gold content, g/t* | Gold recovery, %
kg %

Vibratory screw separator concentrate 0.025 0.17 4.79 0.27

re-processing concentrate (VCRC)

Vibratory screw separator concentrate 0.092 0.62 2.36 0.50

re-processing tailings (VCRT)

Centrifugal apparatus concentrate 0.031 0.21 6.74 0.47

(CAC)

The final tails 14.652 99.0 2.92 98.60

Source material: stockpiled sludge 14.80 100 2.93 100

(sludge)

Note: "Protocol No.0003 of the Eco-Lux-As LLP dated 06.01.2022

80mKm
The matrix material is phosphate-(Fe) (gray) in association with REE-bearing phosphate-Silicate-Fe nanoparticles
(white dots), quartz (dark gray)

Figure 1 — Micron inclusion of gold (white). BE/

Table 2 - Results of gravity concentration of final tailings after their mechanical and thermal treatments with thermal
activator coal

Enrichment products Output Gold content, g/t* Gold recovery, %
kg %
Thermal activator coal 130 34.12 2.25 12.09
Centrifugal apparatus concentrate (CAC) 30 7.88 5.06 6.38
Tails 221 58.0 8.97 81.63
Initial (Ini.) material (enrichment products + 381 100 6.37 100
thermal activator coal)

Note: *Protocol No.0013 of Eco-Lux-As LLP dated 20.01.2022
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Table 3 — Bulk chemical composition (normalized to 100%) (wt.) of heavy fraction sample from enrichment products

(average for 3 analyses)

Analysis 1 2 3 4 5 6 7 8 9
components
o 43.50 38.00 41.57 39.44 40.06 40.73 38.74 45.06 39.64
F 0.00 0.00 9.18 9.39 9.06 9.65 8.78 0.00 0.00
Na 1.07 1.12 0.48 0.61 0.80 0.80 0.57 2.14 0.94
Mg 1.59 1.67 3.43 3.72 1.7 3.75 4.12 1.84 1.66
Al 3.22 3.39 3.95 3.89 2.35 4.16 4.20 5.07 3.57
Si 9.22 8.47 1.21 0.51 4.58 1.59 0.85 12.40 11.52
P 10.75 10.31 19.49 21.97 10.28 18.69 22.17 7.88 8.92
S 0.37 0.41 0.59 0.32 2.50 0.84 0.53 0.82 0.66
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.15
K 0.61 0.69 0.19 0.04 0.29 0.18 0.10 1.47 0.81
Ca 5.09 2.36 5.53 3.83 14.29 6.20 3.56 6.16 5.30
Ti 0.00 0.36 0.00 0.00 0.00 0.00 0.00 0.29 0.47
Cr 0.85 4.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 21.2 24.29 11.62 12.26 11.27 11.70 12.84 15.88 25.32
Ni 0.83 2.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 2.01 0.39 0.00 0.00 0.00
La 0.27 0.67 0.55 0.73 0.15 0.41 0.66 0.34 0.38
Ce 0.68 0.94 1.01 1.45 0.67 0.92 1.26 0.37 0.64
Pr 0.17 0.00 0.27 0.41 0.00 0.00 0.28 0.00 0.00
Nd 0.32 0.00 0.56 0.68 0.00 0.00 0.75 0.00 0.00
Sm 0.23 0.00 0.26 0.26 0.00 0.00 0.31 0.00 0.00
Eu 0.21 0.00 0.00 0.20 0.00 0.00 0.12 0.00 0.00
Gd 0.12 0.00 0.2 0.29 0.00 0.00 0.26 0.00 0.00
> 100 100 100 100 100 100 100 100 100

Note: 1 - REE-1 Fc (finishing concentrate) of technogenic mineral formations (TMF) concentrate sample, 2 - REE-2 Fc of
TMF concentrate sample, 3 — REE VCRT sample, 4 —REE tailing sample, 5 — REE CAC sample, 6 — REE VCRC sample, 7 —
REE VCRT sample, 8 — REE-1 Ini. Fc of VCRC sample, 9 — REE-1 Ini. Fc of VCRC sample

During the study of the material composition of
samples for REE, the refined products were divided
into light, magnetic, electromagnetic, and non-
magnetic fractions. The light fraction was found to
contain gypsum, quartz, feldspar, hydromica,
chlorite, phosphates, and rarely carbonates. The
magnetic fraction contained mainly dark brown iron
ochre in the form of crusts and rarely magnetite in
the form of rounded formations. The
electromagnetic fraction contained the main mass in
the form of phosphates, less often hematite,
ilmenite, iron hydroxides, limonite on pyrite,
amphibole, epidote-zoisite, light pink garnet, dark
green pyroxene, and extremely rare single

occurrences of tourmaline, titanite, mica (biotite).
The non-magnetic fraction of samples has mainly
white, light gray spherical, and columnar aggregates
of phosphates and sulfates, transparent apatite; less
often zircon, pyrite, rutile, white barite, and
carbonates.

According to the spectral analysis, products of all
stages of enrichment are characterized by high
content (g/t) of yttrium up to 500, light and heavy
REEs: lanthanum up to 500, cerium up to 1500,
praseodymium up to 10 000, neodymium up to 3
000, samarium up to 1 500, gadolinium up to 1 500,
terbium up to 1 000, dysprosium up to 1 000, erbium
up to 300, ytterbium up to 1 000. According to
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electron-probe microanalysis, the bulk elemental
composition of products mainly contains light REEs,
with high values (%) for cerium up to 1.49;
lanthanum up to 0.88; praseodymium up to 0.86;
neodymium up to 1.03 (Table 3). The grains of heavy
fraction samples selected and preliminary studied
on pucks (semi-quantitative analysis) in SEI mode
are mainly lumpy loose rounded macroaggregates
(Figure 2 a) made of nano-sized grains (Figure 2 b).

30mMem

b
Figure 2 — Micro-aggregates from heavy fraction sample.
SEIl. General view of rounded lumpy micro-aggregates —
a, shape and size of a rounded micro-aggregate
consisting of nano-sized grains of Fe phosphates and
REE-bearing apatites — b.

To determine elemental composition and forms
of REEs occurrence in BE/ mode (compo), grains of
samples, i.e. concentrates of different reprocessing
stages from the non-magnetic fraction were placed
on polished sections. In the detailed figure, the
grains turned out to be inhomogeneous aggregates
consisting of many nano-sized phases. In finishing
concentrate (sample REE-2 Fc of TMF concentrates)
light and heavy REEs were revealed in
heterogeneous xenotime phase (Table 4, analysis 1);

light REEs and yttrium are part of fluorine-free
apatite (Table 4, analyses 2-5).

In analysis 2-5, the remaining iron, aluminum,
magnesium, and chromium, according to X-ray
phase analysis (Table 3), can enter lipscombite
Fez.95(P04)2(0OH);, iron and aluminum phosphate
A|o,57F€o,33(PO4), magnetite Mgo.oaFe20604, Mg-
bearing hercynite Feo77Mgo.20Al1.9:04, Mg-bearing
chromite (FeossMgoss)Cr204. In Figure 1, a
microparticle of gold in phosphate-(Fe) (analysis 6) is
in association with nano-sized grains of REE-bearing
phosphate Silicate-Fe and quartz.

In addition to rounded loose macroaggregates,
there are homogeneous and zonal globular micro
formations in the VRRC sample, cracked under
conditions of high vacuum and temperature effect of
the electron beam. In slices, the globular formations
are homogeneous or zonal (Figure 3 a). In zonal
ones, the outer rim consists of a heavy REE-bearing
phase of sulfo-phosphate Ca and F, while the
composition of the inner part is the same only with
lower REEs content. In the detailed figure of the
central part of globular formations, their
heterogeneity is clearly visible. Like loose micro-
aggregates, these formations are composed of
nano-sized phases (Figure 3 b).

' 900mMKm !

40mKm

b
Figure 3 - Spherical formations of VRRC sample. BEI. The
zoning of globular formations - a, heterogeneous
structure of the inner part of the globular formation - b.
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Table 4 - Chemical composition (wt.%) of heterogeneous grains in the finishing concentrate sample

Analysis 1 2 3 4 5 6
Components Finishing concentrate sample
(sample REE-2 Fc of TMF concentrates)

F 0.00 0.00 0.00 0.00 0.00 0.00
Na20 0.00 0.00 0.00 0.00 0.00 1.70
MgO 0.00 2.24 3.77 2.26 2.27 0.73
Al203 0.00 6.15 8.22 5.85 5.47 1.43
SiO2 0.00 0.00 0.00 0.00 0.00 0.00
P20s 38.39 51.45 50.25 46.36 44.95 40.83

SOs3 0.00 0.00 0.00 0.00 0.00 0.00
Ca0 2.73 4.55 3.14 5.09 4.46 3.21
TiO2 0.00 0.56 0.00 0.33 0.65 0.25
Cr203 0.00 0.00 0.85 0.58 0.60 1.89
FeO 1.95 25.66 21.59 21.90 20.97 47.15
NiO 0.00 0.00 0.00 0.00 0.00 0.82
Y203 23.31 2.72 1.85 3.39 2.19 0.00
Laz203 3.46 1.65 1.39 1.19 1.85 0.00
Ce20s3 6.33 2.28 2.45 1.70 2.23 0.00
Pr20s 1.07 0.05 0.46 0.19 0.03 0.00
Nd203 3.77 0.94 1.61 1.07 1.29 0.00
Smz0s3 1.45 0.14 0.27 0.35 0.73 0.00
Eu203 0.67 0.21 0.30 0.16 0.50 0.00
Gd203 2.92 0.35 0.64 0.13 0.60 0.00
Th203 0.62 0.00 0.00 0.00 0.00 0.00
Dy.0s 3.11 0.00 0.00 0.00 0.00 0.00
Ho203 0.46 0.00 0.00 0.00 0.00 0.00
Er203 2.13 0.00 0.00 0.00 0.00 0.00
3 92.37 93.51 93.08 83.78 84.42 98.01

The enriched products studied by X-ray phase
analysis are represented by poorly crystallised
phases, which (considering the results of electron
probe microanalysis) may presumably be of the
following composition (Table 3): whitlockite
CaisMgyH2(PO4)1s, iron  hydroxide phosphate
Fes(PO4)3(OH);, iron and aluminium phosphate
A|0,57F80,33(PO4), Iipscombite Fez,QS(PO4)2(OH)2,
pyroaurite (MgeFez(OH)ls(C03)(H20)4,5)o,25,
phosphocyclite-(Fe) Fe,(P4012), rhodolicoite Fe(PQ,),
hydroxyapatite  Cas(POa4)2.92801.3H1.44, F-bearing
hydroxyapatite Cas(PO4)3((OH)osFo2), aluminium
phosphohydroxide Alsy(POsH)s, Al(H2P3010)(H20)2,
Aly(P,011)FHy, iron phosphate Fez(P4012), where REEs
are apparently present in fluorine and fluorine-free
phosphates (in apatite, by substitution of calcium,
and in xenotime, monazite).

Initial samples, tailings and concentrates after
thermal treatment in thermal activator [10] were
again divided into light, magnetic, electromagnetic
and non-magnetic fractions and studied by a
complex of methods. Minerals of the light fraction
are represented by quartz, feldspar, mica, graphite
and fragments of grayish-black phosphorus-bearing
minerals. The magnetic fraction contains brown and
dark-brown iron ochres (technogenic) in the form of
crusts; the electromagnetic fraction consists of iron
hydroxides, hematite, less frequently epidote-
zoisite, light pink garnet, dark green pyroxene,
ilmenite, titanite, and ash-grey lumpy phosphorus-
bearing aggregates; non-magnetic fraction, mainly
light grey, ash-grey phosphate, rarely apatite and
columnar white phosphate, zircon, pyrite.

According to semi-quantitative spectral analysis,
content of all thermal products (thermal tails,
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thermal concentrate, thermal initial) increased (g/t)
as follows: yttrium up to 5000; REE: lanthanum up to
1500, cerium up to 5000, praseodymium <10,000,
neodymium <10,000, samarium up to 1000,
gadolinium up to 2000, dysprosium up to 1500,
erbium up to 500, lutetium up to 300.

According to electron probe microanalysis, the
bulk elemental composition of three thermo
samples contain significant amounts of light REEs
compared to heavy ones (%): cerium up to 1.76;
lanthanum up to 1.10; neodymium up to 0.98;
samarium up to 0.42; gadolinium up to 0.62;
europium up to 0.62. For exact determination of
REEs occurence, polished sections with selected
grains of non-magnetic fraction of thermal products
were prepared. The secondary electron images (SEl)
show thermal samples as aggregates of rounded,
sometimes hollow, microparticles (Figure 4).

100MKm

Figure 4 - Porous aggregates of thermo-products
(thermo-tails) consisting of round particles. SE/

The rounded aggregates are heterogeneous,
often zonal (Figure 5) and consist of nano-sized
phases. The heavy phases are phosphates of REEs
and Fe. The dense phases of the rims do not contain
REEs and are close in composition to iron
phosphates. There are frequent phases closer to the
florensite composition, with significant contents of
light REEs. In zonal rounded aggregates (Figure 5),
the central part consists of nano-sized REE-bearing
heavy phases: REE and iron phosphates, the outer
shell is lighter due to the lower content of REE
phosphate.

In thermal products, according to X-ray phase
analysis, REEs are included in phosphates: florensite
and phases Ce(PsO14), CasMgSm(PO4);. In Figure 6,

heavy rounded inhomogeneous microinclusions of
REE phosphate (florensite) and iron phosphate are
located in a porous matrix of lazulite composition
MgA|2[PO4]2(OH)2.

! 30MKm

Figure 5 - Rounded formations of a thermal sample. BEI.
The central part of rounded heavy formations (white)
with a high content of REE, the shell with a lower
content of REE is a lighter phase (gray)

100MKm '

Figure 6 - Rounded inhomogeneous grains of REE-
bearing inclusions (florensite) in a porous matrix of
lazulite composition. Pores (black). BE/

The diffraction patterns of the three thermal
products, as well as the bulk elemental composition,
almost do not differ from each other (Table 5).
According to X-ray phase analysis, the main phases
in the heavy fraction of thermal products,
considering the bulk elemental composition
presumably can be: iron phosphates Fe;Fe(P,0-),,
rodolicoite Fe(PO.), phosphocyclite-(Fe) Fes(P4012);
REE-bearing phosphates Ce(Ps014), florensite-(Ce)
Al3(Ceos4Lao.27Ndo.11Smo0sCaoos)  (PO4)2(OH)s and
CagMgSm(P0Q,);, and iron oxides.
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Table 5 — X-ray powder diffraction pattern for thermal products

Thermal tails Thermal concentrate

Thermal inital

Phase

/ dM3M., A / dmsm,, A I

dmsm,, A

- - - - 17.8

4.32 Fe,Fe(P207)2, Rodolicoite Fe(POa4),

phosphocyclite -(Fe) Fez(P4012),
CasMgSm(POa)

53.2 4.14 45.9 4.14 53.9

4.13 Al(PO4), CasMgSm(POa), Al(POa),

Ca19.1Mg1.56Fe0.44(PO4)14

- - 15.1 3.69 -

Al(PO4)

17.0 3.46 28.6 3.45 153

3.45 Fe2Fe(P207)2, Rodolicoite Fe(POa), florencite -

(Ce) Al3(Ce,La,Nd,Sm,Ca)(POa)2 (OH)s,
CasMgSm(POa),

- - 28.4 3.35 -

FezFe(P207), florencite-(Ce)
Al3(Ce,La,Nd,Sm,Ca)(POa4)2 (OH)s,
CasMgSm(POa)

100.0 3.03 100.0 3.03 100.0

3.03 FezFe(P207)2, phosphocyclite-(Fe) Fe2(P4012),

calcite Ca(COs), CasMgSm(PQa),
Ca19.1Mg1.56Fe0.44(PO4)14

36.5 2.93 40.7 2.93 39.1

2.93 Fe2Fe(P207)2, florencite-(Ce)

Als(Ce,La,Nd,Sm,Ca)(POa)2 (OH)s

34.8 2.86 40.6 2.86 28.2

2.85 Fe2Fe(P207)2, CasMgSm(POa),

- - 10.3 2.70 -

Fe2Fe(P207)2, florencite-(Ce)
Al3(Ce,La,Nd,Sm,Ca)(POa4)2 (OH)s,
phosphocyclite-(Fe) Fe2(P4O12),
CagsMgSm(POas), hematite Fe1.98703

16.8 2.54 20.3 2.55 18.8

2.55 FezFe(P207)2, Al(PO4), CasMgSm(PQOa4),

hematite Fe1.98703, Al(POa),
Ca19.1Mg1.56Fe0.44(PO4)14

- - 10.5 213 -

florencite-(Ce) Alz(Ce,La,Nd,Sm,Ca)(PQa)2
(OH)s, phosphocyclite-(Fe) Fe2(P4012)

Research Discussions

The enrichment products from technogenic
wastes are difficult objects for research, because are
represented by heterogeneous micro-sized
aggregates with nano-sized grains of various
minerals and phases (Figure 2 b, 4). X-ray analysis in
the case of nano-sized grains is uninformative, since
such samples are X-ray amorphous. In an electron
probe, even under a focused beam on nano-sized
inhomogeneity, the bulk elemental composition of
several nano-sized dispersed phases is obtained. The
composition varies not only from grain to grain, but
also from site to site in one grain. The identification
of phases is hindered by a diverse set of elements,
and the construction of correlations is hindered by
their different number. So, it may turn out in
practice that complex REE-bearing sulfo-phosphates
and phosphate silicates are mixtures of nano-sized
grains of sulfate (gypsum) with apatite and apatite
with silicate, respectively, therefore, it is necessary

to return to the study of technogenic wastes every
time to clarify the technology of their enrichment.
The authors of this study revealed fine gold and
increased REE content in technogenic deposits of
uranium-phosphate processing of CMMP deposits
for the first time. According to earlier studies, gold
and other noble metals are present in phosphate
deposits in different regions of the world (Alaska,
North Africa, East European platform, oth.) [[12],
[13], [14], [15], [16]]. A tendency was established for
selective concentration of gold in phosphorites, the
genesis of which is associated with organic matter of
bottom sediments, extracting these elements from
sea or silt water [15]. Chinese colleagues noted the
presence of platinum, silver and, less frequently,
gold in phosphorites [12], with platinum being
extracted for many vyears from phosphorite
enrichment tailings. In this regard, of scientific
interest is the obtainment of a formation of
phosphorus-rare-earth with nanoscale gold from the
coastal-marine and shelf zones of ancient
Cretaceous-Paleogene deposits of Kazakhstan, as a
new very promising source of gold and rare earths.
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In the Mangistau region, the known uranium-
phosphorite deposits Melovoye, Tomak, Taibor, and
Tasmuryn, where technogenic deposits we have
already studied, are the objects of the Mangistau
scandium-rare-earth-phosphorus-uranium
Oligocene mineral complex of the Caspian uranium-
ore province. They are found in sedimentary
deposits, organogenic clays saturated with
fragments of bone and plant detritus, and sulphides.
In addition to uranium, they contain rare earth,
phosphorous, rhenium, and other elements. As the
researchers note, all of them are unique,
syndiageneous, complex scandium-rare-earth-
phosphorus-uranium, sorbobiogenic, associated
with dark grey clay horizons, saturated with bone,
mainly fish, detritus [[17], [18], [19], [20], [21]].

In view of the above, other areas in Kazakhstan,
where similar marine phosphorite-bearing deposits
of Cretaceous-Paleogene age are also developed,
are of interest.

There are phosphorite deposits in the Aktobe
Urals region and in the Mangyshlak Island, which
belong to the Cretaceous Mangystau-Aktobe
phosphorus terrigenous mineragenic complex
(Shilisai, Alga, etc.) [[18], [19]]. The Cretaceous
phosphorite-bearing sediments include sandy,
calcareous clays, glauconitic-quartz sandstones,
carbonaceous clays, siltstones, marls, chalks,
partially cemented nodular-sandy phosphorites,
quartz-glaukonitic sands, polymictic crossbedded
sands impregnated with iron oxides with small iron
peas, boulder-like sandy-limey concretions.

Phosphorite-bearing objects of Eocene age are
common in East Aral, and are associated with the
glauconite-terrigenous formation. The rocks contain
isolated fragments of ostracod shells and sponge
spicules. In thin sections, scraps of minute diatoms
replaced by brown carbonaceous matter and
phosphate are observed in the phosphate cement
matter. In the Syr Darya region, Central Kyzylkum
[19], the phosphorite-bearing sediments are
represented by terrigenous carbonate formation.
The granular phosphorites and phosphorite-bearing
rocks are mainly composed of phosphatized
organogenic material (phosphate biomorphoses,
bones) and chemogenic formations, oolites.

The phosphorus-rich brown-iron objects of the
Ayat iron-ore basin are of interest [22]. At the Ayat
deposit, depressions of the Paleozoic basement
contain Lower Cretaceous lake-marsh-type
sediments: clays, sands, and sandstones with
commercial deposits of bauxite and refractory clays,
and above are Cretaceous and Tertiary marine

deposits represented by basal conglomerates,
siderite sandstones, quartz and quartz-glauconite
sands, clays and loams with phosphorites and
marine fauna.

During geological surveys in the eastern side of
the Turgai Trough, geologists found [19] significant
areas of Upper Cretaceous and Paleogene
phosphoritic nodules close to the surface.

In Northern Kazakhstan, glauconite and
phosphorite occurrences of the Cretaceous age are
widespread in the Selety district [[19], [23], [24],
[25]] (phosphorite and glauconite deposit of Selety,
glauconite of Izobilnenskoye).

In the Upper Jurassic-Lower Cretaceous age soil-
infiltration deposit of Semizbai the maximum
uranium content is noted in clay horizons with a
significant admixture of carbonized plant detritus
[17].

Conclusions

The enrichment products from technogenic
wastes of the Caspian Mining and Metallurgical Plant
are difficult objects for research because are
represented by heterogeneous micro-sized
aggregates with nano-sized grains of various

minerals and phases. With nanosized
inhomogeneity, the result of electron probe
microanalysis will be the bulk elemental

composition of several nano-sized dispersed phases,
which complicates their identification.

A technological sampling of enrichment
products shows that "invisible" dispersed gold
predominates in technogenic wastes. Native gold is
revealed as single, micron-sized grains. The gold
content in the initial material is 2.93 g/t, which
increases to 6.37 g/t after sample thermal
activation.

According to the data of electron probe
microanalysis, REEs are mainly found in nano-sized
fluorine and fluorine-free phosphates (in apatite, by
substitution of calcium), and in REE phosphates (in
xenotime and monazite). In thermal products, REEs
are included in phosphates: florensite and phases
CE(P5014), CagMgSm(PO4)7.

Total sampling is proposed for gold of the
Cretaceous-Paleogene phosphorus-bearing coastal-
marine quartz-glauconite and overlapping black
Paleogene clays in Selety-Teniz area of Akmola
region, Aktobe and Kostanay regions; of infiltration
uranium deposits (Semizbai and others), etc. Besides
REE, attention should be paid to scandium and
rhenium. Sample processing should be carried out
with mechanical and subsequent thermal activation
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of sample material according to the flow chart
developed by the authors of this study.
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TYRIHAEME

TexHoreHAiK wWeriHainepAiH, Makpo- HaHo-enWwemai AeHreiiHe aeliH eHAenreH eHimaepiH
KeleHai 3epTrey HaTvkenepi 6epinreH. OHIMAEp angblH ana MexaHWKabIK KaHe TeEPMUANDIK,
AKTUBTEHAIPY apKblibl antblH MeH CXKI ywWwiH 3epTTeneTiH yari matepuanapl eHAey XaHe
JalblHOay KesiHge rpaBuTauMANbIK balblTy a4icTepiHiH a3ipnemenepiH naifdanaHy apKbiabl
anbiHAbl. HaTuKeciHae Aapa, MUKPOH enwemai TyHipLwikTep TypiHAeri Ta3a antbiH KaHe 6aibITy
OHIMAEPIH TEXHONOTUANBIK CblHAyFfa COMKeC, «Ke3re KepiHBeWTiH» Malga AWUCNepcUanbIK,
anTblHHbIH, 6acbiMAbIFbl aHbIKTanabl. ANTbIHHBIH, Meswepi 6acTankpl matepranga 2,93 r/T 6osca,
an yari TepmuAnblk, benceHaipinreHHeH Kelid 6,37 r/T geitin aptagpl. CNeKkTpAiK Tangay KaHe
3N1EKTPOHAbI 30HATLIK MUKPOaHaNu3 HaTuxenepi bovbliHWa BalibiTyAblH, 6apAblK Ke3eHAePiHiH,
eHimaepi uTTpuii meH CX3I menwepnepi Kofapbinaabl. CHI nailga 6ony dopmanapsl
aHbIKTanFaH. CHKD HerisiHeH MUKpPO aHe HaHo enwemai Top aHe ¢Topchi3 dochaTtrapaa
(anatutTe, Kanbuminai anmactblpy apkbiabl), CHI-bochaTrapabiH, e3iHae (KceHoTUMAE) KaHe
CUpEeK, MYMKIH, Kypaeni cynbpodocdaTrap meH pocdaTTbl cuANKaTTapaa Kesgecei. PeHTreHaik
AMOpaKUMANbIK  TanpayFa CalKeC 3SNeMEHTTIK KypamMblH eckepe OTbIpbin  HaHoeswemai
dasanapablH, 6ipTeKTi emec arperaTrapbiHaH TypaTbiH TEPMUANBIK eHIMaepae, CHKI docdartrapra
Kipeai: onap dnopeHcuT kaHe Ce(Ps014), CasMgSm(POa); dasanapbl.
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301070 U peaKo3emesibHble 3/1IeMEHTbl B NPOAYKTAaX nepepaboTku us
TeXHOreHHbIX oTn0XeHuM Mpukacnuiickoro FropHo-MeTtannypruyeckoro
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AHHOTALUMUA

M3n0eHbl pe3ynbTaTbl KOMMAEKCHOrO M3y4eHMA OT MAaKpo- A0 HAHOPA3MEPHOro YPOBHSA
NPOAYKTOB nepepaboTKM U3 TEeXHOTeHHbIX OTNOMEeHWW. [1poAyKTbl nonyyeHbl 6narogaps
MCNoNb30BaHMIO HapaboTOK MO rpaBWUTALMOHHBIM MeTogam oboraweHua B obpabotke u
NoAroToBKe Mccnesyemoro matepuana npob Ha 30n0T0 M P33 ¢ npeaBaputenbHoW WX
MEXaHUYeCKOoW M TEPMUYECKOIN aKTUBaLWEN. BbiABNEHO: CaMOpPOAHOE 3010TO B BUAE €ANHUYHDIX,
MUKPOHHOM Pa3sMepHOCTH, 3epPeH U, MO AAHHBIM TEXHONOrMYECKOro onpoboBaHWA NPOAYKTOB
oborauieHns, npeobnagaHue «HeBMAMMOro» ToOHKoaucnepcHoro. CopepkaHue 30/10Ta B
MCXOOHOM MmaTepuane coctanset 2,93 r/T, KoTopoe mnocne TepMOaKTUBaLMM Mpobbl
yBenuumsaetca Ao 6,37 r/t1. Mo pesynbTaTam CNEKTPaNbHOrO aHa/in3a U 3N1eKTPOHHO30HA0BOrO
MMKpPOaHan3a ANs NPOAYKTOB BCEX CTaAMI 060raLeHUs XapaKTepHO NOBbILEHHOE COAEPHKaHWe
utTpua un P33. OnpeaeneHbl Gopmbl BXxoKaeHUA P33. P33, B OCHOBHOM, Haxo4AaTCsA B MUKPO- U
HaHopa3mepHbIX GTOpUCTbIX U BecdTopuCcTbix pocdaTax (B anaTuTe, NyTem 3ameLLeHUA KanbLma),
B cobcTBEHHO P33-docdatax (B KCEHOTUME) U peke, BO3SMOMXKHO, CNOXHbIX cyabdodochaTax u
docdartcunmkartax. B TepMmonpoayKTax, COCTOALLMX U3 HEOAHOPOAHbIX arperatoB HAHOPa3MepPHbIX
a3, No gaHHbIM peHTreHoha3oBOro aHaAM3a C YHEeTOM 3/1IEMEHTHOTO COCTaBa, P33 BxoaAT B cocTas
docdaTos: pnopeHcuta u dpas Ce(PsO1s), CasMgSm(PO4)s.

Kniouesbie cnoea: 3000710, P33, MMKPO- M HaHOPa3MepHbIe YacTULbl, TEXHOFEHHbIE OTNOKEHUS,
MpyKacnuncknin ropHo-MeTanNypruyeckmii KombumHat, KasaxcraH.
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