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Z1oza Surowcow mineralnych ukrainy(after GSU)
Surowce palne 2233
Surowce metaliczne 147

Surowce niemetaliczne 4676
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1- Tarcza ukrainska; 2- tektoniczno-erozyjne roztamy, 3- impactyty 4- depresje, 5- ptyta Vohlyn-Podole, 6- Paleozoik, 7-
monoklina Vohlyn-Odessa, 8- Paleozoiczne elewacje, 9-monoklina S-Ukrainska, 10- deprfesja N-Krymu, 11- centralna
elewacja krymska - kreda-paleogen, 12- cretaceous-paleogen alminian depression, 13- Mezozoiczna niecka dniepr-
donieck, 14- NE krawedZ niecki dniepro-donieckiego przykrywajaca woroneska antykling. 15- potudniowy skton
woroneskiej antykliny, 16- jednostki fatldowe (1-Carpatian, 2- Dobruja, 3-Crimean, 4- Donbas), 17 depresje alpejskie (1-
fore-Carpatian, 2-inhuo-cubanian, 3- transcarpathian)



Geobloki tarczy ukrainskiej:
I- Volyn

lI- Dnister-Buh

l1I- Rosinsko-Tykych

IV- Kirovograd (Inghulski)

V- Middle-Dnieprean

VI- Azovian

Suture zones.

1. Golovanskaya

2. Inhulecko-Krivoroska
Orehovsko-pavlohradskaya

1-Pal.-Archian 2-Mezo-Archean 3-Neo- Archean 4- Pal-Proterozoic 5- Middle-Proterozoic
| , (AT - I - -
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6- Neo-Proterozoic



LITHO-TECTONIC COMPLEXES

- Volcanic-sedimentary
- Volcano-Flutonic
- Granitoid-Metatemgenous

Tonalite-Greenstone
| Plagiogranitoid-Amphibolite

Charnockite-Granulite

Kirovograd

Dniprean Azovian

Mapa tarczy ukrainskiej (Boborov, 2016)



Ztoza mineralne Ukrainy?

e Czarna metalurgia (zloza Fe, Cr, Mn, Ni)
o Ztoza Ti

e Metale kolorowe (Cu, Zn, Pb,)

e Ztoza metali krytycznych (Nb, Ta, Sc, Zr,
PGM'’s, REE, Be)

e Z{oza Au
o Ztoza grafitu

e Z{oza uranu



Deposits localization
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1-Rafalivka-Berestowec (native Cu)
2-Zhyrychi-Ratne (native Cu)
3-Kalush (K-Mg salts)

4-Sil'ce (porphyrites quarry)
5-linica (brown coal)
6-Beregovo-Muzhijevo (Au,Zn,Pb)
7-Solotvyno (salts)

8-Sokyrnytsya (zeolites)

9-Saulak (Au)

10-Nezvys’ko (P)

@ Kr - Kryvyj Rih, Fe formation
Kh - Kremenchuk, Fe formation

@ Mn - Mn formation

k GO - gas and oil formation

11-Volodarsk (pegmatites)
12-Fedorovka (Ti,P)
13-Irshans’k (Ti)
14-Tarasivka(Ti,Zr)
15-Zawale (graphite)
16-Kapitanka-Lipoven’ke (Ni,Cr)
17-Kryvyj Rih (Fe)

18-Nikopol’ (Ni)

19-Malyshevske (Ti)

20-Perhans’ke (Zr, Ta,Nb,Sn,REE,P,
21-Mariupol’ (Nb, Ta)
22-Klesiv (amber)

U Ukrainian shield
% Lv - Lviv-Volyn, coal formation

23Rk RonEts, G formation
24- Zhovtorichenske (U)
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Fe (52 zloza, 24 czynne)

Archaik — green schists: Belozhierski (3.4 Gt/6 Gt), Pridnieprovskyi, Konskyi
Neo-Archaik: Odessa-Belocerkovskyi, Volodarskyi, West-Priazovskyi

Paleo Proterozoik: Krivyi Rih (21.8 Gt/ 19 Gt), Krementchuk (5.8 Gt/35 Gt), Huliepol
Gorna Kreda: Kerch (1.1 Gt) (after Bobrov, 2005)

Deposits localization

1-Rafalivka-Berestowec (native Cu) 11-Volodarsk (pegmatites)
-Zhyrychi-Ratne (native -Fedorovka (Ti,P
3-Kalush (K-Mg salts) 13-Irshans’k (Ti)
4-Sil'ce (porphyrites quarry) 14-Tarasivka(Ti,Zr)
5-llnica (brown coal) 15-Zawale (graphite)
6-Beregovo-Muzhijevo (Au,Zn,Pb)

16-Kapitanka-Lipoven’ke (Ni,Cr)

7-Solotvyno (salts) 17-Kryvyj Rih (Fe) .
8-Sokyrnytsya (zeolites) 18-Nikopol’ (Ni) /
9-Saulak (Au) 19-Malyshevske (Ti)
10-Nezvys’ko (P) 20-Perhans’ke (Zr, Ta,Nb,Sn,REE,P
21-Mariupol’ (Nb, Ta)
P Kr - Kryvyj Rih, Fe formation 22-Klesiv (amber)

Kh - Kremenchuk, Fe formation 'L Ukrainian shield

@MﬁTMrTfUrm‘a[ion B bv—= Lviv-‘v’uiyll, coal-formation
** Dn - Donets’k, coal formation
. GO- gas and oil formation




10 km

I- Inhuleckie

S- Skelevatskie
N-Novokryvorohskyie
W-Valavkynskie

G- Glevatskye

P- Piervomayskiye

Ga - Gannivskiye

Proterozoik
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1- ruda hematytowo-magnetytowa, 2- ruda magnetytowa 3- ruda
magnetytowo-weglanowa, 4-kwarc-magnetytowo-weglanowa
ruda, 5-horyzonty tupkowe, 6- utlenione Fe-kwarcyty, 7- uskoki
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Yugok, 2010




Yugok 2008




Yugok, 2010
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Piervomaysk, w. zygo, 2010




® B 1961 rogy Buinu HauaTthl FOpHO-KanuTanbHble paboTsl
N0 BCKpblLle pyaHoro Tena [lepsomalickoro Kapbepa

® B 1962 ropy 6bina oTrpy)KeHa nepBas ToHHa XKeNe3Hon pyab
® B 2012 ropy nobeita 1000 000000 TOHA PY/bl

3 ﬂﬁé:anerpu Mpoexr Dakr
TNYBWHA KAPBEPA 750 1 485 m
}nnmu. 3500m 3200

WHPHHA 3000m 2600 M

Piervomaysk
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Mliazszo horyzonty Litologia

amphibole-chlorite-magnetite, ribeckite-magnetite, & hematite
quatrtzites

VII tupkowy magnetite-carbonate-amphibole & chlorite-amphibole schists + barren

quartzites
_ magnetite-, silica-magnetite & carbonate-magnetite quartites
VI lupkowy silica-chlorite and biotite-chlorite schists with magnetite

ferruginous-mica-magnetite, magnetite, & carbonate-silica-
magnetite quartzites

V tupkowy chlorite-biotite, amphibole-chlorite schists with graphite

silica-carbonate-magnetite, carbonate-magnetite, silicate-magnetite
quartzites

IV tupkowy sericite-chlorite, sericite-biotite schists + barren quartzites

magnetite-silic-quartzites

[T tupkowy graphite-chlorite-biotite schists + barren quartzites
_ magnetite quartzites, Q-carbonate-magnetite
60 IT tupkowy biotite-chlorite-amphibole schists + barren quartzites

_ magnetite quartzites, Q-magnetite, biotite-quartz

300 I tupkowy amphibole-chlorite-biotite schists + barren quartzites
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Silver-gold and polymetallic mineralization in the banded iron formations %
deposit in Kryvyi Rih, Ukraine

Anatolyi Berezovsky *, Jadwiga Pieczonka ™ , Adam Piestrzynski "

* Krywyi Rif Natonal University, 11Vitaliy Matusevyeh St Kryvyi Rich 50027 Ukraine
" AGH-University af Sciemce and Technology, Foculty of Geology, Geophysics and Emvironmentel Protection, AL Mickiewicsa 30, 30-050 Krokow, Palond

ARTICLE INFO ABSTRACT

Keywords: Since the beginning of iron mining in Kryvyi Rih in 1551, gold was a target of interest. Exploration for gold began
A-Agr e Cu- PO Tinezlizaion in 1936, As a result, many pold occuwrrences were discovered, In this paper, regional geology of the gold
;"1_?‘ e avery mineralization and the iron deposit details are also described for better understanding of the position of hy-

drothermal mineral association. Geld - silver and polymetallic mineralization was found in the iron ore horizon
in the Ingulets operating iron open pit. A new association of gold and Sbh-bearing sulfosalts is described. Gold
pcculs in an association with arsenopyrite, pyrite, and pyrrhotite in quariz-arsenopyrite veins type mineraliza-
tion discovered in the Ingulets quarry. Gold was found as minute inclusions in arsenopyrite and as inclusions in
Ag-Sb-, Pb-Sb-, Ag-Pb-5b- sulfosalts. Based on both ore microscope and EMP measurements, the following
minerals have been identified: arsenopyrite, pyrite, pyrrhotite, tetrahedrite, freibergite, sphalerite, chalcopyrite,
galena, stibnite, plagonite, zinkenite, fuloppite, miargyrite, chalcostibite, andorite, and native 5b and electrum. Tt
is the first discovery of Ag-Sb-Cu-Pb mineral association in the whele Fryvyi Rich structure. In thiz paper
quantitative EMP measurements of all new minerals of the newly discovered association are presented. The baro-
acoustic decrepitation analyses of the massive arsenopyrite and pyrite showed temperature formation ranging
between 450 "C amnd 650 °C with an average of T — 585 °C. Based on mineralogical investigations, ore occur-
rences are considered as the product of high and middle temperature hydrothemmal processes.

Eryvyi Rih




Ztoza rud Cr
masyw Kapitanski: 7 zt6z (P2 - prognostyczne)
zasoby: 11-31.2 Mt @23,5%-29% (wg. Kulish &Kalinin, 2005)

P3: 15 zt6z, 50-170 Mt (600m) @ 28% Cr,0, Cr:Fe =1.7-3.3
Wg. Volnovskyi, 1998

Deposits localization

1-Rafalivka-Berestowec (native Cu) 11-Volodarsk (pegmatites)
2-Zhyrychi-Ratne (native Cu) 12-Fedorovka (Ti,P)
3-Kalush (K-Mg salts) 13-Irshans’k (Ti)

4-Sil'ce (porphyrites quarry) 14-Tarasivka(Ti,Zr)

5-lInica (brown coal) 15-Zawale (graphite)

6-Beregovo-Muzhijevo (Au,Zn,Pb) 16-Kapitanka-Lipoven’ke (Ni,Cr)

7-Solotvyno (salts) 17-Kryvyj Rih (Fe)

8-Sokyrnytsya (zeolites) 18-Nikopol’ (Ni) o poe
9-Saulak (Au) 19- Malvshevske (Ti) 2%

)
10-Nezvys'ko (P) 20-Perhans'ke (Zr, Ta,Nb,Sn,REE,P oA
21-Mariupol’ ( Nb Ta)
@ Kr - Kryvyj Rih, Fe formation 22-Klesiv amber \
Kh - Kremenchuk, Fe formation k Ukrainian shield
@ Mn - Mn formation % Lv - Lviv-Volyn, coal formation
) ** Dn - Donets’k, coal formation
_ GO - gas and oil formation
















Ztoz rud Mn

Ingulec-Bazavlok field

Western — Nikopol field

Eastern — Tokmackie

Zaporoze field (eastern and western part)

Reserves + resources A+B+C1+C2 = 2.426 Gt (after Kulish and Trietiakoy,
2005)

Basen Nikopol:

Obszar: 250 x 100-150km

Gtebokosc¢ zalegania rudy: 10 — 130m
Grubosé poktadu: srednio 2.6 m (0-3.5m)
Stratigrafia: Dolny Oligocen

20mm

10




Nikopol, rudy Mn

Nikopol Manganese Basin and Location of Sampling
Scale: 1:1500
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Kakhovskoe reservoir

Drey

o Bolshaya Alexandrovka

Legend

@ | - oxide Mn ore [ & ] - Location of sampling:

1 - quarry of INnGOK (samples Ne 1-8)
- carbonate Mn ore 2 - quarry of Vizirka (samples Ne 20, 21)

. 3 - quarry of Ordzhonikidze
- oxide-carbonate Mn ore (samples Ne 10, 11, 12)
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The Geological Section Paleogene Deposits from North Part of Quarry
of Ingulets Mining and Processing Combine (InGOK), Krivoy Rog, Ukraine

0,5m Green plastic clay Bed 8

Upper Miocene
Sarmat
formation

---------------------------------

Borisfen
formation

Greenish-grey manganese carbonate ore. Bed 7

Pebbles and gravel at the base

Lower
Oligocene

0,3m Pt Wy Sage-green argillaceous silt Bed 6

0,5m [ Bed 5

Greenish-brown clay marl with silt Bed 4

0, 3 m .'.:--'. o .

0,50m P55 50 e Greenish-yellow loose silt with Nummulites Bed 3

Middle Eocene

Greenish-yellow dense silt with Nummulites

i : o Bed 2
and with nests of nummulite limestone

Staroingulets formation

05m

Light-grey silt-clay material with Bed 1
many small tints and thin beds (0.05 m)

1,8 m of light-green plastic clay.
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Sktad chemiczny rud Mn; odkrywka In- lGOK

MnO, - 0% Sl
Si0, — 10,94
Al,O, — 8,95
Fe,0;—-1,91
MnO - 29,94

CaO —-14,95

MgO — 3.22
BaO—-0.1
K,0-0.53

CO,—27.94
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Mineralogia:

Piroluzyt
Psylomelan
Manganit
Kryptomelan
Hydro-Kryptomelan
Todorkit
Manganokalcyt
Rodochrozyt
Ca-rodochrozyt
Mn-dolomit
Manganosyderyt
Mineraty ilaste,
Glaukonit
seladonit




Rudy weglanowe
Ingulec
MnO, - 0%
Si0, — 10,94
Al,O, — 8,95
Fe,0,—-1,91
MnO - 29,94
Ca0 - 14,95

MgO —3.22

BaO-0.1
K,0—-0.53
CO,—-27.94
P205 - L.d.

rudy tlenkowe

Nikopol
27.4-44.8
35.7-40.0
1.5-4.86
2.17-4.44
4.3-7.3
1.06-3.86
L.d
L.d.
L.d
0.48-3.64
0.314-0.48

Tokmacki
15.46-49.6
13.52-58.1
2.4-5.27
5.08-12.06
2.09-15.0
1.01-12.39
L.d.

L.d.

L.d
0.22-8.22
0.38-1.24




Odkrywka potudniowa, 2019
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Odkrywka potudniowa, 2019



~Schevtchenkovskaya, 2010.
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Odkrywka potudniowa, 2019



Odkrywka potudniowa, 2019






Deposits localization

1-Rafalivka-Berestowec (native Cu)
-Zhyrychi-Ratne (native Cu)
-Kalush (K-Mg salts)

-Sil'ce (porphyrites quarry)

-lInica (brown coal)
-Beregovo-Muzhijevo (Au,Zn,Pb)
-Solotvyno (salts)
-Sokyrnytsya (zeolites)
-Saulak (Au)
10-Nezvys’ko (P)

@ Kr - Kryvyj Rih, Fe formation
Kh - Kremenchuk, Fe formation

Mn - Mn formation

'L GO - gas and oil formation

~
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11-Volodarsk (pegmatites)
12-Fedorovka (Ti,P)
13-Irshans’k (Ti)
14-Tarasivka(Ti,Zr)
15-Zawale (graphite)
16-Kapitanka-Lipoven’ke (Ni,Cr)
17-Kryvyj Rih (Fe)

18-Nikopol’ (Ni)

19-Malyshevske (Ti)

20-Perhans’ke (Zr, Ta,Nb,Sn,REE,P
21-Mariupol’ (Nb, Ta)
22-Klesiv (amber)

U Ukrainian shield

-

+  Lv - Lviv-Volyn, coal formation
*= Dn - Donets’k, coal formation
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Z}loze Prutowskie
Ni, Co, Cu, Au, PGM’s

Zasoby:
Ni eq. 250 000 C2+D 3"
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masywu Bukinskiego

Geologiczno-geofizyczny przekroj wzdtuz linii

= i D I s
1 - M0 BUKAIE T8 BOPa BHAITPIOBAHRN; 2 - ralpo;
1— Q-sedymenty i gossan;
2 — gabro;
3 — gabro-doleryt;
= Cxnan: BJ1 Bucouskdi
Macmma6 1:25 000 S
) ) ) [ S S N
Tl FRoof oy ps. el o0 is
A=A
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Charakterystyka mineralogiczna

Mineraty gtowne:

Pentlandyt (Fe Ni),S,
Co-pentlandyt
Pirotyn FeS
Chalkopiryt CuFeS,

Mineraty wspotwystepujace:

Piryt

Kubanit
Violaryt
Tytanomagnetyt
lImenit

Chromit

Zawartosci metali:
- Ni in avrage: 0,58% (max. 3,84%)
- Cu in average: 0,26% (max. 0,88%)
- Co in average: 0,02%

Au- do 0.5 g/t

Ag-1.8 g/t

Pt do 0.25 g/t

Pd do 0.35 g/t

Wrzesien 2009



Ztoza rud Ti

Pierwotne — magmowe (3-4 ztoza)
Wtdrne — aluwialne, rezydualne (34 ztoza)

Deposits localization

1-Rafalivka-Berestowec (native Cu)
2-Zhyrychi-Ratne (native Cu)
3-Kalush (K-Mg salts)

4-Sil'ce (porphyrites quarry)
5-lInica (brown coal)
6-Beregovo-Muzhijevo (Au,Zn,Pb)
7-Solotvyno (salts)

8-Sokyrnytsya (zeolites)

9-Saulak (Au)

10-Nezvys’ko (P)

P Kr - Kryvyj Rih, Fe formation
Kh - Kremenchuk, Fe formation

@ Mn - Mn formation

\_ GO - gas and oil formation

11-Volodarsk (pegmatites)
12-Fedorovka (Ti,P)
13-Irshans’k (Ti)
14-Tarasivka(Ti,Zr)
15-Zawale (graphite)
16-Kapitanka-Lipoven’ke (Ni,Cr)
17-Kryvyj Rih (Fe)

18-Nikopol’ (Ni)

19-Malyshevske (Ti)

20-Perhans’ke (Zr, Ta,Nb,Sn,REE,P
21-Mariupol’ (Nb, Ta)
22-Klesiv (amber)

\_ Ukrainian shield

% Lv - Lviv-Volyn, coal formation
** Dn - Donets’k, coal formation

= F
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Wedtug raportu GS na Ukrainie zidentyfikowano 78
710z 0 r0znym stopniu rozpoznania.

Jednak w rzeczywistosci baza surowcow mineralnych
tytanu na Ukrainie jest reprezentowana przez okoto 40
710z, w tym jedno unikatowe, 13 duzych 1 10 srednich,
pozostate wymagajg dalszego rozpoznania 1 oceny
ckonomiczne;.

Wedtug niektorych szacunkoéw Ukraina posiada do
900 min ton latwo dostepnych rud tytanu, co
odpowiada 30% swiatowych odnotowanych zasobow.



Korostenskyi pluton

Metawulkanity (n-A)
metasedymenty (2.5-2.4 Ga)
Metavolkanity (2.4 Ga)
Plagiogranity (2.1 Ga)

Anatectyczne granit. (2.06-2.02 Ga)
serie magmatyczno-wulk. (2.02-1.96
Ga)

intruzje po- fatdowe ((1.99-1.95)
Sedymenty bialocorovieckiego rowu
(1.95-1.80 Ga)

9. Gabro-anortozyty (1.8-1.76 Ga)

10. Gabro-noryty, gabro (1.76-1.750)

on @ = s b =

O

>

P /'{:\\QQ a4 11. Granity Rapakiwi (1.77 Ga)
N SS— 12. Sub-alkaliczne granity (1.76-1.74)

13. Porfiroidy (1.74 Ga)
14. Wulkanity struktury Ovruch (1.74 Ga

5 6 -7 8 15. Q-piaskowce ovruckie (1.74-1.7 Ga)

16. Skaty Phanerozoiczne rowu Prypec




Fedorivka Ti-apatyt

on P S B =

Perydotyt

Gabro oliwinowe

Gabro leukokratyczne

Gabro pegmatoidalne
Gabro-noryt (grubokrystaliczne)
tektonika




Mineraty Stremyhorodzkie Fedorivka

gabbro troktolit perydotyt Ruda Ti - gabro
JETERA BRI 60,6-64,4 37,1-46,0 25,5-31,6
Pyrokseny 0,6-3,2 0,4-1,4 <0,7

Oliviny Fo,. 4 Fac, o5 3,3-8,4 17,5-22,7 20,1-26,4

4,95-11,4 11,6-12,6 11,6-15,1 11,09
Ti-magnetyt 0,4-0,85 1,2-1,9 0,55-3,87
1,1-3,0 4,5-6,0 3,1-10,1 7,0

Amfibole, talk,| 15,1-19,8 | 17,9-21,7 16,8-21,7
chloryty

Kulish E.A., Gurskij D.C., 2005: Black metals- iron. W: Mineral deposits of
Ukraine, vol. 1, Scherbak M.P. i Bobrow ed., 59-106 (in Russian)
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Nosachiv
przy drodze Czerkasy - Uhman

// rapakiwi
1

/ﬂ ?nenal -—-— -\

N

L __Jle i

1- gabro-noryty, 2- gabro-anortozyty, 3- anortozyty, 4-monzonity, sjenity

Krivdik et al., MiHepan. »xypH. 2009. 31, Ne 3
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Tarasovka, Ti
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13
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18
19
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5.156
5.085
5.152
9.629
9.626
2.721
5.109
4.905
3.872
6.584
7.426
7.101
3.559
2.946
7.309
4.127
6.610
3.455
3.043
5.484
5.019
5.443
5.005
4.599

0.717
0.698
0.701
0.494
0.499
0.591
0.373
0.353
0.038
0.222
0.163
0.066
0.016
0.013
0.079
0.040
0.088
0.025
0.053
0.088
0.058
0.088
0.085
0.025

0.137
0.133
0.133
0.895
0.884
0.098
0.118
0.110
0.331
0.624
0.678
0.566
0.267
0.239
0.580
0.336
0.517
0.287
0.081
0.136
0.132
0.143
0.117
0.079

430
425
421

439
428
1,910
1,915

398

AP468 mnzl pl
AP468 mnzl p2
AP468 mnzl p3
AP468 mnzl p4
AP468 mnzl p5
AP468 mnzl p6
AP468 mnzl p7
AP468 mnzl p8
AP468 mnz2 p9
AP468 mnz2 pl0
AP468 mnz2 pll
AP468 mnz3 pl2
AP468 mnz3 pl3
AP468 mnz3 pl4
AP468 mnz3 pl5
AP468 mnz3 plé6
AP468 mnz3 pl7
AP468 mnz3 pl8
AP468 mnz4 pl9
AP468 mnz4 p20
AP468 mnz4 p21
AP468 mnz4 p22
AP468 mnz4 p23
AP468 mnz5 p24



Hu_l_yai_pcl‘e‘ [Fynannone

- OukhivOpixie

Kam'yans'ke KamsHEsKe

Fedorivka ©enopieka

5 : Kopani Konari
Vasyljvt&-afﬂacmnlaxa P

\_

Mykhailivka'Muxannieka C o fidiat
: s gL as Tokmak Tc{:;max T

% Tarasivka-Tapaciska. 30, -
Kins'ki Rozdory Kidcbki Posgopu

Hryhorivka [puropiska

E}% //- B ChernihivkaiHepHiriska

Lahidne NarigHe

®\/esele Becene Yelyseivka €nnceiska

5" Astrakhanka ActpaxaHka '1
=1 : Raxak _
Sl }/ ) \ i o
MelitopoliMenitonone ; . o
—_——'{ 13 Novovasylivka/Hosogacuniska -
5 o . & = A
Lt M14 Noveoleksiivka Hoeooneml_laﬁa gy &
| Borysivka bopucieka M4~ ., 0". idyans'k BepasHCeN
Inzivkalhgiska A -

Pryazovs'kesllpnasoscoke 5 a3 ot 3
o e Brymors k Flpumopcek

Yakymivka HkumiBka

oy
A b / Data 5|0, NOAA LS Navy, NGA, GEBCO

Sheliuh 4 Image Landsat { Copernicus G
] s 4%!:%_%‘ksandé‘_iv_ka'@,nexcampiaxa 009'3 Eal"th
W,

Ukraina 2019




Morze Azowskie

A

Monacytowe piaski, k. Berdianska, 2019



Monacytowe piaski, k. Berdianska, 2019

stages are calculated from each individual data point.

Stage# ThO2 Uuo2 PbO Age (Ma) Comment
0001 7.455 0.256 0.692 1,869 1 mnzl 1
0002 2.764 0.202 0.292 1,884 1 mnzl 2
0003 3.092 0.193 0.361 2,125 1 mnzl 3
0004 5.891 0.139 0.560 1,978 1 mnzl 4
0005 2.363 0.134 0.286 2,231 1 mnzl 5
0006 6.164 0.179 0.639 2,107 1 mnz2_1
0007 5.368 0.166  0.470 1,789 1 mnz2_2
0008 4.998 0.172 0.565 2,243 1 mnz2_3
0009 6.301 0.252 0.684 2,124 1 mnz2_4
0010 11.421 0.179 1.057 1,980 1 mnz3 1
0011 10.249 0.195 0.985 2,029 1 mnz3 2
0012 10.842 0.251 0.941 1,819 1 mnz3 3
0013 10.083 0.249 0.955 1,964 1 _mnz3 4
0014 9.106 0.270 0.824 1,852 1 mnz3 5
0015 9.779 0.251 0.864 1,835 1 mnz3_6




Zt0za Cu

(Vohlyn) 4 ztoza zasoby: Zhyrychi 1.5 Mt + Rafalovka 3 Mt (25 Mt

P3)

Bahmutskhaya: 4 ztoza: 3.1 Mt (P2+P3)

Deposits localization

1-Rafalivka-Berestowec (native Cu)
2-Zhyrychi-Ratne (native Cu)
3-Kalush (K-Mg salts)

4-Sil'ce (porphyrites quarry)
5-lInica (brown coal)
6-Beregovo-Muzhijevo (Au,Zn,Pb)
7-Solotvyno (salts)

8-Sokyrnytsya (zeolites)

9-Saulak (Au)

10-Nezvys’ko (P)

S Kr - Kryvyj Rih, Fe formation
Kh - Kremenchuk, Fe formation

@ Mn - Mn formation

L GO - gas and oil formation

11-Volodarsk (pegmatites)
12-Fedorovka (Ti,P)
13-Irshans’k (Ti)
14-Tarasivka(Ti,Zr)
15-Zawale (graphite)
16-Kapitanka-Lipoven’ke (Ni,Cr)
17-Kryvyj Rih (Fe)

18-Nikopol’ (Ni)

19-Malyshevske (Ti)

20-Perhans’ke (Zr, Ta,Nb,Sn,REE,P
21-Mariupol’ (Nb, Ta)
22-Klesiv (amber)

U Ukrainian shield

v Lv - Lviv-Volyn, coal formation
= Dn - Donets’k, coal formation
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Basalt flows
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Be- deposit

Genthelvite
Zn,Be;S1,0,,S

Perzhans’ke area: Be, Zr,
Ta, Nb, Sn, REE, P, F, Y, Ag
Resources: confidential

C,+C,

BeO=0.5%

~
.~
Seen

~

STy
~
~,

____________
~,

1-Rafalivka-Berestowec (native Cu) 11-Volodarsk (pegmatites)

2-Zhyrychi-Ratne (native Cu) 12-Fedorovka (Ti,P)
3-Kalush (K-Mg salts) 13-Irshans’k (Ti) - B
4-Sil'ce (porphyrites quarry) 14-Tarasivka(Ti,Zr) Y }\ Y

5-lInica (brown coal) 15-Zawale (graphite)

6-Beregovo-Muzhijevo (Au,Zn,Pb) 16-Kapitanka-Lipoven’ke (Ni,Cr)

7-Solotvyno (salts) 17-Kryvyj Rih (Fe)

8-Sokyrnytsya (zeolites) 18-Nikopol’ (Ni)

9-Saulak (Au) 19-Malyshevske (Ti)

10-Nezvys’ko (P) 20-Perhans’ke (Zr, Ta,Nb,Sn,REE,P
21-Mariupol’ (Nb, Ta)

s Kr - Kryvyj Rih, Fe formation 22-Klesiv (amber)

Kh - Kremenchuk, Fe formation L Ukrainian shield

@ Mn - Mn formation % Lv - Lviv-Volyn, coal formation
*= Dn - Donets’k, coal formation
L GO - gas and oil formation
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Al-F association
cryolite
weberite
elpasoite
prosopite
chiolite
pachnolite
thomsenolite
ralstonite
gearksutite

Mineralogy

Be, Zr
genthelvite
phenakite ,
zircon

pyrite
arsenopyrite

chalcopyrite
Molybdenite
chalcocite
bornite
covellite
wittichenite
sphalerite
Galena
Te-Ag-sulfosalts

REE
F-cerite
bastnesite

Nb-Ta, Sn, W, Ti
columbite
tantalite
cassiterite
wolframite

silicates



i PRGI17-05 PRG17-08
— Different genlthelvine

beige-green 2%Fe
maroon—brown 16%Fe
pink 8%Fe

— Zn0O —42,65%,
—  S10; - 31.36%.
— BeO -12,28%,
— FeO—-8,59 %,
— S -5.69%,
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—  MnO - 0,88%,
— .‘\1303 —0.02%.
- K>O-0.01%.

PRG18-01 — Ca0 - 0.01%.




Ztoza Grafitu deposits

6 ztoz: Zvalivskie, Burtinskie, Balahivskiye, Petrivskie, Troickie, Mariupolskie

Deposits localization

1-Rafalivka-Berestowec (native Cu) 11-Volodarsk (pegmatites)
2-Zhyrychi-Ratne (native Cu) 12-Fedorovka (Ti,P)
3-Kalush (K-Mg salts) 13-Irshans’k (Ti)

4-Sil'ce (porphyrites quarry) 14-Tarasivka(Ti,Zr)
5-lInica (brown coal) 15-Zawale (graphite)
6-Beregovo-Muzhijevo (Au,Zn,Pb) 16-Kapitanka-Lipoven’ke (Ni,Cr)
7-Solotvyno (salts) 17-Kryvyj Rih (Fe
8-Sokyrnytsya (zeolites) 18-Nikopol’ (Ni
9-Saulak (Au) 19- Malyshevske (Ti)
10-Nezvys’ko (P) 20-Perhans’ke (Zr, Ta Nb,Sn,REE,P
21-Mariupol’ (Nb, Ta)
‘ - Kryvyj Rih, Fe formation 22-Klesiv (amber)
Kh Kremenchuk Fe formation L Ukrainian shield

@ Mn - Mn formation ‘-, Lv - Lviv-Volyn, coal formation
* Dn - Donets’k, coal formation

GO - gas and oil formation gr -g ra p h ite




Zavalie, 2005




T el
" -

l‘m-' ,:"

Zavalle, 2011 ‘
mr""""“‘fmn




.
Calciphire 3.2-3.4 Ga: | b S

dolomit

kalcyt

olivin | ; 5
magnetyt f 3 = ; AL
diopsyd | BT i
amfibol
spinel”

.f./' v i







LN
i
o
AN

e

Zaval










Au i metale kolorowe
22 Au ztoza i wystgpienia

Deposits localization

1-Rafalivka-Berestowec (native Cu)
2-Zhyrychi-Ratne (native Cu)
3-Kalush (K-Mg salts)

4-Sil'ce (porphyrites quarry)
5-linica (brown coal)
6-Beregovo-Muzhijevo (Au,Zn,Pb)
7-Solotvyno (salts)

8-Sokyrnytsya (zeolites)

9-Saulak (Au)

10-Nezvys’ko (P)

Kr -

S o -Kryvyj Rih, Fe formation

Kremenchuk, Fe formation
@ Mn - Mn formation

L GO - gas and oil formation

<
.
~
~au®

11-Volodarsk (pegmatites)
12-Fedorovka (Ti,P)
13-Irshans’k (Ti)
14-Tarasivka(Ti,Zr)
15-Zawale (graphite)
16-Kapitanka-Lipoven’ke (Ni,Cr)
17-Kryvyj Rih (Fe)

18-Nikopol’ (Ni)

19-Malyshevske (Ti)

20-Perhans’ke (Zr, Ta,Nb,Sn,REE,P
21-Mariupol’ (Nb, Ta)
22-Klesiv (amber)

U Ukrainian shield

% Lv - Lviv-Volyn, coal formation
** Dn - Donets’k, coal formation




Inner Carpathians
Deposits and
occurrences

Carpathian sub province

Vohlyn-Podole sub province

' Copper
@ fo ¢ ead
E £n | Zinc
@ wy;  Mercury
Q 2 - Gold
O & ¢ Alunite

Cs

£3 g © Rock salt
A5 = sulphur

Beregowsko-Biganski
rejon mineralizac)i
Al-polimetaliczng)

RachoOWwsKo- LZYWCZynskl . - R
rejon minerallzacii R e Ll it
Au- "liilerLl..Jliﬂ._I'IL :

Au, Pb, Zn, al
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Berehove-Biegan
ot s polymetallic region with Au

O Bigan area

® Kuklanskie showi'r-lg'

/® Kwasowo area

® Wyszkov area




Muzhijevo, Ukraina, 2012



Muzhijevo

Au — native sf — sphalerite Q - quartz

E - electrum py - pyrite ga - galena







Saulak
Ztoze Au
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Saulak, 2019







/toto ze strefy
ztozowej, Saulak




U deposits

21 zto6z ale tylko 2 eksploatowane: Vatutinkiye, Mitchurinskoye
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YMOBHI NozHauku.
Poposua:

ansbitutosoi chopmalii;
Kanin-ypaHosoi chopmauii;

YPaHOBOI B METaKOHIIOMepaTax;
rPYHTOBC-IHDINETPAaLiAHI;

L >HP>e

ypaHoBo-BiTYMHI ocagouHO-rigpoTepManbHi;
YpaHoOBO-TOpIEBi 0CadoYHO-TiApPOTEPMankHI.

MignpvemcTea 3 BUOOBYTKY
Ta Nnepepobkn ypaHoBUX pya

,‘_‘., Cxiar'3K

[epxasHa reonoriyHa cnyxba
OHBIMN "Teoindopm YkpaiHn"

CxemaTnJyHa KapTa MiHepanbHo-
CYPOBUHHOT 6a3n ypany YKpaiHu

Cknas (0. |. TpeTbsakoE
2005 p.

MinepanpHo-cupoBuHHA 0a3a ypaHy YKpaiHu
(3a matepiamamu KII "Kiposreomoriga")




MinepaiibHO-cHPOBHHHA 0a3a ypaHy YKpaiHH
(3a MaTepiazamu KII "Kiposreomxoria")

Ponosmma ypany Ha piic.
1.Bamymitcoke 8.1liBmenne 15.Bpamcuke
2.CeBepuHiBcbke 9. HIKOMOKO3eIbCEKE 16.CadoHiBcBKe
3. Miuypincoke 10.MukomnaiBceke 17 Tesnaodiscoke
4. /Kosmopiuercoke 11.bepekceke 18.HoBo-I yp'iBceke
J.llepsomaiicvre 12.YepBOHOOCKOIIBCHKE 19.Cypceke
6.JIozoBaTCEKE 13.AnamMOBCBKe 20.YepBOHOAPCHKE
7 KamiHiBCEKe 14.CanoBo-KoCTSHTIIHIBCEKE 21 MapKoBCEKe
IIpiiTKa:
Miuypincoke - POIOBIIIA IO €KCILTYaTYHThCA
bpamcoke - BUATIPAIibOBaH1 POJIOBHINA
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Volodarsk Volynskij (Horyszew), pegmatyty gnizdowe
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Flowers of Ukraine:Topaz, Aquamarine, Heliodor




Since 2000 geology has gon to war
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Zeolite
Sokirnica open pit




Sototwino, rock salt diapire




K-rock salt, and Na, Katusz




