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Hlbokomorské polymetalické konkrécie v oblasti zliomového pasma Clarion-Clipperton vo vychodnom Pacifiku. Centralna fotografia
(v pozadi): Morské dno s vysokou hustotou polymetalickych konkrécii: ich velkost je 2 — 8 cm, vzdialenost kamery odo dna je asi
4,5 m. Kompozicia vlavo hore: Hlavné genetické typy konkrécii: H — hydrogeneticky, HD — kombinovany, D — diageneticky. Spodna
fotografia: Polygény prieskumnych Gzemi v pasme Clarion-Clipperton na konci prvého obdobia kontraktu (2016) Spolo¢nej organizacie
Interoceanmetal s Medzinarodnou organizaciou pre morské dno. Stredna fotografia vpravo: Interpretacia geoakustického profilu €. 707,
fragment 2,7 — 6,0 km, situovaného na prieskumnom uzemi organizécie Interoceanmetal. Problematika je prezentovana v ¢lanku Balaza
v tomto Cisle ¢asopisu (na stranach 1 — 36).

COVER:

Seabed polymetallic nodules in the area of Clarion-Clipperton Fracture Zone in eastern central Pacific. Central background photograph:
The high nodule abundance: Their size is 2-8 cm, camera is positioned approx. 4.5 m above the seabed. Upper left picture: Main genetic
types of nodules: H — hydrogenetic, HD — combined, D — diagenetic. Lower picture: The outlines of exploration areas in the Clarion-
-Clipperton Zone at the end of the first contract period (2016) of the Interoceanmetal Joint Organization with the International Seabed
Authority. Central right picture: Interpretation of geoacoustic profile No. 707, fragment 2.7—6.0 km, located in this exploration area. The topic
is treated in the article by Balaz in this issue (on pages 1-36).
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Results of the first phase of the deep-sea polymetallic
nodules geological survey in the Interoceanmetal
Joint Organization licence area (2001-2016)

PETER BALAZ

Interoceanmetal Joint Organization, Szczecin, Poland

Abstract: The Interoceanmetal Joint Organization’s exploration licence relate to the area located within the Cla-
rion-Clipperton Fracture Zone (CCZ) of eastern central Pacific. Exploration area covers 75,000 km? and consists
of two sectors (B1 and B2). The B2 sector comprises two exploration blocks (H11 and H22), delineated as the
most prospective areas. The article presents information based on the data collected during the IOM’s exploration
expeditions. Data were obtained using the distance methods (bathymetry, side-scan sonar, profiler) and contact
methods (box-corer, gravity corer and trawl sampling) of exploration. Exploration area’s lithology, stratigraphy,
geotechnical properties and general characteristics of seabed sediments and polymetallic nodules are provided.
Estimation of mineral resources was caried out using the geostatistical method of ordinary block kriging, sup-
ported by Yamamoto correction. Regarding the level of geological knowledge and confidence, the polymetallic
nodule resources have been classified within the Inferred, and Indicated Resources categories of the CRIRSCO

classification system.

Key words: deep sea exploration, seabed minerals, polymetallic nodules, Clarion-Clipperton Zone

Seabed with polymetallic nodule
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Graphical abstract

Introduction

The exploration rights of the Interoceanmetal Joint
Organization are granted to an area located within the Cla-
rion-Clipperton Zone (CCZ) in the eastern central Pacific
Ocean. All activities related to exploration of minerals in
the CCZ (the Area — the seabed and ocean floor beyond the
limits of national jurisdiction) come under the Law of the
Sea — United Nations Convention on the Law of the Sea
(1982), the Agreement relating to the implementation of
Part XI of the Convention (1994) as well as Regulations
on Prospecting and Exploration for Polymetallic Nodules
in the Area — regulations established by the International
Seabed Authority (ISA). The organization currently has
168 member states, including Slovakia and the European
Union as a whole.

The ISA issues legal documents regulating the conduct
of research and the future use of the seabed. The IOM’s

Highlights

e The Interoceanmetal Joint Organization’s exploration
area, located within the Clarion-Clipperton Fracture Zone
(CCZ) of eastern central Pacific, covers 75,000 km?.

» Paper provides the exploration area’s lithology, stra-
tigraphy, geotechnical properties and general characte-
ristics of seabed sediments and polymetallic nodules.

¢ Inferred and Indicated mineral resources were determi-
ned of the CRIRSCO classification system.

contract for exploration of polymetallic nodules was
granted for 15 years and provided the contractor security
of tenure and exclusive right to explore for polymetallic
nodules in the exploration area, as well as to move to
a contract for exploitation (regulations for exploitation of
mineral resources in the Area are under the development
process by the ISA). In 2016, the contract was extended
for the following 5 years. The exploration area is common
for all 6 IOM member states: Bulgaria, Cuba, the Czech
Republic, Poland, the Russian Federation and Slovakia,
without exactly positiones parts of the area. Only the
potential profit will be shared or the country will be able
to sell its stake in the joint venture. For this reason, it is
planned to transform IOM from a research organization
into a joint stock company.

In addition to geological survey and related research,
IOM is working on research into the technology of mining
and processing of deep-sea polymetallic nodules (PMN),
as well as on environmental research.
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Locality

The TOM exploration area covers 75,000 km? of the
eastern part of the CCZ and consists of two sectors: Bl
and B2 with two exploration blocks H11 and H22 (Tab.
1, Fig. 2).

Tab. 1
IOM’s Exploration area (sectors and exploration blocks).

Exploration area Area [km?]
B1 sector 11 952
B2 sector 63 075

H11 exploration block 5390

H22 exploration block 4150
Total 75 000

Survey methodology

In recent decades, several methods have been
developed to survey and sample seabed and polymetallic
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nodules. Following distance methods were used during
IOM expeditions:

Multibeam bathymetry

Bathymetry is used to measure depth and map the
bottom morphology using multibeam sonar, while
providing information on the character of the seabed based
on the intensity of the reflected signal (backscatter). The
device is installed on a research vessel.

Geoacoustic survey

Geoacoustic profiling with side-scan sonar is used for
detailed mapping of the seabed in a width of about 2 km
and obtaining the acoustic bottom profile to a depth of
about 100 m (Fig. 3). It helps to identify areas covered
by nodules, types of sediments as well as bottom relief
and potential obstacles, that may limit future mining.
The device is towed behind a reconnaissance vessel 80 to
120 m above the seabed.

Photo and video profiling
Photo and video profiling (Fig. 4, Fig. 5) provides
information for the analysis of bottom coverage by nodules

4 Mexigo
Exclusive EconoinicZone

China Minmetals Corporation (China)
Il Ccean Mineral Singapere Pte Ltd (OMS)
I Tonge Offshore Mining Ltd (TOML; Tonga)
77| UK Seabed Resources Ltd (UKSRL; UK)
[ Yuzhmorgeologia (Russian Federation)

Government of the Republic of Korea

[ Marawa Research and Exploration Lid (Kiribati)
[ Global Sea Mineral Resources NV (GSR; Belgium)
I MNauru Ocean Resources Inc. (NORI; Nauru)

Fig. 1. The outlines of exploration areas in the Clarion-Clipperton Zone at the end of the first contract period between the ISA and IOM

(https://www.isa.org.jm/map/clarion-clipperton-fracture-zone, 2016).
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Fig. 2. IOM exploration area (B1 and B2 — sectors, H11 and H22
— exploration blocks).

(individual images of the bottom) and the identification
of zones with the occurrence of PMN, as well as the
identification of obstacles to potential mining (continuous
video recordings). The device is towed behind a research
vessel about 4 m above the seabed, individual images
cover about 5 m? of the seabed.

Following seabed sampling systems were applied
during the exploration expeditions (contact methods):

— sampling of PMK and sediments using a box-co-
rer device to obtain a sample measuring 0.5 x 0.5
x 0.5 m,

— sediment sampling using a gravity-corer device to
obtain a core sediment sample to a depth of 4 m,

— sampling of large-capacity PMN samples by traw!
obtaining up to 1 000 kg of raw material per sam-
ple.

Laboratory chemical analyses and geotechnical
measurements were performed by standard methods. Basic
analyses and measurements requiring immediate sample
processing were performed on board of the research vessel
during the shipment.

Geotechnical measurements

Geotechnical measurements of the physical and
mechanical properties of the sediments (eg water content,
bulk density, rip-off force resistance, vane shear strength,
penetration resistance, residual strength) and polymetallic
nodules (water content, bulk density, apparent density,
compression strength) were performed in the on-board
laboratories of the research vessel. Sediment measurements
were performed on intact samples directly in the sampling
device (box-corer), by cutting with cutting rings in the
geochemically active layer (core sample diameter 50 mm,

1km

1km

Fig. 3. Example of detailed mapping of the seabed using the side-scan sonar (red arrow — direction of sonar towing, approx. 100 m

above the seabed).
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Ty

Fig. 4. Section of seabed photo showing high nodule abundance,
low blanketing (nodule size 2-8 cm, camera positioned approx.
4,5 m above seabed.

water content of the sediment (centrifuge, polycarbonate
filter device with vacuum pump), pH and Eh values
(electrodes, calibrated pH-meter/ionometer), opal SiO,
content (spectrophotometry), metal content in the sediment
(atomic absorption spectroscopy), As content (inverse
voltamperometry), calcite and dolomite content, organic
carbon, concentrations of nitrites, nitrates, phosphates and
silicates in porous water (special laboratory measurements
and spectrophotometry) and metal contents in pore
waters (inverse oltamperometry). All measurements were
performed using certified methodologies and standard.

Geotechnical measurements of sediments and nodules
included the determination of bulk density, water content,
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Fig. 5. Demonstration analysis of bottom nodule coverage within the photoprofile No.710.

height 25 mm) and in the underlying sediments (diameter
70 mm and height 50 mm). Depending on the amount of
sediment in the sample box, depth intervals 2—5, 10-15,
resp. 25-30 cm were tested. PMN samples for analysis
were selected from the predominant morphological types
and fractions. The determination of the parameters of
the physical properties of the nodules was performed in
accordance with the methodological recommendations
(Andreev, 1994).

Laboratory analyses

Analyses were performed in on-board and land
laboratories. The metal content of the samples taken
was determined by various methods, including atomic
absorption spectroscopy and X-ray fluorescence. Standard
methods and equipment were used to determine the pore

dry unit weight, porosity, void ratio and specific density
(using the pycnometric method).

Results

The presented results include data relevant for the
estimation of resources in the examined area. At the
same time, they represent a basic set of data for other
purposes, such as the planning of potential exploitation
and processing of raw materials, as well as environmental
impact assessment.

Overview of expeditions made in the period 2001-2016

Prior to the signing of the exploration contractt between
the ISA and IOM in 2001, 21 research expeditions to the
CCZ area were made. In the first phase of the contract
(2001-2016), 4 expeditions were organised. The work
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was carried out in accordance with the five-year action
programs approved by the ISA. The work included
a geological survey focused on determination of PMN
abundance, nodule coverage, determination of metal
content and chemical composition of PMNs and seabed
sediments, study of their geotechnical properties as well
as collection of basic oceanographic, meteorological and
environmental data.

Data sets and samples obtained within expeditions
during the contract period (2001-2016):

10M-2001

— 262 km of photo and video profiles (12,540 seabed
photos)

— 103 samples of sediment and nodules taken using
a box-corer

— 8 samples taken using a gravity-corer

— 700 kg of nodules taken by the trawl

— 44 samples of sediment for pore water and other
research

— 110 biological samples

10M-2004

— 158 samples of sediment and nodules taken using
a box-corer

— 250 kg of nodules taken by the trawl

— 2 samples of bedrock (basalt) taken by dredging

10M-2009

— 295.8 km of seabed profile mapped by side-scan
sonar

— 344.3 km of photo and video profiles (13,945 pho-
tos)

— 51 samples of sediments and nodules taken using
a box-corer

— 740 kg of nodules taken by the trawl

10M-2014

— 57.2 km of seabed profile mapped by side-scan so-
nar

— 584.5 km of photo and video profiles (12 profiles,
32,209 photos)

— 52 samples of sediments and nodules taken using
a box-corer

— 2309 kg of nodules taken by trawl

— 94 biological samples

The results of the survey were summarized after
particular expeditions in reports on geological and
environmental research, in semi-annual reports for IOM
Council meetings as well as in annual reports for the ISA.
An overview and results of previous survey work have

been summarized in a technical report (Szamatek et al.,
2016).

Seabed topography

In 1999, before the start of the 15-year contract
period, the IOM carried out a bathymetric mapping of the
entire exploration area (sectors B1 and B2). The result
of the measurements is a bathymetric map of the seabed,
compiled at a scale of 1 : 200,000. The map was compiled
with isobat intervals of 25 m.

Lithology and stratigraphy

The studied area is formed by volcanic bedrock (basalts)
and mainly clayey-siliceous-calcareous sediments. The
sedimentary cover in the CCZ is a mixture of carbonates
(e.g. carbonate oozes), red brown clays, and siliceous
sediments (siliceous oozes, and siliceous-argillaceous
oozes). At the scale of the whole CCZ, the sediment
lithofacies exhibit unidirectional gradient trending from
predominant carbonate sediments in the SE extreme to
predominant red brown clays, and siliceous-argillaceous
oozes in the WNW (Kotlinski et al., 2009). The sediment
cover is characterized by a gradual decrease in the age of
sediments, from the Late Cretaceous to the Quaternary,
and a gradual decrease in their thickness towards the
east, from about 300 m to about 100 m (Kotlinski, 2011).
Sediment accumulation in the area does not exceed the
rate of 10 mm/1,000 years. Participation of the silica-clay
ingredients of sediments has been increasing since the
Miocene. Changes in the lithodynamic conditions has led
to periodic activation of erosional processes on the seabed
(ISA, 2010b).

Based on the origin and composition, the bottom
sediments within the IOM exploration area can be divided
into the following four litho-stratigraphic units (Kotlinski,
2010):

F,, (Oligocene-Miocene) — the lowest lithofacies
consisting of biogenic calcarcous ooze (foramini-
fera silty clay and coccolith-foraminifera silty clay
— products of primarily biogenic accumulation); the
lithofacies thickness is 70 cm and the amorphous
silica content amounts to 1.36-7.75 %;

— F,,; (Miocene) — represented by X-ray amorphous
radiolarian silty clay; the sediments are biogenic,
pelagic and detrital, and are partly produced by hal-
myrolysis and partly by erosion of basalt; the litho-
facies is max. 255 cm thick, its amorphous silica
content amounts to 0.9-16.3 %;

- F., (Miocene-Pliocene) — includes zeolitic
clay (phillipsite) or reddish brown clay and den-
ser zeolitic crusts; the zeolitic clay layer is max.
273 cm thick, and its amorphous silica content ran-
ges between 0.48 and 8.8 %;
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F v (Pleistocene-Holocene) — consists of siliceous
silty clay, ethmodiscus clay and calcareous silty
clay; its upper max. 41 cm thick layer gradually
transits with depth into lighter-coloured sediment
with a mottled appearance; this section is of bioge-
nic and detrital origin, the total thickness is more

than 5 m.
Sediments of lithofacies F,, and F  are associated
with the Marquise Formation (Oligocene and Miocene
age), the sediments of lithofacies F_ —and F_  represent

CIIr cinv
the Clipperton Formation (mostly Pliocene—Holocene

age).

The maximum thicknesses of the respective
lithostratigraphic units, obtained by the sampling device,
and selected chemical-physical properties of bottom
sediments in the [OM exploration area are given in Tab. 2.
The sedimentary cover within the IOM exploration area is
about 100 m thick (Dreiseitl & Kondratenko, 2012). The

sediment profile is topped by slightly siliceous silty clay
and siliceous silty clay. The top 1-15 cm layer comprises
the geochemically active layer (GAL), which is the medium
for nodule formation. Sediments of this layer contain
3.04-28.6 % of amorphous silica and are characterised by
reduced bulk density and increased moisture content.

Seismic acoustic profiles of the seabed (to a depth
of about 100 m) provide data for the identification
of geoacoustic complexes. Interpretation led to
distinguishment of four geoacoustic facies (units) within
the eastern part of the CCZ (Kotlinski & Tkatchenko,
1997):

A — the upper acoustically transparent layer (sedimen-
tary unit of Quaternary to late Miocene age),

B — the upper stratified (acoustically semi-transparent)
layer (sedimentary unit of late Miocene to early
Miocene age),

Tab. 2

Chemical-physical properties of bottom sediments in the IOM exploration area (Kotlinski, 2010).

Litho-

stratigraphic
units, age

Litofacies

Origin

Thickness
[cm]

pH

Eh
[mV]

Water
content w
[%]

Fraction <
4 pm
[%]

Bulk density|
p [g/em’]

. CaCo
Sio,,, [%] ;‘%] s M

FC] 1\Y

Pleistocene—Holocene

Geochemically
active layer
(siliceous silty
clay, slighlty
siliceous clayey
silt)

(siliceous silty
clay/clayey silt)

eluvial-
deluvial

6,47-8,17

343-622

3,04-28,64 <14,1 0,13-0,78 | 5,1-88,6 | 248-470 | 1,15-1,23

41

6,87-8,14

390-666

2,10-25,67| <9,60 | 0,09-0,75| 6,1-86,0 |210-437 | 1,16-1,28

480

7,27-7.81

422-600

1,73-32,15| <0,976 | 0,02-0,31 | 30,6-84,7 | 205-309 | 1,20-1,28

Biogenic ooze/
silty clay
(Ethmodiscus
silty clay)

deluvial-
solifluction|

39

7,19-8,05

396-592

13,78-32,54] <0,083 [ 0,21-0,40 | 71,9-84,3 | 224-434 | 1,16-1,24

(slightly
calcareous silty
clay)

(calcareous silty)|
clay)

eluvial-

24

7,42-8,31

443584

7,95-12,1 | 5,09-9,67 | 0,40-0,68 | 64,9-81,3 | 265-424 | 1,17-1,23

deluvial

29

7,10-7,88

427-561

6,51-10,74| 10,0-47,0 | 0,19-0,84 | 49,9-72,0 | 247-335 | 1,20-1,25

FC! 1
Miocene—
Pliocene

Pelagic clay
(reddish brown
clay, zeolithic
clay and
zeolithic crust)

eluvial

408

7,01-7,96

389-615

0,48-8,80 | <3,178 | 0,02-0,75 | 47,6-88,4 | 85-303 | 1,16-1,60

FM u

Miocene

Biogenic
(siliceous silty
clay, radiolarian
clayey silt)

eluvial

255

7,19-8,02

476-625

0,90-16,29| <4,767 | 0,05-0,15 | 38,9-80,2 [ 255-599 | 1,12-1,25

ligocene—
Miocene

FMI

Biogenic
(calcareous
ooze,
calcareous silty
clay)

biogenic

70

7,47-8,09

505-625

0,50-7,75 (18,40-71,14| 0,01-0,23 | 45,1-78,9 | 150-165 | 1,33-1,37
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C — the lower acoustically transparent layer (sedimen-

tary unit of early Miocene age),

D — the basement composed of tholeiitic basalt.

The A, B, C and F geoacoustic complexes, identified on
the basis of side-scan sonar profiling (Fig. 6), correspond
to the seismic A, B, C and F acoustic units described
above. Thickness of unit A is on average 10 m and does not
exceed 20 m, which is related to topographic variations of
the ocean floor, as well as to the deep-sea currents affecting
the erosion processes.

Interpretation of eight gravity corer stations (expedi-
tion IOM-2001) is shown in the form of profile (Fig. 7).
The seventh sampling tube encountered basalt exposure
(without sampling).

Sediment properties
Physical and chemical properties of sediments play

major role in evaluating protection and preservation of
the marine environment. Physical properties of sediments

Station 2267 (4369 m)

Fig. 6. Interpretation of geoacoustic profile No. 707, fragment 2.7-6.0 km (Dreiseitl & Kondratenko, 2013).

Tab. 3

Physical properties for sediments in the IOM exploration area (Dreiseitl & Bednarek, 2011). Explanations: m — measured value,
v — calculated value; data in the reader: min. — max. value, denominator value: number of analyses, p — bulk density, w" — true water
content (corrected for pore water mineralization), p, — dry unit weight, n — porosity, e — void ratio, p_— specific density.

. p w’ p n p,
Sediment type [g/em’] (%] [g/em’] %] ¢ [g/em’]
m/v m m v v v v
Siliceous silt cla 1.17-1.24 254-414 0.23-0.36 86-92 6.05-11.23 2.48-3.02

y clay 208 218 208 208 208 208
Sliehtly siliceous siltv cla 1.18-1.28 210-404 0.27-0.40 84-91 5.09-10.02 2.40-3.07

gty yclay 389 406 389 389 389 389
Red nelasic clavs with zeolites 1.20-1.33 170-302 0.31-0.49 82-89 4.44-7.95 2.42-2.86

pelagic clay 79 82 79 79 79 79
Radiolarian ooze 1.12-1.25 255-591 0.16-0.35 87-95 5.95-17.3 2.05-3.00

22 28 22 22 22 22
Diatom ooz 1.16-1.20 319-437 0.22-0.29 88-92 7.66-11.86 2.35-2.95
” 35 39 35 35 35 35
Jeolitic crusts 1.32-1.56 85-185 0.46-0.84 70-84 2.35-5.11 2.46-2.96
14 12 12 12 12 12
> sum of samples 747 785 745 745 745 745
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encountered in the IOM exploration area, with respect
to the sediment types, are reported in Tab. 3. Tab. 4
shows Atterberg limit data (the critical water contents of
a fine-grained soil) for various sediment types in the IOM
exploration area, except for crusts which are impossible
to be penetrated by the cone. The results confirm highly
plastic and liquid consistencies of the deep-sea sediments.

Mechanical (strength) properties of sediments, useful
for future mining operations, are shown in Tabs. 5 and
6. As reported by Dreiseitl (2011), it is estimated that
the difference between the values of sediment strength
parameters, determined in shipboard lab and in situ is about
28-32 %. Reason thereof is that the deep seabed sediments
lose their characteristics after they come onboard in
any kind of sampler. The samples taken from the upper
layers appear to be well bioturbated, which decreases the
sediment’s shear strength values.

The variability of physical and mechanical parameters
of siliceous sediments in the near-surface layer is mostly
dependent on the opal (SiO,, ) content in the sediment.
The sediment volume density, as well as shear strength,
were found to be inversely correlated with the sediment
Sio,, .

The redox potential (Eh) of sediments in exploration
blocks was determined in on-*board laboratory using
combined platinum electrodes with densified electrolyte.
The data analyses show that low Eh values (< 450 mV)
of the geochemically active layer seem to result in nodule
absence due to reduction of Mn**, which passes to the pore
water and remains dissolved within a layer of sediment. On
the other hand, high nodule abundances were delineated
where Eh was high (> + 500 mV).

The pH values within the examined clays of the H22
exploration block ranged from weakly alkaline (7.50-7.80)
to neutral (7.10-7.50). The above values correspond

1 2
370 cm

380 cm

closely with pH values in all of the sediment layers in
the HI1 block described in 2009 (Kotlinski, 2010). They
ranged from weakly alkaline (7.60) to neutral (7.14). In
general, the upper sediment layers represent relatively
elevated pH values.

Tab. 4

Atterberg limits for sediments in the IOM exploration area
(Dreiseitl & Bednarek, 2011). Explanations: m — measured
value, v — calculated value, data: min. — max. value, LL — liquid
limit, PL — plasticity limit, PI — plasticity index.

Number
. LL PL PI
Sediment type [%] %] [%] of )
analysis
m/v m m v
Siliceous silty clay 116-241 |58-121 |[58-120 7
Slightly siliceous silty 110-186 156-96 | 55-90 18
clay
Red pelagic clays with | g0 577 |38 140 [42-137 | 17
zeolites
Radiolarian ooze 103-357 | 51-190 | 52-167 10
Diatom ooze 142 70 72 1

Polymetallic nodules

General model of nodule formation

The polymetallic nodules in the studied area appear
on the ocean floor, usually lying in a semi-liquid surface
layer. Quite often they are covered with a thin layer of
unconsolidated sediments. Polymetallic nodules are
composed of both nuclei and concentric layers of iron and
manganese hydroxides and oxides. Beside Mn and Fe, also
Cu, Ni, Co are the main metal elements present in nodules.

5
275 cm

6
300 cm

7

Ocm

8
250 cm

Fig. 7. Geological cross-section of upper layers (up to 4 meters of sea bottom sediments) based on gravity corer sampling (IOM data).
1 — polygenic sediments, 2 — zeolitic clay, 3 — radiolarian oozes, 4 — calcareous oozes, 5 — polymetallic nodules, 6 — basalt.
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Tab. 5

Strength characteristics of different types of sediments in the IOM survey area in the depth interval of 10-40 cm, min. — max. values

(Dreiseitl, 2011).

Sediment type ienetration resistance, ?;'?l?:] shear strength, T__, fll:if;c]lual strength, T ., T
[kPa]
Siliceous silty clay 0.7-35.7 1.3-8.3 0.9-4.2 1.2-3.6
Slightly siliceous silty clay 1.5-74.5 1.8-14.3 1.0-5.2 1.2-4.6
Red pelagic clays with zeolites 34418 6.9-19.0 1.4-12.0 1.6-3.9
Radiolarian ooze 42-37.1 3.9-16.8 2.1-42 1.7-4.0
Diatom o0oze 0.9-4.4 0.9-3.1 0.8-1.7 1.1-2.4
Zeolitic crusts 1 400 - - -
Tab. 6

Selected physical and mechanical properties of bottom sediments with respect to the exploration blocks H11 and H22
(samples from expeditions IOM-2009 and IOM-2014).

. Expl. Sampling p w Vane shear Numb.
G block interval [cm] [g/em?] [%] strength of analysis

Slightly siliceous and siliceous-clayey oozes H11 2-8 1.16-1.20 327-467 - 20
of geochemically active layer
(Si0,, > 10 %) H22 2-7 1.17-1.21 323-404 - 31
Siliceous-clayey oozes H1l 10-30 1.17-1.22 319-397 2.0-43 29
(Si0,,, > 10 %) H22 10-30 1.16-1.24 254-387 1.4-7.1 77
Slightly siliceous and siliceous-clayey oozes Hll 10-35 1.18-1.23 266404 1.8-9.4 33
(8i0,,,, 5-10 %) H22 10-30 1.20-1.25 255-321 2.69.1 15
Clayey sediments Hll B B B B B
(Si0,,, <5 %) H22 25-40 1.23-1.24 270-271 10.54 21

H11 10-30 1.22-1.24 270-298 4.8-9.5 13
Red dep-sea clays

H22 8-44 1.27-1.33 203-231 11.4-14.1 4

H1l 2-4 1.32-1.42 137-184 - 5
Clayey crusts

H22 - - - - -

H11 6-20 1.21-1.29 202-321 13.2-13.4 3
Radiolarian oozes

H22 - - - - -

Occurrences of nodules with such high abundance as in -
the CCZ result from complex processes present on the

regional and on local scales.

According to the way the nodules are structured, the
nodules forming metals can be divided into three groups:

— iron exists in the ocean water as colloidal iron oxy-

hydroxide particles and mainly supplies the nodule
growth, due to dissolution of calcareous skeletons
below the CCD zone (ISA, 2010a),

cobalt accumulates through the hydrogenetic pro-
cesses that are unrelated to the biogeochemical de-
pendences (Halbach, 1986),

manganese, nickel and copper are fully dependent
on the biogeochemical cycle. The widely accepted
model, proposed by Morgan (ISA, 2010a) divi-
des the process of manganese, nickel, and copper
delivery into 4 stages: (1) the first stage involves
delivery of metals to the ocean from the land (we-
athering), the ocean ridge of EPR (volcanogenic)
and from atmospheric sources. Metals are adsorbed
by the surface of fine particles transported, in the
form of suspension, by the ocean currents, (2) the
second stage involves consumption of the suspen-
ded sediment containing metals by zooplankton.
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Metals concentrated in fecal pellets (especially Mn)
or in plankton shells (after death) fall on the sea
bottom, (3) stage three refers to biological rewor-
king of pellets by benthic fauna and its degradation
through bacterial metabolic processes. As a con-
sequence, reduced and soluble metals cations are
released. During the early diagenesis in the upper
layer of semi-liquid sediment, pore water becomes
suboxic even to reducing, which intensifies the pro-
cess and leach metals. Therefore, the pore waters
in bottom sediments are strongly enriched in metal
ions, (4) the last fourth stage involves only nodu-
le formation during which Mn is oxidized in the
uppermost surface layer and forms such manganese
minerals (todorokite, birnessite), interstitial layers
of which are able to scavenge metals like copper,
nickel and others (Morgan, 2012).

According to the growth model for polymetallic nodules
in the CCZ presented by ISA (2010b), the following six
main factors control the process of nodule growth:

a) metals supply — which is in generally not limited
by availability of metals in the sea water and the
bottom sediments;

b) nucleus presence (necessary) — nodule nuclei con-
sist of fragments of old nodules, cemented or con-
solidated sediment, volcanoclastic rocks, fish teeth
etc. In fact, all materials which are slightly harder
than sediment can serve on the seafloor as nuclei
for nodule formation;

Antarctic bottom water (AABW) — this current is
considered to be a supplier of oxygen and materials
becoming nuclei, especially during the Middle to
Late Miocene;

semi-liquid surface layer (geochemically active
layer — GAL) — this is a crucial layer for nodule
formation, providing components and chemical en-
vironment for their growth;

bioturbation — is the mechanism which prevents
nodules from fast burial below sediment surface;
internal nodule stratigraphy — is a result of the
changing geological history of deep-sea sedimen-
tary basins.

What is crucial for supply of metal ions, is the position
of growing nodule in relation to the semi-liquid surface
layer. There are three widely accepted models of the
nodules growth (ISA, 2010b):
in semi-liquid surface layer — diagenetic (D-type),
called R (rough) type because of their complicated
morphology;
on the boundary of sea water and semi-liquid
surface layer as a mixed type of hydrogenetic
and diagenetic processes (HD-type), called R + S
(rough-smooth) type because of their mixed mor-

phology;

c)

d)

12

above the sea bottom, on the surface sediments —
hydrogenetic (H-type), called S (smooth) type be-
cause of their shape.

The nature of the dominant process that controls
the nodule growth depends on the distance from the
volcanogenic sources of metals (Hein et al., 2013). At
close distance to EPR, hydrogenetic growth is possible.
However, with increasing distance its role decreases and is
gradually replaced by diagenetic processes.

Polymetallic nodules in the CCZ generally grow very
slowly, at rates of 1-10 mm/1,000,000 years (Beiersdorf et
al., 2003). The average growth rate for H-type nodules is
reported to be about 1 mm/1,000,000 years while D-type
nodules grow at a rate of about 5—-15 mm/1,000,000 years
(Amann, 1992; Kotlinski, 1998). Some authors indicate that
D nodules can grow even 100 mm/1,000,000 years (Sea-
floor mining, 2014). Such a slow rate of growth indicates
that for the nodules to reach the size of centimeters, stable
lasting environmental conditions are required. Although
also regarded as low, the accumulation rate of sediments
within the area is three orders of magnitude higher and
stays at a level of several millimeters per thousand years.

Mineral composition

Mineral composition of polymetallic nodules consists
of crystalline (mainly manganese oxides) and amorphous
(mainly hydrated iron oxides) mineral phases in different
proportions, depending on processes responsible for
nodule formation (hydrogenetic or diagenetic).

The key manganese mineral components include
the following (Burns & Burns, 1977; Usui et al., 1987,
Halbach et al., 1988; Kotlinski, 1998; 2003):

— todorokite (10A manganite, buserite), forming
probably from dissolved manganese in pore waters
during early diagenesis,
birnessite (7 A manganite),
vernadite (3-MnO,, birnessite of non-regular stru-
cture), poorly crystallized hydrogenetic Fe-Mn
oxide.

The major iron component is X-ray amorphous
iron oxyhydroxide (8-FeO(OH)), reported to include
goethite, ferroxyhyte, lepidocrocite, akageneite, hematite
or ferrihydrite (Kotlinski, 1999; Hein & Koschinsky,
2014). Nodules also contain microscopic detrital silicates,
feldspar, plagioclases, quartz and phillipsite (Kotlinski,
1998). Components, such as aragonite, apathite, amorphous
silica (opal), pyroxenes, amphiboles, barite, spinels, rutile,
anatase, clay minerals (chlorites, illite and montmorillonite)
occur as accessory minerals (Cronan, 1977; Halbach et al.,
1982; Piper & Blueford, 1982; Andreev, 1994; Kotlinski,
1998). The cement components are represented by clay
minerals and zeolites, which mostly occur in the nodules’
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nuclei, sometimes as dispersed clusters. Frequently, the
content of SiO, and Al O, in nodules reaches the level of
25-30 %. Occasionally, calcite bioclasts can be found (e.g.
Foraminifera), typically filled with apatite (Kotlinski,
1998).

Chemical composition

Polymetallic nodules of the CCZ are characterized by
high abundance and high metals content (especially Mn,
Ni, Cu, Co, Mo, Zn and REE) as compared to other ocean
nodule-bearing fields of potential economic significance
(Kotlinski, 1998; Kotlinski, 2011). The content of elements
in PMN depends on the role of hydrogenetic or diagenetic
processes. Nodules, in which todorokite predominates, are
usually rich in Mn, Ni, Cu and Zn, while nodules, in which
vernadite predominates, are rich in Fe, Co and Pb. The
average values of the content of the main metals within the
IOM exploration area are in the range: Mn 27.64-31.55 %,
Ni 1.22-1.30 %, Cu 0.93-1.30 % and Co 0.16-0.20 %.

With the depth increasing from the north to the
south, contents of Mn and Cu increase, while the Ni
and Co contents decrease. The higher content of Co is

characteristic for H and D genetic types of nodules in the
northern part. Higher grade of Mn, Cu and Ni is recorded
in the D-type nodules collected from the central part,
while southwards an increase in the amount of Mn (D-type
nodule) is apparent (Abramowski & Kotlinski, 2011). Iron
together with manganese forms the major component of
PMN. The average Fe concentration in the CCZ is close
to 6 %.

The results of chemical analysis of the joint sample
(10 kg) taken by the trawl in the H22 exploration block are
given in Tab. 7. X-ray spectrometry was used to determine
Ni, Cu and oxides, AES-ICP was used to determine Co
and rare earth elements (Tab. 8), gravimetry was used to
determine total sulfur and loss on ignition. The contents
of the precious metals Pt, Pd, Au and Ag were below the
detection limit of the analytical methods used (AAS-F,
ETA-AAS, ICP-MS).

In the CCZ, the nodule ores contain also other metals
of economic importance, such as Mo, V, Zn, Li, Zr and
REE, that are potential by-products of the major metal
mining (Hein, 2012; Hein & Koschinsky, 2014; Halbach &
Jahn, 2016). Mo contents are in the range 0,048-0,058 %,
Zn 0,124-0,168 %, V 0,045 %, Zr 0,036-0,077 %, Li

Tab. 7
Chemical analysis of a joint sample — H22 exploration block (Mackovych et al., 2015).
. . Standard Relative
Parameter Unit Mean Min. Max. i st.an.dard
deviation [%]

Sio, [%] 14.40 11.50 15.20 0.70 4.89
ALO, [%] 4.64 4.19 5.15 0.23 4.96
Fe,O, [%] 8.10 7.74 8.52 0.19 2.31
CaO [%] 2.37 2.22 2.55 0.07 3.10
MgO [%] 3.34 3.16 3.47 0.08 2.34
TiO, [%] 0.43 0.41 0.44 0.01 2.49
MnO [%] 41.49 40.50 44.10 0.70 1.69
Na,0 [%] 3.15 2.90 3.50 0.17 5.29
K,0 [%] 1.34 1.27 1.46 0.04 3.14
PO, [%] 0.33 0.30 0.37 0.02 5.31
LOI [%] 15.67 15.40 16.1 0.19 1.20
S total [%] 0.14 0.11 0.47 0.06 42.7
Au [mg/kg] <0.01 - - - -
Ag [mg/kg] <1 - - - -
Cu [mg/kg] 13 059 12 550 13 450 224 1.71
Ni [mg/kg] 12903 12490 13280 218 1.69
Co [mg/kg] 1 659 1603 1763 38.8 2.34
Pt [mg/kg] <0.1 - - - -
Pd [mg/kg] <0.1 - - - -

13
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Tab. 8

Rare earth content in polymetallic nodules of the IOM exploration area (Franzen & Balaz, 2012; IOM data). Samples analysed in
Trondheim and SGUDS-GAL. Slovakia (Chemical analysis of a joint sample — H22 exploration block) (n = number of samples)
(Franzen & Balaz, 2012; IOM data).

2010 2011 2015 (H22 block)

REE Min. Max. Mean PMK 1 PMK 2 Min. Max. Mean

[mg/kg] | [mg/kg] | [me/ke] B [mg/kg] | [me/kg] | [mgke] | [mgke] | [mgkel | "
Ce 139.6 | 1774 | 1633 8 3320 | 1560 | 1490 | 1700 | 1580 | 30
Dy 118 15.9 13.9 8 63.1 18.0 16.5 20.1 185 | 30
Er 10.0 13.6 11.8 8 9.6 6.3 8.6 10.4 97 | 30
Eu - - - - 6.4 3.6 5.2 6.3 58 | 30
Gd - - - - 242 14.9 20.0 24.8 23 | 30
Ho 3.6 47 42 8 3.8 23 2.7 3.4 31| 30
La 779 | 1003 89.9 8 89.0 50.0 83.0 93.0 875 | 30
Lu 13 1.6 1.4 8 1.4 1.0 12 1.6 14 | 30
Nd 964 | 1257 | 1133 8 104.0 62.8 836 | 103.0 929 | 30
Pr 19.9 26.0 234 8 25.1 14.7 19.2 24.0 214 | 30
Sm 24 284 26.0 8 23.9 14.0 225 27.8 250 | 30
o 3.7 48 43 8 44 23 3.4 42 37 | 30
Tm 13 1.8 15 8 1.8 12 13 1.6 15 | 30
Yb 9.0 11.2 10.2 8 9.6 6.2 7.9 9.4 88 | 30

Fig. 8. Morphology of polymetallic nodules. Example of classifica-
tion according to morphological type. D — discoidal, E — ellipsoidal,
b — botryoidal, s — smooth, r — rough, f — fragments.
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131 ppm (Hein et al., 2013). Grades of REE in the
marine deposits are generally lower than those for
the land-based deposits, but in terms of the tonnages
they are much greater. Additionally, relative amount of
heavy REE (HREEs), which are of higher economic
importance than light RRE (LREEs), is quite high when
compared to the land ones: HREEs in large terrestrial
REE deposits is < 1 %. In PMN it stays for about 26 % of
the total REEs (Hein, 2012; Hein et al., 2013; Halbach
& Jahn, 2016). The REE grades are related to nodule
genetic types: hydrogenetic — the highest, diagenetic —
the lowest (Kotlinski et al., 1997). Moreover, marine
deposits are not contaminated by radioactive elements
like Th or U. Results on REE concentrations in the
H22 exploration block of IOM exploration area are
presented in Tab. 8.

Polymetallic nodules classification

The seafloor polymetallic nodules mostly consist
of nuclei and typically concentric layers of iron and
manganese hydroxides and oxides. Nucleus can be
composed of volcanoclastic debris, lithified sediment,
bioclasts or fragments of older nodules.
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The following constitute the main morphological
nodule types present in the CCZ: discoidal (D), ellipsoidal
(E), spheroidal (S), tabular (T), poly-nucleic aggregate
(P), botryoidal (B), fusiform (R), irregular (I), fragment
of a nodule indicating the morphotype (e.g. D, fE, fS
etc.) and fragments of undetermined morphotype (f).
The nodule morphology is conditioned by their mineral
composition, nature, size and age of core as well as
mechanisms and sources of elements (sea water or pore
water) and diagenetic processes (Kotlinski, 1998, obr. 8).

The most common nodule textures are: concentric-
banding, dendritic, massive and columnar. Layers are
frequently cut by other which evidences hiatuses in
nodule accretion. Nodules are usually cracked, mostly in
radial or tangential pattern. Cracks are effects of internal
tension occurring in the processes of dehydration and
recrystallization during nodule accretion, or appear as an
effect of diagenetic processes. They are usually filled with
clay minerals or recrystallized Mn minerals (Kotlinski,
1998). The CCZ nodules vary in size from tiny particles
visible only under a microscope to large pellets more than
20 centimetres across.

A variety of classifications have been used for
polymetallic nodules so far. Those refer to their size and
shape, composition and number of cores, thickness of ore
crust or mineral and chemical composition of ore material
(e.g. Meylan, 1974; Moritani et al., 1977; Halbach et
al., 1981; Anikeeva et al., 1984; Haynes et al., 1985;
Stackelberg & Beiersdorf 1991; Kotlinski, 1998). The
one adopted by ISA for the CCZ (ISA, 2010b) defines
three main nodule types taking into account their surface
features:

S-type (smooth surface),
— R-type (rough surface),
S-R type (smooth-rough mixed).

Those refer to the three main genetic nodule types,
namely: hydrogenetic (H), diagenetic (D) and mixed hydro-
diagenetic (HD). Nodules genetic types are characterized
by different mineralogical and chemical composition and
different rate of Mn accretion (Tab. 9, Fig. 9).

Nodules of H type have relatively lower average
contents of Mn, Ni and Cu and are rich in Fe and Co.
In comparison with HD and D types, they are also
characterised by higher content of the Rare Earth Elements
(Kotlinski et al., 1997, 1999). Microcrystalls of vernadite
and goethite constitute the main mineral components.
The Mn/Fe ratio (modulus), one of the most important
parameters in determining nodule genotype, is usually
below 4. The nodules have smooth surfaces (S-type),
generally spheroidal or irregularly spheroidal of rather
small modal sizes, usually below 4 cm in diameter. The
nuclei of nodules are mostly represented by volcanic
glass, often later transformed into clay minerals (usually
zeolites) by halmyrolisis, although fragments of bioclasts
are also present. Around the core, laminae of Mn and Fe
minerals alternate with clay minerals laminae. The nodules
are frequently cracked and characterized by the presence
of secondary veins filled with clay or manganese minerals.
The growth rate is about 1 mm/1,000,000 years. The H
type nodules occur usually on calcareous oozes, above the
CCD (Carbonate Compensation Depth).

The D type nodules show higher content of Mn, Ni, Cu
and Zn, and lower content of REE. The main manganese
minerals are todorokite and birnessite. The Mn/Fe ratio ge-
nerally exceeds 5. Nodules are usually discoidal or ellipso-
idal, with modal size ranging from 6 to 12 or more cm, and
are characterized by strongly differentiated or asymmetri-
cal structure with rough surfaces (R-type). Nodules’ nuclei
are usually represented by fragments of older nodules or
bioclasts. The nodules show massive, radial, dendritic or
collomorphic texture and are characterized by the presence
of radial cracks. Nodules are also characterized by clearly

Fig. 9. Main genetic types of nodules: H — hydrogenetic (smooth surface), HD — combined (smooth surface on top, rough from below)

and D — diagenetic (rough surface) (Kotlinski, 2011).
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Tab. 9

Complex characteristics of polymetallic nodules in the CCZ area with respect to genesis, mineralogy, morphology, size and textures
(Kotlinski, 2010, modified).

Lithofacies

pelagic red clay, siliceous —
argillaceous ooze

siliceous-argillaceous ooze,
argillaceous-siliceous 0oze

argillaceous-siliceous ooze,
siliceous ooze

Genetic (growth) type

H — hydrogenetic

HD — mixed hydrogenetic-
diatgenetic

D — diagenetic

Occurence

exposed on sediment surface
(extremly low sedimentation rates)

exposed and partly sunken in
semi-liquid layer (very low
sedimentation rates, biogenic
activity)

partly sunken in surface sediment
(low sedimentation rates, biogenic
activity)

Size [cm]

<4

4-8

6-12

Surface shape

S (smooth)

S + R (smooth + rough)

R (rough)

Dominant morphotype

spheroidal, polynucleus

elipsoidal, tabular, discoidal,
irregular

discoidal, elipsoidal, irregular,
fragments

Major Mn-minerals

vernadite (prevalence of
amorphous phase, enriched in Fe
and Co)

birnessite, todorokite (amorphous
and crystalline phases)

todorokite, birnessite (prevalence of
crystalline phase, enriched in Mn,
Cu and Ni)

Mn/Fe ratio

<4

45

>5

Nodule abundance

relatively low on avereage

average

relatively higher on average

multinucleate, volkanoclastic

lithified sediments (clayey-zeolitic

fragments of older nodules,

NI AT (e debris and bioclasts bioclasts) micronodules

Lan.lmatl?n — prevalent 0.1-1,0 0.1-2.,0 ~1.0

lamina thickness [mm]

Texture columnar dendritic, concentric banding concentric banding, dendritic,
massive

Physical properties

— volume density [g/cm?] 1,97 1,94 1,93-1,95

— porosity [%] 59 61 62

— nat. water content [%] 31 32 32

visible alteration of Mn minerals (black lamina) and Fe
(red-brown ones), as well as differentiated growth rate — in
the case of manganese minerals it is twice as high as in
the case of the iron minerals. Ni and Cu concentrations
are associated with laminas of Mn, and Fe minerals are
often separated by lamina of volcanic silt. Laminas of Mn
and Fe minerals are thicker than laminas observed in the
H-type nodules and reach 1.5-2.0 mm. The growth rate of
these nodules is estimated to be about 5-15 mm/1,000,000
years (Amann, 1992). This type of nodules occurs on the
bottom surface immersed in a semi-liquid layer, usually
rest on radiolarian diatomaceous oozes, less frequently on
polygenic clays below the CCD.

The HD type is intermediate between the D type and
the H one, taking into consideration the form, size and
composition. Major manganese mineral is birnessite (7 A
manganite), represented by variable ratios of amorphous
and crystalline phases. The Mn/Fe ratio varies between 4
and 5. Nodules are often ellipsoidal, tabular or discoidal
(flattened) in shape, with the upper surface being smooth
and exposed to the sea water, while the lower surfaces is
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rough (S-R type) and immersed in the semi-liquid layer.
The typical surficial feature of the HD nodules is the
presence of ring-shaped bulge, formed at the contact zone
of the ocean water and the semi-liquid sediment.

Within the IOM exploration area, additional subtype of
diagenetic D1 nodules has been described. It is associated
with higher concentrations of Cu than of Ni. What is more,
the crusts (C) grown on hard substrata were reported
(Kotlinski & Stoyanova, 2009).

Distribution of genetic types of polymetallic nodules in
the IOM exploration area is shown in Fig. 10.

In the B1 sector nodules of a diameter of 2—4 and > 8§ cm
are predominant. Among nodules of genetic type H, 2—4 cm
size dominate, whereas the HD and D types are represented
primarily by the > 8 cm fraction (the domination is more
distinct among the nodules of D type). In the northern and
central parts of the B2 area nodules which are 2—4 and >
8 cm in size dominate, while in the south nodules 2—4 cm
in size prevail. Nodules of H and HD genetic types are
represented mainly by the 2—4 cm fraction. Among type D,
4—6 and > § cm size nodules dominate, while among type
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D1 all fractions show a virtually homogenous distribution.
There is no clear relationship between the nodule size
distribution and the depth they were found.

Nodule distribution

Although nodules usually occur on the seabed surface
(immersed in the semi liquid active sediment layer), they
are frequently blanketed by contemporary sediments in
the eastern part of the CCZ. This phenomenon is observed
at about 70 % of the sites examined within the IOM
exploration area. In general, the blanketing extent increases
with depth from the north to the south (Abramowski &
Kotlinski, 2011).

To describe the blanketing intensity quantitatively,
an index of blanketing (blanketing coefficient) was
developed. It is expressed by a ratio between the area
covered by nodules on a template to the area covered by
nodules calculated from the photograph of the bottom at
the actual sampling station. The lowest parameter values
amount to 1 (no blanketing), whereas at some stations the
blanketing level of 100 % is observed.

In relation to the morphology, stations with high
nodule abundance were found on all types of seafloor
morphology. When compared with horst slopes and trough
slopes however, it appeared that clearly greatest number
was found on flat terrain (undulating plains).
Within the IOM exploration area nodules appear
at a depth range of 3,800-4,750 m, with the highest
abundance and frequency recorded at the depth range
of 4,300—4,500 m. Some regularities can be linked with
the critical depths of calcium compensation — CCD and
genetic nodule type (Kotlinski, 2003, 2011; ISA, 2010a):
— at CCD of about 4,200 m, there is a dominance of
small (< 4 cm), spheroidal nodules of hydrogenic
(H) type which are characterised by smooth surfa-
ces, higher content of Fe (10.32 %) and Co (0.23 %)
as well as relatively lower Mn, Ni and Cu rates;
— between 4,200 and 4,400 m hydro-diagenetic (HD)
type nodules with high content of Mn (> 30,5 %),
Ni and Cu and relatively lower content of Co
(< 0.18 %) are predominant;

— below CCD (> 4,500 m) one can find diagenetic
(D) nodules, discoidal and ellipsoidal ones of larger
size (6—12 cm) and with rough surfaces.

Tab. 10

Basic physical parameters of nodules in the IOM exploration area in respect to the cruises (values in a counter: min-max, value
in a denominator: mean, n = number of analysis).

q Dry nodule q q . Specific nodule| Natural water
Cruise Wat:vr [e,?l]ltent Bull[( ‘}:;i}ty density Pgli?,;l]t y deeratlo density content
° ple p, lg/em’] ° p, [g/em’] w, [%]
2001 38-69 1.70-2.06 1.01-1.50 55-68 1.21-2.15 3.08-3.75 28-41
n=227 47 1.95 1.33 60 1.53 3.35 32
2004 38-63 1.77-2.08 1.09-1.50 54-69 1.18-2.18 3.13-3.65 28-39
n=308 48 1.95 1.31 62 1.62 3.43 33
2009 36-57 1.83-2.06 1.18-1.51 53-66 1.14-1.96 2.98-3.68 27-37
n=173 46 1.97 1.35 61 1.57 3.46 32
2014 29-71 1.77-2.27 1.03-1.75 46-72 0.86-2.56 3.05-3.68 22-42
n =205 47 1.97 1.34 62 1.62 3.49 32
Tab. 11

Basic physical parameters of nodules in the IOM exploration area in respect to nodule genetic types (Coufal & Dreiseitl, 2008;
values: mean of n = 514).

Genetictype | Mater content| Bulk density | PYIG | Porosity | Vold rao 1SRG (G NG Eter
p, [g/em’] p, [g/em’] w, [%]
D 47 1.95 1.33 61 1.57 3.40 32
D, 49 1.93 1.30 62 1.64 341 33
HD 47 1.94 1.32 61 1.55 3.36 32
H 45 1.97 1.36 59 1.46 3.35 31
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Fig. 10. Distribution of genetic types of polymetallic nodules in the IOM exploration area (H — hydrogenetic, HD — combined, D, D1
— diagenetic type, white color — nodule free areas).
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Tab. 12
Nodule uniaxial compression strength in relation to nodule size (Dreiseitl, 2012).

Uniaxial compressive strength [MPa]
Fraction [cm] Number of trials
min max mean
0-2 1.80 6.20 3.26 25
2-4 0.38 3.96 1.92 53
4-6 0,24 432 1.75 59
6-8 0.24 3.96 1.26 56
8-10 0.33 2.04 0.81 37
10+ 0.12 1.48 0.68 17

Generally, in the direction from N to S, the number
of H and HD nodules with modal size < 6 cm decreases,
while the amount of D-type nodules with a modal size of
> 6 cm gradually increases (Kotlinski, 2003; Kotlinski,
2011). This is reflected also in spatial distribution of metal
content.

Geotechnical properties of polymetallic nodules

Physical, mechanical (strength) and technological
properties of nodules described below were investigated
by IOM in context of future employment of proper mining
technology and transportation (Dreiseitl, 2012).

The basic physical properties, which have to be
determined on board immediately after the nodules are
retrieved from the boxcorer or dredge samplers, are water
content and bulk density (volumetric density). In addition,
some other properties, such as dry nodule density (drying
take place 72 hours at 105 °C), porosity, void ratio, and
specific nodule density are calculated. Natural water

content (ore based water content, wn) is the ratio of the mass
of evaporated water to the mass of wet nodule specimen.
While the water content (w) and the natural water content
(wn) analysis, the salt content in the sea water present in
the nodule pores, assumed as M = 35 %o, needs to be taken
into account. It confirms that the sea water accounts for
1/3 of the total nodule weight, which conclusion may be
of major consideration for the loading of cargo ships with
nodules. Basic physical parameters of PMN investigated
by IOM are presented in Tab. 10 and Tab. 11.

Statistical analysis of physical parameters of nodules
shows some relationships in respect to nodule fractions.
Small-size nodules are of comparatively low density and
high moisture content in relation to larger-size nodules,
while the maximum density and minimum water content is
observed for nodules of 8—10 cm size-fraction. For nodules
of size >10 cm some gradual de-compaction takes place,
which is probably related to the increasing age of nodules.

A single mechanical (strength) property, routinely
determined in an on-board laboratory is the uniaxial

compressive strength, expressed in MPa.

33 The characteristc expresses the amount
& 3,0 \ of stress that needs to be applied to
% break a nodule. As reported by Dreiseitl
? 2,5 N\ (2012), it is not dependent on the nodule
3 genotype, as opposed to the nodule
% 2,0 .\ . morphotype (spheroidal nodules are
g \ harder than discoidal and ellipsoidal ones)
% 1.5 S and, especially, nodule size (the smaller
& X the nodule, the higher the compressive
% 1,0 \%Q strength value). Value of the parameter is

given in Tab. 12, while Fig. 11 illustrates

0° trends in the uniaxial compressive strength
0,0 measured during two cruises (2001 and

0 2 4 6 8 10 12 2004).
Fraction [cm] The knowledge on technological

Fig. 11. Uniaxial compression strength of nodule samples obtained during expedi-

tions IOM-2001 and IOM-2004 (Dreiseitl, 2012).

properties of nodules is essential for mi-
ning and transportation of nodules from
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the mine site to an onshore processing plant. The following
technological properties were determined in this respect
(Dreiseitl, 2012):

rip off force resistance (kPa);

— nodule apparent density (kg/m?);

angle of repose (or slope angle) (°, degree).

The rip off force is the force needed to separate
a nodule from the sediment, and is expressed in newtons
(N). In practise however, it is the nodule resistance to the
rip off force that is being determined. Thus, the area of
nodule-sediment contact must be additionally calculated.
Therefore, the rip off force resistance is expressed in kPa.
The rip off force is determined directly on nodules in the
boxcorerr upon retrieval. The characteristic can be of great
importance for certain techniques of nodule collection on
the sea floor. The analysis shows there is no relationship
between nodule morphotype and rip off force resistance,
however the maximum values of the rip off force resistance
of large nodules (8-10 and 10+ cm) are lower than the
maximum values of the medium-sized nodules (4-6
and 6-8 cm). The parameter values in relation to nodule
fraction are presented in Tab. 13.

Tab. 13
Rip off force in respect to nodule fraction (IOM-2009 cruise,
all morphotypes).
B Rip off force resistance [kPa] Nuhe
[em] . trials
min. max. mean
4-6 0.32 1.78 0.87 34
6-8 0.21 1.72 0.68 72
8-10 0.23 1.16 0.56 26
> 10 0.33 0.84 0.60 5

It is believed that the nodule surface, rough on the
bottom and smooth at the top, plays a major role in the
resistance, i.e. rough surface increases the force needed for
a nodule is ripped off from the sediment when compared
with the force necessary to rip off a smooth-surfaced
nodule.

The nodule apparent density and angle of repose will
be important in loading operations, whereby nodules are
loaded onto the transporting vessel. The properties were
determined during the processing of the large-volume
samples recovered by trawl during IOM-2009 and IOM-
2014 cruises (Tab. 14).

The nodule apparent density rapp provides information
on the amount (by weight, kg) of nodules that can be places
in a 1 m? container. The mean apparent density of nodules
(cruise IOM-2009, 3 trials) was calculated to be r,,,
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1,242 kg/m?>. After the container with nodules was shaken
and refilled, the maximum apparent density of nodules was
Tomax = 1,342 kg/m’.

The angle of repose was determined as the tangent of
the angle a between the height of nodule heap and half-
diameter of the heap. The angle obtained for the sample
trawled during IOM-2009 cruise was o = 37° and during
IOM-2014 cruise o = 31° (Tab. 14).

Tab. 14

Nodule technological parameters — selected results from
1IOM-2009 and IOM-2014 cruises (mean values).

Nodule apparent Angle
density, max. of repose
[kg/m?] [stupne]
H11 block (IOM-2009) 1.342 37
H22 block (IOM-2014) 1.229 31

Nodule abundance

Nodule abundance can be estimated in two ways:
from ground-truth data by simply dividing the
weight of recovered nodules by the surface area co-
vered by the open jaws of the sampler (~0.25-0.5 m?
coverage);

by estimating the percentage of nodule coverage of
the seafloor using a sonar or photography, and then
converting this into abundance using calibration
factors.

Both methods give slightly different results, which
is caused by many factors including the fact that the
blanketed nodules are hardly visible in photographs
(Kotlinski & Stoyanova, 2009), or the areas examined
were of different sizes. Rithlemann et al. (2011) reported
correlation between the backscatter values in the second
method with the size of nodules rather than with their
number.

Nodule abundance is usually given in units of kg/m?
and mostly refers to wet samples. So far, analysis of spatial
distribution of nodule abundance within the CCZ shows its
great variability (Morgan, 2009). The nodule abundance
within the IOM exploration area varies significantly
between 0.1-28.4 kg/m?.

Description of the deposit

Prospective ore bearing fields for nodule mining have
been delineated within the B1 and B2 sectors where wet
nodule abundance reaches not less than 10 kg/m? and the
slope inclination angles do not exceed 7°. The total area
amounts to about 33,900 km? (Fig. 12). The topography
of the seabed has a significant influence on the contours,
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Fig. 12. Ore areas of the IOM exploration area (A — areas with average nodule abundance min. 10 kg/m?, B — seabed areas with a slope
over 7°, C — nodule free areas, D — micro-areas with a high nodule abundance).
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sizes and forms of ore deposits. The contours of ribbon-
like deposits have a width ranging from 2 to 10 km and
reach up to several tens of kilometres in length, generally
following the contours of depressions and ridges. Similarly,
the mantle-like deposits have widths reaching 70 km and
lengths of up to 120 km, and are characterized by large
differences in their sizes and variations (Kotlinski, 2003).
Within the boundaries of the B2 area, two exploration
blocks were delineated: H11 and H22, within the H11 and

Va riogam’

0 50 100 150

Distance (km)
B
¥ 40 |
E
g
§ 30

20
NO
10
0 | | |
0 50 100 150
Distance (km)

Fig. 13. Directional semivariogram map (A) and semivario-
gram models (B) for the maximum (red solid line) and minimum
(green solid line) variability of nodule abundance in the IOM ex-
ploration area (combined data from the B1 and B2 sectors) (Sza-
malek et al., 2016).
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H22 exploration blocks ore areas have been outlined, which
form exploitable blocks: H22 NE, H22 MID, H11 _PR2,
HI1 PR3 and H22 NW. The most promising one is H22
NE, consisting of 4 ore bodies: RZ 09, RZ 10,RZ 11 and
RZ 12, an example of ribbon-like ore deposit. The total
area of ore bodies is 625.3 km?. The density of sampling
grid is 1 station/31 km?. The water depth at the sample sites
ranged from 4,249 to 4,501 m. The sample-based average
PMN abundance is 15.7 kg/m*(wet conditions). The
diagenetic type of PMN is prevalent. Nodules blanketing
coefficient ranges from 0 (no blanketing) to 1.6.

Estimation of resources

The polymetallic nodule resources were estimated
in two stages. During the first stage (2007), the overall
resources were estimated for both of the exploration
sectors B1 and B2, by two working groups (Mucha et al.,
2007; Shanov et al., 2007). Both working groups carried
out the estimation independently focusing on the resources
of polymetallic nodules and selected metals: Mn, Ni and
Mo (Group 1) and Co, Cu and Zn (Group 2). The results
of this estimate were based on data obtained during cruises
up to 2004, which focused on regional research. During the
second stage (2011, 2015), the resources of nodules and
major metals (Co, Cu, Mn and Ni) were estimated within
the exploration blocks H11 and H22 in the central part of
sector B2. The data source were expeditions organized
in 2009 and 2014 and subsequently the resources were
estimated (Mucha et al., 2011; Mucha et al., 2015). In
2016, mineral resources were classified according to the
CRIRSCO system, and included in the project summary,
provided in the technical report (Szamatek et al., 2016).

Only nodules located in the surface layer to a depth
of about 10-15 cm are included in the estimation of
resources. Deeper buried nodules, which also occur in the
IOM exploration area, were not taken into account, due to
the assumed mining methods. Due to the high variability
(usually an order of magnitude higher than the variability
of the metal content), the nodule abundance, given in
kg/m?, is considered to be a key parameter in estimating
the mineral resources. The way nodules are placed on
the seabed (in the surface layer), defines the deposit as
two-dimensional, to which the methodology of resources
estimation was adapted.

Estimation method

The resources of polymetallic nodules and metals
contained in them were estimated separately in the B1 and
B2 exploration areas, and in the H11 and H22 exploration
blocks. The estimation of polymetallic nodules, metal
resources contained in them and the mean grades of metals
within the exploration blocks were accomplished with the



Balaz, P.: Results of the first phase of the deep-sea polymetallic nodules geological survey in the Interoceanmetal
Joint Organization licence area (2001-2016)

0 | ! ' ]
-E~ w0 L
2 S
= v(h)=20.8+8lin(h/10°)
zi
o
E & | -
=)
=]
=
b
10 | -
0 | | |
0 50000 100000 150000
Distance [m]

T T T T T T
25 | -1
20 - o, .

= ¥(h)=13.94+5.45ph(h/24700)

E

=) 15 K -

3

=

T 10 —

E

o

g

b 5 | i

0

1 1 1 1 1 1
0 10000 20000 30000 40000 50000 60000
Distance [m]

Fig. 14. The empirical omnidirectional semivariograms (green points) of nodule abundance and metal grades, and their spherical mo-
dels (solid red lines) for data from the H11 (left) and H22 (right) exploration blocks (Szamatek et al., 2016).

geostatistical method of ordinary block kriging (Journel &
Huijbregts, 1978; Matheron, 1963) supported by Yamamoto
correction (Yamamoto, 2005). Prior to the estimation,
the structures of spatial variability of deposit parameters
(nodule abundance and metal grades) were modelled
using the variography (directional and omnidirectional
semivariograms). The estimation was carried out for basic
500 x 500 m calculation blocks located within ore bodies,
with the exclusion of barren zones, submarine volcanic
zones and zones where the ocean-floor slope exceeded 7°.

The structural geostatistical description of variability of
nodule abundance illustrated by directional semivariogram
maps for combined data from the B1 and B2 exploration
areas reveal weak parameter anisotropy at the large scale of
observation, especially for distances over 50 km and strong
local variability represented by high nugget effect (Fig.
13). The minimum nodule variability direction is almost
aligned north to south, while the maximum variability
direction is orthogonal to it and almost east to west. The
orientation towards the minimum variability direction is
generally parallel to the elongation of particular ore bodies.

In the ordinary kriging procedure the equations of
empirical semivariogram models were applied (Fig. 14).
The estimation of resources for each calculation block
involved the abundance and metal grade values derived
from eight closest sampling stations in the search neigh-
bourhood. The total resources of the exploration areas and
blocks were obtained by summation of values estimated
for basic calculation blocks. Modelling correctness was
verified with the cross-validation procedure (Isaaks & Sri-
vastava, 1989).

The average values of nodule abundance and metal
contents for H11 and H22 exploration blocks are given in
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Tab. 15. The conversion factor from wet to dry nodules
is 0.7. The values of the standard error of estimation
of sources for the cut-off value 10 kg/m? in the basic
calculation blocks are relatively low and reach about 8 %
for sector B1, 3 % for sector B2 and 5 % for H11 and H22
exploration blocks.

Tab. 15

Mean values of polymetallic nodule abundances and metal
grades in the H11 and H22 exploration blocks, calculated
in 500 x 500 m basic blocks for cut-off abundance
PNwet = 10 kg/m? (Mucha et al., 2011; Mucha et al., 2015).

Parameter H11 H22
Nodule abundance

PN, (dry nodules) 8,86 [kg/m?] 8,30 [kg/m?]
PN (wet nodules) 12,65 [kg/m?] 12,20 [kg/m?|
Cobalt (Co) 0,16 [%] 0,17 [%]
Copper (Cu) 1,29 [%] 1,29 [%]
Manganese (Mn) 31,74 [%] 31,04 [%]
Nickel (Ni) 1,31 [%] 1,30 [%]

The abundance/tonnage curves for HI11 and H22
exploration blocks are shown in Fig. 15 and Fig. 16.

An example of the nodule abundance map in the
H11 exploration blocks is shown in Fig. 17. The nodule
abundance and metal contents were estimated in basic
calculation blocks with dimensions of 500 x 500 m. Nodule
free areas, volcanic zones and areas where the slope of the
ocean floor exceeds 7 © were excluded from the estimation.
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Fig. 16. Nodule Abundance — Tonnage graphs for H22 exploration block.

Resources classification

According to the CRIRSCO directives (Committee
for Mineral Reserves International Reporting Standards),
the resources of polymetallic nodules can be categorized
as “inferred” in the B1 and B2 exploration areas and as
“indicated” in the H11 and H22 exploration blocks. Such
categorization is justified by different mean sampling
intervals within exploration areas and exploration blocks.
In the B1 and B2 exploration areas, the mean sampling
intervals are 11 and 15 km, respectively. On the contrary,

24

in the H11 and H22 exploration blocks, the mean sampling
interval is about 7 km each (Szamatek et al., 2016).

Mineral resource estimate for the IOM exploration
area is presented in Tab. 16. The mineral resource estimate
at an abundance cut-off of 10 kg/m? (wet conditions) is the
selected base case scenario considering mining operation.
The effective date for the estimate is June 2016. No
mineral reserves were estimated at this stage of the project
development.

At the current stage of geological prospection, the
main factors controlling the accuracy of resource estimates
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in the period of the contract extension after 2016, it was

planned to concentrate the sampling points density in the

block H22 NE, which was selected for a detailed survey.
The improvement of accuracy of resource estimates,

which is particularly important for small fragments of ore

bodies, can be expected if:

more advanced geostatistical methods are applied,

wider applications of modern photo profiling
methods are implemented, which would evaluate
nodule abundances based upon images of the sea
bottom.

The accuracy of Cu, Co, Mn and Ni grade estimates
is highly satisfying in areas of any size due to low
variability of metal contents resulted from stable chemical
composition of polymetallic nodules. For the future re-
categorization of nodule resources into nodule reserves,
it is necessary to determine the relationships between the
amounts of resources at various cut-off abundances as
well as between the mean and the cut-off abundances at
various sizes of mining blocks (e.g. areas corresponding to
monthly, quarterly or annual production levels).

Conclusions

IOM holds licence over a polymetallic nodule
deposit in the CCZ under a contract for exploration of
polymetallic nodules signed with the International Seabed
Authority. Legal framework for mining and environmental
regulations, as a fundamental condition for future deep sea
mining activities, is under the development by the ISA.

IOM has sufficient samples of adequate quality and
authenticity to define Inferred and Indicated Mineral
Resources. The effective date for the estimate is June
2016. Metals of value are manganese, nickel, cobalt,
copper and zinc. Other metals of potential value (Mo, Fe,
Li, REE) have not been estimated, but in the future, based
on processing technology development, could provide
added value to the project. Long-term geological survey
and exploration confirmed that deposit is widespread and
consistent in case of grades — nodule abundance varies
more than metal grades. The accuracy of Cu, Co, Mn and
Ni grade estimates is highly satisfying in areas of any size,
due to low variability of metal contents resulted from stable
chemical composition of polymetallic nodules. Mineral
Resources were estimated at various nodule abundance
cut-offs. Selected base scenario is an abundance cut-off of
10 kg/m? (in wet condition).

Indicated Resources in exploration blocks H11 and
H22 were selected for the planned preliminary economic
assessment. Due to the low degree of verification, Inferred
Resources, estimated in the remaining area of sectors Bl
and B2, will not be included in the economic assessment.
Future activities of IOM will focus on a detailed survey of
selected blocks and increasing the category of resources/
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reserves. Geological data, together with other data obtained
during the technological research of mining and processing
methods, as well as environmental research, form the basis
for the commercial model of deposit utilization in the
form of a (pre)feasibility study.
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Vysledky prvej fazy geologického prieskumu hlbokomorskych polymetalickych
konkrécii v prieskumnom tizemi Spoloc¢nej organizacie Interoceanmetal
(2001 —2016)

Spolo¢na organizacia Interoceanmetal (IOM) vykona-
va geologicky prieskum v prieskumnom uzemi v oblasti
zlomového pasma Clarion-Clipperton (CCZ) vo vychod-
nej ¢asti Tichého oceanu. Cinnosti stivisiace s prieskumom
a vyuzivanim nerastného bohatstva morského dna v me-
dzinarodnych vodach (za hranicami narodne;j jurisdikcie
Statov) je pod administrativnym dozorom Medzinarodnej
organizacie pre morské dno (MOMD), ktora bola zriade-
na na kontrolu dodrziavania Dohovoru OSN o morskom
prave (1982) a Dohody o uplatiiovani ¢asti XI uvedeného
dohovoru (1994). Organizacia MOMD ma v sucasnosti
168 clenskych Statov vratane Slovenska a Eurdpskej tnie
ako celku.
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MOMD vydava zavédzné pravne dokumenty, ktorymi
reguluje vykonavanie prieskumu a buduceho vyuZzivania
morského dna. Zmluva s MOMD poskytuje exkluzivne
pravo na prieskum Uzemia a uzatvara sa na obdobie 15
rokov s moznostou predizenia o daliie 5-roéné obdobia.
Vykonavatel' prac je povinny predkladat MOMD rocné
spravy o ¢innosti. IOM zavisil ¢innosti spojené s 15-ro¢nou
zmluvou v roku 2016, v sti¢asnosti je kontrakt predizeny
do roku 2021.

Prieskumné uzemie organizacie Interoceanmetal je
spoloéné pre vsetkych 6 c¢lenskych krajin: Bulharsko,
Kuba, Ceska republika, Pol'sko, Ruské federacia a Sloven-
sko. Delit’ sa bude len pripadny zisk alebo krajina bude
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moct’ predat’ svoj podiel v spoloénom podniku. Preto sa
planuje transformacia IOM z prieskumnej organizacie na
formu akciovej spolo¢nosti.

Okrem geologického prieskumu IOM pracuje na vy-
skume technoldgie dobyvania a upravy hlbokomorskych
polymetalickych konkrécii (PMK), ako aj na environmen-
talnom vyskume.

Lokalita

V ramci pasma Clarion-Clipperton (CCZ) vo vychodnej
casti Tichého oceanu sa prieskumné prava IOM vzt'ahuju
na tzemie s rozlohou 75 000 km? (obr. 1). Prieskumné
uzemie sa v roku 2016 skladalo z dvoch sektorov (Bl
a B2) a v ramci sektora B2 boli vy¢lenené dva prieskumné
bloky, HI1 a H22 (tab. 1, obr. 2).

Metodika prieskumu

Z viacerych metéd zameranych na prieskum a vzorko-
vanie polymetalickych konkrécii morského dna boli pocas
expedicii IOM vyuzité nasledujuce distanéné metddy:

Batymetria

Batymetria slaZi na meranie hibky a mapovanie mor-
fologie dna s vyuzitim multilu¢ového sonaru (multibeam
bathymetry) a zaroven poskytuje informacie o charaktere
morského dna na zdklade intenzity odrazen¢ho signalu
(backscatter). Zariadenie je instalované na prieskumnom
plavidle.

Geoakustické profilovanie

Geoakustické profilovanie sonarom bo¢ného skenova-
nia (side-scan sonar) sluzi na detailné mapovanie profilu
dna v Sirke zhruba 2 km a ziskanie akustického profilu dna
do hlbky okolo 100 m (obr. 3). Pomaha identifikovat’ ob-
lasti pokrytia konkréciami, druhy sedimentov, ako aj reliéf
dna a potencialne prekazky, ktoré mézu limitovat’ budicu
tazbu. Zariadenie je vleCené za prieskumnym plavidlom
80 az 120 m nad morskym dnom.

Fotoprofilovanie

Foto- a videoprofilovanie (obr. 4, obr. 5) poskytuje
informacie naanalyzu pokrytia dna konkréciami (jednotlivé
snimky dna) a identifikaciu zon s vyskytom PMK, ako
aj identifikaciu prekazok pre potencidlnu tazbu (suvislé
videozaznamy). Zariadenie je vlecené za prieskumnym
plavidlom asi 4 m nad morskym dnom, jednotlivé snimky
pokryvaju zhruba 5 m? morského dna.

Kontaktné metédy predstavujii odber vzoriek kon-
krécii a sedimentov morského dna:

vzorkovanie PMK a sedimentov pomocou zariade-
nia box-corer, ktorym sa ziskava vzorka s rozmer-
mi0,5x0,5x0,5m,
vzorkovanie sedimentov pomocou zariadenia gra-
vity-corer, ktorym sa ziskava jadrova vzorka sedi-
mentu do hibky 4 m,
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— odoberanie velkokapacitnych vzoriek PMK viec-
nou sietou, jednym odberom je mozné ziskat' do
1 000 kg suroviny.

Laboratorne chemické analyzy a geotechnické mera-
nia sa robili Standardnymi metédami. Zakladné analyzy
a merania vyzadujuce okamzité spracovanie vzoriek sa
vykonavali na palube prieskumného plavidla pocas trvania
expedicie.

Geotechnické merania

Geotechnické merania fyzikdlnych a mechanickych
vlastnosti sedimentov (napr. obsah vody, objemova
hmotnost, odpor odtrhnutia konkrécie zo sedimentu,
pevnost v $myku, penetraény odpor, mechanickd pev-
nost’) a polymetalickych konkrécii (vlhkost, objemo-
va hmotnost’) sa vykonavali v palubnych laboratoriach
prieskumného plavidla. Merania sedimentov sa robili na
neporusenych vzorkach priamo vo vzorkovacom zariadeni
(box-corer) vyrezavanim reznymi prstencami v geoche-
micky aktivnej vrstve (priemer jadrovej vzorky 50 mm,
vyska 25 mm) a v podloznych sedimentoch (priemer
70 mm a vySka 50 mm). V zavislosti od mnoZzstva sedi-
mentu vo vzorkovnici sa testovali hlbkové intervaly 2 — 5,
10 — 15, resp. 25 — 30 cm. Vzorky PMK urcené na ana-
lyzu sa vyberali z prevladajucich morfologickych typov
a frakcii. Stanovenie parametrov fyzikalnych vlastnosti
konkrécii sa uskutocnilo v stlade s Metodickymi odporu-
Caniami pre Studium fyzikalno-mechanickych viastnosti
kobaltovo-manganovych kor svetového ocednu (Andreev,
1994).

Laboratorne analyzy

Analyzy sa vykonavali v palubnych a pozemnych la-
boratériach. Obsah kovu v odobratych vzorkach bol sta-
noveny roznymi metédami vratane atdmovej absorpcnej
spektroskopie a rontgenovej fluorescencie. Standardné
metddy a zariadenia boli pouZité na urCenie obsahu po-
rovej vody v sedimente (centrifiga, polykarbonatové fil-
tracné zariadenie s vakuovou pumpou), hodnoty pH a Eh
(elektrody, kalibrovany pH-meter/ionometer), obsahu opa-
lu SiO,_(spektrofotometria), obsahu kovov v sedimente
(atdbmova absorpcna spektroskopia), obsahu As (inverzna
voltamperometria), obsahu kalcitu a dolomitu, organické-
ho uhlika, koncentracie dusitanov, dusi¢nanov, fosfatov
a kremicitanov v porovej vode (Specialne laboratorne me-
rania a spektrofotometria) a obsahu kovov v pérovej vode
(inverzna voltamperometria). VSetky merania boli vyko-
nané s pouzitim certifikovanych metodik a Standardnych
noriem.

Geotechnické merania sedimentov a konkrécii zahtnali
uréenie objemovej hustoty, obsahu vody, hmotnosti
susiny, porovitosti, ¢isla porovitosti a Specifickej hustoty
(s pouzitim piknometrickej metody).

Vysledky

Prezentované vysledky zahfniaju udaje relevantné na
odhad zasob a zdrojov v skiimanej oblasti, planovanie
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potencialnej tazby a Upravy suroviny, ako aj hodnotenie
dosahov na zivotné prostredie.

Prehl'ad vykonanych expedicii 2001 — 2016

Pred podpisom zmluvy o prieskume medzi MOMD
aIOM v roku 2001 sa uskutocnilo 21 vedeckovyskumnych
expedicii do oblasti CCZ. V prvej faze kontraktu (2001
— 2016) sa realizovali 4 expedicie. Prace sa vykonavali
v stlade s programami ¢innosti na patro¢né obdobia,
schvalenymi MOMD. Prace zahrnali geologicky prieskum
zamerany na hustotu ulozenia PMK, pokrytie plochy
dna konkréciami, urenie obsahu kovov a chemického
zlozenia PMK a sedimentov morského dna, Stadium
ich geotechnickych vlastnosti, ako aj zber zakladnych
ocednografickych a meteorologickych udajov a tdajov
o zivotnom prostredi.

Vysledky prieskumu sa sumarizovali po jednotlivych
expediciach v spravach o komplexnom geologicko-
-environmentalnom vyskume, v polro¢nych spravach na
zasadania Rady IOM a v ro¢nych spravach pre MOMD.
Prehl'ad a vysledky doterajsich prieskumnych prac boli
zhrnuté v technickej sprave (Szamalek et al., 2016).

Topografia morského dna

Este pred zaciatkom 15-roéného zmluvného obdobia
(1999) IOM vykonal batymetrické mapovanie celého
prieskumného uzemia (sektory Bl a B2). Vysledkom
merani je batymetrickd mapa morského dna zostavena
v mierke 1 : 200 000 s izobatovymi intervalmi 25 m.

Litologia a stratigrafia

Skiimané tzemie je tvorené vulkanickym podlozim
(bazalty) a prevazne ilovito-kremicito-vapenatymi
sedimentmi. Morské sedimenty v oblasti CCZ reprezen-
tuje zmes karbonatov (hlbokomorské karbonatové kaly
— bahna), ¢ervenohnedych ilov a kremicitych sedimentov
(kremicité hlieny a kremicito-ilovité bahnd). Litofacie vy-
kazuju jednosmerny gradientovy trend zmeny od prevla-
dajucich karbonatovych sedimentov na jv. okraji zény az
po prevladajuce cervenohnedé ily a kremicité sedimenty
na zsz. okraji zony (Kotlinski a Stoyanova, 2009). Sedi-
mentarne pokrytie sa vyznacuje postupnym poklesom
veku sedimentov od neskorej kriedy po kvartér a postup-
nym znizovanim ich hrabky smerom na vychod od zhruba
300 do 100 m (Kotlinski, 2011). Rychlost’ sedimentacie
v oblasti neprekracuje 10 mm/1 000 rokov. Podiel kremi-
¢ito-ilovych zloziek sedimentov sa zvySuje od miocénu,
zmeny litodynamickych podmienok vsak sposobuju pravi-
delnt aktivaciu eréznych procesov na morskom dne (ISA,
2010b).

Sedimenty morského dna v prieskumnej oblasti IOM
mozno na zaklade genézy a zlozenia rozdelit' na Styri
litostratigrafické jednotky (Kotlinski, 2010):

e F. I (oligocén — miocén) — najnizsia litofa-
cia pozostavajuca z biogénneho véapnitého bahna,
hrubka je asi 0,7 m, obsah amorfného oxidu kremi-
¢itého je 1,36 — 7,75 %;

e F Il (miocén) — litoficia reprezentovand

amorfnou radiolariovou kremicitou hlinkou, sedi-
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menty su biogénne, pelagické a detritické, ¢iastoc-
ne st produktom halmyrolyzy a erdzie bazaltov,
hrabka je asi 2,6 m, obsah amorfného oxidu kre-
micitého je 0,9 — 16,3 %;

F ., II  (miocén — pliocén) — litofécia zahfia ze-
olitovt hlinku alebo ¢ervenohnedu hlinku a hus-
tejSie zeolitové kory, celkova hrabka je 4 m, z toho
hrabka zeolitovej vrstvy zhruba 2,7 m, obsah
amorfného oxidu kremicitého je 0,48 — 8,8 %;

F, IV (pleistocén — holocén) — litofacia pozo-
stava z kremicitého hlinitého ilu, diatbmového ilu
a vapenatého kremicitého ilu, jeho horna vrstva
s hrabkou zhruba 0,4 m do hibky prechddza do
svetlejsicho sedimentu, ktory je biogénneho a det-
ritického povodu, celkova hrubka je viac ako 5 m.

Predpoklada sa, Ze litostratigrafické jednotky F,, Ia F,,
II predstavuja formaciu Marqueasas (oligocén a miocén),
sedimenty litofacii F, IIl a F IV predstavuju formaciu
Clipperton (pliocén — holocén). Maximalna hribka pri-
slusnych litostratigrafickych jednotiek zistend vzorkova-
cim zariadenim a vybrané chemicko-fyzikalne vlastnosti
sedimentov dna v prieskumnom tzemi IOM st uvedené
v tab. 2. Sedimentarna pokryvka v prieskumnej oblasti
IOM dosahuje hrubku okolo 100 m (Dreiseitl a Kondraten-
ko, 2012). Najvyssiu vrstvu sedimentarneho profilu, ktora
je geochemicky aktivnym prostredim na tvorbu polymeta-
lickych konkrécii, predstavuje jemny kremicito-silikatovy
il s hrabkou 1 — 15 cm. Sedimenty tejto vrstvy obsahuju
3,0 — 28,6 % amorfného oxidu kremicitého, vyznacuju sa
znizenou objemovou hmotnost'ou a zvysenou vlhkost'ou.

Akustické profily morského dna (do hibky okolo
100 m) poskytuju udaje na identifikaciu geoakustickych
komplexov. Interpreticia seizmickych akustickych
profilov viedla k rozliSeniu nasledujucich geoakustickych
jednotiek vo vychodnej asti CCZ (Kotlinski a Tkatchenko,
1997):

A —horna akusticky priehl’adna vrstva (sedimentar-
na jednotka kvartérneho az neskoromiocénneho
veku),

B —horna stratifikovana (akusticky polopriehl'ad-
na) vrstva (sedimentarna jednotka od neskorého
miocénu do skorého miocénneho veku),

C — dolna akusticky transparentna vrstva (sedimentar-
na jednotka skorého miocénneho veku),

F — skalné podlozie (tholeiiticky ¢adic).

Geoakustické komplexy A, B, C a F identifikované na
zaklade udajov sonaru (obr. 6) zodpovedaji uvedenym
seizmickym akustickym jednotkam. Hribka komplexu
A dosahuje 10 az 20 m, Co suvisi s rozmanitostou
topografie dna oceanu, ako aj hlbokomorskymi pradmi
ovplyvilujucimi procesy erozie.

Interpretacia 6smich stanic odberu vzorky pomocou
zariadenia gravity-corer (expedicia IOM-2001) vo forme
profilu je znazornena na obr. 7. Siedma vzorkovnica
narazila na odkryv bazaltu (bez odberu vzorky).

Charakteristika sedimentov

Chemické a fyzikalne vlastnosti sedimentov maji
rozhodujlici vyznam pri vybere optimalnej metody buduice;j
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tazby (technoldgia zberu konkrécii a pohybu kolektora
po morskom dne) s ohladom na environmentdlne
monitorovanie a ochranu morského prostredia. Vysledky
merani fyzikalnych vlastnosti su prezentované v tab. 3.
Atterbergove limity (kriticky obsah vody v jemnozrnnej
pode) pre rozne typy sedimentov v prieskumnej oblasti
IOM (okrem kory, ktorti nie je mozné tymto spésobom
testovat) st uvedené v tab. 4. Vysledky potvrdzuju
vysoko plasticka a kvapalnt konzistenciu analyzovanych
hlbokomorskych sedimentov.

Mechanické (pevnostné) vlastnosti sedimentov, kto-
rych charakteristiky je nevyhnutné poznat’ pri planovani
buducej banskej ¢innosti, st uvedené v tab. 5 a 6. Odha-
duje sa, ze rozdiel medzi hodnotami parametrov pevnosti
sedimentu uréenymi v palubnom laboratoriu a in situ je pri-
blizne 28 — 32 % (Dreiseitl, 2011), pretoze hlbokomorské
sedimenty stracaju svoje vlastnosti po vyzdvihnuti na pa-
lubu v akomkol'vek type vzorkovacieho zariadenia.

Fyzikalne a mechanické parametre kremicitych sedi-
mentov vo vrchnych vrstvach hlbokomorskych sedimen-
tov zavisia od obsahu opalu (SiO,, ) v sedimente. Hodnoty
objemovej hustoty, ako aj pevnost’ v Smyku st nepriamo
umerné obsahu SiO, v sedimente.

Redoxny potencial (Eh) sedimentov v prieskumnych
blokoch bol stanoveny na palube plavidla pomocou
platinovych elektrod. Analyzy ukazuju, Ze nizke hodnoty E,
(<450 mV) geochemicky aktivnej vrstvy maju za nasledok
nepritomnost’ konkrécii v dosledku redukcie Mn*, ktory
prechadza do pérovej vody a zostava rozpusteny vo vrstve
sedimentu. Naproti tomu, zistil sa vysoky vyskyt konkrécii
tam, kde Eh dosahoval vysoké hodnoty (> 500 mV).

Hodnoty pH v sedimentoch prieskumného bloku
H22 namerané pocas expedicie v roku 2014 sa pohy-
bovali od slabo alkalickych (7,5 — 7,8) po neutralne
(7,1 —=17,5), ¢o zodpoveda hodnotam pH vo vrstvach sedi-
mentu v prieskumnom bloku H11 nameranym v roku 2009
(Kotlinski, 2010) v rozsahu od slabo alkalickych (7,6) po
neutralne (pH 7,14). Vo vSeobecnosti vrchné vrstvy sedi-
mentu vykazuju relativne zvysené hodnoty pH.

Polymetalické konkrécie
Vseobecny model tvorby konkrécii

Polymetalické konkrécie v skimanom uzemi vystupuju
na oceanskom dne a spravidla lezia v polotekutej povr-
chovej vrstve. Pomerne Casto st pokryté tenkou vrstvou
nekonsolidovanych sedimentov. Konkrécie tvori jadro, na
ktorom narastaju koncentrické vrstvy hydroxidov a oxidov
zeleza a manganu. Okrem Mn a Fe st hlavnymi kovovymi
prvkami v konkréciach aj Cu, Ni a Co. Vyskyt vysokej
koncentracie konkrécii v oblasti CCZ je vysledkom kom-
plexnych procesov pdsobiacich na regionalnej a lokalnej
arovni.

Na zaklade spdsobu formovania mozno kovy obsiah-
nuté v konkréciach rozdelit’ na tri skupiny:
zelezo sa vyskytuje vo vodach oceanu vo forme ko-
loidnych castic oxyhydroxidov Zeleza, zdrojom je
rozpustanie vapenatych schranok pod zonou CCD
(ISA, 2010a),
kobalt sa akumuluje vplyvom hydrogénnych proce-
sov (Halbach, 1986),
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— mangan, nikel a med st zavislé od biogeoche-
mického cyklu, vSeobecne akceptovany model
(ISA 2010a) rozdel'uje proces akumulacie man-
ganu, niklu a medi na 4 fazy: 1. prva faza zahina
transport kovov do oceanu zo suSe (zvetravanie),
z vulkanogénneho oceanskeho hrebena East Pacific
Rise (EPR) a z atmosférickych zdrojov. Kovy st na
povrchu jemnych Castic sedimentov transportované
v suspenzii oceanskymi prudmi; 2. Castice konzu-
muje zooplanktéon a kovy st koncentrované vo fe-
kalnych mikropeletach (najméd Mn) a v schrankach
odumretého planktonu klesaju na morské dno; 3.
pelety su biologicky prepracované bentickou fau-
nou a degradované bakteridlnymi metabolickymi
procesmi. Nasledkom toho sa uvol'fiuji rozpustné
kationy kovov — pocas prvotnej diagenézy sa poro-
va voda vo vrchnej vrstve polotekutého sedimentu
stava suboxickou, zintenziviiuje proces a luhuje
kovy. Vdaka tomu je silne obohatena o iény ko-
vov; 4. poslednd faza zahtiia tvorbu konkrécii, ked’
sa v najvrchnejsej vrstve vytvaraju manganoveé mi-
neraly (todorokit, birnessit), ktorych intersticialne
vrstvy dokazu zachytavat’ kovy ako med a nikel
(Morgan, 2012).

Proces tvorby konkrécii v oblasti CCZ ovplyviiuje Sest’
hlavnych faktorov (ISA, 2010b):

a) zdroj (dostupnost’) kovov — vo vSeobecnosti do-
stupnost’ kovov z morskej vody a sedimentov dna
nie je obmedzena;
nevyhnutna pritomnost’ jadra — jadra konkrécii
predstavuju fragmenty starych konkrécii, spev-
nenych sedimentov, vulkanoklastickych hornin,
schranok zivocichov, zubov ryb a pod. (v podstate
vSetky materialy, ktoré su o nieco tvrdsie ako se-
diment morského dna, mézu sluzit’ ako jadra na
tvorbu konkrécii);
antarkticka spodna voda (AABW) — tento prud,
resp. vodna masa sa povazuje za zdroj kyslika a ma-
teridlov, z ktorych sa formovali jadra konkrécii,
najmi pocas stredné¢ho az neskorého miocénu;
polotekuta povrchova vrstva — vrstva na povrchu
dna, ktora ma rozhodujuci vyznam pri tvorbe kon-
krécii, poskytujica stavebné prvky a chemické pro-
stredie na ich rast;
bioturbacia — mechanizmus, ktory zabranuje rych-
lemu prekrytiu konrécii sedimentmi morského dna;
interna stratigrafia konkrécii — vysledok menia-
cich sa podmienok v geologickej historii hlbo-
komorskych bazénov.

Poloha vznikajicej konkrécie v ramci polotekutej
povrchovej vrstvy dna je rozhodujicim faktorom pri
zasobovani kovovymi i6nmi. V zavislosti od polohy kon-
krécie pocas jej rastu sa rozlisuju tri typy konkrécii:

— v polotekutej povrchovej vrstve — diageneticky typ
D, nazyvany aj typ R (rough) kvoli charakteristic-
kému drsnému povrchu konkrécii;
na rozhrani morskej vody a polotekutej povrchove;j
vrstvy — zmieSany typ hydrogenetickych a diage-
netickych procesov (typ HD), nazyvany aj typ R
+ S (rough-smooth) kvoli zmiesanej morfologii ich
povrchu;

b)

d)

e)
f)
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— nad morskym dnom na povrchovych sedimentoch
dna — hydrogeneticky typ H, nazyvany aj typ S
(smooth) kvoli charakteristickému hladkému po-
vrchu konkrécii.

Proces rastu konkrécii je ovplyvneny vzdialenostou
od vulkanogénnych zdrojov kovov (Hein et al., 2013).
V blizkosti Vychodopacifického chrbta (East Pacific Ridge
— EPR) je najpravdepodobnejsia tvorba hydrogenetického
typu konkrécii, s rasticou vzdialenostou sa jeho podiel
znizuje a postupne ho nahradzaju konkrécie tvorené
diagenetickymi procesmi.

Rychlost’ rastu polymetalickych konkrécii v oblasti
CCZ predstavuje 1 az 10 mm za 1 milién rokov (Beiersdorf
et al., 2003). Priemerna rychlost’ rastu konkrécii typu H je
priblizne 1 mm za 1 milién rokov, zatial’ ¢o konkrécie typu
D rastu rychlost'ou priblizne 5 az 15 mm za 1 miliéon rokov
(Amann, 1992; Kotlinski, 1998). Niektori autori uvadzaju,
ze konkrécie typu D mozu rast’ az 100 mm za 1 milién ro-
kov (Sea-floor mining, 2014). Mala rychlost’ rastu nazna-
¢uje, ze konkrécie vyZaduju stabilné podmienky prostredia
po dlhy cas, aby dosiahli niekol'’kocentimetrovti velkost’.
Aj ked sa akumulacia sedimentov v tejto oblasti povaZuje
za nizku (niekol’ko milimetrov za tisic rokov), je o tri rady
vyssia ako rast konkrécii.

Mineralogické zlozenie

Mineralne zlozenie polymetalickych konrécii pozo-
stava z krystalickych mineralnych faz (najmi oxidov
manganu) a amorfnych mineralnych faz (hlavne hydrato-
vanych oxidov zeleza) v réznych pomeroch v zavislosti od
hydrogenetickych alebo diagenetickych procesov tvorby
konrécii.

Hlavnymi mineralmi manganu su (Burns a Burns,
1977; Usui et al., 1987; Halbach et al., 1988; Kotlinski,
1998; 2003):

— todorokit (10 A manganit, busserit), ktory sa prav-
depodobne tvori z rozpusteného manganu v péro-
vych vodach pocas diagenézy,
birnessit (7 A manganit),
vernadit (6-MnO,, birnessit s nepravidelnou $truk-
tarou), slabo krystalizovany hydrogeneticky oxid
Fe-Mn.

Hlavnym mineralom Zeleza je amorfny oxyhydroxid
zeleza 6-FeO (OH), ktory mdze zahfnat’ goethit, ferroxy-
hit, lepidokrokit, akageneit, hematit alebo ferrihydrit (Kot-
linski, 1999; Hein a Koschinsky, 2014). V konkréciach sa
okrem toho nachadzaju mikroskopické detritické kremi-
Citany, zivce, plagioklasy, kremen a phillipsit (Kotlinski,
1998). Ako akcesorické mineraly sa vyskytuju aragonit,
apatit, amorfny oxid kremicity (opal), pyroxény, amfiboly,
barit, spinely, rutil, anatas a ilové mineraly (chloritany, illit,
montmorillonit) (Cronan, 1977; Piper a Blueford, 1982;
Halbach et al., 1982; Andreev, 1994; Kotlinski, 1998). flo-
vé mineraly a zeolity sa vac¢sinou vyskytujt v jadrach kon-
krécii, niekedy ako rozptylené zhluky. Obsah SiO, a Al,O,
v konkréciach zvycajne dosahuje 25 az 30 %. Zriedkavo sa
objavuju kalcitové bioklasty (napr. Foraminifera) vyplne-
né apatitom (Kotlinski, 1998).
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Chemicke zlozZenie

Konkrécie z oblasti CCZ sa vyznacuji vysokym
plosnym  vyskytom (hustotou ulozenia udavanou
v kg/m?) a obsahom kovov (hlavne Mn, Ni, Cu, Co, Mo,
Zn avzacnych zemin) v porovnani s ostatnymi oceanskymi
konkrécionosnymi oblastami (Kotlinski, 1998; Kotlinski,
2011). Obsah prvkov v konkrécidch zavisi od podielu
hydrogenetickych alebo diagenetickych procesov na
tvorbe konkrécii. Konkrécie, v ktorych prevlada todorokit,
st zvyc¢ajne bohaté na Mn, Ni, Cu a Zn, zatial’ ¢o konkrécie,
v ktorych prevlada vernadit, su bohaté na Fe, Co a Pb.
Priemerné hodnoty obsahu hlavnych kovov sa v ramci
prieskumného tizemia IOM pohybuji v tomto rozmedzi:
Mn 27,64 — 31,55 %, Ni 1,22 — 1,30 %, Cu 0,93 — 1,30 %
aCo 0,16 - 0,20 %.

S rastacou hlbkou vyskytu konkrécii (generalne
Vv severo-juznom smere) sa zvysuje obsah Mn a Cu, zatial
¢o obsah Ni a Co klesa. Vyssi obsah Co je charakteristicky
pre genetické typy H a D v severnej Casti oblasti. Zvyseny
obsah Mn, Cu a Ni bol zaznamenany v konkréciach
genotypu D v centralnej Casti oblasti, v juznom smere
mozno pozorovat' aj ndrast obsahu Mn (Abramowski
a Kotlinski, 2011). Zelezo spolu s manganom tvoria
hlavnu zlozku polymetalickych konkrécii. Priemerny obsh
Fe v konkréciach v oblasti CCZ je takmer 6 %.

Vysledky komplexnej chemickej analyzy spoloénej
vzorky (10 kg) odobratej vle¢nou sietou v prickumnom
bloku H22 st uvedené v tab. 7. Na stanovenie Ni, Cu
a oxidov sa pouzila rontgenova spektrometria, AES-ICP sa
pouzil na stanovenie Co a prvkov vzacnych zemin (tab. 8),
gravimetria sa pouzila na stanovenie celkovej siry a straty
zihanim. Obsah drahych kovov Pt, Pd, Au a Ag bol nizsi
ako detekény limit pouzitych analytickych metod (AAS-F,
ETA-AAS, ICP-MS).

V  CCZ konkrécie obsahuji aj dalSie kovy
s potencialnym ekonomickym vyznamom, ako su Mo, Zn,
V, Zr, Li a REE, ktoré mozu byt vedl'ajsimi produktmi
tazby (Hein, 2012; Hein a Koschinsky, 2014; Halbach
a Jahn, 2016). Obsah Mo je v rozmedzi 0,048 — 0,058 %,
Zn 0,124 — 0,168 %, V 0,045 %, Zr 0,036 — 0,077 %
a Li 131 ppm (Hein et al., 2013). Obsah vzacnych zemin
(REE) je vo vSeobecnosti nizsi ako na loziskach na susi,
ale v absolutnych cCislach predstavuje omnoho viacsie
mineralne zdroje. Navyse, zastGpenie tazkych vzacnych
zemin (HREE), ktoré maju vicsi ekonomicky vyznam
ako l'ahké vzacne zeminy (LREE), je v hlbokomorskych
loziskach podstatne vyssi ako na loziskach na stsi (26 %
z celkového obsahu REE v porovnani s 1 % na susi) (Hein,
2012; Hein et al., 2013; Halbach a Jahn, 2016). Obsah REE
stvisi s genetickym typom: hydrogenetické — najvyssi
obsah, diagenetické —najnizsi obsah (Kotlinskietal., 1997).
Navyse, hlbokomorské loziskda nie st kontaminované
radioaktivnymi prvkami ako Th a U. Vybrané hodnoty
obsahu REE v konkréciach z prieskumného tzemia IOM
su prezentované v tab. 8.

Klasifikacia polymetalickych konkrécii

Polymetalicki  konkréciu spravidla tvori jadro
akoncentricky narastené vrstvy hydroxidov a oxidov zeleza
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a manganu. Jadrom mézu byt zvysky vulkanoklastického
materialu, litifikované sedimenty, bioklasty alebo
fragmenty starSich konkrécii.

Hlavné morfologické typy konkrécii v oblasti CCZ su
diskoidné (D), elipsoidné (E), sféroidné (S), tabulovité
(T), polyjadrové (P), hroznovité (b), nepravidelné (I)
a fragmenty (f).

Morfologia konkrécii je podmienend ich genézou,
mineralnym zlozenim, velkostou, vekom, ako aj zdrojmi
prvkov (Kotlinski, 1998, obr. 8). Konkrécie maju najcas-
tejSie nasledujuce textutry: koncentrické pasikavé, dendri-
tické, masivne a stipcovité. Vrstvy su Gasto popretinané
inymi vrstvami, ¢o sved¢i o hiatoch pri raste konkrécii.
Konkrécie su Casto popraskané, vaésinou radidlne alebo
tangencialne. Praskliny s nasledkom vnitorného pnutia,
ktoré sa vyskytuje v procesoch dehydratacie a rekrystali-
zacie pocas rastu vrstiev konkrécii, alebo st nasledkom
diagenetickych procesov. Zvycajne si vyplnené ilovymi
mineralmi alebo rekrystalizovanymi Mn mineralmi (Kot-
linski, 1998). Velkost’ konkrécii v oblasti CCZ sa pohybu-
je od mikroskopickych castic po pelety s priemerom viac
ako 20 cm.

Na klasifikaciu konkrécii sa pouziva viacero klasifikacii
berucich do uvahy ich velkost, tvar, zlozenie a pocet
jadier, hrabku kory, ako aj mineralne a chemické zlozenie
(napr. Meylan, 1974; Moritani et al., 1977; Anikeeva et al.,
1984; Halbach et al., 1981; Stackelberg a Beiersdorf 1991;
Haynes et al., 1985; Kotlinski, 1998). Klasifikacia prijata
MOMD pre oblast CCZ (ISA, 2010b) definuje tri hlavné
typy konkrécii vzhl'adom na ich povrchovi morfologiu:

e typ S (hladky povrch, S-smooth),
e typ R (drsny povrch, R-rough),
e type S-R (kombinovany povrch).

Tieto hlavné typy zodpovedaji trom hlavnym gene-
tickym typom: hydrogeneticky (H), diageneticky (D)
a hydrogeneticko-diageneticky (HD). Genetické typy su
charakterizované rozdielnym mineralogickym a chemic-
kym zlozZenim a roznym podielom prirastku Mn (tab. 9,
obr. 9).

Konkrécie typu H maju relativne nizky priemerny
obsah Mn, Ni a Cu a v porovnani s typmi HD a D st
obohatené¢ o Fe a Co, zaznamenany bol aj vySsi obsah
prvkov vzacnych zemin (Kotlinski et al., 1997, 1999).
Hlavné mineralne zlozky predstavuju mikrokrystaly
vernaditu a goetitu. Pomer Mn/Fe, jeden z najdolezitejSich
parametrov pri ur¢ovani genotypu konkrécii, je obvykle
niz§i ako 4. Maju hladky povrch (typ S), su zvycajne
sféroidné alebo nepravidelne sféroidné, velkost je
mensia ako priemer 4 cm. Jadra konkrécii vacSinou
predstavuje sopecné sklo, ktoré sa neskor halmyrolyzou
transformujt na ilové mineraly (zeolity), pritomné su aj
fragmenty bioklastov. V okoli jadra sa vrstvy mineralov
Mn a Fe striedajt s ilovymi mineralmi. Konkrécie st ¢asto
popraskané a vyznacujii sa pritomnostou sekundarnych
zil naplnenych ilovymi alebo manganovymi mineralmi.
Miera rastu je asi 1| mm/1 mil. rokov. Konkrécie typu H sa
zvycajne vyskytuju na vapenatych kaloch nad zénou CCD
(Carbonate Compensation Depth — hibka karbonatovej
kompenzacie).
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Konkrécie typu D vykazuji vyssi obsah Mn, Ni, Cu
a Zn a nizsi obsah REE. Hlavnymi mineralmi manganu
su todorokit a birnessit. Pomer Mn/Fe je vyssi ako 5.
Konkrécie su zvycajne diskoidné alebo elipsoidné,
s velkost'ou 6 az 12 cm (alebo viac). Vyznacuju sa silne
diferencovanou alebo asymetrickou Struktirou s drsnym
povrchom (typ R). Jadra su zvycajne reprezentované
fragmentmi starSich konkrécii alebo bioklastov. Vykazuju
masivnu, radialnu, dendriticka alebo kolomorfnu Struktaru
a vyznacuju sa pritomnost'ou radidlnych trhlin. Vyznacuja
sa aj zretene viditelnou zmenou mineralov Mn (Cierne
vrstvy) a Fe (Cervenohnedé vrstvy), ako aj rozdielnou
rychlostou rastu — v pripade mineralov Mn je dvakrat
vyssia ako v pripade mineralov Fe. Koncentracia Ni a Cu
je spojena s vrstvami Mn a mineraly Fe su ¢asto oddelené
vrstvou vulkanického kalu. Vrstvy minerdlov Mn a Fe st
hrubsie ako tie, ktoré boli pozorované v konkréciach typu
H, a dosahuju 1,5 az 2,0 mm. Odhaduje sa, ze rychlost’
rastu tychto konkrécii je 5 az 15 mm/1 000 000 rokov
(Amann, 1992). Tento typ sa vyskytuje na povrchu dna,
ponoreny do polotekutej vrstvy, obyc¢ajne spocéivajicej na
radiolariovych kremelinovych kaloch alebo polygénnych
iloch pod zénou CCD.

Konkrécie typu HD su zmieSany (prechodny) typ
medzi H a D, a to vzhl'adom na formu vysyktu, ako aj
velkost’ a zloZenie. Hlavnym minerdlom manganu je bir-
nessit (7 A manganit) s premenlivym pomerom amorfne;j
a krystalickej fazy. Pomer Mn/Fe sa pohybuje medzi 4 a 5.
Konkrécie maju Casto elipsoidny, tabulovity alebo diskoi-
dalny (splosteny) tvar, horny povrch je hladky a vystaveny
morskej vode, zatial’ ¢o spodna Cast’ je drsna a ponorend do
polotekutej vrstvy. Typickym znakom je pritomnost’ prs-
tencového vydutia, vytvoreného v kontaktnej zone medzi
morskou vodou a polotekutym sedimentom.

V prieskumnej oblasti IOM bol opisany dodatkovy
podtyp diagenetickych konkrécii D1. Charakterizuje ho
vyssia koncentracia Cu ako Ni. Okrem toho boli opisané
kory (C — crusts) vystupujuce na tvrdych substratoch
(Kotlinski a Stoyanova, 2009).

Distribucia  genetickych  typov  polymetalickych
konkrécii v prieskumnom uzemi IOM je zndzornena na
obr. 10.

V sektore B1 prevladaji konkrécie s priemerom 2 az
4 cm (dominuje geneticky typ H) a viac ako 8 cm (dominuje
geneticky typ HD a D). V severnej a strednej Casti sektora
B2 prevladaju konkrécie s velkostou 2 — 4 cm a viac
ako 8 cm, zatial' ¢o v juZnej Casti s velkost'ou 2 — 4 cm.
Genetické typy H a HD su zastipené hlavne frakciou
2 — 4 cm. Genotyp D charakterizuju najmé konkrécie
s priemerom 4 — 6 cm a viac ako 8 cm, zatial’ co genotyp
D1 vykazuje prakticky homogénne rozdelenie frakeii.
Medzi velkost'ou konkrécii a hlbkou ich vyskytu nebola
preukdzana jednoznacnd zavislost'.

Priestorova distribtcia konkrécii

Konkrécie zvyc€ajne vystupuju na povrchu morského
dna (ponorené do polotekutej aktivnej vrstvy sedimentu),
Casto su vSak prekryté sedimentmi. Prekrytie sedimentmi
sa vyskytuje na priblizne 70 % skimanych miest
v prieskumne;j oblasti IOM. V§eobecne sa rozsah prekrytia
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zvi&iuje s hibkou a v smere zo severu na juh (Abramowski
a Kotlinski, 2011).

Na kvantitativny opis rozsahu pokrytia sa pouziva
parameter index pokrytia, ktory je vyjadreny pomerom
medzi plochou pokrytia konkréciami na laboratdrnej
Sablone (Stvorcovej sieti) vo vztahu k ploche pokrytia
konkréciami vypoéitanej z fotografie dna na mieste odberu
pokrytia). Na nlektorych staniciach sa pozoruje 100 %
pokrytie konkrécii sedimentom.

Pokial' ide o morfologiu dna, vzorky s vysokym
vyskytom konkrécii sa nasli na vSetkych morfologickych
typoch morského dna. V porovnani s vyskytom na svahoch
hrasti a priekop sa vSak najvacsi vyskyt zistil na rovnom
alebo mierne zvlnenom teréne.

V ramci prieskumného uzemia IOM sa konkrécie
vyskytuji v hibkovom rozsahu 3 800 —4 750 m, s najvyssou
hustotou ulozenia a frekvenciou vyskytu zaznamenanou
\% hlbkovom rozsahu 4 300 — 4 500 m. Analyza stvisiaca
s hibkou ukaque Ze priemernd hustota uloZenia sa
postupne zvySuje aZ do hibky 4 500 m (najvicsia hustota
uloZenia je v hibke 4 300 — 4 500 m) a s hlbkou viac ako
4 500 m sa vyrazne znizuje. Niektoré zakonitosti vyskytu
mozu stvisiet' s kritickou hibkou kompenzacie uhli¢itanov
(CCD), ako aj s genetickym typom konkrécii (ISA, 2010a;
Kotlinski, 2003, 2011):

e pri hibke okolo 4 200 m dominuji malé

(< 4 cm) sféroidné konkrécie hydrogenetického
typu (H) s hladkym povrchom, vys$§im obsahom
Fe (10,32 %) a Co (0,23 %) a relativne niz$im ob-
sahom Mn, Ni a Cu;

e v hibke medzi 4 200 a 4 400 m prevladaju
konkrécie hydrogeneticko-diageneticého  typu
(HD) s vys$im obsahom Mn (> 30,5 %), Ni a Cu
a relativne niz§im obsahom Co (< 0,18 %);

e pod hranicou CCD (< 4,500 m) sa vyskytuju

konkrécie diagenetického typu (D), diskoidné
a elipsoidné, s velkostou 6 — 12 cm a drsnym
povrchom.

Vseobecne v smere zo S na J klesa vyskyt konkrécii
typu H a HD s modalnou vel'kostou < 6 cm, zatial' ¢o
vyskyt konkrécii typu D s modalnou velkostou > 6 cm
sa postupne zvysuje (Kotlinski, 2003; Kotlinski, 2011).
Prejavuje sa to aj v priestorovom rozlozeni obsahu kovov
v ramci prieskumnej oblasti.

Geotechnickeé viastnosti polymetalickych konkrécii

Fyzikalne, mechanické a technologické vlastnosti
polymetalickych konkrécii sa v rimci prieskumnej ¢innosti
IOM sktmaju s cielom poskytnut’ informacie a udaje na
vyber vhodnej tazobnej technoldgie (Dreiseitl, 2012).

Zakladné fyzikalne vlastnosti konkrécii, ktoré sa
stanovuji v lodnom laboratoriu, si obsah vody (vlhkost)
a objemova hmotnost’. Okrem toho sa vypocitavaju d’alsie
parametre, ako je objemova hmotnost’ suchych konkrécii
(susenie prebicha 72 hodin pri teplote 105 °C), pdrovitost,
koeficient porovitosti a merna hmotnost’. Prirodzeny obsah
vody w,_je pomer hmotnosti odparenej vody k hmotnosti
vzorky mokrej konkrécie. Pri analyze obsahu vody (w)
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a prirodzeného obsahu vody (w ) sa musi brat’ do Gvahy
obsah soli v morskej vode pritomnej v poéroch konkrécie
(predpokladany M = 35 %o). Merania potvrdzuju, ze
morska voda predstavuje 1/3 celkovej hmotnosti konkrécit,
¢o je potrebné brat’ do uvahy pri kalkulaciach transportu.
Zakladné fyzikalne parametre konkrécii su uvedené v tab.
10a1l.

Statisticka analyza fyzikalnych parametrov konkrécii
preukazala urciti zavislost vo vztahu k velkosti
(frakcie) konkrécii. Malé konkrécie maji pomerne nizku
hustotu a vysoky obsah vody oproti konkréciam vacsich
rozmerov, zatial’ ¢o maximalnu hustotu a minimalny obsah
vody pozorujeme v konkréciach s velkost'ou 8 — 10 cm.
Konkrécie s vel’kost'ou > 10 cm sa postupne rozpadajii, co
pravdepodobne stvisi s ich narastajucim vekom.

Jedinym parametrom pevnostnej charakteristiky urco-
vanym priamo v palubnom laboratériu bola jednoosova
pevnost’ v tlaku vyjadrend v MPa. Této vlastnost’ vyjadru-
je tlak, ktory je potrebné vyvinut’ na destrukciu konkré-
cie. Ako uvadza Dreiseitl (2012), nezavisi od genotypu
konkrécie, ale od jej morfotypu (sféroidné konkrécie su
tvrdSie ako diskoidalne a elipsoidalne), a najmé od jej
velkosti (¢im mensSia konkrécia, tym je potrebny vACsi
tlak). Hodnota parametra je uvedena v tab. 12. Obrazok 11
znazornuje trendy v jednoosovej pevnosti v tlaku merané
pocas 2 expedicii (2001 a 2004).

Znalost technologickych vlastnosti konkrécii je
nevyhnutna pri ich tazbe aj preprave z miesta tazby do
spracovatel'ského zavodu na pevnine. V ramci vyskumu na
vzorkach z prieskumnej oblasti IOM sa urcuji nasledujiice
technologické vlastnosti (Dreiseitl, 2012):

— merna sila odtrhnutia (kPa),
sypna hmotnost’ (kg/m?),

— uhol prirodzenej sklonitosti, resp. svahovy uhol

(°, stupen).

Merna sila odtrhnutia je sila potrebna na oddelenie
konkrécie od sedimentu. V praxi sa vSak uréuje odpor
proti odtrhavacej sile. Dodato¢ne sa musi vypocitat
plocha kontaktu konrécie so sedimentom. Preto je odpor
sily pri odtrhnuti vyjadreny v kPa. Merna sila odtrhnutia
sa urCuje na konkréciach v box-coreri hned” po jeho
vyzdvihnuti z morského dna. Tato vlastnost méze byt
dolezita pri uréovani techniky zberu konkrécii z morského
dna. Analyza IOM preukazala, Ze neexistuje ziadny vzt'ah
medzi morfotypom konkrécie a mernou silou odtrhnutia,
ale maximalne hodnoty mernej sily odtrhnutia pri vel’kych
konkréciach (8 — 10 a 10+ cm) su nizsie ako maximalne
hodnoty mernej sily odtrhnutia pri stredne velkych
konkréciach (4 — 6 a 6 — 8 cm). Hodnoty parametra vo
vztahu k velkosti (frakcii) konkrécii su uvedené v tab. 13.

Predpoklada sa, ze povrch konkrécie hra hlavni ulohu
v odpore proti vytrhnutiu, t. j. drsny povrch zvysuje silu,
ktorou je konkrécia vyt'ahovana zo sedimentu v porovnani
so silou, ktora je potrebna na vytiahnutie konkrécie
s hladkym povrchom.

Sypna hmotnost’ asvahovy uholulozeniakonkrécii budu
dolezitymi parametrami pri nakladacich a prekladacich
operaciach (tazobné plavidlo/transportné plavidlo/skla-
dovanie/pozemna preprava). Parametre sa zist'ovali spra-
covanim vel'koobjemovych vzoriek ziskanych pomocou
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vlecnej siete pocas expedicii IOM-2009 a IOM-2014 (tab.
14).

Sypna hmotnost' r_ poskytuje udaj o mnozstve (hmot-
nosti) konkrécii, ktore sa vojde do nadoby s objemom
1 m® Priemerna sypna hmotnost’ konkrécii (expedicia
IOM-2009, 3 skusky) bola vypocitananar, o 1,242 kg/m?.
Po utraseni a doplneni nadoby konkréciami bola maximal-
na sypna hmotnost’ stanovenanar, = 1,342 kg/m?.

Svahovy uhol bol stanoven}f ako dotyénica uhla
o medzi vyskou haldy konkrécii a polomerom haldy.
Svahovy uhol v pripade vzorky ziskanej vle¢nou siet'ou
pocas expedicie IOM-2009 bol stanoveny na 37° a pocas
expedicie IOM-2014 na 31° (tab. 14).

Hustota uloZenia

Hustota uloZenia PMK na morskom dne (kg/m?) sa da
odhadniit’ dvomi spdsobmi:

e zvysledkov vzorkovania box-corerom —vydelenim
hmotnosti ziskanych konkrécii plochou pokrytou
otvorenymi ¢el'ustami vzorkovaca (0,25 m?);

e vyuzitim snimok sonaru alebo fotografii s aplika-

ciou kalibra¢nych faktorov.

Obe metddy poskytuji mierne odlisné vysledky. Je to
spdsobené viacerymi faktormi, najmé tym, ze konkrécie
zasypané sedimentmi st na fotografidch tazsie identifiko-
vateI'né (Kotlinski a Stoyanova, 2009), ako aj faktom, ze
hodnotené oblasti maju réznu velkost. V druhej metode
koreluju hodnoty backscattera (intenzity zvukovej viny
odrazenej od morského dna) viac s parametrom velkosti
konkrécii ako s ich poc¢tom (Riihlemann et al., 2011).

Hustota ulozenia sa udava v kg/m?> a obvykle sa
vztahuje na mokré vzorky. Analyza priestorového
rozlozenia hustoty ulozenia v ramci CCZ poukazuje na
jeho velku variabilitu (Morgan, 2009). Hustota ulozenia
PMK v prieskumnom tizemi IOM sa pohybuje v rozmedzi
0,1 — 28,4 kg/m>.

Priestorovy opis loziska

Perspektivne konkrécionosné polia na budicu tazbu
boli vymedzené v ramci sektorov B1 a B2 v oblastiach
s priemernou hustotou uloZenia vy$Sou ako 10 kg/m?
a sklonom morského dna max. 7°. Ich celkova plocha
bola odhadnutd na 33 900 km? (obr. 12). Topografia
morského dna ma rozhodujtci vplyv na kontary, velkost
a tvary rudnych telies loziska. Rudné telesa predstavuju
pretiahnuté  SoSovky (pdsy) a zlozen¢ SoSovkovité
tvary s §irkou 2 — 10 km a dizkou az niekol’ko desiatok
kilometrov, kopirujuc okraje podmorskych depresii
a chrbtov. V oblastiach s va¢S§imi rovnymi plochami
dosahujt rudné poha sirku az do 70 km a diZku do 120 km.
Lisia sa rozsahom i tvarom (Kotlifiski, 2003).

V hraniciach sektora B2 boli vy¢lenené dva prieskumné
bloky: HI1 a H22. V ramci tychto prieskumnych blo-
kov boli identifikované oblasti rudnych poli H22 NE,
H22 MID, H11 PR2, H11 PR3 and H22 NW. Najper-
spektivnejSie rudné pole H22 NE pozostava zo Styroch
rudnych telies: RZ 09, RZ 10, RZ 11 a RZ 12. Pred-
stavuje typické pasmové lozisko tvorené SoSovkovitymi
pretiahnutymi rudnymi pol'ami. Celkova plocha rudnych
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telies tu dosahuje 625 km*. Hustota vzorkovania dosiahla
hodnotu 1 stanica (box-corer)/31 km? Hibka dna tu do-
sahuje od 4 249 do 4 501 m. Priemerna hustota ulozenia
mokrych PMK bola na zaklade vzorkovania stanovena na
15,7 kg/m?. Prevazuje diageneticky typ konkrécii, index
pokrytia sedimentom sa pohybuje od 1 (ziadne prisypanie
konkrécii sedimentom) do 1,6.

Vypocet zasob a zdrojov

Zdroje polymetalickych konkrécii sa odhadovali
v dvoch etapach. Pocas prvej etapy (2007) boli na
odhadnutie zdrojov v sektoroch B1 a B2 vytvorené dve
pracovné skupiny (Mucha et al., 2007; Shanov et al.,
2007). Obe pracovné skupiny vykonali odhad nezavisle,
so zameranim na zdroje polymetalickych konkrécii
a vybranych kovov: Mn, Ni a Mo (skupina 1) a Co, Cu
a Zn (skupina 2). Vysledky tohto odhadu boli zalozené na
udajoch ziskanych pocas expedicii do roku 2004, ktoré sa
orientovali na regionalny prieskum. Pocas druhej etapy
(2011, 2015) boli odhadnuté zdroje konrécii a hlavnych
kovov (Co, Cu, Mn a Ni) v rdmci prieskumnych blokovH11
a H22 v centralnej Casti sektora B2. Zdrojom udajov boli
expedicie organizovana v rokoch 2009 a 2014 a nasledne
boli vypocitané zdroje (Mucha et al., 2011, 2015). V roku
2016 boli mineralne zdroje prvykrat klasifikované podl'a
systtmu CRIRSCO a v ramci sthrnného dokumentu
uvedené v technickej sprave (Szamatek et al., 2016).

Do vypoctu zasob a zdrojov st zahrnuté len konkrécie
leziace na morskom dne nachadzajiice sa v povrchovej
vrstve do hibky okolo 10 — 15 cm. Hlbsie pochovane
konkrécie, ktoré sa v oblasti prieskumného tzemia IOM
taktiez vyskytuju, neboli vo vypocte zohl'adnené vzhla-
dom na predpokladané dobyvacie metédy. Vzhl'adom na
vysoku variabilitu (zvy¢ajne radovo vyssiu, ako je varia-
bilita obsahu kovov) za kl'ai¢ovy parameter pri odhade mi-
neralnych zdrojov polymetalickych konkrécii sa povazuje
hustota ulozenia uvadzana v kg/m?. Spdsob uloZenia kon-
krécii na morskom dne, resp. v povrchovej vrstve definuje
lozisko ako dvojrozmerné. Tomu je prisposobena metodi-
ka odhadu mineralnych zasob a zdrojov.

Metodika vypoctu

Mnozstvo polymetalickych konkrécii a kovov ob-
siahnutych v nich bolo odhadnuté osobitne v sektoroch
B1 a B2 a v prieskumnych blokoch H11 a H22. Odhad
mnozstva polymetalickych konkrécii a kovov obsiahnu-
tych v nich a priemerny obsah kovov v ramci blokov sa ro-
bil geostatistickou metédou bezného blokového krigingu
(Journel a Huijbregts, 1978; Matheron, 1963) s aplikdciou
Yamamotovej korekcie (Yamamoto, 2005). Pred odhadom
boli Struktiry priestorovej variability parametrov loziska
(hustota ulozenia a obsah kovov) modelované pomocou
smerovych a v§esmerovych semivariogramov. Vypocet sa
uskutocnil pre zakladné vypoctové bloky s rozmermi 500
x 500 m umiestnené v rudnych telesach s vylucenim zon
bez vyskytu konkrécii, podmorskych vulkanov a oblasti,
kde sklon dna oceanu presahoval 7°.

Strukturalny geostatisticky opis variability hustoty ulo-
zenia, ilustrovany smerovou semivariogramovou mapou
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pre kombinované udaje zo sektorov Bl a B2, indikuje
slabt anizotropiu parametrov pri vel’kom rozsahu pozoro-
vani, najma pri vzdialenostiach vac¢sich ako 50 km, a silna
lokalnu variabilitu, predstavovani vyraznym nugetovym
efektom (obr. 13). Minimalna variabilita je v smere S — J,
maximalna v smere V — Z. Minimdlna variabilita stvisi
so smerom ulozenia rudnych telies. Pri krigingu boli po-
uzité rovnice empirickych modelov semivariogramu (obr.
14). Odhad zdrojov pri kazdom vypoctovom bloku zaht-
nal hustotu uloZenia a obsah kovov, odvodené z 6smich
najblizsich vzoriek. Celkové zdroje sektorov a blokov boli
vypocitané suctom hodndt v zékladnych vypoctoych blo-
koch. Spravnost’ modelovania sa overila pomocou krizo-
vej validacie (Isaaks a Srivastava, 1989).

Priemerné hodnoty hustoty ulozenia a obsahu kovov
v prieskumnych blokoch H11 a H12 st uvedené v tab. 15.
Prepocitavaci koeficient z mokrych konkrécii na suché
je 0,7. Hodnoty Standardnej chyby odhadu pri vypocte
zdrojov pri medznej hodnote 10 kg/m*> v zakladnych
vypoctovych blokoch st pomerne nizke a dosahuju okolo
8 % v sektore B1, 3 % v sektore B2 a 5 % v prieskumnych
blokoch H11 a H22.

Krivky hustoty ulozenia/tonaze v prieskumnych blo-
koch H11 a H22 st na obr. 15 a 16.

Priklad znazornenia hustoty ulozenia PMK v prie-
skumnych blokoch je na obr. 17. Hustota ulozenia a obsah
kovov boli odhadnuté v zédkladnych vypoctovych blokoch
s rozmermi 500 x 500 m. Z vypoctu boli vylucené oblasti
bez vyskytu konkrécii, vulkanickych zén a oblasti, kde
svah oceanskeho dna prekracuje 7°.

Klasifikacia zasob

Podla smernic CRIRSCO (Committee for Mineral
Reserves International Reporting Standards — Vybor pre
medzinarodné Standardy vykazovania mineralnych zasob)
boli zdroje polymetalickych konkrécii kategorizované
v sektoroch B1 a B2 ako odvodené (inferred ) a v prie-
skumnych blokoch H11 a H22 ako indikované (indicated).
Takato kategorizacia je odovodnena roznymi priemernymi
intervalmi vzorkovania v ramci prieskumnych sektorov
a blokov. V prieskumnych sektoroch Bl a B2 st
priemerné intervaly odberu vzoriek 11, respektive 15 km.
V prieskumnych blokoch H11 a H22 je priemerny interval
vzorkovania priblizne 7 km (Szamalek et al., 2016).

Vysledky odhadu zasob a zdrojov v prieskumnom
uzemi IOM st uvedené v tab. 16. Predlozeny variant
vypoc¢tu zohladiiuje medzni hodnotu (cut-off) hustoty
uloZenia PMK 10 kg/m? (v mokrom stave) a predstavuje
zakladny scenar odhadu zasob a zdrojov na potencialnu
tazobnu Cinnost’. Stav zdsob a zdrojov sa vzt'ahuje na da-
tum jin 2016. V tejto faze vyvoja projektu boli odhadnuté
len zdroje nerastnej suroviny. Odhad v kategorii zasob sa
predpokladal po d’alSej expedicii, zahusteni vzorkovania
a novom vypocte.

V sucasnej faze geologického prieskumu rozliSujeme
nasledujtce hlavné faktory ovplyvnujtce presnost’ odhadu
ZdI‘O_] ov polymetalickych konkrécii:

Vysoka variabilita pocetnosti konkrécii (koeficient
variacie v = 60 %),

vyznamny podiel nahodnej zlozky v celkovej pozo-
rovanej variabilite pocCetnosti,
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— vysoké priemerné vzdialenosti odberu vzoriek
(zhruba 11 km v sektore B1, 15 km v sektore B2
a 7 km v prieskumnych blokoch H11 a H22).

Presnost’ celkového odhadu zdrojov polymetalickych
konkrécii v prieskumnej oblasti mozno povazovat za
uspokojivu (Standardna chyba asi 5 %). Pri mensich plo-
chach (radovo stovky km? — napr. rudné telesa a rudné
polia) moze byt’ ocakavana Standardna chyba okolo 10 %.
V pripade blokov s rozlohou asi 1 km? v§ak moze byt $tan-
dardné chyba odhadu vyznamna (viac ako 20 %). Preto
bolo v obdobi prediZenia kontraktu po roku 2016 napla-
nované zahustenie vzorkovacich bodov v prieskumnom
bloku H22, ktory bol vybrany na detailny prieskum.

Zvysenie presnosti odhadov zdrojov, najmé v mensich
oblastiach, akymi st rudné telesd, mozno dosiahnut (Sza-
malek et al., 2016):

— pouzitim pokrocilych geostatistickych metod,
aplikaciou modernych metdd analyzy fotografii
morského dna s pouzitim nepriameho vyhodno-
tenia hustoty ulozenia PMK na zéklade snimok
morského dna (tato metdda nevyzaduje dodatocné
vzorkovanie oceanskeho dna).

Zaver

IOM mal v roku 2016 spracované dostatocné mnozstvo
vzorkového materialu pozadovanej kvality na klasifikaciu
mineralnych zdrojov v kategdriach odvodené zdroje (In-

ferred Resources ) a indikované zdroje (Indicated Resour-

ces). VyuziteInymi kovmi st mangan, nikel, kobalt, med’
a zinok. Ostatné kovy s potencialnou hodnotou (Mo, Fe,
Li a REE) neboli do roku 2016 predmetom vypoctu zasob
a zdrojov, v budicnosti v§ak mozu (v zavislosti od dostup-
nosti vyuzite'nych technoldgii) predstavovat’ pridani hod-
notu projektu. Geologicky prieskum potvrdil, Ze presnost’
odhadov obsahu kovov je uspokojiva v oblastiach akej-
kol'vek velkosti, a to vd’aka nizkej variabilite ako dosled-
ku stabilného chemického zlozenia polymetalickych uzlin.
Variabilita je podstatne vyssia v pripade hustoty ulozenia
konkréci, ktora sa meni s vel'kostou hodnotenej oblasti.
Nerastné zdroje boli vypocéitané pri roznych medznych
hodnotach hustoty ulozenia PMK. Zvolenym zéakladnym
scenarom je medzna hodnota 10 kg/m? (vo vlhkom stave).

Na planované predbezné ekonomické hodnotenie
boli vybrané indikované zdroje (Indicated Resources)
v prieskumnych blokoch H11 a H22. Vzhladom na
nizky stupen overenia do ekonomického hodnotenia
nebudu vstupovat’ odvodené zdroje (Inferred Resources)
vypocitané vo zvysnej oblasti sektorov B1 a B2. Budiice
aktivity v oblasti prieskumu IOM budi zamerané na
detailny prieskum vybranych blokov a zvySenie kategorie
zdrojov/zasob. Geologické udaje spolu s ostatnymi datami
ziskanymi pri technologickom vyskume tazobnych
a spracovatel'skych metod, ako aj pri environmentalnom
vyskume predstavuji zaklad tvorby komeréného modelu
vyuzitia loziska formou $tudie vyuzitel'nosti.
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Upper Cretaceous limestone olistoliths in the Razova
Formation (Horné Belice Group), Povazsky Inovec Mts.
(Western Carpathians)
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Abstract: The Horné Belice Group of the Povazsky Inovec Mts. represents a tectonic mélange containing nu-
merous native and exotic olistoliths that accumulated on the outer Tatric active margin during the stacking of the
Western Carpathian Middle Group of Nappes. Thin-section samples of the pelagic limestones from 3 different
olistoliths located on the NE slopes of the Humienec elevation point in the Razova Formation were studied and
analysed. Two limestone samples represent foraminifera biomicrite (foraminifera wackestone). The sample HR1
contained Globotruncana cf. linneiana (D" ORBIGNY), Globotruncana cf. arca (CUSHMAN), Globotruncana ven-
tricosa WHITE, Globotruncana sp., Globotruncanita stuartiformis (DALBIEZ), Globotruncanita subspinosa (PEs-
SAGNO), Falsomarginotruncana cf. desioi (GANDOLF1), Muricohedbergella sp. and Heterohelix sp. The sample P14
contained Globotruncana ventricosa WHITE, Globotruncana sp., Globotruncanita cf. subspinosa (PESSAGNO), and
most commonly form Globotruncanita calcarata (CUSHMAN), Globotruncanella havanensis (V OORWUK), Murico-
hedbergella cf. monmouthensis (OLsSON) and Heterohelix sp. Microfauna from both samples points to late Cam-
panian age of the pelagic limestones. New results confirm diachronity of Razova and Hranty formations (at least

during Campanian) and tectonic activity leading to formation of the olistoliths after Campanian.

Key words: biostratigraphy, foraminifera, Late Cretaceous, tectonic mélange, Tatricum, Western Carpathians
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Introduction

The Tethyan orogenic belts often contain zones of
mélanges and/or disrupted formations typical for chaotic
structure formed by various sedimentary and tectonic
processes (e.g. Festa et al., 2010, 2012). In the Western
Carpathians such formations are very common in the
Meliaticum and Pieniny Klippen Belt (e.g. Mock et al.,
1998; Plasienka, 2018).

The Povazsky Inovec Mts. (Fig. 1) is unique among
the Core mountains Belt of the Western Carpathians due
to the presence of the Late Cretaceous sediments which
are located in different structural positions, overlying the
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e The Horné Belice Group represents tectonic
mélange containing numerous intrabasinal and
exotic olistoliths that accumulated due to thrusting
on the outer Tatric active margin during the Late
Cretaceous

* Samples from grey pelagic limestone olistoliths
from the Razova Formation contain globotruncanid
planktonic foraminifera indicating Campanian age

Highlights

e New results confirm diachronity of Rézovéd and
Hranty formations during Campanian and tectonic
activity leading to formation of the olistoliths after
Campanian

Tatric tectonic unit, or folded and sheared between the
particular Tatric thrust slices (Kullmanova & Gasparikova,
1982; Havrila & Vaskovsky, 1983; Plasienka et al., 1994;
Havrila in Pristas et al., 2000; Pelech et al., 2016a, b; Pelech
etal., 2017a; Figs. 1-3). The Upper Cretaceous formations
represent very unique syn-orogenic sediments which are
due to their character and structural position comparable to
typical tectonic mélange (Fig. 6). The numerous olistoliths
are large enough to be shown in geological map at a scale
1 : 50 000 (Ivanicka et al., 2007). The formations of Late
Cretaceous age are the most widespread in the northern
portion of the mountain range — in the so-called Selec
Block (sensu Mabhel’, 1986), where they were discovered
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by Kullmanova & Gasparikova (1982) and later together
with other Jurassic formations formally included into the
Belice Succession (Plasienka et al., 1994). Continuation of
detailed geological mapping later proved that concept of
the Belice Unit is incorrect and was abandoned. The Upper
Cretaceous formations of the Belice Succession were
redefined as the Horné Belice Group (Rakus in Ivanicka
et al., 2011). The sediments of the Horné Belice Group
(Fig. 3) are divided into the Razova Formation (“grey
flysch” of Coniacian — late Campanian age) and the Hranty
Formation (“red flysch” of Campanian — ?Maastrichtian
age). Both formations contain blocks/olistoliths of various
rocks, including underlying micaschists, Permian basalts
and different sediments of Mesozoic age, ranging from the
Early Triassic to Late Cretaceous (Ivanicka et al., 2011)
and forming tectonic mélange (sensu Festa et al., 2019).
The composite sedimentary sequence assembled from the
more or less exotic material of different blocks/olistoliths
in the Upper Cretaceous syn-orogenic “flysch” was defined
as the Humienec Succession (PlaSienka et al., 1994) and
considered as former sedimentary cover of the Selec Block
crystalline basement. It should be, however, noted that
Selec Block contains apart of crystalline basement also
an autochthonous sedimentary cover, the so-called Selec
Succession ranging from Late Carboniferous to Early
Jurassic (Ivanicka et al., 2007, 2011). The relationship
between Selec Succession and Humienec Sucession is not
straightforward. Both have several common members (Late
Paleozoic volcanites, Triassic quartzites and carbonates),
and the composite sequence of the Humienec Succession
could represent continuation of the Selec Succession (e.g.,
Jurassic radiolarites, metamorphosed Albian and Upper
Cretaceous pelagic limestones; Hok et al., 2006).

Two distinct types of Upper Cretaceous pelagic
limestones are known from the olistoliths in the Rézova
Formation. The first type is represented by the so-called
Svinica Marlstone — pelagic, clayey often pink laminated
limestones containing Turonian foraminifera (Plasienka
et al.,, 1994; Puti§ et al., 2008) found in the wider area
of Humienec elevation point (609.0 m a. s. 1.), SW of
Mnichova Lehota village. The second type represents
fragments up to blocks (max. 0.5 m in diameter) of light
grey massive fine-grained limestones occurring on the
northern slope of the Humienec elevation point. The
aforementioned limestones were due to the lithological
appearance formerly considered as calpionellid limestones
since similar calpionellid limestones occur as blocks
in the Horné Belice Group at the Belice locality (NE of
Selec village). Thin section study, however, revealed that
limestones yielded upper Campanian foraminifera (Rakus
et al., 2006). Research has, however, not been published
as Milo§ Rakus succumbed to a serious illness. Therefore,
localization and detailed biostratigraphic documentation
were missing. The main aim of this paper is to provide
a more detailed knowledge including localization,
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lithological description and biostratigraphic evaluation of
the Upper Cretaceous limestone olistoliths.

| | o0, ey,

ec Mts

211.00° 22.

. Selec Block

Bojna Block

Hlohovec, -

Fig. 1. Location of the investigated area within Slovakia (A)
and Povazsky Inovec Mts. (B). 1 — Tatric Crystalline basement
(Carboniferous); 2 — Tatric Kalnica Group (Upper Carbonifer-
ous — Permian); 3 — Tatric Mesozoic sedimentary cover succes-
sions; 4 — Fatricum; 5 — Hronicum; 6 — Horné Belice Group (Late
Cretaceous sediments); 7 — Cenozoic sediments. Tectonic map
modified from Bezék et al. (2011).

Methods

Thework is based partly on theresults of older geological
mapping performed for the preparation of the geological
map of Povazsky Inovec 1 : 50 000 (Ivanicka et al., 2007,
2011) and later geological mapping (Pelech et al., 2016b).
New rock samples from olistoliths were obtained during
field research in 2020 from the Réazova Fm. The samples
were processed by standard methods. Additional 4 covered
thin-sections were studied. Planktonic foraminifera zones
were classified according to Caron (1975), Robaszynski
et al. (1984) and Sliter (1989). A combined classification
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Fig. 2. Geological map of the wider area of the Humienec elevation point (609 m a.s.l.) with the marked studied outcrops and localities
(for details see Tab. 1). [Background Relief model DMR 5.0 courtesy of Geodesy, Cartography and Cadastre Authority of the Slovak
Republic, geological map based on Ivanicka et al. (2007) and Pelech et al. (2016b)].

of Folk (1959, 1962) and Dunham (1962) was used to
describe the carbonate microstructures.

Results

The area to the NW of the Humienec elevation point
(609.0 m a. s. L; Fig. 2) is poorly exposed. The limestone
olistoliths are situated within the grey quartz-carbonate
sandstones and claystones (or shales) of the Rézova
Formation (grey “flysch”) which does not form natural
exposures. The observed olistoliths form blocks up to
0.5 m in diameter and represent varied lithology. At
the site PI4 (“under the spring”, Fig. 2, Tab. 1) various
blocks including Triassic Gutenstein type limestones, grey
crinoidal limestones similar to the Trlenska Formation
and particularly the studied pale grey clayey limestones
(sample PI4) are present. This site was the place where
blocks were originally found by M. Rakus (sample HR1,
Rakus et al., 2006).

Other localities include isolated blocks of grey-green
clayey limestones with slaty cleavage resembling the
Svinica Marlstone (in the forest road cut near lumber logs
stockpile at site PI3), as well as an isolated block of fine-
grained massive pale grey to pinkish limestone (sample
PIS; Fig. 2, Tab. 1), which could be also possibly correlated
with Svinica Marlstone.
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The age of studied olistoliths was determined, based
on planktonic foraminifera recognized in the thin-sections.

The sample HR1 (Tab. 1) from the original mate-
rial of Milo§ Rakus collected in 2005 has been revised.
Microstructurally, it represents foraminifera biomicrite
(foraminifer wackestone) with observed deformation and
directional arrangement of allochems. Significantly recrys-
tallized planktonic foraminifera represent Globotruncana
cf. linneiana (D" ORBIGNY) (Fig. 5B), Globotruncana cf.
arca (CUSHMAN), Globotruncana ventricosa WHITE (Fig.
5C), Globotruncana sp. (Fig. 5SE), Globotruncanita stuar-
tiformis (DALBIEZ) (Fig. 5A), Globotruncanita subspinosa
(Pessagno) (Fig. 5D), Falsomarginotruncana cf. desioi
(Ganpovr) (Fig. 5F), Muricohedbergella sp. and Hetero-
helix sp. The foraminifera community indicates the middle
to lower part of the late Campanian. Most likely it rep-
resents the Globotruncana ventricosa zone. Other micro-
fossils are represented by irregularly “scattered” prisms of
Inoceramus sp. Indeterminable recrystallized biodetritus
and authigenic quartz are present as well.

The sample P14 gathered during the field investigation
in 2020 (for localization see Fig. 2 and Tab.l) represents
limestone with deformed and partly recrystallized com-
ponents. Microstructuraly, it is a foraminifera biomicrite
(foraminifera wackestone). Locally, there are more pro-
nounced recrystallized domains of the matrix formed by
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SELEC SUCCESSION

Fig. 3. Lithostratigraphic scheme of Selec Succession (Late Paleozoic
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— Early Jurassic), composite sequence of hypothetical Humienec

Succession (from olistoliths) and Horné Belice Group (lithostratigraphy according to Olsavsky, 2008; Ivanicka et al., 2011; Pelech et

al., 2016b).

a pseudosparite with micrite/microspartite residues, which
gives the sediment a “schlieren” character. Microfossils
are significantly recrystallized; the planktonic foraminifers
dominate. Foraminifera tests are commonly amputated or
represented only by fragments. Tests are usually filled with
crystalline calcite. Foraminifera form sporadically small
accumulations (clusters) (Fig. SH). Identified microfauna
is represented by the Globotruncana ventricosa WHITE,
Globotruncana sp., Globotruncanita cf. subspinosa (PEs-
sagno), and most commonly form Globotruncanita cal-
carata (CusHMAN) (Fig. 5G), Globotruncanella havanensis
(Voorwuwk) (Fig. 5I), Muricohedbergella ctf. monmouthen-
sis (OLssON) and Heterohelix sp. The community of plank-
tonic foraminifera represents the Zone Globotruncanita
calcarata, which indicates the late Campanian. Other pre-
served organic detritus is mostly recrystallized, only rarely
small fragment of bivalve was observed. Exceptionally, an
authigenic quartz and mica are present. A brown substance
probably representing insoluble clay and opaque minerals
is concentrated on the foliation surfaces.
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The oldest rock type of the studied olistoliths is
represented by massive grey limestone samples PISA
and PI5SB. The limestone is recrystallized with signs of
ductile deformation and stylolites. Microstructurally,
it is radiolaria-foraminifera biomicrite/biomicrosparite
(radiolaria-foraminifera wackstone) gradually passing into
microsparite/micrite (mudstone). Allochems are poorly
sorted, irregularly arranged, more or less directionally
oriented. The material was obviously redeposited.
Recrystallized fossils are represented by the Spumellaria
type radiolarians filled by crystalline calcite, echinoderm,
lamellibranchiata and possibly also brachiopod fragments.
Other fossil fragments include sponge spicules, rare
aptychus fragments, an ammonite shell and, last but not
least, sporadic poorly preserved planktonic foraminifera.
The presence of rare one keel forms represented by the
Parathalmanninella sp., or Rotalipora sp., as well as
Praeglobotruncana sp. and Muricohedbergella delrioensis
(CARrSEY) has been identified. Benthic foraminifera are
represented by rare fragments of the nodosaride forms.
Due to the poor preservation and ambiguity of their
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Fig. 4. A — Rock debris of the Rdazova Fm. in the roots of uprooted tree at the P14 site (“under the spring”); B — Detail of the calcare-
ous shales of the Razova Fm., site PI4; C — Quartz-carbonate sandstones of the Razova Fm. with visible deformation, probably due to
emerging cleavage, site PI4; D — Loose blocks of pale grey Upper Cretaceous limestones, site PI4; E-G — Detail on the sample P14 —
grey to pink pelagic limestone; E — Weathered sample; F — Fresh surface; G — Polished section.

identification, observed community most likely represents
Cenomanian age. Both authigenic and clastic quartz are
rarely present. The presence of Fe-minerals was also
observed. Despite the limestone samples PISA and B
macroscopically strongly resemble Campanian limestones
described above, their stratigraphic range is different and
suggests possible correlation with Svinica Marlstone.
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Discussion

Various both native/intrabasinal (originating from
Selec Succession) and exotic blocks (originating from
hypothetical Humienec Succession) in the Upper
Cretaceous sediments of the Horné Belice Group are
considered olistoliths of pre-existing and/or contemporary
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Fig. 5. Photomicrographs showing planktonic foraminifera from studied olistoliths. A—F sample HR1; G-I sample P14. A — Globotrun-
canita stuartiformis (DALBIEZ); B — Globotruncana cf. linneiana (D‘ORBIGNY); C — Globotruncana ventricosa WHITE; D — Globotrun-
canita subspinosa (PESSAGNO); E— Globotruncana sp.; F — Falsomarginotruncana cf. desioi (GANDOLFI); G —Globotruncanita calcarata
(CusuMmaN); H — Group of recrystallized foraminifera of Calcarata Zone; I — Globotruncanella havanensis (VOORWUK). Scale 100 um.
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Tab. 1
An overview of important outcrops and studied sites.
Latitude Longit. Lithology . .
S (N, Y)° (E, X)° and locality description Y
grey-green laminated limestone,
PI3 48.815145 18.070117 forest road cut (Svinica Marlstone Razova Fm
olistolith)
olistolith of grey fine-grained
Pl4 & HR1 48.817752 18.069885 Campanian limestone, "under the Razova Fm
spring”
olistolith of grey fine-grained . .
PI5 48.819024 18.070630 limestone (?Svinica Marlstone) Razova Fm

formations that were eroded, or tectonically dismembered
(e.g. boudinaged) in the hinterland and later transported
by gravity mass movements into the sedimentary basin
(Fig. 6) during folding and thrusting. Therefore, the age of
olistoliths cannot be younger than the age of the strata in
which they are found. The youngest age of olistoliths most
probably represents the onset of thrusting and destruction
of the former Late Cretaceous basin overlying Tatricum
in the Povazsky Inovec Mts. as well as in the adjacent
western portion of the StraZzovské vrchy Mts. (boreholes
SBM-1 Soblahov and P-1 Pet'ovka; Kullmanova & Mabhel’,
1969; Mahel’ & Kullmanova, 1975; Kullmanova, 1978;
Gasparikova, 1980; Mahel’, 1985).

Studied olistoliths are located in the Razova
Formation, formerly considered Coniacian — Santonian
in age (Plasienka et al., 1994; Ivani¢ka et al., 2007,
2011). Indications that the Rdzova and Hranty formations
coexisted together during the Campanian has sporadically
appeared also earlier (Kullmanové, 1978; Pelech et al.,
2016a). The confirmation of the Campanian age of the
limestone olistoliths suggests that stratigraphic range of
the Rédzova Formation is wider. It follows that the lateral
transition between the Rézova and Hranty formations
existed during the Campanian and their contact is (at
least partly) diachronous. Paleocurrent directions from
both formations, however, differ (Plasienka et al., 1994).
While the mass transport deposits (sandy turbidites and
conglomerates) of the Razova Fm. were transported
generally from South to North, the sandy turbidites of
the Hranty Fm. were transported from NW to SE, S and
SW. The sedimentary sequence of the Horné Belice Group
than can represent mixing of two sources, or two distinct
submarine fans. The coarse-grained debris flow sediments
of the Hubina Fm. in the Bojna Block were transported
generally from the South (Pelech et al., 2017a). The
paleocurrent data are, however, very sparse.

The studied olistoliths are included into the hypothetic
(composite) sequence of the Humienec Succession (Fig. 3)
in accordance with the previous interpretations of Rakus
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(in Ivanicka et al., 2011; Hok et al., 2006). Unlike previous
research, we consider correct to include the Svinica
Marlstones to the Humienec Succession as well.

The new knowledge is in accordance with known
ages of other Upper Cretaceous rocks occurrences in the
Povazsky Inovec Mts. The sedimentation in the Hlohovec
Block (southern portion of the Povazsky Inovec Mts.)
terminated in Campanian. The age of Hubina Formation,
the youngest documented Tatric sediments in the Bojna
Block (central portion of the Povazsky Inovec Mts.), is
middle Turonian — Santonian (Pelech et al., 2017a). The
age of similar sediments in the borehole SBM-1 Soblahov
Coniacian — Campanian (Kullmanova, 1978; Gasparikova,
1980) possibly up to Eocene (Mahel & Kullmanova,
1975). It can be deduced, that the end of sedimentation of
the Horné Belice Group is younging in general direction
from south to north. This is in accordance with the process
of gradual movement of the Middle Group of Nappes
(sensu Hok et al., 2014, 2019).

There exist also other interpretations of the structure
of Horné Belice Group and they are described in paper
Pelech et al. (2016b). The Upper Cretaceous sediments are
often included into the so-called Belice Unit (Plasienka
et al., 1994, 2017). According to aforementioned papers
it represents a continuous sedimentary succession ranging
from the uppermost Middle Jurassic to Maastrichtian.
The Belice Unit is often considered to be a remnant of
Vahic oceanic crust, exhumed to the surface by out-of-
sequence thrusting. The validity of this interpretation
has been discussed by Pelech et al. (2017b). Other rarer
interpretations include works of Lesko et al. (1988) and
Puti§ et al. (2008). It should be noted, that we cannot
completely exclude, that the blocks of Campanian
limestones are not olistoliths and represent another thrust
sheet, which is not seen in the field due to poor outcrop
conditions. However, such an interpretation is, due to
knowledge of structure of the wider area, mentioned here
only as an unlikely alternative.
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Fig. 6. Scheme showing structural position of the Upper Cretaceous Horné Belice Group tectonic mélange between the thrust sheets of
the mica-schist basement of the Selec Block. 1 — Crystalline basement of Bojna Block (acting as a backstop); 2 — Mica-schists basement
rocks of the Selec Block; 3 — Upper Paleozoic Kalnica Group; 4 — Selec Succession: Mesozoic sedimentary cover of the Selec Block;

5 — Upper Cretaceous Horné Belice Group; 6 — Olistoliths.
Conclusions

The Horné Belice Group of the Selec Block of the
Povazsky Inovec Mts. is represented by mass transport
deposits that accumulated on the outer active margin of
the Tatric unit during the main nappe-stacking event of
the Internal Western Carpathians since the Turonian.
The evolution of the basin was marked by formation of
olistoliths that were deposited in the Razova and Hranty
formations. The sedimentary sequence of the Upper
Cretaceous Horné Belice Group thus represents a typical
tectonic mélange.

Two analysed samples (P14 and HR 1) from grey pelagic
limestone olistoliths (Fig. 3) situated in Razova Fm. at the
northeastern slopes of the Humienec elevation point (Fig.
2, Tab. 1) yielded foraminifera fauna of Globotruncana
ventricosa and Globotruncanita calcarata zones indicating
middle to late Campanian age (Fig. 5). The Upper
Cretaceous limestones are included in to the hypothetical
(composite) Humienec Succession. New findings suggest
that the deposition of the Razova Formation continued
at least until the period of the latest Campanian. The
relationship of the Razova Formation with the Hranty
Formation is diachronous.

At the same time, it can be assumed that the tectonic
activity that caused deformation and folding of the Horné
Belice Group together with the crystalline basement
rocks postdates the late Campanian. New findings are in
good agreement with process of gradual termination of
deposition in the Horné Belice Group which started in the
Campanian in the Hlohovec Block (southern portion of the
Povazsky Inovec Mts.) and lasted until the Maastrichtian
in the north (Selec Block) or possibly to Eocene, according
to the borehole SBM-1 Soblahov.
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Olistolity vapencov vrchnej kriedy v rdzovskom stvrstvi hornobelickej skupiny
Povazského Inovca (Zapadné Karpaty)

Povazsky Inovec je v ramci jadrovych pohori vyni-
mocny kvoli vyskytu sedimentov vrchnej kriedy, ktoré sa
nachadzaji v odlisnych poziciach v nadlozi tektonickej
jednotky tatrika, resp. zavrasnené medzi jeho tektonicky-
mi Supinami (Kullmanova a Gasparikova, 1982; Plasienka
et al., 1994; Havrila in Prista$ et al., 2000; Rakus et al.,
2006; Pelech et al., 2016a, 2016b, 2017a, 2017b). Plos-
ne najrozsirenejSie su v severnej Casti pohoria (selecky
blok sensu Mahel’, 1986), kde boli formalne zahrnuté¢ do
belickej sukcesie (sensu Plasienka et al., 1994) a neskor
do hornobelickej skupiny (sensu Rakuas in Ivanicka et
al., 2011). Sedimenty hornobelickej skupiny sa vnutorne
¢lenia na razovské (konak — spodny kampan) a hrantské
suvrstvie (kampan — ?mastricht). V oboch stvrstviach sa
vyskytuji bloky/olistolity hornin podlozného krystalini-
ka, bazickych vulkanickych hornin (paleozoikum), ako
aj sedimentov mezozoika v stratigrafickom rozsahu od
spodného triasu do spodnej kriedy (Ivanicka et al., 2011).
Pre tento kompozitny horninovy subor, ktory sa povazu-
je za povodny sedimentarny obal tatrického fundamentu,
zaviedli Plasienka et al. (1994) pomenovanie humienecka
sukcesia. Osobitym litostratigrafickym ¢lenom humienec-
kej sukcesie, opisanym z razovského stvrstvia severného
okraja Povazského Inovca (Rakus in Ivanicka et al., 2007,
Rakds in Ivanicka et al., 2011), su tlomky az bloky (max.
0,5 m?) svetlosivych nevrstevnatych jemnozrnnych va-
pencov vyskytujuce sa na severnom svahu kéty Humie-
nec (609,0). Tieto vapence boli stratigraficky zaradené do
stredného kampanu az spodnej Casti vrchného kampanu,
ale bez nalezitej lokalizacie a biostratigrafickej dokumen-
tacie (Rakus et al., 2006). V prispevku uvadzame ich loka-
lizaciu, litologicky opis a biostratigrafické vyhodnotenie
(obr. 1 —3, tab. 1).

Pri stanoveni veku vapencov odobranych z olistolitov
je urcujuci vyskyt rekrystalizovanych planktonickych fo-
raminifer zistenych vo vybrusovom materiali.

Z opakovaného terénneho zberu materidlu z olistolitov
v roku 2020 pochadza vzorka PI4. Jednotlivé komponen-
ty vapenca st vplyvom tlakového postihnutia usmernené.
Z hladiska mikrostruktury ide o foraminiferovy biomikrit
(foraminiferovy wackestone). Lokalne sa vyskytuji vyraz-
nejsie rekrystalizované pasaze zakladnej hmoty tvorené
pseudosparitom so zvySkami mikritu/mikrosparitu, ¢im
sediment nadobuda $Smuhovity charakter.

Mikrofosilie st vyrazne rekrystalizované. Dominuji
planktonické foraminifery, ktorych schranky su bezne am-
putované, ponorené v zékladnej hmote, pripadne sa vysky-
tuju iba ich fragmenty. St vyplnené spravidla krystalickym
kalcitom. Foraminifery tvoria sporadicky malé akumulacie
(zhluky) (obr. 5H). Identifikované bolo spolocenstvo Glo-
botruncana ventricosa WHITE, Globotruncana sp., Glo-
botruncanita cf. subspinosa (PESSAGNO), najbeznejsie sa
vyskytujica forma Globotruncanita calcarata (CUSHMAN)
(obr. 5G), Globotruncanella havanensis (VOORWUK) (obr.
SI), Muricohedbergella cf. monmouthensis (OLSSON)
a Heterohelix sp. Spolo¢enstvo planktonickych dierkav-
cov reprezentuje zénu Globotruncanita calcarata, ktora
indikuje vrchny kampan. Organické zvysky reprezentuje
aj ojedinely maly Glomok najpravdepodobnejsie lastarni-
ka. Bezne sa vyskytuje drobny rekrystalizovany biodetrit,
resp. detrit.

Vynimocne je pritomny autigénny kremen a sl'uda. Na
plochach foliacie je koncentrovana hneda substancia.

Vo vzorke HR1 zo starSich zberov M. Rakusa, ktora
bola podrobena revizii, je rovnako viditeI'né tlakové po-
stihnutie vapenca a usmernenie alochémov. Mikrostruk-
tarne sa zaraduje k foraminiferovym biomikritom
(foraminiferovy wackestone).

Vyrazne rekrystalizované planktonické foraminifery
reprezentuju  Globotruncana cf. linneiana (d° ORBIG-
NY) (obr. 5B), Globotruncana cf. arca (CusHMAN), Glo-
botruncana ventricosa WHITE (obr. 5C), Globotruncana
sp. (obr. SE), Globotruncanita stuartiformis (DALBIEZ)
(obr. 5A), Globotruncanita subspinosa (PESSAGNO) (obr.
5D), Falsomarginotruncana cf. desioi (GANDOLFI) (obr.
5F), Muricohedbergella sp. a Heterohelix sp. Spolocen-
stvo foraminifer indikuje stredny kampan az spodnt Cast’
vrchného kampanu. Ide najpravdepodobnejsie o zonu Glo-
botruncana ventricosa.

Mikrofosilie zastupuji okrem foraminifer Casti, ako
aj nepravidelne ,,roztrisené* prizmy schranok lasturnika
Inoceramus sp. Pritomny je blizSie neurceny rekrystalizo-
vany biodetrit, resp. detrit.

20.5.2021
30.6.2021

Dorucené / Received:
Prijaté na publikovanie / Accepted:



Mineralia Slovaca, Web ISSN 1338-3523, ISSN 0369-2086
53(2021), 47 — 56, © Author 2021. CC BY 4.0

Lithology and position of the Biele Karpaty Unit SE
of Lednica (Biele Karpaty Mts., Western Carpathians)
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State Geological Institute of Dionyz Stur, Mlynska dolina 1, SK-817 04 Bratislava, Slovakia;
frantisek.tetak@geology.sk

Abstract: Recent geological research and mapping SE of Lednica village brought several new findings important
not only for the studied area, but also for understanding the relationship between the Klippen Belt and Flysch Belt
at all: (1) The flysch sequence from the base to top is the Ondrasovec, Javorina, Chabova and Bzova mbs. of the
Biele Karpaty Unit of Magura Nappe (Campanian to early Eocene). (2) The sequence of the Biele Karpaty Unit is
situated in an overturned position with the prevailing strike of the beds 250-360° and dip of the beds 20-50°. (3)
The structure is significantly sliced, especially in the zone with the Ondrasovec Mb. The slices of the Biele Karpaty
Unit were turned back and then they were back thrust to the SE over Klippen Belt together with the Vrsatec slice.
(4) So far undescribed group of the Bukovina hill klippen NW from the Dolna Breznica village and a group of
klippen NW from Kvasov village have been identified. (5) Six paleocurrent measurements were measured from the
Ondrasovec Mb. —210°, Javorina Mb. — 315° and Chabova Mb. — 2 x 330° and 2 x 10°.

Key words: stratigraphy, back thrust, Klippen Belt, Flysch Belt, Magura Nappe

Graphical abstract

Introduction

The studied area of the Biele Karpaty Mts. forms
a nappe complex of “flysch” formations belonging to the
Biele Karpaty Unit of the Magura Nappe and to the complex
structure of Klippen Belt of the Western Carpathians
(Fig. 1). In the past, the area SE of Lednica village has
been processed several times and displayed in geological
maps (Mahel et al., 1962; Salaj et al., 1983; Began et al.,
1992, 1993; Mello et al., 2005, 2011). The authors focused
more on the study of Jurassic-Lower Cretaceous klippen
of Klippen Belt than on the flysch sequences. Salaj et
al. (1983) defined the flysch formations in this area as
the Kvasov development of the Klape Unit. Within the
geological map of the Zilina sheet at a scale of 1 : 200,000
(Mahel et al., 1962) authors divided the flysch complex of
the studied area into the Biele Karpaty Unit (middle to late
Eocene) and Klippen Belt (flysch development of Pupov
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e The flysch sequence SE of Lednica
village belongs to the Biele Karpaty
Unit of Magura Nappe. From the
base to top the Ondrasovec, Javorina,
Chabova and Bzova mbs. are present.

Highlights

» The external position of the klippen
integrated into the Magura Nappe can
be explained by back thrusting.

Mb. — Santonian—Campanian) without structural data,
between which they distinguished the variegated marls of
late Santonian in two places.

The geological map of the Pruské sheet at a scale
of 1 : 25,000 (Salaj et al., 1983) is a relatively detailed
map. The authors documented position of 8 outcrops, but
they did not specify the position of the sequence (top and
bottom). Therefore, the authors could not find that the
sequence was overturned. The map also omits a group of
klippen NW from Dolnéa Breznica village and NW from
Kvasov village, which led to the opinion that the sequence
is continuous in a normal position. The authors classified
the flysch sequences as the Kvasov development of the
Drietoma succession of Klape Unit. In some places of
the map, the belt of “variegated marls” is missing or it is
incorrectly displayed. The mentioned work represented
a base for the compilation of the later maps. Former
limitations were later included in the works of Began et al.
(1992, 1993) and Mello et al. (2005, 2011).
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Fig. 1. Schematic geological map of the Western Carpathians with the location of studied area (designated as Fig. 2).

Methodology of done geological research was its connection to previous
detailed research of the Biele Karpaty Mts. and the
The intensive geological research and mapping at  possibility to mutually compare the areas.

a scale of 1 : 25,000 that carried out in the Biele Karpaty
Mts. since 2016, intended to compile a new geological The research results
map and to solve the geological setting of the area
between towns of Nové Mesto nad Vahom and Nemsova
(Peskova et al.,, 2021a). Since 2019, the engineering
geological monitoring of slope deformations was tied on
previous regional geological research in the area of the
Biele Karpaty and Javorniky Mts. The problematic areas
of the geological map underwent the reambulation. Also,
the area built by the Biele Karpaty Unit and Klippen Belt )
SE of Lednica was reambulated at a scale of 1 : 10,000,  horizon of the OndraSovec Mb. rocks was squeezed
Geological mapping and its evaluation took place without ~ 1nto the main tectonic zones. The rock sequence can
the availability of LIDAR maps (high-resolution relief ~ be reconstructed from bottom to top as follows: the
maps). Rock samples were not petrographically and  OndraSovec and Javorina mbs. of the Lopenik Fm. and
paleontologically analysed, because the research was the Chabova and Bzova mbs. of the Svodnice Fm. (Figs. 2
focused on the identification, inventory and engineering  and 3), reaching the age from Campanian to early Eocene
geological mapping of slope deformations. The advantage  (Potfaj, 1993; Peskova et al., 2021b).

The geological research in the area SE of Lednica
has distinguished four lithostratigraphic units. Although
they originally formed a continuous sequence of the
Biele Karpaty Unit, the enormously complex geological
development of the area caused the tectonic contacts
probably of all lithostratigraphic units. The more plastic
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KLIPPEN BE!-T . { ,}”/’ strike and dip of beds: normal and overturned position
- flysch sequences of the "klippen cover":
L1 claystones, thin beds of sandstones 25(20) diameter of conglomerate pebbles (in mm)

klippen undivided (Jurassic — Lower Cretaceous)
kr - white crinoidal limestones, bm — biomicritic limestones, tis — Tissalo Mb.,
‘ hi" - Czorstyn nodular limestones, fl - Allgéu Fm. (Fleckenmergel),
tn - Pieniny limestones, tnr - Pieniny limestones with cherts
* ra - red radiolarites, Zra - yellow radiolarites

* pu - Pachov marls 0 1km
s =
QUATERNARY

fluvial sediments: loams, sandy loams, loamy sands and gravels

deluvial-proluvial sediments: sandy loams with
debris in alluvial fans

¢ spring
© ¢ chemogenic-organogenic sediments — tufa limestones
1013 documentation point 0 B
7
4" O, T =

FLYSCH BELT
BIELE KARPATY UNIT
JAVORINA NAPPE
Svodnice Fm. (Paleocene - early Eocene)
bz Bzova Mb.: mostly greywacke Magura type
| (late Pal —early Eocene)
SvK
Chabova Mb.: quartz-carbonate sandstones
(Paleocene)

Fm.ss. silty cl
Lopenik Fm.
Javorina Mb.: fine to medium-grained quartz-
-carbonate sandstones, grey-green silty claystones,
s — beds of maristones with white patina
(late Campanian — Maastrichtian)

E Ondrasovec Mb.: red and grey-green claystones,
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quartz

g

Fig. 2. Geological map of the Biele Karpaty Unit SE of Lednica.
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Biele Karpaty Unit

Ondrasovec Mb.

The Ondrasovec Mb. was defined by Potfaj (1993) on
the outcrops near the Ondrasovec settlement on the southern
slope of the Vel'ky Lopenik Mt., describing a variegated
formation at the base of Javorina Nappe. The member can
be characterized as thin-bedded flysch deposits, formed by
red and grey-green claystones alternating with thin beds of
greenish laminated sandstones with muscovite.

Just one outcrop of Ondrasovec Mb. was observed in
the studied area (Fig. 4A). Claystones predominate over
sandstones. Light green-grey, grey and red non-calcareous
claystones to silty claystones alternate with thin but also
thicker beds (4-20 cm) of laminated very fine-grained
quartz-carbonate sandstones. All other outcrops were
significantly weathered.

The Ondrasovec Mb. is located at the basal plane of the
Javorina, Zubdk and Vrbovce nappes, it is rheologically
plastic and it tends to be significantly deformed and
tectonically reduced. The thickness of the member is only
a few tens of meters. Tectonic duplexes are assumed to

form over a 100 m thick complex in some places. They are
a significant and important marker in geological mapping.
Based on nannoplankton, Potfaj (1993) indicates a middle
Campanian to early Maastrichtian age of the member.

Javorina Mb.

The development of the Javorina Mb. (Potfaj, 1993;
Peskova et al., 2021b) is facially diverse. It can vary within
areas, tectonic slices or the bed sequence of the Biele
Karpaty Unit. In the studied area, the Javorina Mb. can
be characterized as a flysch-type formation with a variable
proportion of sandstones and claystones known only from
several outcrops and character of the deluvium in studied
area. Sandstones slightly predominate over claystones.
They form 20 to 60 cm thick beds of well-sorted fine-
grained, rarely medium-grained, massive or laminated
quartz-carbonate sandstones with a higher content of
muscovite and coalified plant detritus (Fig. 4B). Green-
grey non-calcareous claystones form only thinner layers.

The debris of a solid grey marlstone bed with a white
patina was observed in a deluvium on the ridge north of
the Kvasov village. Beds of such marlstones to limestones

are typical for the higher part

Fig. 3. Lithostratigraphy of the Biele Karpaty Unit SE of Lednica (modified after Peskova et al.,

2021b).
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of the Chabova Mb., having tectonic contact with the Pu-
chov marls.

There is an absolute predominance of sandstones
over claystones in the studied area. The character of
the member changes continuously towards the top. The
ratio of sandstones to claystones, the thickness of layers
and grain size of sandstones are increasing and the
lithification of sandstones is weakening towards the top.
Fine- to coarse-grained quartz-carbonate sandstones form
40 to 300 cm thick, generally amalgamated, massive
structureless beds. The fine-grained parts of the beds show
an indistinctive plane lamination. Rapid weathering or
disintegration with poorer lithification, rusty coatings to
liesegang bands, rusty cracks, absence of clay interlayers,
abundant muscovite and coalified plant detritus are the
common features of sandstones (Fig. 4C, D). Deluvium
is formed by thick yellowish-white sandy loams (Fig. 4E).

Green-grey and grey silty claystones are only up
to 5 cm thick. Intraclasts of green claystones are rare in
sandstones.

Lenses or layers of fine-grained conglomerates were
observed in several places. The pebbles reach a diameter
of 2-10 (max. 100) mm. In addition to standard quartz
and quartzites, the conglomerates contain metamorphic
rocks, granites, porphyries, phyllites, melaphyre pebbles,
but carbonate material is predominating over quartz —
dolosparite (?Triassic), fossil-free micritic and sparite
limestones, calpionella-radiolarian biomicritic limestones
of Tithonian and Berriasian and sandstones with
Cenomanian orbitolina (Orbitolina concava LAMARCK, O.
plana D’ ARCHIAC, a.0.; Salaj et al., 1983).

Salaj et al. (1983) determined the age of the member
in the studied area based on agglutinated microfauna
and orbitoid foraminifers as the late Campanian and
Maastrichtian. It can be considered a redeposition based
on an analogy with the Chabova Mb. of Biele Karpaty
Unit and the age of member classify as Paleocene (Potfaj,
1993; Peskova et al., 2021b).

The thickness of the member does not exceed 500 m in
the studied area, or 300 m according to Salaj et al. (1983).

Bzova Mb.

About 1.5 km long tectonic slice, formed by Magura
type sandstones, should be included into the Biele Karpaty
Unit within the studied area east of the Lednica village.
These sandstones represent the youngest sequence of the
Svodnice Fm. and in the case of larger accumulation they
form the Bzova Mb. within the Biele Karpaty Unit se-
quence. Magura type sandstones were clearly identified
from the debris in the studied area, and especially on the
several outcrops with over 1.5 m thick graded beds of co-
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arse- to medium-grained greywacke sandstones. Weathe-
red sandstones are brown, usually with scattered larger
grains with a diameter of 1-(4) mm (paraconglomerate)
and with water-escape structures. Their age is middle to
late Paleocene based on nannoplankton from Bzova area
(Potfaj, 1993) and thickness reaches up to 300 m in the
studied area.

Klippen Belt

The aim of geological research and mapping was not
a detailed research of the Klippen Belt, but especially the
flysch sequence of the Biele Karpaty Unit. Nevertheless,
the research revealed several unpublished data. Red and
pinkish marls with globotruncana to red claystones of the
Pachov Fm. form an almost continuous belt around the
Biele Karpaty Unit sequence in the studied area (Fig. 4F).
Puchov marls are accompanied with the flysch sequence
of the klippen cover in particular between Lednica and
Mikusovce villages (Fig. 2). Spotted marls of the Tissalo
Mb. occur between Kvasov and Dolna Breznica villages.
Mentioned Cretaceous members form the cover of smaller
irregularly distributed klippen, built by various Jurassic-
Lower Cretaceous lithofacies. Klippen build by spotted
limestones of Allgdu Fm. (Fleckenmergel), white crinoidal
limestones, red and yellow radiolarites, biomicritic and
nodular Czorsztyn limestones and Pieniny limestones with
or without cherts were observed (Fig. 2).

Two groups of klippen tectonically incorporated
between the slices of the Biele Karpaty Unit were found
NW from Kvasov and NW from Dolné Breznica. Klippen
are built by most of the above mentioned lithofacies,
including the Pichov marls. The southeastern edge at the
junction of Biele Karpaty Unit with the Klippen Belt is
bordered by the Puchov marls (Fig. 4F). This boundary
line is sharp and the Pichov marls or klippen were not
found folded into the Chabova Mb. along this border.

Paleocurrent analyses

Six paleocurrent measurements were done during
geological research (Fig. 5). They do not represent
a statistically sufficient set, but with the support of the
knowledge of the neighbouring Biele Karpaty Unit
paleogeography, it is possible to draw certain conclusions
(Fig. 5). The SW (210°) paleotransport direction of
the Ondrasovec Mb. corresponds to the predominant
paleotransport direction of the thin-bedded facies during
the latest Cretaceous in the direction parallel to the Magura
Basin elongation (Tet'ak et al., 2019).

The paleotransport direction of the Javorina Mb. to
the NW (315°) is in accordance with the knowledge of
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Fig. 4. A: Ondrasovec Mb. — weathered variegated claystones and thin beds of sandstones (road cut east from Kvasov, documentary
point 1016); B: Javorina Mb. — bedding plane with flute casts (d. p. 1035); C, D: Weathered and disintegrating sandstone of Chabova
Mb. (d. p. 1018, 1037); E: Excavation of at least 4 m thick deluvium of weathered sandstones of Chabova Mb. (Dolna Breznica, d. p.
1029); F: Red Ptchov marls in the road cut (d. p. 1032).
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Klippen Belt

<= Svodnice Fm.

<+——— Chabova Mb.
Javorina Mb.

<t+——— Ondrasovec Mb.

— main faults | 2 km |
—v— main nappes : :

Fig. 5. Schematized map of the studied area shows the measured
paleocurrent directions. Their lithostratigraphic and lithofacial
classification is distinguished by colour. Unpublished paleocur-
rent measurements are supplemented in the neighbouring Javori-
na and Zubak nappes.

Bukovina hill

the paleotransport directions of Javorina Mb. of the Biele
Karpaty Unit (Stranik et al., 1989; Marschalko, 1985 and
unpublished data).

The Chabova Mb. deposits are the result of the
sedimentation of a relatively smaller submarine fan. The
paleotransport measurements direct to the north (2 x 330°
and 2 x 10°). Together with the facial development, the
paleotransport directions of Chabova Mb. in the studied
area can be interpreted as the place of lateral supply of
clastic material into the Magura Basin.

In this interpretation it is necessary to take into account
the statistically insufficient number of measurements and
possible tectonic rotation of the measured rock blocks, as
the investigated area is significantly tectonically deformed.

Tectonics

The more detailed knowledge of the geological
structure of the Biele Karpaty Unit flysch sequence SE of
Lednica as well as its relation to the Klippen Belt were
brought by geological mapping. It has been found that it
is not a single continuous sequence as suggested by earlier
works of Salaj et al. (1983) and Began et al. (1992, 1993).
The area is formed by several tectonic blocks or slices.
The slices and blocks are formed by flysch sequences of
the Javorina and Chabova mbs. They are surrounded by
tectonically strongly deformed Ondrasovec Mb. This had
the function of a plastic tectonic gliding horizon at the
base of displaced nappes and slices. During the movement
of the nappes, blocks of the underlying formations
were incorporated into the Ondrasovec Mb. Also, the
nappe duplexes were observed (Fig. 6). The base of the
Javorina Nappe in the Nova Bosaca and Horna Suca areas
represents an example of duplexes (Peskova et al., 2021a).
The structure of the narrow zone formed by Ondrasovec
Mb. is so complicated that it is still not obvious whether
the slice with Chabova Mb. was moved first as a nappe
to the NW over the Javorina Mb. before thrusting/tilting
over on the Klippen Belt, or it was the opposite process
— back thrusting after tilting over the Klippen Belt. Based
on the occurrence of the Chabova sandstones blocks in
zone/belt with the Ondrasovec Mb., as well as the analogy
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Fig. 6. Schematic section with the interpretation of the geological structure. Section line courses between Kvasov and Dolna Breznica

villages.
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with the Javorina Nappe and knowledge of the deposition
conditions, the following development is more probable:

(1) In the first folding phase after the middle Eocene,
the slice formed by Chabova Mb. shift to the
NW over the slice formed by Javorina Mb. Small
slices formed by the Chabova and Javorina mbs.
were incorporated into the OndraSovec Mb. at the
contact of both slices.

The slices were together turned back to the Klippen
Belt to the SE. At the same time, a VrSatec slice
was back-thrust over them to the SE.

By this mechanism, part of the Biele Karpaty Unit could
be involved in the structure of Klippen Belt. The external
position of the klippen integrated into the Magura Nappe
can be explained in a similar way. A similar position of
the klippen and overturned Krynica Unit is in the Oravska
Magura Mts. (Potfaj et al., 1991).

2

Discussion

Flysch sequence SE of Lednica village, so-called the
Kvasov development of the Klape Unit (Salaj et al., 1983)
was interpreted as a set of various lithostratigraphic units
of several tectonic units of the Inner and Outer Western
Carpathians. This interpretation could be explained by
a lack of outcrops and information and by the unique
tectonic position of these deposits, which has no equivalent
in the Western Carpathians. More detailed information on
the position of the beds and the succession of the flysch
sequence has not yet been published. For this reason,
the previous authors determined that the sedimentation
continuously passed from the Pichov marls, surrounding
the klippen of the Klippen Belt, to the top into the Jarmuta
Mb., upwards into variegated clays, and finally into the
fine-grained flysch deposits (Salaj et al., 1983; Began et al.,
1992, 1993). This interpretation of the sequence was also
supported by the findings of microfauna, though probably
redeposited. The authors did not find significant group of
klippen at Bukovina hill NW from Dolné Breznica village.
This group of klippen is situated directly in the zone with
the variegated claystones. This fact may disprove the
opinion of a contiguous sequence.

The fact that rock samples were not petrographically and
paleontologically analysed in this work is a disadvantage
of the processing of this article. However, the conditions
and a number of outcrops in the field, suitable for sampling,
is very limited and the field research do not provide
enough suitable outcrops and samples for the analyses
even at maximum effort, especially for the paleontological
determination of rock age. It is therefore necessary to
rely on field observations of debris lithology, which is
fortunately clearly assignable to the lithostratigraphic
units known from the Biele Karpaty Unit.

The Jarmuta and Pro¢ mbs. are the alternative
classification of the studied sequence instead of the
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Javorina and Chabova mbs. on the basis of similar
lithology, age and tectonic position. The occurrence of
Jarmuta and Pro¢ mbs. in the western part of the Klippen
Belt is many times rather fragmentary and uncertain
(Mello et al., 2005, 2011; Potfaj and Tet'dk et al., 2014;
Tetak and Potfaj et al., 2015). The above mentioned
alternatives are based rather on their occurrence in Eastern
Slovakia (Zec et al., 2006, 2011). It is possible to assume
that the mentioned alternative lithostratigraphic units of
the Jarmuta and Pro¢ mbs. are close to the Biele Karpaty
Unit in paleogeographic interpretations, but to speak about
the complete conformity would not be correct. It is more
appropriate to classify the studied sequence within the
Biele Karpaty Unit.

Conclusions

During the rich history of the Klippen Belt research
in the Povazie region, the flysch sequence in the area
SE of Lednica village has been assigned to different
lithostratigraphic units of Inner and Outer Western
Carpathians (Mahel et al., 1962; Salaj et al., 1983; Began
et al., 1992, 1993; Mello et al., 2005, 2011). The Kvasov
development of the Klape Unit was defined in this area
by Salaj et al. (1983). The authors presumed that it was a
continuous sequence in the top of the Puchov marls of the
Klippen Belt.

Geological research and mapping in the area SE of
Lednica village brought several new findings important
not only for the studied area, but also for understanding
the relationship between the Klippen Belt and the Flysch
Belt at all:

(1) Lithostratigraphically the flysch sequences belong
alternatively to Ondrasovec, Javorina, Chabova
and Bzova mbs. of the Biele Karpaty Unit of
Magura Nappe, having an age range from the
Campanian to the early Eocene.

(2) The sequence of the Biele Karpaty Unit is situated
in an overturned position with the prevailing strike
of the beds 250-360° and dip of the beds 20-50°.

(3) Six paleocurrent measurements were measured
from Ondrasovec Mb. —210°, Javorina Mb. — 315°
and Chabova Mb. —2 x 330°a 2 x 10°.

(4) The structure is significantly sliced, especially in

the zone with the Ondrasovec Mb.

So far undescribed group of the Bukovina hill
klippen NW from the Dolnd Breznica village
and a group of klippen NW from Kvasov village
have been identified. It was precised the contact
of the Biele Karpaty Unit with the Klippen
Belt accompanied by the Puchov marls, flysch
sequences of the “klippen cover” and the Jurassic-
Lower Cretaceous klippen.

)
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Litologia a pozicia bielokarpatskej jednotky juhovychodne od Lednice
(Biele Karpaty, Zapadné Karpaty)

V priebehu bohatej historie vyskumu bradlového pasma
na Povazi bola flySova sekvencia v oblasti juhovychodne
od Lednice priradovand k roznym litostratigrafickym
jednotkam viacerych tektonickych jednotick Vnutornych
Zapadnych Karpat i1 VonkajSich Zapadnych Karpat
(obr. 1) (Mahel’ et al., 1962; Salaj et al., 1983; Began
et al., 1992, 1993; Mello et al., 2005, 2011). Salaj et
al. (1983) tu vyclenili tzv. kvaSovsky vyvoj klapskej
jednotky. Autori sa vSak zameriavali viac na $tadium
jursko-spodnokriedovych bradiel nez na ich flySovy obal.
Napriek neznalosti Gloznych pomerov sekvencie sa autori
domnievali, ze ide o stvisly sled v nadlozi puchovskych
slienovcov bradlového pasma. Doteraz neboli publikované
informacie o pozicii vrstiev a tym ani dokaz o postupe
sekvencie. Preto sa autori domnievali, Ze sedimentacia
plynulo prechadza z puchovskych slieniov obklopujtcich
bradla bradlového pasma do nadlozia do jarmutskych
vrstiev, d’alej do pestrych ilov a na zédver do jemnozrnného
flySu (Salaj et al., 1983; Began et al., 1992, 1993).

Nedavny geologicky vyskum a mapovanie v tejto
oblasti priniesli viacero novych poznatkov, vyznamnych
nielen pre skimant oblast’, ale aj z hl'adiska pochopenia
vzt'ahu bradlového a flySového padsma vobec (obr. 2 a 3):
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1. FlySova sekvencia litostratigraficky patri k ondra-
Soveckym, javorinskym, chabovskym a bzovskym
vrstvam bielokarpatskej jednotky magurského pri-
krovu (kampan — star$i eocén).

2. Sekvencia bielokarpatskej jednotky je v prevrate-
nom slede, so sklonom 20 — 50° prevazne na SZ
(250 —360°).

3. Stavba je vyrazne tektonicky porusend a zoSupina-
tend, najmé v pruhu s ondrasoveckymi vrstvami.

4. Podarilo sa zistit’ zatial' neznamu skupinu bradiel
Bukovina sz. od Dolnej Breznice a bradld sz.
od KvaSova. Spresnilo sa poznanie kontaktu
bielokarpatskej jednotky s bradlovym pasmom
s vyskytom puchovskych sliefiovcov, flySovych
sekvencii obalu bradlového pasma a jursko-
-spodnokriedovych bradiel.

5. Meranim bolo ziskanych Sest’ vysledkov paleopru-
dovych merani — ondrasovecké vrstvy 210°, javo-
rinské vrstvy 315° a chabovské vrstvy 2x 330° a 2x
10° (obr. 5).

Dorucené / Received: 13.5.2021
Prijaté na publikovanie / Accepted: 30.6.2021
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Abstract: This study aims to evaluate the characteristic strength of pillars in mining contexts, taking into account
the effects of size and shape. The characteristic strength is estimated in terms of the probability of exceeding
a specific value of pressure; when once exceeding, the failure appears. Also, the higher number of defects leads to
a high probability of failure.

In this study, a new analytical formula is applied, which considers the effect of scale (size and shape) with the
notion of probability in evaluating the risk of failure to assess the condition of the mine pillars without resorting to
pillar level experiments, which would reduce costs and efforts.

It is used a data set from an underground mine (rock samples of zinc) in Setif-Algeria. The results shows the
strength’s decrease with an increase in volume. Furthermore, the pillars with a higher width to height ratio (w/h)
have more strength than a slender one.

One of the advantages of the probabilistic strength measurement is its functional relation with the deformation
at the pillars’ level and the progress of the mining sites’ works. It is necessary to choose an optimal critical size for

the pillars to ensure good operation and safety.

Key words: Weibull criteria, back analysis method, scale effect, pillar stability, probability of survival
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1 Introduction

The evaluation of the mechanical properties of a massif
is influenced by the effect of scale for mining structures
(Zengchao et al., 2009; Zhang et al., 2011), as well as the
analysis of the risks associated with the exploitation of
resources, particularly in mines, quarries, shafts, tunnels,
etc.

In this study, we focused mainly on the pillars of un-
derground mines where compressive strength is an essen-
tial parameter in stability studies, taking into account that
the pillars are established in fractured rocks, where the

Highlights
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* A new analytical formula was developed and applied
to estimate large-scale strength from intact rock, which
leads to more realistic values than the usual techniques
used in geomechanics and field control.

» New formula takes into account the scale effect in the
strength for a pillar as well as the estimate of its failure
probability.

stability must be inspected by testing (York & Canbulat,
1998; Medhurst & Brown, 1995).

The influence of the scale effect observed experimen-
tally in solid mechanics can be attributed to the presence of
defects in the material with increasing volume; and many
scholars (Martin & Maybee, 2000; Cuisiat & Haimson,
1992; Heuze, 1980; Salamon & Munro, 1967) confirm that
when the probability of defect increases, the mechanical
properties (strength and hardness) decrease proportionally
with size.

These probability random effects that govern the scale
effect were for the first time studied by Weibull (1939).
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This research scientist used the concept of probability of
survival to assess the risk of failure. Weibull introduced
the probabilistic criterion of failure that enables one to
deduce a pillar’s strength only as a function of its size,
without considering the shape effect.

Experimental observations led Weibull to choose
a power law to represent A the parameter of Poisson
distribution characterizing the population of defects in the
material by:

m
A= 1 (L)
Vo G (1)
Where:
o — applied stress,
Vo — the reference volume,
o, — the solicitation stress associated with a survival
probability of 37 %,
m — the Weibull module.

The Weibull module m is a material parameter that
characterizes the dispersion of the defects within the
material: a small value of this parameter indicates a higher
value of dispersion of the material’s defects.

By recovering the Poisson distribution writing that
P,.=1-P (P, probability of failure and P: probability of
survival) with a volume V, we can estimate the probability

of failure P..
( 0 )m)
O'O

Many researchers have studied the assessment of the
strength of pillars in-situ from laboratory tests (Hudson
et al., 1972; Salamon & Munro, 1967; Zengchao et al.,
2009; Zhang et al., 2011). When estimating a given
material’s mechanical properties (coal for example), each
prediction’s accuracy will depend on how accurate the
sample characteristics reflect the massif to characterize.
Thus, Hudson et al. (1972) reported that the difference
in the length/diameter ratio of a sample has a significant
effect on the compressive strength of rocks and the shape
of the stress-strain curve post-peak segment. This is also
evident, where he developed an analytical equation that
considers the effect of the geometry of a pillar (by the w/h
ratio) and the volume (Galvin et al., 1996).

The tests carried out on different rocks demonstrate
that the strength is inversely proportional to the size of the
samples analysed (York & Canbulat, 1998). This implies
that a sample with a much more size will have a reduced
strength. However, the laboratory results show the
strength’s stabilization as the size increases for coal, iron
ore and altered quartzitic diorite. There is at least a specific
limit size beyond which no further decrease in the strength
is apparent (the absence of the scale effect from a critical

P.=1-exp (— 7 (2)
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volume for each type of rock). However, it should be noted
that the largest volumes studied have a length of about 1 to
2 m and remain lower than those of a real pillar.

If the in situ pillar does not include a geological
lamination joint, macro fracture, the rock can be described
as an intact rock (York & Canbula, 1998). In this case,
the rock mass’s critical strength (for a size beyond which
no additional decrease in the strength appears) can be
taken as the strength of the in situ rock mass (the result
found in the laboratory is considered the same as in the
large scale). On the other hand, the latter cannot be used
as the rock mass’s critical strength if the pillar has natural
or anthropogenic discontinuities (induced by blasting
operation for example). In this case, the rock mass’s critical
strength can be evaluated through different methods that
incorporate several factors. Either the rock mass can be
approximated as a continuum (homogenizing approach
a continuous model represents the rock mass behavior), the
rock mass cannot be estimated as a continuum (presence of
discontinuities).

Another school of thought suggests using a parameter
as a representative of the strength value of a cube of one
meter (retrospective method or back analysis method).

Salamon & Munro (1967): 0, = kh*w® 3)
With:

h — the height of the pillar (m),

Op — the pillar strength (MPa),

w — the width of the pillar (m),

k (MPa) — the coefficient characterizing the value

of the strength representative of a cube
of one-meter side, a and b two numerical
constants to be defined for each geome-
chanical context.

Bieniawski (1968): 0,= C + M (w/h) 4)
With:
h — the height of the pillar (m),
M — a constant linked to the nature of the
studied rock,
w — the width of the pillar (m),
C (MPa) — the rock mass’s critical strength (for a

size beyond which no further decrease in
the strength can appear).

Bieniawski’s (Eq 4) linear formula cannot consider the
volume and saves the geometric effect of the increase in
the w/h ratio. On the contrary, Salamon & Munro’s (Eq 3)
formula distinguishes the shape effect of the scale effect.
Subject expressing the pillar volume as a function of w and
h (V=w?h for a square section pillar), equation 3 can be
rewritten in the form of equation 5 (Galvin et al., 1996).
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o,= kV® (w/h)? 5
With

h — the pillar height,

op — (MPa) The pillar’s strength,

w — the width of the pillar,

A% — it’s the pillar volume,

k (MPa) — a coefficient characterizing the value of

the strength representative of a cube of
one-meter side. o and B represent two
constants being defined for each mecha-
nical geo context.

Our work aims to estimate the strength of pillars via
grouped two approaches, the first which allows considering
the shape properties and the size of the rock mass, and the
second that makes it possible to integrate
the concept of probability of failure in the
assessment of the risk of failure.

The basic methodology of this hybrid
approach was identified and wvalidated
by estimating the pillars’ compressive
strength in the case of coal (Cheikhaoui et
al., 2020, 2021). We used the Australian
coal case study data of Galvin’s study to
compare results, which gave us very simi-
lar results found in previous works.

5°3124"

2 The study area

As far as the location of the Chaabet El-
Hamra deposit is concerned, it is situated as
the crow flies about 250 kilometers South-
East of Algiers and 50 km south of Setif,
namely in the area of Chouf-Bouarket,
4.5 km from Ain-Azeland and 12 km SE
of the Kherzet Youssef mining complex as
shown in Fig 1.

11 35°47'40"

3124"

5°31'26"

5°31'26" 5°31'28"

fragile and subsiding (Lower Cretaceous). It is made up of
over 2300 meters of sediments, terrigenous and carbonates
(dolomitic series included). Many dolomitic sequences are
mainly on the platform’s northern and southern margins,
distinguished by their significant mineralization. A tecto-
nics of the horst and graben-type has resulted in asymmet-
rical folding, with diapir forming in the cores on occasion.
It is characterized mainly by Cretaceous deposits, of
which the Hauterivian is of the most significant interest, as
it contains the mineralization (Fig. 3):

a) Valanginian (n): The Valanginian (sterile) de-
posits outcrop east of the eastern fault and west
of the deposit and are represented by alternating
grey aleurolite with light grey quartz sandstones,
sandstone and clay dolomites, limestones and
grey-green marls.

593130

5°31'32" 5°31'34"

5°31'30"

According to the WGS 1984
coordinates scheme, it is located between
35°45’ N and 35° 48’ N latitude and 5° 31’
E and 5° 32’ E Longitude.

2.1 Geological setting of the region

The Chaabet El-Hamra is located
within the geological context of the Hodna ‘
district in the joint of three geological 0 21y
zones known as Tellian Atlas, the Sahara
Atlas and the high plains, as demonstrated
in Fig. 2. S—

Meditenraneahn
Sea

i Tunis
@A!glers ®

Community

During the Mesozoic time, the high
plains overlaid a carbonate platform that (b)
remained shallow. From the Upper Trias-

sic to Albian, the carbonate platform was photo (a).

5° 62 7
®

Chaabat-El-Hamra

T T T
10°

T
jlats

Fig. 1. The position of study area in the map of northern Algeria (b) and its satellite
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Fig. 2. Geological map of the studied area (taken from Vila, 1977).
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b) Hauterivian (n,): The zinc mineralization of in-
dustrial interest is located in the lower part of the
Hauterivian, which varies from 100 to 150 m.

c) Barremian (n,): It is developed to the northwest
and south of the deposit.

2.2 Ore exploitation in mine

The mineralization is flat dipping and sits in an anticline,
extending over 500 meters along strike, 150 meters across
strike, and ranging from 100 to 160 meters underneath
the surface. As far as the thickness of mineralization is

concerned, it ranges from 1 to 20 meters. Ore was trucked

Age

Lithology

Miocene

Barremian

discrepancy

Sandstone with sandstone dolomite
i) intercalation

Upper
Sandstone dolomites
Marls

Marly limestone

Marls and massive dolomites

Lower

Hauterivian

Massive cavernous dolomites

Sandstone with woody debris

Mineralized massive dolomites

Grey-dark mineralized massive dolomites

Lower

Valangnian

Sandstone and clayey marl

Fig. 3. Lithostratigraphic column of Chaabet El-Hamra ore deposit (Boutaleb,

2001).
Profile 10 RNtk Profile 0
NW SE
"_'/
/"'/ :
_——
—r— L —— a——— / e
4 N
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Bodyn°1
lens 5 lens 2
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Fig. 4. Longitudinal section of the lenticular mineralization of Chaabet El-Hamra.

lens 1
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from the Chaabet El-Hamra mine to Kherzet
Youcef'to be processed into zinc concentrate.

In order to access the mineralized
zone, there is an inclined shaft (decline)
situated in the lowest point of the area, at
Hill 1020, over a length of 830 meters in
the waste rock. It is utilized for personnel
circulation, equipment and ore transport.
Also, it is considered as a fresh air intake to
underground mining spaces.

2.3 Deposit description and its vicinity

The zinciferous ore of Chaabet El-
Hamra deposit is composed of two main
bodies called body No. 1 for the upper body
and body No. 2 for the lower body as shown
in Fig. 4 and as it is mentioned in the report
of the Entreprise Nationale Des Produits
Miniers Non Ferreux, ENOF (2013). These
bodies are elongated in a band over 2700 m
in direction and 100 to 400 m in dip. The
ore bodies dip at an angle of 10° to the
northwest.

The ore is hosted in porous or brecciated
dolomite located in the lower part of the
Hauterivian stage (Lower Cretaceous).
The roof of the upper body (body No. 1)
is dolomite with marly beds, while the
wall of the lower body (body No. 2) is
massive dolomite with concretions (spotted
dolomite). The two ore bodies are stratiform,
subparallel, and separated by an intercalary
level consisting of poorly mineralized and
sometimes sterile dolomite of variable
strength. This level may be absent so that
the two bodies merge into one continuous
ore body. The average thickness of body No.
1 (upper body) is 5 meters, and that of body
No. 2 (lower body) is 4 meters.

The Canadian mining group SIDAM Inc.
(1992) has evaluated the geological reserves
by the influence polygon method with an
average cut-off grade of 3 %, a minimum
exploitable thickness of 2 m, and a density
2.87.
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3 Methodology

The main proposition supposes that the strength R, of
a pillar is explained by the strength K (of the intact rock),
by corrective functions of shape F(f) volume G(v) and
function of the probability effect H(ps) (Eq. 6).

Suggestion:

R,=K .H(ps) . F(f).G(v)
Where:

F

G
H

(shape): It depends on the geometry of the pillar.
(volume): It depends on the pillar volume.
(probability of survival): It is the probability of
survival associated with an applied constraint,
such as the probability of survival (Py) =1 — (P))
probability of failure.

K is the strength of the specimen (MPa).
Tab. 1
Uni-axial compression strength (MPa) of zinc rock samples
from Setif-Algeria.
Uni-axial Uni-axial
Sample . 5
number | compression Sample number compression
strength (MPa) strength (MPa)
1 474 8 43
2 82.6 9 90.5
3 159.9 10 102.3
4 92.5 11 61.1
5 40.4 12 112
6 108 13 155.5
7 80.9 14 932
Tab. 2
Weibull parameters of zinc rock sample.
Weibull Value Geometric Value
parameters parameters
m 2.36 Wi/ Mep (1/d ratio) 0.5
o,(MPa) 103.61 Vv, (m?) 2.159 x 10+

The equalization of Eq. 7 developed in our previous
works (Cheikhaoui et al., 2020) and (Cheikhaoui et al.,
2020, 2021), taking into account scale and shape effects,
is given as follows:

In (Vy % )
Rp(PS) = 0, . In(1/P)" . (w/h) ""PHer) yrim (\pa)
(7

Furthermore, if there is a set of N values of compressive
strength measured experimentally on test specimens of the
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same material, volume V, and slenderness W_/H_, it is
then possible to obtain the parameters of the Weibull’s law
mand o

That is to say, in general form:

R, p(MPa) = 0,. H(Ps) . G(volume) . F(shape) ()

We consider a set of 14 uni-axial compression tests to
samples of zinc rock (see Table 1) with V =2.159 x 10
(m?) and the length to diameter ratio 1/d = 0.5 allowing
the different parameters of Weibull’s law to be calculated.
The results are summarized in Table 2. The tests of
compression are executed by the national company of non-
ferrous mining products.

3.1. Pillar strength in chaabet EI-Hamra mine

The strength formula of a zinc pillar found using
Weibull parameters is written as follows:

Ry = 103.61 In(1/P,)(w/h)>'3V 94> (MPa) )

The strength formula of a zinc pillar according to the
probability of survival Ps =93 % meaning 7 % of the risk,
is written as follows:

R, 093 = 23.60("/,,)>1® V042 (MPa) (10)

The curve in (Fig. 5) shows a decrease in strength with
an increase in volume. This phenomenon represents the
scale or size effect.

R (Mpa)
40

30

20

0 V (m3)
20 40 60 80 100

Fig. 5. Size effect on the strength of zinc pillars for different
shapes (w/h = 0.5, 0.8, 1, and 1.2) according to the risk of 7 %.
The formula developed using Weibull parameters m and 0.

The strength variation follows a power law such that
there is a decrease with increasing volume, which is
consistent with previous research. We notice the shape
effect in Fig. 5 such that the strength values increase with
the increase of the shape ratio w/h.

The scale effect on pillar’s strength is due to the
various (micro) fractures (weaknesses) such as cracks in it.
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The probability of survival is a statistical value depending
on the number and types of fractures present in the rocks.
In smaller volumes, the likelihood of finding of defects is
more negligible, so the strength is higher.

It is noticed that the strength begins to stabilize after
a specific volume that is called critical volume, or there is
no variation of strength with the increase of the volume.
This critical volume depends on the form w/h ratio for the
same type of rock.

It is suggested that the reduction in strength is due
to the greater opportunity for inevitable failure, the
building blocks of the intact rock, as more and more of
the weaknesses are included in the test sample. Eventually,
when a sufficiently large number of weaknesses are
included in the sample, the strength reaches a constant
value.

Figure 6 shows the shape effect where the strength
increases with the increase in the w/h ratio of the pillar.

R (Mpa)
200
150
100
50
0.6 08 1.0 ;; 14 16 1.8 20 o

Fig. 6. Shape effect on the strength of a zinc pillars of different
sizes (V1 =18 m?, V2 =27 m3and V3 = 50 m®) according to the
risk of 7 %. The formula developed using Weibull parameters m
and o0.

In our case, m = 2.36, we notice an exponential
evolution of strength with the increase of the w/h ratio. The
size effect is always present such that the small volume has
the highest strength values and a critical value of w/h ratio
such that the strength tends rapidly to a large value.

Arock mass’s strength is usually described as a constant
cohesive component and normal stress or confinement-
dependent component. Hence for pillars with w = h or
ratios greater than 1, the strength should increase as the
confining stress increases.

3.2 Probability of survival for pillars

Formula 7 allows us to introduce the probabilistic
distribution of defects and the probability of activation
of these defects, that is to say, the probability of failure.
If there is a series of defects, when one of these defects
(the discontinuities) is activated, the failure occurs. The
relation proposed as an analytical approach for estimating
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the strength of a pillar such that R = g, The stress to be
applied for at least one of the defects is activated (the
failure), so:

In (vy™)
P =EXP[("/p)*. v™/(-=mo,)] with a =
K h )4 ln(Wep /hep)
n
Such as:
Y0 — specimen volume (m?).
% — pillar volume (m?).
Wep/, hep — ratio of the shape of the specimen.
W — pillar shape ratio.
m — the parameters of the Weibull’s.
o, — the stress applied (MPa).

Py =EXP[("/p)>13 . v 04)/(-0.420,)] (12)
Tab. 3

Summary of the calculations of the ratio and the average slen-
derness for all the blocks.

Average Average Average
Number width erag g
. height of w/h extraction

Block | of pillars of the . .

" the pillars | (average) | ratiot
of the block| pillars o

[m] [%]
[m]

4/1 32 2.4 5 0.5 82.8
4-5/2 10 3.7 2 1.84 81
5-6/4 22 3.9 2.7 1.5 72.3
5-6/3 20 2.5 24 1 82.4

6/3 12 2.4 2.5 1 843

4-5-6/13 23 23 6.5 0.4 83
5-6/12 9 3 2.5 1.2 77.8
4-5-6/5 17 3.4 4.5 0.8 76.4

5/1 29 3.1 2 1.6 77.1

As the exploitation in the mine do by chambers and
pillars, the stress g, (MPa) applied to the center of the pillar
is related to the extraction ratio T and o, (MPa) the vertical
stress linked to the higher ground load. The formula can be
written as follows (in Brady & Brown, 1985):

1
0y = 0T (13)
Such as
O-V = yav'hav (14)
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Fig. 7. Operating plan for the upper part

Ventilation shaft

V. — The average specific gravity (N/m?),
« — The thickness average of the cover land (m).

In our case:

0, = Yur-h=106.5x 27.4 x 10°=2918.1 kN/m* =2.9 MPa.

Table 3 summarizes the geometric parameters and the
calculation of the ratios for all the blocks (see Fig. 7).

It appears from this table that the extraction ratio
varies from 0.72 (lowest rate for the 5-6/4 panel) to 0.85
(largest for the 6/3 panel). The lowest rate corresponds to
the largest average pillar width, and conversely, the largest
corresponds to the smallest pillar width.
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Pri — upper beam of the Chaabet El-Hamra
mine.
Pr2

Pr3

4

Prs

Pré

Pr?

Prs
=] Profiles

- Positive polls

! Negative polls
I Unexploited areas
[] Exploited areas

[5.] Limits of operating panels

4 Results and discussion

4.1 Probability of survival in chaabet ElI-Hamra
mine

The blocks (5-6/4), (4-5/2) and (5/1) in the mine are the
most insusceptible to failure with an estimated probability
of failure less than 16 % (see the Tab. 4); this is because
w/h ratio of this pillar is greater than 1.5 (the shape effect).
For the other blocks, the risk of failure is more than 49 %
(essentially, when the w/h ratio of the pillar is less than 1,
the risk of failure is significant).

=[Ps,,, +Ps +Ps + Ps +P

PSoverall (1) (4-5/2) (5-6/4) (5-6/3) S 63 +Ps -

+Ps +Ps +Ps , 1/9s0:Ps . =37.52%.

5-6/13) (5-6/12) (4-5-6/5) (5/1)
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PFoverall = [Pf(4/1) * Pf(4-5/2) + Pf(5-6/4) * Pf(s-s/z) + Pf(6/3) +
Pf(4-5-6/13) +P f(5-6/12) + Pf (4-5-6/5) + Pf (5/1)]/ 9 50 : Pfoverall =
62.48 %.

And this is confirmed by the following relation
P.+P =1

Tab. 4

Stress o, applied, g, the vertical stress, probability of survival
(Ps), and probability of failure (Pf) of each panel of the mine.

Block 2 | Depth ‘;: Zf % g % g n?
of pillars - :‘E [m] [MPaj| [MPa] _§ a _§ E T
BN £5& |=%&

(/1) 0.5 | 1065 | 2.91 | 23.5 | 1.39913E-34 | 1
4-5/2) | 1.84 | 1065 | 2.91 | 203 [0.922 0.0771
(5-6/4) | 1.5 | 1065 | 2.91 | 13.1 |0.8385 0.1614
(5-6/3) | 1 1065 | 2.91 | 30.7 [0.1129 0.8870
(6/3) 1 1065 | 2.91 | 32.9 0.2509 0.8994

(4-5-6/13)| 0.4 | 1065 | 2.91 | 27.3 | 2E-134 1
(5-6/12) | 12 | 1123 | 3.07 | 204 |0.5107 0.4892
(4-5-6/5) | 0.8 | 1065 | 2.91 [ 19.8 |0.00056 0.9994
(5/1) 1.6 | 100 2.74 | 16.5 |0.8908 0.1091
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We can estimate the probability of survival (overall
mine stability) by:

4.2 Stability of Chaabet EI-Hamra mine

In our case study of Chaabet EI-Hamra, the mine depth
varies between 106.5 and 112 m. In the mining method
room and pillar; the pillars are generally square in shape and
variable dimensions according to the adopted extraction
ratio. This extraction rate varies between 72 % and 84 %.
Former mechanical tests were performed to determine the
uniaxial compression strength of the zinc rock. The range
of variation is between 40.4 and 159.9 MPa. Also, nine
blocs (contain 174 pillars) were analysed to distinguish
between stable and unstable pillars in the mine.

We performed an estimation of the safety factor based
on estimation of strength with a probability of failure
P, =7 % and the direct data collected from the mine’s
pillars (in particular width and height).

The pillar stress was calculated using an analytical
method (tributary area) to estimate the average vertical
stress on the pillars. Figure 8 shows the distribution
of the safety factor for underground zinc mines using
interpolation with a gaussian kernel, the yellow and the
green zones correspond to stable zones; the red zone is
the most sensitive to collapse and the blue for probable
collapse zones. We note the average safety factor for stable
mines is equals to 1.2.

The safety factor values indicate that there are blocs in
the mine at risk of failure, so there are pillars to intervene in
first to be stable. Further detailed analysis is recommended
for the pillars with an
average safety factor is
less than one and still
stable.

755900 756000

5 Conclusion

New formula de-
veloped by combining
two formulas, based on
a relationship between
the back-analysis aspect
of Galvin et al. (1996)
and the probabilistic as-

Legend
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- 1-1.25 Area of probable collapse risk
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pect of Weibull (1939),
explicitly reproduces the
effect of volume and sha-
pe. It allows us to inter-
pret the influence of both
factors on the strength of

Fig. 8. Safety factor map.
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a pillar. We have used the Weibull’s parameters derived
after an approximation with Galvin’s formula. The results
described in this research show that the strength decreases
when volume increase but increases when width increases
(a substantial pillar is more resistant than a slender pillar).

The analysis of the stability of the pillars of the
Chaabet El-Hamra mine (those pillars which exist in the
Hauterivian lithology containing mineralization) indicates
that the pillars in blocks (5-6/4), (4-5/2), and (5/1) in
the mine are insusceptible to failure with an estimated
probability of failure of 11 % and 16 % but in other blocs
the risk of failure is very high. The probability of survival
(overall mine stability) is Ps_ = 37.52 %.

One of the advantages of the probabilistic strength
measurement is its functional relation with the deformation
at the pillars’ level and the progress of the works of the
mining sites. They possibly have the most significant
impact on the overall strength of the mine. Therefore, it is
necessary to choose an optimal critical size for the pillars
to ensure good operation and safety.

In conclusion, the new formula (Strength — Probability
of Survival) of the pillar considers the pillar stress ratio
and pillar of strength. The stress can be determined using
the tributary area and the pillar strength through Weibull’s
parameters. Sophisticated tools are helpful to understand
the rock mass and mines (pillars) behavior. However, the
influence of the geostatic distribution of discontinuity is to
be considered in our next contributions.
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Novy matematicky postup hodnotenia pevnosti pilierov na priklade banske;j
prevadzky Chaabet El-Hamra (Setif, AlZirsko)

Clanok prezentuje zdokonaleni metodiku uréovania
charakteristickej pevnosti ochrannych pilierov so zohl'ad-
nenim ich velkosti a tvaru. Tato metodika bola aplikovana
v podzemnom dobyvacom priestore na Zn rudy Chaabet
El-Hamra (Setiv, Alzirsko).

Lokalita Chaabet El-Hamra (obr. 1 a 2) je situovana
na rozhrani troch geologickych jednotiek: Tell Atlas
(Maly Atlas), Saharsky Atlas a Vychodna Meseta
(Vychodomarocké nahorné stepi). Karbonatova platforma
v obdobi mezozoika postupne poklesavala. Je pokrytd
terigénnymi sedimentmi a d’al$imi karbonatmi v celkove;j
hrabke vyse 2 300 m. Na severnom a juznom okraji
platformy sa vyskytuju sekvencie dolomitov kriedového
veku, ktoré su nositelmi bilanénej Zn mineralizacie
(obr. 3). Tazena &ast’ stratiformného loziska Chaabet El-
-Hamra (s rozmermi 500 x 150 m a hrubkou 1 — 20 m;
obr. 7) mé sklon 10° na SZ. Hibka dobyvacich priestorov
je v rozmedzi 106,5 — 112 m. Pouzitd dobyvacia metoda
je typu komora — pilier. Piliere maji Stvorcovy prierez
réznych rozmerov v zéavislosti od lokalnej miery
vytaznosti (obr. 7; zndzornené ¢ierne objekty v dobyvacom
priestore). Vytaznost’ sa pohybuje v rozmedzi 72 — 84 %.
Na zaciatku tazby boli mechanickymi skuSkami urcené
hodnoty jednoosovej kompresie tazeného materialu
s obsahom zinkovej rudy, ktoré sa pohybovali v rozsahu
40,4 — 159,9 MPa. V sucasnosti sa v dobyvacom priestore
nachaddza 174 pilierov. Odhad bezpecnostného faktora
zalozeného na zisteni pevnosti tazeného materidlu,
pravdepodobnosti zlyhania a rozmerov pilierov (Sirka
a vyska) preukazal hodnotu 7 %.

Celé lozisko buduju dve hlavné mineralizované polohy
(¢. 1 —horné poloha s priemernou hrabkou 5 m, ¢. 2 —dolna
poloha s hrubkou 4 m; obr. 4). Tieto pretiahnuté polohy
dosahuju smerna dizku vy$e 2 700 m a po sklone maju
100 az 400 m. Zn ruda sa nachadza v poréznych alebo
zbrekciovatenych dolomitoch spodnohoterivského veku.
Rudné polohy st paralelné a spravidla oddelené slabo
mineralizovanym alebo nemineralizovanym dolomitom.

Lozisko je z povrchu spristupnené tpadnicou dlhou
830 m. Vytazena ruda z Chaabet El-Hamra sa dopravuje
po cestnej komunikacii na susediacu bansku lokalitu
Kherzet Youcef, kde sa z nej ziskava zinkovy koncentrat.

Velkost' podzemnych dobyvacich priestorov ma
vplyv na mechanické vlastnosti masivu (Zengchao et
al., 2009; Zhang et al., 2011). Podstatnym parametrom
pri Studiu stability je pevnost’ v tlaku, pricom je dolezité
zohl'adnit” aj primarnu frakturaciu v ochrannych pilieroch
(York a Canbulat, 1998; Medhurst a Brown, 1995). Pri
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charakteristickej pevnosti pilierov sa posudzuje hl'adisko
pravdepodobnosti prekrocenia konkrétnej hodnoty tlaku,
¢o by sposobilo vznik poruch v horninovom masive.
Vyhodou novej metodiky je aplikacia nového analytického
vzorca, ktory zohladiuje vplyv velkostnych proporcii
(vel’kosti a tvaru) a aspekt pravdepodobnosti pri hodnoteni
rizika vzniku poruch v banskych pilieroch bez potreby
experimentalnych merani na urovni pilierov. Tymto
sposobom nova metodika prindSa Usporu finan¢nych
nakladov a casu. Vyhodou pravdepodobnostného
uréovania pevnosti je zohladnenie vztahu deformacie
pilierov a postupu prac na banskych lokalitach.

Aspekt velkostnych proporcii (mierky) v mechanike
pevnych latok zisteny experimentalne suvisi s redlnou
pritomnostou vécsieho poctu diskontinuit v materidli
pri jeho vd¢Som objeme. Ak sa zviac¢Senim objemu hor-
ninového prostredia zvySuje pravdepodobnost’ vyskytov
diskontinuit, mechanické vlastnosti tohto prostredia (pev-
nost’ a tvrdost) sa v ochrannych pilieroch imerne znizuju
(Martin a Maybee, 2000; Cuisiat a Haimson, 1992; Heuze,
1980; Salamon a Munro, 1967).

Pravdepodobnostné kritérium, ktoré umoziuje odvo-
dit’ pevnost’ piliera ako funkciu jeho velkosti, tzv. efekt
mierky, zaviedol Weibull (1939; matematické vyjadrenia
1 a 2). Pri $tadiu pevnosti pilierov v laboratérnych pod-
mienkach (Hudson et al., 1972; Salamon a Munro, 1967;
Zengchao et al., 2009; Zhang et al., 2011) sa zvyraznila
dolezitost’ reprezentativnosti parametrov vzorky z daného
horninového masivu. Ak pilier in situ neobsahuje geolo-
gické diskontinuity (napr. vrstvovitost’ ¢i tektonické po-
rusenie) alebo antropogénne poruSenie (napr. strelnymi
pracami), mozno ho povazovat’ za neporusené horninové
prostredie (York a Canbula, 1998). V takom pripade kritic-
ka pevnost’ horninového masivu (pri danej velkosti, nad
ktorou sa uz nevyskytne d’alSie znizenie pevnosti) mozno
povazovat za realnu pevnost’ horninového masivu in situ
(t. j. vysledky zistené v laboratornych podmienkach sa
povazuju za koreSpondujice s realnymi vysledkami v hor-
ninovom masive).

Inu, retrospektivhu metodiku (tzv. metddu spétnej
analyzy) zaviedli Salamon a Munro (1967) a Bieniawski
(1968; matematické vyjadrenia 3 a 4).

V tomto ¢lanku prezentujeme metodiku uréovania pev-
nosti pilierov spojenim oboch metodik. Novy vzorec (6),
ktory bol vyvinuty kombinaciou dvoch matematickych
vyjadreni z uvedenych metodik na zaklade vztahu me-
dzi aspektom spitnej analyzy (Galvin at al., 1996) a prav-
depodobnostnym aspektom (Weibull, 1939), umoznuje
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interpretovat’ vplyv oboch faktorov na pevnost’ pilierov
(matematické vyjadrenia 7 — 14). Distribiciu bezpecnost-
ného faktora znazortiuje obr. 8. Zltou a zelenou farbou s
v iom vyjadrené stabilné oblasti, Cervena farba znazornuje
oblasti s rizikom zavalenia a modra farba znazoriiuje ob-
lasti s vysokou pravdepodobnostou zavalenia. Priemerny
bezpecnostny faktor stabilnych casti bane je 1,2.
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Vysledky prezentované v tomto ¢lanku preukazuji, Ze
ked’ sa zvdcsuje objem piliera, jeho pevnost’ klesa, ale so
zvacSovanim $irky piliera sa jeho pevnost’ zvysSuje (masiv-
ny pilier je odolnejsi ako stihly pilier).
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Abstract: The study is focused on better understanding of bacterial activity in biological-chemical leaching in soil
remediation process. The heterotrophic bacteria isolated from the contaminated soil from the locality Richnava
(Eastern Slovakia) showed good resistance towards As, in both experiments with bacterial growth on solid nutrient
media (agar plates), as well as in liquid nutrient media (glass tubes), especially to molarity of 0.3 mM As. Even
though the toxic character of elements presented in studied soil was not proven by the method of Toxic Charac-
teristic of Leaching Process (TCLP), the microbiological study pointed at the bacterial activity in disruption of
bounds between the mineral grains and toxic elements, especially of As bounded on Fe coatings of mineral grains.
That was confirmed by changes of mineral grains surface observed by optical and scanning electron microsco-
py. The Simple Bioavailability Extraction Test (SBET) pointed at the bacteria influence in biological-chemical
leaching of the soil, where bioassessment of studied toxic elements decreased after the soil treatment, except of
Fe and As. The results from the sequential extraction analyses showed the decrease of As content in the residual
fraction as well, contrary to the other toxic elements, after the biological-chemical leaching and its increase in the

bioavailable fractions.

Key words: contaminated soil, sequence extraction analysis, bacteria resistance

Cultivation of heterotrophic bacteria on agar plates

Graphical abstract

1. Introduction

Soil contamination by toxic elements is one of the main
environmental problem in the world. An international
trend of enforcing more stringent legislation on landfill
disposal, e.g. European Union Landfill Directive (Council
of the European Union 1999), has prompted a strong
drive on the land remediation industries to develop
remedial technologies for sustainable resource recycling/
conservation (Tsang & Yip, 2014).

Heavy metals are natural elements, in their basic
level being just atoms. That is why their degradation
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» Heterotrophic indigenous bacteria showed good re-
sistance towards As.

 Biological-chemical leaching decreased the content
of As in the residual, non-biodegradable, fraction of
the contaminated soil.

Highlights

» Repeating of cycles of chemical and biological-che-
mical leaching is promising way for the soil reme-
diation.

and metabolism is not possible. Instead, microorganisms
have evolved coping strategies to either transform the
element to a less-harmful form or bind the metal intra- or
extracellularly, thereby preventing any harmful interactions
in the bacterial cell. Plus, they are able to actively transport
the metal out of the cell cytosol (Nwagwu et al., 2017).
The bioleaching process can be a promising alternative
technology for heavy metal polluted soils remediation
due to the simplicity of the operation, low costs and eco-
friendliness. Certain types of bacteria have been used in
remediation processes of contaminated soil for decades
due to their capacity to detoxify certain heavy metals,
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their high surface area to volume ratio, and their capacity
to promote plant growth and metal accumulation on plant
tissues (Pires et al., 2017). Soil bacteria communities play
an important role in nutrient cycling, plant symbioses,
decomposition, and other ecosystem processes. Selection
of the proper microbial agent is one of the most critical
steps in order to remove heavy metal from the soil (Xu et
al., 2020).

Microbes deal with poisonous chemicals by applying
enzymes to convert one chemical into another form and
taking energy or utilizable matter from this process.
Despite its toxicity, the ancient and constant exposure of
bacteria to arsenic has led to the microbe colonization of
arsenic-rich environments throughout the development
of metabolism coupled biotransformation processes, i.e.
reduction, oxidation, that affects geochemistry, speciation
and toxicity of this element. Due to the ability of bacteria
to metabolize highly toxic arsenic compounds into a less
toxic form, the isolation and study of arsenic resistant
bacteria is attractive for the establishment of processes to
ameliorate the bioavailability of arsenic in contaminated
soil and water (Alaniz-Andrade et al., 2017).

Bioaccumulation mainly involves the biosorption or
physiological uptake of arsenic by microbial metabolically
active and passive processes. Microbial-mediated arsenic
reactions may occur thereafter, which is part of the most
important phenomena involved in arsenic metabolism.
Because of its high efficiency, low cost, and most
importantly its eco-friendly nature, bioaccumulation
presents an interesting option for the removal and recovery
of arsenic from the contaminated environments (Pandey &
Bhatt, 2015).

This research study deals with the explaining of the
bacterial contribution in the soil leaching and continues
on the results from the research of contaminated soil
bioleaching published by Styriakova et al. (2019). The
resistance of heterotrophic autochthonous bacteria isolated
from the contaminated soil towards the As was studied.
The toxic characteristic of leaching process, bioassessment
of studied toxic elements as well as sequential extraction
analyses were provided to evaluate the influence of
bacteria onto toxic elements leaching. The experimental
results were completed by the electron microanalyses.

2.  Materials and Methods

2.1. Soil sample

The soil sample was taken from the Richnava locality
(denoted as R1). The sampling site was a garden often
flooded by the Hornad river. The river was polluted
because flowing through the localities, heavy loaded with
products of anthropogenic activities — especially mining
and metallurgical industry. The soil was sieved to grain
size below 4 mm. The oversized product consisted of
anthropogenic sludge and larger rock grains. The grains
below 4 mm were used for experimental purposes.
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According to the XRD analysis the main mineral phase
of studied soil was quartz, creating more than 70 %, than
siderite and Mg-siderite (12 %). Other minor phases
were plagioclase (4.3 %), muscovite (2.4 %), K-feldspar
and chlorite (both approximately 1 %), calcite (1.8 %),
dolomite (1.4 %) and barite, hematite and illite (below
1.0 %) (Styriakova et al., 2019).

2.3. Microbiological analysis of soil

Microbiological analyses were performed with the
aim to determine the count of heterotrophic bacteria
in contaminated soil that are tolerant towards high
concentration of toxic As. The resistance of heterotrophic
bacteria isolated from the contaminated soil towards As
was tested by bacterial cultivation on the solid nutrient
media — agar plates (Trypton soya agar — TSA) and in
the liquid nutrient media TSB (Trypton-soya broth) with
the addition of 0.3 mM and 3 mM As respectively. The
bacterial turbidity was determined using the McFarland
standard (2002).

McFarland standard is a chemical solution of barium
chloride and sulphuric acid. The result of the chemical
reaction is a fine precipitate of barium sulphide. After the
suspension shaking its turbidity is visually comparable
with the bacterial suspension of known concentration. The
degree of turbidity is in the range of 0.5—10 and represents
the different bacterial density, count of bacterial cells
(Tab. 1). The measured value of absorbance corresponds
with the particular value of McFarland standard. On this
basis it is possible to determine the approximated count of
bacterial cells for each sample.

Tab. 1
McFarland standard for determination of count of bacterial cell
in media in dependence on measured value of absorbance.

McFarland Grown bacterial cells
standard Absorbance [ml]
0.5 0.125 1.5 x 108
1 0.25 3.0x 108
2 0.5 6.0 x 108
3 0.75 9.0x 108
4 1 1.2 x 109
5 1.25 1.5x 109
6 1.5 1.8 x 109
7 1.75 2.1 x 109
8 2 2.4x 109
9 2.25 2.7x 109
10 2.5 3x109

The value of absorbance of media was measured
in selected time intervals by UV VIS spectrometer
Spectroquant Pharo 300 (Merck, Germany) at wavelength
of 540 nm. As the blank control the uninoculated TSB
medium was used.
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2.3. Chemical and biological chemical leaching of

soil

According to the method of soil remediation published
by Styriakova et al. (2019), the studied sample was
leached in three steps. Through the glass column of
80 mm in diameter and 340 mm high containing 1 kg
of the contaminated soil percolated with 2 1 of media
containing 10 mM Ethylenediaminetetraacetic acid
disodium salt dihydrate (Na,EDTA, denotes as chelant
chl). Subsequently, 1.5 I of medium with Ethylenediamine-
N,N'-disuccinic acid trisodium salt (Na,EDDS, denoted as
chelant ch2) percolated through the glass bottle containing
800 g of chemically leached soil. After that 700 g of
as-treated soil was bioleached using 3 | of media with
2 mM chelant chl and nutrients.

For the bioleaching experiments the heterotrophic
bacteria Bacillus spp. isolated from the sediment of water
dam Ruzin were used. The samples were heated at 80 °C
for 15 min to kill vegetative cells. The sediment contained
the spore-forming bacteria at a concentration of 105 CFU/g
active in Fe dissolution (Styriakova et al., 2016). The
isolates were grown in Trypton soya broth at 28 °C for
18 h. Following the cells were centrifuged at 4 000 rpm
for 15 min and washed twice with the saline solution
(0.9 wt % NaCl). These bacteria were inoculated into the
parallel columns before the medium percolation (to ensure
the activity of autochthonous bacteria). The stimulation
of indigenous heterotrophic bacteria using nutrients in
the form of fertilizers verified the mobilization of toxic
elements from the soil samples.

2.4. Toxicity and bioassessment of soil

Soil toxicity was determined using Toxic Characteristic
of Leaching Process (TCLP) according to the US EPA
1311 method (Khorasanipour & Eslami, 2014). The soil
sample of 50 grams was treated by solution of 1 N NaOH
and vinegar acid of pH 4.2 for 18 hours under the vigorous
stirring.  The permissible concentration of elements
extracted from the soil or waste are listed in Tab. 2. The
limits are supplemented by values according to the solid-
waste extraction procedure for leaching toxicity HJ/T
300-2007 (IEPT) (Xu et al., 2019).

Tab. 2
TCLP and IEPT limits.

Cu Pb Zn As Ba Cd Cr
TCLP limit
el - 5 - s | 100 | 1 5
[EPT so | 3 | so | 1s| - o3| 10
[mg/1]

The bioassessment of the toxic elements present in the
contaminated soil was tested by Simple Bioavailability
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Extraction Test (SBET). The soil sample of 5 grams was
treated by solution of 0.4 M glycine of pH 1.5 (adjusted by
HCI) under the vigorous stirring for 1 hour at 37 °C (Report
No.: 1542820-003-R-Rev0, 2016; Kim et al., 2009).

2.5. Sequential extraction analysis of soil

The as-received soil sample, chemically leached
samples by chelants chl, ch2 and biological-chemical
leached sample were subjected to sequential extraction
analysis with the aim to determine the content of toxic
elements in biologically available and unavailable
fractions. The sequential extraction analysis was provided
according to the method described by Mackovych et al.
(2000).

2.6. Optical and electron microscopy, electron
microanalysis

The changes of separated grains after the biological-
chemical leaching were observed by binocular optic
microscope with camera Nicon P-FMD (Japan).

The particular soil grains were observed by electron
micro analyzer CAMECA SX-100, providing the point
chemical analyses, line profiles, RTG quantitative and
qualitative maps, backscattered electron (BEI) and
secondary electron (SEI) images.

More detailed study of morphology and grain surface
were studied by scanning electron microscopy FE MIRA
3 (Tescan, Czech Republic) equipped by XRD energy-
dispersive (EDX) analyser of chemical composition
(Oxford Instruments).

3.  Results
3.1. Microbiological analysis of soil

The detailed chemical and mineralogical analysis of the
soil sample R1 was described by Styriakova et al. (2019).
The contamination by studied toxic elements decreased,
according to the contamination criteria, in order Ba >
As > Sb > Cu (Tab. 3). Also, the plants growing in this
locality showed the presence of higher As concentrations
(Styriakova et al., 2019).

Tab. 3
Concentration of studied elements present in the contaminated
soil.
RI As | Sb | Ba | Cu [ Zn | Pb | Ni | Cd | Hg
/el | 364 | 61 |3303| 692 | 541 | 143 | 86 | 1 | 31
IT 1 65 | 25 | 900 | 500 [1500] 250 | 180 | 10 | 2.5
[mg/g]
ID
70 | 40 |1000| 600 [2500| 300 | 250 | 20 | 10
[mg/g]

ID — Permissible limit of contaminant concentration in soils
IT — Critical limit of contaminant concentration in soils
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expressive bacterial growth was observed in
the glass tubes with the As addition. After
43 hours the stagnation of growth can be
observed for all tubes and after 48 hours
the slight decrease was detected. While the
measured values of absorbance were similar
for TSB and TSB with 0.3 mM As, the highest
values were obtained for TSB with 3 mM As
(Fig. 2).

The bacterial growth in flasks was of
jump character. After 27 hours the slight
increase was observed for all samples. More

TSA

TSA+ 0.3 mM As

TSA+3 mM As

expressive increase was detected after 50

Fig. 1. Comparison of heterotrophic bacteria cultivation on agar plates (TSA),

and on plates with addition of As.

High concentration of As should
be released from the soil matrix by the
biological-chemical processes and lead to
gradual contamination of plants and. From
this reason the microbiological analyses
were performed with the aim to determine
the count of the heterotrophic bacteria in
contaminated soil that are tolerant towards
high concentration of toxic As.

The highest resistance towards As was
observed for the TSA medium with 0.3 mM
As, 1.3 x 10* colony forming unit (cfu/g).
For the TSA with 3mM As the bacteria
growth reached 1.1 x 10* cfu/g (Fig. 1). The
resistance of bacteria does not correspond
with the As concentration in the soil sample.
It is influenced by the soil utilization for
agriculture, behind with the continuous
supply of organic matter and biogenic
elements in the form of fertilizer relates.

The experiments in TSB were performed
in the glass tubes containing nutrient
medium and in the glass reagent flasks
containing nutrient medium with 5 g of
contaminated soil.

During the whole experiment more
prominent bacterial growth was observed in
the flasks. The values of absorbance reached
higher values (higher medium turbidity).
The available nutrients for bacteria growth
in flasks were provided not only from the
TSB media but also from the present soil.
The process was finished after 90 hours with
higher bacteria growth. In the glass tubes,
the experiment was finished earlier, after 70
hours.

hours and after 69 hours the slowing down
of the growth occurred (Fig. 3). In the first

0.700

0.600 r

0.500 r

Absorbance

e ©
W i
=] o
S o
T

0.200 r

0.100 r

0.000

—e—TSB

—o—TSB 0.3 mM As
—o—TSB 3 mM As

20

25 30 35 40 45 50 55 60 65 70
hours

Fig. 2. Comparison of growth of bacteria isolated from the contaminated soil in
glass tubes containing TSB and TSB with addition of 0.3 and 3 mM As by absor-
bance measuring using UV VIS spectrometer.
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1.000

0.500
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0.000
20
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Fig. 3. Comparison of growth of bacteria isolated from the contaminated soil in
glass flasks containing soil and TSB and TSB with addition of 0.3 and 3 mM As by
absorbance measuring using UV VIS spectrometer.
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hours of experiment the more expressive increase was
observed for flask contained TSB with 0.3 mM As what
also corresponds with the results obtained from the
experiments of isolated bacteria growth provided on agar
plates. For all studied media the maximum bacteria growth
was reached after 43 hours and was in the range 6 x 103— 9
x 108 cfu/ml.
In flasks the highest value of absorbance

bioassessment of Cu, Pb, Zn, Mn, Ba and Sr (Fig. 5). On
the other hand, the bioassessment of Fe and As increased,
probably due to the disruption of their bounds in the struc-
ture of leached mineral grains. This result pointed at the
further possibility of As extraction by the process of acid
leaching (pH lower than 2), that should be effective in As
concentration, lowering in the soil up to limited values.

Fe/R1L: 38.8 mg/|

was measured after 69 hours and it was

higher than 2.7, what represents more than 3 o
x 10° cfu/ml. The mineral particles present in 12
the soil are a source of biogenic elements that %
stimulate bacterial metabolism, reproduction E£10 r
and growth. Thus the growth of the resistant | § o |
bacterial cells was higher in the flask thanin | @

the tubes containing only the TSB medium. E 6 r
In this case it is not possible to determine § 4 |
the count of bacterial cell by the McFarland |
standard. More appropriate method is direct 2 L
counting under the microscope in Burker

chamber. From the reason of unavailable 0
device equipment this method was not applied cu
to evaluate the measurements of absorbance.

Pb Zn Fe Mn Ni As Sb Ba G Co Sr

R1 FR1L

Fig. 5. Concentrations of studied toxic elements in leachates after the SBET test

3.2. Toxic characteristics and bioasses-
sment of soil

The TCLP test was applied on leaching of the as-
received soil (R1) and soil after the biological-chemical
leaching (R1 L). Except the Ba, higher concentrations of
studied elements were released from the R1 L sample, but
they were under the limited values according to the TCLP
and IEPT limits (Fig. 4).

applied on as-received and biological-chemical leached soil sample.

3.3. Sequential extraction analysis

To explain the effect of combined three step chemical
and biological-chemical leaching on soil decontamination,
the sequential extraction analysis was provided.

The fractions (1) to (4) represent the forms of risk
chemical elements that are available for organisms in

their living environment and they are the most

Concentration (mg/l)

Cu Pb Zn Fe

ER1 ERIL

Mn  Ni As Sb Ba Cd Co

hazardous for their contamination. The used
reagents imitate the nature processes of liberation
of elements from the primary bounds into the
solutions and their recombination into secondary
minerals. The fraction (1) is soluble in water, (2)
exchangeable and/or carbonate, (3) reducible, and
(4) oxidizable/organo-sulfide. The fraction (5)
representing residual, encompasses the elements
in form of no real risk for organisms present in
given environment.

In the R1 sample the content of Cu (49.2 %),
Pb (85.1 %), Zn (40.3 %) and Co (33.0 %) was
the highest in the reducible fraction, content of Ni
(51.1 %), As (52.0 %), Sb (92.0 %), Ba (65.5 %)

Sr

Fig. 4. Concentrations of studied toxic elements in leachates after the TCLP
test applied on as-received and biological-chemical leached soil sample.

According to the results of the SBET test, the biologi-
cal-chemical leaching of the sample led to the decrease of
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and Cr (77.6 %) in the residual fraction and Hg
(93.8 %) in the organo-sulfide fraction (Fig. 6).
After the chemical leaching by chelant chl, the
highest ratio of Pb (78.6 %), Zn (40.2 %) and Co (26.1 %)
was still in the reducible fraction (the same ratio of Co
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Fig. 6. Content of
studied toxic ele-
ments in the frac-
tions of sequential
leachate as recei-
ved in soil, soil
after chemical
(R1chl, RIlch2)
and and biologi-
cal-chemical le-
aching (RIBL).
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also in residual), but their content decreased after chemical
leaching in behalf of water soluble fraction (Pb, Zn, Co),
ion exchangeable and carbonate fraction (Pb) and organo-
sulfide (Pb, Zn) fraction. For Cu the increase of its content
in the fractions (1), (4) and (5) was observed. The highest
ratio of Cu was in the organo-sulfide fraction. The
chemical leaching by chelant chl also led to increase of
content of Ni, Ba and Cr in the fractions (1), (2) and (3),
of As in (1) and (2), of Sb, Co in the fraction (1). Also, the
ratio of As and Co was increased in the reducible fraction,
As for more than 5 % and Co 0.5 % (Fig. 6).

After the chemical leaching by chelant ch2 the
highest content of Cu (39.5 %) and Hg (95.3 %) stayed
in the organo-sulfide fraction, Pb (78.6 %), Zn (40.1 %)
and Ni (45.9 %) in the reducible fraction and As, Sb,
Ba, Co and Cr in the residual fraction. For all studied
toxic elements, except of Ni and As, the increase of their
concentrations in the residual fraction was observed (for
Ba of 7.39 %). The content of Cu increased in the fractions
(1) and (4), Pb in (2), Zn in (4), Ni, Co in the fractions (3)
and (4), As and Cr in the fraction (3) (Fig. 6).

After the biological-chemical leaching the highest ratio
of Cu (37.3 %) and Hg (97.0 %) was again in the organo-
sulfide fraction, content of Pb (82.4 %) and Zn (36.7 %)
in the reducible fraction and other studied elements in
the residual fraction. In comparing with Rlch2, the
concentration of Cu, Pb, As, Sb and Hg decreased in the
biologically unavailable fraction. The most significant
decrease was observed for As (of 11.5 %) in behalf of
fractions (1), (2) and (3) (Fig. 6).

From these results it can be concluded that the
repeated chemical and biological-chemical leaching of
contaminated soil should lead to more expressive decrease
of As, but also of Cu, Pb and Sb concentrations in the
studied soil.

3.4. Optical and electron microscopy, electron
microanalysis

Grain body was composed mostly of aluminosilicates
with different content of Fe with admixture of quartz,
feldspars, chlorite, siderite, and also with minor ratio of
apatite and rutile (Styriakova et al., 2019).

Disrupted structure of Fe coatings was observed on
the marginal sites of grains after the biological-chemical
leaching. The heterotrophic bacteria used in the leaching
process are able to disrupt a less resistant structure of Fe
oxides and hydroxides. The point analysis in the sites
with higher content of Fe did not show and presence of
significant content of As and other studied toxic elements
(Fig. 7, Tab. 4). This pointed at their effective removal
from the grain surface by biological-chemical leaching.
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Fig. 7. BSE image of separated grain (11R) with the marked pla-
ce of point EDX analysis.

e

Fig. 8. Separated grain 7R (left) and grain after the biologi-
cal-chemical leaching (right) observed by optical microscope.

The disruption of less resistant forms of Fe oxides and
hydroxides were also observed by optic microscope. The
surface of separated grain 7R after the biological-chemical
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leaching changed visibly (Fig. 8). The application of
heterotrophic bacteria caused the Fe dissolution from the
structure, with which the As removal (and other toxic
elements bounded in Fe coatings) is expected as well.

Tab. 4
Point analysis of separated grain from the Figure 7.

Cu, Ni

Na 9 9

11R . > | Zn, Pb,
wt. % Fe | Mn | Si Al [ Mg (i(a, Co, Cr, 0, ost.

Sb, As
anl [25.18]0.01 (10.75| 5.39 [ 0.97 | 1.14 0.08 56.48
an2 | 27.95(0.08 [ 2.94 [ 9.42 | 5.03 | 0.40 0.38 53.80

Detailed morphology of surface of separated grain
7R after the leaching was observed by scanning electron
microscope. The mentioned surface structure disruption
was observed as a presence of expressive pores on the
grain surface (Fig. 9). More resistant forms of Fe oxides
were observed in the form of spherical particles created
agglomerates on the grain surface (Fig. 10).

WD: 8.68 mm
Det: SE
Date(m/d/y): 02/26/20

SEM HV: 20.0 kV MIRA3 TESCAN
View field: 395 ym

SEM MAG: 700 x

| |

100 pm

Performance In nanospace

Fig. 9. Morphology of the surface of separated grain 7R after the
biological-chemical leaching at magnification 700x.

Chemical analysis of separated grain 7R by EDX
confirmed the presence of basic structural elements of
matrix, as well as Fe particles on its surface (Fig. 11). The

76

presence of As or other toxic elements was not detected,
what corresponds with the results from the electron
microanalysis (Fig. 12).

The using of three different microscopic methods to
analyse the separated grains allows to confirm the effect
of biological-chemical leaching on toxic elements removal
from the contaminated soil, especially As.

)
MIRA3 TESCAN|

SEM HV: 20.0 kV WD: 8.75 mm
View field: 138 pm Det: SE
SEM MAG: 2.00 kx | Date(m/d/y): 02/26/20

20 pm
Performance in nanospace

Fig. 10. Morphology of the surface of separated grain 7R after
the biological-chemical leaching at magnification 2 000x.

4. Conclusion

The study was focused on more detailed characterization
of the bacterial influence on the toxic elements leaching
from the contaminated soil. The analysed toxic elements
did not show expressive toxic character. On the other hand,
the studied soil was often fertilized, what represents good
conditions for bacteria activities in disruption of bonds
between the minerals and toxic elements in the soil after
the nutrient supply. Also, they showed good resistance
onto As in their environment. The series of experiments
were carried out in order to study the bioavailability of
toxic elements in contaminated and treated soil. The
bioavailability of Cu, Pb, Zn, Mn, Ba, Co and Sr decreased
after the soil treatment, but the bioavailability of Fe and As
increased. Also, the sequential extraction analyses pointed
at the decrease of As content in the residual fraction after
the biological-chemical leaching. The results presented in
the study confirmed the possibility of soil decontamination
by repeated cycles of chemical and biological-chemical
leaching, what is promising way for the soil remediation
with regard to the natural environment.
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Fig. 11. EDX analysis of surface of separated grain 7R after the biological-chemical
leaching in mapping mode with the datailed images of analysed structural elements of
matrix and resistant Fe coatings on the grain surface.
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Vplyv baktérii na lahovanie toxickych prvkov
z kontaminovanej pody

Ciel'om $tudie bolo blizSie charakterizovat’ vplyv bak-
térii na uvolnovanie toxickych prvkov z kontaminovanej
pody v procese biologicko-chemického lihovania. Expe-
rimenty sa realizovali na vzorke pody z lokality Richnava.
Vzorka pddy R1 pochadzala z oblasti kontaminovanej na-
nosmi rieky Hornad, ktora preteka lokalitami zatazenymi
metalurgickym priemyslom, ako aj niekdajSou banskou
¢innost'ou. Chemicka analyza poukazala na jej znecistenie
toxickymi prvkami v poradi Ba > As > Hg > Sb > Cu.
Na experimentalne Gcéely sa pouzila kontaminovana pdda
a poda po procese trojstupniového biologicko-chemického
lahovania, opisaného blizsie v prispevku Styriakovej et
al. (2019).

Vzorka kontaminovanej pody s hmotnostou 1 kg
bola umiestnena v sklenenom valci s priemerom 80 mm
a vyskou 340 mm, ktorym perkoloval roztok 10 mM ety-
léndiamintetraoctanu sodného (Na,EDTA, d’alej oznaCeny
ako chl) s objemom 2 1. Potom chemicky lthovanou vzor-
kou s hmotnost'ou 800 g perkolovalo 1,5 1 roztoku 10 mM
etyléndiaminsukcinu sodného (Na,EDDS, d’alej oznaCeny
ako ch2) a nasledne sa vzorka (700 g) biologicko-chemic-
ky luhovala 3 1 média s obsahom 2 mM chelatu chl a zi-
vin. Pdda po jednotlivych stuptioch lthovania bola neskor
analyzovana pomocou sekvenénej extrakénej metody.

Mikrobiologickymi analyzami sa zistovali pocty he-
terotrofnych baktérii nachadzajucich sa v kontaminovanej
pode, ktoré toleruju pritomnost’ vysoko toxického prvku
arzénu. Arzén sa moze uvolnovat’ z pddneho matrixu bio-
chemickymi procesmi a spdsobovat’ postupnti kontami-
naciu rastlin alebo podzemnej vody, a tak spolu s inymi
prvkami ohrozit’ Zivotné prostredie.

Rezistencia heterotrofnych baktérii izolovanych
z pody proti As sa overovala kultivaciou baktérii na tuhom
zivnom médiu — agarovych platniach (tryptonovo-sojovy
agar — TSA) s pridavkom 0,3 mM a 3 mM As a v teku-
tom zivnom médiu TSB (tryptonovo-sojovy bujon) s pri-
davkom 0,3 mM a 3 mM As. Experimenty sa realizovali
v skiimavkach obsahujucich zivné médium a vo flasiach
obsahujtcich zivné médium a 5 g skimanej pody. Absor-
bancia médii sa merala vo vybranych ¢asovych interva-
loch na UV VIS spektrometri Spectroquant Pharo 300 pri
vinovej dizke 540 nm.

Heterotrofné baktérie izolované z kontaminovanej
pddy preukazali dobrii odolnost’ [pocet baktérii vySe
1,2 . 10° koléniu tvoriacich jednotiek (KTJ)/g) proti
koncentracii As (0,3 mM)] v tuhom médiu — na agarovych
platniach (obr. 1). V tekutom Zivnom médiu sa ziskali len
velmi malé rozdiely v raste poctu baktérii v zavislosti
od koncentracie As v médiu, pricom v prvych hodinach
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priebehu experimentu bol najvyraznej$i rast baktérii
v médiu s 0,3 mM As. Zodpovedd to aj vysledkom
ziskanym na agarovych platniach (obr. 2). Rast baktérii
bol vyraznejsi vo flasiach, ktoré okrem zivného média
obsahovali aj pridavok kontaminovanej pody. To umoznilo
zvySenie prisunu zivin na rast poctu heterotrofnych
baktérii (obr. 3). Vysledky poukazali na fakt, Ze rezistencia
baktérii proti As v pdde nesuvisi s jeho koncentraciou,
ale je ovplyvnena vyuzivanim pody na pestovanie plodin,
ktorym je zabezpeCeny pravidelny prisun organickych
latok a biogénnych prvkov pre pritomné mikroorganizmy
vo forme hnojiv.

Test toxicity metodou US EPA (1311) aplikovaného
procesu ltihovania pri vzorkach vstupnej pddy a pody po
biologicko-chemickom lthovani neviedol k prekroc¢eniu
limitnych hodndt koncentracie vybranych toxickych
prvkov v zmysle kritérii TCLP a IEPT (obr. 4, tab. 2).

Test biopristupnosti s vyuzitim kyseliny chlorovodiko-
vej preukazal zniZzenie biopristupnosti sledovanych toxic-
kych prvkov vo vzorke pddy po biologicko-chemickom
lahovani, s vynimkou Fe a As (obr. 5). Ich biopristupnost’
v upravenej vzorke pody sa zvysila. Naznacuje to d’alsiu
moznost’ odstranenia As a Fe procesom kyslého chemic-
kého Ithovania, ak by sa zmenili podmienky pH na mene;j
ako 2, priCom by bolo mozné znizit' hlavne nadlimitnu
koncentraciu As.

Vstupna vzorka a vzorky z jednotlivych stupiiov
chemického a biologicko-chemického lthovania (podla
postupu uvadzaného Styriakovou et al.) bola nasledne
podrobend pétstupniovej sekvencnej extrakcnej analyze
na zistenie mobility sledovanych toxickych prvkov a ich
biopristupnosti (Mackovych et al., 2000).

Vo vstupnej vzorke pédy sa nachadzali Cu (49,2 %),
Pb (85,1 %), Zn (40,3 %) a Co (33,0 %) v najvicsich
podieloch v redukovatelnej frakcii, Ni (51,1 %), As
(52,0 %), Sb (92,0 %), Ba (65,5 %) a Cr (77,6 %)
v rezidualnej frakcii a Hg (93,8 %) v organicko-sulfidicke;j
frakcii (obr. 6). Po chemickom luhovani pody chelatom
chl ostava najvacsi podiel Pb (78,6 %), Zn (40,2 %) a Co
(26,1 %) v redukovatelnej frakcii (Co rovnako 26,1 %
aj v rezidualnej frakcii), no pri vSetkych troch prvkoch
sa ich podiel oproti vstupnej vzorke pody vo frakcii (3)
znizil v prospech frakcie rozpustnej vo vode (Pb, Zn,
Co), ionovymenitelnej a karbonatovej (Pb) a organicko-
-sulfidickej (Pb a Zn) frakcie. Pri Cu je mozné pozorovat
narast koncentracie vo frakciach (1), (4) a (5), priCom
najvacsi podiel Cu sa nachadzal v organicko-sulfidicke;j
frakcii. Chemické luhovanie chelatom chl viedlo dalej
k zvyseniu podielu Ni, Baa Crvo frakcidch (1), (2)a(3),As
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v (1)a(2), Sba Co vo frakcii (1). V redukovatelnej frakcii
sa okrem spominaného obsahu Cu, Pb a Zn zvysil aj obsah
As (o vyse 5 %) a Co (0,5 %) (obr. 6). Po chemickom
lthovani pody chelatom ch2 ostavaji v najvac¢Som podiele
Cu (39,5 %) a Hg (95,3 %) v organicko-sulfidickej frakeii,
Pb (78,6 %), Zn (40,1 %) a Ni (45,9 %) v redukovatelnej
frakcii a As, Sb, Ba, Co a Cr v rezidualnej frakcii. Pri
vsetkych sledovanych prvkoch okrem Nia As pozorujeme
narast ich koncentracie v rezidualnej frakeii (Ba 0 7,39 %),
v pripade Cu narast koncentracie vo frakciach (1) a (4), Pb
vo frakcii (2), Zn v (4), NiaCov (3)a (4)apri AsaCr
vo frakcii (3) (obr. 6). Po biologicko-chemickom ltthovani
pody (BL) ostava najvyssi podiel Cu (37,3 %) a Hg
(97,0 %) v organicko-sulfidickej frakcii, Pb (82,4 %) a Zn
(36,7 %) v redukovatelnej frakcii a ostatnych sledovanych
prvkov v rezidudlnej frakcii (obr. 6). V pripade Cu, Pb,
As, Sb a Hg vSak v porovnani s podou po lthovani s ch2
sa znizila ich koncentracia v biologicky nepristupnej
frakcii, pricom vyznamnym zniZzenim je koncentracia As
(o 11,5 %) v prospech frakeii (1), (2) a (3) (obr. 6).

Po chemickom lthovani vstupnej pddy chelatmi chl
a ch2 ostali vo vzorke pody vo zvysSenej koncentracii As,
Sb, Ba a Hg. Su to prvky, ktorych najvyssi podiel pod-
l'a vysledkov sekvencnej extrakénej analyzy je viazany
v rezidualnej frakcii, teda biologicky nepristupnej. Vo
vzorkach po trojstupiiovom lihovacom cykle vSak tato
analyza preukdzala preskupenie ich obsahu, najméa As, do
biologicky pristupnych frakcii. Zvysila sa ich mobilita,
a teda aj moznost’ d’alSej extrakcie pouzitim chemickych
a biologicko-chemickych postupov. Opakovanou aplika-
ciou navrhnutého procesu by teda bolo mozné znizit’ naj-
mai koncentraciu As a Sb na pozadované hodnoty v zmysle
indika¢nych kritérii.

Pozorovanim jednotlivych separovanych zin z pody
pred biologicko-chemickym lthovanim a po fnom sa bi-
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nokularnym optickym mikroskopom potvrdilo odstranenie
menej odolnych Fe povlakov na povrchu zin po biologic-
ko-chemickom luhovani, v ktorych je prioritne viazany
arzén (obr. 8). Elektronovym mikroanalyzatorom bolo
mozné po okrajoch biologicko-chemicky lthovanych zin
pozorovat’ narusené $truktiury Fe povlakov, ked’ze hete-
rotrofné baktérie vyuzité v procese biochemického Iuho-
vania su schopné rozrusit’ menej odolné Struktiry oxidov
a hydroxidov Zeleza (obr. 7). Bodova analyza v miestach
s vyssim podielom Fe nepreukazala pritomnost’ vysokého
obsahu As ani ostatnych sledovanych toxickych prvkov.
Poukazuje to na fakt, ze tieto prvky boli procesom bio-
logicko-chemického lthovania odstranené z povrchu se-
parovaného zrna (tab. 4). Detailnejsia morfologia povrchu
vybraného separovaného zrna po biologicko-chemickom
luhovani bola pozorovana skenovacim elektronovym mik-
roskopom. Uz spominané naruSenie Struktiry menej odol-
nych Fe povlakov na povrchu zrna vplyvom heterotrofnych
baktérii sa prejavilo pritomnostou vyraznych pérov (obr.
9, 10).

Stadia bola zamerana na detailnej§iu charakterizaciu
vplyvu baktérii na lthovanie toxickych prvkov z konta-
minovanej pody, priCom sa preukazala relativne vysoka
rezistencia heterotrofnych autochténnych baktérii proti
As v ich prirodzenom prostredi. Vysledky prezentované
v tejto $tadii zaroven poukazuji na moznost efektivnej de-
kontaminacie pddy prostrednictvom opakovanych cyklov
chemického a biologicko-chemického lihovania s vyuzi-
tim heterotrofnych baktérii. Predstavuje to perspektivnu
metodu remedidcie pody znecistenej anorganickymi kon-
taminantmi s ohladom na Zivotné prostredie.

26.4.2021
30.6.2021

Dorucené / Received:
Prijaté na publikovanie / Accepted:



Instrukcie autorom

Etika publikovania, zavazna pri publikovani
v ¢asopise Mineralia Slovaca:
www.geology.sk/mineralia polozka Publikaéna etika

1. Geovedny casopis Mineralia Slovaca publikuje scientometricky
hodnotné recenzované pévodné vedecké ¢lanky s vysokym citaénym
potencidlom. V tivode prispevku musi autor jasne deklarovat, ¢im
konkrétnym je jeho prispevok prinosny pre rozvoj geovied. ResSer§né
Studie sa publikuju len ojedinele.

2. Clanky na publikovanie (manuskripty) sa do redakcie zasielaju postou
(dva vytlacené exemplare a CD so vSetkymi stibormi v editovatelnej podobe)
alebo e-mailom (editovatelné subory a kompletna verzia vo forméate PDF).

3. Sucasne s ¢lankom je potrebné redakcii poslat autorské vyhlasenie
o originalite textu a obrazkov. Képie obrazkov z inych publikacii musia byt
legalizované ziskanim prava na publikovanie. Vyhlasenie musi obsahovat
meno autora (autorov), akademicky titul a trvalé bydlisko.

4. Rozsah manuskriptu na publikovanie je najviac 25 rukopisnych stran
(MS Word, Times New Roman, velkost pismen 12 bodov, riadkovanie 1,5)
vratane literatury, obrazkov a vysvetliviek. V pripade velkého odborného prinosu
su v ojedinelych pripadoch povolené aj dihsie ¢lanky. B

5. Clanky su publikované v angli¢tine alebo v slovencine. Clanky
v slovengine musia obsahovat anglicky preklad nézvu, abstraktu, klu¢ovych
slov, resumé a popisov k obrazkom a tabulkam. Clanky pisané v anglictine
musia obsahovat slovenské resumé.

Text

1. Abstrakt struéne sumarizuje ¢lanok. M6Ze mat najviac 200 slov a nema
obsahovat citdcie. Pocet kli¢ovych slov je maximalne 6. Text ma mat uvod,
charakteristiku (stav) skimaného problému, pouziti metodiku, nové zistenia,
ich interpretaciu, diskusiu, zaver a zoznam literatury. Vychodiskové udaje musia
byt zretelne odliené od interpretdcii. V texte musia byt odvolavky na vSetky
pouzité obrazky a tabulky.

2. Hierarchiu nadpisov v texte je potrebné vyznadit ceruzkou na lavom
okraji strany manuskriptu: 1 — najvyssia, 2 — niz8ia, 3 — najnizsia.

3.V texte sa uprednostriuje citacia v zatvorke, napr. (Dub&ak, 1987; Hruby
etal., 1988), pred formou ... podla Dub¢aka (1987).

4. Pozicia obrazkov a tabuliek v texte sa oznaci. Nie je vhodné, aby text
v editore MS Word obsahoval vioZzené obrazky, ale nahladova verzia v pdf ich
mé obsahovat.

5. Grécke pismena treba identifikovat na favom okraji slovom (napr. sigma).
Potrebné je odliSovat pomi¢ku od spojovnika. Symboly, matematické znacky,
nazvy skamenelin a pod., ktoré sa maju vysadzat kurzivou, autor v rukopise
pod¢ciarkne vinovkou.

Obrazky a tabulky

1. llustrécie a tabulky vysokej kvality byvajui publikované bud na $irku stipca
(81 mm), alebo strany (170 mm). Optimalna velkost pisma a &isiel v publikovanych
obrazkoch je 2 mm. Clanky v slovengine musia mat popisy v obrdzkoch a tabulkach
v slovencine, zahlavie tabuliek a texty pod obrazkami a tabulkami su v slovencine
a anglictine. Clanky v anglictine maju vSetky texty v anglictine. Maximalny rozmer
ilustracie a tabulky vytlaéeny v éasopise je 170 x 230 mm. V&csie (skladané)
ilustracie su publikované len v ojedinelych pripadoch.

2. Pri pocitacovej tvorbe obrazkov odporic¢ame pouzivat programy
s vektorovym zobrazenim (Corel Draw, Adobe lllustrator a pod.). Ciary
tzv. vlasovej hribky, softvérova alebo rastrova vypli pléch (napr. v Corel
Draw) nie su pripustné. Vyplne v obrazkoch musia pozostavat zo samostatne
vyséadzanych objektov.

3. llustracie vratane fotografii musia obsahovat graficki mierku
v centimetrovej ¢i metrovej Skéle, pripadne sa rozmer zobrazenych objektov
vyjadri v popise obrazka. Mapy a profily musia mat aj azimutalnu orientaciu
a jednotné vysvetlivky, ktoré sa uvedu pri prvom obrézku. Zoskupené obrazky,
napr. fotografie a diagramy, sa uvadzaju ako jeden obrazok s jednotlivymi
Sastami oznacenymi pismenami (a, b, ¢ atd.).

4. Pri zasielani fotografii vo forme pocitacovych stborov (formaty
JPG alebo TIF) sa pozaduje rozliSenie minimalne 600 DPI. Publikovanie
farebnych ilustracii méze byt spoplatnené.

Literatira

1. Minimalne 50 % citacii musi reprezentovat publikéacie od roku 2000.
V zozname literatiry sa v abecednom poradi uvadza len literatira citovana
v danom ¢lanku.

2. Spbésob uvadzania literatury v zozname literatury

KniZna publikacia: Gazpa, L. & CecH, M., 1988: Paleozoikum medzevského
prikrovu. Bratislava, Alfa, 155 s.

Casopis: VRrBa, P., 1989: Strizné zény v metapelitoch. Miner. Slov., 21,
135 - 142.

Zbornik: NAvesny, D., 1987: Vysokodraselné ryolity. In: Romanov, V. (ed.):
Stratiformné loZiska gemerika. Spec. publ. Kosice, Slov. geol. spol., 203 — 215.

Manuskript: Rabvansky, F., SLivka, B., VIKTOR, J. & SRNKA, T., 1985: Zilné
loziska jedloveckeho prikrovu gemerika. Zaverecna sprava z Ulohy SGR-
-geofyzika. Manuskript. Spi§ska Nova Ves, archiv St. Geol. Ust. D. Stura, 28 s.

3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor
s dodatkom et al., ale v zozname literatiry sa uvadzaju vSetci.

Instructions to authors

Publication ethics, being obligatory for publishing
in the journal Mineralia Slovaca:
www.geology.sk/mineralia item Publication ethics

1. Geoscientific journal Mineralia Slovaca publishes scientometrically
valuable original peer-reviewed scientific articles with a high citation
potential. In the introduction of each article the author(s) must clearly
declare, which innovative data the paper brings for the development of
geosciences. The retrieval studies are published only exceptionally.

2. The articles for publishing (manuscripts) must be sent to Editorial Office
by post (two printed copies and CD with editable files), or by e-mail (editable
files plus complete preview version in PDF format).

3. Simultaneously with the article the Editorial Office must receive
the author’s proclamation that no part of the manuscript was already
published and figures and tables are original as well. Copied illustrations
from other publications must contain a copyright.

4. The extent of the manuscript for publishing is limited to 25 manuscript
pages (MS Word, 12 points Times New Roman, line spacing 1.5) including figures,
tables, explanations and references. In the case of contribution with a high
scientific value, the longer manuscripts for publishing are exceptionally permitted.

5. Articles can be published in Slovak or English languages. The title,
abstract, key words, shortened text (resumé), as well as description to figures
and tables in Slovak articles are published also in English. Articles published in
English contain Slovak resumé.

Text

1. Abstract briefly summarizing the article is limited to 200 words, no
references are allowed. The maximum number of key words is 6. Text of the
article has to contain the introduction, characterization (state) of investigated
problem, applied methodology, obtained new data, discussion, conclusion and
references. The obtained data must be distinctly separated from interpretations.
All applied figures and tables must be referred in the text.

2. The hierarchy of headings in the manuscript must be indicated by a
pencil note: 1 — highest level, 2 — lower, 3 — lowermost level.

3. The references in the text prefer parentheses, e.g. (Dub¢éak, 1987; Hruby et
al., 1988). The form “according to Dub&ak (1987)” should be used only exceptionally.

4. Position of figures and tables must be indicated in the manuscript.
Editable text of manuscript sent to editorial office must be without figures and
tables, though the preview PDF has to contain them in a correct position.

5. Greek letter in the text must be identified at the left margin of the text
(e.g. sigma). The text should strictly distinguish the dash from hyphen. Symbols,
mathematic signs, names of fossils, etc., which should be printed in italics, must
be underlined by the wavy line in the manuscript.

Figures and tables

1. The high quality figures and tables can be published either in maximum
width of column (81 mm) or page (170 mm). The optimum size of letters and
numbers in the camera-ready figure is 2 mm. Articles published in Slovak contain
the Slovak descriptions in figures and tables, the tables headings and descriptions
beneath figures and tables are in Slovak and English. English articles contain all
texts in English. Maximum dimension of figures and tables in the journal is 170
x 230 mm. Larger (fanfolded) illustrations are published only exceptionally.

2. For figures drawing the editorial office recommends the vector
graphics editors (Corel Draw, Adobe lllustrator, etc.). The very thin lines (hair
lines), the pre-defined software or raster fillings of polygons (e.g. in Corel
Draw) are not allowed. The filling must consist from separately set objects.

3. Each illustration including photographs must contain graphic (metric)
scale, eventually the dimensions of visualized objects have to be stated in
the describing text to figure. Maps and profiles must contain also the azimuth
orientation, their detail explanations are stated at the first figure. Grouped figures,
e.g. photographs and diagrams, are compiled as one figure with separate parts
designated by letters (a, b, c, etc.).

4. The photographs sent as JPG of TIF files are required for having minimum
600 DPI resolution. Publishing of colour illustrations can be charged by a fee.

References

1. Minimum 50 % of referred works must represent contemporary
publications after 2000. The references in alphanumeric order encompass only
literature cited in the article.

2. Examples of referring:

Book: Gazoa, L. & CecH, M., 1988: Paleozoic of the Medzev nappe. Bratislava,
Alfa, 155 p.

Journal: Vrea, P., 1989: Shear zones in the metapelite complexes. Miner.
Slov., 21, 135-142.

Anniversary volume: NAvesny, D., 1987: High-potassium rhyolites. In:
Romanov, V. (ed.): Stratiform deposits of Gemericum. Spec. publ. Kosice, Slov.
geol. soc.,203-215.

Manuscript: RAbvanskY, F., SLvka, B., VIkToR, J. & SRNKA, T., 1985: Vein deposits
of the Jedlovec nappe of Gemericum. Final report from the project SGR-geophysics.
Manuscript. Spisskéa Nové Ves, Archive St. Geol. Ust. D. Stiira, 28 p.

3. The article with more than two authors is referred by the name of the first
author with the amendment et al., but the list of references contains names of all
authors.

Dalsie informacie/Further information: mineralia.slovaca @ geology.sk; zoltan.nemeth @ geology.sk




OBSAH — CONTENT

POVODNE CLANKY — ORIGINAL PAPERS

Balaz, P.
Results of the first phase of the deep-sea polymetallic nodules geological survey in the Interoceanmetal
Joint Organization licence area (2001-2016)
Vysledky prvej fazy geologického prieskumu hlbokomorskych polymetalickych konkrécii
v prieskumnom Gzemi Spolo¢nej organizacie Interoceanmetal (2001 — 2016)

Pelech, O., Boorova, D., Hok, J. & Rakus, M.t
Upper Cretaceous limestone olistoliths in the Razova Formation (Horné Belice Group),
Povazsky Inovec Mts. (Western Carpathians)
Olistolity vapencov vrchnej kriedy v razovskom suvrstvi hornobelickej skupiny
Povazského Inovca (Zapadné Karpaty)

Tetak, F.
Lithology and position of the Biele Karpaty Unit SE of Lednica
(Biele Karpaty Mts., Western Carpathians)
Litol6gia a pozicia bielokarpatskej jednotky juhovychodne od Lednice
(Biele Karpaty, Zapadné Karpaty)

Cheikhaoui, Y., Bensehamdi, C., Cheniti, H., Kanli, A. |. & Benselhoub, A.
New formula for evaluation of strength pillar in the underground mine
of Chaabet El-Hamra (Setif, Algeria)
Novy matematicky postup hodnotenia pevnosti pilierov na priklade banskej prevadzky
Chaabet El-Hamra (Setif, Alzirsko)

Dankova, Z., Styriakova, I., Cechovska, K., Suba, J., Novakova, J., Kolldrova, V., Bekényiova, A.,
Lenhardtova, E., Fedorova, E. & Briancin, J.
Influence of bacteria on toxic elements leaching from the contaminated soil
Vplyv baktérii na luhovanie toxickych prvkov z kontaminovanej pody

Indexed / Abstracted / Accessed by SCOPUS and EBSCO
Indexované / abstraktované / spristupriované databazami SCOPUS a EBSCO

OF

»

www.geology.sk/mineralia



	Obalka str 1
	Obalka str 2
	Mineralia Slovaca_1_2021
	Obalka str 3
	Obalka str 4


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


