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1. Abstract

From an environmental point of view, Compared to the 15 different origin of phosphate
mining’s toxic metal concentrations, the Burenkhan first deposit content of arsenic is two
times higher, lead 0.18 times lower,while uranium six times lower, and strontium is again
0.27 times lower. The biggest environmental problem is related to the phosphogypsum
(PG) stacks. PG stacks usually contains heavy metals and metalloids. Furthermore,
gypsum stacks are covering a lot of areas and it requires monitoring to avoid failure.
There is some utilization of PG stacks to make good quality products by using advanced

technology.

From economical perspective, we would say, period of two years payback (Case I) and
3.4 year payback period (Case Il) are mineable. If the waste/ore ratio is about 1:1, 2:1
and 4:1, then we could have a chance to mine the ore with a high profit. Otherwise, we
cannot mine the deposit economically. Compared to the different version of projects
Burenkhan first deposit have a high grade of phosphate rock concentration (P20s), low
payback period, and high NPV. Those factors illustrates how to mine in the deposit more
efficiently. Also, the easiest international indicator to mine marketable is the
concentration of P2Os that should be higher than 30%.

The life time of Burenkhan first deposit is about 18.19 years and the annual operating
profits are 91.5 (Case |), 67.6 (Case Il) and 16.4 (Case III) million U.S. dollar. Burenkhan
first deposit vertical meter (vm) is from 80 to 380. Therefore, it is more economic to
extract ore by surface mining method. The cheapest beneficiation techniques are
crushing, screening or scrubbing, and de-sliming. The main conventional concentrating
technique is froth flotation because this technique is more suitable for quartz,
chalcedony, and silica containing phosphate rock minerals. The hardness of the
phosphorites is 5-8 in Mohs scale. Therefore, discontinued mining method is more

suitable.
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2. Introduction

Phosphorus is the most important element for all living organisms. It plays a main role in
food production and fertilizers. In agriculture, the growth of living plants is dependent on
the amount of phosphorus in soil(1). Phosphate rock (PR) has also known as one of the
finite and nonrenewable resources. In recent years, the global population has grown
dramatically. Due to the increasing world population, the demand for plant growth

fertilizers has increased too.

The world resources of phosphate rock (PR) total 290 billion tons. But five countries
dominate with highly concentrated reserves of about 85 to 90 percent of global reserves.
China, the U.S, and Morocco are exporting 70% of the total world exports. Dominating
phosphorus production and market by only a few countries will lead to unpredictable
consequences. For instance, in 2008, when China raised the export taxes to about

135%, which consequently led to a global spike phosphorus prices and supply shortfalls.

Although the world is facing the shortage of phosphate rock, the European Union is
concerned about reducing marketable phosphate products in the market. It will need
many years to develop reserves and starting new mines, which will lead to an increase
in the price of the product. France, Germany, ltaly Spain, and the United Kingdom
account for over three-quarters of the fertilizer imports of phosphorus in Europe.
Domination of phosphorus production and market by only a few countries leads to an
unforeseeable increase global phosphate demand, lack of phosphate on the market, and
uncertain price increases. According to the US Geological survey’s, hurricane, Irma,
affected the phosphate production in Florida. Due to that natural disaster the global
phosphate demand increased.

During the days of the Soviet Union, Mongolian-Russian geologists did massive
explorations jointly the result of which was major deposits. These deposits that contained
a high amount of valuable minerals, such as coal, copper, phosphate and other valuable
materials.

There are two major world-scale phosphate-bearing basins in the territory of Mongolia,
the Khubsgul and Zavkhan phosphate-bearing basins with more than 30 deposits and
20 deposits, respectively. The Khubsgul basin contains 4.5 billion tons of ore reserve
and the Zavkhan has 1.2 billion tons of reserve. The worldwide phosphate ore resources

are estimated to be around 290 billion tons.
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During the current decade, we are concerned about the environmental impact of
phosphate production. It requires large amounts of sulfuric acid while the manufacturing
of phosphate rocks produces several waste products such as waste rocks, phosphatic
tailings and phosphogypsum (PG). According to recent studies, researchers and
engineers have established new technologies that can be used to reduce the waste.

The next challenging issue can be the economic evaluation. Mongolia has really bad
infrastructure. In order to extract valuable minerals, it is necessary to make some
investments in basic buildings. Furthermore, a higher range of productive life time of a
mine often requires considerable investment in building roads, employee camp, and
mainly in infrastructure. Utilizing new technology in the mine can be reduce both
production and recovery costs. Furthermore, Mongolia had the potential to produce
phosphate fertilizer, to provide for Mongolian agriculture, and even sell it on the world

phosphate market.
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3. Phosphate Fundamentals

Phosphate rock obtains in several deposit types, the importance industrial mineral of all
deposits is apatite. It is in the form of fluorapatite (Cas (POa)3(P)) and/or carbonate
fluorapatite (Cas (PO4, CO3)3(F)). The phosphate deposits have three types:

Phosphorites; carbonatites and alkaline igneous rocks; guano deposits.

Phosphorites: Marine sedimentary phosphate deposits carries carbonate fluorite with 1
weight percent of fluorine and large amount of carbonate as the phosphate mineral.
Francolite is the one of the apatite form. Which is present as nodules or pellets more
than two millimeters in diameter and it contains various impurities. The impurities are
quartz, clays, iron, oxyhydroxides, organic matter and carbonate. lons are replacing by
the calcium, phosphate and fluorine within the francolite lattice are diverse and mainly
contain sodium, magnesium, strontium, carbonate and sulfate as well as other trace
elements. For instance uranium, thorium, rare earth elements (REE), yttrium, cadium,

and Zinc.

Carbonatites and alkaline igneous rocks: The form of fluorapatite occur elevated
phosphate concentrations (e.g. Russia, Canada). Igneous rock’s soluble carbonate
minerals removes by weathering processes. Which leads to the natural concentration of

fluorapatite and other weathering resistance minerals (e.g. magnetite, pyrochlore).

Guano deposits: it occurs in the tropical zone, commonly tropical coral islands originally
bird excrements which have been leached, oxidized and redeposited as amorphous and
crystalline phosphates. Commercial guano deposits have largely been mined out, and
there has been no waste produced during the production of mining due to the nature of

the deposits.
Mineralogy and Geochemistry

Major mineral also contains gangue minerals include framework, ortho, ring, chain and
sheet silicates as well as sulfides, oxides hydroxide, sulfates and carbonates.
Furthermore, it is possible to found the high amount of uranium, thorium, rare earth
element, yttrium heavy metal and metalloid in phosphorite deposit. While carbonatite and
alkaline igneous rock related deposits shows high amount of uranium, thorium rare earth

element, yttrium, niobium, tantalum, titanium, and zirconium concentrations.

Some phosphate rock have found with high amount of radioactivity characteristics.
Uranium and thorium concentrations of phosphate deposits are very different, depends

on type of deposits. For example igneous deposits commonly have lower uranium
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concentration than sedimentary phosphorites. On the other hand, igneous deposits have

higher thorium concentration.

3.1 Phosphate industry in the world

US Geological Survey (USGS) estimated as a global phosphate rock production at 181
million metric tons (mmt) in 2010 as well as 191 (mmt) in 2011. In 2011, the major
manufacturers were the US, China, and Morocco, including Western Sahara. Those
countries estimated over two-thirds of global production. The Major value chain involves
in S.A OCP (Morocco), Israel Chemicals Ltd (Israel), Jordan Phosphate Mines Company
(Jordan), PhosAgro (Russia) and Yuntianhua Group (Chinese). Also, phosphate rock
extracting the derivatives are Brazil, Jordan, Egypt, and Tunisia.

The main phosphate rocks are exporting from Africa and West Asia with a share of
53.65% and 27.2% respectively in global phosphate rocks exports(1). On the other hand,
the large share global imports by region South Asia, Western Europe, and East Asia,
with 22.7%, 16.2%, and 14.5% respectively(1). The world-wide phosphate market value
estimated at 67.28 Billion in 2015 and it has a perspective to reach 75.117 Billion by
2021(2).

The worldwide phosphorus markets are classified on the basis of a type of resources, as
an instance, sedimentary marine deposits, igneous & weathered rock, and biogenic, etc.
The largest source for phosphate rocks are sedimentary marine deposits. Nearly, 75%
of the global phosphate rocks extracted from sedimentary marine deposits. The second
largest source for phosphate rocks are the igneous & weathered rocks. The global
phosphate markets segmented on the basis of regions, such as Asia-Pacific, Europe,
North America, South America, and Middle East & Africa. In the recent years, the Asia-
Pacific regions are dominating the market for phosphate fertilizers(2).

The growth of world-population doubled while the demand for food nutrients will increase.
China is a leading country in phosphate fertilizer production. The second-fastest growing
market is in South America from 2016 to 2021. In this region, the growths attributed to
the rapidly growing agriculture sector. The main factors that regulate the increasing
worldwide phosphate market are strict regulation to utilize of phosphate in detergents

and reducing the supply of rock phosphate.
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Figure 1 Phosphate Market by regions and types of deposits
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3.2 World phosphate rock reserves and resources

The majority of earth phosphate rock reserves are situated in Morocco, Irag, China,
Algeria, Syria, Jordan, South Africa, the US, and Russia. We have the possibility to
explore new reserves in Saudi Arabia, and offshore projects off the coasts of New
Zealand and Namibia although, it is expensive to do exploration(1).

According to the United States Geological Survey (USGS), the global phosphate
reserves increased from 16000 Mt to 65000 Mt from 2011 to 2012, and further to 67000
Mt in 2014. The majority of the world phosphate rock reserves and resources increased
by four times, based on a 2010 report by the International Fertilizer Development Center
(IFDC. A global phosphate rock resources increased from 163000 Mt to 290000Mt. Due
to newly discovered new reserves. There was an increase world phosphate reserves
from 5700Mt phosphate rock to 51000 Mt phosphate rock in 1989 (4). Economically
mine-ability of the ore depends on the conversion factors, on ore grade, the efficiency of
the recovery and losses in the beneficiation process. A rough worst-case estimation
designated that PR concentrate with 30% P.Os phosphate rock marketable (PR-M) as
the measuring unit. The global reserve estimate 58Gt PR-M (Fig. 2). This calculation is
about 13% smaller than the USGS estimation. There is no physical phosphate rock
shortages in the short term. Prices of phosphorus fertilizer commodities are very stable
as well as it has the potential to increase reserves by technological advancements. The
annual production magnitude of 0.2Gt PR-M phosphate concentrate and 60Gt amount
of PR-M as global reserves(3). Furthermore, some countries PR reserves did not
uploaded in the same database (USGS).
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Figure 2 Global phosphate rock reserves and resources

3.3 Mining and processing technology of phosphate resources

Two types of phosphate rock mining methods can be used depending on their vertical
meter (vm) and geometry. The majority of the global phosphate rock is removed through
surface mining techniques, although some of them are extracted by underground
methods. Surface mining can take many forms. It may be open pit or strip mining and
may range from manual to highly mechanized removal methods. The selection of the
processing techniques relies on the type of phosphate minerals existing in the ore as
well as associated gangue minerals (5). The cheapest beneficiation techniques are
crushing, screening or scrubbing, and de-sliming. The main gangue materials are hard
siliceous material, silicates or clayey material. If the rock contained quartz, chalcedony
or different forms of silica, then we should upgrade by using gravity or electrostatic
techniques. The main conventional concentrating technique is froth flotation. This
technique is more suitable for quartz, chalcedony, and silica contained phosphate rock

minerals (5).
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Figure 3 Phosphate rock, processing plant flowsheet
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Figure 4 Beneficiation plant layout (39)

3.3.1 Phosphate rock mining techniques

Most phosphate rocks extracted through open pit mining techniques such as
» Dragline (Florida USA)

Phosphate draglines can hold from 45 to 65 cubic yards of material(4).
» Bucket wheel excavators (North Carolina, Togo)

Potash Corporation of Saskatchewan Phosphate Mine is in North Carolina, USA. It is
considered to being the largest phosphate mining and chemical plant in the world. The
manufacturing capacity is 6.6Mt of phosphate rock per year, 1.3Mt phosphoric acid per
year, and 0.2Mt phosphate feed per year. In the mine, they have both bucket wheel
excavators (BWEs) and draglines. BWEs utilized to remove the top 10 meters of
overburden and convey it from the active mine field to the mined-out pit. The remaining
deep ones withdraw 18-21 meters of overburden is withdraw with draglines to reach the
ore body(5).

» Front end loader removal (Idaho, Phosphate hill Australia)
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Southeastern Idaho is the richest phosphate deposit in the western United States and is
second only to Florida in phosphate fertilizer production. A front end loader operates in
long linear trenches, to remove the overburden of earth to get to sedimentary rocks.

Smoky Canyon mine is operating with specially constructed oversized vehicles(6).
Ore Impurities and Beneficiation

» Initial removal of impurities from PR ore is called beneficiation
» Beneficiation of PR involves removal of materials such as sand, clay, carbonates,
organics, and iron oxide.
» Beneficiation may involve
o Screening (Wet or Dry)
o Washing
o Hydrocyclones
o Calcination
o Flotation

o Magnets
Screening (Wet or dry) and washing

Washing and screening are processes to remove oversized material from the ore matrix
ranging from 2 to 30cm. These removing processes contain clay slimes. But it is not
economic to produce phosphate fertilizer from the clay slimes. This is due to, their

relatively large energy consumption and the high prices of reagents in the next processes

without any sufficient water source. Thus dry screening may be used(7).

Particles that were
too large

Figure 5 Washer and Trommel screen
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3.3.2 Froth Flotation technology
Ore flotation

Froth flotation is a well-known process that selectively separates materials based on
hydrophobic or hydrophilic materials. In this method, phosphate particles of interest are
physically separated from a liquid phase due to the difference in the ability of air bubbles
to selectively adhere to the surface of the particles, based upon their hydrophobicity. The
hydrophobic particles and the air bubbles are attached and then carried to the surface,
which is the effect of forming a froth flotation. The hydrophilic particles will stay in the
liquid phase (9). Phosphate rocks are necessary to meet certain criteria in the
beneficiation processing. It should be reduced the content of accessory minerals
including quartz, chert, clay feldspar, mica, calcite, and dolomite. The phosphate ores to
have content P,Os content greater than 30%, a ratio of CaO/P.Os lower than 1.6, MgO
content less than 1%. Obviously, when it did not meet the requirement. It is necessary

to remove unwanted materials(8).

Air

!

An agitator rotates and
disperses air into the mixture

Mixture feed

/ ° Hydrophobic material

f) J Hydrophillic material

Collected

Hydrophobic
material is carried
to the surface by
bubbles of air and
forms a froth, which
is then collected

Hydrophobic Hydrophillic
material material

Figure 6 Process of Froth flotation

18| Page



Figure 7 Typical phosphate rock flotation process (40)

Note: “Sub-A” phosphate type of flotation machine. Free-flow of pulp for fast-floating
tonnage operation. The shaft assembly removed as one unit. Repeated pulp circulation
is indicated to assure proper agitation and aeration. Supercharged air can be supplied

down standpipe or down the hollow shaft, or both, as conditions require.

High carbonate content of phosphate deposits processed by the calcination and acid
leaching methods are found in areas having low-cost energy and limited water source.
Elgillani and Abouzerid (1993) explained the calcination process. It needed high capital
cost, dolomitic phosphates difficult to calcinate, low quality of calcined product and high

energy consumption.

On the other hand, the acid leaching method is applied when phosphate rocks contain a
certain amount of carbonates. The carbonates can be easily leached away by any strong

acid. Weak acids are not economical to use(8).
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Reaction Tank

Acid Blender 1O STORAGE

Figure 8 Wet process phosphoric acid production (7)

The production of phosphoric acid from the wet process involves three fundamental
steps, a) reaction of PR and sulfuric acid to produce phosphoric acid and calcium sulfate
(gypsum), b) separation and washing of the acid from the sulfate, and c) concentration
of the acid (Fig.9 a). The acid produced in this process is ortho-phosphoric acid. Ortho-
phosphoric acid can be further dehydrated to form polymers super phosphoric acid,
which is used in the production of certain liquid phosphoric fertilizers called
polyphosphates. Disposal of the gypsum by-product produced in the wet acid process
can be problematic in some areas (Fig. 9 b).

Over 90% of global rock phosphates mined are directly shipped to the acidulation plant
and mixed with sulfuric acid to make phosphoric acid. High-priced water soluble NPK
fertilizer's chemical foundation is phosphoric acid. The main reason for converting
phosphate rock to phosphoric acid are profit margins from selling high-end water-soluble
fertilizer are much higher and it is made in a soluble form (increase reactivity). There are
some difficulties related to the acidulation plant process. Each tone of acid created 3-6

tons of phosphogypsum (Fig. 9).
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Figure 9 PG tailing bond (Mulberry fertilizer plant, Mosaic (up to 400 feet tall))

Flotation of phosphate ores

Sparingly soluble minerals commonly used in flotation namely, apatite (Cas (PO.)s) (F,
OH), fluorite CaF, calcite (CaCOs3), scheelite (CaWO,), magnesite (MgCOs), and barite
(BaSO.) because these minerals are considered to be hydrophilic characteristic
materials. Furthermore, oxide and silicate minerals have been successfully carried out
by the froth flotation method. The various reagents indicate the effectiveness of the
separation process. On the other side, some difficulties could occur caused by similar

surface chemical materials approaches at the same time(8).

Types of reagents used in the froth flotation as example collectors, depressants, and
auxiliary reagents in direct and reverse flotation of phosphate ores.

Polymers at the Mineral interfaces

Polymers adsorption behavior can occur at the mineral-water interface.

Nano-bubbles in Phosphate flotation
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Coarse and ultrafine phosphate particles are difficult to process by froth flotation. For
example, in the Florida phosphate plant, coarse phosphate particles (-1180+425 micro
meter) sized recovery of the froth flotation. Coarse particles are much lower than the
intermediate phosphate particles (-425+106 micrometer). It is common that tiny Nano-
bubbles attach more readily depends on their lower ascending velocity, rebound velocity
from the surface, and higher surface free energy to be satisfied. The utilization of Nano-
bubbles increased P»0Os recovery and the flotation separation efficiency by up to 5

absolute percentage points(9).
Effect of Ca?", Mg?*, PO,* , and SO.* on the Flotation of phosphate

This study is more likely related to wastewater recycling, before exploring the effect of
phosphate ore floatation. We must consider several kinds of common ions such as Ca?*
Mg?*, PO,* , and SO.* . Flotation wastewater mainly originated from the dissolution of
part of the ore ions Ca?" and Mg?*. On the other hand, PO,* , and SO4* come from
sulfuric acid and phosphoric acid. Many experts and scholars have done many studies

on the impact of ions on froth flotation.

The appropriate concentration and low concentration of Ca?* would have a positive effect
on flotation. However, a high concentration of Ca?* would have a negative effect on
flotation. Which means, it could reduce the separation efficiency and recovery and make
the bubble more brittle. Mg?* could worse impact on the phosphate forth flotation
selectivity. PO.4* effected the concentration grade decrease and tailing grade increase.
Finally, SO.* considered to be the least effect on flotation when the concentration is not

too high during the wastewater reusing(9).

3.3.3 Sulfuric acid

Fifty percent of the global sulfuric acid is used to make the phosphate fertilizers. The
process for manufacturing sulfuric acid has four stages: 1) extraction, 2) conversion of
sulfur to sulfur dioxide, 3) sulfur dioxide to sulfur trioxide and 4) sulfur trioxide to sulfuric
acid(10).

1. Extraction of sulfur

The most important sulfur sources are oil, natural gas, and sulfur dioxide from metal
refining. Many metal ores required to roast process, it leads to forming an oxide and
sulfuric dioxide(11). Copper, nickel and zinc minerals occur in sulfide ore. Thirty-five

percent of world sulfur obtained as sulfur dioxide from sulfide ore roasting(12).

For example: lead manufacture  2PbS(s) + 302(g) — 2PbO(s) + 2S0(g)
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2. Conversion of sulfur to sulfur dioxide

The sulfur melted by steam coils at 140 degree Celsius in brick-lined tanks. Then, it will
spray into a furnace approximately 1030 degree Celsius. Due to the heat produced by
the exothermic reaction. The sulfur dioxide and gas mixture passed through the hot gas

filter, where any ash contaminations removed.
Chemical reaction: S(s) + O2(g) = SO2(9)
3. Conversion of sulfur dioxide to sulfur trioxide

This reaction follows this formula: 2S0,(g) +02(g) = 2S0s. It has one cylindrical vessel

which acts as a fixed bed reactor. It needs to be heated up to 430-degree Celsius.
4. Conversion of sulfur trioxide to sulfuric acid

At high temperature sulfur trioxide reacts with a water and the reaction can be expressed

as: SO3(g) + H20(l) = H2S0u4(l)

3.2.4 Hydrometallurgy smelting

Erdmin Co. Ltd and Achit Ikht Co. Ltd are processing of copper ore and production of
cathode copper by solvent extraction and electro winning process (SX/EW). Erdmin
Co.Ltd built as a capacity of cathode copper production is 2880 ton per year. All sulfuric
acid supplied from Russia and annual the usage of sulfuric acid is approximately 2500
ton per year(13). The production capacity of Achit Ikht is 10000 ton per year and 3.5
times bigger than Erdmin.

The Chinese Volant Industry and Central Engineering Institute for Nonferrous
Metallurgical Industries (ENFI) developed a feasibility study for a Erdenet Concern LLC
copper concentrate In 9 of July 2015(14).

Table 1 Project info in Erdenet Concern LLC, 200000 tons of sulfuric acid.

Financing Investor to be selected through open bidding

Total required investment USS 798 million

Capacity Processing 530000 tons of copper concentrates annually
Key products 1200000 tons of cathode copper per annum

By products 170000 tons of sulfur and 200000 tons of sulfuric acid
Number of new jobs 759
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3.3.5 Mechanochemical technology

The first time, G.Heinicke formulated a definition which has become accepted by the
scientific community in 1984. After four years later, he summarized almost 100 years of
development of mechanochemical. Mechanochemistry is a branch of chemistry in which
mechanical energy is applied to materials causing chemical and physicochemical
transformations regardless of the state of aggregation. In other words, it formulated as
physicochemical transformations regardless of the state of aggregation(15).

In 1974, Juhasz formulated that mechanical-chemistry divided into two main processes.
Primary processes contain the increase both of surface area and internal & surface
energies but the decrease of coherent energy of solids which are related to the reactivity
of the mineral. The secondary mechanical processes include aggregation, adsorption,
and crystallization.

The important equipment used in the mechanical processes such as retch mills, tumbling
mills string ball mills, vibratory mills, pin mills, rolling mills and planetary ball mills(15).
Natural apatite will not easily dissolve in the neutral and alkaline medium. If the solubility
of the material increase, the grinding process is more useful than other expensive
processes. G.Heinicke assumed that the best achievable dissolving apatite a maximum
of 50%.

Mechanochemical gave us a chance to use lower than about 15 percent grade of
phosphate ore (P205) or higher than 15 percent of phosphate ores deal with one of the
environmentally friendly technology. But the produced activated fertilizer could not
dissolve in water that is why it is considered to be environmentally friendly technology.
The development of phosphorus mechanochemistry an opportunity to get 50-80% of the
substance into easily soluble forms by using planetary and vibra-centrifugal mills(16)

Mechano-chemical technology of phosphate fertilizer production

Separation of grinding and activation processes used to achieve a high activation effect
at low energy consumption. According to the author, the activation efficiency calculated
by the 2% of the citric acid (CSP) and ammonium citrate solution of phosphate (CASP).
During the experimental work, they have utilized the Burenkhan ore as a sample. To
reach the achievement of the target, they chose the more suitable grinding devices by
the categories of input capacity (kW), productive capacity (kg/h) and specific power
consumption (kwWh/kg). The results collected among the several grinder devices with

higher efficiency and more economical equipment was the vibration centrifugal mill.
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Figure 10 Phosphate fertilizer sample

Mr. J.Amgalan and their colleagues are chose the Burenkhan 1% deposit, and set the
different time duration in planetary and vibra-centrifugal mills, and measured the
activation of the material.

Their experiment was done with high speed “HAS-1" attritor of the Zegvar system. The
process worked at 800RPM attritor speed and 2-liter grinding body volume, and in a
continuous feed. The processing condition of 2% citric acid is more effective than
ammonium citrate. Before processing phosphate activated flour, it has to be sealed in a
waterproof container. According to the research, it is possible to produce activated
phosphorus from this deposit’s phosphate rock.

4. Mongolian Large phosphate bearing basins and active mine

4.1 History (exploration)

In this territory, the joint Russian-Mongolian Scientific Research Geological and
Paleontological Expeditions did enormous of explorations, research, and experiments.

The general formula is Cas (PO4)s|F, OH, CI). An apatite is a group of -phosphate
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minerals, usually referring to hydroxyapatite, Fluor-apatite, and chlorapatite, with high
concentrations of OH-, F- and Cl-ions(17).

The Sedimentary phosphate rocks found in Khubsgul and Zavkhan regions are
geologically the located on the right side the Khubsgul Horidilin Nuruu, north side of
Darkhad Khotgor and covers southern Khubsgul Mountains.

In the 1970s to 1980s, there was an explosion in geological research, due to the
communism (18). The stratigraphic classification of sedimentary rocks of Northern
Mongolian divided into three regions. A meta-complexes (Baidrag, Buteel, and
Bumbuger) and four sedimentary formations (Muren, Khug, Darkhad or Zavkhan, and
Khubsgul) (19). The geologist are discovered large phosphate deposits in Mongolia. For

instance Khubsgul and Zavkhan-Phosphate bearing basins.

4.2 Zavkhan bearing basin

Precambrian glacial marine deposits (Ediacaran Maikhan Mountain formation) found in
the Dzavkhan region. As reported by the investigation of Neoproterozoic and Lower
Cambrian strata of the Zavkhan basin are divided into six formations such as the
Zavkhan (3000 m), Tsagaanolom (1900 m), Maikhanuul (220 m), Bayangol (720 - 1000
m), Salaanygol (600m) and Khairkhan(380) formations. The age of Zavkhan formation
is about (732-777Ma) is represented by basaltic andesite in the lower and by felsic
volcanic in the upper part of the section, with various explosive units, such as pyroclastic

tuffs and ignimbrites and toward the top, arkosic and quartzose sandstones approach.

The mapping, it begins the end of the Khangain Nuruu, in other words, north side of
Khasagjargaltain Nuruu. So that located the area between Zavkhan Gol and Bogdin Gol.
The Zavkhan-bearing basin covers 24000 square kilometers area. Dorjnamjaa.D
discovered 19 small-scale of deposits and exhibitions in 2001. Furthermore, both of them
considered utilizing in the fertilizer production. Those are Tsakhir Uul deposit and
Ikhkhanan deposit(17). A structure of the Zavkhan deposit, the average slope is
estimated as (30-40° to 56-60°), and monoclinal positioned.

Tsakhir Uul deposit

It has two layers which go approximately 10 kilometers. A higher concentration of
phosphate rock (P-Os) ranged from 34%-36%(17). It estimated as an over 465 thousand

tons of Phosphate rock. The Taskhir Uul deposit situated in Yaruu soum(20).
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Table 2 Zavkhan-phosphate bearing basin, 2 deposits, 6 exhibitions

NoO Phpsphate: d - Content Thickness, | Length, Resources,
" | deposit, e - exhibition lower higher m km Mi tons
1 | Ikh khanan d. 4.8 30 80-100 10.0-11.0 50
2 | Alag davaa d. 5.2 36 5.1 9.0-10.0 30
3 | Tsakhir Uul e. 6 34 8.0-20.0 9.0-10.0 -
4 | Tsagaan Khairkhan e. 7.2 29.8 5.0-6.0 4.5-5 -
5 | Bogd river e. 6.9 26 10.12 4.6-5.2 -
6 | Baruun Arts e. 4.87 26.23 | 7.0-10.0 5.5-6.0 -
7 | Zvvn Arts e. 7.1 26 5.0-7.0 6.7-7.0 -
8 | Hewtee tsakhir e. 7.15 25.67 | 9.0-11.0 6-7.0 -

4.3 Khubsgul bearing basin

The Neoproterozoic-Cambrian sediments divided into two groups namely lower
(Darkhat) and the upper (Khubsgul). Khubsgul phosphate deposit is the one of the
Darkhat group represented by its uppermost Arasan formation (1500m) which involve
predominantly of siliciclastics and volcanics-siliciclastics, for example: green, gray,
brown, rare violet siltstone, sandstone, tuffaceous sandstone, and gravestone with some
layers of grayish-cream pelitmorphic dolomite and lenses(1-2m) of gray thin-grained
limestone with oncolites(21).

The Baikal Lake’s consolidation has rifted in the Tuva-Mongolian massif formation of
intracontinental (Darkhat-Khuvsugul, Sarkhoi, and others) rifts and the continental crust
disintegrated. Phosphate rocks contain alternating structure fewer phosphate layers (1-
3cm) and thinner lenticular dolomite laminae prevail in the western zone corresponding
to the distal part of the sedimentation profile.

All trace elements contents are approximately equal and related to the Clarke level in
both phosphate rock and dolomite layers. Rock phosphate of the western zone rapidly
buried and exist of dolomite intercalations described by post sedimentary segregation.
The eastern proximal zone is mostly by the so-called dolomitic phosphorites with
variable-size irregular fragments

After many years of exploration resulted, in 1996, Bymbaa.J had estimated 3 billion tons

of resources in Khubsgul phosphate bearing basin.

27 |Page



Figure 11 Geological scheme of the Khubsgul phosphate basin (I-Big Sayan fault, II-

Argyingol fault, lll-Khangav-Khentev fault (the earthquakesutre of 1905), 13-Marginal
thrust framing Khubsgul basin: IV-Khugiingol, V-coastai, 14-Ancient fault in basement
determinative block structure of basin)
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Table 3 Khubsgul-bearing basin, 8 deposits, 3 exhibitions.

Avg. ore content, resources
No, | Phosphate deposit-d. P; + P, + P;(RS), million of tones
exhibition-e. C1+2(P), millions of tones troEnes '
Mineral C, % Mineral C, %
Khuvsgul bearing basin(eastern )
1 Khuvsgul d. 250 19.6 903 18.7
2 Uliin davaani d. - - 150 22
3 Uhaa goliin d. - - 317 16
4 Berhem mountain d. - - 17.77 12.6
5 Manhan... mountain d. 28 17 56 17.1
6 Bvrenhkhan d. 205.57 23.1 113.2 20.5
7 Erhel lake d. - - 371 20.3
8 Svvl tolgoin e. - - 50 15.-18
9 Dalangiin and others e. - - 19.4 21.7-27.3
Khuvsgul bearing basin(western )
1 Tsagaan lake d. - - 216 25
2 Hogorgo e. - - 1.5 12-21.0
3 Sum 483.57 - 2264.87

4.3.1 Khubsgul deposit

The Khubsgul deposit is the biggest deposit among western Khubsgul-bearing basin.
The mapping, along the west Khubsgul shore direction and it goes the north direction of
Jankhain Nuruu , ends in Urandush Uul continuously 35-kilometer distance and it goes
through the east Khoridol Saridagin Nuruu the mountains. The exact height above the
ground level (AGL) is 2400m to 2600m, and the relative altitude is around 600m to 900m.
From the petrography research, the ore is dark brown colored monophosphate, layered
phosphate, Breccia, kind of oolite, fine particle, granular and consist of small grains. But
the composition of Phosphorus ores depends on the ratio of several phosphate minerals,
for instance: silicon, carbonate, and other minerals. The silicon consist of insoluble
guartz, dolomite, calcite, and carbonate. The trace element in phosphate ore is Fluorine,
Lead, Molybdenum, Vanadium, Nickel, Tin, Cobalt, Copper, Strontium, Zinc, Uranium,
and Barium. The composition of phosphate (P.Os) higher concentration is 20-40%, lower
concentration is 5-26%. Also, the resource is estimated at 1050 million tons of Phosphate

rock, which is able to use production.
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Table 4 Khubsgul deposit divided into three sections.

No. Thickness of the Content of P205 Insoluble residue
phosphorus layers (m) (%) (%)
Ongkilog 5.6-15.4 15.8-27.2 6.5-14
Uran-dush 15-60 ~214 14.9
Jankhai 3.5 26.1-28.2 20.1

4.3.2 Ongkilog lake phosphate mine

The phosphate deposit situated west of the Khubsgul Lake close to the Alag-Erdene
soum. Ongkilog phosphate mine reserve an estimated 1.5 billion tons of ore. Due to

some environmental issues, this mine was unable to produce fertilizers anymore (22).

4.3.3 Ukhaa Gol deposit

In 1970, Geologist A.V.Llyin discovered Ukhaa Gol deposit. The mapping, it is located
east south of the Dornod Sayani Nuruu. This deposit situated north side of the
Khubsgul deposit. The thickness of the phosphate rock (PR) is 1700m. Petrography of
the deposit showed, 4 layers each layer has 4 to 5 meter of phosphate ore. The grade
of phosphate rock ore is (P205) between 12.8% and 25%. A higher volume of
insoluble is 23.9%. The net resource is 150million tons of phosphate ore with 22% of

diphosphorus pentaoxide content.

4.3.4 Burenkhan deposit

Burenkhan deposit located northwest from Murun city about 20-22km, which means, it
is at the edge of Khubsgul phosphate deposit. Many years of explorations resulted, it has
estimated over 400million tons of phosphorite ore of rich and middle quality. Due to the
tectonic movement, the phosphate rock (PR) has deformed as a synclinal fold.
Preliminary Geological research has done in 1982 after that specific research has done
in 1983. The phosphorus-containing several meters of thickness consists of 4 layers, the
second order of 3" and 4" layers had a width about 7.4 and 11.4 meters, 15.1 and 16.8
meters thickness, and continued 3700meter long, thickness and location are both of
them have a stable layer. Depth is 125 to 200 meters from the surface. An average
concentration of phosphate (P.0s) is 14.5 to 16.8 percent. More than 36 percent of
resources are rich and rest of 64 percentage of PR has considered as a medium content
(half rich). According to the Burenkhan deposit (see appendix. 1) that the conventional

processing method is suspense floatation method. The Burenkhan deposit divided into
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17 sections e.g. Burenkhan 1%t deposit, Burenkhan 2" deposit, Burenkhan 3™ deposit,
and Burenkhan 4" deposit, etc. During 1965s and 1995s several geologist were did some
research on those phosphate deposits. Their projects were embraced east, west and
south Khubsgul’s area about thirty thousands of square kilometer. In this region, they
found around 40 phosphate ore deposits and exhibition. According to their investigation,
in this region have 4.7 billion tons of phosphate resources(16).

4.4 Petrography of rock phosphate in Burenkhan first deposits
Thin-section petrography analysis is used to study of sedimentary structure, texture,

framework grain composition, and type of distributions.

Table 5 Burenkhan 1% deposit, petrography analysis

Burenkhan
Microscopic description Phosphorus
Structure Packed
Texture Heavy
Granular size 0.4-5.6 mm

Composition of ore (Burenkhan)

85-90 percent of them consist of phosphate, and rest of them consist of quartz,
chalcedony, aqueous ferrium and a pelite.

The result of the microscopic analysis: Isotropic properties, phosphate rock is made of
dark brown colored substance, dispersed clay, organic matter in fine particle and
granular. Phosphate rock substances made up 0.4 to 4.6mm course grained in between
the pore chalcedony, aggregate and quartz cementing material size range between 0.2

to 0.4mm.
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Figure 13 Phosphorite ore

Figure 12 Burenkhan 1st deposit location

Figure 14 Strata formed Burenkhan’s ore Figure 15 Burenkhan’s ore

Figure 12-15 Burenkhan 1% deposit's location and phosphate ores

Mechanical and Physical characteristics

According to the Khubsgul Burenkhan first deposit passport, the density is 3.06g per
cubic centimeters.

Humidity is the amount of water vapor contained in the material at a particular
temperature. As reported by the phosphate first deposit passport, phosphorites humidity
is expressed as 0.14%.

The water absorption rate is used to measure how much water is absorbed under a
specified condition. It can be Vitreous (High density). As stated in this deposit passport
(appendix. 1) the water absorption rate is 1.04 %.

Apatite is the name of a group of phosphate minerals. The index minerals are a hardness
of five in the Mohs scale of mineral hardness. Based on the Burenkhan first deposit

passport, the hardness of the phosphorites is 5-8 on the Mohs scale.
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Table 6 Mineralogy

Burenkhan deposit

Heavy fraction weight 37.67
Light fraction weight 128.65
Fraction weight 35.26
Magnetic fraction weight 0.01
Heavy fraction weight 240
Dust 23.40
lImenite 0.01
Monophosphate 34.76
Quartz 30.0
Carbonate 3.00
Clay 122.0

Table 7 Burenkhan 1* deposit, Major oxides in the phosphate ore samples (Institute of
Chemistry and Chemical Technology, Central Geological Laboratory)

Number CaOo PzOs S|02 TIOz A|203 FezO3 MgO NaZO Kzo COz F Sum
Burenkhan | 85.8 | 35.0 | 8.36 | - 0.76 {097 |0.84 | 0.5 01 |44 | 241|991
Burenkhan deposit Infrared spectrometer and X- ray structural analysis

Table 8 Burenkhan 1* deposit, phosphate ore's trace elements (g/ton)

Mo [Nb | Zr | Y Rb|Pb|As |Zn |[Cu |Cs |Sb [Sn [U | Th |Ba | Sr

11 |3 |70 {100 |20 (10 (17 |55 |75 |91 | 208 | 112 |10 |14 |11 | 1200
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5. Economic evaluation of Mongolian phosphate deposits

5.1 Fertilizer market in Mongolia

Fertilizer consumption is used to measure how much of plant nutrients needed per unit
of arable lands such as nitrogenous, potash, and phosphate fertilizers. But the traditional
nutrients like animals plants manures are not included(23). In 2008, worldwide 333
thousands of square kilometers area were used to produce plants for biofuels and their
coproducts. Biofuel production from food crops will increase by 170% by 2020 (24).
The Asia pacific fertilizer market was considered 887 billion U.S dollar in 2018, and China
is the biggest user accounted for 52% of the total market(25). According to the CRU
group, Russia exports 75 to 80% of its agro-chemical products(26).

The Mongolian market for fertilizer and pesticides is tiny compared to the other markets.
It is highly regulated and under-controlled by official entities hamely Ministry of Food,
Agriculture and Light Industry, Ministry of Environment and Tourism and Ministry of
Health. Furthermore, it is conducted with some institutions for instance General Agency
for Specialized Inspection and Plant Protection and Research Institute. Mostly, fertilizers
and pesticides imported from China, Russia and a little bit amount of them from European
Union. These three ministries have estimated fertilizer products need and future
demands. The usage of those products grows an average of 10% per year. Farmers who
willing to improve their technical skills, and product amounts. Those farmers are
complaining about the fertilizers are rarely available on the market. Generally, the small
farmers buy chemical from a local seller or illegally imported from China’s products. The
main consumers of fertilizers and pesticides are big farmers, they are mostly producing
wheat on more than 1000ha. In Mongolia wheat estimated more than 70% of the
agriculture land, rapeseed more than 15%, fodder on 4.2% potato and other vegetables
accounted rest of 4% of the land. The sum of annum necessary quantities of fertilizers
assumed between 150000 and 200000Mt (27).

The Agriculture support Fund is the helpful actors for the Mongolian farmers. It provides
some advisory service to farmers and to help some financial issues to buy fertilizers and
pesticides. Fertilizer consumption in Mongolia was 38.278 kilograms per hectare of
arable land in 2015(23).The highest data collected 44.815kg/ha in 2013 and the lowest
record was 5.262 in 2005.

Mongolian fertilizer market major players are Gatsuurt XXK (importing fertilizers from
Russia), Agriculture Support Fund (importing fertilizer from China), Mongolisch
Okologische Diingemittel GmbH (no produced fertilizer yet), Ensada Traktron XXK

(participated Agriculture Fund in order to import fertilizers), Eco Green XXK (import
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pesticides from Germany), Khiirev XXK (byproducts of the carbon extraction for the
production of its fertilizer), Tsetsuuh trade (specialized in marketing lab-equipment, and
agrochemicals(pesticides and fertilizers)), MSM(importing pesticides from Germany),
and Shim XXK (importing fertilizer from Russia) (27).

5.2 Economic evaluation

The Mongolian geological prefeasibility study timeline from 1975-1999. From 1981-1982,
technical and economical assessment done by the “Gosgorhimproject” branch of the
Moscow Institute. Generally, mining economic evaluation calculation methods divided
into a static and dynamic method. Static method contemplated to being old-fashioned.
Nowadays An international economic assessment of deposits done by the dynamic
method. To calculating economic data, we should learn how to calculate investment,

revenues, Cost, operating profit, Net cash flow, interest and operating days.

Non-Metallic element prices
Major assumptions to be made in any economic evaluation is that of prices. Luckily, the
commodity prices are steady at long-term like a weather chart. We should apply rules-
of-thumb to determining the price:

1) Never ever choose a price peak, which is not last forever

2) To choose a price close to the manufacturer price.

Choice of Currency

According to the Investopedia, the U.S. Dollar considered to being the safest and the
most tradable currency in the world. Choosing the right currency to mean that, it can
eliminate to reduce the exchange rate influence.
Graph 1 Ten years-3 fertilizers UREA/DAP/MOP
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Diammonium phosphate (DAP) and monoammonium phosphate prices remained stable
in recent months. China DAP prices going down fractionally basis on firmer freight to 410
to 412 U.S dollar per ton. However, In this prefeasibility study, | assumed DAPR product
a whole price is 185 U.S dollar per ton(28).

Mine in operation

Operating costs

Interest
Royalties

Revenues

Cash flow elements (expenditures)

N

Difference A = cash flow

Figure 16 Explanation term of cash flow

The fig.4 illustrated that, how much money flow in and what money flows out of the
system.

Rules-Of-Thumb for the lifetime of deposits

The companies want to reduce the productive life of mine. For a reason, that long-term
operation may have risks. Prompted by the prices of fluctuations can be compensated
and country risks. A high grade but small reserves as gold mines, were brought into
production with much shorter lifetimes. However, low grade of Copper mine is different.
They required considerable investment for infrastructure and should have to an operating
lifetime of at least 20 to 25 years. Australian Mining Consulting (AMC) checked the open
pit mines. The large open-pit mine vertical meter per annum of 30-35, while small pits
may achieve 50-60vm/a, relying on the level of grade control and selectivity required(29).
The optimal lifetime deposit can be calculated by the Taylor-formula.

Lifetime of Khubsgul first deposit should be:

Burenkhan first deposit’s life time n (in years)=~ 6.5 i/Tonnage(in million tonnes)

=6.51/(61.46) = 18.19 years
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Table 9 Lifetime of deposit (Taylor formula)

Expected tonnage Medium F\;_ange of Average daily Range of daily
. I ifetime s :
(reserves in 106 t) | lifetime (years) (years) prodiction (t/d) production
0.1 35 345 80 65-100
1 6.5 5.5-7.5 450 400-500
5 9.5 8-11.5 1500 1250-1800
10 11.5 9.5-14 2500 2100-3000
25 14 12.0-17 5000 4200-6000
50 17 14-21 8400 7000-10000
100 21 17-25 14000 11500-17000
250 26 22-31 27500 23000-32500
350 28 24-33 35000 30000-42000
500 31 26-37 46000 39000-55000
700 33 28-40 60000 50000-72000
1000 36 30-44 80000 65000-95000

From the graph, we can arrange an average daily production range from 7000 to 10000
tons per day.

Market barriers as a Determinant for a mine capacity

Taylor formula is not to cover market influence into consideration. For the phosphorus
fertilizer market is limited and often dominated by a few buyers. The better way is to form
a joint venture with producers who are already in the market.

Revenue =mineral grade*conversion factor* beneficiation recovery*Metal
price*NSR=35*0.01*0.8*400*1*=112 U.S. $/t

Open cut mining with beneficiation plant:

I=Ax T%6=700000%*(8400)%°=158U.S. $ million (by using formula)

In the year 2005, the factor “A” was 700000 for open pit mines. Updating this factor is
with a selection of typical base and non-metal or metal projects in the feasibility stage.

A-factor took from Raw Material Group data bank(29).

Table 10 Basic data

Total tonnage (tons) 61,46,000
Mine life time (years) 18
Annual tonnage (tons) 3,414,444
Daily capacity (t/d) 11,381
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Table 11 Case | Calculation of Revenue (waste/ore ratio 2:1)

Metal | Conversation | Percentage of | Recovery Metal

Commodity | Grade Factor the NSR % Price
for the mine

P205 % 35.0 0.010 1 0.80 185.00 51.80
NSR (US$/t) 51.80
- OPEX
(US$h) 25.00
Profit 26.80

According to the beneficiation phosphate book(9), the flotation recovery range is from 81

to 90%.

Table 12 Case | calculation of OPEX, CAPEX (waste/ore ratio 2:1)

Mining, OP, w/o 2:1 Milling, Flotation 1 Total
Product
Opex | 12.08 USS/t Opex 12.57 USS/t | 24.65
Capex | 68,549,610 uss Capex | 112,528,851 uss 181,078,461
Table 13 Case Il Calculation of Revenue (waste/ore ratio 4:1)
Metal | Conversation | Percentage of | Recovery Metal
Commaodity Grade Factor the NSR % Price
for the mine

P205 % 35.0 0.010 1 0.80 185.00 51.80
NSR (US$/t) 51.80
- OPEX (US$h) 32.00
Profit 19.80

Table 14 Case Il Calculation of CAPEX, OPEX (waste/ ore ratio 4:1)

Mining, OP, w/o 4:1 Milling, Flotation 1 Product Total
Opex 19.68 USS/t Opex 12.57 USS/t | 32.24
Capex | 118,240,808 uss Capex 112,528,851 | USS 230,769,659
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Table 15 Case lll Calculation of Revenue (waste/ore ratio 8:1)

Metal | Conversation | Percentage of Metal
Commodity | Grade Factor the NSR Recovery % Price
for the mine
P205 % 35.0 0.010 1 0.80 185.00 51.80
NSR (US$/t) 51.80
- Opex (US$/t) 47.00
Profit 4.80
Table 16 Case Il Calculation of OPEX, CAPEX (waste/ore ratio 8:1)
Mining, OP, w/o 8:1 Milling, Flotation 1 Product Total
Opex 34.26 USS/t Opex 12.57 USS/t | 46.82
Capex | 225,602,443 uss Capex 112,528,851 | USS 338,131,294
Table 17 Net present value (NPV) Burenkhan 1% deposit
i 0 Annual Value
Discount factor 10% Operating Investment | NPV
. Factor
Profit
Burenkhan 1st (Best case ) 91507111 | 7.2497 181078461 482320643
E;;gr“;ha” 1st (Medium 67606000 | 7.2497 | 230769659 | 259353559
ﬁI‘;re”kha” 1st (worst case 16389333 | 7.2497 | 338131294 | -219313545
Table 18 Payback period in different scenarios (Burenkhan 1 deposit)
Annual Payback
Scenarios Investment | Operating Profit Period
Burenkhan 1st Best 181,078,461 91,507,111 2.0
Burenkhan 1st Medium 230,769,659 67,606,000 3.4
Burenkhan 1st Worst 338,131,294 16,389,333 20.6
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Table 19 Compare different versions of projects

Centrix
Focus Ventures Metal Itafos GrowMax
Company Ltd Limited Farim Res corp | GanzorigLLC
Piura
Sechura desert Nord West Guinea Regionin | Burenkhan s

location of northern Peru | Queensland Bissau Peru dep
Potential
reserve (Mt) 52.3 - 44 - 61.45
Production (Mt) 18.5 7.3 13.2 - 21.5
Yearly
production
(annum/Mt) - 0.776 1.3 1 3
Production life
time (year) 20 10 25 20 18.2
Net present
value NPV 71 after
(Million $) 252.9 124-129 - tax (10%) 273
Grade (%) 24,28 29 30 28 35
Payback (year) 6.6 3 - 6 0.8
Initial capital
cost (million $) 127 55-61 - 264 158
Project time
(year) 2016 2018 2019 2020 2019

Note: In economic evolution, the capital cost does not need to consider.

5.3 Technical and economic assessment (TEA) of Burenkhan deposit in

1982

TEA developed in two variants according to the power of the mining and chemical
complex. Variant |- annual production capacity of the plant for the extraction and
processing of phosphate ores 6M/t, and variant Il 12 M/t.

Open pit mine

Development of the field to provide an open way
* 340 working days per year
* 3 shifts per day
% Shift duration 8 hour
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5.4 Freight Costs

Phosphate fertilizers are typically transported by a combination of different transportation
systems.

* Heavy vehicle with load carrying capacity nearly 25 tones, which is considered to
be high energy consumption is about 75ml/ (ton km).

* Rail transportation is useful for long distance land transport, Major types of
railway wagons capacity 70t per wagon. The moderate energy consumption is
about 17ml/ (ton km).

* Cargo ships that carry all of their material in container, cheap among other
transportation systems. Only apply for a long distance transportation, energy
consumption is about 7.5ml/ (ton km).

* Slurry pipeline transportation manipulate solid particles through a pipeline. Which

is designed with cost effectiveness for long distance and eco-friendly system(30).

5.5 Aspect of taxation
The major rate of the corporate income tax rate is 10% on taxable profits of up to MNT
3 hillion per year and 25% on taxable profits to any excess of MNT 3 billion per year.

Corporate income tax determined by deducting various expenses.

The companies may deduct from their gross income various expenditures incurred
including the purchase of raw materials, fuel, salary, health and social insurance
contributions, loan, interest, realized forex loss, marketing costs, subscribing to

newspapers and magazines, insurance premium and fair wear and tear(31).

Table 20 Mongolian citizen's income and applicable taxes

Source of income Applicable tax
rate (%)

Dividends 10

Royalties 10

interest 10

Gambling, betting games and lotteries (net) 40

Sale of immovable property 2

Sale of rights (e.g. mining licenses, special activity licenses, and 30

other rights granted by the authorized organizations for

conducting specific activities)
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5.5 Mine ability of Burenkhan first phosphate deposit and country
development

As | mentioned before, the Burenkhan first deposit, it situated northwest and 20-22km
far from Murun city. This city connected the local electricity grid by 110kVolts of
transmission lines. The city has 6.3MWatt of neighborhood transformer to steps down
the voltage 110/35/6kVolt(32).

Delgermurun River, which is one of the well-known surface pure water sources in
Mongolia. Also, the nearest pure water supply is Khubsgul Lake. The province consists
of 36969 number of people, 19116 of them female(33).

In 2015, 71300 tourists visited in Khubsgul province and passed the Murun city. This
city has 13 organization to support the either Mongolian or Murun province’s economic.
The organizations are Khubsgul-Dulaan XXK, Khubsgul Erchim XXK, Usnaak, Khubsgul
Us Chandman, Urandush, etc. Those organizations provide electricity, drinking water,
and clean up to the Murun city and nearby countries. In 2014, Murun city’s

unemployment rate was 7.9, a year later, it was going down until 5.4.
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Here, the climate classified as a humid continental climate (Dwb) by the Koppen-Geiger
scale. In Burenkhan, the average annual temperature is -4 degree Celsius. In July, the
annual temperature and the annual perception reached the highest value (Graph 2). In
January is on average the coldest month in any year, the average temperature is -27.1
degree Celsius(34).

Fo°C Altitude: 1493m Climate: Dub “Ci 4.0 mn: 212 o

Graph 2 Weather by months and the average temperature

5.6 Khubsgul Burenkhan deposit active mining licenses

Burenkhan phosphate deposit has several Mining licenses, for example, TonpyoHx3HUO
XXK MY-011823 (Burenkhan 9th deposit), MY-011824 (Burenkhan xxth deposit), and
CytanxaHuyo XXK MY-017398(Burenkhan 8th deposit) (35).
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6 Environmental evaluation of Mongolian phosphate deposits

6.1 Environmental impacts of phosphate mine

The primary process of phosphate production is generating the waste rocks which either
used as rock phosphorus fertilizer or is further processed to phosphoric acid for fertilizer
manufacturing. The waste rocks considered to be a non-economic or sub-economic
amount of apatite, and display the low concentration of phosphate, thus low radioactive
and radon level. Sulfide content commonly found in phosphate production which may
affect the generation of acid mine drainage, such waste material required to have direct
monitoring. Waste rocks are usually stacked in piles near to the active mine. Some
problematic issue a raised due to the, dumps required to monitor for erosional stability.
If the wastes contain a significant amount of metals and metalloids (e.g. Ag, As, Cd, Cu,
Mo), may lead to form a significant amount of metal and metalloids. In most cases, waste

phosphate rocks are not harmful effect in the environment(36).

Mineral processing, it has several steps: firstly, to remove fine-grained rock and mineral
particles as slimes; secondly, coarse-grained quartz sand particles as sand and finally,
to concentrate the apatite. If we had organic-rich phosphate rock, we would heat before
the processing in order to reduce the organic matter content to acceptable levels. The
reject gangue materials contain calcite, dolomite, quartz, clays, and aluminum, iron
oxides, and iron phosphates. During the phosphate beneficiation process, phosphatic

clays and sands accumulate.

The greatest volume of PG generated during the acid production process around 3 to 6
tons of PG generated for every ton of phosphoric acid production. The production of
phosphoric acid achieved pyro-metallurgy, and hydrometallurgy mineral processing
methods. That’s a so-called wet process, those mineral processing methods result in the
generation of phosphoric acid, the process of the waters and PG waste. The familiar
manufacturing process for phosphoric acid is established the use of sulfuric acid, which

resulted production of PG.

Refer to their production process, two types of phosphoric acid can form. The result of
the acid formations is dehydrated (gypsum: CaS04*2H,0) or hemihydrate (basanite:
CaS04*0.5H,0). Generally, the high amount of calcium sulfate crystals occurred in PG.
It also contains other reaction products (e.g. alkali fluorosilicates, fluorides), unreacted
phosphate rocks, gangue minerals (e.g. quartz, phosphate, organic matter, and

feldspar), heavy metals, metalloids and radionuclides.
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Worldwide 100Mt of PG generated per year. Such a massive PG production creates
major disposal, economic and environmental problems. The options for the disposal
consist of discharging it into the sea, backing filling mined-out open pits, or stacking it in
large heaps(36).

Potential hazards related to the PG are a failure of stacks, Atmospheric emission, water

contamination, and radioactivity elements.

Process of water: the water commonly disposed of with the PG in a repository. Also, the
mixture of the liquid contains a high amount of fluoride, sulfate, phosphate, ammonia,
radionuclide, heavy metals and metalloid concentrations. Thus, PG dumps are
containing very low pH level, which is a really hazardous substance, and it required to

increase the pH level by using lime(36).

6.2 Impact on human health

Table 21 Degree of toxicity of elements in PR (37)

Associated elements found in phosphate

rock Degree of toxicity
Be, As, Cd, Hg, Ti, Ra Extreme

F, CI (CI2), Cr (CrlV, CrVI), Ba, Gd, Yb, Pb High

Li, Ni, Cu, Ga, Sn, Sb, Te, La, Ce, Pr, Nd, Sm,

Tb, Ho, Bi, Th, U Moderate

Ca, V, Mn, Fe, Zn, Ge, Mo, Lu Low

Mg, S, Ca, Sc, Co, Se, Sr, Y, Zr, Nb, Ag, In, |,
Dy, Eu, Er, Tm, Hf, Au Negligible

The highlighted elements occurred in Burenkhan first deposit. This deposit contain
extreme toxic element arsenic, high toxic elements such as fluorine, barium, and lead,
the moderate toxic elements namely copper, tin, thorium, and uranium. The low toxic

elements as well as calcium, iron, and zinc.
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Table 22 Estimated collective does commitments (man) from atmospheric release of
238U and 226Ra from phosphate rock processing plant SICNG, Thessaloniki, Northern
Greece (38)

No. Organ or tissue 8Ux10° 226Rax10°

1 Lungs 1.957 0.152

2 Bone surfaces 0.0214 0.065

3 Red bone marrow 0.0014 0.0057

4 Liver 0.0000356 0.00076

5 Kidneys 0.0089 0.00076

6 Spleen 0.0000356 0.00076

7 G.l.track 0.000249 0.00114

8 Other soft tissues 0.0000356 0.00076

Grinding and drying operations resulted to increase airborne emissions. During the

process, collective dose commitments can lead to a high concentration of 2%U and ??°Ra

release to the atmosphere. Bone surfaces and lungs more suffered from those

radioactive elements(37).

Table 23 Average phosphate rock and toxic metal concentration from different origin
(nd-no data) (38)

Country | Deposit Type [P20s [As [Cr [Pb |Hg |Cd [U Sr
(%) mg/Kg

Mongolia | Burenkhan | S 35 18.7 | nd 11 nd nd 11 1322.7

Algeria Djebel Onk | S 28.3 | 4.5 174 | 3.0 |190 |225 |25 2022

Morocco | Khouribga S 32.6 |13.4 | 200 |10.3 | 855 |15.1 | 87.7 | 150
Youssoufia | S 31.2 | 9.2 255 | 14 120 | 29.2 | 97 nd

USA North S 31.2 |7 64.7 |11.7 |nd |6.14 | 80.7 | nd
Florida
Idaho S 31.7 | 23.7 | 637 |[12.3 [290 |92.3 |107 |nd
North S 299 |11.2 | 158 |8.33 |233 |38.2 | 653 |nd
Florida

Russia Russian [ 395 |3 14 4 42 <2.0 | 37 1600-
Kola 2830
Peninsula I 35.6 |10 nd 33 nd 1.25 | 27 1600-

2830

Tunisia Gafsa S 29.3 |45 144 | 4 nd 39.5 |44 1925

Israel Arad S 324 |55 130 |2 129 | 14.3 | 150 | nd
Oron S 33.6 |8 107 |1 128 |5 99 nd

Syria Khneifiss S 319 |4 140 |6 28 |3 75 1900
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The heavy metals which had originated from the source of rock phosphate and then
penetrate into the soil or water. Plants are well-known to absorb and translocate metals
from vegetative tissues to grain and subsequently to the human body, it can result in
diseases thereafter(37). At least 57 of the trace elements in rock phosphate which can
impact on human health The Burenkhan first deposit contain 18.7mg/kg (Ar), 11mg/kg
(Pb), 11mg/kg (U), and 1322.7mg/kg (Sr). On the other side, Burenkhan’s deposit
passport (appendix. 1), shows that phosphate rocks contained 1.22 to 39.10 percent of
toxic elements. The deposit contains toxic elements such as Uranium, Thorium,

Beryllium, Strontium, and Magnesium oxide.

6.3 Mine and processing waste management

Reprocessing aims to extract pure elements for instance sulfur can be extracted from
sulfuric acid manufacturing, and calcium sulfate can utilize for building materials (e.g.
gypsum plaster, boards, tiles, cement, hydraulic binder, glass, glass ceramic, and
artificial marble)(36).

Use as construction materials

Phosphatic clay’s fine particle is used to provide high strength of the concrete matrix at
a smaller scale than the steel bars. It has similar characteristics as well as fly ash, silica
fume, and blast furnace slag. Those materials are utilized in conventional concrete to get
possible high ductility and long-term durability. A mixture of the phosphatic clay and

concrete could improve the reinforcement of the concrete significantly(38).
Utilization of phosphogypsum (PG) in agriculture

PG contains several essential elements, for instance, calcium, sulfur, and phosphorus.
Recent studies proved that usage of (PG) boosts root growth thus helping the plants to
absorb nutrients and preventing crusting and reducing erosion. Also, it is well known for

its capacity to improving soil structure by flocculation clays in the soil.
Usage of phosphogypsum (PG) in construction

PG has found to be suitable for making wallboard or building materials. Utilization as a
road base material has a great economic advance over conventional materials. By using
PG as a road-building material can save the costs up to 80% within economic

transportation distance.
Usage of phosphogypsum (PG) as a Chemical Raw Material

Utilization of PG as a chemical raw material: it is used raw material for recovery of sulfur

and subsequent sulfuric acid manufacturing, as well as for ammonium sulfate. Both of
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them utilization’s are currently viable economically in some parts of the world. It has two

routes depending on the market potential and prices for byproducts.

Route 1: it generates calcium carbonate as the main by-product through the following

chemical reactions.

CaS04+2C — CaS +2CO;
CaS +H0+CO, = CaCOs3+H:S
2H>S+30; = 250,+ 2H.0

2H2S+S0; = 3S+H20

In the second process, lime (CaO) is generated as the major by-product by following

reaction: CaSO4+ C — CaO +CO,+ SO

The clinker from the kiln combines with gypsum to make cement. Nowadays, this type of
processing factory is working in China. For example, The Wengfu Group of China built

PG utilize factory with a capacity of 500000 tons of ammonium sulfate per year.
Uranium from Phosphoric Acid

According to the research, the most important development in uranium extraction from
phosphoric acid is the advancement of the ion exchange technology. In the past few
years, UrTek flourishing completed another round of pilot scale. There is two acid plant

in the US by using PhosEnergy (ion exchange) technology.
Recovery of rare earth elements from phosphate and phosphoric acid

In recent years of studying result, the potential and viability of recovering rare earth
elements from phosphate ore. But not only from phosphatic acid. Different streams such

as the active mine, have beneficiation and acidulation streamed.
Improving phosphate recovery in the mine

The best recovery range in worldwide is within the lower than 80 percent. Selective mine
effect that mine to bypass the difficult to process some of the portions. Majority loss of
the recovery is due to the lack of instant information on the deposit as mining progresses.
A continual research effort to develop laser-based on analytical tools for phosphate
resulted that the dragline bucket can reduce phosphate loss significantly in the mining

process (39).
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7. Result and discussion

7.1 Environmentally

During the wet phosphoric acid production process will generate 3 to 6 tons of
phosphogypsum (PG) to produce one ton of phosphoric fertilizer. In the PG stack, the
toxic elements will accumulate and it will affect atmospheric emission, water
contamination, and it will release radioactive radiation. Burenkhan first deposit contains
extreme toxic element arsenic, high toxic elements such as fluorine, barium, and lead,
as well as the moderate toxic elements namely copper, tin, thorium, and uranium.
Compared to the different origin of phosphate mining’s toxic metal concentrations, the
content of arsenic is two times higher, lead is 0.18 times lower, while uranium?%® is
roughly six times lower, and strontium is again 0.27 times lower. Moreover, in this deposit
does not contain problematic elements namely chromium, cadmium, and mercury.
Compared to the other deposits, Burenkhan first deposit has a lower toxic contamination

than other 14 deposits.

Effort to extract pure elements (e.g. sulfur) can be done by using sulfuric acid
manufacturing; calcium sulfate can be utilized for building materials (e.g. gypsum plaster,
boards, tiles, cement, hydraulic binder, glass, glass ceramic, and artificial marble). Even,
uranium is suitable for extraction from phosphoric acid by the advancement of the ion

exchange technology.

7.2 Economically

The U.S. Dollar considered to being the safest and the most tradable currency in the

world. Choosing the right currency result in a reduction of the exchange rate influence.

China is the biggest user accounted for 52% of the total market. Mostly, Mongolian agro-
chemicals (fertilizer and pesticide) are imported from China, Russia and minority of the
imports come from European Union. The usage of agro-chemical products grows on
average by 10% per year in Mongolia. Agro-chemicals are rarely available on the
Mongolian market. The small farmers buy chemical from a local seller or bypass official
sources by illegally importing from Chinese products. The sum of necessary quantities
of the year fertilizers is assumed to be between 150000 and 200000Mt.

According to the beneficiation phosphate book(9), the flotation recovery range is
between 81 to 90%. If the waste ore ratios are about 1:1, 2:1 and 4:1, then we could
have a chance to mine the ore with a high profit. Otherwise, we cannot mine the deposit
economically. The case | has the highest value of operating profit and net present value

(NPV). From the payback period, we would say, period of two years and 3.4 years
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payback period are mineable. In this calculation | did not include the wet acid plant’s
operating expenditure (OPEX) and capital expenditure (CAPEX). If we consider, the wet
acid production plant then the NPV will go up. Compared to the different version of
projects, Burenkhan first deposit have a high grade of phosphate rock (P20Os), low
payback period, and high NPV. Those factors illustrate how economic to mine the ore. A
shorter timeframe of the payback period will reduce country risks. Also, the easiest
indicator to mine marketable is the concentration of P,Os, which should be higher than
30%.

The major rate of the corporate income tax rate is 10% on taxable profit up to MNT 3
billion per year and 25% on taxable profits to any excess of MNT 3 billion per year.

Corporate income tax is determined by deducting various expenses.

Rail transportation is useful for long distance land transport, major type of railway wagons
capacity of 70t per wagon. Moderate energy consumption is about 17ml/ (ton km).
Burenkhan first deposit is situated northwest and 20-22km far from Murun city. Murun
city has 6.3MWatt of neighborhood transformer to steps down the voltage
110/35/6kVolt(32). The annual highest temperature reaches +22 degree Celsius and

lowest temperature is -33 degree Celsius.

7.3 Production
Erdmin Co. Ltd and Achit Ikht Co. Ltd are the big cathode copper production plant in

Mongolia. Accourding to the, German — Mongolian Cooperation Project Sustainable

Agriculture publication Erdrmin Co. Ltd’s all sulfuric acid charged from Russia. Erdmin
and Achit Ikht requires nearly 10000 tons of sulfuric acid per year. Erdenet Concern
LLC’s have a project about copper smelter and the by products are 170000 tons of sulfur

and 200000 tons of sulfuric acid per year.
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8. Conclusion

The top manufacturers were the US, China, and Morocco, including Western Sahara.
Those countries estimated over two-thirds of global production. The major value chain
involves in S.A OCP (Morocco), Israel Chemicals Ltd (Israel), Jordan Phosphate Mines
Company (Jordan), PhosAgro (Russia) and Yuntianhua Group (Chinese). Also, Brazil,
Jordan, Egypt, and Tunisia are extracting phosphate rock derivatives. The worldwide
phosphorus markets are classified on the basis of a type of resources, as an instance,
sedimentary marine deposits, igneous & weathered rock, and biogenic, etc. The largest
source for phosphate rocks are sedimentary marine deposits. Nearly, 75% of the global

phosphate rocks are extracted from sedimentary marine deposits.

Sedimentary phosphate rocks can only be found in Khubsgul and Zavkhan territories. |
summarized all those known deposits in Mongolia. Totally, there are 5.7 billion tons of
phosphate rock involved in two bearing basins with an average 20% to 38% of phosphate
rock composition P,Os. While a rough worst-case estimation designated that global PR

concentrate with 30% P»Os phosphate rock marketable (PR-M) as the measuring unit.

Compared to the fifteen different origin of phosphate mining’s toxic metal concentration,
the Burenkhan first deposit content of arsenic is two times higher, lead is 0.18 times
lower, while uranium is roughly six times lower, and strontium is again 0.27 times lower.
The biggest environmental problem is related to the phosphogypsum (PG) stacks. PG
stacks usually contains heavy metals and metalloids. Furthermore, gypsum stacks are
covering a lot of areas and it requires monitoring to avoid failure. There is some utilization

of PG stacks to make good quality products by using advanced technology.

Safest and most tradable currency is the U.S. dollar. Before we are starting projects, we
must chose the right currency to avoid future exchange rate difference. Secondly, China
is considered to be the biggest fertilizer market in the world. If we start to produce
fertilizer, then we have only one big market. This is the reason other countries will not
buy our products as an international fertilizer, because China is pushing our prices down.
On the other side, Mongolia lacks of agro-chemical products on the market. Generally,
the small farmers buy chemical from a local seller or buy-pass official by illegally
importing from Chinese’s products. The sum of necessary quantities of the year of

phosphate fertilizer is assumed between to be between 87,500Mt.

From economical perspective, we would say, a period of two years payback (Case I) and
3.4 year payback period (Case Il) are mineable. In this calculation I did not include the

wet acid plant’ operating expenditure (OPEX) and capital expenditure (CAPEX). If we
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consider this point, the wet acid process then the NPV will go up. If the waste/ore ratio
is about 1:1, 2:1 and 4:1, then we could have a chance to mine the ore with a high profit.
Otherwise, we cannot mine the deposit economically. Compared to the different version
of projects Burenkhan first deposit have a high grade of phosphate rock (P.Os), low
payback period, and high NPV. Those factors illustrates how economic to mining the ore
is. Also, the easiest international indicator to mine marketable is the concentration of
P.Os that should be higher than 30%.

The life time of Burenkhan first deposit is about 18.19 years and the annual operating
profits are 91.5 (Case |), 67.6 (Case Il) and 16.4 (Case III) million U.S. dollar. Burenkhan
first deposit vertical meter (vm) is about 80 to 380. Therefore, it is more economic to
extract ore by surface mining method. The cheapest beneficiation techniques are
crushing, screening or scrubbing, and de-sliming. The main conventional concentrating
technique is froth flotation because this technique is more suitable for quartz,
chalcedony, and silica containing phosphate rock minerals. The hardness of the
phosphorites is 5-8 in Mohs scale. Therefore, discontinued mining method is more

suitable.

Mr. Amgalan.J and their colleagues have chosen the Burenkhan first deposit, and did
some experiments in planetary and vibra-centrifugal mills, and measured the activation
of the Khubsgul phosphate. According to this research, it is possible to produce activated

phosphorus from this phosphate rock deposit.

Phosphate concentrate does not require wet acid production. If we want to produce the
phosphate fertilizer, then we would need sulfuric acid. Producing sulfuric acid from
sulfide ores copper, nickel and zinc mineral will give us economic advantages. For that,
the option to gain economic advance is co-operate with Erdenet Concern LLC’s, a project

of copper smelter.

In summary, Burenkhan first deposit have the potential to produce fertilizer from
phosphate rock. If this deposit is co-operate with Erdenet Concern LLC’s then, Mongolian
economy will have a chance to get stronger. From an environmental point of view, in this
deposit, toxic elements are in really low concentrations compared to the different origin
of deposits. From an economical point of view, if the waste/ore ratio is lower than 4:1, it
still has a chance to be profitably extracted. In the future, this mine will completely provide

Mongolian phosphate fertilizer market by itself.
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11. Appendixes.

Appendix 1 Khubsgul first deposit passport (page. 1)

e
3arsap. 9
Memann 6yc awuzm manmmansiH
opdbiH nacnopm
Ayaaap: 0688 Opdsik Hap: Bypanuxaan
Kunxana Hap: 1-p xacar Tycnax Hap:
~
Xap i ; TYYXW# 38 YHOCoH A.M: ocopur
ABazaeap A.M: dTop, r-x080p 3nemen Myx, 6yc, patioH: Xescrenuitn cas
| yOpud Mep Gye H33c3H XyH: 10.M1.Casea
| v
| H33c3H OH: 1977 Iyiiy, Gadey Tysa'l onorus"Haraan

Haacan myxaii M3933:  Spnuitk axnaap BypaH xaaks!
0pAoA hoctopuTeiH Gasnar
aryynartai , Wx39xaH 3y3aantai
Aasxpara Gyxuit 19 6ue gaacan

X3CTYYAWAr unpyyncan Ganxa.
Admae: Xescren Cym: BypaHTorTox
Homenknamyp: M-47-XXII Ynamnaxyii endep:
Bpaepea: 49 47 54 Ypmpaa: 99 58 24

Fazap 3yaw 6adpnan:  MepeH xoTooc GapyyH xoiw 35 KM-T OpLUMHO.

Pezuowans sypaznan: 1980 oxp 1:50000 Hel MacwTabTail reonoruitd 3yparnan,meH oHg 1:25000 Hei 3yparnan xuiracaH 6a 1981 oxg

PbIH T 1:50000 Hel 3yparnan xwiraxaa
Spnudn axun: 1981-82 onyynan Hap! 3pan, apan-y A3HUA AKUN XMATLXKIS
Tono, zeousux: 1:5000-biH macwrabrai meHaynuitH ayparnan 6onon 1:25000, 1:5000-bix ramMma-cnekTpoMeTpuiAH ayparnan,
LOOHOrWitH reodu3nK (KapoTaxuitk) Cyaanraa Tyc TyC XMAracaH. M y. 1:2000 Hbl ‘ail Tono aypar

2,8 km.kBag, TanGaia XuACIH

XabzyyneiH apeaunan: 1982 oM ypbauMnCcan xairyyn, 1983 oHa HapuinBuMncaH

Amupaam myx: Xoia MoHron Ci P b ren, XXuauitH P
Tepen: CHHKNWMHaN Hap:
Waneyyp: reme}rouux. nuronor. leomopgponoau: XYUT3i# X3pUUTAC3IH AYHA 33PrUitH
vvnanxar ronron
Tapan yycan: Tywaman leonozuii Hac: BeHa-R00a, AyHA KeMEpu
Xydpuin Hac:
U2yyneiH a: me, X3IMK33, epmea :

lyo.6ad.  Awneimye 3x. onflyyc. Cyca;a( Kapsep UWypgp bBocoo Xse- Byed Bazawa UYoxunm.e Byzd 6p-
wam

OH M (0 M) manm.( mas (M) (m) m pemon. (M) mee
M) (m.m) (m.m) MSH.
mez
3eenenmu Hapuilieyunca 1981 1984 26677.0 3548.0 12.8 17360.3 17360.
UH"3apybe H xaiizyyn 3
x2eonozus
"Ha20an
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Azyynazy yynyynauin mepen, badpnan, Hac :
Yynyynauan Hap: Baupnan:

woxolH Yynyy, donomum, yaxuyp

Hac:

BeHo-kembpu

XyOap xaeuiin eepy: LLoxoitH Yynyy. BH3 Hb TEKTOHMK X84 A YP AYHA ar OpcoH GaitHa. finakrys a3scrap
Gonx By Yynyynar He ux X3MX33raap 3aHapxux GytapcaH GaitHa.
N Xyeupan: XYA3P Hb rYH33433 Uaxuypxux npoueccr asTaracaH 6aitHa.
Yiino uH 6yc:  Byp OpABIH | XacarT chocopuTToit 3y3aanruiir 2 YHAC3H, 2 Tycnax aaexpara 60nroH aHruncak Gaina.

Awuem manmmaneiy yundespnanuiin yawapmau 6uem :

Buem, 6y iH HIP :  hoccpop Buemuin moo:
b5i 7] 63p A pra CyHanbiH quz ...33¢
..Xypman

lonnox yue (2pad): 11001207 Badpnanein onynoe :
Ypm(m) ..33c.. xypman 3700.0 Ayndax ypm :
Epze (m) AyHdax epzen :

. -.93C...Xxypman
3y3aaH (M )..33c 236.00 -
~.Xypman Ayrdax 3yzaan:
ABasepuiin xypdachel - 25,00-250,00 Banancad a3nax xyes
6atpnax ayH :
Te YHacaH a X3CITI3 XOOCOH HynyynriitH yeyya 60noH Muwmnnas

Awuem manmmansis du3uK, MexaHUKUGH WuH :

ypTpar 2404

3700.0

342

P 5 XYPTN3X TOOHBI XIKUT yeya 60noH
Xysaaraax GaitHa. BueTuitH 3yaaH rapapryya 6a TYHA HUN33A XyBUPaMTrait Gerees xacruitH TeB X3carT cyHan Hb 3yYH yparw
6onon eepunergex 6aitpnansii anNeMeHT Hb TorTeopry# 6onHo. docopuTsin 3y3aanar Hb OfIOH TOOHbI XIKUT aTupaa
nekcyp, TacpanTar WHMKUATIHA epTCeH GaitHa. Xacruit 6apyyH Tana tochopuTeiH 3ysaanar 6a TyyHuin A3BCrap
XYPAACHBI TEKTOHWK 3aar axurnaraax Gerees copoc-HaaBur TepMitH 3BAPana OPCOH GaitHa. LLIMNXUNTWAH XaBTrai Hb 3yyH
6a 3yyH xoiw 30-40*-aac 75-85* HanyyTait 6aiiHa. JHaxyy TEKTOHUKMIH IBAPIN Hb TIMMOHUTXWNT, A3BCT3p XypaacHs! 6a
Auabasbit 4an cyaan, A38Crap 6a xyuux Gyit XypAACHb! BHUTMIAH Y HUALNST 33P3T LWKHXKI3P TOITOOTACOH BaiiHa.

Yl:l”“-"P”M ®occhopuT aryyncaH sysaanar He 4 Aasxparaac Tortox 6a xoepayraap 3apruiiH raraax 3.4-p pasxpara 7.4 6a 11.4m eprexTai,
uaH 6yc: 15.1 6a 16.8m 3y3aaHTaiiraap 3700m Op4MM ypranknax Gereea 3ysaaH 6a 6aitpnan He XapbUaHryit TOrreopToil. MeH onoH
TOOHBI XWkur aTupaaxp eprceH Gaina. Mapapryyraac 125-200m ryHa Gailpnana. P205-biH ayHaax aryynra 14.6-16.8% xypHa.

Awuem Xapaanaa : Wunn 1 : Wunx 2 : Temnepa- Yuknuan Xamw. Toom
manmman: myp (epad) moo H32XK  y3yynanm
ghocghopum  azpoxumuiin 333NXYYH 2/em.ky6 2.9, 3.06,
myyxui 30 XKUH,Hsizm, yudawunm,yc % 0.14, 1.04,
wuHe33nm,6am 63xudH 5-8
A
Xy0ap 93x yHIcaH 6a dazandax awuzm Manmmanbiy azyynaa :
Xydap : Awuem YHan- xamx. BanaHcein — BanaHcein YHK YHK Cyodancan
manmman : 233 HI2XK 7 yuin C2 6 6: 2yH :
A+B+C1 A+B+C1 c2
Docghopum Azpoxu % B-24.18 B-24.18 50-370,0 m
s
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XOpTOW XonbubIH aryynra :

Awwrr Xaparnaa : Xonby : X3IMKUX HINK : A+B+C1 6anaHcbiH Bartnaragcan
manTman : HOOUUIH HeeuunH
dochoput ArpoxumMniiH U, Th,Be, Sr,Mg0 % 1.22-39.10

GyTaaraxyyH

Awuzm manmmansiH (xydap) mexnezuiin azyynea :

Awuem manmman : Xapaanaa : Ppaky (Mm) PpakyuiH AyHdax :
..33C..xypman azyynea (Mm) :

@ocghopum 3pdcuiin 60pdoo 0,5-2,0 38.8-41.1 39.95

XumuiH Haupnaza: 'CyAanraaHbl ABUaj ascaH Oyx CopbUYYAan XUMUIH LUMHXUNTI3 XUIK 38BX6H P205-biH aryynroir TOA0pXONmKaa.
Awuzm manmmaneis (xyd3p) 60duckiH Halpnaza :

Xyoap 3pdac Xammaa Hadp M P

@ocghopumsiH nceedobpekyu, xamxdac chocghopum 2-8.cm,25 MM calH

XyOpulH wWuHx: XyA3puitH HeeuwitH 36 % Hb doccoputoop GasH 6a xarac 6asH, 64% Hb AYHA 33prUiH aryynrataig

xamaapargana.
Texwonoau: LLIMHXMAraaHMA YP AYHA toccopbiH 6opaoo il p A TOXNpOX 6 rapraH aB4 60M10XbIr TOrTOOCOH,

BasxyynanTbiH OHOBYTON apra Hb CycneHs-pnoTauumitH yoryon6bop apra oM. MeH BypanxaaHbl hochopuT Hb
wap doceop rapraH aBaxag TOXMPOMKTON 6011084 ypbauuncau 6onoscpyynant waapanarrau.

Kuwue: 1.3axuiH aryynra P205-10% 2.Heeuuitn 6nok aaxs YANAB3PNANMIH xamrwitk 6ara aryynra 16% 3. [lasxparsis
xamriiiy 6ara aysaax 6a KoHAULMIAH Gyc xya3p Gyi0y XOOCOH YyNnyynruiiH XamruitH ux 3y3aaH 5w 4. Xoproi
XonbUbiH 610K Aaxs aryynra MgO-7.0%, CO2-20%, Fe203-1.3%, YYY-30 X3Tpaxryit 6aiHa. 5. Xepc xyynanteii
XAi3raapbiH KO3 huumeHT 10mM3\m3.

Xy93p. yHIcaH 6a Gazandazy awuzm Manmmankis Heey :

Awuzm Xapaan Ban. xamm B 5. b. b B. 60p. YHK 6amancan Yndse-03
mManmman: 33: 6yp H3z2wk A+B c1 A+B+C1 C2 6yc COH X3M- n
m: X33 A+B+C1  C2 p+sct,
@ocghopum azpoxumu cas. B-24.19 37.27 B+C1-61. C2+P1-48 B+C1-61.5
aH m 46 5
6ymaszox
Hadpnaza: DocartbiH 3pACYYA-aNaTUT, YN yycax YNA3rAdN-XanbLeaoH, KBapu, kapboHaT IpACYYA-A0NIOMMT, KanbuuT, XonbL

3PACYYA-NMPUT, TMMOHWT, CEPUUWT, yCnar rANTraHyyp, WaspbIH 3pACYYA, OPraHuK GOAUC, akLeccop 3pACYYA-
PYTUN, COEH, rpaHaT, WnkHens, hroronuT Hap LeeH XyBUIr Hb 333MIH3.

Heeyuux myxai: 1-p X3C3r Hb HEeLMIAH XaMX33raap Gue gaacaH AYHA 33priiH OPAOA xamaapax 6erees 1983 ong C1, C2 6a P1
'33prasp 19840H4 B, C1, C2, P1 33prasp Heew 60ACOH. HeeuwitH TOOLOOHA 3ycanTuitH 6a reonoruith 6noksIH
apryyasir xaparnaH, P205-biH aryynroir 8%, 10%, 12% 6Gaitxaap 3 BapuaHTaap 604%33. ALK ManTMansir un
apraap onbopnoxos TOXMPOMXTON Gerees KapbepuitH ryH 80-380M-T xan63naskHa. flang apraap on6opnox
Heeuir 1280M-uitH ryHasp 60ACOH.

Yynein (11 P reONOruitH HUM HOXUeNTaN, Yynyynar He NeTPorpacuith ONOH AH3bIH Haiipnarrai, OnioH TOOHbI
TEKTOHUK Xarapan TapxcaH, aryynray uynyynar He Xy4Tait a1 UaBlUKNZ OPCOH BaitHa. Opa A33p yynbiH axun
XMIAX3J, CUNUKO3bIH aloyNTail 68rees OPALIH aH LABLIMNLIH Gycuitn 3y3aaH ux Gaitraatait xon600TO.

ludpozeonoau: 80-230M ryHT3i Kapbep ManTaH un apraap 0n60POX0A rMAPOreONOruitH XyBbA OHLbIH XYHAP3NTYiA

Awuznanmei myxai: Wn apraap awurnant ssyynaxap TOXMPOMXTO# Gereea xacar GypT ssyyncau CyAanraawbl axnbir HAPUABYUTK,
ochopuT aryyncaH xoepayraap 33pruiH GueTyyawiir cyanax waapanarrai iom
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Xamuix menee: Heeuwiir ecrex xaTuitH Tenes caiHTan

[Ceonozuiiy maunax, 6ycad 6apumm 6uyue :

Hap:
mepen

madinaH MarxaH yynbiH 0pdbiH 3pan-

yH3n233 6a BypaHxaaH opObIH
HapulieyuncaH xaiiayyn

Bypm. xyyd. 3oxuocoH b.Anmarxyse

XsaHacaH C.Anmanaapan
CaHd opyyncaH B.ByxuHnxam
Hamanm 6a 3aceap C.Anma+eapan
XUUC3H

3oxuoey:

I1.B.0OcokuH,
B.IM.Apcenmsee
O cap

O# cap

OH cap

OH cap

lMpomoxkon Xsen.on YIre
Odyzaap

1984.3.29. 1984 3973
Ne58
6/1/1994

6/20/1994

11/3/1995

3/12/2003
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Appendix. 2 Mineralogy composition in majority phosphorites

Chemical compostion of phosporite representative in KPB and DZPB (mass %)

Zavkhan Phosphate Basin (ZPB), Khubsgul Phosphate Basin (KPB)

Deposit |CaO P205 Si02 TiO2 Al203 Fe203 MgO Na20 K20 MnO SO3 LT H20 Co2 F

Ald 41.3 30 20.8 0.26 0.84 1.75 0.24 0.39 0.23 0.01|- 0.88|- 1.02 1.8
Ald 31.1 23.67 39.2 0.1 0.96 1.62 0.58 0.12 0.33 0.17 0.1 2 0.05 0.41 0.27
Ald 27.7 20.15 42.2 0.11 1.53 2.47 0.3 0.1 0.3 0.19|<0.1 2.24 0.17(<0.4 1.6
T'sU 31.8 25.35 37.8 0.1 0.86 1.26 0.49 0.14 0.32 0.07 0.1 1.78 0.14 0.4 0.5
T'sU 29.1 21.15 42.7 0.11 1.53 2.47 0.3 0.1 0.3 0.19 0.1 2.24 0.17 0.4 1.7
T'sU 27.2 20.7 48.6 0.05 0.06 0.94 0.3 0.19 0.37 0.05 0.1 1.1 0.11 1.23 0.2
Bkh 53 39.1 0.85]|- 0.32 1.05 0.3 0.29 0.29]- - - - 0.6 2.9
Bkh 40.6 32.6 23.46 0.07 0.8 0.43 0.3 0.22 0.2 0.03 0.1 1.4 0.09 1.13 0.09
Bkh 45.5 32.16 10.93 0.05 0.05 1.98 0.3 0.04 0.14 0.07 0.1 5.54 0.02 5.24 0.12

Content of element-admixtures if phosphorites in KPB and ZPB (g/t)

Deposit Mn Ni Cu Zn As Sr \Y Cr Pb Hg Co Cd U Th Be K
Khb 78 23.8 24 39 22.4 1660 26 47 14.3 0.27 12.8 1.6 32 2.8 2 1.186
Khb 700 95 57 80 10 450 150 100 20 - 23 - 20 11 2 1.26
Khb 880 100 15 10 8 900 40 9 3 - 100 - 10 - 2 -

Khb 980 175 15 1 7 600 10 90 3 - 40 - 1.5 - 3 -
Bkh 142 65.6 43 52 29 1068 55 52 11 0.32 35.7 2.5 28 4.8 3 1.643
Bkh 280 57 52 98 - 769 150 28 23 - 6.5 - 23 10 3 -
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