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Executive Summary

The objective of this report is to evaluate the results of laboratory analysis of rock samples

from an environmental point of you with special regard to acid generation potential and toxic
element (As, Cd, Co, Cr, Cu, Hg, Mo, Ni, Pb, Zn and sulfur) content and mobility in order to
support environmental impact assessment of mining activities.

Eleven sampl es at various depth sections in 7 drilling cores were selected for laboratory
analysis including total major element content with lithium -metaborate fusion, total trace
element content with aqua regia digestion, nanopure water leach analysis, total sul fur

content, sulp fate -S content and TIC (Total Inorganic Carbon). In addition, pH conditions were
determined wi th pPaste pH Test, Modified ABA Test (complemented with Fizz Test) and NAG
Test. This report is based on the provided data on the previous ly collecte d samples.

Results:
1. Sampl ing was biased towards mineralization and it does not seem representative to
all rock types such as the wall rock and all types of ore mineralization present

2. Sampling does not contain  background samples, i.e. samples representin g the non -
mineralized rocks against which environmental compliance can be reported.

3. Groundwater and surface water sampling suggest some serious field procedure (e.qg.
lack of water filtering) and laboratory analysis deficiencies based on the ocassional
geo chemically inconsistent water chemistry data.

4. Laboratory methods have no detailed description posing a major obtackle to data

interpretation.
5. Laboratory results do not cover important parameters su ch as major anions that
inhibit  predictive geochemical reaction modelling, most probably due to inproper

supervision of laboratory work

6. Laboratory  results are presented in a non -uniform way, e.g. major cations are given
as oxides, in ppm (not recognized Sl unit!) and as percent (very unusal).

7. The provided data is inconsistent at some places such as the lack of geological
descriptio n of all drilled rock types (e.g . A2BX formation description is missing ).

8. The sampled geological space seems to be very heterogeneous geochemically
(with respectto  majors, toxi ¢ elements, mobility of toxic elements and acid generation)
thus many more than the collected 11 samples should be used for proper
representativity

9. In terms of environmental compliance , all_toxic elements are abo ve the

environmental standards for both solid earth material (soil and sediment) and water.
Mercury is an exception __ and it is below the standard.
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Mo is the most widespread contaminant in the rock followed by Cu and Zn. As, Co and
Ni have limited spread. Cd especially, besides Mo and Cu, can be present at extremely
high concentration levels in rock .

Mo is the most widespread contaminant in modeled drainage water (nanopure water
leach ) followed by dissolved Cd and Co. Dissloved Cr, Pb and Hg remain below the
environmental standards. Dissolved Cd especially, besides Cu, Mo and Zn, can be

present at extremely high concentration levels in leach water.

Based on the geology, a predictive geo -environmental model was constructed for
the prevailing porph  yry Cu -Mo * Au mineralization. Acid Mine Drainage (AMD) Ficklin
calculation suggests  carbon -rich polymetallic vein ___ type source rock. Similar models can
be developed for other explored deposits and mines.

Petrological interpretation of the rock total majo r element content revealed strong
silicification and argillization alterations and a rhyolitic composition, instead of the

original andesitic composition. The identified strong alteration promotes weatherability
and release of toxic elements upon mining . T his study also pointed out the strong host

rock composition heterogeneity.

Overall toxic element con tent of rock is the highest for Zn(141)>>
Cu(90.4)acCr (83¥3MHAWFS52. 6)

Overall toxic element predictability of rock is the lowest (highest rel ative
variability) for Cu(89%)>Mo(81%)>Cd(72%). Unexpected _concentration levels are the

most likely for Cd(71.43)>>Cu(15.98)>>Pb(8.61).

Toxic element content of rock is highly heterogeneous

Mobility of toxic elements as mesasured by nanopure water leaching static test is

the highest for Pb  (2.54% of total aqua regia digest lead is extracted by pure water),

folled by sulfur (0.29%), Cd and Ni (0.14%), and by the other elements. Mo and Cr are
the least mobile  with 0.01% maximum mobile content. Pb is likely to be _adsorbed in
clay minerals

Mobility of toxic elements is the least predictable (highest relative variability ; high
uncertainty ) for Cd( 88%), Co(88%) and P b(85%) . Sulfur and Cr has the lowest overall
re lative variability of 27  -28%, thus, Cr and S mobile content is the most predictable.

Mobility of toxic elements is highly heterogeneous and most of the extreme values
come from rock formations A2 and A2BX where toxic metals occure in their most
mobile forms as well.
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Acid generation potential is present for all samples but for three where it is
uncertain. Most of the samples have considerable buffering capacity  due to elevated
carbonate content.  Forced oxidation test (NAG Test) shows that all samples h ave
sulfide (pyrite) content that can generate very acidic (pH=2 -3) leachates .

The NPR (neutralization potential ratio) value is a good indicator of geochemical
characterstics and AMD potential and it identifies mineralized A2 and A2BX
formations for the high est acid generating potential. A 1 andesite tend to have low or
uncertain AMD potential, while A3 diorite intrusion AMD character depends on its
location and level of mineralization.

Mass balance modeling for rock shows high heterogenity . There is sulfide control
on Fe, Mo, Ni, As, Pb, Co, and Mo, Zn, Cr concentration. These toxic metals are

released in AMD upon mining. No link between sulfur and Cu, Cd, Mn and Ag. Iron_is
linked to As, S, Co, Pb, Mn, (Zn) and K. Presence of pyrite, arseno  -pyrite and biotite is
likely therefore.  The lack of correlation between Fe and Cr, Cu, Mo, Ag and Al show

that these elments are not associated with Fe minerals. Aluminium  is linked to K
according to the strong argillic alteration (illite, sericite). Al and Ag, Ni, P b, (Cd), (Cu)
association shows that these metals are also found in labile clay mineral positions

Lack of correlation betwe en Al and Mo, Zn and Mn show no association with Al
minerals. Potassium is linked to Ag showing that silver is in a mobile form adso rbed in
the clay minerals.  Molybdenum is not linked to Cu in the mineralization. Mo and Pb are
associated in in the A2 rock type . Molybdenum is not associated with Cu, Zn, Ni, Cd,

Cr, Ag, Co and A, K, Fe. As -Cu-S minerals (enargite, luzonite?) are suggeste d by the
model .

Mass balance modeling for water leach  shows high het erogenity . Dissolved Cd, Co
Cu, Ni, S and Pb have strong correlation with total solid content and have mobile
speciation in the rock as well . Mo tends to be present in mobile form at | ow
concentrations  (adsorbed to argillic alteration clays ). Al also has water leachab le forms,
mostly in formations A1 and A 2. These dissolved metal levels and S therefore can be
predicited based on total rock concentrations . The results suggest that these metals
and S are also present in some water leachable mobile form. Lack of the Mo -Cu and
Pb-Zn links highlights that these metals have multiple and different sources in the

studied rock. Dissolved Zn, Co and Ni (and S) are pH dependent (in pH=7.2 -7.8
range ): these metals are highly reactive as cations in the modeled AMD solution.

Thermodynamic reaction modeling for water leach shows that there is a
thermodynamic probability for Fe -oxyhydroxides, Al -oxyhydroxides, and Fe -Al solid
phases (hercynite) can pr ecipitate and co-precipiate (Co, Cu) and adsorb toxic
elements from the solution in the given range of pH=7.2 -7.8. Fe, Al, Cr, Cu and Pb can
precipitate as metal hydroxides  (Cu and Pb as carbonates, too), while As, Mo and Al

form complex hydroxy -anions and are likely to specifically adsorb in ochreous Fe -
hydroxide colloid precipitate. Molybdenum oxide co -precipitates with Cd, Cu and Pb.
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Recommendations:

1. Both rock and water sampling and sampling design should b e revised for future
work to maximise efficiency and get the maximum information at the minimum effort
and investment

2. Laboratory analysis should be better designed and should be supervised by a
recognized leading geochemist

3. Afield sampling and laborat  ory demonstration and training course is offered to the
Company to improve these techniques and procedures that seems ne eded.

4. The applied geochemical methods can be used for exploration data processing and
interpretation as well. For eample, this study ha s quantitatively described the
distribution of ore minerals (Mo, Cu, Ag, others) in the drill ¢ ores.

5. Results show that some significant par ts of the ore metals (Mo, Pb) are likely to be in
adsorption sites in clays that are easily recoverable with cheep (heap) leaching from
the rock. This knowledge may promote mining and ore processing technology

6. Efficient mine waste disposal and AMD drainage treatment can be designed
using the reults of this and similar detailed geochemical studies, by the due
conside ration of various metal containing rocks and their mixing for disposal.
Treatment with lime or underwater disposal, for example, can be predicted by the
thermodynamic modeling.

7. More samples should be collected for careful analysis to better represent t he explored
and mined material.

8. Mineralogical composition analysis  would be essential by the XRF,

Spectrophotometry, Electron Microscopy methods for predictive reaction modeling and
toxic element speciation and mobility assessment.

9. Kinetic tests should be performed to support environm ental design and planning.
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1. Objectives

The objective of this report is to evaluate the results of laboratory analysis of rock samples
(Annex I) from an environmental point of you with special regard to acid generation potential
and toxic element conten  t and mobility in order to support environmental impact assessment
of mining activities.

All data provided and made available for this study is presented in the Annexes.

2. Background

The Gold Mine has carried out mineral resource exploration in an abo ut 1x1km study area
within the approximately 8x8 km licence area at an average 300m a.s.l. topographi ¢ heights
at the XX village and surrounding areas , between 2006 and 2011 (Fig. 1) . The exploration
included the collection of stream sediment, soil and roc k samples, excavation of some
2,067m trenches, geophysical measurements and drilling of 15 bores of 215-584m length .
The cores of the t he Drilling Project  were analysed for Au, Cu , Mo and other metals . Annex |
contains the laboratory analysis results of ro ck samples that is the single source for this
report.

3. Definition of the problem
Oxidation of sulphidic ore and mine wastes produces sulphuric acid and releases heavy metals

into the hydrological system resulting in acidification of surface and subsur face waters and
deterioration of ecosystems. The geochemistry of acid mine drainage (AMD) has been studied
extensively particularly in mining areas where acid neutralising capacity of the bedrock is

limited.

Many sulfide minerals, including pyrite and marc asite (FeS ,), pyrrhotite (Fe ;.xS), chalcopyrite
(CuFeS), and enargite (CuAsS), generate acid when they interact with oxygenated water.

Other sulfide minerals, such as sphalerite (ZnS) and galena (PbS) generally do not produce

acid when oxygen is the oxidan t. Pyrite, the most common source of SO 4 in mine waste, is
stable under wide pressure, temperature and pH conditions. However, upon exposure to air

by ore mining iron is liberated and controlled predominantly by redox processes. Oxidation of

pyrite is init iated by aerial oxygen according to equations (1) and (2) (Nordstrom, 1982).

Whereas under very acidic conditions (pH<3.5) Fe > becomes the dominant oxidant and the
oxidation of pyrite is catalysed by obligate aerobic, chemolithotrophic bacteria, such as
Thiobacillus ferrooxidans (Singer and Stumm, 1970) as described in equation (3). The
chemistry of oxidation of pyrite, the production of ferrous ions and subsequently ferric ions, is

very complex, and this complexity has considerably inhibited the design of effective
treatment options.

+H O- Fe'  +250 w2H " )

FeS, +7/20 () 4 @)

2

2+ + 3+
Fe' ,, *120 ,+2H - Fe . +H,O )
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2-

3+ 2+ +
FeS, + 14Fe 2 +8H ,0- 15Fe ) +2S0 , o) +16H 3)

(a (aq

Ferric iron precipitates as hydrated iron oxide as indicated in the following reaction:
Fe* +3H ,0- Fe(OH) +3H " 4)

Fe(OH)3 precipitates and is identifiable as the deposit o f amorphous, yellow, orange, or red
deposit on stream bottoms ("yellow boy").

The net effect of these reactions is to release H+, which lowers the pH and maintains the
solubility of the ferric ion. As a result of these reactions soluble hydrated sulphates and then,

due to continued oxidation and the rapid hydrolysis of Fe 3+ | less soluble iron oxy -hydroxide
minerals are formed. Ochreous colloidal precipitates ( 6y el | owdesbribed @egnerally as
Fe(OH) , (ferri -hydroxide) are often observed on top of sedime nts in streams and lakes

receiving mine effluents. These are formed by rapid precipitation from Fe -rich waters usually
at pH>5 and are poorly crystalline. During the chemical evolution of AMD iron oxides and
hydroxides have great importance in the retentio n of trace metals and other compounds on
their surfaces by adsorption and coprecipitation. Production of acid mine drainage can occur
long after mines have been abandoned if piles of waste rock are in contact with air and water.

Acid neutralization can b e affected by calcite, CaCO 3, naturally occurring at sulphide
mineralizations as primary or secondary gaunge mineral , according to equations 5 -7.
Generally, limestone or other calcareous strata that could neutralize acid are lacking or

deficient at sitest  hat produce acidic mine drainage.

CaCOs5 +2H " =Ca® +CO yuq +H 20 (5)
COupg +H20=HCO®* +H" 6)
HCO®> +H* =H ,COs (7)

4. Geology of the studya rea

4.1 regional geology and tectonic framework
The study area is located in the XX characterized by Laurasian affinity affected by Variscan
(Carboniferous) and Cim merid e (Triassic) orogenies, but with limited Alpide orogeny

influence. The XX Terrain basement is high  -grade Variscian metamorphic sequence of geiss,
amphibolite, mar ble and scarce meta peridodite. Paleozoic granitoids are scattered
throughout the ~ XX Terrain overlain by Jurasic and younger sediments. The study area is
within the Late Triassic -Early Jurassic XX Complex in the XX Terrain. The low -grade
metamorphic Lower XX Complex is dominated by metabasite with lesse r amounts of marble
and phyllite. The Lower XX Complex represents the Permo  -Triassic subduction -accreation
complex of the Paleo -Tethys with Late Triassic blueshists and eclogites, with earlier trench
sediment s, accreted to the margin of Lauru ssia during the Late Permian to Triassic . This
complex basement is overain unconformably by Early Jurassic sedim entary and volcanic
succession. The XX Complex represents  the Late Triassic -Early Jurassic large oceanic plate  au
or large number of ocenanic islands accreted to the southern margin of the Laurussia in the
Cimmeride orogeny. Paleo-Tethyan subduction -accretion ended in the Pontides in the Early
Jurassic. The three Pontic terrains were amalgamated into a single plate in the mid
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Cretaceous following the closure of the Intra -Pontide ocean and opening of the Black Sea.
Subduction of the Neo -Tethys under the Pontides started in Early Cretaceous and a volcanic

arc with calc -alkaline plutons  developed from Late Cretaceous. The final collision of the
Pontides with the Anatolides  -Taurides occurred in Late Paleocene -Early Eocene, followed by
uplift and extensive erosion. A new cycle of terrestrial sediment deposition and  basaltic
andesite and dacite type volcanism started in th e Middle Eocene in extensional tectonic
regime associated with the opening of the Eastern Black Sea basin. The region became a land

area in the Oligocene.

Tertiary granodioritic plutons with large crystals of hornblende and biotite intrude d into older
formations (Paleozoic metamorphic rocks, Mesozoic -Late Permian limestone, Early Triassic
clastic rocks, Middle -late Triassic carbonates and sedimentary rocks, Late Jurassic -Early
Cretaceous limestone and Upper Cretaceous melange units) and fed the developmen t of
andesiti e-dacicitie (rarely rhyolitie) volcanic rock of lava and tuff displaced on the terrestrial
environment forming sedimentary -volcanic rocks.  The porphyritic texture andesite lava
contains feldspar and mica crystals with plagioclase (andesine and oligoclas) phenocrysts
together with biotite and augite. Opaque minerals are rare. The fractured rock has alteration

of chloritization, silicification, carbonation. The altered andesites display k aolinization,
silicification, illitization ~ -montmorillonitiz  ation and limonite formation . Pyritization and
silicification are common at lower levels

© 2013,Googleuss

=1

Figure 1. Location of the study area in the XX zone. DEMO .

4.2 local geology and mineralization
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The local geology is know n from the provided geological descr iption in Annex II. The very
poor English translation of the original language text enables only an approximate summary
with respect to environmental implications.

Accordingly, granodiorite intrusions at depth from 300m to the surface cross-cut the
green schist facies (HP -LT) metamorphic rocks and carbonate rocks of the XX Complex in the
1x1km study area (Fig. 2). Wide-spread hydrothermal activity accompanied the shallow
intrusions and associated andesitic -dacitic volcanic products formed in the Neogene lacustrine
sedimentary basins.  Various mineralization is spread over a wide area in the region including

porphyry Cu -Mo = Au -Ag and Au mineralization, Fe skarn, Cu-Fe skarn, intermediate
sulphidation and epithermal vein mineralizations. The Fe and Cu -Fe skar n deposits were
exploited in the area, in addition to Pb -Zn intermediate sulphidation deposits. Former iron
mine operation signs are found especially in the XX Creek where magnetite and malachite
scoria are found together with limonite, hematite and silici fied metasediments with vuggy
quartz.

Based on drillings, four different granodiorite intrusions can be distinguished with porphyry
Cu-Mo %= Au mineralization close to the surface in the east, confirmed by soil geochemical

survey data and geophysics. The observed phyllic -argillic alteration overlying advanced
argillic alteration products in this area also point to location of this mineralization. InFig. 2 Al
is early stage andesite porphyry, A2 is rhyolitic or tonalitic intrusive rocks, A3 denoted

microdio ritic intrusive rocks (granite?), and P4 is late stage andesite porphyry. The most

important is the phyllic ~ -altered A2 unit related to Cu  -Mo mineralization. The main primary ore
minerals are chalcopyrite (CuFeS,), secondary covellite (CuS), chalcocite (Cu,S) and
molybdenite ~ (MoS,). These rocks have predominantly propylitic, argillic and phyllic
alteration s. Unit Al containing porphyry -type mineralization, too  , with observed ore minerals

of magnetite (Fes0,), chalcopyrite, sphalerite (PbS) and rutile (TiO,).

Figure 2 -3. Geological cross -section showing three sampled bores 007, 011 and 012. Legend: Al:
early stage andesite porphyry; A 2: rhyolitic  or tonalitic intrusive rocks; A 3: microdioritic intrusive
rocks; A2BX: mineralised ?

10
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At greater depth stockwork of quartz  -pyrite veinlets and magnetite increases, especially in

the bore 009 (not sampled for chemical laboratory analysis in this study). Veins
predominantly contain pyrite -quartz -molybdenum and veinlets bear chalcopyrite, pyrite -
chalcop yrite and magnetite. The A3 and P4 represent late stage porphyry granite intrusives

and are insignificant with respect to Cu -Mo %= Au mineralization. Mineralization seems to
follow the main E -W fault. Bore 014 revealed a deep stockwork veinlet mineralizatio nin a
potassic altered porphyry  -type zone.

The vein -type mineralization also follows an E -W trend in a 1.3km distance, characterized by
chalcedonic quartz veins with carbonate substituents. An Au -Ag-rich bozanza zone at the root
of the system represents the transition at depth. All metal concentrations are low in this
zone.

During surface geochemistry exploration, insignificant Pb and Zn anomalies, together with As
anomalies were observed most probably originating from the epithermal mineralization zone S.

5. Materials and m ethods

5.1 sampling

Sampling included a brief site visit to the XX Drilling Project area and selection of 11
samples of 2kg weight at various depth sections in 7 cores ( cores 004, 005, 006, 008, 012: 1
sample; 011: 2 samples; 007 : 4 samples ) in Mine office in 2012 ( Table 1). Samples represent
the Al, A2, A3, A2BX and metamorphic rock formations, according to Table 1. Methods of
sample collection, transport and storage are unknown.

Table 1. List of drill core samples with sample description

SAMPLE CODE DRILLING CODO INTERVAL(mM)| AMOUNT |LITHOLOGY

004_80-100_A2 D004 80m |100m |2 kg A2: rhyolitic/tonalitic intrusive rocks
005_50-100_ A2BX 005 50m |100m |2 kg A2BX mineralization?

006_20-50_ A1l 006 20m |50m |2kg Al: early stage aesite porphyry
007_10-20_A1 007 10m [20m |2Kkg Al: early stage andesite porphyry
007_97-117_A2BX 007 97m |117m |2 kg A2BX mineralization?
007_150-200_A3 007 150 m [200 m |2 kg A3: microdioritic intrusive rocks
007_237-240_A3 007 237m |240 m |2 kg A3: microdioritic intrusive rocks
008_344-354_AAA 008 344 m |354 m |2 kg Metamorphic

011_80-100_A1 011 80m |[100m |2 kg Al: early stage andesite porphyry
011_190-200_A2BX 011 190 m |{200 m |2 kg A2BX mineralization?
012_245-249_A2 012 245m (249 m |2 kg A2: rhyoliic/tonalitic intrusive rocks
Although sample selection criteria is unknown, based on the comparison of geological cross -
sections (see Fig. X -section ) and sample depth s (see Table 1) it seems that selection was
guided by representing the major rock forma tions and main mineralizations.

5.2 laboratory analysis

Samples were sent for analysis to a Canadian laboratory  to determine chemical composition
for total major element co ntent with lithium -metaborate fusion, total trace element content
with aqu a-regia digestion, water leachate analysis, total sulphure content, sulphate -S content

and TIC ( Total Inorganic Carbon) (Table 2) . In addition, pH conditions were determined with

11



Gyozo Jordan- GEMRG Environmental Geochemical AnalysiSpld MineDrilling Project

paste pH test, Modified ABA test and NAG test ( static tests; Table 2). Result s of laboratory
analyses are presented in Annex I.

Acid/neutral rock drainage (A/NRD) is the main long term environmental issue for the metal

and coal mines sectors of the extractive industries. Different A/INRD prediction methods that

are being used by the industry around the world include static testing and kinetic testing.

Different kinetic tests are described in CEN/TR 16363. The static tests are designed for the
single purpose of measuring the extractive wasds eds
acid neutralization capacity. Accordingly, static tests are commonly used for screening

purposes and to provide an answer to whether the extractive waste material has a potential

to be an acid producer or an acid neutralizer. The static tests focus on the intrinsic properties

of the material. They do not provide any information on reaction rates or release rates of

weathering products.

Table 2. List of drill core samples with sample description

WRA by borate fussion
digest with ICP-MS finish
3:1 Water Leach with Analysis

004_80-100_A2
005_50-100_A2BX
006_20-50_Al
007_10-20_Al
007_97-117_A2BX
007_150-200_A3
007_237-240_A3
008_344-354_AA
011_80-100_ Al
011_190-200_A2BX
012_245-249 A2

XX | X | X|X|X|X|X|X|X|X[Trace elements by Aqua regia
XXX | X|X|X|X|X]|X]|X]|X|CPMS analysis of Static NAG
leachate

X|X|X|X|X|X|X|X|X|X|X [Modified ABA
XX |X|X|X|X|X|X]|X]|X|X paste pH
XX |[X|X[X|X|X|X]|X]|X|X|Static NAG test

XX |[X|>x|X|x|x]|x|x|x|x[Total S
XX | X[ X |X|X|X|x|X|x]|X SulphateS
XX |X|X|X[X|[x|X|xX|>|x[TIC
XXX X |X|X|[x]|x]|x]|x]|Xx
XXX XX |X[x]|x]|Xx]|x]|Xx

Description of the laboratory analyses is not available which limits data interpretation.
However, a simple general description of methods and their interpretation is provided below.

5.2.1 Total decomposition with lithi um - metaborate (LiBO )

This method is the geological standard for rock total major element determination including

silicate. However, trace metals tend to react with the used platinum and hence contaminating

samples. The sample is fused with the lithium -met aborate reagent at high temperature
(1060 °C). The fusion meltis dissolved with HCI acid and the solution is transferred to ICP -MS
analysis. Results are given in the oxide forms of major cations.

5.2.2 Extraction with agua regia ( 1:3 HNO 3:HCI) in open v essel
The objective of this extraction is determination
its simplicity, speed and relatively low cost, aqua regia extraction is limited by the incomplete

12
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dissolution of silicates and some oxides. The test porti on of sample is weighed into a glass
baker and then cc. HCI and cc. HNO 3 IS added, and the solution is evaporated at 100 °C on a
steam bath. The the residue is dissolved with HCI acid before ICP -MS analysis. Digestion can
be performed in closed Teflon bomb with microwave extraction.

5.2. 3 Extraction (leaching) with deionized water

The aim of the test is to determine water soluble toxic element content possibly mobilized

and leached by precipitation. An example is adding 50 ml of deionized water to 5 g samp le
test portion and strongly shake by hand for 1 minute. After shaking the sample iss allowed to

settle for 24 hours at room temperature. The sample is then shaken again for 2 hours by

electric shaker at 2,500 rotation per minute (rpm). At the end, the sus pension is filtered
through filter paper followed by pressure filtering through a 0.45 um membrane filter. In this
study 750ml nanopure water was added to 250g sample test portion.

5.2.4 Sulfur (total, sulfate, and sulfide) determination

For many wastes f rom extractive industries the content of sulfur is of interest as it may lead

to production of acid/neutral drainage. Sulfur can be found as sulfide or disulfide (e.g. pyrite),

as sulfate (e.g. calcium sulfate = gypsum), or as organic sulfur. The latter wo uld usually not
be found in extractive wastes, the same holds for elementary sulfur. While most sulfides will
contribute to acid production, sulfate and elementary sulfur will not. Usually, the total content

of sulfur is determined, which is sufficient for many applications. According to EN 15875, the
preferred methods for sulfur determination are bomb combustion according to EN 14582 or

high temperature combustion according to ISO 15178. When speciation is of interest, instead

of total sulfur a more time a nd labour consuming analytical method has to be applied (EN
15875:2011).

5.2.5 Paste pH

Paste pH is the most basic and simple static test. While it can be useful to indicate ongoing
acidification of waste that has been exposed to air and water for a fe w years it does not give
any useful information for fresh or un -weathered waste. The method is usually performed in

the field, but laboratories will also perform the test. A pH result below neutral indicates that

acid production has occurred.

5.2.6 Acid-base accounting (ABA)

Acid -base accounting (ABA) is the most common type of static tests. They are all designed to

guantify the total acid producing potential and acid neutralizing potential of the material

tested. However, they do not give any informatio n on the rate of acid production or
neutralization.  ABA-tests quantitatively balance the sulfur or sulfide -sulfur content (acid
potential, AP) with the neutralization potential (NP) of carbonates and other alkaline material.

Acid Producing Potential (AP) i s defined as 31.25*Total Sulfur. For the neutralization potential

(NP) the sample is first sieved to 60 mesh (0.24 mm) size, followed by HCI addition based the

fizz test result. Then extract is boiled for one minute, than cooled and titrated to end point

pH=7.0.

The quantitative balance is commonly expressed as the neutralization potential ratio (NPR),

NPR:%
8)

or as a difference between the acid potential (AP) and the neutralization potential of the host
rock (NP), the net neutralization poten tial (NNP)
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NNP =NP — AP

)
The static test described in EN 15875 has been developed as part of the implementation of
the MWD and is the recommended static test procedure within Europe. There are several
other static tests that are used internationally. E.g.:
- acid-base accounting (ABA)
- the Sobek method;
- modified Sobek.
In most methods (including EN 15875) the acid potential is calculated based on sulfur, or
sulfide, content. ~ Both AP and NP are commonly expressed in kg CaCO3 eq/tonne of material.
AP or NP expressed in  carbonate equivalents (CaCO3) in kg/t can be converted to H+ content
in mol’kg by multiplying by 0.  02. The result of AP and NP is evaluated in different ways. The
net acid neutralizing potential (NNP) is calculated by Formula 8 and the neutralizing potential
ratio (NPR) by Formula 8. The NNP and the NPR s first of all used to evaluate the risk of the
waste material going acid, resulting in the production of acid rock drainage (ARD).
Commonly the NPR and NNP are evaluated by the followi ng rule of thumb:
—_ 1:1
= Potentially
© Acid Generating
—
o Uncertainty
ot Z
53 one
O 3:1
(0
Q
o
< Non-acid
Generating

NP (tCaCO3/1000t)

Figure 4 . AP vs. NP with the common interpretation

- NPR < 1: Potentially acid generating
- 1< NPR < 3: Uncertainty zone
- NPR > 3: Non -acid generating.

- NNP < -20ton CaCO3(eq)/1000 tones of material: Potentially acid ge nerating

14
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- 20 < NNP < 20: Uncertainty zone
- NNP >20: Non -acid generating.

The NPR is commonly plotted in a diagram NP vs. AP (Figure 4).

However, it should be noted that these interpretation criteria are simplifications. It is

important to  understand how and why they may be misleading in some cases . If the material

is heterogeneous there is potential, even though the criteria indicates that there will be no
acid generation, that parts of the waste material in question will go acidic where the

neutraliz ing material is not available (more common in waste rocks than tailings).

5.2.7 Net acid generation test (NAG)

The net acid generation (NAG) test determines resulting acid generation directly and is often

used as a complement to ABA to resolve unclear cas es. In this study 2.5 g sample is digested

by 250 mlof 17.5% H  ,0, solution assuming that reduced metal -sulfides such as pyrite are all
oxidised and brought into solution. This reaction intends to model atmospheric oxidation. The

pH of the H ,0, solution is set to 5.2 before the reaction. The 0.1N NaOH titrated values show

how much is consumed to reach pH=4.5 and 7. Results are given in units of kg H »SO,4/tonne
of test material.

5.3 environmental geochemical mass balance modeling and thermodynamic

reaction m odeling

The objective of mass balance modelling (inverse modelling) is to describe geochemical
composition of the studied rocks and leachates in terms of the quantitites of chemical

compounds. Mass balance modelling uses a stochastic approach in this stu dy. Geochemical

data series are often characterized by non -normality, heterogeneity and outliers, hence
robust statistics were used in t h-letser ssmimary \tatisticBu k ey 6
containing the minimum, lower quartile, median, upper quarti le and the maximum are
calculated and displayed with box -and -whiskers plot s (see Table 4, for example ). The
statistics are compared to Dutch List pollution limit value sf or 6 geol ogi dsailandme d i
sediment) . In order to compare overall variabilities of toxic metals elements measured in the

samples, relative variabilities represented by the robust MAD/median measures are compared
among the studied toxic elements. To characterize extremity in concentrations due to

localizes point contamination, for exam ple, the Range/ median measure is used. Also,
enrichment factors (EF) are computed by dividing the element concentration in the laboratory
leachates by the total rock contents.

Univariate d ata is also tested for heterogeneity. Sub -groups or sub -populatio ns are identified
using the natural brake method based on histogram analysis. Natural brake is an inflexion

point in the cumulative distribution function (CDF) which corresponds to the local minimum in

the frequency histogram (multi -modal histogram). Assum  ing that a homogeneous distribution
represents a single stochastic process such as metal content due to a single mineralzation
process or the non-mineralized host rock , each identified sub -group may reveal a
geochemical process in the univariate data space . S eparation of sub -populations is confirmed
at the 95% confidence level by the Mann -Whitney (Wilcoxon) homogeneity test based on the
comparison of medians. Outlying values represent sudden and unusual events, essential for

identifying toxic elements for waste facility design and planning for remediation

Mass balance among reacting components is calculated with t he Pe adirear ncorelation
coefficient using the robust interactive outlier rejection regression method , and based on
mola r concentration s (milimoles per litre; mM/l)) . No more tha n 10% of bivariate outliers are
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rejected in all cases. All correlations are checked visually using the regression bivariate
scatter plots, and all correlations discussed are significant at the 9 5% confidence level

Correlations, possibly induced by the action of a background variable are checked by means
of partial correlations. For example, a virtual link between metals originating from various

sources can be induced by adsorption to iron -oxide surfaces in the s tudied water samples . If
iron represents this adsorbing fraction then the partial correlation with iron removes its effect

and the previously strong virtual correlation between two metals may drop, indicating that

their relationship is due to the effect of iron as a background variable. Multi -variate analysis is
confined to EDA (exploratory data analysis) methods such as spider diagrams and star
symbol plots.  Statistical analysis used the Statgraphics Centurion XV and SPSS software.

Thermodynamic modeli ng uses the PHREEQC reaction path model (forward modelling) to
calculate speciation of measured elements and saturation indices to estimate super -saturation
of solid phases that might control precipitation and co -precipitation of metals. Model runs
were pe rformed using various thermodynamic reaction databases such as Minteg4, Phreeq

and Wateqf4 to account for inaccuracies arising from uncertainties of thermodynamic data. If

not indicated otherwise, results are based on the Minteg4 database.

6. Environment al ¢ ompliance

6.1t otal toxic element content (aqua regia digest)

Relative abundance of toxic elements, defined as the element concentration related to a

reference value such as an environmental standard, measured in aqua regia digest and

comparedtoth e New Dut SdlandBetdi dtnent sé st andards is discus

In the lack of known National environmental standards for earth material (soil and sediment) ,

the identification of toxic elements is based on the Mine Waste Directive (MWD) (Directive
2006/21/EC) and associated Commission Decision on Inert Waste Classification (Commission

Decision 2009/359) requesting the concentration analysis of As, Cd, Co, Cr, Cu, Hg, Mo, Ni,

Pb, V, Zn and Sulfur , but no limit values are provided. The Environ mental Quality Standards

Directive (Directive 2008/105/EC) sets standards for Cd, Hg, Ni and Pb in water, all included

inthe MWD. Concentrations measured in the agua regia digest for the collected rock samples

are compared to the internationally recognize d 6Dutch Listd standards, f o
apart from v anadium and sulfur as they is not included in the Dutch List (Table 3) . Although

rock and mine waste rock are out of the scope of the Dutch List, it is used as a guiding

reference only for toxic element content comparison. Concentration levels are primary
compared t o t he | ower 6opti mumb l evel according
contamination risk assessment.

According to T able 4 the broades contamination is found for Mo with at least 75% of the
samples ( Ol ower g u ar mg/kh ¢ shavihg iicentration levels above the Dutch List
60 0opt i menvironmental standard (Mo=10 mg/kg ) (nine of the 11 samples exceed the
standard, i.e. 82% of cases; see Table Aqua Regia Digest in Annex ) . Then Cu and Zn follow
with concentrations higher than the standards (Cu=36 mg/kg , Zn=140 mg/kg ) in at least 50%
of c¢asmalian(CO =90.40 mg/kg , Ome di an Z10Gngkg ) (seven and six of the 11
samples exceed the standards, i.e. 64% and 55 % of cases, respectively; see Table Aqua
Regia Digest in Annex ). Cadmium, Chromium and Lead follow the order and have limited
contamination levels in terms of spatial distribution as expressed by the number of samples

with concentrations above the standards in at least than 25% of cases ( exceeding only the
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upper quar tiles) (five, four and five of the 11 samples exceed the standards, i.e. 45%, 36 %
and 45 % of cases, respectively; see Table Aqua Regia Digest in Annex I)

Table 3. Environmental standards according to the New Dutch List

Contaminant| Soi Sediment Groundwater
(mg/kg dry weight (nall)

optimum | action joptimum) action

Metals

Arsenic 29 55 10 60
Cadmium 0.8 12 0.4 6
Chromium 100 380 1 30
Cobalt 20 240 20 100
Copper 36 190 15 75
Lead 85 530 15 75
Molybdenum 10 200 5/ 300
Nickel 35 210 15 75
Mercury 0.3 10 0.05 0.3
Zinc 140 720 65 800

As, Co and Ni have the least widespread contamination and only the maximum values exeed

the standards (Two, one and one of the 11 samples exceed the standards, i.e. 18%, 9% and

9% of cases, respectively ; see Table Agua Regia Digest in Annex I). The studied samples
seem to be not contaminated with Hg and even the maximum value (Hg=0.06mg/kg) does

not exceed the one -fifth of the Dutch optimum environmental threshold (Hg=0.3mg/kg).
Assuming that the samples represent the spatial distribution of the excavated and deposited
material, this means that in about 82% of the excavated material can be expected to have

Mo concentration above the threshold, while only in 9% will have high concentrations for Co

and Ni, for example, and all the deposited material will be inert with respect to mercury. The
order of expected contamination spread is therefore the following:

Mo(82%)>Cu(64%)>Zn(55%)>Cd(45%)=Pb(45%)>Cr(36%)>As(18%)>C0o(9%)=Ni(9%)>H
9(0%).

These results can guide planning for mixing of contaminated and uncontaminated waste
material proportions at deposition.

It is interesting  that the higher 'action level is exceeded by Cu, Cd and Zn only (Table 4).
Copper exceed s the ‘'action level' (Cu: 190mg/kg) in most of the cases with at least 25%
probability (OQupper quartile Cu=283mg/kg) (three of
i.e. 27% of cases, respectively; see Table Aqua Regia Digest in Annex 1). Cd and Zn also

exceed their 'action levels' (Cd: 12mg/kg, Zn: 72 0Omg/kg) in their maximum values (one and

one of the 11 samples, i.e. 9% and 9% of cases, respectively; see Table Aqua Regia Digest in

Annex 1). Molibdenum, together with the other metals, remains below the intervention

concentrations (‘action levels') set for soils and sediments.
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Thus, it can be concluded that while Mo has the widest contamination in the studied earth
material, Cu, Cd and Zn can have rare but high concentrations. This pronounced
inhomogeneity has to be considered for material storage and waste facility design, including
environmental permissions and reporting.

Not only the amount of material with high metal concentration is important for environmental
planning and impact assessment but the level of environmental standard exceedance is o
concern. Coloumns 'medExceedance’ (medExceedance=median/optimum level) and
'maxExceedance’ (medExceedance=maximum/optimum level) in Table 4 show that the
overall concentration (as represented by the median central value) exceeds only twice the
standard i n the case of Mo and Cu (2.0x and 2.5x, respectively). However, the maximum
concentration values of Cd and Cu exceed the environmental standard 68x and 40x,
respectively! It is 9.4x for molybdenum. Lead and zinc have about similar maximum
exceedances of 5. 5x and 5.3x, respectively. Co (2.4x), Cd and Ni (1.6x), and As (1.1x)
maximum values are at about their standards. Even the maximum value of mercury is only a
small fraction (0.2x) of the environmental standard. The observed highest concentrations
above th e standars follow the the order:

Cd(68x)>Cu(40x)>>Mo(9x)>Pb(5.5x)=Zn(5.4x)>Co( 2.

These results suggest that the studied rock material is highly heterogeneous with respect to
toxic elements and Cd and Cu, in addition to Mo, can reach extreemly high concentrations
locally.
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Table 4. Summary statistics of the studied 11 rock samples and comparison of toxic element concentration to the New Dutch List  environmental
standards . MAD: median average deviation. Red colour: conc entration above the 6o pstandnseadmients e neck ¢olouf with boko i:
concentration abov e ;rmmedExceadancet timesmiedian above Dutch optimum level (median/DU TCH optimum); maxExceedance: times
maximum above Dutch optimum level (maximum/DU  TCH optimum) ; blue with bold: extreme, normal: high exceedance of the Dutch optimum level
Lower Upper Standard

METAL METAL Count Minimum quartile Median  quartile Maximum MAD MAD/median range/median Average  deviation Variation%
Arsenic As 11 2.00 7.00 9.00 24.00 32.00 6.00 0.67 3.33 14.18 10.84 76%
Cadmium Cd 11 0.21 0.27 0.76 4.01 54.50 0.55 0.72 71.43 7.17 16.00 223%
Chromium Cr 11 39.00 73.00 83.00 116 164.00 14.00 0.17 1.51 94.32 3451 37%
Cobalt Co 11 2.70 5.60 9.00 16.10 47.40 3.40 0.38 4.97 12.51 12.52 100%
Copper Cu 11 5.40 17.50 90.40 283 1,450 80.10 0.89 15.98 258.27 429.34 166%
Lead Pb 11 18.00 26.90 52.60 127.00 471.00 34.60 0.66 8.61 113.10 138.36 122%
Molybdenum Mo 11 3.77 11.20 19.70 59.60 93.60 1593 0.81 4.56 35.62 30.36 85%
Nickel Ni 11 1.70 5.50 9.20 12.90 55.00 3.70 0.40 5.79 13.38 14.91 111%
Mercury Hg 11 0.01 0.01 0.02 0.04 0.06 0.01 0.50 2.50 0.03 0.02 64%
Zinc Zn 11 21.00 85.00 141.00 462.00 741 88.00 0.62 5.11 256.18 230.94 90%
Sulfur S 11 0.12 0.83 1.20 2.15 2.92 0.65 0.54 2.33 1.48 0.85 58%

Lower Upper DUTCH optimum DUTCH action
METAL Minimum quartile Median quartile Maximum (mg/kg) (mg/kg) medExceedance maxExceedance
Arsenic 2.00 7.00 9.00 24.00 32.00 29 55 0.3 1.1
Cadmium 0.21 0.27 0.76 4.01 54.50 0.8 12 1.0 68
Chromium 39.00 73.00 83.00 116 164.00 100 380 0.8 1.6
Cobalt 2.70 5.60 9.00 16.10 47.40 20 240 0.5 24
Copper 5.40 17.50 90.40 283 1450 36 190 215 40
Lead 18.00 26.90 52.60 127.00 471.00 85 530 0.6 55
Molybdenum 3.77 11.20 19.70 59.60 93.60 10 200 2.0 9.4
Nickel 1.70 5.50 9.20 12.90 55.00 35 210 0.3 1.6
Mercury 0.01 0.01 0.02 0.04 0.06 0.3 10 0.1 0.2
Zinc 21.00 85.00 141.00 462.00 741 140 720 1.0 528
Sulfur 0.12 0.83 1.20 2.15 2.92
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6.2 m obile toxic element content (nanopure water le ach)

Relative abundance of toxic elements, defined as the element concentration related to a
reference value such as an environmental standard, measured in nanopure water leach and
compared to the New Dut c gtand ardsis disc@Esed in thisl w aettierr. 6

Dissolved mercury was not determined from the nanopure water leach and therefore it is not
discussed. lon balance ranges from |0.8|% to |11.7|% exceeding the 5% tolerance in 6

cases. This suggests some analytical error that can bias results. The error may come from the
ferric iron oxi -hydroxide precipitation (see Thermodynamic modeling below).

Although the Duch List standards do not apply to laboratory leachates, it is interesting to take

a preliminary look at at the leach results in comparison to the standards.  According to Table
5, the most widespread mobile toxic element is found for Mo with at least 50% of the
samples (Omedian=0.0277mg/ |) having concentration |
environmental standard (Mo . 0.005mg/l) (six of the 11 samp les exceed the standard, i.e.
54% of cases; see Table Nanopure Water Leach Extraction in Annex I). Then Cd and Co
follow with concentrations higher than the standards in at least 25% of cases ( three of the 11
samples exceed the standards, i.e. 27% for both metals; see Table Nanopure Water Leach
Extraction in Annex | ). As, Cu, Ni and Zn have the most limited sprea d of mobile water
leachable con centrations with the maxima exceeding the standards (Table 5) (two samples
for As, Cu and Ni, one sampl e for Zn ; 18% and 9% of cases, respectively ). Lead and
Chromium remain below the standards for all samples. The order of expected mobile toxic
element contamination spread is therefore the following:

Mo(54%)>Cd (27%)=Co (27%)> As(18%)= Ni(18%)= Cu(18%)> Zn(9%) >>Pb(0%)=Cr(0%)

Cu, Cd and Zn high values exceed even the -Qeasetfaron |
Cu and Zn) (Table 5; see Table Nanopure Water Leach Extraction in Annex I). This shows that
while Mo has the widest distributed contamination, t he most widespread extreme leachate

concentration can be expected for Cd, in addition to Cu and Zn. Results point to the high
heterogeneity of the studied rocks and of the associated and expected contamination levels.

Coloumns 'medExceedance' and 'ma xExceedance' in Table 5 show that the overall mobile
element concentration (as represented by the median central value) exceeds only 5.5x the
standard in the case of molybdenum. For all the other toxic elements the overall value
remains below the standards

When the extrem maximum water leachable metal concentrations are compared to the
standards and amazingly high ratio of 7,500x and 198x of is obtained for Cd and Cu. Mo
(36x) and Zn (28x) follow, together with As (2.8x), Co (3.8x) and Ni (4.4x).

These results suggest that the studied rock material is highly heterogeneous with respect to
toxic elements and Cd and Cu, in addition to Mo, can reach extreemly high concentrations
locally. The observed highest concentrations above the standars follow the the order:

Cd(7,500x)>>Cu(198x)>>Mo(36x)azZn(28x)>>Ni4.4aCo(3.38

Cadmium seems to have locally very high accumulation that is also mobile.
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Table 5. Summary statistics of the studied 11 rock samples and comparison of toxic element concentra tion to the New Dutch List environmental

standards. MAD: medi an average deviation. Red colour: concentrati on loarbwity leold:t h e

concentration above the O6actiond6 | evel ; Dutehdoftimenelevel émedian/DUTCH optraim)mexExcaadance:btimes e

maximum above Dutch optimum level (maximum/DUTCH optimum); blue with bold: extreme, normal: high exceedance of the Dutch opti mum level.

Lower Upper Standard
METAL METAL Count Minimum quartile Median  quartile Maximum MAD MAD/median range/median Average deviation Variation%
Arsenic As 11 0.0005 0.0011 0.0024 0.0075 0.0275 0.0019 0.79 11.25 0.00726364 0.00957489 131.82
Cadmium Cd 11 0.000003 0.000075 0.000107 0.00107 3 0.000104 0.97 28037.3 8 0.279751 0.902483 322.60
Chromium Cr 11 0.0005 0.0005 0.0005 0.0005 0.0006 0 0.00 0.20 0.000518182  0.000040452 7.81
Cobalt Co 11 0.000135 0.000434 0.00215 0.0248 0.0766  0.001997 0.93 35.57 0.0156021 0.0269255 172.58
Copper Cu 11 0.0008 0.0029 0.005 6 0.0067 2.97 0.002 0.36 530.21 0.285227 0.89124 312.47
Lead Pb 11 0.00002 0.00008 0.00022 0.0009 0.00603 0.00014 0.64 27.32 0.000927273 0.00176005 189.81
Molybdenum Mo 11 0.00036 0.00261 0.0277 0.123 0.181 0.02728 0.98 6.52 0.0531427 0.0652691 122.82
Nickel Ni 11 0.0003 0.0015 0.0052 0.0123 0.0657 0.0049 0.94 12.58 0.0128636 0.0194822 151.45
Zinc Zn 11 0.001 0.002 0.005 0.016 1.81 0.004 0.80 361.80 0.171636 0.543448 316.63%
Sulfur S 11 1.17 4.32 11 15.6 39.7 4.6 0.42 3.50 12.2918 11.0644 90.01%
Stnd.

METAL Range Interquartile range Stnd. skewnes: kurtosis| DUTCH optimum (mg/l DUTCH action (mg/| medExceedance maxExceedanc:

Arsenic 0.027 0.0064 2.29 1.07 0.01 0.06/0.2 2.8

Cadmium 3 0.000995 4.49 7.43 0.0004 0.006/0.3 7,500

Chromium 0.0001 0 2.60 1.38 0.001 0.03|0.5 0.6

Cobalt 0.076465 0.024366 2.40 1.32 0.02 0.1/0.1 3.8

Copper 2.9692 0.0038 4.48 7.41 0.015 0.075/ 0.4 198

Lead 0.00601 0.00082 3.93 5.99 0.015 0.075/0.0 0.4

Molybdenum 0.18064 0.12039 1.43 -0.23 0.005 0.3|5.5 36

Nickel 0.0654 0.0108 3.22 4.04 0.015 0.075/0.3 4.4

Zinc 1.809 0.014 4.49 7.44 0.065 0.8/0.1 28

Sulphur 38.53 11.28 2.26 2.22

21

(



Gyozo Jordan- GEMRG Environmental Geochemical Analysispold MineDrilling Project

6.3 groundwater and surface water toxic element content (field sampling)

Measured conentrations int  he six groundwater  and surface sampl es are compared
to the four -level Turkish Standards for Water in Annex lIl. Data and evaluation is
provided by the Koza Gold Operations Inc. and is presented without change. The

toxic element concentrations are above the Turkish environmental standards in all
almost cases.

It is important to note that the presented water quality data poses some serious

professional concern. First, there is a confusion in the measurement units.
Conductivity is shown in Mg/l units, while trace elements in Mg/l instead of th e ug/l
in columns A and B (see original first column in Turkish with the correct units) Cltis

obvious from the data series that EC (electric conductivity) was measured before
acidification of the samples. Samples BYP -2 and BYP -5 have pH<5 but with the
smallest TDS (total dissolved solids) (ca. 150 mg/l) and EC (ca. 320 p s/cm). lron
has the smallest values in these samples, too! Iron is small in the last sample. A

reson might be the inappropriate sample treatment with acid on the site. Also, Zn is
high in s amples BYP -1 and BYP -2, while Cu is high only in BYP  -2. When sample is
acidified Fe -oxyhydroxides can be dissolved that may take a few days at room
temperature. A good control on the data is the observed good correlation between

Fe and As as it should be u  nder the studied conditions. Altogether, there seems to
be a lot of inconsistencies in the water chemistry suggesting inappropriate
sampling, sample treatment and laboratory analysis.

Based on the above deficiencies , it is offered that we provide a revie w of the
applied methods of company, and possibly give a training for water sampling
and laboratory analysis

7. Geochemic al data interpretation and mode ling

7.1 geochemistry of rock composition (whole rock analysis)

The major rock constituting cations are provided in their oxide form obtained by
lithium -metaborate fusion (Annex I). Figure 5 shows that sampled rock composition
is quite heterogeneous suggesting different behaviour in response to future mining

and surface erosion. Sample 008_344 -354_ AAA seems to be the most different. It
is assum ed that this sample was not tak en from the studied drill cores.

100
' — 004 80-1C 2
\ — 005 50-1C X
10 : 006_20-5" ~°
A
\ p ,/\/ ——  007_10-2
1 : \ % A\ \VA "o\ — 007 97-11 3X
Si02 203|680 A 96 k20'Na20Fe2Q8MnO~JiB2 305 007 1502 13
/, NN )
0.1 ‘ _¥ 007_237-2¢ _ 3
1008_344-3¢ A
011 80-10 1
0.01

Figure 5 . Spider diagram for the major cation oxide composition of the 11 rock samples
Note the heterogeneity in the primary rock composit ion
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According to the spider diagram (Fig. 5) it is clear that the largest spread is for CaO

suggesting that the original acid buffering capacity of the mined and depositied rock

is highly heterogeneous. The multivariate star symbol plot in Fig. 6 also con firms
that sample 008 344 -354 AA A has a very different composition from the others.

D < N L
- o <> N

Fe203 Al203

Figure 6 . Star symbol plot for the major cation oxide composition of the 11 rock samples

showing the multi -variate relative proportions of t hese elements. Samples with similar
composition are, for example, 007_150 -200 A3 & 007 237240 A 3 & 011 190
200_A 2BX. Note the heterogeneity in the primary rock composition and the markedly
different composition of sample 008_344 -354_AA A.

VOLCANIC ROCK TYPES
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Figure 7.  Petro logical TAS (Total Alkali - Na20-K20 vs. Silica (SiO2) diagram. Red dot
shows the location of 10 samples (except for sample 008_344 -354_AA A).
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If loss -on-ignition (LOI) represents the volatiles (H ,0, CO,, SO,) (unfortunately the
major oxide data does no t contain them), it can be assumed to be H ,0O due to the
small CaO and large K ,0 content ranging from 2.47% to 6.41%.

The chemical composition suggests that these rocks are strongly argillic altered and

probably affected by potassium metasomathosis. Oxide composition normalized to
100% and displayed in a standard petrological TAS (Total Alkali - Na,0-K;0 vs.
Silica (SiO ,) diagram, all samples fall in the most acidic rhyolite class but sample

008 344 -354_AA A. Thus, based on the geochemical data analysis, sa mpled rocks
seem to be more acidic than the andesitic composition assumed by the
geologicaldescription above. This might be explained by the strong silicifacion due

to mineralization. Silicification implies less bufferi ng capacity for AMD. Sample
008_344 -354_AAA has an anusual high CaO content showing strong carbonitization
alteration and thus good acid neutralization potential.

7.2 toxic element ¢ haracterization - total concentration analysis (aqua
regia digest)
The total toxic element concentrati ons in the 11 rock samples are obtained by aqua

regia digest (Annex I). Figure 8  shows that sampled rock toxic element composition
is quite heterogeneous suggesting different behaviour in response to future mining

and surface erosion.  Note that there are n  umerous outlying  high values (for Cd, Co,
Cu, Pb, Ni) showing heterogeneity and uncertainty in concentration estimation and
prediction.

Based on the median overall concentrations, three groups of toxic elements can be
distinguished as high, medium and lo w. Zn has by far the highest overall (median)
concentration  (141.0mg/kg) followed by Cu and Cr (median=90.4 and 83.0,
respectively). Lead is intermediate with median=52.60mg/kg. Mo, Ni, as and Co

form a group of medium concentrations (median=19.70 -9.00mg/k g). Finally, low
overall concentration characterizes Cd, Hg and S (median<1.20mg/kg)

Zn(141)>>Cu(90. 4) acCr ( 83Me(PRB)ENE(22) 6 )4 As(9.0) =Co(9.0)
>> S(1.2)> Cd(0.76)>> Hg(0.02) .

The overall variability (MAD/median) and thus predictability is more con sistent with
the mineralization and Cu and Mo are the most variable and thus the least
predictable. Ni, Co and Cr are the most predictable and uniform in the sampled

medium. Overall predictability is the following in increasing order (MAD/median %)

Cu( 89 % )>Mo( 81 % )>Cd (72 % )>As( 67 % )>Pb( 66 % )> Zn(62 % )>S(54 % )>Hg(50
% )>Ni(40 % )>Co(38 % )>> Cr(17 %)

When predictability or uncertainty is expressed by the extreme values i.e.
unexpected events, the range/median measure provides a different picture:

Cd( 71.43 )>>Cu( 15.98 )> >Pb( 8.61 )>Ni( 5.79)
aZn(5.11) a Cd.97) a M@.b6 )>As( 3.33)> Hg(2.50) a 2(33)>Cr( 1.51)

These results show that Cu has high concentration and it also tends to be very high

at locations. Unlike Cu, Mo has an intermediate concentration and despite of its
overall variability it does not accumulate in unexpectedly producing extreme
concentration levels.  Lead has a somewhat similar behaviour as Cu. When planning
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for Cd , extreme unexpected local concentrations shall be considered. Hg and Cr are
the most well -behaved metals and thus the most predictable, together with sulfur
most probably due to uniformly dispesed pyrite content.
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Figure 8 . Scatter plot (top) and box -and-whiskers plot s (middle and bottom) for toxic
elementsinaquar egiadigest. Ou tlying samples are marked.

Figure 9 shows the strong heterogeneity of the rock samples with respect to toxic
element content.
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Figure 9 . Star sym bol plot for toxic elements in aqua r egia digest showing the multi -variate
relative proportions oft  hese elements. Note the heterogeneity. Similar samples: 007_150 -

200 A3 & 007 237 240 A 3 & 011 190 -200 A 2BX and 007_10 -20 A1 & 011 80 -
100 A1 D.

7.3.t oxic elementc haracterization T mobility assessment (nanopure water
leach )

Chemical element mobility means the ability of the element to be transferred from

one mediu m (e.g. rock) into another one (e.g. water or soil) by chemical reactions

(also called element liberation or geochemical migration), and its ability to be

transported in a certain medium to other location (also called element transport or

geochemical flow)

Partial abundances , defined as the speciation of elements among certain phases

(such as aqua regia digestion of rock and nanopure water leach in this study), are
used to estimate the absoulte mobility of the studied toxic elements in this study
(see Ta bles Aqua Regia Digest and Nanopure Water Leach Extraction in Annex )

Absolute mobility is defined as the rate at which elements are brought into chemical

reactions. For example, some elements can have higher solubility than others in

water -rock interact ion and thus they may become more available for contamination

risk. Partitioning coefficients are calculated by dividing the concentractions
measured in the nanopure water leach and aqua regia digest. The partial

abundance value or O6pardtiitsi omfitregn aucseefdf iini en s k

of chemicals. Relative mobility , defined as the absolute or specific mobility of an
element compared to the mobility of another element , are also calculated

While in the above section 0 ontéht (Mdrmopurelwatert o x i c
|l each) 6 the absolute concentrations r drélaivei ve

abundaces), in this section partial abundaces are used to estimate toxic element
mobility.

In this study 750ml nanopure water was added to 250g sampl e test portion. In
order to enable comparison to the aqua regia digest results given in units mg/kg,

the water analysis results are projected to 1 kg dry material by multiplying
concentratind by a factor of four ( 4x 250g=1,000g=1kg). The thus obtained water
leach concentrations in mg/l are devi ded by the total aqua regia concentrations.
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Mercury nanopure water leach is below detection limit (<0.001mg/kg) In all
samples thus it is considered an immobile element and is not evaluated further
here.

According to Fig. 10 overall water leachability = (median Water Leachable/LiBO  ,%) is
high ly varia ble reaching the maximum of 22% for Cd, 12% fo r Pb and 6% for As
and 4% for Zn. The maximum water leachable is 2% for Ni and Cd, and it remains

below 1% for Cu and S. Mo a  nd Cr are the least mobile with 0.01 % maximum
mobile content. The highest minimum value of 0.15% is for Pb indicating a very

large variation and heterogeneity.

The outliers are mostly from roc k formations A2 and A2BX (Fig. 10 ) where toxic
metals occure i n their most mobile forms as well

In general, lead is the most mobile toxic element and 2.54% of total lead (aqua
regia digest) is extracted by pure ware. Sulfur follows with 0.29% , together with Cd
and Ni with 0.14%, followed by the other elements.

The overall relative variability as measured by MAD/median is above 80% for Cd,
Co and Pb, while it ranges between ca. 60 -70% for Ni, Cu, As, Mo and Zn. Sulfur
and Cr has the lowest overall relative variability of 27 -28%. Thus, Cr and S mobile

content is th e most homogeneous and the most predictable, while Cd, Co and Pb
are highly heterogeneous and their leaching by precipitation is the least predictable
and bear the highest uncertainty.
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Figure 10 . Scatter plot (top) and box -and -whiskers pl ots (middle and bottom) for toxic

elements mobilized by nanopure water leach compared to aqua regia digest in percent (%) .
Outlying samples are marked.
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9. Acid generation and n eutralization potential  characterization

For the ABA Test , all the sample s have NNP (net neutralization potential ) < -20
and NPR (neutralization potential ratio) <1 showing potentially acid generating
characteristics  with three exceptions (Fig. 11; Table 6) (see Table ABA Test in
Appendix 1)

Three samples have specific char  acteristics. The most uniqgue sample is 008 344 -
354_AA A with the smallest sulfur content (0.49%) and an outstanding carbonate

content (also confirmed by the moderate Fizz T est) that yields the only positive
NNP=374.6 value. This sample has very small acid g eneration and extremely high
neutralization potentials and it is classified as n  on-acid generating . Another special
sample is 007_10 -20_A 1 with very low sulfur (<0.01%) and carbonate content
(< 0.01% ) with AP and NP values of 0.3 and 0.2, respectively , disp laying no Fizz
Test response accordingly . Although it falls into the uncertain zone (NNP=0.2 and
NPR=0. 8 2 5thif daple is practically inert. Finally, sample 011 80 -100_A 1
with moderate Fizz Test result has NNP= -3.1 and NPR=0.960 ( a1), both values
falling in the uncertain zone , too . This sample has the highest carbonate content
(75%) and the second highest sulfide S% content (2.46%). The sample is just the
oposite to the previous inert sample 007_10 -20_A1 but representing much higher
uncertainty due to the both high su Ifide and carbonate concen trations. The case
warns us to interpret ABA Test NPR and NNP values carefully with due geochemical
consideration.

For all the other samples sulfide S* content changes gradually unlike carbonate
content with sharp differences (Table 6) . Samples 005 50 -100_A 2BX, 011 190 -
200_A 2BX, 007_97 -117_A 2BX and 007_150 -200_A3 (all A2BX samples and a A 3
sample) have very low carbonate content below detection limit (<0.8%) and
resulting in very low NP=0 -0.2 value showing practically zero acid buffering
potential . This might be due to the dissolution of carbonates by migrating
hydrothermal acidic fluids and possible silicification replacement during ore
formation. Thus, these samples with NNP=-30.7 ~-55.0 and NPR=0 ~0.008 values
are p otentially acid generating (Fig. 11) . The other group of samples (006_20 -
50_A1, 011 80 -100_A1, 012 245 -249 A2,004 80 -100_A2,007_237 -240_A 3) (all
Al and A 2 samples) have the high or very high carbonate content (3.3 -59.2%)
resulting in high NP=  2.7-21.8 value showing high acid buffering potent ial. This is
compensated by the also high S? concentrations (0.88 -2.87) yielding NNP=-24.8 ~-
67.9 and NPR= 0.062 ~0. 243 values , classified as p otentially acid generating

The pH values vary from the paste bet ween 5.08 and 8.29. Samples 007_10 -20_A1

and 005_50 -100_A 2BX are slightly acidic (pHAa5. 2) whi | e008 SHmpl es
354 AAAand 011 80 -100 Alare al kaline (pH&a8. 3) darbonageuse of
content .

Table 6 summarizes the ABA Test results. Data arranged according to the NPR ratio

best reflects the geochemical characterstics and highlights that AMD potential is
strongly linked to rock and mineralization type as predicted by the geo -
environmental model (GEM) described earlier. Accordingly, altered and mineralized
A2 and A 2BX formations have uniform ly the highest acid generating potential with
very low (A2BX) or low (A  2) buffering capacity. Al andesite tend to have low or
uncertain AMD potential, while A3 diorite intrusion AMD character depends on its
location and level of mineralization.
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Table 6. Summay and evaluation of ABA Test. Data arranged in descending order of NPR reflects well rock formations and it is consisten

results, too . Grey shading emphasises the 3 special samples. Colours highlight rock types. Final result is pr

t with Fizz Test
esented in column Evaluation.

Sample ID Paste TIC CaCO: S(T) S(SO4, S(82) AP NP  Fizz Test NNP NPR Character ROCK
008_344354 AAA 8.26 4.83 4025 0.49 <0.01 0.49 15.3 389.9 Moderate 374.6| 25.466 Non-acid generating very high buffering  wall rock?
011 806100 A1 829 09 750 248 0.02 246 76.9 73.8 Moderate -3.1 0.960 Uncertain zone high buffering, high acic Al andesite
007_10620_A1 5.17 <0.01 <0.8 0.12 0.13 <001 03 0.2 None 0.2 0.825 Uncertain zone inert Al andesite
006 2050 A1 7.02 026 217 295 0.08 287 89.7 21.8 Slight -67.9 0.243 Potentially acid generating| buffering <acid potential Al andesite
007_237240 A3 811 004 33 088 <001 088 275 27 None -24.8 0.099 Potentially acid generating| buffering <acicbotential A3: diorite
012_245249 A2 740 0.71 59.2 219 0.02 217 678 5.1 None -62.7 0.075 Potentially acid generating| buffering <acid potential A2 rhyolite-altered/mineralized
004_80100_A2 6.93 0.07 58 215 0.03 212 663 4.1 None -62.2 0.062 Potentially acid generating| buffering <acid potential A2 rhyolite-altered/mineralized
007_97117_ A2BX 6.95 <0.01 <08 0.99 <0.01 099 309 0.2 None -30.7 0.008 Potentially acid generating no buffering capacity A2BX: mineralised?
011 196200 A2BX 7.66 <001 <0.8 1.27 <0.01 1.27 39.7 0.2 None -39.4 0.006 Potentially acid generating no buffering capacity A2BX: mineralised?
007_150200_A3 742 <001 <08 1.23 0.01 122 381 0.1 None -38.0 0.003 Potentially acid generatingl no buffering capacit A3 diorite
005 506100 A2BX 5.08 <0.01 <0.8 1.78 0.02 1.76 55.0 0.0 None -55.0 0.000 Potentially acid generating no buffering capacity A2BX: mineralised?
1:1
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Figure 11 . Cartoon for AP vs. NP with the common interpretation illustrating  the

NP (tCaCO3/1000t)
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For the NAG Test , all the samples have pH=2.60 -2.87 after H ,0, reaction showin g
that a lot of sulfuric acid is formed (Fig. 12) (see Table NAG Test in Appendix I) . Again,
exceptions are the three special samples 008 344 -354 AAA, 007_10 -20 Al and
011 80 -100 A1 pH=4.77 -6.50 where high carbonate buffering dominates (sample
007_10 -20_A1 has low sulfide content). The redox values of the leachates are between

400 and 600mV indicating the S > were oxidized. Some samples have relatively low
redox values (between 200 -300mV). The conductivity, acidity, alkalinity, sulphate
content and the anio  n-cation balance are measured from the leachate. The results are

in good agreement to the previous findings.

NAG kg H2S041) to pH D

pH values from the H202 leachate —~ /0
— — 6.0
— 5.0
— 4.0
— 3.0
+~ - - - - - — - — — — — - 2.0
— - - - — — — — — — — - 1.0
. . . . . . . . . . , 0.0
%0,'\};'\’0 J ;’}Jj\ ¥ t\"\";\ )'\,"Q»?»";\ %Vv?’%v /‘b&iﬁ’g > i@’b‘*
F PSR AT QS D D g/
& LSS @S oS

Figure 12 . NAG Test results. The lower graph show s the results of the H ,0, leachate.
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9. T oxic element content - stochastic mass balance mo delling

Aqua regia digest toxic element concentrations are used for mass balance modelling,
therefore, in the lack of mineralogical data, it is important to know what this digest
represents. Figure 13 shows the percent of element extracted by aqua regia di gest

(AR) as compared to the total content represented by the lithium metaborate fusion

(LiBO,). Zris in zircon (ZnSiO 4), a common accessory mineral of acidic igneous rocks,

S0 aqua regia cannot extract dissolve it ( median AR/LIBO , (%)=0.7% ). Tiis presen t as
ilmenite (FeTiO 3), another resistant oxide (median=4%). Iron and phosphorus are
extracted the most at 95% and 92%, respectively, and they have the smallest relative

variabilities (MAD/median; 3% and 6%, respectively). This suggest that they are in

one or a few non -silicate mineral bound, iron in sulphides and oxides while phosphorus

in apatite ( Cas(PO4)s(F,OH,Cl) ). 75% of Ca is also extracted with some larger
dispersion suggesting that Ca is gound in more mineral phases such as calcite and

apatite. Amo ng the more important consituents, Al and K are extracted only to 10%

and 5%, respectively, suggesting that these elements are in various forms ranging

from tecto -silicates to more labile alteration clay mine rals such as kaolinite
(A|4S|4010(OH) 8)1 illite (K1.1_5 A|4[S| 7-6.5 A|1.1.5 020 (OH) 4] A BO) and sericite
(KA, (AISi 50,0)(OH) ,) of the observed argillic alteration.
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od - -
(@] L L i} -
E 60 | L + 1
= B ]
o B i
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Figure 13 . Percent of element extracted by aqua regia digest as compared to total con tent
represented by the lithium metaborate fusion digest.
When the AR/LIBO , (%) ratio is displayed in a spider diagram (Fig . 14) it can be seen
that certain samples have more resistant composition while other release more majors
by aqua regia digest probably due to their higher level argillic alteration and clay
mineral content. Note that clay minerals readily absorb toxic elements in their lattice
structure. The less altered and thus aqua regia resistant s amples are the following (Fig.
14):

005_50 -100_ A2BX
007_97 -117_ A2BX
007_150 -200_ A3
007_237 -240_A3
011_190 -200_ A2BX
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This shows that formations A2BX and A
higher aqua regia Al, K, Mg, Mn, P, Ba release
dissolve and release major and toxic elements, wh
are more resistant  (more fresh unaltered silicates)

3 tend to be more altered
) and thus more ready to weather,
ile formations Al and A

. Fe and Ca seem to be uniformly

(higher clay content

2 (and AA A)

distributed in non -resistant forms irrespective to the rock formation.
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Figure 14 . Spider diagram for the AR/LiBO
by the aqua regia digest.

There is high correlation (r>0.99) between the AR and LiBO

2 ratio (%) showing the relative release

of elements

, for Fe, Ca and P with

slope=1 and zero intercept confirming that these elements are extracted in their

proportional total content by AR.  None of the other el

ements (Al, K, Mg, Na, Mn, Ba, Ti

and Zr) have any correlation confirming that these elements are in various mineral

phases including resistant non
zircon (ZrSiO ).
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Mass balance modeled with the least -squares regression between the molar
concentrations of AR digest shows that sulfur is strongly correlated (r>0.9) with Fe
confirming that pyrite (FeS 2) IS @ major ore mineral (Fig. 15) . Also, Ni, As, Pb, Co, and
Mo, Zn, Cr , Zr (for a few samples) are asso ciated with sulfur . This means that these
metals are easily released in AMD by exposure to oxidizing surface conditions during

mining. Mo is in sulfide bound (molybdenite, MoS 2) for samples 005_50 -100_ A2BX,
007_10 -20_A1, 011 80 -100_Al and 008 344 -354 AA A (Fig. 15) . Pb is in galena
(PbS) for formations A3 with no expception, and for A2BX and A 1. Zns seems to be
present at a depth between 50 -100m (samples 004_80 -100_A 2, 005_50 -100_A 2BX,
011 80 -100_A 1). The lack of correlation with Cu, Cd , Mn and Ag indicates that these
metals are not in sulphide minerals primarily in the studied rock samples. Since Ca

does not correlate with S, it is not in the form of soluble secondary gypsum.

Fe = -78.1063 + 0.849674*S
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Mo = -0.241935 + 0.00159612*S
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Figure 15 . Correlation with sulfur and Fe (pyrite), As (py rite, arzeno -pyrite) and Mo

(molybdenite).

o

It is noted that that there are always bivariate outliers for which the identified
correlations do not apply. This confirms that the 11 collected rock samples represent a
highly heterogeneous geological unit.

Iron is strongly related to As (r>0.95) (Fig. 16) . The strong Fe -As-S association
suggests that As is embedded in pyrite or present as arseno -pyrite (AsFeS) and is
released with pyrite  (sulfide) oxidation. Co commonly substitutes for Fe which explains

the s trong (r=0.95) Fe -Co correlation. Manganese is weekly (r=0.85 for all samples)
associated with Fe.  The Fe-K association (r=0.99) for six samples indicates the
presence of unweathered rhyolitic phyllo -silicate (clay) accessory such as  biotite
K(Mg,Fe) ;AISi;0.0(OH) ,. The Fe-K link may also refere to jarosite, however it is likely

only for AMD weathering products which is not the case for the drill core samples
collected at depth  (Fig. 16) . Lead is also associated with Fe (r=0.98) that can be

explained either by adsorption to secondary Fe  -oxides or to in the intersticial space of
phyllo -silicates (clays). Correlation between Pb -Al below, together with the water
leachability of Pb, confirms the latter case. Zn and Zr also display correlation with Fe

for a few sa mples.

The lack of correlation between Fe and Cr, Cu, Mo and Ag show that these el ments are
not associated with Fe minerals.
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As = -0.064776 + 0.000542155*Fe
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Figure 16 . Correlation with  iron and As (pyrite, arzeno -pyrite) , Co (Co -Fe substitution)
(biotite? ).
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Aluminium  is strongly linked to K (r=0.92) for all but three samples (Fig. 17) verifying
geochemically the observed strong argillic alteration producing clay minerals such as

illite (K 1.15AL[SI 7.65Al1.15050(0H) 4] An® and sericite (KAl ,(AISi 3050)(OH) ,), and /or
possibly alunite (KAl 3(OH) §(SO4).) due to potassium  met asomat hosis. Correlation found
beween Al and Ag, Ni, Pb (apart from Al formation), and sporadic link to Cd and Cu
shows that these metals are also found in labile positions in the cl ay minerals (Fig. 17) .
The Al -Ca association is hard to explain if not by the presence of abundant hornblende
amphibole ( Ca,(Mg,Fe,Al) 5(Al,Si) §O0,2(OH),) in the unalt ered rhyolite or Ca ions
adsorbed in the clay mineral lattice

The lack of correlation be  tween Al and Mo, Zn, Mn, Mg and Zr show that these e Iments
are not associated with Al minerals.
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