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Glossary of Geological Terms

Albite — The pure sodium-feldspar mineral; can be used as a glaze in ceramics.

Almandine —Mineral of the garnet group, it occurs in medium-grade metamorphic rock and felsic
igneous rocks; used as a gemstone and an abrasive.

Amphibole — A group of ferromagnesian silicate minerals that occur as major or minor constituents in a
wide variety of rocks. Amphiboles are common minerals in many types of igneous rocks and are
important rock-forming minerals in many types of metamorphic rocks. They are particularly abundant
in rocks of basaltic composition at most grades of metamorphism. Are divided into four main groups
according to the chemistry.

Amphibolite — A class of metamorphic rock with one of the amphibole minerals as the dominant
constituent. The features of the original rock are commonly obliterated, thus it is difficult and sometimes
impossible to determine the premetamorphic rock.

Amphibolite facies — Metamorphic facies. It's a facies of medium pressure and average to high
temperature. It is named after amphiboles that form under such circumstances.

Anticline — It’s a type of fold that is convex-up, an arch-like shape and has its oldest beds at its core. The
rock layers which form the anticline become progressively older toward the center of the fold

Antiform — is used to describe any fold that is convex up. It is the relative ages of the rock strata that
distinguish anticlines from antiforms.

Aureole — A zone surrounding something. A circular or crescentic distribution pattern about the source
or origin of a mineral, ore, mineral association, or petrographic feature.

Axial plane — A more or less planar surface that intersects a fold in such a manner that the limbs of the
fold are symmetrically arranged with reference to it.

Back-arc basin — Back-arc basins are geologic basins, submarine features associated with island arcs and
subduction zones. They are found at some convergent plate boundaries, presently concentrated in the
western Pacific Ocean. Back-arc basins are typically very long and narrow.

Basalt — A general term for dark-colored mafic igneous rocks, commonly extrusive but locally intrusive
(e.g., as dikes), composed chiefly of calcic plagioclase and clinopyroxene; the fine-grained equivalent of
gabbro.

Biotite — Mineral of the mica group; a common rock-forming mineral in crystalline rocks, either as an
original crystal in igneous rocks or as a metamorphic product in gneisses and schists; a detrital
constituent of sedimentary rocks.

Cataclasis — Rock deformation accomplished by fracture and rotation of mineral grains or aggregates
without chemical reconstitution.



Chalcopyrite — Mineral consisting of a sulfide of copper and iron. It is the most important source of
copper.

Chlorite — Mineral which is associated with and resemble micas, they may also be considered as clay
minerals when very fine grained. Chlorites are widely distributed, esp. in low-grade metamorphic rocks,

or as alteration products of ferromagnesian minerals.

Clastic — Consisting of fragments of minerals, rocks, or organic structures that have been moved
individually from their places of origin.

Clinozoisite — Mineral of the Epidote Group (calcium aluminum iron sorosilicate mineral).
Cummingtonite — Mineral of the amphibole group.

Fabric — The complete spatial and geometrical configuration of all those components (crystals, particles,
cement) that make up a rock. It covers such terms as texture, structure, and preferred orientation.

Feeder zone — Stockwork or stringer zone in VMS deposits.

Felsic — Relating to or denoting a group of light-colored minerals including feldspar, feldspathoids,
guartz, and muscovite.

Flysch sequence — It’s a sequence of sedimentary rocks that are deposited in a deep marine facies in the
foreland basin of a developing orogen. Flysch is typically deposited during an early stage of the
orogenesis. Itis called a syn-orogenic sediment (deposited contemporaneously with mountain building).
Fold — A geological fold occurs when one or a stack of originally flat and planar surfaces are bent or
curved as a result of permanent deformation. Folds in rocks vary in size from microscopic crinkles to

mountain-sized folds. Types of folds include intra-foliar, isoclinal, recumbent, open and tight.

Foliation — Refers to repetitive layering in metamorphic rocks. It’s any penetrative planar fabric present
in metamorphic rocks. It is caused by shearing forces or differential pressure.

Galena - It's the natural mineral form of lead sulfide. It is the most important ore of lead and an
important source of silver.

Garnet (Garnet Group) — A group pf silicate minerals.

Garnetite — A metamorphic rock consisting of an aggregate of interlocking garnet grains, composed of
more than 75% vol. garnet.

Gedrite — Mineral of the amphibole group.

Gneiss — A metamorphic rock with a banded or foliated structure, typically coarse-grained and consisting
mainly of feldspar, quartz, and mica.

Graben — An elongate, relatively depressed crustal unit or block that is bounded by parallel faults on its
long sides.



Greeshist facies — Metamorphic facies. It's at medium pressure and temperature. The facies is named
for the typical schistose texture of the rocks and green color of the minerals chlorite, epidote, and
actinolite.

Greywackes — It’s dark coarse-grained sandstone containing more than 15 percent clay.

Halo — see: aureole.

Hinge — The hinge of a fold is where the flanks join together, is the point of minimum radius of curvature
(maximum curvature) for a fold.

Hornblende — Mineral of the amphibole group.

Hydrothermal — Relating to or denoting the action of heated water in the earth's crust.

Iberian Massif — It’s the core of the Iberian Peninsula consisting of a Hercynian cratonic block. The
Variscan or Hercynian orogeny is a geologic mountain-building event caused by a Late Paleozoic
continental collision between Euramerica (Laurussia) and Gondwana to form the supercontinent of

Pangaea.

Kyanite — Aluminum silicate mineral, used in heat-resistant ceramics. A common rock-forming mineral
in schist and gneiss.

Limb — The limbs are the flanks of a fold; the sides of the fold that dip away from the hinge.

Mafic — Relating to, denoting, or containing a group of dark-colored, mainly ferromagnesian minerals
such as pyroxene and olivine.

Metabasite — A metamorphosed mafic rock that has lost all traces of its original texture and mineralogy
owing to complete recrystallization.

Metagreywacke — A metamorphosed greywacke.
Meta-igneous — A metamorphic rock, the rock was first an igneous rock.

Metamorphic facies — It’s a set of metamorphic mineral assemblages that were formed under similar
pressure and temperature conditions of metamorphism.

Metamorphism — Process by which the rocks are converted to a new set of minerals with little or no
change in bulk composition effected by temperature and pressure.

Metapelite — Metamorphosed mudstones and siltstones.

Metasediment — A type of metamorphic rock, the rock was first formed through the deposition and
solidification of sediment.



Metasomatism — Process by which the bulk chemical composition of a rock is changed from some
previous state by the introduction of components from an external source. It involves the import and
export of chemical components through the agency of a chemically active fluid.

MORB — A mid-ocean ridge basalt. A mid-ocean ridge is a continuous, seismic, median mountain range
extending through the North and South Atlantic Oceans, the Indian Ocean, and the South Pacific Ocean.
It is a broad, fractured swell with a central rift valley and usually extremely rugged topography.
According to the hypothesis of sea-floor spreading, the mid-ocean ridge is the source of new crustal
material.

Muscovite — A silver-gray form of mica, a common rock-forming mineral in silicic plutonic rocks, mica
schists, gneisses, and commercially in pegmatites; also a hydrothermal and weathering product of
feldspar and in detrital sediments.

Mylonitic — Relating to or of the nature of mylonite.

Mylonite — A fine-grained metamorphic rock, typically banded, resulting from the grinding or crushing
of other rocks. Produced by the extreme granulation and shearing of rocks that have been pulverized
and rolled during overthrusting or intense dynamic metamorphism. Mylonite may also be described as
a microbreccia with flow texture

Nappe — A sheetlike, allochthonous rock unit that has moved sideways over neighboring strata as a
result of an overthrust or folding on a predominantly horizontal surface.

Nematoblastic —It's a metamorphic texture in which prismatic minerals such as sillimanite or
amphiboles are orientated to produce a linear fabric.

Oligoclase — A feldspar mineral common in siliceous igneous rocks, consisting of a sodium-rich
plagioclase.

Ophiolite — A group of mafic and ultramafic igneous rocks ranging from spilite and basalt to gabbro and
peridotite, including rocks rich in serpentine, chlorite, epidote, and albite derived from them by later
metamorphism, believed to have been formed from the submarine eruption of oceanic crustal and
upper mantle material.

Paragneiss — A gneiss formed by the metamorphism of a sedimentary rock.

Pelite — A fine-grained sedimentary rock; an aluminous sediment.

Porphyroblast — It is a large mineral crystal in a metamorphic rock which has grown within the finer-
grained groundmass.

Pressure/Strain shadows — The area in a metamorphic rock which is protected from deformation by the
presence of a relatively rigid porphyroblast.

Prograde metamorphism — Metamorphic change resulting from an increase in temperature or pressure
or both.



Protolith — The parent rock from which a given metamorphic rock developed.
Pyrite — Mineral consisting of iron disulfide.
Pyrrhotite — Mineral consisting of iron sulfide.

Retrogressive metamorphism — Metamorphic change resulting from a decrease in temperature or
pressure.

Schist — A medium-grained strongly-foliated rock that can be readily split into flakes or slabs due to the
well-developed preferred orientation of the majority of the minerals present.

Schistosity — The foliation in schist or other coarse-grained, crystalline rock due to the parallel, planar
arrangement of mineral grains of the platy, prismatic, or ellipsoidal types, usually mica.

Shear zone — A tabular zone of rock that has been crushed and brecciated by many parallel fractures
due to shear strain. Such an area is often mineralized by ore-forming solutions.

Siliciclastic — Relating to or denoting clastic rocks consisting largely of silica or silicates.
Sill — A tabular sheet of igneous rock intruded between and parallel with the existing strata.
Sphalerite — A mineral consisting of zinc sulfide.

Staurolite — Silicate mineral of aluminum and iron. A common accessory in medium-grade regional
metamorphic rocks.

Stockwork — It's a complex 3D network of structurally controlled or randomly oriented veins. They are
common in many ore deposit types. They are also referred to as stringer zones.

Subvolcanic — Pertaining to an igneous intrusion, or to the rock of that intrusion, whose depth is
intermediate between that of deep plutonic and the surface.

Synsedimentary — That forms within a sediment during sedimentation.

Syn-tectonic — A geologic process or event occurring during any kind of tectonic activity, or of a rock or
feature so formed.

Thrust — An overriding movement of one crustal unit over another.

Ultramafic — Igneous rocks that contain more than 90 vol-% mafic minerals.

Variscan Belt (of Europe) — A series of mountain ranges that developed during a span of time extending
from 370 million to 290 million years ago (Variscan-Hercynian Orogeny). The Variscan orogenic belt

extends in western Europe for more than 3,000 km from Portugal, Ireland, and England in the west
through Spain, France, and Germany to the Czech Republic.



VMS — Volcanogenic massive sulfide deposits. They are a type of metal sulfide ore deposit, mainly
copper-zinc which are associated with and created by volcanic-associated hydrothermal events in
submarine environments. They are predominantly stratiform accumulations of sulfide minerals that
precipitate from hydrothermal fluids on or below the seafloor in a wide range of ancient and modern
geological settings.

References:

McGraw-Hill Concise Encyclopedia of Earth Science. McGraw-Hill Companies, Inc, 2005. ISBN 0-07-
143954-4.,

https://www.britannica.com/

https://www.merriam-webster.com/

https://www.mindat.org/

https://en.oxforddictionaries.com/




1 EXECUTIVE SUMMARY

1.1 Project Overview and Introduction
Atalaya Mining Plc. (Atalaya) is a European mining and development company producing copper
concentrate from the Riotinto deposit in southern Spain. From an initial 18 months of refurbishment and
a subsequent expansion program, followed by commissioning, the mine is operating at the design capacity
of 9.5 Mtpa. An updated mineral reserves and resources estimate has been completed based on the
mined surface of the open pit as of 31 December 2017.

In 2017, Atalaya completed a study to determine the processing requirements and associated costs to
increase the mine process plant throughput from a nominal throughput of 9.5 Mtpa of ROM ore to 15
Mtpa, with a corresponding increase in copper production. In addition, the associated reserves and
resources estimate has been updated to support the increase in production.

1.2 Property Description and Location

The property (6°35'W / 37°42’N), is located at the eastern end of the Spanish/Portuguese (lberian) pyrite
belt which extends about 230 km between Sevilla in the east (in southern Spain) and the Atlantic coast
near Lisbon to the west (in Portugal). Within the pyrite belt there are eight major mining areas, each
thought to contain more than 100 million tonnes of ore. These are from east to west: Aznalcollar-Los
Frailes, Riotinto, Sotiel-Migollas, Aguas Tenidas-La Zarza, Tharsis, Masa Valverde, Neves Corvo and
Aljustrel. There are also many other smaller deposits. The Riotinto Copper Project is the largest of these.
Figure 1.1 below is a map of mines in the Iberian Pyrite Belt.
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Figure 1.1 - Mines in the Iberian Pyrite Belt (Atalaya 2016 from Google)
In Spain, there are typically three different types of mining permits and concessions:

e Exploration permits (Art. 40.2 Mining Law) granted for a period of 1 year, may be extended for
a maximum of one more year.

e Investigation (or Research) permits (Art. 45 Mining Law) granted for the period requested, which
may not be more than 3 years and may be extended for an additional 3 years.

e Exploitation (or Operating) concessions (Art. 62 Mining Law) also referred to as a Mining Permit,
granted for a 30-year period, and may be extended for equal periods up to a maximum of 90
years.

1.3 Riotinto Copper Project Area
The Riotinto Copper Project was last operated in 2001 and restarted operations in 2015. Within the
Riotinto mining district, there are five main orebodies: San Dionisio, Filon Sur, Planes-San Antonio, Filon
Norte, and Cerro Colorado. They are believed to have once been a single, continuous mineralized zone 5
km long by 750 m wide and about 40 m thick, containing about 500 Mt of pyritic ore, but natural erosion
and past mining activity has reduced this to about 250 Mt.

In May 2007, EMED-M was granted an option to acquire 51% of the Riotinto Copper Project assets located
adjacent to the town of Minas de Riotinto, 65 km northwest of Sevilla in Andalucia, Spain. In 2001, the
mine had been placed by the previous owners on a care-and-maintenance basis, due to the then-
prevailing low copper price of less than $1.00/Ib.
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The main assets included the mineral rights within the main tenements covering an area of 20 km?. EMED-
M established its 51% owned subsidiary company EMED-T to hold these assets. In October 2008, EMED-
M acquired the remaining 49% of EMED-T from Mantesur Andevalo S.L. (MSA). In October 2015, the
shareholders approved the name change to Atalaya Mining Plc.

The Riotinto Copper Project includes the Cerro Colorado copper-pyrite deposit and open-pit mining area,
certain satellite deposits, the waste dumps, parts of the tailings and water facilities, the beneficiation
plant and offices and other maintenance and general infrastructure. The Riotinto Copper Project area
covers approximately 2,224 hectares as shown in Figure 1.2.

Ownership of the Riotinto Copper Project
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Figure 1.2 — Location and Ownership of the Riotinto Copper Project (Atalaya, 2016)

1.4 History
Historic workings date back to at least 1,000 BC and have been operated by Phoenicians, Romans, British
(Riotinto Company and RTZ), Americans (Freeport-McMoRan) and finally, in the 1990s by the Spanish
workers' co-operative Minas de Riotinto (MRT). Since Roman times, more than 140 Mt of copper and
silver ore has been mined from several open-pit and underground mines. Before the arrival of the British
miners in 1873, mining activity mainly consisted of underground mining in the Filén Sur area.

Underground mining in the Filén Norte zone commenced in 1880 but was abandoned in 1894. From 1900
work focused on the open-pit mining of the Salomdn, Lago and Dehesa (Filén Norte) zones. In 1940 open-
stoping commenced in the Quebrantahuesos zone and continued until 1970. Mining then switched to the
low-grade sulfide stockwork ores of Cerro Colorado and production of gold and silver from the superficial
gossan (oxide) cap.
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Between 1875 and 1976 a total of 128 Mt was mined from the massive sulfide ores. The copper
concentrate was transported (70 km by rail) to the Huelva smelter. In 1977, Riotinto Patifio sold its
shareholding in the mine to Spanish and English groups and Riotinto Minera SA (RTM) was founded. The
Cerro Colorado workings were then expanded and the Alfredo shaft was modernized. A new processing
plant was built in 1969 and extended in 1982-1985 by the then operating Company Riotinto Minera SA.

In 2004, the mineral rights and properties were acquired by Mantenimiento en General del Sur, Mantesur
Andevalo SL (MSA), the management of which included former managers of MRT. MSA commenced
restoration of the primary crushing and ore feed systems in anticipation of a restart but the group failed
to secure the necessary approvals and the mine remained on care and maintenance. With no grid electric
power available after 2004, work focused on monitoring the tailings dams, filing statutory reports and
maintaining pumping to avoid effluent discharges and to protect the recent capital works from
deterioration.

In November 2006, the Australian companies, Oxiana Limited and Minotaur Exploration, entered into a
memorandum of understanding with MSA, to invest in MRT. Both companies withdrew from the project
in December 2006 and the project was then introduced to EMED-M in which Oxiana is a founding
shareholder.

1.5 Geology and Reserves
The Riotinto massive sulfide deposits occur in the Spanish side of Iberian Pyrite Belt (IPB), which is part of
the South Portuguese Zone (SPZ) of the Iberian Massif. The Iberian Massif resulted from the collision of
three continental blocks originated from the fragmentation of a Late Proterozoic mega-continent (Murphy
and Nance, 1991) in a series of plates: the SPZ, the OMZ, and the ensemble of the CIZ, West Asturian—
Leonese (WALZ) and Cantabrian (CZ) zones (Fig. 1.3).

The IPB was formed as a series of marine basins that developed during the left-lateral transcurrent faulting
generated by the subduction and collision of Laurentia with Gondwana during the Variscan orogeny (Late
Devonian-early Carboniferous; Silva et al., 1990; Oliveira, 1990). These basins were formed within the
passive margin of Laurentia, now represented by the SPZ and adjacent to the collision suture. (A. Martin-
Izard et al. 2015).

The oldest rocks in the IPB are a sequence of quartzite and shales (the Phyllite—Quartzite Group, also
called PQ) of Devonian age, which are overlaid by a thick sequence of volcano sedimentary rocks, the
Volcanic Sedimentary Complex (VSC), that host most of the mineralization of the IPB. The VSC is a highly
variable unit, up to 1300 m thick of uppermost Devonian to Lower Carboniferous (ca. 356—-349 Ma).
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Figure 1.3 — Map of Regional Geology (IGME 2013)

The VSC is formed by dacitic—rhyolitic dome complexes, basaltic lava flows, mafic sills, and thick pumice-
and crystal-rich felsic volcanoclastic units interbedded with detrital sedimentary rocks, mostly mudstone
with some greywacke and sandstone. The depositional environment appears to be dominated by
submarine mass-flow tuffs as indicated by Schermerhorn (1971).

The earliest Carboniferous (about 360 to 350 Ma) was a transitional period characterized by extension,
forming different submarine basins and abundant bimodal volcanism causing the development of
Volcanogenic Massive Sulfide (VMS) mineralization which were mainly hosted along the fracture zones
limiting the different basins (Oliveira, 1990). Some of these basin-forming faults were reactivated as
thrusts during later Variscan shortening (Oliveira, 1990; Gumiel et al., 2010a).

The IPB contains over 100 massive sulfide and stock-work VMS deposits. Over 10 giant (world-class) VMS
deposits, each with more than 50 Mt of ore, are hosted by volcanic rocks or associated shales, and were
formed as exhalative ores in brine pools on the sea-floor or as filled veins and replacement style



mineralization (e.g., Solomon et al., 2002; Tornos, 2006; Gumiel et al., 2010a). Riotinto is the largest
deposit in the IPB and has been estimated to have held more than 500 Mt of massive pyrite, complex and
stockwork types (Williams, 1934; Barriga, 1990; Boulter, 1993; Adamides, 2013).

1.6 Deposit Types
According to the genetic, rock association and geodynamic setting, the Riotinto volcanic-hosted pyrite-
chalcopyrite mineralization is classified as felsic siliciclastic of Kuroko type. It occurred as lenses of
polymetallic massive sulfide that took place at the sea floor in a submarine volcanic environment during
the earlier Carboniferous, some 350 Ma.

As most significant VMS mining districts, the IPB is defined by deposit clusters formed within ocean rifts
with volcanic centers. The clustering is attributed to a common heat source that caused large-scale sub-
seafloor fluid convection systems.

1.7 Drilling and Exploration
Since 2014, Atalaya has completed exploration and resource and development drilling programs in the
Riotinto mining area. Exploration has been carried out in two programs:

i Resource and development drilling. Expansion drilling into known ore zones to increase mineral
resources and reserves.

ii. New resource exploration: Exploration around the deposit in areas without known mineral
resources.

The resource development drilling on the Riotinto deposit consists of two different periods of drilling:

I.  Historical Riotinto drilling, which consists of data compiled from historical drilling conducted over
almost hundred years. This data was compiled and validated in 2008 by EMED.

Il. Atalaya resource drilling, which started in April 2014 and continues to present. The Atalaya drilling
consists of two drilling programs as follows:

i. 2014-2015. Cerro Colorado drilling. Expansion and infill drilling, mainly RC drilling, in areas of
known mineralization within the Cerro Colorado pit. The purpose of this program was to better
define shallow mineralization, to provide more detailed information to optimize the mine
production during the initial mining phases in 2015, and to define resources containing penalty
elements such a Sb and As, that might need special metallurgical treatment.

ji. ~ 2016-2018. RT-Resource drilling. RC and Diamond infill drilling in the Cerro Colorado open pit
area to convert inferred resources to indicated and measured. The program also includes some
deep drilling, up to 800m depth, to explore deep target areas and add new resources. This
program started in 2015 and is still ongoing.

In parallel to the resource drilling, an exploration program to find new resources around the deposit
commenced in January 2015 and is still in progress. The new exploration is being carried out over the
entire Riotinto concession, in areas outside of the mining plan, and mostly in potentially mineralized
areas in which no mineral resources are presently defined. The comprehensive program included work
as follows:



— Compilation of all historical geological and mineral data.

— Detailed geological mapping of selected zones.

— Compilation of all historical geophysical data.

— Ground geophysical surveys over selected zones: MT and Gravimetric.
— Diamond drilling.

1.8 Mineral Resource
The copper resource was constrained using a Lerchs-Grossmann pit shell that was run using a copper price
of $3.20/Ib Cu and all resources including inferred resources. All other slope and economic parameters
are the same as those used for design of the open pit for reserve estimation. The resulting pit shell is
considered to have reasonable prospects for economic extraction, assuming that the inferred resource is
converted to measured and indicated by drilling and that the copper price returns to previous levels that
were substantially above $3.20/Ib. The resource estimate is summarized in Table 1.1 and Table 1.2.

Table 1.1 - Riotinto Project - Resource Summary
Constrained by the $3.20/lb Cu Pit Shell and 31 December 2017 Topography

Resource Class Cutoff (% Cu) Tonnes (millions) Cu IDP (%) S IDP (%)
Total Measured 0.15 152.1 0.39 4.95
Total Indicated 0.15 106.1 0.40 5.06
Total M+l 0.15 258.2 0.40 5.00
Total Inferred 0.15 18.1 0.50 7.19

Table 1.2 - Riotinto Project - Resource Summary Using Multiple Cutoffs -
Constrained by the $3.20/lb Cu Pit Shell and 31 December 2017 Topography

Cutoff Measured Indicated M+l Inferred

Cu% [Mtonnes Cu_IDP S_IDP |Mtonnes Cu_IDP S_IDP |Mtonnes Cu_IDP S_IDP [Mtonnes Cu_IDP S_IDP
0.15 152.1 0.391 4.95 106.1 0.405 5.06 258.2 0.397 5.00 18.1 0.504 7.19
0.20 122.0 0.445 5.13 88.7 0.450 5.27 210.7 0.447 5.19 15.7 0.552 7.54
0.25 99.2 0.496 5.38 74.2 0.494 5.51 173.4 0.495 5.43 13.8 0.600 7.91
0.30 81.2 0.545 5.60 60.3 0.544 5.76 141.5 0.544 5.67 11.8 0.655 8.29
0.35 65.5 0.597 5.83 47.7 0.603 6.08 113.2 0.600 5.94 10.2 0.705 8.71
0.40 53.0 0.650 6.07 38.3 0.659 6.47 91.3 0.654 6.24 8.7 0.760 9.26
0.45 42.6 0.705 6.29 30.4 0.720 6.98 73.1 0.711 6.58 7.5 0.817 9.96
0.50 33.9 0.765 6.65 24.0 0.787 7.58 57.9 0.774 7.04 6.4 0.878 10.84

1.9 Mineral Reserves & Mining
Continued exploitation of the Cerro Colorado deposit uses conventional open pit mining methods. Mining
benches are on 10-m vertical intervals. Contractors’ small- to medium-scale mi