GGY 4119 - MINING GEOLOGY

INTRODUCTION TO THE MINING GEOLOGY &
RESOURCE ESTIMATION PROCESS




Mining Geology — An Introduction

« Mining geology Is an applied science which combines
the principles of economic geology and mining
engineeringto the development of a defined mineral
resource. Mining geologists and engineers work to
develop an identified ore deposit to economically
extract the ore

* Mining Geology is a branch of geology that deals with
geological aspects starting from when a decision is
made to Mine up to the end of mining life of operating
mine which may be underground or open pit.



Mining Geology

o Strictly speaking, Mines are places where ore deposits
are excavated and minerals extracted.

e The term Mine Is used to iInclude not only
underground workings, but also open cast mines and
quarries.

e In fact any area where rocks are removed for the
purpose of extracting mineral commodity is a Mine.



Mining Geology

« Deals with the setting up of a mine, it’s efficient and effective
operation (iterative process) and it’s closure

e Objective is to improve understanding of the ore deposit to

help the company to maximise profits from the mining
operation

* Requires a sound knowledge of the geologyof the deposit,
resource estimation methods and procedures and mining
process
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THE RESOURCE ESTIMATION PROCESS
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1. EXPLORATION & MINING

GEOLOGICAL DATA

Drillhole data

— geology
and assay




1. EXPLORATION & MINING

GEOLOGICAL DATA

Rock type (basalt, granite etc), mineralogy
(sulphide etc) and structures (fault, fold)

HolelD | From | To Lith
SRO01 |9 10.5 Basalt
SR001 |20 26 Altered
SR001 |25 26 Felsic

Core “sample” needs to
be assayed to get grade

Assay
(ICP-MS,AAS,XRF)} = Gradej

o/



GRADE & TONNAGE

Grade

Measure of quantity of mineral/metal per unit volume or weight

///\\\

Precious
BaseMetals . .
. Metals Uranium Diamonds
Cu, Pb, Zn, Ni
— Wi % Au, Pt = g/tor Ibs/tonne

\ouncestonne

Volume X [TonnageFactors _ Tonnage
50003 (density) e.g3 — (15000tonnes)

e.g.45% Cuat3.3Mtor6.5¢g/t @ 1.2 Mt



2. GEOLOGICAL INTERPRETATION & MODELLING —

WORK FLOW - LOGGING

BHID | Easting | Northing | RL | EOH BHID From | To Lith

SRO001 | 645000 | 7845000 | 340 | 180 SR0O01 |9 20 Basalt
SR0O01 |20 26 Sulphide
SR0O01 | 25 26 Ultramafic

» Log the downhole geology & alteration
» Determine other downhole physical (density) & chemical
parameters (assays) 4



2. GEOLOGICAL INTERPRETATION & MODELLING

WORK FLOW — ASSAY & PLOTTING

HolelD | From | To | Ni% OneV\t/'ayorT' i
) representing hig
(m) (m) Reg \ grade zone or ore
SR001 | O 2 .01
SR001 |2 4 .01

e

SRO01 |20 22 45 .
Massive

Sulphide

SRO001 |22 24 1.5

SR0O01 |24 26 3.5

Ultramafic

SR0O01 |26 28 5.5

Combine geology and assays to interpret ore/grade zone from
the drilling information
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2. GEOLOGICAL INTERPRETATION & MODELLING —

WORK FLOW — SECTIONS (DOMAINS)

m RL
360 —
280 —
240
200 \
200
=== Primary ore zone (lithology & grade) == Supergene ore zone (grade)
Domains
ja=c gy Section line

» Grade (Value)
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2. GEOLOGICAL INTERPRETATION & MODELLING —

3D SECTIONS OF ORE

Series of ore polygons
from drill sections

Integrity of ore polygons
Is dependant on logging
and assay

Logging, sampling and
assay confidence is
critical



2. GEOLOGICAL INTERPRETATION & MODELLING —

CONSTRUCTING SOLIDS
(Estimating Volume Of Ore)

Triangulate between
sections to model
geology and grade

domains in 3D

Allows estimation of
grade and tonnage




3. RESOURCE ESTIMATION

Concentration of material of economic interest in such form, quality and quantity that
there are reasonable prospects for eventual economic extraction

m RL RC2
360 "o RC3  DC1  Rcs RC5 RC6

280 —

240 =]

200 \\ \d \

200

Grade can be estimated for } — This block needs a grade estimate.
these blocks because they How do we estimate grade in this
have been sampled (drill block when no sample has been
hole) taken from it?

.Estimation procedures: Classical andjeostatistics .



3. RESOURCEESTIMATION
INTERPOLATION METHODS -BLOCK MODELS

\
\
Vo
\ l |
‘ \ Vo \

Modelled (triangulated) ore
body divided into blocks

Individual blocks or
Selective MinindJnit
(SMU)
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3. RESOURCE ESTIMATION

INTERPOLATION METHODS

Grade estimated for i A
Individual blocks based on BRSNS e -
distance from measured == W[l Bii:
= o E"Ir .'E-:E
grade via drillholes e S
=
= =
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4. GEOLOGICAL INTERPRETATION & MODELLING —

ORE BODY AND DEFINITIONS

Hangingwall

®1/



4. GEOLOGICAL INTERPRETATION & MODELLING -

ORE BODY AND DEFINITIONS

W2 Section
718900 mE

LEGEND
~ Sediment
Modelled Fe Grades
BIF Hosted
50 to 55 Fe%

| 55to 60 Fe%

60 to 62 Fe%
i 62 to 65 Fe%
~ >65Fe%

Can you identify the hanging wall and footwall in the above figures?
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5. MINING

MINING CYCLE

Drilling
Hauling

Blasting & Loading

_Milling & Processing(Plant)
| Y )
e %

LA

"ame
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5. MINING

ANATOMY OF A MINING OPERATION
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5. MINING

ANATOMY OF A MINING OPERATION




5. MINING
OPEN CUT or PIT (Surface Mining)

Bench: horizontal slice of ore mined as
a unit; forms single level of operation

Benches become smaller with depth

Ramp/haul road

Strip Ratio: volume of waste to
volume of ore

r

Single Bench Mining: Shallow deposits
such as bauxite, clays, gravel

Multiple Bench: Deeper deposits;
thick, wide veined or tabular

Crest

Overall pit
angle slope

Pit Floor

02?2



STRIP RATIO CONCEPT

Shallow wall pit Steep wall pit
Waste
Waste
High waste to oreratio Low waste to oreratio
High strip ratio Low strip ratio

/ Low stripping ratio

High stripping ratio

° 023



Open Pit Mining Equipment

EX8000

Blast Hole Rig

Excavator

Front End
Loader




5. MINING

UNDERGROUND MINING

Use adeclineor shaft to accesshe
orebody. Equipment candrive down a
decline, usually anopening5-7 metres
wide or wider

Off the declineor shaft, aretunnels
leading tothe ore. They are called cross
cuts, drifts, drives, sub-levels.

Stopesare excavations planned or
madeto removeore
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Future reserves?

Pump station

Conveyor belt

Skip filling
station

Sump
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5. MINING

SUB-LEVEL STOPING

Differencein number of levels& development metresneededto achievestoping. Ore
extracted from open stoped often large. Stopesre backfilled.

Long-hole = '
drilling and Skiavdl
blasting _‘/
Stope _Hatilage/Production
Level
LHD
Blastad ore
S _Undercut
4 a
Y K -
E, _‘;\I Sl '. “
; "",,_ - Transport drift
~ Loading\% &P
= s crosscut
® 026

From: Undergroujnd Mining Methods — Atlas Copco



Underground Mining . Equipment

Production Drill Rigs

Load Haul Dump (LHD)

Drill blast holesin development drives
Install rock bolts for roof support

o e27



5. MINING . GEOLOGY
GRADE CONTROL

(KEY PRODUCTION STEP IN MINING)

« Grade control provides greater controlon ore

. el . U_np!anned o
grades than initial estimate — closer spaced dilution or e
overbreak .

drilling p
Planned

» Grade control improves economic dilution
efficiency

N

N

— Minimizes ore misclassified as waste

— Waste misclassified as ore (dilution)

— Minimizes fluctuations in grade by =
blending ore Miny;
£ g
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5. MINING . GEOLOGY (PRODUCTION)

GRADE CONTROL

“mark up” = Classifying ore-waste
\ R R S 3
.I/ o l. o

Blast holes + sampling

t Ore Limits

< Cut off
grade

[#]> cut off

grade
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I‘ag-e- tonROM or Waste
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6. PRODUCTION & RECONCILIATION

Resource Grade
estimate Control

Crushing & Metal

Production m Processing

produced

How does original resource
and reserve compare with
metal produced?

How does grade control
predictions compare
with metal produced?

220 tonnes @ 5g/t 1020 g produced!

® 30




6. PRODUCTION & RECONCILIATION

How does the metal produced — measured -compare with
estimate (mineral resource or grade control information)?

* Reconciliation helps to
— Measure performance of mining operations againsttargets
— Confirm grade and tonnage estimation efficiency
— Performance indicators for grade control

— Helps to identify issues during the production cycle

Grade control estimate | Mill assay results Mine call factor
25650 tonnes 24125 tonnes 0.94
2.1g/t 2.23 glt 1.06

03]




FROM  NEXT
WEEK WE
SHALL LOOK
AT EACH OF
THESE STEPS

IN A LITTLE @

DETAIL
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