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Some fundamentals regarding commodities & approach

Primaryorthomagmatic(Ni, Cr, PGE) argyn-sedimentary orsynvolcanic
(e.g. SEDEX, VHMS) ores:

A Initial metal sourcembscure and usually only relevant at terraelection scales
A WT S SusdliNdhdiribly overprinted and difficult to unravel (structural history)
A Primary metal distributionsommonly modified by deformation and

metamorphism (remobilization)

A Necessary focus on igneous or sedimentary
processes, after unravelling structure (i.e.
lithogeochemistrywith assumption that
structure has folded/faulted early contacts)

A Potential forremobilizationto change ore
distributions to align with/be controlled by
structure, butusuallythe earlier layering
controls can be revealed

A In some, but notll ofthese systems, there
may be broaescalesynore zoned alteration '
systems with carbonates and silicates that will¥
subsequently behave mechanically differently i
to sulphideores e, #

HCOVGlobajeochemical principles, do not copy/transmit without permission



Ores formed largely by long distance metal extraction and focus into key
structures (most hydrothermal deposits, Au, €AlJ, Uetc)

A Initial metal sourch & dza dzl f £ & | dadzYSR G2 06S WRA
commonly ignored, and this statement holds for different ingredients (ore,
alteration)

A WT S SrensaimAifficult to identify, particularly because their apparent simplicity
iIn some systems (e.&irkkaline nearKittila) leads people to assume they should
all be like that

A Structural controlsre
crucial, but ores formed
early, and later deformed
strongly, commonly cause
non-constructive
argument and paranoia
(general rule of the
geology of Plant Earth:
the older the ores are, the
more likely they are to
have suffered posbre
modification)

HCOVGlobajeochemical principles, do not copy/transmit without permission 3



ASelection or review of methods, QAQC
Ad CGazlEJE &G NI GS3e

AWhich elements are iImportarg the need for an
GAYY20AfS SEtSYSYl NBFSNJ

ADefining structural problems in a geochemical
sense (veins, shears, folds, ore shapes etc)

ADevelop efficient workflow




QAQC



Selection or review of methods, QAQC
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Cost/benefit analysis

ADiscuss/determine the likely value of the g
program to your overall exploration and resource definition.
strategy

AConsider this in the context of the total cost of your likely ’
drill program

.; /.ff"
~al i ) A
3 [

(573

A If your project looks very encouraging in
any market, start with lots of geochemistry
and wind back later

A Early foresight in this area saves $ later,
particularly for resource models and
reporting compliance (JORC, N{H4AL etc)



http://www.glamour.com/inspired/blogs/the-conversation/2013/03/on-international-womens-day-wa.html
http://www.mynorthseattlehome.com/2011/10/when-buying-a-seattle-house-your-mind-should-be-in-the-sewer/

Analytical methods: simple summary

A You get what you pay for: if your system is geochemically complex, taking
Initial shortcuts will come back to haunt yadupght for your rights to decent
geochemistry!

A Comprehensive XRF & solution ICPMS is the most robust but not considere
O2ai STFSOUALVS F2NJ YIFye SELX 2N) (A :
the best

A{2tdziA2y L/t a{ ¢6A0K n I OAR RAISa
~USD25/sample, usually with extra fire assays (for goldAE3is also
needed for metalor very &rich systems (e.g. VMS, bonanza Cu where high
upper detection limits are desirable for some elements). BULAEB only
can be problematic if you are looking for the peripheral signals of systems
with zoned elements close to their detection limits (e.g. Sblddi, 2 NJ & 2
concerned with really sorting out protoliths (e.g. REE, Y, Ce)

A pXRFmachines are increasing in quality, can be used routiveb care




Four Acid
Digestion With
ICP-MS Finish

Four acid digestion quantitatively
dissolves nearly all minerals

in the majority of geological
materials. However, barite, rare
earth oxides, columbite-tantalite,
and titanium, tin and tungsten
minerals may not be fully
digested.

Despite the potentially

incomplete digestion of REEs,
the leachable portion of these
elements may hold important

exploration vectoring information

and can be chosen as an add-on.

Four Acid
Digestion With
ICP-AES Finish

Four acid digestions are able

to dissolve most minerals, but
although the term “near-total”
is used, not all elements are
quantitatively extracted in some
sample matrices.

CODE ANALYTES & RANGES (ppm) PRICE PER SAMPLE
Ag 0.01-100 [cu 0.2-10,000 [Na  0.01%-10% S 0.2-10,000
Al 0.01%-50% Fe  0.01%-50% Nb 0.1-500 Ta 0.05-100
As  0.2-10,000 [Ga  0.05-10,000 | Ni  0.2-10,000| Te 0.05-500
ME-MSET—pg 10-10,000 Ge 0.05-500 P 10-10,000 Th  0.01-10,000
sg}fni?e Be  0.05-1,000 Hf 01-500 Pb  0.5-10,000| Ti  0.005%-10% S
Bi  0.01-10,000 In 0.005-500 | R 0.1-10,000 [Tl 0.02-10,000
Ga  0.01%50% K  0.01%10% Re 0.002-50 0.1-10,000
MEMSOTM “cq 002,000 La  05-10,000 S  0.01%-10% V 110,000 el
Sg';li?e Ce 001500 L 0.2-10,000] Sb  0.05-10,000] W 0.1-10,000
Co  01-10,000 Mg _ 0.01%50% Sc  0.-10,000] Y 0.1-500
Cr 110,000 Mn  5-100,000 Se 11,000 Zn 210,000
Cs 0.05-500 Mo  0.05-10,000 Sn 0.2-500 | zr 0.5-500
Dy 0051000 Gd  0.051,000 Nd 01-1,000 Tb  0.01-1,000
ME-MS6Tr  Er  0.03-1000 Ho  0.01-1,000 Pr  0.03-1,000 Tm  0.01-1,000 Ffﬁijfe
Fu 0.03-1,000 Lo 0.01-1,000 Sm  0.03-1,000 Yb  0.03-1,000

CODE ANALYTES & RANGES (ppm)
Ag 0.5-100 Cr 110,000 Na  0.01%109% Ti  0.01%-10%)|
Al 0.01%-50% | Cu 1-10,000 INi 1-10,000 TI 10-10,000
MS"ZCST As 5-10,000 [Fe  0.01%-50% P 10-10,000 U 10-10,000
sample B2 10-10,000 Ga 10-10,000 Pb 2-10,000 V 1-10,000
Be 0.51,000 K  0.01%-10% S 0.01%-10% | W 10-10,000
ME-ICP6IM  gj 2-10,000 la 10-10,000 Sb 5-10,000 Zn 2-10,000
0.75
9 Ca  0.01%50% Mg 0.01%50% Sc 1-10,000
sample
cd 0.5-1,000 Mn 5-100,000  Sr 1-10,000
Co 1-10,000 Mo 1-10,000 Th 20-10,000

PRICE PER SAMPLE

£12.15
complete package
or
€6.60 plus
0.60/element

€20.15

“To include Hg in the suite of elements above, please request method ME-ICP61m



Key strategies when commencing a new geochemic

program (e.g. first stage drilling)

A Find theW o S a (i Set thiaside as a hole foximum initial analytical
detail (analysis or ranalysis). If budget permits (and it should), analyse the
entire hole(half core pulps 0.3 to 2m intervals). Then you are well
positioned to make the best possible decision about what methods and
K2g YdzOK Wol NNBYyQ YIFUOGSNAIE akKz2dzZ R
analysis. Even if you already have a big database, it may be desirable to
ONBOIYylfeasS || aYlFaadgSN K2t S¢ 6ass

A Find theleast mineralized holethis may contain the best information on
UuKS WYWolF Ol IANRdzy RQd 52 UKAa FTANRUH

AFind anW | @S NJ Zermparisch befveen these 3 holes should form the
basis for dril and geochemistyprogram development

Af you need to drill the best targets first (the usual case), use initial
adz00SaasSa a2 YIS uKS-a@ddagéStrﬁEllﬂ NI |y
St SYSyid L/ta{ 2V WuKS 0SaiQ K2t So
geochemistry will reap rewards lateih 0 Q& 2yt é& pn (02 vy
drilling



General geochemical workflow (on prior datasets)

AQAQC, what have you got? Do you need to level or
even omit some results? Assess existing geochemica
data diversity, work out what method(s) to use next

ASeparate elements out into 4 categories (examples
further down):
ALithogeochemical Y RA Oiminé@ieE 0 6 &
AVein/mineralization indicators
A Alteration indicators

AUseless (too close to detection limit) or less interesting
elements

11



General geochemical workflow (on prior datasets)

AQAQC, what have you got? Do you need to level or even
omit some results? Assess existing geochemical data
diversity, work out what method(s) to use next

AConsider carefully the need to-emnalysewith a superior
YSOUK2R Ay 2NRSNJ (12 WSYKI yOS

Select old holes/samples for 4 Run a campaign @XRFover a
acid digest ICPMS moderate volume of material

/

Rel 8a45Sa3a | yR WYTidGASdatabhse madbdgéry o609 EOS

Decide upon need for complete change in method or retain old
method with periodical check

12



General geochemical workflow (on prior datasets)

AUse immobile element ratios to assist with:
lithogeochemistry

AApply conditional formatting in Excel to
look forlithogeochemicaboundaries and
veins/faults/shears All now

ASort remaining elements - casier

ADecide how this data will eventually move 0643
Into a 3D, targeting or mining environment

13



QAQC/data check summary

ATry to track down detection limits but will be obvious from
data

ASpreadsheetdza S O2 Y RAUGAZ2Y I F2NXI
elements with too much data < detection limit

AMap ¢ plot data by date, laboratory or method, check for
false boundaries

AioGAStcc Wt SOSt Q RA gbuSHeBonimonR I O I
denominator is the worst data

AwS 2S00 &a2YS RI {IpXREani&gh orWO I (i
other re-assay

AReassay a crucial hole with teguality geochemistry to
decide what to do next

14



Bad data examples

A Different methods used for different materials
AAIll used aguaegia, so very poor % digest

AYou can tell this at a glance by looking at the Al and thase
are felsic to intermediat@olcanics

A cross (X) or question mark (?) in

Type the following slides reflects the

@ Channel degree of uncertainty in the data
Rock quality. Lines with coincident or

@ soil orig ppb Au near-coincident slopes are best, and

& soil ppm Au allow confidence in interpreting

results between the 4 different
sample types (colours at left).
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Attribute Map

x
Colour
Sb_ppm Progressive
@ 5b_ppm to 1.0 [30.00%]
Sb_ppm to 4.0 [50.00%]
Sb_ppm to 7.0 [B0.00%%]
@ 5b_ppm to 9.0 [90.00%]
# 5b_ppm to 13.0 [95.00%]
® Sb_ppm to 18.0 [98.00%%]
@ sb_ppm to 33.0 [100.00%]

Shape

LAB

W ACME

& ALS

Size

@ Default Size

Some soils from western Turkey. There is aisBsanomaly on the NW of the area,

but it is possibly compromised by a change in laboratory. Note in particular the
pale blue to dark blue transition (= 4 ppm Sb) is fairly coincident with the
02dzy RF NBE 0S06SSYy (UKS (g2 102N G2NRARSA
problemworsecdzy t Saa AU A& dzaSR (2 WO2NNBOI
dataset.
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b @ Default Colour

F¥ @ Cu_ppm to 6.0 [30.00%] Two assay methods:
Cu_ppm ko 22,0 [60.00%)] Au_ppm : Au_ppb
Cu_ppm to 36,0 [80.00%] .
& Cu_ppm ko 48.0 [90.00%] a0 -

@ Cu_ppm to 66,0 [95.00%]
@ Cu_ppm to 84,0 [98.00%]

|.' @ Cu_ppm to 758.0 [100.00%] GOld

N

5 km 0.002 0.01 0.0z 0.1
With Permission AI§“ﬁmgold

Two other examples where bad initial decisions on analytical methods and changing laboratories
SYR& dzLJ 6AGK WNMHz00A &AKQ & 2W and B{S 24DK2SdYyA RiFINNEB S Q2
different levels of metals, reflecting different times of analysis or laboratories. Massive amounts
wasted effort in very tough terrains.
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Intro - spreadsheets/data: cleaning up

A Keep the raw data; copy into working sheets

A Bad analyses
A Do repeats
A Check lab standards reports
A Consider an internal standard

A.5Qa& 2NJb! Qa 2NJ yS3II GABS ydzyo SNa
A Set at half the detection limit
A Or set to very low number
A Decision on which may affect means or medians

A Check totals: are they consistent with the missing elements (commonly
Si,H, O, C)?
Al SFNY LISNX¥AAaaAof S NIy IsBaich FurRkyd Wy 2 1
A E.g. > 45% SiO2 exceftramafics < 20% Fe203 unless BIFs, < 15% Al203
except in soils or sugergene/laterlte, < 1@a0except inlimestones 0.2 to 8%

K20 in most rocks, Cu usually 5 to 200 ppm, Cr usually < 500 ppm except in
maficsetc etc

21



An easy view of the
periodic table of the
elements:
scales of element
mobility/immobility



Element mobilityc the key to

just about everything

Element mobility here mostly refers to the response of elements
to dissolution and transport in hydrothermal fluids.

9t SYSyua 0O2YyYzyte O2YyaARSNBR WAYY20Af SQ A
(and mobile) in magmas and in clastic sedimentary processes. Their variation sometimes
defines ore systems themselves ge.gH’(BE)rthomagma_tlc Rlacer deposits). These

variations must be clearly understood when dealing with hydrothermal overprints.

23



Principles of element mobility

Three categories of elements:
Firstly,

Conservative elements that
R2y Qi fA1S G2

A Use these to define
protoliths

A Use these to look at
variability in primary
(orthomagmati¢c SEDEX
etc) systems

A Use these to benchmark
hydrothermal changes
(alteration, veinsbreccias
shear zones)

A ExamplesTi, Al, Mg, REE,
ZrSGY

24



Three categories of elements:
Secondly,
Elements that love to move

Easily dissolved from rocks
Easily precipitated into
veins or breccia matrix
Often define oreforming
systems

Examples: Si, Ca, Fe, Cu,
Au, S

o Do oo

HCOVGlobajeochemical principles, do not copy/transmit without permission
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ko EE B A — Master and Miss Feldspar, pardon the Get Sn
Categories of e 1 TP R HGWANIE. |

elements:
Thirdly,
Elements that
love to move |
but cannotdo |
so without
connecting
with another
element

Al (Max) K (99)

May be easily dissolved from a rock

But due to charge, ionic radius and field strength issues, must combine with
another element, preventing it from independently precipitating in veins

etc.

Examples: K, N&b

GYySSRE [/t 6G2 GNY@StO0O YR 't o002 LINB
alteration

o T

o

26



Typical immobile elements: HFSE, do not
NEBFRAf&@ O2YLJX SEX WiA:

AFor most aqueous chlorideearing fluids: immobile
=Ti,Zr Y > Al, Ga, Mg > REE, Cr, V, NIMe u,
SI, P, S, Au > C&,Pb Zn > NaRhh K = mobile

AFor COzich fluids Si may be immobile or nearly so

AFor seawater interaction with basalts, Mg can be
mobile

AFor F or Prich fluids P, REEiderophiles Al, U Zr
may be mobile

AFor Brich fluidsc anything goes.
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Scales of element mobility

Define scale pertinent to ore system:
closed system = not ore-forming,
open system = ore-forming

s the metal source observablel YR AF a2 |4 ¢gKIFO a #I

Closed system

Open system

HCOVGlobajeochemical principles, do not copy/transmit without permission 29



SCALE & SOURCE: Where does the mets
come from?

Open system Closed system

HCOVGlobajeochemical principles, do not copy/transmit without permission 30



SCALE & SOURCE: Where does the mets
come from?

Bothparagenesis YR WNBY20Af AT I A2y Q 0O2YS

Open system Closed system

HCOVGlobajeochemical principles, do not copy/transmit without permission 31
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Hematite-quartz- banded iren formation.
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hematite in the vein was derived from external

sources, as there is plenty of Fe and Si in the adjaceht P e district, Australia
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Worked practical exercise

What came in?

What went out?
What stayed at home?
Where are Kay and Al?



Vein: mostly Alteration:
Pyrrhotite FeS, Siderite + quartz
with gtz, pyrite FeCO3 + SiO2
and gold

‘I\/Iagnetlte Quaﬂz BIF

§6304+ SIOZ

chk exercise:

Determine the scale of element mobility here:
1. CO2

2. Fe

3. S
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Paragenesis and
remobilization,
metal sources

Why does everyone try to,hide when the word S
WNBYZ0ATAIl T UAZ2YQ Aa dzildSNDb
What is the value gbaragenesi®

What is the value of geochronology?

Scale, scale, scale



Ways to physically change original
rock chemistry

ADeformationrelated segregation of soft or soluble
minerals from hard or insoluble ones
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Boudinagein marbles, Cloncurry

Near Mt Whaleback iron ore mine, IOCG district
Pilbara district 39



- Boudinageand separation -
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Paracatugold deposit, Brazil
(Oliver et al., Econ. Geol. 2015)
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by deformation

Albiticshear zone
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Canningtongd . NP2 1 8 ¥ LISRHEZA(GuAu) ores, metamorphosed at ~ 700Q® ¢ K
sequence of original mineral deposition is seriously obscured by the metamorphism
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peak metamorphic fabrics at a
range of scales. Delicate skarn
textures preserved (would not
survive peak metamorphism anc
deformation, which does this:)



