
HCOVGlobalgeochemical principles, do not copy/transmit without permission 

STRUCTURAL GEOLOGY
GEOPHYSICS GEOCHEMISTRY
HYDROTHERMAL PATHWAYS
PROJECT GENERATION
DUE DILIGENCE
EXPLORATION & MINING

hcovglobal.com

Nick Oliver

HCOV GLOBAL
(Nick Oliver trading as 
HCO Associates PL)
ABN 52154666707

PhD FAIG FSEG MSGA

Principal and Consultant, HCOV Global

Principles of geochemistry
General and hydrothermal systems

These notes form core ingredients to workshops provided on site and on-line by Nick Oliver of HCOVGlobal. They are not intended as a replacement for a full 
course, but can assist in understanding background principles. The materials in here were generated over a 30 year period through teaching and training in 
several institutions and in industry ςmany thanks to all my collaborators and employers over the years. The contents should be regarded as informational and 
the use of the materials for any teaching or corporate decisions should not be undertaken without my permission, and is subject to disclaimers. Contact 
ƴƛŎƪƻƭƛǾŜǊϪƘŎƻǾƎƭƻōŀƭΦŎƻƳ ƛŦ ȅƻǳΩŘ ƭƛƪŜ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴΦ 
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Some fundamentals regarding commodities & approach

Primary orthomagmatic(Ni, Cr, PGE) and syn-sedimentary or syn-volcanic 
(e.g. SEDEX, VHMS) ores:

Å Initial metal source obscure and usually only relevant at terrain-selection scales
ÅΨŦŜŜŘŜǊǎΩ usually horribly overprinted and difficult to unravel (structural history)
Å Primary metal distributions commonly modified by deformation and 

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

Å Potential for remobilizationto change ore 
distributions to align with/be controlled by 
structure, but usuallythe earlier layering 
controls can be revealed

Å In some, but not all of these systems, there 
may be broad-scale syn-ore zoned alteration 
systems with carbonates and silicates that will 
subsequently behave mechanically differently 
to sulphideores 
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Ores formed largely by long distance metal extraction and focus into key 
structures (most hydrothermal deposits, Au, Cu-AU, U etc)

Å Initial metal source ƛǎ ǳǎǳŀƭƭȅ ŀǎǎǳƳŜŘ ǘƻ ōŜ ΨŘƛǎǘŀƭΩ ōǳǘ ǇƻǘŜƴǘƛŀƭ ƭƻŎŀƭ ǎƻǳǊŎŜǎ ŀǊŜ 
commonly ignored, and this statement holds for different ingredients (ore, 
alteration)

ÅΨŦŜŜŘŜǊǎΩ remain difficult to identify, particularly because their apparent simplicity 
in some systems (e.g. Sirkkaline near Kittila) leads people to assume they should 
all be like that
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Å Structural controls are 
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 post-ore 
modification)
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Summary

ÅSelection or review of methods, QAQC

ÅάCƛȄ-ǳǇέ ǎǘǊŀǘŜƎȅ

ÅWhich elements are important ςthe need for an 
άƛƳƳƻōƛƭŜ ŜƭŜƳŜƴǘ ǊŜŦŜǊŜƴŎŜ ŦǊŀƳŜέ

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

ÅDevelop efficient workflow 

4
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QAQC
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ÅWhat do I do with this?

Å How is it useful?

Å What can it tell me?

Å How do I work on it without asking  the 
boss dumb questions about 
geochemistry?

Å What if I am the boss and I have no clue?

Selection or review of methods, QAQC

6
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Cost/benefit analysis

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

ÅEarly foresight in this area saves $ later, 
particularly for resource models and 
reporting compliance (JORC, NI 43-101 etc)

7

ÅDiscuss/determine the likely value of the geochemical 
program to your overall exploration and resource definition 
strategy

ÅConsider this in the context of the total cost of your likely 
drill program

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/


HCOVGlobalgeochemical principles, do not copy/transmit without permission 

Analytical methods: simple summary

ÅYou get what you pay for: if your system is geochemically complex, taking 
initial shortcuts will come back to haunt you; Fight for your rights to decent 
geochemistry!

ÅComprehensive XRF & solution ICPMS is the most robust but not considered 
Ŏƻǎǘ ŜŦŦŜŎǘƛǾŜ ŦƻǊ Ƴŀƴȅ ŜȄǇƭƻǊŀǘƛƻƴ ǇǊƻƎǊŀƳǎ όҔ ¦{5рл ǇŜǊ ǎŀƳǇƭŜύΣ ōǳǘ ƛǘΩǎ 
the best

Å{ƻƭǳǘƛƻƴ L/t a{ ǿƛǘƘ п ŀŎƛŘ ŘƛƎŜǎǘ ƛǎ ΨƛƴŘǳǎǘǊȅ ǎǘŀƴŘŀǊŘΩΣ рл ŜƭŜƳŜƴǘǎ 
~USD25/sample, usually with extra fire assays (for gold). ICP-AES is also 
needed for metal- or very S-rich systems (e.g. VMS, bonanza Cu where high 
upper detection limits are desirable for some elements). But ICP-AES only 
can be problematic if you are looking for the peripheral signals of systems 
with zoned elements close to their detection limits (e.g. Sb, Bi, Teύ ƻǊ ȅƻǳΩǊŜ 
concerned with really sorting out protoliths (e.g. REE, Y, Ce)

ÅpXRFmachines are increasing in quality, can be used routinely (with care)
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aŀƪŜ ǎǳǊŜ ȅƻǳ Ǝƻ ǘƘǊƻǳƎƘ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ǿŜōǎƛǘŜ ǘƻ ŎƘŜŎƪ ŘŜǘŜŎǘƛƻƴ ƭƛƳƛǘǎ ŜǘŎΦ ¢ƘŜǎŜ ǎƛǘŜǎ ŘƻƴΩǘ ǊŜŀƭƭȅ ƎƛǾŜ ŀ Ŧǳƭƭ ƎǳƛŘŜ ŀǎ to what 
methods are best for what materials, this requires persistence and experience to solve. Look at the difference in elements and 
detection limits here relative to the price. ICPMS is 50 or 80% more expensive but waybetter than that price difference suggests
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Key strategies when commencing a new geochemical 
program (e.g. first stage drilling)

ÅFind the ΨōŜǎǘΩ ƘƻƭŜ. Set this aside as a hole for maximum initial analytical 
detail (analysis or re-analysis). 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 
Ƙƻǿ ƳǳŎƘ ΨōŀǊǊŜƴΩ ƳŀǘŜǊƛŀƭ ǎƘƻǳƭŘ ōŜ ǊƻǳǘƛƴŜƭȅ ƛƴŎƭǳŘŜŘ ƛƴ ƎŜƻŎƘŜƳƛŎŀƭ 
analysis. Even if you already have a big database, it may be desirable to 
όǊŜύŀƴŀƭȅǎŜ ŀ άƳŀǎǘŜǊ ƘƻƭŜέ όǎŜŜ ƴŜȄǘ ǎƭƛŘŜǎύ

ÅFind the least mineralized hole: this may contain the best information on 
ǘƘŜ ΨōŀŎƪƎǊƻǳƴŘΩΦ 5ƻ ǘƘƛǎ ŦƛǊǎǘΗ

ÅFind an ΨŀǾŜǊŀƎŜΩ ƘƻƭŜ. Comparison between these 3 holes should form the 
basis for drill- and geochemistry-program development

ÅIf you need to drill the best targets first (the usual case), use initial 
ǎǳŎŎŜǎǎŜǎ ǘƻ ƳŀƪŜ ǘƘŜ ŎŀǎŜ ŦƻǊ ŀƴ ΨŜŀǊƭȅ ǎǇŜƴŘΩ ƻƴ п-acid digest multi-
ŜƭŜƳŜƴǘ L/ta{ ƻƴ ΨǘƘŜ ōŜǎǘΩ ƘƻƭŜΦ ! ¦{5млллл ŜŀǊƭȅ ǎǇŜƴŘ ƻƴ 
geochemistry will reap rewards later ςƛǘΩǎ ƻƴƭȅ рл ǘƻ улƳ ƻŦ ΨƳƛǎǎŜŘ ƻǳǘΩ 
drilling
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General geochemical workflow (on prior datasets)

ÅQAQC, 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

ÅSeparate elements out into 4 categories (examples 
further down):
ÅLithogeochemicalƛƴŘƛŎŀǘƻǊǎ όάimmobilesέύ

ÅVein/mineralization indicators

ÅAlteration indicators

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

11
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ÅQAQC, 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

ÅConsider carefully the need to re-analysewith a superior 
ƳŜǘƘƻŘ ƛƴ ƻǊŘŜǊ ǘƻ ΨŜƴƘŀƴŎŜΩ ȅƻǳǊ ƻƭŘ ΨōŀŘΩ Řŀǘŀ
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Select old holes/samples for 4-
acid digest ICPMS

Run a campaign of pXRFover a 
moderate volume of material

Re-ŀǎǎŜǎǎ ŀƴŘ ΨŦƛȄΩ ƻƭŘ Řŀǘŀ ό9ȄŎŜƭΣ ioGAS, database manager)

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

General geochemical workflow (on prior datasets)
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ÅUse immobile element ratios to assist with 
lithogeochemistry

ÅApply conditional formatting in Excel to 
look for lithogeochemicalboundaries and 
veins/faults/shears

ÅSort remaining elements

ÅDecide how this data will eventually move 
into a 3D, targeting or mining environment

All now 
easier 
with 
ioGAS

13

General geochemical workflow (on prior datasets)
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QAQC/data check summary

ÅTry to track down detection limits ςbut will be obvious from 
data
ÅSpreadsheet ςǳǎŜ ŎƻƴŘƛǘƛƻƴŀƭ ŦƻǊƳŀǘǘƛƴƎ ǘƻ ǉǳƛŎƪƭȅ ΨǊŜƧŜŎǘΩ 

elements with too much data < detection limit
ÅMap ςplot data by date, laboratory or method, check for 

false boundaries
ÅioGASetcςΨƭŜǾŜƭΩ ŘƛŦŦŜǊŜƴǘ ŘŀǘŀǎŜǘǎ ςbut the common 

denominator is the worst data
ÅwŜƧŜŎǘ ǎƻƳŜ ŘŀǘŀΣ ǘƘŜƴ ΨŎŀǘŎƘǳǇΩ ŜΦƎΦ pXRFcampaign or 

other re-assay
ÅRe-assay a crucial hole with top-quality geochemistry to 

decide what to do next

14
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Bad data examples

ÅDifferent methods used for different materials

ÅAll used aqua regia, so very poor % digest

ÅYou can tell this at a glance by looking at the Al and Na ςthese 
are felsic to intermediate volcanics

A cross (X) or question mark (?) in 
the following slides reflects the 
degree of uncertainty in the data 
quality. Lines with coincident or 
near-coincident slopes are best, and 
allow confidence in interpreting 
results between the 4 different 
sample types (colours at left).

15
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?

? weathering

? weathering
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Some soils from western Turkey. There is an As-Sb anomaly 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 
ōƻǳƴŘŀǊȅ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ƭŀōƻǊŀǘƻǊƛŜǎΩ ŀƴŀƭȅǎŜǎΦ ! ƴŜǿ ŘŀǘŀǎŜǘ ǿƛƭƭ ƳŀƪŜ ǘƘƛǎ 
problem worse ςǳƴƭŜǎǎ ƛǘ ƛǎ ǳǎŜŘ ǘƻ ΨŎƻǊǊŜŎǘ Ψ ǘƘŜ ƻƭŘ Řŀǘŀ ŀƴŘ ǇǊƻǾƛŘŜ ŀ ΨƭŜǾŜƭƭŜŘΩ 
dataset. 

19
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5km

N

Two other examples where bad initial decisions on analytical methods and changing laboratories 
ŜƴŘǎ ǳǇ ǿƛǘƘ ΨǊǳōōƛǎƘΩ ǎƻƛƭ ƎŜƻŎƘŜƳƛǎǘǊȅ ǎǳǊǾŜȅǎΦ bƻǘŜ ǘƘŜ 9-W and N-{ ΨōƻǳƴŘŀǊƛŜǎΩ ōŜǘǿŜŜƴ 
different levels of metals, reflecting different times of analysis or laboratories. Massive amounts of 
wasted effort in very tough terrains.

5km

N

Two assay methods:

With Permission

With Permission

Gold

Also gold

20
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Intro - spreadsheets/data: cleaning up

ÅKeep the raw data; copy into working sheets

ÅBad analyses
ÅDo repeats
ÅCheck lab standards reports
ÅConsider an internal standard

Å.5Ωǎ ƻǊ b!Ωǎ ƻǊ ƴŜƎŀǘƛǾŜ ƴǳƳōŜǊǎ
ÅSet at half the detection limit
ÅOr set to very low number
ÅDecision on which may affect means or medians

ÅCheck totals: are they consistent with the missing elements (commonly 
Si, H, O, C)?

Å[ŜŀǊƴ ǇŜǊƳƛǎǎƛōƭŜ ǊŀƴƎŜǎ ŦƻǊ ΨƴƻǊƳŀƭΩ ǊƻŎƪǎΣ Ŏŀƴ ǿŜō-search quickly
ÅE.g. > 45% SiO2 except ultramafics, < 20% Fe2O3 unless BIFs, < 15% Al2O3 

except in soils or supergene/laterite, < 10% CaOexcept in limestones, 0.2 to 8% 
K2O in most rocks, Cu usually 5 to 200 ppm, Cr usually < 500 ppm except in 
maficsetc etc

21
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An easy view of the 
periodic table of the 

elements: 
scales of element 

mobility/immobility



Element mobility ςthe key to 
just about everything

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

9ƭŜƳŜƴǘǎ ŎƻƳƳƻƴƭȅ ŎƻƴǎƛŘŜǊŜŘ ΨƛƳƳƻōƛƭŜΩ ƛƴ ƘȅŘǊƻǘƘŜǊƳŀƭ ǎȅǎǘŜƳǎ ŀǊŜ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ 
(and mobile) in magmas and in clastic sedimentary processes. Their variation sometimes 
defines ore systems themselves (e.g. Ni-PGE orthomagmatic, placer deposits). These 
variations must be clearly understood when dealing with hydrothermal overprints. 
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Principles of element mobility

Three categories of elements:
Firstly, 
Conservative elements that 
ŘƻƴΩǘ ƭƛƪŜ ǘƻ ƳƻǾŜ ƳǳŎƘ

Å Use these to define 
protoliths

Å Use these to look at 
variability in primary 
(orthomagmatic, SEDEX 
etc) systems

Å Use these to benchmark 
hydrothermal changes 
(alteration, veins, breccias, 
shear zones)

Å Examples: Ti, Al, Mg, REE, 
Zr, Sc, Y

24
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Three categories of elements:
Secondly, 
Elements that love to move

Å Easily dissolved from rocks
Å Easily precipitated into 

veins or breccia matrix
Å Often define ore-forming 

systems
Å Examples: Si, Ca, Fe, Cu, 

Au, S

25
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Three 
categories of 
elements:
Thirdly, 
Elements that 
love to move 
but cannot do 
so without 
connecting 
with another 
element

Å May be easily dissolved from a rock
Å But due to charge, ionic radius and field strength issues, must combine with 

another element, preventing it from independently precipitating in veins 
etc.

Å Examples: K, Na, Rb
ÅάƴŜŜŘέ /ƭ όǘƻ ǘǊŀǾŜƭύ ŀƴŘ !ƭ όǘƻ ǇǊŜŎƛǇƛǘŀǘŜύΣ ƛΦŜΦ ŀǎ ŦŜƭŘǎǇŀǊǎΣ ƳƛŎŀǎ ƛƴ 

alteration

Al

Kay

Master and Miss Feldspar, pardon the Get Smart

26
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Typical immobile elements: HFSE, do not 
ǊŜŀŘƛƭȅ ŎƻƳǇƭŜȄΣ ΨǘƛƎƘǘΩ ǿƛǘƘ ǘƘŜƛǊ ŜƭŜŎǘǊƻƴǎ 

ÅFor most aqueous chloride-bearing fluids: immobile 
= Ti, Zr, Y > Al, Ga, Mg > REE, Cr, V, Ni > Fe, Mn, Cu, 
Si, P, S, Au > Ca, Sr, Pb, Zn > Na, Rb, K = mobile

ÅFor CO2-rich fluids Si may be immobile or nearly so

ÅFor seawater interaction with basalts, Mg can be 
mobile

ÅFor F- or P-rich fluids P, REE, siderophiles, Al, U, Zr
may be mobile

ÅFor B-rich fluids ςanything goes.

27
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Reaction zones
(replacement, 
alteration, 
metasomatism)

28
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Is the metal source observable ςŀƴŘ ƛŦ ǎƻΣ ŀǘ ǿƘŀǘ ǎŎŀƭŜΣ ƻǊ ƛǎ ǘƘŜ ǎƻǳǊŎŜ άŘŜŜǇέΚ

Closed systemOpen system

Define scale pertinent to ore system:

closed system = not ore-forming, 

open system = ore-forming

Scales of element mobility

29
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Closed systemOpen system

SCALE & SOURCE: Where does the metal 
come from?

30
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Closed systemOpen system

SCALE & SOURCE: Where does the metal 
come from?

Both paragenesisŀƴŘ ΨǊŜƳƻōƛƭƛȊŀǘƛƻƴΩ ŎƻƳŜ ƛƴǘƻ Ǉƭŀȅ ƛƴ ǘƘŜǎŜ ŎƻƴŎŜǇǘǎ

31
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Near Mt Whaleback iron ore mine,
Pilbara district, Australia

Hematite-quartz banded iron formation

hematite

quartz

32

Lƴ ǘƘƛǎ ŜȄŀƳǇƭŜΣ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ƛŦ ǘƘŜ ǉǳŀǊǘȊ ŀƴŘ 
hematite in the vein was derived from external 
sources, as there is plenty of Fe and Si in the adjacent 
ǊƻŎƪǎΦ {ƻ ǘƘƛǎ ƛǎ όǇƻǘŜƴǘƛŀƭƭȅύ άŎƭƻǎŜŘ ǎȅǎǘŜƳέ
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Granite

Kf-To alteration

Qz-To vein

Guessing scales of mass transfer by knowing rock and mineral chemistry

33
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K2O SiO2

Kf-To alteration

Qz-To vein

Guessing scales of mass transfer by knowing rock and mineral chemistry

34

But if you run (imagine) 
profiles of K and Si across 
the vein/alteration pair, 
you can see a pattern by 
which the apparent K-
alteration is caused simply 
by extraction of silica from 
the altetred granite, and 
re-deposition in the vein 
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K2O SiO2 B

Kf-To alteration

Qz-To vein

Guessing scales of mass transfer by knowing rock and mineral chemistry

35

However, when you look at the 
boron (represented by the 
black mineral tourmaline), you 
can see it is added to the vein 
and the alteration zone. So Si 
ŀƴŘ Y Ƴŀȅ ōŜ ΨŎƭƻǎŜŘ ǎȅǎǘŜƳΩΣ 
ǿƘŜǊŜŀǎ . ƛǎ ΨƻǇŜƴ ǎȅǎǘŜƳΩΦ ¸ƻǳ 
would need a detailed 
geochemical transect to check 
this possibly closed system Si-K 
transfer.



Worked practical exercise
What came in?

What went out?

What stayed at home?

Where are Kay and Al?

36
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Vein: mostly
Pyrrhotite FeS,
with qtz, pyrite 
and gold

Alteration:
Siderite + quartz
FeCO3  + SiO2

Quick exercise: 
Determine the scale of element mobility here:
1. CO2
2. Fe
3. S

Magnetite Quartz BIF
Fe3O4+ SiO2

37
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Å Why does everyone try to hide when the word 
ΨǊŜƳƻōƛƭƛȊŀǘƛƻƴΩ ƛǎ ǳǘǘŜǊŜŘ

Å What is the value of paragenesis?

Å What is the value of geochronology?

Å Scale, scale, scale

Paragenesis and 
remobilization, 
metal sources
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Ways to physically change original 
rock chemistry
ÅDeformation-related segregation of soft or soluble 

minerals from hard or insoluble ones

Near Mt Whaleback iron ore mine,
Pilbara district

Boudinagein marbles, Cloncurry 
IOCG district

39
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Boudinageand separation

Paracatugold deposit, Brazil
(Oliver et al., Econ. Geol. 2015)

40
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asbestos

Folding-related thickness changes

41
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Specific introduction of new components 
by deformation

42

Albiticshear zone Calcite vein arrays

Tourmaline 
breccia
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ά/ƭŀǎǎƛŎέ ǾŜƛƴ Ҍ ŀƭǘŜǊŀǘƛƻƴ ǎŎŜƴŀǊƛƻǎ
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Cuiaba gold mine, Minas Gerias, Brazil

ά/ƭŀǎǎƛŎέ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ ƻǊƛƎƛƴŀƭ ǊƻŎƪǎ
(in this case after most of the obvious deformation)

44



Cannington ςά.ǊƻƪŜƴ Iƛƭƭ-ǘȅǇŜέ !Ǝ-Pb-Zn-(Cu-Au) ores, metamorphosed at ~ 700°/ΩΦ ¢ƘŜ 
sequence of original mineral deposition is seriously obscured by the metamorphism

Textures: commonly difficult, misleading, poorly interpreted and over-sold if scale not considered
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Sphalerite-ƎŀǊƴŜǘ ǎƪŀǊƴǎΣ ΨǎƻƭŘΩ 
ŀǎ ά.ǊƻƪŜƴ-Iƛƭƭ ǘȅǇŜέΣ ōǳǘ Ŏǳǘ ǘƘŜ 
peak metamorphic fabrics at a 
range of scales. Delicate skarn 
textures preserved (would not 
survive peak metamorphism and 
deformation, which does this:)


