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Presentation Notes
Good Afternoon,
Today I’m going to be talking about a very different way of looking at a regional mineral system.  And also offer some suggestions about how explorers might use this to explore in undercover areas.
Its based on some work we’ve been doing in the Cloncurry district over the  last 18 months
I’d just like to take this opportunity to thanks  Geological Survey of Queensland for supporting this work.
I’d like to also thank our Industry sponsors
And also acknowledge  input from my co-authors, and  internal reviewers at CSIRO



Exploration Undercover
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Everyone is talking about  need to be exploring undercover
This is particularly relevant for  Cloncurry District
It is a rich mineral province with a history of 150 years
 Undercover portion accounts for about 2/3 of total area
All of  significant recent finds have been made undercover
E.g., Ernest Henry, Osborne, Cannington, Eloise
So we’ve been doing this in  Cloncurry district for about  last 30 years
However, all have coincided with strong magnetic anomalies
 obvious magnetic targets have pretty much all been drilled
Recent Finds by Minotaur in particular demonstrate that we should be thinking about different approaches to locating so called “blind” targets



Batting Order

• Why are we (still) confounded about Cloncurry

• What new techniques are we using

• An example of the outputs from Ernest Henry

• What are the relationships between:

• Structural Controls and Mineralisation?

• Different generation Structures and different alteration styles?

• Alteration, Redox and Magnetic signatures?

• How can we use these insights to explore under cover??
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You can read this for yourself……



• Pb-Zn-Ag BHT deposit (Cannington)

• Mt-rich IOCG Breccia Pipes (e.g., Ernest Henry)

• Au-rich, Mt-poor, Po-rich Breccias (Eloise)

• Mt-rich Stratiform Iron with Cu-Au (Osborne, Starra)

• Mt+Po Stratiform Iron with Cu-Au (Monakoff)

• Po-rich linear horizons with Au and Cu (Cormorant)

• Mt-rich Stratiform Iron with Pb-Zn-Ag (Pegmont)

• Non-Magnetic Po-rich systems with Cu, Zn (Artemis)

• Carbonate-rich (non-magnetic) Cu (Great Australia)

• Skarn-like deposits (Near Mary K)

• REE-rich deposits (Merlin and Milo)

• Large variation in deposit style, but……
• Many different alteration styles
• All deposits have strong structural controls

Cloncurry Mineral Systems
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Cloncurry is a complex mineral system
It might be well known for IOCGs, but lets not forget that there is a wide range of deposit styles within the broad IOCG category present in Cloncurry.
REE- and moly-rich types
Skarn like deposits
And it is also host to some important Sedex, or Broken Hill type deposits
In General
Large variation in deposit style, Many different alteration styles but……
All deposits have strong structural controls
So this is the framework in which to assess the deposits at a district scale




Mineral System Ingredients (Isan Orogeny)

Min

Stratiform 
Magnetite±

Hematite
Mafic Rocks

Granitic 
Intrusion

Structural 
Controls

Evaporites 
& 

Carbonates

Reactant for reduced 
and oxidized fluids in 
IOCG systems. Occurs 
in QF sequences. 
Predates Cu-Au.

Reactant for reduced 
and oxidized fluids 
source of metal 
carrying brines. 
(Carbonate is 
Gangue in many 
deposits)

Source of heat 
and fluids, source 
of some metals.

Source of heat, sulfur 
and some metals.

Magma 
Mingling

Shear, Fault, Intersection, 
Jog, Contact, Breccia,.. etc
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So why is it so complex???
This is my hypothesis.
Basically there are several competing ingredients
Structural controls are critical, but these controls range from depositional normal faults, right through to late orogenic  strike-slip faults
Fe-rich horizons and Carbonate/evaporate units are important as reactants
Mafic and Granitic magmas are important as sources for metals, fluids and heat
All of these ingredients can combine in different ways,
At different times,
in different structural regimes and 
different depths/ thermal and rheological conditions
 to form different styles of deposits



AMS (Anisotropy of 
Magnetic Susceptibility)

Uncover Cloncurry AMS

• Anisotropy of magnetic 
susceptibility (AMS) 
• physical property of rock , 

• Caused by  preferred orientation of 
anisotropic magnetic minerals. 

• It is essentially a magnetic fabric

• Can be used to define strain 
distribution prior to mineralisation
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Moving on to our main techniques now
How can we quantify strain conditions/structural controls , consistently across many different deposits???
The best way is to use a petrophysical property called AMS
That stands for anisotropy of magnetic susceptibility.
It is basically just a physical property of rock , 
Caused by the preferred orientation of anisotropic magnetic minerals. 
 So It is essentially a magnetic fabric
Can be used to define strain distribution prior to mineralisation




Key to AMS data
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K1

K2
K3

K1= Lineation (Long Axis) K2=Intermediate

K3= Short Axis (typically azimuth of shortening)

Great circle joining K1 and K2 defines the foliation
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This is essentially how what we measure, and how we visualise it.
We get three orthogonal vectors corresponding to
 the long axis (vector of highest susceptibility)
the intermediate and 
short axis (vector of lowest susceptibility)
These correspond to the alignment of magnetic grains within the rock
K1 (Long Axis), corresponds to the Lineation this would normally vector of reverse shearing.
A Great circle joining K1 and K2 defines the foliation or magnetic fabric
K3, the Short Axis typically corresponds to the azimuth of shortening
Please note the stereonet here, as I will show some stereonets later




TIMA
(Tescan Integrated 
Mineral Analyser)

• 10 μm resolution
• spectra-matched to 

international & in-
house standards, 

• Allows us to:
• Observe textures
• Quantify (consistently) 

mineralogy 
• Infer different styles 

of alteration.
• & Different styles of 

mineralisation
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Calcite-Pyrrhotite Matrix 
Breccia –Canteen

Molybdenite Matrix 
Breccia – Merlin

Magnetite-Pyrite-
Apatite –Osborne

Leucophoenicite, Mn-calcite-Bixbyite 
-Garnet-Rhodochrosite – Maronan
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The other main technique used is TIMA …..(essentially an electron microscope)
I’ve put up some examples of some of  TIMA images, selected for aesthetics only
The imagery has 10 micron resolution and each image is based on a 2.5 cm round
The rounds used here are also used for other analyses, remanence, density AMS, 
TIMA Allows us to:
Observe textures in fine scale, breccias, mylonites, foliations, sedimentary fabrics
these can be related to  fabrics measured using AMS results
Effects of different styles of alteration (e.g., potassic, Sodic-Calcic)
We can assess pervasive alteration vs structurally controlled alteration, vs recrystallisation
Different styles of mineralisation 
Syngenetic (e.g., Sedex, BHT, BIF)
Syn-metamorphic (e.g. copper-zinc skarn, lead zinc-silver skarn etc)
Hydrormal (e.g., chalcopyrite, molybdenum breccia,,… etc.
We can use the imagery to temporally relate structure, alteration and mineralisation in a semi-quantified manner.




Ernest Henry Cu-Au
(Hematite-Magnetite)
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Actual Geology Interpreted Geology Magnetics
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I’m now just going to give you a bit of a demo of some of the research that was undertaken,
This is based on Ernest Henry, which is one of the more in depth studies
However, we have also undertaken detailed studies on an additional 15 deposits and prospects.



Reassessment of Geophysical evidence
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Magnetics 1st Vertical derivative of RTP

• Yes there are NE- fabrics
• But  N-S and NNW fabrics 

control magnetite.
• The N-S structure passes 

straight through  ore-body
• Mineralisation sits on  

intersection lineation
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I am a jack of all trades and a master of some.
My primary interests are structural geology, geophysics, and petrophysics
I would always look at  geophysical expression of a deposit, mainly to assess  the structural framework of  the area
Here you can see  thrust-jog architecture which was inferred by Rick Valenta in 2000. This is generally accepted as the structural control on the deposit.
However, I’d also like to point to the inferred offsets and truncations of the magnetised units which are clear in this 1st vertical derivative magnetic imagery.
These coincide with a number of later faults as mapped by and Mell Coward (2001) and  Bill Laing (2003).
My gut feeling is that Ernie sits at The intersection of The thrust-jog system with  the N-S fault.



Matching AMS and Structural Controls

Uncover Cloncurry AMS
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If we now look at  AMS results for Ernie, we find that the y are quite astounding
In  hanging wall there is a NW-SE shortening direction, 
which forms a moderately SE-dipping foliation 
exactly what is mapped by the jog-thrust shearzone model
In  breccia zone the  AMS is random, indicating that  breccia overprints  shear
In the foot wall there is a strong lineation to the south
This is parallel to the  plunge of the ore body.
And so if I apply my structural hyposis on  data, you can see that:
 plunge of  orebody coincides with  AMS lineation, 
which also coincides with  intersection of a moderately SE-dipping structure and an upright N-S structure.



Integrating Mag + Geochem modelling
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The ore “pipe” is 
picks up multiple 
fabrics in different 
orientations, all along 
an intersection with a 
sub-vertical, N-S fault
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If we now look at a 3-D model which incorporates:
mag models of the main magnetic units (Footwall & Marshall shear zone)
Leapfrog interpolation of Gold
I think you can see that yes, the main ore zone is moderately south plunging
But, the mineralisation appears to be picking up or the pre-existing structures as well
This implies a that mineralisation occurs at structural intersections with an upright N-S trending fault
We’re now going to just quickly look at the alteration profile through  mineral system, and I’d like to point out that  samples collected come from  drill hole shown here 
Note: where the Marshall shear is cut by  breccia.
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1.Hangingwall 6.Foot wall

2.Albite-Calcite
Proto-breccia

3.Qtz-Calcite Py-Cp breccia 4.K-feld-Qtz-Mt breccia

4.K-feld-Ca-feld 
Sheared breccia

1 2 3 54 6
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Here I’ve just tried to give you a flavour of some of the things we can look at in terms of chemical and mineralogical gradients.
Albite-Magnetite-Titanite alteration in the hanging wall
Transitioning into calcite matrix proto-breccia
In the ore zone there is completely recrystallised mineralised zones  (i.e., matrix supported breccia
And also zones of strong potassic alteration
Transitioning into the foot wall there’s sheared K-altered breccia
In the Foot wall there’s Ca-enriched feldspars  and calcite matrix seems to displace K-alteration…
Most of this is fairly well known at Ernie
But if you dig a bit deeper you find out some quite interesting things that aren’t necessarily obvious.





Alteration Type as a function of petrophysics and 
mineralisation
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Alteration type
Chalcopyrite Chamosite Pyrite Albite Microcline Quartz

And-Alb+Potassic+Calcic 0.00 0.82 0.27 7.41 23.54 10.56
Magnetite-Apatite* 3.80 1.84 1.09 1.09 1.09 1.09
Potassic (Bt) 0.00 0.29 0.07 58.79 2.80 8.48
Potassic (Kf) 0.25 2.27 3.38 2.52 45.91 8.22
Potassic+ Cal-Qtz-Py 2.00 1.19 4.03 0.96 31.62 15.88
Qtz-Cal-Chl-Py±Cpp±Hem 2.88 10.26 13.96 0.16 2.70 33.56
Sodic (Ab-Mt-Ti) 0.00 0.31 0.31 54.96 3.73 2.38
Sodic + Potassic (Bt) 0.05 1.12 0.27 20.11 20.00 10.03For Ernest Henry

Presenter
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This is based on simply categorising samples by alteration type
What it shows is that the most highly mineralised samples actually coincide:
 not with potassic alteration
But with Quartz-Calcite ± Chlorite± Hematite ± Pyrite alteration
Looking at the petrophysics, all the samples sit along the magnetite trend (indicating reduced or intermediate oxidation)
The red dots are the most mineralised and sit off the magnetite trend
Which indicates mineralisation is associated with oxidation of magnetite to hematite ±pyrite
This Overprints potassic alteration


Sheet1

						Density		Corr K (SI)		Q - Koenigsberger		Ernest Henry		Density (g/cm3)		Mag Sus K (SI)		Koenigsberger Ratio (Q)				Ernest Henry		Density (g/cm3)		Mag Sus K (SI)		Q Ratio		Rock Type				Ernest Henry		Density (g/cm3)		Mag Sus K (SI)		Koenigsberger Ratio (Q)

		EHM001		A		2.9530766632		0.5665913769		0.8131773982		EHM001		2.9643249446		0.6170459775		0.8125669331				EHM045		2.7790845396		0.2209836984		0.5924725823		And-Alb+Potassic				And-Alb+Potassic+Calcic		2.85		0.19		0.52

				B		2.94236436		0.5913263291		0.643620933												EHM038		3.1770329036		0.3705945898		0.6341791154		And-Alb+Potassic+Calcic				Magnetite-Apatite*		3.80		1.84		1.09

				C		2.9975338105		0.6932202263		0.980902468												EHM039		2.9700448795		0.2507260781		0.882542423		And-Alb+Potassic+Calcic				Potassic (Bt)		2.78		0.13		0.36

		EHM003		A		2.7032669004		0.0475806337		0.4586489662		EHM003		2.7055365358		0.0520925055		0.4324431252				EHM040		2.8467447257		0.2772079825		0.3814436298		And-Alb+Potassic+Calcic				Potassic (Kf)		3.02		0.52		0.83

				B		2.7017518377		0.0427520068		0.4034129607												EHM042		2.8578439143		0.1882744577		0.5268962936		And-Alb+Potassic+Calcic				Potassic+ Cal-Qtz-Py		3.10		0.41		0.70

				C		2.7115908695		0.0659448761		0.4352674488												EHM043		2.7228352838		0.1157372711		0.4703482391		And-Alb+Potassic+Calcic				Qtz-Cal-Chl-Py±Cpp±Hem		3.27		0.34		0.47

		EHM004		A		3.2066173524		0.4808001288		5.7626778377		EHM004		3.0103437523		0.4090624501		5.9350053744				EHM044		2.8488277555		0.1511078711		0.4346253615		And-Alb+Potassic+Calcic				Sodic (Ab-Mt-Ti)		3.14		0.76		0.62

				B		2.9083084778		0.3551652228		4.0795591305												EHM046		2.6697249646		0.0663324824		0.2565881248		And-Alb+Potassic+Calcic				Sodic + Potassic (Bt)		2.98		0.52		3.31

				C		2.9161054268		0.3912219986		7.9627791551												EHM047		2.7719036637		0.0848656714		0.481729532		And-Alb+Potassic+Calcic

		EHM005		A		3.5844230827		1.7104453208		1.4178599574		EHM005		3.7994222491		1.8386699939		1.0865427735				EHM005		3.7994222491		1.8386699939		1.0865427735		Magnetite-Apatite

				B		3.7864318843		1.8521388702		1.1368668062												EHM003		2.7055365358		0.0520925055		0.4324431252		Potassic (Bt)

				C		4.0274117802		1.9534257908		0.7049015568												EHM011		2.7710789822		0.1133688865		0.2570310685		Potassic (Bt)

		EHM006		A		3.1472005323		0.931156345		0.4258971343		EHM006		3.1315868945		0.8197685741		0.4512841255				EHM014		2.8646335283		0.2305112842		0.3916991081		Potassic (Bt)

				B		3.1943277624		0.6828191327		0.2143809235												EHM025		3.1312485556		0.5929679259		0.7738002904		Potassic (Kf)

				C		3.0532323888		0.8453302445		0.7135743187												EHM034		2.9171828375		0.2964889248		0.3059791259		Potassic (Kf)

		EHM007		A		2.9363272798		0.5423403232		0.9599094179		EHM007		3.1667184534		0.6263826758		0.6507771568				EHM035		3.0392203918		0.8030450804		1.57303366		Potassic (Kf)

				B		3.3218775429		0.5871155561		0.6407071509												EHM013		3.1239363979		0.8147446269		0.8458743152		Potassic (Kf)

				C		3.2419505375		0.749692148		0.3517149017												EHM016		2.8206330618		0.2588858343		0.8559473431		Potassic (Kf)

		EHM008		A		3.5418815339		1.163139124		0.4010874474		EHM008		3.5326995278		1.1519324983		0.3418897299				EHM017		3.0377099061		0.4699499166		0.7351750644		Potassic (Kf)

				B		3.5973085258		1.2721990404		0.2695519978												EHM021		3.0931915458		0.4235608071		0.7311770965		Potassic (Kf)

				C		3.4589085236		1.0204593306		0.3550297446												EHM019		2.9501929517		0.2365823099		0.5112208413		Potassic+ Cal-Qtz-Py

		EHM009		A		2.9641245526		0.4868503915		0.3781326564		EHM009		2.933463251		0.48470769		0.3978228392				EHM020		3.2782127121		0.5863355718		1.7155712937		Potassic+ Cal-Qtz-Py

				B		2.9256518995		0.5251514036		0.3485334486												EHM023		3.2268249166		0.6948126075		0.6514131681		Potassic+ Cal-Qtz-Py

				C		2.910613301		0.442121275		0.4668024125												EHM028		3.2432093475		0.3419286383		0.2600241763		Potassic+ Cal-Qtz-Py

		EHM010		A		3.0988807104		0.7933337767		0.840532077		EHM010		3.0950996993		0.8801545555		1.0359498519				EHM030		2.9784935214		0.46136173		0.7827666138		Potassic+ Cal-Qtz-Py

				B		3.0904114526		0.9782857214		1.4209688231												EHM031		2.9343263375		0.1093805496		0.2710774522		Potassic+ Cal-Qtz-Py

				C		3.0960069349		0.8688441682		0.8463486556												EHM018		3.2983737368		0.8533026089		0.4775495169		Qtz-Cal-Chl-Py

		EHM011		A		2.772452408		0.1343191256		0.3278759568		EHM011		2.7710789822		0.1133688865		0.2570310685				EHM026		3.1445067635		0.3361235611		0.5397292543		Qtz-Cal-Chl-Py

				B		2.7881843187		0.0948482773		0.1786000202												EHM022		3.3229025498		0.0381325507		0.7875180512		Qtz-Cal-Chl-Py-Cpp

				C		2.7526002198		0.1109392567		0.2646172284												EHM033		3.3145461253		0.1158658144		0.0612500395		Qtz-Cal-Chl-Py-Hem

		EHM013		A		3.1948449422		0.9267266161		0.9343169553		EHM013		3.1239363979		0.8147446269		0.8458743152				EHM001		2.9643249446		0.6170459775		0.8125669331		Sodic (Ab-Mt-Ti)

				B		3.071917347		0.7426371275		0.897629529												EHM006		3.1315868945		0.8197685741		0.4512841255		Sodic (Ab-Mt-Ti)

				C		3.1050469044		0.774870137		0.7056764614												EHM007		3.1667184534		0.6263826758		0.6507771568		Sodic (Ab-Mt-Ti)

		EHM014		A		2.8504865429		0.1795635428		0.3470936872		EHM014		2.8646335283		0.2305112842		0.3916991081				EHM008		3.5326995278		1.1519324983		0.3418897299		Sodic (Ab-Mt-Ti)

				B		2.8560576914		0.2139558981		0.3627135216												EHM009		2.933463251		0.48470769		0.3978228392		Sodic (Ab-Mt-Ti)

				C		2.8873563506		0.2980144117		0.4652901154												EHM010		3.0950996993		0.8801545555		1.0359498519		Sodic (Ab-Mt-Ti)

		EHM015		A		3.0041307916		0.5491970545		5.6384128369		EHM015		3.0227113653		0.4908234286		7.4102533962				EHM004		3.0103437523		0.4090624501		5.9350053744		Sodic + Potassic (Bt)

				B		3.0144138327		0.4661960696		6.9874498389												EHM024		2.9988646412		0.391346313		0.4637973602		Sodic + Potassic (Bt)

				C		3.0495894715		0.4570771616		9.6048975129												EHM036		2.7633952663		0.2384540934		1.1696273875		Sodic + Potassic (Kf)

		EHM016		A		2.8376206881		0.2997675642		0.7154523746		EHM016		2.8206330618		0.2588858343		0.8559473431				EHM037		3.1227691669		1.050075871		1.591456882		Sodic + Potassic (Kf)

				B		2.809475121		0.2365135647		1.1021426912												EHM015		3.0227113653		0.4908234286		7.4102533962		Sodic+Potassic+Calcic

				C		2.8148033763		0.240376374		0.7502469633

		EHM017		A		3.1218523772		0.5493215367		0.9142901698		EHM017		3.0377099061		0.4699499166		0.7351750644

				B		3.0538295774		0.5463424097		0.7708009034

				C		2.9374477636		0.3141858036		0.5204341202

		EHM018		A		3.3478903662		1.0862052135		0.6270052267		EHM018		3.2983737368		0.8533026089		0.4775495169

				B		3.2025939948		0.8271822754		0.503923601

				C		3.3446368494		0.6465203378		0.3017197229

		EHM019		A		3.0472471507		0.3594177948		0.6220251078		EHM019		2.9501929517		0.2365823099		0.5112208413

				B		2.9335616897		0.1768094557		0.4664367281

				C		2.8697700148		0.1735196792		0.4452006881

		EHM020		A		3.1992826599		0.5422124412		1.0739233895		EHM020		3.2782127121		0.5863355718		1.7155712937

				B		3.1950946794		0.5056025052		1.2247742453

				C		3.4402607969		0.7111917689		2.8480162463

		EHM021		A		3.1376696238		0.4017103375		0.6802009995		EHM021		3.0931915458		0.4235608071		0.7311770965

				B		3.0570368614		0.4329779498		0.7705882566

				C		3.0848681523		0.435994134		0.7427420333

		EHM022		A		3.2404928914		0.0967716109		0.5138406639		EHM022		3.3229025498		0.0381325507		0.7875180512

				B		3.4373424485		0.0109607035		0.2343666183

				C		3.2908723096		0.0066653377		1.6143468714

		EHM023		A		3.2631502952		0.7529060747		0.7144663756		EHM023		3.2268249166		0.6948126075		0.6514131681

				B		3.118986935		0.557923514		0.9202839765

				C		3.2983375195		0.7736082337		0.3194891522

		EHM024		A		2.9114663641		0.3002080853		0.3441130472		EHM024		2.9988646412		0.391346313		0.4637973602

				B		2.9787189638		0.4114608439		0.5931743203

				C		3.1064085956		0.4623700098		0.4541047131

		EHM025		A		3.1169747058		0.6293161731		0.8752072973		EHM025		3.1312485556		0.5929679259		0.7738002904

				B		3.0530964673		0.4632968917		0.6983974494

				C		3.2236744935		0.6862907128		0.7477961245

		EHM026		A		3.141940484		0.3197085839		0.5500292852		EHM026		3.1445067635		0.3361235611		0.5397292543

				B		3.147581403		0.3276477777		0.5430871642

				C		3.1439984033		0.3610143215		0.5260713136

		EHM028		A		3.2636890479		0.3616637805		0.2755642345		EHM028		3.2432093475		0.3419286383		0.2600241763

				B		3.2325729367		0.3378463331		0.2609921464

				C		3.2333660578		0.3262758012		0.243516148

		EHM030		A		3.0294113304		0.4794501813		0.3830297059		EHM030		2.9784935214		0.46136173		0.7827666138

				B		2.9294440806		0.429133314		1.2315274135

				C		2.9766251533		0.4755016947		0.7337427221

		EHM031		A		2.9854986286		0.1112440048		0.3496708653		EHM031		2.9343263375		0.1093805496		0.2710774522

				B		2.8898112492		0.1020629978		0.2543208492

				C		2.9276691348		0.1148346461		0.209240642

		EHM033		A		3.4766874743		0.1508520345		0.057182109		EHM033		3.3145461253		0.1158658144		0.0612500395

				B		3.2173116993		0.1103794571		0.0364942412

				C		3.2496392023		0.0863659517		0.0900737684

		EHM034		A		3.0168839764		0.2938364195		0.3332583246		EHM034		2.9171828375		0.2964889248		0.3059791259

				B		2.7945551214		0.2613226305		0.2679786746

				C		2.9401094146		0.3343077245		0.3167003783

		EHM035		A		3.1457879107		1.02292631		1.6280007339		EHM035		3.0392203918		0.8030450804		1.57303366

				B		3.0922718803		0.8352653736		1.2780909463

				C		2.8796013844		0.5509435576		1.8130092997

		EHM036		A		2.7225748612		0.1729782453		0.9197915651		EHM036		2.7633952663		0.2384540934		1.1696273875

				B		2.7859429509		0.2734606903		1.6069110114

				C		2.7816679869		0.2689233447		0.982179586

		EHM037		A		3.1478075013		1.1243052969		1.8245379177		EHM037		3.1227691669		1.050075871		1.591456882

				B		3.2302808517		1.2390580498		1.6233348566

				C		2.9902191478		0.7868642663		1.3264978718

		EHM038		A		3.1060141073		0.337964859		0.5249543644		EHM038		3.1770329036		0.3705945898		0.6341791154

				B		3.3555021487		0.4311753962		0.8434208227

				C		3.0695824547		0.3426435142		0.5341621591

		EHM039		A		3.0585185043		0.2916269293		0.904780895		EHM039		2.9700448795		0.2507260781		0.882542423

				B		2.923036478		0.2444921639		0.8648026788

				C		2.9285796561		0.216059141		0.8780436952

		EHM040		A		2.8226569884		0.2686767242		0.3992612025		EHM040		2.8467447257		0.2772079825		0.3814436298

				B		2.8459891958		0.2790827558		0.3721138904

				C		2.8715879927		0.2838644676		0.3729557966

		EHM042		A		2.8227082597		0.1284867628		0.5043372094		EHM042		2.8578439143		0.1882744577		0.5268962936

				B		2.8408971622		0.2005773439		0.6177463923

				C		2.9099263211		0.2357592663		0.4586052793

		EHM043		A		2.7708767919		0.1707139237		0.692967913		EHM043		2.7228352838		0.1157372711		0.4703482391

				B		2.7570771772		0.1438257002		0.4838523332

				C		2.6405518824		0.0326721893		0.2342244712

		EHM044		A		2.8693105722		0.1825756656		0.4788950628		EHM044		2.8488277555		0.1511078711		0.4346253615

				B		2.8361735565		0.1007175581		0.4153234743

				C		2.8409991379		0.1700303897		0.4096575473

		EHM045		A		2.7230818005		0.0728456952		0.3638882105		EHM045		2.7790845396		0.2209836984		0.5924725823

				B		2.8372791582		0.3147994028		0.7042541762

				C		2.77689266		0.2753059974		0.7092753603

		EHM046		A		2.6416694607		0.0694501799		0.3196739013		EHM046		2.6697249646		0.0663324824		0.2565881248

				B		2.7049940038		0.0616258811		0.2157952947

				C		2.6625114293		0.0679213862		0.2342951783

		EHM047		A		2.7390430489		0.0725816953		0.4739460388		EHM047		2.7719036637		0.0848656714		0.481729532

				B		2.7682575914		0.07899035		0.4757692989

				C		2.8084103508		0.1030249689		0.4954732585
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Sheet2

		Ernest Henry		Density (g/cm3)		Mag Sus K (SI)		Koenigsberger Ratio (Q)

		And-Alb+Potassic+Calcic		2.84933807		0.1917589003		0.517869478

		Magnetite-Apatite*		3.7994222491		1.8386699939		1.0865427735

		Potassic (Bt)		2.7804163488		0.1319908921		0.3603911006

		Potassic (Kf)		3.0233032423		0.5228061594		0.8315695565

		Potassic+ Cal-Qtz-Py		3.1018766311		0.4050669012		0.6986789242

		Qtz-Cal-Chl-Py±Cpp±Hem		3.2700822938		0.3358561338		0.4665117155

		Sodic (Ab-Mt-Ti)		3.1373154618		0.7633319952		0.6150484394

		Sodic + Potassic (Bt)		2.9836168384		0.5159524312		3.3140280801





assay vs mag

		Ernest Henry		Density (g/cm3)		Mag Sus K (SI)		Q Ratio		Rock Type		Primary phases		Chalcopyrite		Chamosite		Pyrite		Albite		Microcline		Quartz				Alteration type		Chalcopyrite		Chamosite		Pyrite		Albite		Microcline		Quartz

		EHM045		2.7790845396		0.2209836984		0.5924725823		And-Alb+Potassic		EHM045		0.01		0.29		0.51		21.04		41		9.35				And-Alb+Potassic+Calcic		0.00		0.82		0.27		7.41		23.54		10.56

		EHM038		3.1770329036		0.3705945898		0.6341791154		And-Alb+Potassic+Calcic		EHM038		0		1.33		0.02		7.37		31.52		19.35				Magnetite-Apatite*		3.80		1.84		1.09		1.09		1.09		1.09

		EHM039		2.9700448795		0.2507260781		0.882542423		And-Alb+Potassic+Calcic		EHM039		0		1.03		0.08		0.19		23.25		22.02				Potassic (Bt)		0.00		0.29		0.07		58.79		2.80		8.48

		EHM040		2.8467447257		0.2772079825		0.3814436298		And-Alb+Potassic+Calcic		EHM040		0		2.91		0.03		7.42		25.8		17.62				Potassic (Kf)		0.25		2.27		3.38		2.52		45.91		8.22

		EHM042		2.8578439143		0.1882744577		0.5268962936		And-Alb+Potassic+Calcic		EHM042		0.01		0.93		0.49		0.97		27.55		7.41				Potassic+ Cal-Qtz-Py		2.00		1.19		4.03		0.96		31.62		15.88

		EHM043		2.7228352838		0.1157372711		0.4703482391		And-Alb+Potassic+Calcic		EHM043		0		0.28		0.01		1.98		12.83		9.18				Qtz-Cal-Chl-Py±Cpp±Hem		2.88		10.26		13.96		0.16		2.70		33.56

		EHM044		2.8488277555		0.1511078711		0.4346253615		And-Alb+Potassic+Calcic		EHM044		0		0.15		0.43		2.26		19.87		5.63				Sodic (Ab-Mt-Ti)		0.00		0.31		0.31		54.96		3.73		2.38

		EHM046		2.6697249646		0.0663324824		0.2565881248		And-Alb+Potassic+Calcic		EHM046		0		0.24		0		23.67		28.89		4.47				Sodic + Potassic (Bt)		0.05		1.12		0.27		20.11		20.00		10.03

		EHM047		2.7719036637		0.0848656714		0.481729532		And-Alb+Potassic+Calcic		EHM047		0		0.21		0.87		1.79		1.17		0.05

		EHM005		3.7994222491		1.8386699939		1.0865427735		Magnetite-Apatite		EHM005		0		0.39		0		17.66		0.05		0.23

		EHM003		2.7055365358		0.0520925055		0.4324431252		Potassic (Bt)		EHM003		0		0.1		0.01		64.64		0.1		20.86

		EHM011		2.7710789822		0.1133688865		0.2570310685		Potassic (Bt)		EHM011		0		0.36		0.13		70.58		0.7		0.12

		EHM014		2.8646335283		0.2305112842		0.3916991081		Potassic (Bt)		EHM014		0.01		0.41		0.06		41.15		7.59		4.45

		EHM013		3.1239363979		0.8147446269		0.8458743152		Potassic (Kf)		EHM013		0		0.8		0.68		2.59		20.7		13

		EHM016		2.8206330618		0.2588858343		0.8559473431		Potassic (Kf)		EHM016		0.07		6.51		0.79		6.08		49.07		7.86

		EHM017		3.0377099061		0.4699499166		0.7351750644		Potassic (Kf)		EHM017		0.09		2.53		4.45		4.36		29.9		8.77

		EHM021		3.0931915458		0.4235608071		0.7311770965		Potassic (Kf)		EHM021		0.23		1.8		2.65		1.33		42.98		8.29

		EHM025		3.1312485556		0.5929679259		0.7738002904		Potassic (Kf)		EHM025		0.95		0.79		7.55		0.01		52.71		4.34

		EHM034		2.9171828375		0.2964889248		0.3059791259		Potassic (Kf)		EHM034		0.33		0.46		5.28		0		66.47		6.77

		EHM035		3.0392203918		0.8030450804		1.57303366		Potassic (Kf)		EHM035		0.09		3		2.24		3.24		59.57		8.53

		EHM019		2.9501929517		0.2365823099		0.5112208413		Potassic+ Cal-Qtz-Py		EHM019		1.24		2.68		1.58		5.47		11.32		27.87

		EHM020		3.2782127121		0.5863355718		1.7155712937		Potassic+ Cal-Qtz-Py		EHM020		1.45		0.23		11.49		0.01		14.01		22.46

		EHM023		3.2268249166		0.6948126075		0.6514131681		Potassic+ Cal-Qtz-Py		EHM023		5.35		0.56		4.67		0.13		23.42		13.77

		EHM028		3.2432093475		0.3419286383		0.2600241763		Potassic+ Cal-Qtz-Py		EHM028		1.65		1.93		2.28		0		27.88		20.99

		EHM030		2.9784935214		0.46136173		0.7827666138		Potassic+ Cal-Qtz-Py		EHM030		0.5		0.39		2.78		0.16		61.78		6.92

		EHM031		2.9343263375		0.1093805496		0.2710774522		Potassic+ Cal-Qtz-Py		EHM031		1.8		1.33		1.35		0		51.33		3.28

		EHM018		3.2983737368		0.8533026089		0.4775495169		Qtz-Cal-Chl-Py		EHM018		0.16		13.34		22.72		0.65		2.87		35.41

		EHM026		3.1445067635		0.3361235611		0.5397292543		Qtz-Cal-Chl-Py		EHM026		3.19		0.53		3.76		0		5.83		48.11

		EHM022		3.3229025498		0.0381325507		0.7875180512		Qtz-Cal-Chl-Py-Cpp		EHM022		3.26		25.4		28.11		0		2.09		20.97

		EHM033		3.3145461253		0.1158658144		0.0612500395		Qtz-Cal-Chl-Py-Hem		EHM033		4.9		1.75		1.24		0		0.01		29.73

		EHM001		2.9643249446		0.6170459775		0.8125669331		Sodic (Ab-Mt-Ti)		EHM001		0		0.14		0.32		78.09		0.1		0.08

		EHM006		3.1315868945		0.8197685741		0.4512841255		Sodic (Ab-Mt-Ti)		EHM006		0		0.48		0		41.29		16.49		2.3

		EHM007		3.1667184534		0.6263826758		0.6507771568		Sodic (Ab-Mt-Ti)		EHM007		0		0.28		1.53		70.46		0.92		3.44

		EHM008		3.5326995278		1.1519324983		0.3418897299		Sodic (Ab-Mt-Ti)		EHM008		0		0.34		0		20.15		0.27		5.54

		EHM009		2.933463251		0.48470769		0.3978228392		Sodic (Ab-Mt-Ti)		EHM009		0.01		0.27		0		59.35		4.56		2.89

		EHM010		3.0950996993		0.8801545555		1.0359498519		Sodic (Ab-Mt-Ti)		EHM010		0		0.37		0.02		60.39		0.04		0.02

		EHM004		3.0103437523		0.4090624501		5.9350053744		Sodic + Potassic (Bt)		EHM004		0		0.21		0		39.83		3.6		0.38

		EHM024		2.9988646412		0.391346313		0.4637973602		Sodic + Potassic (Bt)		EHM024		0.11		0.35		0.95		12.31		2.86		20.39

		EHM036		2.7633952663		0.2384540934		1.1696273875		Sodic + Potassic (Kf)		EHM036		0.06		1.61		0.01		25.96		40.36		11.86

		EHM037		3.1227691669		1.050075871		1.591456882		Sodic + Potassic (Kf)		EHM037		0.04		1.69		0.34		7.18		43.24		7.45

		EHM015		3.0227113653		0.4908234286		7.4102533962		Sodic+Potassic+Calcic		EHM015		0.03		1.76		0.07		15.27		9.93		10.07















Mineralisation
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Presenter
Presentation Notes
Here I’m showing you a TIMA image of one of  the best mineralised samples we collected.
Note no, albite, no k-feldspar
In this case all the Hematite-magnetite is actually hematite
And apart from that it is mainly quartz-chlorite and chalcopyrite and some calcite
That is the main mineral association for mineralisation
Also note that the AMS fabric is upright, and the K1 is sub-horizontal N-S
In other words, the AMS implies a sub-vertical-N-S oriented fault
And the AMS indicates strike-slip fault movement
So we’ve now come full-circle




Magnetic Modelling
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• Shearzones are highly magnetic
• Sodic alt+Magnetite (reduced)

• Breccia is moderately magnetic
• Mt-Destructive

• Orezone is weakly magnetic
• Hematite-Pyrite (Oxidised)

• Inverse Bullseye mag target

Presenter
Presentation Notes
Magnetic Modelling has never been published on Ernie
The majority of  magnetic signal comes from  shear zones NW and SE of  ore-pipe
Magnetite is related to sodic alteration
 breccia which host  ore pipe is moderately magnetic…. This is because  potassic alteration is partially magnetite destructive 
However, the ore zone is a zone of low magnetic susceptibility (hence can’t be modelled in  normal sense)
In this zone magnetite is being oxidised to hematite, and pyrite is forming, to it is relatively oxidised.
This has never really been recognised




Geophysical expression of 
mineralisation:

Redox or Overprinting 
Metasomatic events??
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A simple view of Deposit geophysics (IOCG)
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Big Question: Are mineral gradients controlled by 
redox or overprinting relationships or both????

Presenter
Presentation Notes
This is a slide I put up a lot
It is basically a synthetic model of an IOCG (El Dorado, from Tennant Creek)
The mineralogy has been changed so that it reflects a range of oxidation states 
but maintains the same amount of contained Iron and Cu
The more oxidised you get the less magnetic it becomes
The more reduced can lead to magnetic or non-magnetic pyrrhotite 
The magnetitc Pyrrhotite can often have extreme remanence and hence potentially unusual mag anomalies
But is it really like this for Cloncurry???
Are mineral gradients controlled by redox 
or overprinting relationships 
or both????



Petrophysics Overview
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Presentation Notes
Chart on  left, 
X-axis represents an increase in dense minerals (hematite, magnetite, pyrrhotite,  pyrite, galena, sphalerite, barite)
Y-axis essentially represents increase in magnetite
essentially tells us wherther we’ll get a magnetic anomaly a density anomaly of neither.
???= Possible weak gravity high, mag signature dependant on remanence in pyrrhotite and or hematite)
Chart on  right
X-axis essentially represents increase in magnetite
Y-axis represents and increase in pyrrhotite
 origin represents non-magnetite minerals (mainly hematite & pyrite)
This chart tells us about  relative redox state of  ore system






Petrophysics Overview
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Presentation Notes
Chart on  left, 
X-axis represents an increase in dense minerals (hematite, magnetite, pyrrhotite,  pyrite, galena, sphalerite, barite)
Y-axis essentially represents increase in magnetite
essentially tells us whether we’ll get a magnetic anomaly a density anomaly of neither.
???= Possible weak gravity high, mag signature dependant on remanence in pyrrhotite and or hematite)
Chart on  right
X-axis essentially represents increase in magnetite
Y-axis represents and increase in pyrrhotite
 origin represents non-magnetite minerals (mainly hematite & pyrite)
This chart tells us about  relative redox state of  ore system






Geophysics
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Actual Magnetic Anomaly

Presenter
Presentation Notes
I’ll start with this example from Canteen
Canteen has a large mag anomaly of 8 mT
Geologically it appears to have formed by initial ENE- oriented  dilation
And the mineralised zone is cut by a number of ENE- oriented faults



Magnetic Susceptibility
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Presenter
Presentation Notes
If we look in detail at the mag model (in grey) and
 superimpose geochemical modelling from Leapfrog, 
what we see is that magnetite shown in Pink here
Actually sits distal to the cross-cutting faults



Sulfur and Copper

Presentation title  |  Presenter name23 |

Presenter
Presentation Notes
Conversely, the copper and the sulpur (ie., the sulphides) sit proximal to the faults
So this is a simples example that illustrates that the redox zonation in this deposit is not related to regional gradients per se
Mineralisation is related to local redox gradients in which replacement is localised along later cross-cutting structures
In other words, it’s all about overprinting oxidising fluids at Canteen 
(same as for Ernie)



Mag vs Min - Maronan

Mag Sus (Magnetite) Lead Zinc Silver

Distal Magnetite-Apatite
(Intermediate)

Core: Pyrrhotite-Galena
(Reduced)

Presenter
Presentation Notes
If we now go to Maronan, we see something more typical of a sedex type system
Maronan coincides with two sharp magnetic anomalies
These sit either side of the ore zone,  and coincide with magnetite In the distal part of the system
The Pb sits right across the redox gradient, whereas the zinc and the silver in particular are concentrate more toward the core of the system
you can see the zonation of the ore minerals in the distal parts
Essentially a layered garnet-magnetite-apatite-calcite assemblage
A metamorphosed sedex deposit
The core of the system consists of recrystallised pyrrhotite-calcite and ore sulphides (e.g., Galena here)
People sometimes call this a skarn, but in reality it is probably just a melt  product of the reduced core of the sedex system



ca 1650 Ma (CS3) Sedex/ BHT mineralisation
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Pb-Zn-Ag Sedex/BHT system

Fault zones are associated with:
• Potassic Alteration
• Mt-destructive (oxidising)
• Associated with Copper

Presenter
Presentation Notes
So you can see  here that the distal part is highly magnetic
The core is low sus but high remanence
And there’s also zones of potassic alteration related to these cross-cutting faults
These coincide with moderate MagSus due to partial magnetite destruction.
But these zones also coincide with elevated Copper



Redox zonation
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Presenter
Presentation Notes
Here I want to show you another example of Redox zonation from Monakoff
Firstly, In  distal zone, Along Strike from ore zone
Rocks consist of Hematite-Quartz BIF
Minor Barite, Magnetite, Sphalerite
Distal zone of a sedex/VHMS ?
Banded but NO AMS Fabric
Secondly in  proximal zone, Adjacent to ore zone
Magnetite-Albite-Quartz-Biotite BIF
Minor Barite, Apatite, Sphalerite
More proximal zone of a sedex/VHMS ?
Banded and with AMS Fabric
Is this Synchronous with sedimentation Or simply wall rock alteration related to Min???
Thirdly, Core of  system
Barite-Calcite-Chalcopyrite-Magnetite-Sphalerite-Galena-Monazite-Cobaltite
More like a sedex/VHMS than an IOCG?? 
AMS data show that  fabrics are oblique to strata, 
So it is Reworked?? NB: strong tectonic Fabric






Petrophysical
Zonation
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S0/1 AMS

Presenter
Presentation Notes
That lithological zonation corresponds to a magnetic zonation
You can see that in the magnetic anomaly on Monakoff here,
Band also in the petrophysical chart here
You’ll note that the Mt and Hematite rich BIFs are distinct from the ore
That is mainly due to the barite within the ore zone
There’s also a difference in the AMS results
The BIFs are stratiform (labelled “shear”)
The ore zone has an oblique cross-cutting tectonic fabric
Essentially this means the Monakoff is a BIF (a distal part of a Sedex system) 
which has been partially replaced by a IOCG type system





Principal Component Analysis (PCA)
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• 57 samples
• 30 elements
• <LOD substituted 50% LOD
• CLR for closure issues
• 61.03% summarised by PC5
• Bayesian mixture-modelling 

cluster 

Compares samples, or bits of systems, to 
allow us to see what may be related.

Presenter
Presentation Notes
So as part of our regional summaries Michael put this principle component analysis together 
we were delighted to see in that Monakoff in particular, and Maronan to a lesser degree have chemical affinities with both 
Sedex Pb-Zn / BHT deposits
And IOCG systems
You’ll also note that the two strangest deposits we looked at sit entirely on their own
Merlin
Artemis
But that’s a story for another day



How can we use it??
- Future Research directions

Uncover Cloncurry AMS29 |



Exploring Undercover
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Presenter
Presentation Notes
Getting back to exploration.
How do we use all of these insights
And turn them into mineral deposits??



Structural 
Framework
• Mapped strain in 16 

deposits across the Inlier

• Well clustered results

• N-S “D2” fabrics dominant

• Major deposits also have a 
D4, NE-SW- fabric

• Some deposits have late D5 
fabrics (reactivation)
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Presenter
Presentation Notes
It Shows how different fabrics relate in space 
And to a lesser extent time
Identifies similar fabrics and combinations of different overprinting fabrics
This gives us a structural and temporal framework to identify the relationships between fabrics, alterations styles and mineralisation
This can be extended undercover using geophysics in conjunction with limited sampling




Tectonorthemal-
metasomato-magmato-
metallogenic Summary
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• Temporally Relates:
• Thermal History

• Tectonic Fabrics

• Depositional Evets

• Alterations Styles

• Magmatic Events

• Mineralisation Styles

Presenter
Presentation Notes
I’ve come up with a catchy name for this chart which is sure to catch on….
It Shows how events relate in time
Identifies similar fabrics similar styles of alteration and similar styles of mineralisation across a range of different deposits
Its based on overprinting relationships between fabrics, alterations styles and mineralisation
This gives us a framework to identify components of  mineral system, based on very limited sampling 
For example, limited rock samples form a near miss drill hole could be used to:
 identify favourable structural fabrics (e.g., intersection lineation).
Observe breccia fabrics and patchy quartz-calcite-chlorite alteration
This could be indicative of proximal Ernest Henry Type mineralisation





Exploring Undercover
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• Don’t limit it to “undercover”

• There’s geophysically subtle targets 
left on the inlier too 

• But possibly at deeper levels

• If drilling deep holes you need to get 
as much info as you can

• CSIRO has new technology to garner 
a lot of information from limited 
sampling

• We can build on these insights

• We hope to continue this work



Uncover Report – Summary Docs

• Integrated structural, metasomatic and 
metallogenic history of Cloncurry District. 

• Geophysical Expressions of Cloncurry 
Mineral System. 

• Chemical gradients in Cloncurry Mineral 
System: Vectors to grade? 

• Multivariate analyses of geochemical data 
from Cloncurry deposits. 

• Exploring for value: A geometallurgical
perspective. 

• Summary of methods. 

Uncover Cloncurry AMS34 |

QDEX Link: http://bit.ly/2jESB74

http://bit.ly/2jESB74


Deposit Reports > • Altia Pb-Zn deposit. 
• Artemis Zn-Cu deposit.
• Cameron River Cu prospect 
• Canteen Cu-Au prospect. 
• Cormorant Cu-Au Prospect. 
• E1 Cu-Au deposit. 
• Ernest Henry Cu-Au deposit. 
• Kalman Mo-Re-Cu-Au deposit. 
• Maronan Pb-Ag deposit. 
• Merlin Mo-Re deposit. 
• Monakoff Cu-Au-U deposit. 
• Mount Colin Au-Cu deposit.
• Osborne Cu-Au deposit. 
• Starra Cu-Au deposits. 
• SWAN Cu-Au prospect. 
• Trekelano Cu-Au Deposit
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Questions?
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