
MAFIC-ULTRAMAFIC INTRUSION HOSTED NI-CU-PGE

Active PathwaySource Trap – Chemical Scrubber
Trap – Chemical/physical 

scrubber Trap – Physical throttle Modification
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Mafic-ultramafic magmas, which will go on to form host intrusions Magma ascent to crust, and development of 
dynamic subvolcanic feeder systems

Sulfur saturation Metals sequester into sulfides Concentration of metal rich 
sulfides

Modification, weathering and preservation of 
original ore body

Large volumes of 
high-flux, 

hot magmas

Lithospheric faulting,  
ancient cratonic 

blocks  and dyke/sill 
complexes

Interaction with 
S rich rocks/ 

assimilation of  
country rocks to  

induce sulfur  
saturation

Sulfur saturation,  
by non addition 

of S (e.g. 
magma mixing; 

Nebo Babel)

A high degree 
of  physical  

interaction between 
sulfide droplets 
and metals in a 

mafic ultramafic melt

Tectonic 
modification; 
e.g., folding, 

faulting duplication,  
remobilisation of  
massive sulfides

Hydrothermal/ 
metamorphic 

alteration  
affecting ore  

zones

Thick, abundant, laterally 
extensive mafic-ultramafic rocks 
associated with LIPs/ intrusions; 

in particular, those cumulate 
bearing

Bi-modal rock  
association,  

subordinate with  
large igneous  

provinces/plume  
activity 

Long lived/deep  
seated crustal  

structures (ideally  
which show a  
switch from  
extension to  

transpression). 

Interaction  
with S rich  
rocks (e.g.,  
evaporites,  
sulfide rich  

country  
rocks)

Ni and Cu  
concentration 

in sulfides

Fold hinges,  
intersecting 

faults,  
massive  

sulfides in  
felsic rocks,  

breccias

Hydro-
thermal/ 
meta-

morphic  
alteration 

Sulfidic sedimentary  
rock map (black shale)  

(m+WAROX)

Data Sources 
 m  mapping 
 g  geophysical interpretation            
 i  isotopic ratios (eg Nd-Sm)
 c  geochemistry                    
 chron  geochronology 
 dhd  Drillhole database  
 s  reflectance spectroscopy
 WAMEX  WAMEX database/reports
 WAROX  WAROX database       
 hydro  Hydrochemistry data
 reg  regolith map
 soil  soil map                             

Influx/pulses 
of magma into  

chamber/ 
intrusion to  
replenish  
metals

Favourable  
intrusion 

geometry, which 
can encourage  

metals to  
accumulate

S  
concentration 

in mafic
ultramafic  
host rocks  

and changes  
in host rock  
chemistry

S in mafic and  
ultramafic  

intrusive rocks  
(m+c)

Intrusion  
geometry, flexures 

in foot walls of  
intrusions, way

up, fluxes in  
magma flow,  

flow dynamics and 
conduit geometry

Intrusion  
shape/changes 
in dip and width  
along strike of  

intrusion 
(WAROX+g)

Evidence 
for dynamic 
and often  

replenished  
magmatic  
systems

Morphology of  
intrusion/feeder  

systems indicating  
high flux magma  

pathways

MgO wt > 32%
mafic ultramafic  
intrusion (m+c)

Relative changes 
in intrusion  

thickness map  
(m+g)

Mg# mafic  
ultramafic  

intrusion (m+c)

Cumulate  
texture map 
(c+WAROX+

WAMEX)

Mafic rock  
occurrence  

map (c)

Ultramafic  
occurrence  

map (c)

Mafic rock  
thickness map  
(m, WAROX)

Large Igneous  
Province map  

(m+g)

Map of dyke 
swarms (m+g)

Mafic sill map 
(m)

Hyperspectral  
maps  

(sepentine,  
hornblendes,  
dark micas,  
amphibole,  

epidote,  
chlorite (s))

Contact  
metamorphism  

map 
(particularly above 

intrusions; m)

Felsic volcanic  
rock occurrence  

map (m)

Rhyolite map 
(m)

Dacite map 
(m)

Felsic volcanic  
rock age map  

(m+chron)

Weathering  
and  

preservation

Weathered  
intrusions; 
identifying  
alteration  

and  
geochemical  
anomalies

Preservation 
of intrusions

Archean granite  
greenstone  

terranes with  
komatiite-tholeiite  

associations –  
interpreted to be the 
Archean equivalent 

of LIPs

Archean rock  
age map 

(m+chron+ENS)

Komatiite  
occurrence  

map (m)

Tholeiitic basalt  
occurrence map 
(m+c+WAROX)

Mafic rock age 
map (m)

Structural  
(faults)  

complexity  
map (m+g)

Palaeocrato 
nic boundary  

map (i)

 Mantle  
derived rock  
occurrence  

map  
(m+WAROX)

Earthquake 
map (g)

Fold hinge 
map (m+g)

Fault density  
map (m+g)

Alteration  
mineral  map 

(m+g+
WAROX+  

WAMEX+s)

Geochemic 
al anomaly  

map 
(m+c+hydro)

Intrusions  
with in situ  

regolith map  
(m+reg)

Geochemical 
anomaly soil 

map
(WAMEX+

soil +c)

Transported 
regolith (reg)

Ni Tenor map 
(m+C)

Cu Tenor map 
(m+C)

Evidence  
of magma  

mixing

Field  
relationships  
between host  

rocks and  
country rocks 
(m+WAROX)

Major and trace 
element  

chemistry of  
host rocks and  
country rocks  

(c)

Facing  
reversal  maps 
(m+c+WAROX)

Xenolith  
mafic  

ultramafic  
intrusion  

map  
(m+WAROX)

Sharp,  
crossing  
cutting  

lithological  
contacts 

(m+WAROX)

Changes in  
chalcophile  
elements  
map (c)

Dykes density 
map (m+g)

Major crustal  
boundaries  

map  
(g+m+i+c)

Dykes density 
map (m+g)

Ni (ppm) in  
drillholes map  

(dhd)

Co (ppm) in  
drillholes map  

(dhd)

Pd (ppb) in  
drillholes map  

(dhd)

Sulfide map  
(e.g., pentlandite,  

chalcopyrite)  
(WAROX+g) 

Electromagnet 
ic conductor  

map (g)

Presence of  
magmatic  
sulfides

Dykes and sills  
(particularly those 
cumulate bearing)

Cumulate   
map  

(m+WAROX)

Map of dyke 
swarms (m+g)

Mafic sill/dyke 
map (m+c)

Structure  
density map  

(m+g)

Deep seismic 
maps (g)

Passive  
seismic  

gradients (g)

Regional  
gravity  

gradients (g)

FeO vs MgO 
map (c)

Indicator  
mineral map 

(olivine, chromite, 
pyroxene)  
(WAROX)

LIP ‘timing’ map 
(e.g., large 
volumes of 

magma over  
short time period)

(m+chron)

MgO map (c)

Sulfide texture  
map  

(WAROX+g) 

S in drillholes 
map (dhd)

Base of  
intrusion (m+c+

g+WAROX )

Magmatic  
breccia, taxite  

and eddies  
maps 

(m+WAROX)

Structural  
(faults)  

complexity  
map (m+g)

Structures 
map (m+g)

Ar–Sr isotope  
map (i)

Metamorph-
ism map (m+
c+WAROX)

Metamorpic 
timing map 

(m+c+
WAROX)

Timing of  
structures 
(m+g+I+
WAROX)

Dyke age map 
(m+chron)

Magmatic sulfide 
map (e.g.,  

Pentlandite map)
(m+g+WAROX)

Magmatic sulfide  
assemblage 

map 
(WAROX)

Cumulate  
map 

(WAROX+c)

Sill sediment  
complex map  

(m+g+c)

Fine grained  
sedimentary rock map 

(including BIFs) 
(m+WAROX)

Sulfidic rock with  
proximity to LIP map 

(m+g+WAROX)

Sulfidic rock age 
map (m+chron)

Dyke proximity  
to structures 

(m+g)
Map of  
cratonic  
scale rift  

basins (m+g)

‘Major’  
structure  

map (m+g+i)

‘Small-order’  
structure  map 

(m+g)

Timing of  
structures 

(m+g+i+crhon
+WAROX)

Sill sediment  
complex map 

(m)

Regolith  
geochemistry 
(soil+c+reg)

Vegetation  
changes 

(signifying  
change in  

chemistry) (-)

Cover  
depth/depth  

of  weathering  
map (reg+g)

Physical  
accumulation  

of sulfides

Reactivation of 
faults 

(m+g+i+chron)

Lineament 
map (m+g)

Metamorphic 
Map 

(e.g.,facies,  
grade)  

(m+c+WAROX)

Alteration map 
(m+c+WAROX)

Palaeogravity  
map (way up 

at time of  
implacement 

(g)

Chilled margins 
(m+WAROX)

Thermal  
aureole map 
(g+WAROX)

Regional  
contact maps 
(m+WAROX)

Arsenide maps  
(WAROX+c) 

Indicator  
mineral map  
(e.g., Cu, Ni  
and PGE in  
olivine and  

pyroxenes (c)

Timing of  
alteration (m+
c+WAROX+

chron)

Cumulate map 
(c+WAROX+ 

WAMEX)

Tectonic  
history time  

slices 
(m+g+i+chron)

Regional 3D  
cross  sections
(WAMEX+m+g)

Map of mafic  
underplating  

(m+g+i)

Map of jog  
structures 

(m+g+WAROX)

Ni and Cu  
sulfide mineral  
mafic ultramafic  
intrusive rocks  

(WAROX)

Map of mafic  
underplating  

(m+g+i)

Positive  
gravity anomalies 

(g)

Word search  
map:

Cumulate  
(WAROX)

Xenolith map 
(m+WAROX+i)

Structures 
map (m+g)

Maps of jogs  
and enechelon  

strcutures 
(m+WAROX)

Geochemistry 
and  

mineralogy 
of termite  

mounds (--)

Resistate  
mineral  

maps (e.g.,  
spinels; 

WAROX)

Map of Ni  
laterites  

(reg)

Dispersion  
of Ni and  

Fe in  
laterite  
(reg+c)

Topographic 
map (m+reg)

Magma  
implacement  
into basins  
containing  
evaporites

UHT alteration  
(Merwinite facies  

rocks; m+c+WAROX)

Magmatic breccia,  
taxite and xenolith  

map (WAROX)

Metamorphosed  
evaporites  

(m+c+WAROX)

Indicators for  
presence (or  

previous presence)  
of hydrous salts  
(m+c+WAROX)

Word search  
maps e.g.,  
peridotite,  
pyroxenite,  

gabbro, norite 
(WAROX)Mafic and  

Ultramafic  
intrusion  

occurrence  
map (c)

Mafic rock
(m)

Ultramafic rock 
m)

Cumulate   
classification  

(c)

Cumulate   
classification  

(c)

Word search  
map:

Xenolith  
(WAROX)

Blue text = geological proxy layer available in the Atlas

Word search map:
Xenolith (WAROX)

Pt (ppb) in  
drillholes map  

(dhd)

Version: 14/06/2023

Cu vs Zr map 
(c)

Mineral Zonation  
maps (e.g., Cr in  

pyroxene ; c)

Mineral  
Zonation  

maps (e.g.,  
Cr in  

pyroxene ; c)

MgO wt >
32% (m+c)

Mafic intrusion 
map (m)
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