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In	British	Columbia	many	
porphyry	systems	occur	
within	or	around	the	edges	
of	large	batholiths.	
	

British	Columbia’s	Fertile	Plutons	

map	from	Schiarizza,	2015	



Takomkane	

map	from	Schiarizza,	2013	



Guichon	Creek	

Map	from	McMillan	et	al.,	2009	



Huckleberry	Mine,	BC	

Mineralized	porphyry	

Till	sediments	

Exploring	Under	Cover	
Exploration	success	in	BC’s	porphyry	belts	has	been	limited	due	to	thin,	but	extensive	
veneers	of	till	and	related	glacial	sediments.	



Key	Factors:	
1.  Oxidation	state	
2.  Temperature	
3.  Pressure	(depth)	
4.  Water		
5.  Metal	
6.  Chlorine		
7.  Sulphur	
	
Key	Minerals*:	
1.  Zircon	
2.  Titanite	
3.  Apatite	
4.  Magnetite	
5.  Rutile	

Bouzari	et	al.,		
2018	

Porphyry	Deposits	and	PIMS	

PIMS	display	unique	physical	and	chemical	properties	that	allow	their	presence	in	surficial	
materials	to	be	linked	back	to	a	porphyry	deposit,	related	intrusion	or	alteration	assemblage.		



Research	Tools:	to	study	texture	and	composition	

UBC-PCIGR Resolution M-50-LR and Agilent 7700 Series quadrupole ICP-MS   Cathodoluminescence	Binocular	

Binocular-polished	grain	 polarized	transmitted	 cathodoluminescence	



Zircon	
•  Geochronology:	U-Pb	
•  Thermometer:	Ti	activity	
•  Fractionation	(Hf)	
•  Oxidation	state	(Eu,	Ce)	



Zircon:	Oxidation	Sate	and	Water	Content	 Bouzari	et	al.,	
2020	

Hf	(ppm)	 Hf	(ppm)	

The	nonmineralized	plutons	show	variable	Eu	anomaly	values	as	a	result	of	crystal	fractionation	whereas	
the	mineralized	phases	show	less	variations	suggesting	crystal	fractionation	effects	were	suppressed	by	a	
high	water	content	of	the	magma	and	SO2	degassing	(Dilles	et	al.,	2015).		

●	Fertile	magmas	are	more	oxidized	AND	water	rich	



Zircon:	Temperature	

●	Fertile	magma	show	model	temperatures	<750°C,	
consistent	with	zircon	crystallization	from	magmas	with	near-
eutectic	conditions	close	to	the	solidus	of	hydrous	granite		



Zircon:	Crystal	Fractionation	

●	Fertile	magmas	show	simple	crystal	fractionation	with	no	
evidence	of	crustal	mixing	and	contamination		

Th/U	



Zircon	Fertility	Textures	



Zircon	Fertility	Textures	



Zircon	Fertility	Textures	

●	Fertile	plutons	have	zircons	with	oscillatory	zoning,	particularly	those	with	regular	zoning.	



Apatite:	Clues	to	sulphur	and	chlorine	in	magma		
Apatite	-Ca5(PO4	)3(F,OH,Cl)-	structure	can	
incorporate	transition	metal,	REE	and	anion	
impurity	activators	which	in	granitoid	rocks	
commonly	cause	strong	yellow,	green	brown	
luminescence.	
Porphyry	deposits	are	associated	with	magmas	
rich	in	sulphur	

“Sulphur	is	genetically,	if	not	economically,	a	more	critical	factor	than	the	metals.		As	Hunt	
(1977)	has	pointed	out,	porphyry		copper	deposits	are	really	large	sulfur	anomalies	with	lower	
Cu/S	that	most	ordinary	crustal	rocks.” Lew	Gustafson,	1979	

						Cu(Mt)			 		S(t) 	Cu/S	
Average	crust 	 	 	 	1/5	to	1/20	
El	Salvador,	Chile 	 	15	 	109	 	1/100 	 	

		
from	Dilles	



Transmitted	Light	Image		



18	

Cathodoluminescence	Image	

Ca-rich	plagioclase	

Na-rich	plagioclase	

K-feldspar	Apatite	

Magnetite	

CL	image	of	sample	from	Cerro	Colorado,	Chile	



Apatite	Fertility	Texture	by	Cathodoluminescence	



Apatite	Fertility	Texture	by	Cathodoluminescence	

Apatite	is	commonly	zoned.		
Brown	luminescent	core	or	zones	are	enriched	in	S	and	Cl.	
Light	brown-green	luminescent	rims	are	depleted	in	S	and	Cl.	



Apatite	Fertility	Composition			

●	Fertile	rocks	have	apatite	with	
remnants	of	high	S	and	Cl	in	its	
core	but	largely	depleted	in	the	
rim	due	to	degassing	processes.		

Guichon	Creek	host	to	Highland	Valley	PCD	

Bouzari	et	al.,	2018	



Apatite	Fertility	Composition			

●	Fertile	rocks	have	apatite	with	
remnants	of	high	S	and	Cl	in	its	
core	but	largely	depleted	in	the	
rim	due	to	degassing	processes.		

Guichon	Creek	host	to	Highland	Valley	PCD	

Bouzari	et	al.,	2018	



•  Titanite	occurs	in	oxidized	rocks	(Wones,	1989)	
•  Titanite	is	more	common	in	hornblende-bearing	rocks	than	in	

anhydrous	rocks	(Frost	et	al.,	2000):		
Hedenbergite	+	Ilmenite	+	Quartz	+	H2O	=	Titanite	+	Fe-actinolite	

OH,	F	

Al,	Fe3+,	V,	
(HFSE)	

(Nb,	Ta,	
Th,		

U,	Hf,	Zr)	

Y,	LREE		
(La,	Ce,	Nd,	Sm)		

Titanite	
(CaTiSiO5)	



Titanite:	Clues	to	the	oxidation	State	

●	Titanites	of	fertile	plutons	are	more	oxidized	(Fe/Al	>	1)	



Identifying	Porphyry	Alteration	
with	Apatite	and	Titanite	



III:		
Sericite-	
Chlorite-	
Clay	

IV:		
Quartz-	
Sericite-	
Clay	

V:		
Quartz-	
Andalusite-	
Pyrophyllite	

II:		
Kspar-
Biotite	

I:		
Unidirectional	
solidification	(USTs)	

Decrease	in	
fluid:		
Temperature	
Density,	
pH,		
Salinity	

 bio-ab-mag

 chl

  musc

  pla+sm

  cp

1 cm 0.2 mm

Apatite	

Titanite	

Magnetite	

Rutile	

Diaspore-Andalusite	



Apatite	in	unaltered	host-rock:	
Displays	strong	luminescence	of	yellow	to	yellow-green	and	sometimes	
brown.	No	major	internal	structures,	except	zoning,	were	observed	
using	either	cathodoluminescence	(CL)	or	SEM.	
	

Highland	Valley	 Huckleberry		

Apatite	Alteration	Texture	



K-silicate	alteration	

		
Apatite	in	K-silicate	altered	host-rock:	
•	Displays	yellow-green	luminescence	due	to	varying	proportion	of	Mn/Fe.	

K-silicate	–Phyllic	

Mount	Polley	 Highland	Valley	



		
Apatite	in	muscovite	altered	host-rock:	
•	Displays	grey-green	luminescence	and	in	strongly	altered	host-rock	is	
overprinted	by	bodies	of	dark-green	to	grey-luminescent	domains.	



Apatite	
Alteration	
Index	

●	Fresh	yellow	luminescent	apatite	has	higher	Mn:Fe	(>1)	and	REE.	
●	Apatite	of	the	K-silicate	alteration	has	green	luminescence,	lower	Mn:Fe	and	REE	
●	Apatite	of	the	phyllic	alteration	has	grey	luminescence	and	lowest	Mn:Fe	(<0.5)	and	
REE	

Bouzari	et	al.,	2015	



Titanite	
indicating	
alteration	

Magmatic:		
Colourless	

Secondary:		
Blond	

Strongly	Altered:	
Dark	brown	

Increasing	alteration	intensity	

100	μm	100	μm	 100	μm	

rutile	Celis,	2015	



Titanite	
indicating	
alteration	

Celis,	2015	



Porphyry	Fertile	Plutons	have:	
Zircon:	
•  zircons	with	oscillatory	zoning,	particularly	those	with	regular	zoning	patterns;		
•  zircons	with	evidence	of	simple	crystal	fractionation	without	crustal	contamination;		
•  zircons	with	Ti-in-zircon	model	temperatures	<750°;		
•  zircons	with	Eu	anomaly	values	≥0.35	that	suggest	a	high	oxidation	state	and	high	

magmatic	water	content;	and	not	dependent	on	Hf	concentration	or	Yb/Gd	values	
Apatite:	
•  apatite	with	remnants	brown	luminescent	core	with	high	S	and	Cl	but	largely	depleted	in	

the	rim.	
Titanite:	
•  Titanite	with	high	Fe:Al	(>1)	reflecting	more	oxidized	magma.	
	
*	Eu	anomaly	in	apatite	and	titanite	is	not	a	robust	indication	of	oxidation	state	of	magma.	

	



	
•  apatite	characterized	by	green	to	grey	luminescent	color,	depleted	REE,	low	Mn/

Fe,	Na	and	S	concentrations.	
•  titanites	with	blond	to	honey-brown	color,	cavities,	dissolved	edges,	rutile	

inclusions	and	low	REE,	high	V	and	high	Fe:Al		
	

Porphyry	Altered	Plutons	Have:	



Toodoggone	
Project	

Vectoring	Towards	Porphyry	

Bouzari	et	al.,	2019	



Vectoring	Towards	Porphyry	
Advanced	Argillic	Alteration	

Project	

Tanzilla	Main	

Bouzari	et	al.,	current	research	
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