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In 1960-70s there was an explosion of e-probes 
being built and sold. Many early applications 
had been in metals and alloys. As it became a 
tool of interest to geologists, the need for 
mineral and glass standards increased.  



Gene Jarosewich and co-workers 
at the Dept of Mineral Sciences of 
the Smithsonian’s Natural History 
Museum began a project to identify 
EPMA geological standards.  
 
Today many labs use the USNM 
Kakanui hornblende standard 
which is distributed as NMNH 
143965.   

Eugene	Jarosewich	1926-2007	

There is common acceptance that this is an excellent 
standard, with all major and minor elements of interest 
in common silicate minerals and glasses. 
	



Kakanui		Megacrysts	
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Hornblende (Kakanui) NMNH 143965 

Analyst:  E. Jarosewich 
(Jarosewich et. al.,1980) 
 

Source:  Kakanui, New Zealand 

Standard Specifics: 
 
Impurities:  FeTi oxide:  complex melt (?) inclusions with tiny oxide  
crystals; abundant (see image) 
 
Impurities:  FeTi oxide: larger indi-
vidual crystals; rare 

EDS Scan:  Hornblende (Kakanui) NMNH 143965 

Sizes available: 
 

0.590 mm - .420 mm, 
> 0.420 mm 
0.420 mm - 0.297 mm 
0.420 mm - 0.250 mm  
0.297 mm - 0.177 mm  
0.250 mm - 0.177 mm  
0.250 mm - 0.177 mm  
0.177 mm - 0.125 mm 

 SiO2: 40.37  
 Al2O3: 14.90  
 Fe2O3: 3.30  
 FeO: 7.95  
 MgO: 12.80  
 CaO: 10.30  
 Na2O: 2.60  
 K2O: 2.05  
 TiO2: 4.72  
 P2O5: 0.00  
 MnO: 0.09  
 H2O: 0.94  
 TOTAL 100.02  
    

On:	mineralsciences.si.edu/faciliXes/standards/datasheets	



MoXvaXon:	If	Kakanui	minerals	are	megacrysts,	might	it	be	
possible	to	locate	larger	standards?	
•  Reduce	the	problems/difficulXes	mounXng	and	polishing	
(and	repolishing)	

•  Reduce	need	for	relocaXng	points	on	many	small	grains	(to	
get	5-10	analyses	to	average)	

	
And	what	beEer	place	to	go	in	January	than	New	Zealand!	



Kakanui		Outcrops	

Dickey,	1968,	ObservaXons	on	the	
Deborah	Volcanic	FormaXon	Near	Kakanui,	
New	Zealand,	New	Zealand	Journal	of	
Geology	&	Geophysics,	11,	1159-62	



South	Head,	
Kakanui	

High	Tide	5:36	PM	

Low	Tide	9:14	AM…very	slippery	
Tide	Coming	in	3:09	PM	



High	Tide,	6:47	pm		 North	Head,	12:52	pm		

North	Head,	
Kakanui	
	



North	Head	Tide	Out	1:33	PM	

North	Head,	
Kakanui	

Tide	out	12:52	PM	

Tide	out	1:05	PM	

Acres	of	hyloclasXte:	welded	subaquous	volcanic	flows.	Indurated.	
Extremely	cemented.	
	



42	cm	(17	inches)	

25000	microns	

KNH1	

25000	microns	

KNH2	

Serendipitous	Kakanui	Hornblende	(North	Head)	

Size	of	grains	of	
NMNH	Kak	Hb	in	
UW	std	mount		

Augite	



Tiny	Inclusions	in	the	Kakanui	Hornblendes	–	
InvesXgated	by	Vicenzi	and	Rose	(2008)	



KHN2-Grain	1	 KHN2-Grain	2	
	

NMNH	Kakanui	
Hornblende	in	UW	std	
mount:	micron	vapor+Fe	
oxide	inclusions	(preEy	
uniformally	distributed)	

Inclusions	in	the	2017	Kakanui	Hornblendes?	
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ComposiXons	of	Kakanui	Hornblende	(“KaersuXte”)	

15	kV,	20	nA,	10	um	beam,	
10	second	counts,	MAN	bkgs	
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Reay,	Johnsone	and	Kawachi,	1989,	
KaersuXte,	a	posssible	internaXonal	
microprobe	standard,	Geostandards	
NewsleEer,	13,	187-190.	

767	analyses	from	20	grains	
					30-40	points	per	grain	
	

Other	published	values	

?



Na	

±5.5%	

2.16	
K2O	2.39	

±6%	

Na2O	

±3.5%	

5.02	
TiO2	

±2.4%	

10.37	
CaO	

±2%	

40.88	
SiO2	

±1.5%	

15.39	
Al2O3	

±2%	

13.48	

MgO	

±4%	

9.12	
FeO	

Histograms:	767	analyses	of	20	grains		



Boyd,	Finger	and	Chayes,	1967,	Computer	reducXon	of	electron-probe	data,	Carnegie	
InsXtuXon	Year	Book,	67,	210-215.	

Homogeneity	calculaXons	using	the	Boyd	et	al.	criterion	

From	Jarosewich	et	al.,	1980	



Kakanui	Anorthoclase	–	from	James	ScoE	 Kakanui	Augite	–	from	James	ScoE	
	

Kakanui	Pyrope	–	from	
James	ScoE	
	

Other	1-2	mm	Grains	from	Kakanui	Megacrysts	(U.	Otago	collecXon)	



Summary	
1.  There	are	large	crystals	in	the	Kakanui	breccia	which	

may	be	useful	for	geological	EPMA	reference	materials	
(“standards”).	Hornblende	from	a	large	hyloclasXte	
block	collected	in	early	2017	shows	promise.		

2.  These	crystals	need	to	be	further	characterized,	and	
the	MAS	Standards	FIG	is	the	logical	enXty	to	help	
organize	this.	

3.  UlXmately,	if	they	pass	muster	(#2	above),	one	idea	
would	be	to	cut	into	1-2	mm	slabs	and	cut	into	3-4	mm	
squares,	which	could	be	distributed.	

4.  There	may	also	be	megacrysts	in	the	Smithsonian	
collecXons	which	should	be	examined.		
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