Appendix 1. Associated Minerals

Appendix 1: Table 1. Minerals associated with makarochkinite at Pit 400 and with høgtuvaite at Mo i Rana, Norwa
	Authors
	B.A. Makarochkin*
	Polyakov et al.
	This study
	Grauch et al.‡

	Date
	(1955)
	(1978)
	(1986)
	2002-2004
	(1994)

	Source or rock type
	
	
	Museum collections
	2002 collection
	Host rock†
	Pegmatite†
	Gneiss, Høgtuva

	
	Common rock-forming silicate, oxide, and phosphate minerals

	quartz
	×
	×
	×
	×
	×
	
	×
	×

	K-feldspar & microperthite
	×
	×
	×
	×
	×
	
	×
	×

	plagioclase
	
	
	
	
	
	(
	×
	×

	biotite
	×
	×
	
	×
	×
	(
	(
	×

	muscovite
	×
	×
	
	
	×
	×
	
	

	chlorite
	
	
	
	
	
	×
	
	×

	Ca amphiboles
	×
	×
	×§
	×
	×
	×
	(
	

	actinolite
	× ||
	× ||
	
	
	
	
	(
	

	ferrosilite 
	
	
	
	
	×
	
	
	

	garnet group
	×#
	×#
	
	
	
	
	
	

	titanite
	×
	×
	
	
	×
	×
	(
	×

	allanite-(Ce)
	×
	×
	×
	×
	?
	
	(
	×

	tourmaline group
	
	
	
	×
	
	(
	
	

	zircon, “malacon”
	×
	×
	×
	×
	×
	×
	
	×

	corundum
	×
	×
	
	
	
	(
	
	

	spinel group
	× ||
	× ||
	
	
	
	(
	
	

	magnetite
	×
	×
	
	×
	×
	
	(
	×

	ilmenite
	×||
	×
	
	
	
	(
	(
	×**

	“leucoxene”
	
	×
	
	
	
	
	
	

	rutile
	×
	×
	
	
	
	
	
	

	apatite
	
	
	
	
	
	×
	×
	×

	monazite
	× ||
	× ||
	
	
	
	
	(
	

	
	Beryllium minerals

	helvite group
	
	
	×
	×
	×
	
	(
	×‡

	phenakite
	
	
	×
	×
	?
	
	(
	×

	bertrandite
	
	
	
	
	×††
	
	
	

	gadolinite
	
	
	×‡‡
	×
	
	
	
	×

	makarochkinite
	
	
	×
	×
	×
	
	(
	

	høgtuvaite
	
	
	
	
	
	
	
	×

	
	Th, W, and Nb minerals

	thorite
	
	
	
	×
	?
	
	
	×

	huttonite
	
	
	
	
	
	
	(
	

	scheelite
	
	
	
	
	
	
	(
	

	columbite group
	×
	×
	×
	×
	×
	
	(
	

	ilmenorutile
	×
	×
	
	
	
	
	
	

	
	Y-REE-U-Th-Nb oxides

	samarskite-(Y)
	×§§
	×§§
	×
	×
	×
	
	(
	

	fergusonite-(Y)
	
	
	
	?
	?
	
	(
	×

	pyrochlore group
	×|| ||
	×|| ||
	
	×|| ||
	×|| ||
	
	
	×

	
	Sulfides and sulfates

	molybdenite
	×
	×
	
	
	
	
	
	×

	pyrite
	×
	×
	
	
	
	
	
	×

	jarosite-like mineral
	
	
	
	
	
	
	×
	

	
	Miscellaneous

	fluorite
	×||
	× ||
	
	
	
	
	
	×

	Fe hydroxide
	×
	×
	
	
	×
	
	
	

	Mn oxide
	
	
	
	×
	×
	
	
	

	Note: × - mineral reported. ( - presence of mineral was confirmed with element scans or quantitative microprobe analyses, this study. ? – Identification based on appearance in hand specimen; needs confirmation. 

*Identification based on appearance in hand specimen and optical characteristics in thin section, supplemented by microchemical tests for Ti, Nb, Ta, rare earths, U, and other elements. 

†The identifications are based on optical and microprobe study of thin sections cut from samples 400Shch-2 (pegmatite), 400Shch-5 (host), and 400Shch-6 (pegmatite) collected in 2002, and on samples 400/7b (pegmatite), 400/21 (in two pieces, pegmatite in both and host in b only), and 400/23 (pegmatite) from the collections of the IGZ Museum. 

‡Other associated minerals include euxenite, uraninite, and calcite (also Lindahl and Grauch 1988); the helvite group minerals are danalite and genthelvite.
§Reported as hastingsite, but no chemical data were presented to support this identification. 

||Found in concentrates. 

#Makarochkin may have mistaken helvite-group minerals for garnet. 

**Only as ilmenite-hematite-pyrophanite lamellae in magnetite (Grauch and Lindahl 1984). 

††Preliminary identification in X-ray diffraction pattern as a breakdown product of helvite-group mineral. 

‡‡Identification backed by laser spectral analysis confirming the presence of Si, Y, and Be. 

§§Reported as the titanian varety “khlopinite”. 

|| ||A Ti-bearing member, reported as betafite.


Appendix 1: Table 2. Analyses of biotite (Bt) and tourmaline (Tur) in pegmatite (peg) and host rock

	Mineral
	Bt
	Bt
	Bt
	Bt
	Tur
	Tur

	Rock type
	peg
	peg
	host
	peg
	host
	host

	Sample (400-)
	shch-2
	7b
	21
	23
	21
	21

	n
	5
	4
	5
	4
	1
	1

	wt%

	SiO2
	34.68
	34.08
	31.44
	33.96
	33.24
	34.67

	TiO2
	3.61
	3.75
	1.83
	4.06
	0.95
	0.52

	Al2O3
	12.19
	12.31
	20.99
	12.18
	26.37
	30.39

	Cr2O3
	b.d.
	0.01
	b.d.
	b.d.
	0.02
	b.d.

	FeO
	29.32
	29.06
	27.90
	29.37
	21.96
	15.80

	MnO
	0.80
	0.82
	0.82
	0.51
	0.27
	0.19

	MgO
	5.04
	5.13
	2.20
	4.80
	0.41
	1.80

	CaO
	b.d.
	0.04
	b.d.
	0.02
	0.74
	0.27

	Na2O
	0.05
	0.06
	0.09
	0.05
	2.28
	2.35

	K2O
	9.13
	9.08
	9.33
	8.94
	b.d.
	0.03

	BaO
	b.d.
	b.d.
	0.15
	b.d.
	–
	–

	F
	0.43
	0.41
	0.19
	0.39
	0.13
	0.05

	Cl
	0.95
	0.91
	0.44
	1.20
	0.01
	0.01

	H2O calc
	3.23
	3.23
	3.51
	3.15
	3.28
	3.46

	B2O3 calc
	–
	–
	–
	–
	9.70
	10.11

	O = F,Cl
	-0.40
	-0.38
	-0.18
	-0.43
	-0.06
	-0.02

	Sum
	99.04
	98.50
	98.70
	98.20
	99.30
	99.61

	Formulae 

	O
	20
	20
	20
	20
	24.5
	24.5

	(OH, F, OH)
	4
	4
	4
	4
	4
	4

	B
	–
	–
	–
	–
	3.000
	3.000

	Si
	5.655
	5.591
	5.081
	5.597
	5.955
	5.961

	Al
	2.343
	2.380
	2.919
	2.366
	0.045
	0.039

	Sum T
	7.998
	7.971
	8.000
	7.962
	6.000
	6.000

	Ti
	0.443
	0.463
	0.222
	0.503
	0.128
	0.067

	Al
	0.000
	0.000
	1.078
	0.000
	5.522
	6.120

	Cr
	0.000
	0.001
	0.000
	0.000
	0.003
	0.000

	Fe
	3.998
	3.987
	3.771
	4.048
	3.291
	2.273

	Mn
	0.110
	0.113
	0.112
	0.071
	0.041
	0.027

	Mg
	1.225
	1.253
	0.530
	1.180
	0.109
	0.462

	Sum
	5.777
	5.818
	5.714
	5.803
	9.094
	8.949

	Na
	0.014
	0.019
	0.027
	0.017
	0.791
	0.782

	K
	1.898
	1.900
	1.924
	1.880
	0.000
	0.006

	Ca
	0.000
	0.007
	0.000
	0.004
	0.142
	0.049

	Ba
	0.000
	0.000
	0.009
	0.000
	–
	–

	Sum
	1.913
	1.925
	1.960
	1.900
	0.933
	0.837

	Sum cations
	15.687
	15.715
	15.674
	15.666
	19.027
	15.787

	F
	0.222
	0.214
	0.096
	0.202
	0.075
	0.026

	Cl
	0.262
	0.252
	0.119
	0.336
	0.003
	0.003

	OH
	3.515
	3.534
	3.785
	3.462
	3.922
	3.971

	Sum
	4.000
	4.000
	4.000
	4.000
	4.000
	4.000

	XMg
	0.235
	0.239
	0.123
	0.226
	0.032
	0.169

	XCa
	–
	–
	–
	–
	0.153
	0.059

	Note: b.d. – below detection. All Fe as FeO. H2O calculated from ideal anionic composition. XMg = Mg / (Mg + Fe); XCa = Ca / (Ca + Na). Critical standards: F – polylithionite (FK() using the TAP crystal; Cl – tugtupite (ClK() for biotite and scapolite (ClK() for tourmaline


Appendix 1: Table 3. Selected analyses of ferrocolumbite (FeCb) and ilmenite (Ilm) in pegmatite (peg) and host rock
	Mineral
	FeCb
	FeCb
	FeCb
	FeCb
	FeCb
	
	Ilm
	Ilm*
	Ilm
	Ilm

	Sample (400-)
	7b
	21
	21
	21
	23
	
	Shch-2
	Shch-6
	7b
	21

	Rock
	peg
	host
	peg
	peg
	peg
	
	peg
	peg
	peg
	host

	Point
	
	
	margin
	core
	
	
	
	
	
	

	n
	5
	4
	2
	8
	5
	
	5
	5
	3
	5

	wt%

	SiO2
	—
	—
	—
	—
	—
	
	—
	0.03
	—
	—

	TiO2
	3.07
	4.68
	2.89
	1.52
	2.14
	
	44.82
	45.38
	50.01
	50.45

	Nb2O5
	70.59
	59.27
	44.65
	61.90
	68.87
	
	3.39
	3.39
	2.14
	1.87

	Ta2O5
	2.59
	10.26
	30.97
	12.94
	5.41
	
	0.11
	0.44
	0.06
	0.54

	Fe2O3
	0.54
	1.21
	0.37
	0.30
	b.d.
	
	7.04
	5.29
	b.d.
	b.d.

	FeO
	17.41
	14.07
	14.03
	15.90
	16.61
	
	40.50
	40.01
	39.01
	39.70

	MnO
	2.24
	4.05
	3.38
	3.48
	3.41
	
	3.49
	4.59
	7.47
	6.75

	MgO
	—
	—
	—
	—
	—
	
	—
	0.06
	—
	—

	CaO
	0.10
	0.06
	0.05
	0.07
	0.08
	
	b.d.
	—
	b.d.
	b.d.

	ZnO
	b.d.
	b.d.
	b.d.
	b.d.
	b.d.
	
	0.07
	0.06
	0.06
	0.09

	Y2O3
	0.30
	0.41
	0.16
	0.09
	0.21
	
	b.d.
	—
	b.d.
	b.d.

	ZrO2
	0.34
	0.71
	0.31
	0.11
	0.13
	
	b.d.
	—
	0.04
	b.d.

	MoO3
	0.15
	0.07
	0.04
	0.15
	0.16
	
	0.03
	—
	b.d.
	b.d.

	La2O3
	b.d.
	b.d.
	0.07
	b.d.
	b.d.
	
	b.d.
	—
	b.d.
	b.d.

	Ce2O3
	0.07
	0.34
	0.21
	0.09
	0.16
	
	0.07
	—
	b.d.
	b.d.

	Pr2O3
	b.d.
	b.d.
	b.d.
	b.d.
	b.d.
	
	b.d.
	—
	b.d.
	b.d.

	Nd2O3
	b.d.
	b.d.
	b.d.
	b.d.
	b.d.
	
	b.d.
	—
	b.d.
	b.d.

	Sm2O3
	0.07
	0.02
	0.07
	0.05
	0.09
	
	b.d.
	—
	(0.07)
	b.d.

	Eu2O3
	b.d.
	b.d.
	b.d.
	b.d.
	b.d.
	
	b.d.
	—
	(0.03)
	b.d.

	Gd2O3
	b.d.
	b.d.
	0.07
	b.d.
	0.03
	
	b.d.
	—
	b.d.
	b.d.

	Tb2O3
	0.07
	0.06
	0.07
	b.d.
	b.d.
	
	(0.19)
	—
	(0.15)
	(0.10)

	Dy2O3
	b.d.
	0.07
	b.d.
	b.d.
	b.d.
	
	b.d.
	—
	b.d.
	b.d.

	Ho2O3
	b.d.
	b.d.
	b.d.
	b.d.
	b.d.
	
	b.d.
	—
	b.d.
	b.d.

	Er2O3
	0.12
	0.06
	b.d.
	b.d.
	0.06
	
	(0.16)
	—
	(0.19)
	(0.17)

	Tm2O3
	0.06
	0.26
	0.76
	0.32
	0.03
	
	b.d.
	—
	b.d.
	b.d.

	Yb2O3
	0.16
	0.31
	0.42
	0.12
	0.12
	
	b.d.
	—
	b.d.
	b.d.

	Lu2O3
	b.d.
	0.04
	0.11
	b.d.
	0.04
	
	b.d.
	—
	b.d.
	b.d.

	WO3
	2.20
	4.61
	3.06
	2.84
	2.75
	
	b.d.
	—
	b.d.
	0

	Total
	100.07
	100.56
	101.67
	99.87
	100.31
	
	99.52
	99.24
	98.78
	99.41

	Formulae for 3 cations (FeCb) or 2 cations (Ilm)

	O
	6
	6
	6
	6
	6.004
	
	3
	3
	3.008
	3.012

	Si
	—
	—
	—
	—
	—
	
	—
	0.001
	—
	—

	Ti
	0.131
	0.205
	0.138
	0.068
	0.092
	
	0.870
	0.883
	0.969
	0.974

	Nb
	1.805
	1.563
	1.280
	1.670
	1.789
	
	0.040
	0.040
	0.025
	0.022

	Ta
	0.040
	0.163
	0.534
	0.210
	0.085
	
	0.001
	0.003
	0.000
	0.004

	Fe3+
	0.023
	0.053
	0.018
	0.014
	0.000
	
	0.137
	0.103
	0.000
	0.000

	Fe2+
	0.824
	0.686
	0.744
	0.793
	0.798
	
	0.874
	0.866
	0.841
	0.852

	Mn
	0.107
	0.200
	0.182
	0.176
	0.166
	
	0.076
	0.101
	0.163
	0.147

	Mg
	—
	—
	—
	—
	—
	
	—
	0.002
	—
	—

	Ca
	0.006
	0.004
	0.003
	0.005
	0.005
	
	0.000
	0.000
	0.000
	0.000

	Zn
	0.000
	0.000
	0.000
	0.000
	0.000
	
	0.001
	0.001
	0.001
	0.002

	Y
	0.009
	0.013
	0.005
	0.003
	0.006
	
	0.000
	—
	0.000
	0.000

	Zr
	0.009
	0.020
	0.010
	0.003
	0.004
	
	0.000
	—
	0.001
	0.000

	Mo
	0.003
	0.002
	0.001
	0.004
	0.004
	
	0.000
	—
	0.000
	0.000

	La
	0.000
	0.000
	0.002
	0.000
	0.000
	
	0.000
	—
	0.000
	0.000

	Ce
	0.001
	0.007
	0.005
	0.002
	0.003
	
	0.001
	—
	0.000
	0.000

	Sm
	0.001
	0.000
	0.001
	0.001
	0.002
	
	0.000
	—
	0.000
	0.000

	Gd
	0.000
	0.000
	0.001
	0.000
	0.001
	
	0.000
	—
	0.000
	0.000

	Tb
	0.001
	0.001
	0.001
	0.000
	0.000
	
	0.000
	—
	0.000
	0.000

	Dy
	0.000
	0.001
	0.000
	0.000
	0.000
	
	0.000
	—
	0.000
	0.000

	Er
	0.002
	0.001
	0.000
	0.000
	0.001
	
	0.000
	—
	0.000
	0.000

	Tm
	0.001
	0.005
	0.015
	0.006
	0.001
	
	0.000
	—
	0.000
	0.000

	Yb
	0.003
	0.005
	0.008
	0.002
	0.002
	
	0.000
	—
	0.000
	0.000

	Lu
	0.000
	0.001
	0.002
	0.000
	0.001
	
	0.000
	—
	0.000
	0.000

	W
	0.032
	0.070
	0.050
	0.044
	0.041
	
	0.000
	—
	0.000
	0.000

	Total
	3.000
	3.000
	3.000
	3.000
	3.000
	
	2.000
	2.000
	2.000
	2.000

	Note: b.d. – below detection. Fe2O3 and FeO calculated from stoichiometry for given number of cations and oxygens unless calculated Fe3+ < 0, in which case number of oxygens is given for the specified cations. Ilmenite Tb2O3 and Er2O3 averaged 0.2 wt%, but these were discounted as Y2O3 ( 0.04 wt%; similarly, Sm2O3 and Eu2O3 up to 0.07 wt% in one sample were discounted because Ce2O3 ( 0.04 wt%. Critical standards: Nb – LiNbO3 (NbL(); Ta – LiTaO3 (TaM(); Mo – CaMoO4 (MoL(); W – scheelite (WM(); Y – YP5O14 (YL(); REE – REEP5O14 (REEL( except L( for Dy). *Ta – LiTaO3 (TaL()


Appendix 1: Table 4. Analyses of danalite (Dan) and phenakite (Phn) in pegmatite sample 400/21

	Mineral
	Dan
	Dan
	Dan
	Phn

	Location
	core
	core
	rim
	

	n
	5
	5
	5
	5

	wt%

	SiO2
	32.75
	32.75
	32.66
	53.68

	Al2O3
	b.d.
	0.01
	0.03
	0.05

	B2O3
	b.d.
	b.d.
	b.d.
	0.26

	FeO
	39.96
	40.24
	39.78
	0.41

	MnO
	8.67
	8.72
	8.90
	0.03

	MgO
	0.27
	0.29
	0.31
	b.d.

	ZnO
	2.89
	2.77
	2.75
	0.06

	BeO (SIMS)
	14.64
	—
	—
	44.00

	BeO (calc)
	13.59
	13.61
	13.57
	—

	S
	5.66
	5.61
	5.61
	b.d.

	S ( O
	-2.83
	-2.81
	-2.81
	0.00

	Sum
	100.96
	101.20
	100.80
	98.48

	Formulae

	O
	13
	13
	13
	4

	Si
	3.010
	3.004
	3.006
	1.001

	Al
	0.000
	0.001
	0.003
	0.001

	B
	0.000
	0.000
	0.000
	0.008

	Sum
	3.010
	3.005
	3.009
	—

	Be
	3.000
	3.000
	3.000
	1.974

	Fe
	3.071
	3.087
	3.061
	0.006

	Mn
	0.675
	0.678
	0.693
	0.000

	Mg
	0.038
	0.039
	0.043
	0.000

	Zn
	0.196
	0.188
	0.187
	0.001

	Sum
	3.980
	3.991
	3.984
	—

	Sum cat
	9.990
	9.996
	9.993
	2.993

	S
	0.974
	0.965
	0.968
	0.000

	Note: b.d. – below detection. All Fe as FeO. Sums for calculated BeO only. Critical standards: S – barite (SK() for danalite; Fe – almandine (FeK() for danalite; Be – surinamite and khmaralite for danalite; Be-doped synthetic granitic glasses for phenakite (SIMS). Cu below detection in danalite. Also 10 ppm B, 21 ppm Li in danalite and 3 ppm Li in phenakite by SIMS. 


Appendix 1: Table 5. Selected analyses of amphiboles in pegmatite

	Sample (400-)
	Shch-2
	Shch-2
	Shch-2
	7b

	Position
	core
	bluish patch
	rim
	core

	n
	5
	5
	5
	5

	Type
	ferro-edenite
	ferrohornblende
	ferro-edenite
	hastingsite

	SiO2
	42.22
	42.70
	40.56
	40.18

	TiO2
	1.73
	0.64
	2.12
	1.92

	Al2O3
	6.99
	7.03
	7.87
	8.09

	Cr2O3
	0.03
	b.d.
	b.d.
	b.d.

	FeO (meas)
	28.17
	26.43
	28.44
	27.77

	Fe2O3 (calc)
	4.80
	7.66
	4.01
	5.79

	FeO (calc)
	23.85
	19.54
	24.83
	22.55

	MnO
	1.37
	1.52
	1.31
	1.49

	MgO
	4.76
	5.44
	4.08
	3.75

	CaO
	8.67
	10.41
	9.22
	9.51

	Na2O
	1.96
	1.62
	1.98
	2.14

	K2O
	1.31
	1.05
	1.24
	1.35

	BaO
	b.d.
	b.d.
	b.d.
	b.d.

	F
	0.30
	0.29
	0.18
	0.16

	Cl
	0.51
	0.60
	0.85
	0.92

	H2O calc
	1.62
	1.62
	1.57
	1.55

	O = F,Cl
	-0.24
	-0.26
	-0.27
	-0.27

	Sum
	99.88
	99.86
	99.53
	99.13

	Formulae per 22 O + 2(OH,F,Cl)

	Cations
	Si + Al = 8
	Si + Al = 8
	Si + Al = 8
	Si + Al = 8

	Si
	6.694
	6.700
	6.511
	6.466

	Al
	1.306
	1.300
	1.489
	1.534

	Sum T
	8.000
	8.000
	8.000
	8.000

	Ti
	0.206
	0.076
	0.256
	0.233

	Cr
	0.004
	0.000
	0.000
	0.000

	Fe3+
	0.573
	0.905
	0.484
	0.702

	Fe2+
	2.909
	2.543
	3.106
	2.964

	Mn
	0.184
	0.202
	0.178
	0.203

	Mg
	1.124
	1.274
	0.976
	0.899

	Sum C
	5.000
	5.000
	5.000
	5.000

	Fe2+
	0.253
	0.020
	0.227
	0.072

	Ca
	1.472
	1.750
	1.585
	1.639

	Na 
	0.275
	0.230
	0.188
	0.289

	Sum B
	2.000
	2.000
	2.000
	2.000

	Na
	0.328
	0.263
	0.427
	0.379

	K
	0.264
	0.210
	0.254
	0.276

	Ba
	0.000
	0.000
	0.000
	0.000

	Sum A
	0.593
	0.473
	0.681
	0.656

	Sum cations
	15.593
	15.473
	15.681
	15.656

	F
	0.151
	0.142
	0.092
	0.083

	Cl
	0.136
	0.159
	0.230
	0.250

	OH
	1.713
	1.699
	1.678
	1.668

	Sum
	2.000
	2.000
	2.000
	2.000

	XMg
	0.262
	0.332
	0.226
	0.228

	Note: b.d. – below detection. Fe2O3 and FeO calculated from stoichiometry. H2O calculated from ideal anionic composition. XMg = Mg / (Mg + Fe2+). Assignment of Fe2+ to the B site is done to have B = 2. Critical standards: F – polylithionite (FK() using the TAP crystal; Cl – tugtupite (ClK().


Appendix 1: Table 6. Analysis of huttonite in pegmatite sample 400Shch2

	
	wt%

(n = 5)
	Formula

4 O

	SiO2
	16.32
	0.823

	P2O5
	4.65
	0.198

	MgO
	b.d.
	0.000

	FeO
	0.56
	0.024

	CaO
	0.03
	0.002

	Y2O3
	0.15
	0.004

	La2O3
	3.02
	0.056

	Ce2O3
	6.14
	0.113

	Pr2O3
	0.61
	0.011

	Nd2O3
	1.69
	0.030

	Sm2O3
	b.d.
	0.000

	Eu2O3
	0.20
	0.003

	Gd2O3
	0.12
	0.002

	Tb2O3
	0.12
	0.002

	Dy2O3
	b.d.
	0.000

	Ho2O3
	b.d.
	0.000

	Er2O3
	b.d.
	0.000

	Tm2O3
	b.d.
	0.000

	Yb2O3
	b.d.
	0.000

	Lu2O3
	b.d.
	0.000

	PbO
	0.77
	0.010

	ThO2
	62.92
	0.722

	UO2
	2.01
	0.022

	Sum
	99.29
	2.024

	Si + P
	
	1.022

	Σ REE + Y
	
	0.223

	Note: b.d. – below detection. Critical standards: P and Ca – apatite (PK(, CaK(); Y – YP5O14 (YL(); REE – REEP5O14 (REEL( for La, Ce, Er, Yb, Lu; L( for the others); Pb – pyromorphite (PbM(); Th – brabantite (ThM(), U – U metal (UM()


Appendix 1: Table 7. Selected analyses of Y-Nb oxides from the pegmatite

	Provisional ID
	fergusonite-(Y)
	samarskite-(Y)

	Sample (400-)
	Shch2
	Shch2
	7b
	23
	

	n
	10
	8
	17
	20
	bulk*

	wt%

	TiO2
	0.54
	0.07
	0.59
	1.30
	10.60

	Nb2O5
	41.92
	45.30
	39.08
	36.88
	42.81†

	Ta2O5
	0.67
	0.35
	0.53
	3.90
	

	MgO
	–
	–
	–
	–
	trace

	CaO
	2.83
	0.81
	1.64
	0.42
	b.d.

	MnO
	0.06
	–
	0.47
	0.84
	–

	FeO
	–
	–
	–
	6.12
	–

	Fe2O3
	0.09
	1.22
	0.97
	1.54
	12.43

	Y2O3
	14.51
	26.21
	13.68
	6.11
	7.53‡

	ZrO2
	0.12
	0.94
	0.07
	0.43
	–

	La2O3
	0.75
	0.07
	0.63
	0.16
	3.76§

	Ce2O3
	4.43
	0.92
	3.39
	0.86
	0.72||

	Pr2O3
	1.54
	0.57
	1.14
	0.20
	

	Nd2O3
	4.65
	3.03
	3.27
	0.69
	

	Sm2O3
	1.76
	1.98
	1.22
	0.28
	

	Eu2O3
	0.36
	0.20
	0.24
	0.12
	

	Gd2O3
	2.20
	2.66
	1.54
	b.d.
	

	Tb2O3
	0.24
	0.25
	0.18
	b.d.
	

	Dy2O3
	2.06
	3.41
	1.86
	0.36
	

	Ho2O3
	0.31
	0.83
	0.42
	0.14
	

	Er2O3
	1.52
	2.85
	1.51
	0.75
	

	Tm2O3
	0.37
	0.49
	0.38
	b.d.
	

	Yb2O3
	1.78
	3.93
	2.00
	1.36
	

	Lu2O3
	0.15
	0.53
	0.29
	0.10
	

	WO3
	2.67
	1.78
	1.97
	8.01
	–

	ThO2
	8.05
	0.30
	9.27
	7.16
	5.37

	UO2
	5.45
	0.16
	5.97
	14.05
	14.27#

	H2O–
	–
	–
	–
	–
	0.45

	Sum
	99.02
	98.88
	92.31
	91.78
	97.95

	Formulae per 2 cations

	O
	3.975
	3.949
	4.010
	4.000
	

	Ti
	0.019
	0.002
	0.023
	0.052
	

	Nb
	0.906
	0.920
	0.918
	0.878
	

	Ta
	0.009
	0.004
	0.008
	0.056
	

	Sum B
	0.934
	0.926
	0.948
	0.985
	

	Ca
	0.145
	0.039
	0.091
	0.023
	

	Mn
	0.002
	–
	0.021
	0.038
	

	Fe2+
	–
	–
	–
	0.269
	

	Fe3+
	0.003
	0.041
	0.038
	0.061
	

	Y
	0.369
	0.627
	0.378
	0.171
	

	Zr
	0.003
	0.021
	0.002
	0.011
	

	La
	0.013
	0.001
	0.012
	0.003
	

	Ce
	0.077
	0.015
	0.064
	0.017
	

	Pr
	0.027
	0.009
	0.022
	0.004
	

	Nd
	0.079
	0.049
	0.061
	0.013
	

	Sm
	0.029
	0.031
	0.022
	0.005
	

	Eu
	0.006
	0.003
	0.004
	0.002
	

	Gd
	0.035
	0.040
	0.026
	0.000
	

	Tb
	0.004
	0.004
	0.003
	0.000
	

	Dy
	0.032
	0.049
	0.031
	0.006
	

	Ho
	0.005
	0.012
	0.007
	0.002
	

	Er
	0.023
	0.040
	0.025
	0.012
	

	Tm
	0.005
	0.007
	0.006
	0.000
	

	Yb
	0.026
	0.054
	0.032
	0.022
	

	Lu
	0.002
	0.007
	0.004
	0.002
	

	W
	0.033
	0.021
	0.027
	0.109
	

	Th
	0.088
	0.003
	0.110
	0.086
	

	U
	0.060
	0.002
	0.066
	0.158
	

	Sum A
	1.066
	1.074
	1.052
	1.015
	

	Avg. radius**
	0.93 Å
	0.89 Å
	0.91 Å
	0.82 Å
	

	Sum Y + REE
	0.732
	0.947
	0.698
	0.259
	

	U + Th
	0.147
	0.005
	0.176
	0.244
	

	Note: b.d. – below detection. All Fe in EPMA reported as Fe2O3, except in column 4, where ferric/ferrous ratio calculated assuming 4 O, 2 cations. F not seen in WDS scans. Critical standards: Ca – apatite (CaK(); Nb – LiNbO3 (NbL(); Ta – LiTaO3 (TaM(); Zr – zirconia (ZrL(); W – scheelite (WM(); Y – YP5O14 (YL(); REE – REEP5O14 (REEL( except L( for Ho); Th – brabantite (ThM(), U – U metal (UM(). *Makarochkin’s (1978) wet chemical analysis of “khlopinite” recast into the oxides tabulated here. †Given as Nb2O5 + Ta2O5; ‡Given as (Y,Er)2O3. §Given as (La, Pr)2O3. ||Given as CeO2. #Given as UO2 – 13.27 and UO3 – 1.06 wt%. **Calculated from Shannon (1976)


