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Nonmetamict Nioboeschynite-(Ce) from Alaska

SnN{ RosrNsLUM, AND Er-wrN L. Mosrrn

U.S. Geological Suruey, Denuer, Colorado 80225

Abstracl

Crystals of essentially nonmetamict nioboeschynite-(Ce), a complex oxide with the general formula
AB.O", were identified in an alluvial concentrate from the Tofty tin belt in central Alaska. The mineral
grains are mostly sand-size (0.2 to L5 mm), red-brown to dark brown, generally tabular, slender to stubby
striated prisms, Crystal parameters of this rare orthorhombic mineral are: a = 5.396, b = 11.085, c :

7 . 5 3 5  A ,  V : 4 5 3 . 7  A ' ,  s p a c e g r o u p  :  P b n m , Z  =  4 ; D : 5 . O 4 8 / c m " ;  R I :  a  =  2  2 7 : 0 : 2 . 3 2 , 1 : 2 3  , ( )
2V(av . )  =  84 .6" ;  T ,a ,andBarepara l le l toc rys ta l lograph ica- ,b -  andc-d i rec t ions , respec t ive ly ;  p romi -
nentdva lues(andre la t i ve in tens i t ies )  =2 .9810,3 .057,3 .134,5 .532,3 .442,2 .822,2702,2 .042,  1 .722,
and 1.61 2. Spectrochemical analysis shows ( in percent): CaO 4.52, FeO 1.09, La,O,4.9, CerO"
15.8, PrrO' 1.9, Ndroa 5.6, YrOs 0.18, ThO, 1.33, UoOs 0.01, SiO, 3.51, Nb,O3 4'7.0,TiOr20.2,2 : 106;
minor elements (in parts per million) include Ba 2000, Be 10, Cr 300, Cu 30, Mg <10, Mn 40, Pb 100, Sb
50, and Ta <1000. The structural formula computed from the analysis is (CaorrFeoorl-aql6Ce632Pte6a
Ndo ,rYo orTho or)o 

"r(Nb, 
,rTio r.)2 ooOu r".

Nonmetamict eschynite is rare; only five crystalline to partly metamict specimens were described in the
literature. The physical, chemical, and X-ray data of Alaskan eschynite are compared with data for such

eschynites from the Ural Mountains in the USSR, and northern China.

Introduction

Eschynite, a complex oxide composed of rare-earth
elements, thorium, niobium, and titanium, is general-
ly found in the metamict state (Pabst, 1952; Bou3ka,
1970; Mitchell, 1973). Eschynite is an uncommon
mineral. Owing to its variable composition, present
nomenclature makes use of sumxes such as -(Ce)

and -(Y) to designate varieties of eschynite (Levin-
son, 1966; Sommerauer and Weber, 1972). The
mineral has long been known in nepheline syenite
and granite pegmatite at localities in Norway, the
USSR, and Germany (Palache, Berman, and
Frondel, 1944, p. 796), but eschynite was not
recognized in Alaska until the early 1930's (Waters,
1934, p. 239-240). Other eschynite localities in Brazil,
Canada, China, Kenya, Switzerland, and in Connec-
ticut, Montana, and New Mexico in the U.S.A. have
been discussed in the literature, but most of these
have furnished metamict crystals. Only five
crystalline to partly metamict nioboeschynites-(Ce)
and one eschynite-(Y) have been described prior to
the discovery of the crystalline character of this
nioboeschynite-(Ce) from Alaska. Hereinafter, we
will refer to this material as eschynite, except when
specification is required.

Geologic Setting

Eschynite in Alaska was first reported by Waters
(1934) in four placer deposits in the Tofty tin belt of

the Hot Springs district in the southeast part of the
Tanana quadrangle, central Alaska. Figure I shows
the locations of the sites described by Waters where
eschynite was first found, and the locality of the
crystals under discussion in sample 2298 from the
Alaskan concentrate file (collected by R. M. Mox-
ham, 1954).

The geology of this area was described by Eakin
(1913), Mertie (1934), and Waters (1934), and briefly
summarized by Moxham (1954) and Wayland (1961).
Recent mapping in the area by Robert M. Chapman
(written communication, 1974) has been done to
better define the major geologic units. The district is
mainly underlain by weakly metamorphosed to un-
metamorphosed conglomerates, sandstones, shales,
and limestones of Cretaceous age that have been in-
truded by Cretaceous to Tertiary granitic and quartz
monzonitic stocks to the north, northeast, and
southeast of the district. Small bodies of gabbro and
diabase flank a quartz monzonite stock just north of
the area shown in Figure l, and some small lenses of
serpentine are conformable to the east-northeast
regional strike. Much of the surface is covered by
Quaternary gravel, silt, clay, and muck of several
erosion-and-deposition cycles.

Eschynite was not mentioned by Waters as an
accessory mineral in any of the rocks, and its origin is
not known. If eschynite is locally derived from the
sranitic rocks or the contact zones. these sites are not
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INDEX SHOWING
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FIc. 1. Geologic sketch map showing locality of nioboeschynite-
(Ce) in the Tofty area, Alaska. (Geology from Wayland, 1961, and
R. M. Chapman, written communication,1974.)

yet recognized or are now covered by Quaternary
gravels and silts.

Analytical Procedures

The sample was analyzed by optical emission spec-
troscopy using a Jarrell-Ash 1.5 m Wadsworth-
mounted spectrograph. A2 mg sample was ground to
a fine powder and mixed l: l0 with graphite con-
taining 2 percent TarOu as an internal standard. Five
replicate samples were burned to completion; a 3-
second preburn and a 105-second exposure were used,
and the spectra were recorded on 35 mm Kodak
Spectrum-Analysis No. I film. Analytical standard

curves were made from spectrographically pure
Nb2Ob, CeO2, TiOr, and LazOg to bracket the concen-
tration ranges previously reported for Nb-rich es-
chynite.

A standard matrix was then prepared using the
results obtained from the analyses ofthe above-noted
oxides. A series of standards containing FezOs, ThOz,
SiOr, CaO, Pr2Os, NdrOB and YzOa were prepared in
this matrix to bracket suspected concentration levels
in the mineral. The average of the five replicate
analyses is shown in Table 1. We think that the total
(106 percent) is a good value for the emission spec-
trographic procedure considering the small sample
and the difficulties met in preparing matrices of sam-
ple and standards. Additional analyses from the
literature are presented in Table I for comparison.

X-ray diffraction data were obtaine d from
powdered eschynite on a collodion film in a Picker
diffractometer. Table 2 lists unit-cell parameters
determined from 23 reflections indexed and refined
using a least-squares unit-cell refinement program
(Evans, Appleman, and Handwerker, 1963); com-
parable physical, optical, and unit-cell data from the
literature are also shown. Table 3 presents the X-ray
powder diffraction data for Alaskan eschynite plus
comparable data on samples from USSR and China.

Mineralogy

Eschynite in sample 2298 occurs as brittle, red-
brown to dark brown, striated, slender prismatic,
sand-size (0.2-1.5 mm) grains, mainly tabular but
often stubby with a prominent cross fracture (Fig. 2).
The mineral is generally translucent to opaque in the
sand sizes, but thin fragments (0.01-0.1 mm) show red
and red-brown colors when viewed against a glazed
white-porcelain background. The streak is orange
to light reddish brown; the hardness is estimated
between 4 and 5 in the Mohs scale; the density
(C/cm87 obtained on the Berman balance by averag-
ing 7 determinations (range : 4.99 to 5.ll) is 5.04;
and the best extraction range in the Frantz magnetic
separator (side tilt l5o, forward tilt 20"-23") is 0.7 to
0.8 amp.

Under the microscope, in methylene iodide (n :
1.73), eschynite grains about 30 microns thick show
an intense red-brown color and sparse turbidity due
to opaque dust that is optically indeterminate.
Pleochroism is weak to nil despite strong anisotropy;
a is slightly darker than 7 in a few grains. Refractive
indices shown in Table 2 werc estimated by com-
parison with selenium-sulfur mixtures (Merwin and
Larsen, 1912) whose indices were determined by the

a
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Tenlr L Analyses of Eschynite (in Percent)

3 l l

Sample 2298 I
Reference Th is  paper  Zhab in  e t  a l

(r962)

Cen t ra l  U ra l s ,
LocaEion Alaska USSR

' r a

Chang Zhabin et al
(1962) (1e51)

North Urals,
Chlna USSR

4 5
Gorzhevskaya Borneman-

and Starynkevlch
Sldorenko (1941)

(1964) uraLs,
China USSR

CaO
FeO
Fe2O3
Al2o 3
l R E l 2 0 3

L a 2 0 3
Ce20 3
P r 2 O 3
Nd20 3
Yzo:

u :o  e
Tho2
s io2
Ti02
NbzO s

Ta2O5
HZO+
Hzo-

Total

4 . 5 2
r  no

N . A .  *
N . D . *
N .  A .

4 . 9
1 5 .  8

l o

5 . 6
0 .  1 8

0 .  0 1
1 . 3 3
3 . 5 1

20 .2
4 7  . O

< 0 ,  I
N .  D .
N .  D .

106t
T

2 . 6 0  3 . 5 4
N . R . *  6 . L 2
r . 4 3  N ,  R .
N . R .  0 . 1 5

3 1 . 9 3 * *  N . A ,

* *  1 9 . 6 1 t +
* *  1 1 . 5 6
**  +t
* *  f t
* *  0 . 7 0

0 . 3 0  0 . 8 3
0 . 7 2  2 . L 5
0 . 6 5  0 . 5 5

2 2 . 5 3  t 2 . t 3
3 3 . 7 0  4 1 . 1 3

N . R .  0 . 5 1
1 . 3 0  0 . 6 4
0 . 3 6  0 . 1 0

100 .52  99 .77 t1
T T

5 . 3 4  2 . 6 5
0 , 2 6  L . r 4
I . 2 8  L , 5 6
3 . 8 0  N . R .

2 7 . 0 3 +  N . A .

f  1 3 . 4 3 r + r
t  1 0 . 8 4
t  t t t
+  f t r _
+  0 . 8 9

0 . 0 8  =  N . R .
3 . 7 5  L 7 . 4 2
3 .  8 4  0 .  s 0

1 7 . 1 0  2 3 . 7 9
3 5 . 9 0  2 5 . 3 5

None  O .94
0 . 5 7  0 . 9 4
0 . 4 0  0 . L 4

100 .99 f++  gg .g6x
A T T

4 . 8 2
N .  R .
z , t )
0 .  3 5

28  .  l 7  * * *

***
***

***
***

N .  R .
z .  ) z
0 .  3 5

1 8 . 7 3
4 t . 4 1

N .  R .
0 . 4 1
0 .  04

9 9 .  5 5

**
,U.,R. - not neported; NlA. = rnt applieabLe; N.D. = not deterntned,

Rare-eayth osides = La2Os, L3;  Ce2O3, 42;  Pt203,  8;  Nd2O3, 25;  Sn20s,  3.6;
8u203 ,  0 .5 ;  Gd2Os ,  0 .2 ;  Tb203 ,  0 .2 ;  Dy203 ,  1 .2 ;  Ho203 ,  0 .1 ;  8 t , 203 ,  0 .5 ;
YbzO3 ,  0 .1 ;  Y2O3 \4 ;  E  =  98 .4 .

Rate-eaz,th elements = La, 14; Ce, 42; Pn, 9; Nd, 25; Sm, 3.1; Eu, 0.4; Gd, 1.3;
Tb ,  0 .2 ;  Dy ,  1 .2 ;  Ho ,  0 .3 ;  E? ,  0 .3 ;  I b ,  0 . 2 ;  yNs ;  E  =  100 .00 ,

Rare-earth osides = La2O3, 21.2;  Ce2O3, 48.7;  Pr2035 4.1;  Nd2O3, 19.4;
S n 2 O 3 ,  1 . 7 ;  G d 2 O 3 ,  3 . 6 ;  ( I ,  D y ,  H o ) 2 O s , 1 . 3 ;  t  =  L 0 0 . 0 0 .

Reponted as lce)203, cepilun-group oaides.

Repotted as (La, Nd, Pn)203.

Repotted as CeO2.

Repotted as lyf203, yttz.iun-gnoup oaides.

Reported ds {103.

ALso, miror elements (in parts pez, million) are: Ba, 2000; Be, 70; C", 300;
Cu, 30; Mg .10; 1,1n, 40; Pb, 700; and Sb, 50.

Includes MgO, 0.05; MrA, h.ace.

Includee Mg),  0.56;  I tnO, tpace;  Nd.2O, 0.06;  K2O, 0.06;  P205, 0.39;  F,  0.75;  and
igni t ion Loss,  0.42.

fneludes l , lno,  0.10;  PbO, 0.L2;  SnO2, 0,05,

***

T

+t
t f t

t.I.

++
+f
+++
+t+

minimum-deviat ion method (Ford, 1932, p.
242-243).

The range of values for 2V is for l0 measurements
made on the universal stage either by direct readings
from one optic axis to the other or by plotting one
axis and the principal optic directions on a stereonet
and computing the 2V. The median value is (-) 85;

the average value is (-) 84.6. The 7-direction is
parallel to the striations, and these are in the
crystallographic c-direction according to Palache et
al (1944, p.794). The tabular form is apparently in
the (010) plane. The B-direction is in this plane and
perpendicular to the striations; therefore, it is parallel
to the crystallographic c-direction, and d must be
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TAsr-r 2. Physical, Optical, and Unit-Cell Data on Nioboeschynite-(Ce)

2298Sahple

R e f e r e n c e

Locat ion

1 *
This paper Zhabln et al

(r962)
C e n t r a l  A l a s k a  U r a l s ,  U S S R

2 3
C h a n g  ( 1 9 6 2 )  z h a b i n  e t  a l

N o r t h  C h l n a  U r a l s ,  U S S R

4
Gorzhevskaya and
sidorenko (1964)

China

D e n s i t y  ( g / c u 3 )

P l e o c h r o i s D ,  o

B
Y

R . I . ( N a ) ,  o

3

D

2 V a
2 v r

o
u n i t  c e l l  ( A ) ,  a

b
c

o 3
c e l l  v o l u u e ,  A

5 . 0 4

2 . 2 7
2 . 3 2
2 . 3 6
N . . { .  * *

750-970
N .  A .

5 ' 3 9 6  [ t ] * * *
11 .08s  [  2  ]
7 . s 8 s  [ 3 ]

453 .7  t  1  I

N .  R .
N . R .
N .  R .

>  2 . 0 0
ca.  80o
N . A .

1 1 . 0 9
7 . 5 2

4 4 3 . 7

4 . 5 5 - 4 . 4 2

golden brom
N .  R .

:eddish brom

N .  R .
2 . 3 7  5

2 . 4 3 - 2 . 5 0
N .  A ,
N .  A .
l a r g e

5 .  3 3
ro.97

7 . 5 0

4 3 8 .  5

4 . 9 7 5  . 0 5 6 5 . 1 3 2

r e d d i s h  b r o m  y e l l o v i s h  b r o m  y e l l o u i s h  r e d  r e d
r e d d i s h  b r o m  

'  
b r o m  N . R . * *  N . R .

r{ 'ddish brom darklsh brom dark reddish brom brom

2 . 2 8
N .  R .
2  . 3 4
N . A .
N . . 4 .
750

5 .  3 8
1 1 . 0 8

7  . 8 6

4 6 8  . 5

N .  R .
N ,  R .
N ,  R .
2 . 2 6
N .  R .
N .  R .

5 .  3 5 5
1 1 . 0 1

7 .5L6

4 4 3 . 1

x SqnpLe nmbers sme as in Tables L and 3,
* '  N .R.  =  no t  repo?ted ;  N,A.  =  no t  app l i cab le .

*** Statulnrd eruors in brackets refer to the Last decinal place-

parallel to 6. Sommerauer and Weber (1972,p.80) in-
dicated that a and T are reversed in an eschynite-(Y)
from Switzerland. This may be due to the dominant
yttrium in that sample as compared to the dominant
cerium in our Alaskan mineral. Also. Zhabit et al
(1962, p.86) indicated that 7 lies along c, and d along
a in a nonmetamict eschynite from the Urals. This
would make the optic axial plane (010) instead of
(001) as in the Alaskan and Swiss minerals.

Discussion

Nomenclature
Four main mineral species-euxenite, polycrase,

priorite, and eschynite-have similar chemistry and
morphology. Additional names, such as blomstran-
dine (: priorite) and lyndochite (: niobium-rich es-
chynite), were introduced respectively by Brbgger
(1906, p. 99) and El lsworth (1927,p.212).  Adamson
(1942, p. 108-ll0) and Fleischer (1966) showed that
blomstrandine and lyndochite are varieties of what
was lately called the eschynite-priorite series and was
more recently designated the eschynite group (Levin-
son, 1966).

Br6gger (1906, p. 92,I04) divided the minerals eux-
enite, polycrase, eschynite, and blomstrandine into
two series, both orthorhombic: the e uxenite-
polycrase series and the eschynite-blomstrandine
series. Each was said to form an isomorphic series,
and the two series had different morphologies. The
concept of two series proposed by Brdgger from
chemical considerations was questioned by Adamson

(1942, p. 109), Aleksandrov and Pyatenko (1959),
and Lima de Faria (1964, p.45), the latter two using
X-ray studies of heated metamict minerals.

There has been little or no ambiguity on the
identity of eschynite. Hintze (1938, p. 2) stated
that it is essentially a niobate and titanate (thorate)
of the cerium metals, with calcium and iron.
Adamson (1942, p. ll0) indicated that eschynite
characteristically is errriched in cerium and the
cerium-subgroup metals, and Komkov (1963) and
Fleischer (1966, p. 804) adopted the concept of the
eschynite-priorite series, in which the cerium-
dominant mineral is eschynite and the yttrium-
dominant mineral is priorite. This series name was
apparently first employed by Palache et al (1944, p.
793-796).

The general  formula of the eschynite-group
minerals is ABzO", with I : rare-earth elements, Th,
Ca, Fe2+, Mg, Mn, and other divalent ions; B : Nb
and Ti; and O may include OH and F. The rare-earth
elements have been divided into different Ce- and Y-
groups by different investigators (Murata et al, 1957,
p, 148; Semenov and Barinskii, 1958, p. 418), but for
our purposes we use the division of the rare-earth
elements by Rankama and Sahama (1950, p. 517)
into the cerium group from lanthanum to europium
(atomic nos. 57-63), and the yttrium group from
gadolinium to lutetium (64-71) plus yttrium (39). As
noted above, when cerium or cerium-group elements
are dominant the mineral was called eschynite, but
where yttrium or yttrium-group elements are domi-
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nant the mineral was referred to as priorite. These are
now called eschynite-(Ce) and eschynite-(Y), respec-
t ively,  fol lowing Levinson's (1966) system of
nomenclature. For the Alaskan material, the domi-
nant Ce and La plus high Nb indicate the name
should be nioboeschynite-(Ce) according to Levin-
son's system. Apparently the term nioboeschynite
was first used by Zhabin, Mukhitdinov, and
Kazakova (1960, p. 67).

Chemical Composition

This central Alaskan eschynite is similar in
composition to the 5 nioboeschynites-(Ce) reported
in the literature. These latter average about 3 percent
less TiO, and 6 percent less NbrOu. Only the
nioboeschynite-(Ce) reported by Vlasov (1964, p.
490; 52.22 percent) and by Heinrich and Levin-
son (1961, p. 1436; 49.4 percent) have higher Nb2O5
contents. Ce and La oxides are not alwavs re-

ported separately, and Ce-group metals (in X-ray
fluorescence and electronmicroprobe analyses) are
often lumped together; hence comparisons of these
are not easily made. Total Ce-group oxides of
Alaskan eschynite is 7 percent less than the average of
the 5 nioboeschynites-(Ce). The CerOs content of
Alaskan eschynite is slightly less than the average for
all eschynites; the Ce2O3 content of these eschynites
ranges from 10.84 (Borneman-Starynkevich, l94l) to
25.4 percent (Heinrich and Levinson, l96l). Y2O3,
ThO2, UsOr, and FqOg are considerably below
average, but CaO is slightly above average, and SiO2
(probably a contaminant) is considerably above
average. Small amounts (generally less than I per-
cent) of PbO, MnO, MgO, SnOr, Al2Oe, PzOu, F, and
HrO were noted in eschynite by previous authors
(H intze, I 93 8 ; Borneman-Starynkevich, I 94 I ; Zhabin
et al, 1961, 1962; Chang, 1962; Gorzhevskaya and
Sidorenko, 1962).

The structural formula computed from the chem-

Trnlr 3. X-Ray Powder Diffraction Data for Nioboeschynite-(Ce)

R e f e r e n c e

h k L

2298*
Th i s  pape r

d ( c a l c  ) d (obs )

I
Z h a b i n  e t  a f  ( 1 9 6 2 )

d (obs )

2
C h a n g  ( 1 9 6 2 )

d  (obs )

0 2 0
o 2 L
1 1 1
oo2
L20
I2l
0 2 2
r 3 0
l t 2
r3t-
040
200
0 4 1
140
22I
r03
042
1 I 3
230
23L
2 2 2
1 5 r
004
0 4 3
061
2 4 2
062
134
3 2 2
1 7 0

5  . 5 4 3
4 . 4 7 5
4  . 087
3 . 1 9 3

3  . 4 4 5
3 . 1 3 0
3 . 0 4 9
2 . 9 8 8
2 . 8 2 9
2 . 7 7 r
2 . 6 9 8
2 . 6 0 3
z .  + o )
2 . 3 L 1
2 . 2 9 0

2 . 0 9 4
2 . O 4 4
1 . 9 8 0
1 . 8 9 6

L . 7 2 2

1 , 6 1 0
r . 5 5 9
1 . 5 2 0

5 . 5 3 9
4 . 4 7 9
4 . 0 8 2
3 . 7 8 9

3  . 4 4 5
3 . L 3 2
3 . 0 4 8
2 . 9 8 3
2  . 8 2 7
2 . 7 7 3
2  . 6 9 9
2 . 6 0 2
2  . 4 6 4
2 . 3 0 9
2 .289

2 . 0 9 L
2 . O 4 4
1 . 9 8 0
r . 8 9 6

L . 7 2 2

1 , 6 1 1
1 . 5 6 0
l .  5 2 r

3 . 0 4
2 . 9 8
2 . 8 3

2 . 6 9

2  . 4 1
2 . 2 9

2 . 2 3

2 . t 6 5

2 . 0 3 6
L  . 9 7 I
1 . 8 9 r
1 . 8 6 6
1 . 7 8 5
t . 7 L 3
l .  6 6 1
r . 6 0 4
1 .  5 5 0
1 . 5 0 9

5 . 3 5
4  . 3 7
4 . 0 4

3 . 7 8

3 .  0 1
2 . 9 L 2
2 . 7 8

z . 0 4 )

2  . 4 2 8

2 . 2 6 0

2 . 2 L 0

2
3
2

2

o
LO
3

5

3

4

2
4
7

l0
2
I
2

6 ' .
1 0

2

3

I
2

I

I

2
1
3
1
I
3
2
5
3
I

2

2
I
I

* Ilickel-fiLtered. CttKa rad.iatiort, ^ = l.SSIA 
oA.
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T = Q

B=c
c r=b

or
Frc. 2. Orientation diagram

(Ce) from Alaska.

M I L L  I M E T R E

for nonmetamict nioboeschynite-

ical analysis by subtracting SiOz and setting (Nb,
Ti) to 2.00 is:

(Cao.rrFeo ouLao.roCeo szPro.orNdo llYs.srThs 62)e e2

. (Nbr r?Tio.8e), ooou.r,

Optical Properties
A brief comment is required on the range of the

optic axial angle. This angle is sensitive to changes in
the refractive indices relative to one another. At least
l5 grains were crushpd to tiny fragments to find good
orientations for measurement of the angle. They are
considered a heterogeneous mixture although they
were picked from the same alluvial concentrate. The
optic axial angle results indicate that more work is
required on single crystals to determine the ranges in
each analytical set.

X-ray Data
Lima de Faria (1964) discussed the effects of

heating on the X-ray patterns of eschynites, especially
metamict varieties. In our study of the effects of heat
on Alaskan eschynite, a few grains were powdered,
an X-ray pattern was obtained, the sample was
carefully transferred to a crucible and heated at
800"C for one hour, and another X-ray pattern run.
The pattern for heated eschynite showed a small shift
(0.01-0.03 A) to smaller d values for all peaks, relative
to the peaks of a fluorite internal standard; three
peaks increased and eleven decreased in relative
height, but eight remained unchanged; and one small
peak disappeared. The data compare very well with
those of Komkov (1960, p. 585) for artificial es-
chynite, but are somewhat different from those of two
eschynites presented by Lima de Faria (1964, Table
39). Cell parameters for heated Alaskan eschynite are
q  :  5 .342121,  b  :  11 .007[3 ] ,  c  :7 .508121 A,  V :

AND E. L. MOSIER

441.4121As (standard errors in brackets refer to the
last decimal place).

A laboratory approach to the unit-cell parameters
of the several rare-earth element niobotitanates has
been takeq by at least two groups of investigators.
The unit-cell parameters of the artificial La- to Lu-
niobotitanates produced by Komkov et al (1964, p.
l5l) are almost identical to those plotted on a
diagram by Seifert and Beck (1965, p. 16). On this
diagram, Alaskan eschynite b- and c-dimensions are
close to the flat slopes of the values for these
parameters, but the c-dimension plots on the slope of
the a-values for artificial eschynites between cerium
and praseodymium values.

Acknowledgnents

We are grateful to William C' Overstreet, for many fruitful

technical discussions; John R. Dooley, Jr., for analysis of uranium

content by isotope-dilution method; George A. Desborough, for

analysis of uranium content by microprobe; Phoebe L. Hauff'

Arthur J. Gude 3d, and Keith Robinson for assistance in deter'

mining the cell parameters from the X-ray diffraction pattern'

References
Aorusox, O. J. (1942) The granite pegmatites of Hitterii'

southwestern Sweden. G eol. Fbren' Fb rh. 64, 97 -l 16'

ALoxseNonov, V. B.,lno Y. A. PvlrnNro (1959) X-ray studies of

some metamict titanoniobates. Dokl. Akad. Nauk. SSSR, 124,

l7g-182 ltransl. Acad. Sci. USSR Dokl. Earth Sci. Sect' 124,

124-127 (1960)l
BonNnrulN-SreRYNKEVIcH, I. D. (1941) Analysis and chemical for-

mula of eschynite. Acad. Sci. USSR Dok|.30,234-23'7.
Bouirl, Vt,totmtr (19?0) A systematic review of metamict

minerals. Acta Ilnits. Carolinae, Geol' 3, 143-169.
Bnticcrn, W. C. (1906) Die Mineralien der sudnorwegischen

Granitpegmatitgange. 1. Niobate, Tantalate, Titanate und

Titanoniobate. Norske Videns.'Akad. Oslo, Math.'natur' Kl ,
Skr. l. l-162.

Cu,rNc, PSI-SH,'.N (1962) Niobian eschynite. Scientia Sinica, ll,

969-976.
E*tN, H. M. (1913) A geologic reconnaissance of a part of the

Rampart quadrangle, Alaska. U.S. Geol. Suru. Bull.535' 38 p'

ELLswoRrH, H. V. (1927) Lyndochite-a new mineral of the

euxenite-polycrase group from Lyndoch Township, Renfrew

County, Ontario. Am. Mineral. 12,212-218.
EvlNs, H. T., Jn., D. E. AppLsNrAN, AND D. S. Hlxpwrrxsn

(1963) The least-squares refinement of crystal unit cells with
powder diffraction data by an automatic computer indexing
method [abstr. E-10]. Program Abstr. Am Crystallogr. Assoc.

Meet., Cambridge, Mass., 42.
Ftrtscnrn, Mlcslrl (1966) Rare earths in the aeschynite-priorite

series. The status of lyndochite. Mineral. Mag. 35, 801-809.
Fono, W. E. (1932) A Textbook of Mineralogy' 4th ed. John Wiley

and Sons, Inc., New York, 851 p. (reprinted 1966).
Gorzsrvsr,lvl. S. A., exo G. A. Smonrnro (1962) A crystalline

variety of lyndochite. Dokl. Akad. Nauk. SSSR, l'f6' l176-1178

Itansl. Acad. Sci. USSR Dokl. Earth Sci. Secl' 146' 131-133
(1e64)1.

HnNRlcn. E. W.. AND A. A. LnvtxsoN (1961) Carbonatic



NONMETAMICT NIOBOESCHYNITEICd FROM ALASKA 3 1 5

niobium-rare earth deposits, Ravalli County, Montana. Am.
Mine ral. 46. 1424-1447.

HrNrzE, Cmr (1938) Handbuch der Mineralogie, Erganzungsband,
Neue Mineralien Walter de Gruyter & Co., Berlin, p. 2-5.

Kolxov, A. I. (1959) Minerals of the euxenite-polycrase and
priorite-blomstrandine series. Dokl. Akad. Nauk. SSSR,
126, gl-644 ltransl. Acad. Sci USSR Dokl. Earth Sci. Sect.
126, 584-586 (1960)1.

- (1963) Polymorphism of TRNbTiO" type compounds.
Dokl. Akad, .fr'azl<. S^S.SR, 148, 1182-1 183 fransl. Acad. Sci.
USSR Dokl. Earth Sci.  Sect.148, l14-l l5 (1963)1.

-, M. P. BELopoL'sKry, S. C. CHrnNonur, AND D. A.
Kolplrov (1962) Hydrothermal synthesis and X-ray study of
compounds ofTRNbTiO. type. Dokl. Akad. Nauk. SSSR,147.
687-688 ltransl. Acad. Sci. USSR Dokl. Earth Sci. Sect. 147.
ls0- l5 r  (1964)1 .

LnvrrsoN, A. A. (1966) A system of nomenclature for rare-
earth minerals. Am. Mineral. 51. 152-158.

Ltvr op Fnnrl, J. (1964) Identification of metamict minerals by X-
ray powder photographs. Junta InDest. Ultramar, Lisboa,
Estudos, Ensaios, e Documentos, ll2r 74 p.

MERTIE, J. B., Jn. (1934) Mineral deposits of the Rampart and Hot
Springs districts. U.S. Geol. Suru. Bull. lM4-D, 163-226.

Mrnwns, H. E., euo E. S. LnnsrN (1912) Mixtures of amorphous
sulphur and selenium as immersion media for the determination
of high refractive indices with the microscope. Am. J. Sci.34,

Mncnrll, R. S. (1973) Metamict minerals: A review. Mineral.
Rec. 4, 117-182, 214-223.

Moxultr,t, R. M. (1954) Reconnaissance for radioactive deposits in
the Manley Hot Springs-Rampart district, east-central Alaska,
1948. U.S. Geol. Suru. Circ.3l7,6 p.

Munlrn, K. J.,  H. J. Rosr, JR., M. K. Cnnnor. er*o J. J. Gless
(1957) Systematic variation of rare-earth elements in cerium-
earth minerals. Geochim. Cosmochim. Acta, ll, 14l-161.

Prnsr, AoolrH (1952) The metamict state. Am. Mineral. 37,
t37-r57.

PlLlcHr, CHlnlrs, Hlnny BrnulN, AND CLrFFono FnoNprl

(1944) The System of Mineralogy [7th ed.]. John Wiley and Sons,
New York. 1.787-796.

Rnurnur, KrLtnvo, eNo T. G. Slulrvrl (1950) Geochemistry.
Univ. Chicago Press, 912 p.

Sntrnnr, H., euo B. Brcr (1965'l. Zur Kristalchemie und
Geochemie der metamikten Minerale der Euxenit-Aeschynit-
Gruppe. l. Neues Jahrb. Mineral. Abh. 103, l-20.

SEurNov, E. I . ,  eNo R. L. BrnrNsru (1958) The composit ion
characteristics of the rare earths in minerals. Geochem.lUSSRl,
Engl. Transl, 398-419.

Sonautneunr, Junc, eNo Lorunn Wrrrn (1972) Aeschynit-(Y,
Gd, Dy, Er), ein neues Zerrkluftmineral der zentralen Schweizer
Alpen. Schweiz. Mineral. Petrogr. Mitt. 52, 75-91.

Vlesov, K. A., Ed. (1964) Geochemistry and mineralogy of rare
elements and genetic types of their deposits, 2, Mineralogy of
rare elements. Acad. Sci. US,SR, Izsl. Mineral. Geochem. Crystal
Chem. Rare Elements, 945 p.

Werrns, A. E., Jn. (1934) Placer concentrates of the Rampart and
Hot Springs districts [Alaska]. U.S. Geol. Suru. Bull. 844-D,
227-246.

WlvI-rNn, R. G. (1961) Tofty tin belt, Manley Hot Springs dis-
trict, Alaska, U.S Geol. Suru. Bull. 105&I, 363-414.

ZHlrn, A. G., G. N. MursnorNov, AND M. Yr. Kezlrovl
(1960) Paragenetic association of accessory rare-earth minerals
in exocontact fenitized rocks of miaskite intrusives of the
Vishnev Mts. Trudy Inst. Mineral. Geochem. Rare Elements, T,
5r-'73.

V. B. ALEKSANDRoV, AND M. E. Kezerove (1961)
Aeschynite of hydrothermal origin from the Vishnev Mts. Trudy
Inst, Mineral. Geochem. Rare Elements, T, 108-112.

rNo V. G. Ferl-rcHsv (1962) The first
specimen of nonmetamict aeschynite from the Vishnev Hills,
Ural. Akad r'{azl<. ,SSSR, 143,686-689 ftransl.Acad. Sct. USSR
Dokl. Earth Sci Sect.143, 86-89 (1962)1.

Manuscript receioed, September 17, 1974; accepted
for publicalion, Nouember 26, 1974.




