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RARE EARTHS IN MINERALS OF THE JOAQUINITE GROUP

E. I. SBlrBNov,l V. f. Buxrw,2 YU. A. Ber.Asuov,2 aNr H. SdnnNsBuB

ABsrRAcr

An apparently new rare-earth mineral of the joaquinite group occurs in nephelin-syenite
pegmatites of Ilimaussaq alkaline massif (S. Greenland). Optical and X-ray properties

are the same, as for standard joaquinite NaBaTirSirOrs from California, but the chemical

analysis is quite difierent: SiO, 33.82, NbzOs 2.31, TiO29.20, Feror 0.39, FeO 4.78, MnO

0.70, ThOz 0.38, RErOs 22.59, BaO 21.46, (Ca, Sr)O 0.03, Na:O 2.41, KzO 0.22, HzO 1.50,

F 0 38, -O:F2-0.16, sum 100.01. The formula is NaBa2Fe2+CezTi:SisOr6(OH) (Z:4).

Semiquantitative analyses of California joaquinite also showed the presence of consider-

able rare earths.

INrnooucrroN

During summer field work (1964) in the expedition of the Greenland
Geological Survey, headed by H. Sfrensen, in the Ilimaussaq alkaline
massif (S. Greenland), E. L Semenov found an unknown mineral of
composition NaBarFeCezTi2Si8O26(OH) containing 2370 F.E1o3 in the
nepheline syenite pegmatites. At present no barium-titanium silicate
minerals containing rare earths are known. However, the Soviet Com-
mission on New Minerals observed the similarity of unit cell dimensions
and optical affinities of this mineral with joaquinite, NaBa(Ti,Fe)aSiaOrr,,
for which the content of rare earths was not shown in analyses. Therefore
both minerals were studied.

Joaquinite has been described from San Benito County, California
(Palache and Foshag, 1932), and from Seal Lake, Quebec, Canada (Bell,

1963). One California specimen (No. 1) is from Ward's collection; No. 2
is from Dr. Brian Mason, National Museum, Washington (USNM No.
103055); and the Canadian specimen was donated to us by Dr. E. H.
Nickel, Department of Mines and Technical Surveys, Ottawa, Canada.

OccunnnxcB

In San Benito County, California, joaquinite occurs in natrolite
veins with neptunite and benitoite. These veins transect glaucophane
schists which contain 0.02370 RE of the yttrium-cerium group:
La12.eCe33.5Prs rNdrz gSma oGds.sDyr rErz.rYbz zYza.z' Vesuvianite with
16.770 Ce2O3 was recently found near a benitoite mine shaft in high-
temperature veins with garnet and perovskite (Murdoch and Ingram,
1966). At Seal Lake, Quebec, joaquinite occurs in fenitized gneisses and
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alkaline syenites together with aegirine, barylite, eudidymite, and nep-
tunite.

The following is a detailed description of our "apparently" new rare
earth mineral of the joaquinite group from Southern Greenland. In the
northwest part of the Ilimaussaq alkaline massif, on the right bank of
the Narssaq River at the foot of Kuanefield Mountain, a mineral occurs
in nepheline-sodalite syenitic pegmatites. A pegmatite lens 4X 7 meters in
size occurs at the contact between gneissic nepheline syenite (lujavarite)
and parent poikilitic sodalite syenite (naujaite). The pegmatite border
zone is melanocratic, consisting of aegirine and microcline and its central
part is leucocratic natrolite-analcime. The joaquinite-type rare-earth
mineral occurs in the intermediate zone, which also contains riebeckite,
analcime, sodalite, and steenstrupine. Pistachio-green ochres of rabdo-
phane are products of weathering of this mineral or steenstrupine.

GnNBnar, Prtvsrcar- AND Cr{EMrcAL PRopERTTEs

The weight of joaquinite from specimen (No. 1) is 2.5 mg, (No. 2) is
12.4 rng, and (No. 3) is 1.0 mg. By means of chemical analyses and chro-
matography, YU. A. Balashov established the presence and content of
individual rare-earth elements in all these specimens (Tables l and 2).
Semiquantitative analyses of the smallest specimens (Nos. 1 and 3)
showed about lS/s REzOa. More exact determinations in the largest
specimen (No. 2) indicated II.57o TRzOs (and also presence of Ca and
Sr). Thus joaquinite from California and Quebec contain rare earths, but
their amount is half of the content of rare earths occurring in the Green-
land specimen. AIso other substantial differences appear to exist in the
content of (Ca, Sr)O, TiO2, and other elements and hence, in chemical
affinities of these minerals (Table 1).

The mineral from Greenland (and from Canada?) with the highest
quantity of rare earths (and niobium) has maximum volume (2280 AB)
and dimensions of unit cell (especially, b:10.54). The California mineral
with a lower content of rare earths has a volume (2232 A3) and b:t0.465
A 1neu, toot;.

Apparently we have not one joaquinite, but different minerals of the
joaquinite group. But this problem can be completely solved only by a
new complete chemical analysis of the California-type mineral, since its
fi.rst analysis (by W. F. Foshag) was incorrect. The establishment of
rare-earth content in the California joaquinite shows the existence of a
new type of rare-earth concentrations, in hydrothermal deposits, geneti-
cally connected with harzburgites (serpentinites, glaucophane-, jadeite-

albite rocks), which are known also in the USSR in western Sayan,
northern Urals, Kamchatka, and central Kazahstan.
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Taern 1. Conmosrrrox aNo Cr,c,nA,creRrsrrcs oF MrNrn.lrs ol rrrn JonqurNrrn Gnorrp

Greenland

California

specimen Specimen Quebec

No. 1 No. 2

SiOz
NbzOs

33.82
2 . 3 r
9 .20

22.59
4 . 7 8
0.03

2 r .46
2 .41
I . J U

1  . 9 1 1

1 1  . 5

8 . 1
1 8 .  I

1 5 . 0

36 .4

30 .5
1 5 . 0

J . J

2 4 . 7  1 8 . 0
4 . 6

0.3(Mgo)

TiOz
REzO:
FeO
(Ca,Sr)O
BaO
Naao
HrO
Others

Total 100.01 100.0
Anaiyst: M. E. Kazakova W. F. Foshag YU. A. Balashov

1ThOr 0.38, MnO 0.70, KzO 0.22, Fe2O3 0.39, F:0.38-O:Fr 0.16.

California
Greenland Quebec

Specimen No. 1

Specific Gravity

"Y
d

2V
o  i n A
o

c

4 . r
r . 797
t . 7 5 4

+400
9.680

10. 539
22.345

V. I. Bukin

9.688
to.522
22.283

V. I. Bukin

1 .80
t . 7 5 2

9.699
10. 533
22.33

V. I. Bukin

3 .89
t .823
1 .748

+500
9 . 6 r

10.45
22.40

Palache

Tllln 2. Cou.posruoN or Rnno Elnrns rN Mrvnners oF TrrE JoAeurNrrE GRoup

ErDyGdSmNdLa

California
No. 1
N o . 2

Quebec
Greenland

2 4 . O
20.3
3 9 . 0
{+r+ . J

45 .5  6 .  5  2 r  . 3  1  . 0
4 8 . 8  5 . 1  1 8 . 3  3 . 5  2 . 4  1 . 0  0 . 6
44.0 17.0
4 1  . 6  4 . 4  9 . 5

t . 7
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Mrxnnar oF THE JoequrNrrr Gnoup rnoru GnBBNLAND--
Pnvsrc,cr, rlxo OpTrcar PnopnnrrBs

Greenland joaquinite forms banded gneissic and irregular masses up
to 4 X 3 X 1 cm in size, which consist of tiny bent flakes one millimeter in
length. The mineral is clear-brown with silky luster. Its specific gravity
of 4.1 was determined by hydrostatic weighing. The micro-hardness
(measured by J. A. Pudovkina with the instrument PMT-3) is 350-430

Tlrr,n 3. Cnrltrc.lr Couposrrrox ol rnr Jo,lqurwrrr-Gnoup Mrnrnel
lnou GnnrNlelrn

Component Weight Percent Atomic Proportions Grouping

REsOt
BaO
(Ca,Sr)O
Naro

KrO
HrO
F
- o : F z

Sum

0.071 8 .00
0 . r 3 7 : 1 . 9 3

0.077:  I  .  08

0 . 1 4 0 : 1 . 9 9

1 . 9 9

0.083

100.01

kgfrrrm2, which nearly corresponds to a hardness of 4.9-5.3 on the Mohs
scale. The DTA curve of the mineral (Fig. 1) has a strong endothermal
reaction of melting at 1040oC and a small reaction at 770"C (release of
water?).

The mineral is optically biaxial positive with 2V:40o. fndices are
a : t . 754 ;  B : t . 760 ;  7 :1 .797 ;  6 :7 .  E longa red  sec t i ons  have  b r i gh t
interference colors and strong pleochroism in yellow-green, ,y)a. Sec-
tions perpendicular to the c-axis have weak birefringence and no pleo-
chroism. In the plane of cleavage (001) there are two nearly perpendicu-
Iar svstems of cracks. with diasonal extinction.

SiOz
NbsOs
TiOz
FezOr

FeO
MnO
Tho:

33 .82
2 . 3 t
9 .20
0.39

4 .78
0.  70
0 .38

22 .59
2 t .46
0.03
2 .4 r

o .22
I - 5 U

0 .38
0 . 1 6

0.564
0 .017
0 . 1 1 5
0.005

0.067
0 .010
0.002

0 .138
0.140

0.078

0.005
0.167
0.022
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Frc. 1. Curves of (a) DTA and (b) TGA for joaquinite-group mineral from Greenland.

INrn.q.nen AND X-RAY DArA

M. V. Achmanova obtained an absorption curve in the region 400-
4000 cm-l on a Zeiss UR -10 spectrometer (Fig. 2), which is quite distinct
and rather characteristic for chain- or ribbon-sil icates.

The absorption in the area of 900-1100 cm-l, where usually there are
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Frc. 2. Infrared absorption for the joaquinite-group mineral from Greenland.
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stretching vibrations of the bond Si-O, as in this case, is characteristic for
silicates having in their structure SiO+-tetrahedrons, connected in chains
or ribbons (Table 4 and Fig. 2). This is confirmed by the presence in the
IR-spectrum of the sharp, narrow region at 730 cm-l, which apparently
concerns the symmetric vibrations of chains or ribbon polyradicals.

In the IR-spectrum of the Greenland mineral there is a weak absorp-
ion of molecular water from 3600-3400 cm-l and a minimum of absorp-
tion at 1620 cm-1. The IR-spectrum of this mineral, is closely related to

Tarlr 4. AesoRprrox Mrxnne ol rne JonqurNrrn-Gnoup
MrNnnnr- lnou Gnnnxt,lno

No. Frequency in cm-1 lnterpretation

.t

4

5
o
7

8
9

10
1 1
l 2

3600-3400 vw

1620 w

1M0 st
1000 sr

935 st
915 w
930 m, sp

680 w
650 w
590 st
500 m
470 m

v }fzO

6 HrO

as / Sioa-group, combined in chains or bonds

s z SiOa-groups, combined in chains or bonds

as s6 SiOr, Me-O

Explanation: st strong, w-weak, m-moderate, sp-sharp, sr-shoulder, vw very

weak. Me metal, z-stretching vibration, s symmetric, as-asymmetric.

those of aegirine, jadeite, aenigmatite, and rhodonite, and is similar also
to the absorption spectrum of benitoite.

From single-crystal x-ray diffraction examination, V. L Bukin estab-
l ished the fo l lowing parameters:  a:9.680*0.005;  b:10.539*0.010;
c : 22.345 -t 0.010 ; o: b : c :0.9 1 9 : I : 2.120 ; V : 2280 A3. This is the same as
{or the Canadian joaquinite (Bell, 1963). The most probable space group
is Dll":Cmcm, but may be also Cl? :Cmc2, and Ctz? :Ama2' X-ray
powder data (Table 5) for the Greenland mineral is similar to those given
for the California mineral, but the former has more intensive lines (001)

owing to its better layered textures.
Chemical analysis (Table 3) Ied to the formula NaBa2Fez+CezTizSisOzo

(OH) with molecular weight 1377. Then Z:4. Another way of writing
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Taslr 5. X-nnv DrnpnacrroN Pownpn Parrunx ol rrre

JoaqurNrrr-Gr<oup Mrnrter- rnolr GnnnNl.rtxo

No. hkt
d(meas), d(calc),

A A
No.

d(meas), d.(calc),
AA

I  0 . 9
2  1 . O
J  O / . J

4  2 . 0

5  4 . 2
o  t . . )

7  2 . s

8  3 . 5
9  1 . 0

1 0  1 . 2
1 1  3 . 5
1 n  A  n

1 3  8 . 8
14 17  .0
1 5  1 0 . 5

t6  100.0

r l  .1 . . ' )

1 8  2 . 0
t 9  5 . 8

2 . 2

/ . J

4 . 5

1 . 0

1 . 2

1 . 2

7 .09
6 . 8 1
.) . .)6

4 . 8 2

4 . M
4 . 3 0

3 . 7 9

3 . 7 2
3 . 6 6
3  . 5 5
3 .30

3 . 0 5

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

2 . 8 0

2.613
2.467

2.418

2 . 3 7 5

2 . 2 6 7

2.232

2 . 2 1 7

2 .  1 5 5

2.133

2.054

7 . r 3
6 . 7 9

z- rz-)
4 . 7 7  )
4 .44
4 . 3 0
3 . 8 3 \
s . 7 8 )
5 . l z

3 6 6
3 . 5 6
3  .30
3 .061
3 .o4 )
3 .00
2 .95
2 . 9 r
? RC)- ' - l

2 7el
2.7e)
2.614
2.468
2.420\
2 .420J
2 376
? ?60)- , - - '  )
2.2661
) )6Ll

2.234
, l  l l l \-  . - . .  \
2 .2181
2 . 1 s 8 f
2 .1s1 )
2.132
2 . osel
2 .0s7 |
2.0st)

110
1 1 1
004
200\
o22)
202
023
024\
rrsl
006
204
220
130
3111
026l
224
206
rr7
313]
008f
' ) ) \ l

M1
028
400\
2o8J
330
o4sl
2421
s33)

0 . 0 . 1 0
4()4l- - - '
sr7 I
422\
M6)
138
1so I0 . 2 . 1 0 1
lsl  J

2 . O

2 . 8

3 . 5

1 1

28

29

3 l

J . t

2.O28

1 .956

1 .895

1 . 8 7 2

1 .807

1 . 7 7 5

r . 7 3 8

1 . 6 7 2

1 . 6 + 7

1 634

1 .596

1 . 5 4 9

1 . 5 2 6

1 . 5 1 5
1 . 5 0 1

1 487

r . 4 7 8

1 .458

t . M 2

1.412
t .397

ffi1.l
02e I
028(

I

026)
956
qoc)
" ' "  I
8e3 |
8e3l
873 |
8701
811f
807 )
I  l o

7381
736)
67r
oJr I
6sof
647 )
635
rvo I
se6l
549
crq)
s27 )
515
501

n A 1

414\
41ol
396

047l
406l

2 .0 .10(
1s2)

1 . 1 . 1 1

MI
2  .0 .  12 \

062 I
1 . 1 . 1 3

260 I
2 .2 . r21

261 )
517

0 .0 .  14 \
602 J
604
622 \

0 . 2 . 1 4 1
2 . 0 . 1 4
J . l . t J

0 . 4  1 3
552\
462)

0 . 0 . 1 6

35

32
33

36
J I

38
39

45
46

2 . 2

1 . 0
2 . 8

3 . 0

1 . 9

1 . . )

t 2 . 8

1 . 9
1 . 9

1 . 0
1 . 0
1 . 0

0 8

0 . 8

1 . 1
0 . 8

7 . 2

0 . 920

2l

22
23

24

25

a)
4l
42

43

4

47

the formula might be (Na,Ba,Ce,Fe,Ti)s Si8026(OH.F)r:ArSizOz.
Titanium is isomorphically substituted by niobium; iron by manganese
and rare earths by thorium.
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Besides the above described mineral, we found in the same pegmatite
of Narssaq River a colorless mineral of the joaquinite group which differs
in its low indices of refraction (1.65) and in its unit cell dimensions o
:9.657,  D:10.508,  c :22.334 A,  especia l ly  on D.  The t iny p lates of  th is
mineral occur very rarely in vugs of natrolite. Apparently it contains the
minimum quantity of RE and (Fe,Ti).
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