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MINERALOGICAL NOTES

Lithium borate decomposition of rocks, minerals, and ores

Mnnce r -yN Cnrvsn AND JuI- rus ScHlocrrn

U.S. Geological Suruey, Menlo Park, Califurnia 94025

Abstract

Lithium borate decomposition was tested for 26 National Bureau of Standard samples and
47 minerals. Those minerals that might occur in sil icate rocks and that are only partly
decomposed by this method include zircon, some metal oxides, some rare-earth phosphates,
one rare-earth fluoride (fluocerite), and many sulfides. For some minerals, decomposition is
facil i tated by the addition of quartz to the sample.

Introduction

Of recently suggested single-solution techniques
for the analysis of sil icate rocks and minerals, one of
the more versati le has been the l ithium metaborate-
dilute mineral acid method originally proposed by
Ingamells (1964). The method has been adapted for
use in emission spectrometry and flame photometry
(Suhr and Ingamells, 1966; Engels and Ingamells,
1970), colorimetry (lngamells, 1966; Shapiro, 1967),
and atomic absorption spectrophotometry (Shapiro,
1967; Yan Loon and Parissis, 1969; Medlin et al.,
1969; Abbey, 1970; Abbey et al., 1974; Saavedra et
al., 1974). A 2:I mixture of l i thium tetrabo-
rate-l ithium metaborate has also been used as a
flux, followed by dissolution in dilute acid (Shapiro,
1975). The common minerals of sil icate rocks-
quarlz, feldspars, amphiboles, pyroxenes, micas-a re
readily decomposed by l ithium borate fusion; nitric,
hydrochloric, or hydrofluoric acid treatment of the
fusion yields solutions readily amenable to analytical
techniques. The investigation reported here tested the
method on accessory minerals that occur in sil icate
rocks and as inclusions in sil icate minerals. The sam-
ples were selected from the study collections of the
authors and the geologists at the Menlo Park Center
of the U.S. Geological Survey and from the analyzed
standards of the National Bureau of Standards
(N.B.S.) .  The N.B.S.  s tandards were examined by X-
ray diffraction and polarizing microscopy to deter-
mine mineral  composi t ion.

Experimental

A 0.1000 g sample of  minus 100 mesh was mixed
with 0.7000 g of l i thium metaborate. A second 0.1000

g portion was mixed with 0.7000 g of a 2: I mixture of
l ithium tetraborate-lithium metaborate. The mix-
tures were transferred to pre-ignited high-purity
graphite crucibles and ignited in a muffie furnace for
l5 minutes at 950'C. The molten beads were poured
into 250 ml polypropylene beakers containing 100 ml
of 4 percent (by volume) nitric acid. The solutions
were stirred magnetically for l0 minutes and then
filtered through 9 cm hardened fast-filtering papers.
The stirring bars were wiped with additional pieces of
fi l ter paper that were added to the fi l ter funnels. The
filter papers were washed 20 times with disti l led water
and placed in pre-ignited weighed porcelain crucibles.
An additional porcelain crucible was used as a tare.
The papers were ashed in an oxidizing atmosphere
and the residues ignited for one hour at 600'C. The
residues were weighed and examined by X-ray dif-
fraction and polarizing microscopy.

Results and discussion

Fusion results for N.B.S. standards are l isted in
Table l. Assorted mineral-fusion results are l isted in
Table 2. Considerable variations were found in the
decomposition efficacy and in the pouring character-
istics of the fusions. Fusions from many minerals
could be poured completely from the graphite cru-
cibles, and the residues after acid dissolution weighed
less than 0.5 mg, that is, less than one-half percent of
the sample weight. Fusions from other minerals
could be poured completely, but significant amounts
of unattacked material were found after the acid
treatment. Fusions from some minerals stuck in part
to the graphite crucibles and could not be poured
completely; consequently, for these fusions the per-
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Tesls l .  Percent undecomoosed and characterist ics of residue from fusions of N.B.S. standards

3 1 9

N . B . S .  n o .  a n d  n a n e

R e s i d u e  ( w e l g h t

c e n t  o f  N . B , S .  s
Per-

I e ) Renarks
F l u x

LiBO' Mlxed

25c Hantanese Ore

27c Mesabl I ron Ore

27e Sibley Iron Ore

28a Norr le l ron Ore

56b Phosphate Rock
69A Baqxite
71 CsIclun t lo lybdate
76 Buhed Refractory

79 Fluorspar
89 Lead-Barlum Glass
9 7  F l l n r  C l a y
98 Plast ic Clay

L V Z  S a r L C a  b r l c k
l03a Chrone Refractory

104 Burned Magnesite
l t j  z lnc ure

l2O Phosphate Rock
137 T1n ore, Bol lv la

I 3 8  T i n  o r e ,  N e t h e r l a n d s
East Indies

I54 Tltanlun Oxlde

P y r o l u s l t e ,  M n 0 2

H e m a E l t e ,  F e 2 0 3

H e m a t i t e ,  F e 2 0 3

H e n a t i t e ,  F e 2 0 3

F l u o r a p a t l t e ,  C a 5 ( P o q )  3 F
C l b b s l t e ,  A 1  ( 0 H )  3
Powel l iEe, CaMoo4
S l l l l m a n l t e ,  A 1 2 S 1 0 3
C r l s t o b a l i ! e ,  S i 0 2
F l u o r i t e ,  c a F 2

K a o l l n 1 t e ,  A 1 2 S i 2 0 s  ( O H )  q
K a o l l n l t e ,  A t 2 S i 2 0 s  ( O H )  4
Q u a r r z ,  S 1 0 2
M u s c o v l ! e ,  K A l 2  ( A 1 S i 3 ) 0 r  o  ( o H )  2
Trldymlte, S102
c h r o n l t e ,  ( F e , u 8 )  ( c r , A 1 ) z 0 q

P e r l c l a s e ,  M g o
Z l n c i t e ,  Z n o
s p h a l e r l t e ,  Z n s
F l u o r a p a t l t e ,  C a s ( P o q )  3 F
C a s s l t e r l t e ,  S n o 2

C a s s i l e r i t e ,  S n 0 2

R u t 1 1 e ,  T i 0 2

Spodunene, LiAISt206
P e t a 1 l r e ,  L 1 A I S i q 0 l  o
L e p l d o l l c e ,  K ( L l , A t )  3  ( S 1 , A 1 )  q 0 1  0  ( F , 0 H )  2
B u n s e n i t e ,  N l o
B u n s e n i t e ,  N i 0

B u n s e n l t e ,  N 1 0

Cloudy acid solut ion contalnlng 2 LL2R\01.L LiBo2
f u s i o n  c l e a r e d  w i t h  a  f e w  d r o p s  3 0 7  H 2 0 2 .

Pourable with 50 mg sampte, 100 ng quartz,  700 mg
L i B o 2  p l u s  H 2 0 2 .  0 . 7 2  r e s i d u e .

Pourable wlEb 30 mg satuple, 100 mg quartz,  700 mg
L 1 B O 2 .  1 . 0 2  r e s l d u e .

Pourable with 30 mt sample, 100 ng quartz,  700 nB
L l B o , .  0 . 7 2  r e 6 i d u e -

Pourable wiEh 30 mg sanple, 100 mg quartz,  700 mg
L 1 B O 2 ,  1 . 0 2  r e s i d u e .

R e s l d u e  r e d u c e d  t o  1 2 2  w i E h  5 0  m g  s a n p l e ,  1 0 0  n g
q u a r t z ,  1 . 0 5  g  L i B 0 2 .

L i B o 2 - q u a r t z  f u s i o n  r e s i d u e  n o t  r e d u c e d .

Residue reduced Eo 2.27. sf th 50 ng sanple, I00
m g  q u a r t z ,  1 , 0 5  g  L i B O 2 ,

L i B o 2 - q u a r t z  f u s i o n  n o t  p o u r a b l e .

C l o u d y  a c i d  s o l u t i o n  c o n t a l n l n g  L i B O z  f u s l o n
cleared ui th a few drops 3O7" l l202. Acid

t r e a t e d  2  L i 2 B q 0 7 .  I  L i B 0 2  f u s i o n  d l d  n o t
c l e a r  0 i t h  H 2 o 2 .

l - i B o 2 - q u a r t z  f u s i o o  n o t  p o u r a b l e .
N o t  f l 1 t e r e d .  R e s i d u e  n o t  d e t e r m i n e d '  P o u r a b l e

w i t h  5 0  m g  s a m p l e ,  1 0 0  m g  q u a r t z ,  7 0 0  m g  L t B 0 2 .
0 . 6 %  r e s i d u e ,

N o t  f i l t e r e d .  R e s l d u e  n o E  d e t e r m l n e d .  P o u r a b l e
w i t h  5 0  m g  s a m p l e ,  I 0 0  n g  q u a r l z ,  7 0 0  m g  L t B 0 2 .

< 0 . 5 2  r e s l d u e .

I81 Ll thlun Ore
t 6 z  L a f n a m  u r e
183 Ll thlun ore
671 Nlckel oxlde
672 Nlckel oxlde

N o .  1

N o .  2

<  0 , 5 *  <  0 . 5

<  . 5
<  . 5
<  . 5

4 5 . 8  *

.6  - - -
3 2 . 7  3 4  . 6

<  . 5  <  . 5

3 4 . 3  l 9  . 3

. 6  <  . 5
2 9 . 3  7 0 . r

3 7  . 0  *  2 0 . 3 *

<  . 5  2 8 . 6
3 2 . 4

673 Nickel Oxlde No. 3

t  P a r t  o f  h o t  f u s l o n  s t u c k  t o  c r u c i b l e  a n d  w a s  o o t  r e c o v e r e d :  t h e l e f o r e  r e D o r t e d  r e s i d u e  i s  l e s s  t h e n  E o E a l  r e s i d u e .
t  ---  = Not fused wlth mlxed f lux.

cent residue shown in the tables is less than the total
residue. Fusions from two minerals, chalcocite and
turquoise, stuck completely, but the cooled fused
beads could be pried from the crucibles so that the
degree of decomposition could be determined. Fu-
sions from some minerals that would not pour were
rendered completely pourable by the addition of
high-purity quartz. Other fusions could not be made
pourable even with the addition of quartz.

The decomposition and pouring efficiency of the
two fluxes difl-ered l itt le. Lithium metaborate decom-
position was markedly superior for one mineral-
rut i le  (N.B.S.  154) ;  pour ing qual i t ies excel led fbr  one
mineral-galena. The 2 Lir2B4O7. l LiBO, mixture
provided better pouring qualit ies for pyrolusite, tur-
quoise,  and vonseni te.

A second small group of f ive N.B.S. samples was
ignited with LiBO, and the 2 LL2B4O7.l LiBOz mix-
ture as described above, but for a period of 45 min-
utes. Neither pouring qualit ies nor decomposition
properties were improved: fusions of N.B.S. samples
27c, 138, and 67 1neither poured nor dissolved com-
plete ly .  Fusion res idues of  N.B.S.  samples l03a and
ll3 were of the same magnitude as those residues
from the l5-minute f lus ions.

The residues contained varying amounts of graph-
ite that could only be estimated by microscopic ob-
servation. The graphite content is probably related to
the number of t imes the crucible has been used, for
with continued use the cohesion of graphite particles
decreases and graphite spalls from the inside walls of
the crucible onto the fusion. The fusion time is too
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Tlrle 2. Percent undecomposed and characteristics of residue from mineral fusions

llineral
General

cheDlcal fomla
lealdue (relght

percent of ptneral)
F l u x

L1BO2 Mixed

B@rtE

Ac t lnol l te
Albt te
Al Ianl  te
Anhydri  te
Ankerl te
Apat l te,  Montana
A p a t l t e ,  P e r u
Apatl te,  Quebec

B a s  t n a e s  l t e
B e r y 1 ,  c o l d e n

C h a l c o c i t e

Chalcopyrl te
Chroni te
Colunbite

Corundun

E u d i a l y t e
E u x e n i  E e

F e r b e r l t e

F e r g u s o n i t e

F l u o c e r i t e
F r a n k l i n l t e

G a d o l i n l  t e
CaLena
G a r n e t ,  a l n a n d l n e  ( A l a s k a )

c a r n e t ,  a l m a n d l n e  ( I d a h o )

G o e t h l t e

G!iphi te

I l h e n l t e

Magnetl te
l , lonazit .e

Ol iv ine

P y r l  t e
P y r o l u s  i t e

Quar tz

S c h e e l l  t e
Sphene
S p  i n e  I
S  t a u r o l i t e

T o u r m a l l n e  ( e l b a i t e )

T o u r n a l l n e  ( i n d i c o l i t e )

Turquoise

V e s u v l a n i  t e
Viv lani  ce
V o n s e n  i  E e

W o l  f r a m l t e

Xenot ime

ZLrcoa

Ca2 (lts, Fe) s I stE02 2 | (oll, F) 2
Na.A.ISt 30s
(ce ,ca ,Y)  2  (A l ,Fe)  3s t3012 (o t l )
CaSO!

c a ( M g , F e - ' , M n )  ( c o 3 ) 2

c a 5  ( P o q  )  3  ( o H ,  F ,  c 1  )
C a 5 ( P o q )  3 ( o H , F , c I )
C a 5 ( P O a )  3 ( o H , F , C l )

( c e , L a )  ( c o s ) F

B e 3 A 1 2 [ S i 6 0 r s ]

C u 2 S

C u F e S 2
FeCr 20 r,
(Fe, l4n) (  Cb ,  Ta) z0o

oA120 3

N a q  ( C a ,  F e ,  C e ,  M n )  2 Z r S 1 5 0  1  7  ( O H ,  C l )  2
( Y ,  C a ,  C e ,  U ,  T h )  ( N b ,  T a ,  T i  )  2 0 6

FeHOq

Y  ( N b ,  T a )  0 a
( C e ,  L a ,  Y )  F 3
ZnFe20q

B e 2 F e Y 2 0 2 ( S 1 0 \ ) 2
P b s
F e 3 A 1 2  ( S i O q )  3
F e 3 A 1 2 ( S i O q )  3
Fe0 (oH)

( N a , C a , M n ,  F e )  3  ( A 1 , M n )  2  ( P O a )  2 .  5  ( O H )  2

FeTi03

F e F e 2 0 4
( C e ,  L a ,  T h )  P O q

( M g , F e ) z l s l 0 q l

F e S 2

MnO2

s i 0 2

CaIJO +
c a T l I s i 0 a ]  ( o , o H , F )

M g A l 2 0 a
( F e , M g )  z  ( A 1 ,  F e )  e 0 5  [  s i 0 a l  a  ( 0 , 0 H )  2

N a ( L i , A l )  3 A 1 6  ( B o 3 )  3  ( s t 6 0 1  s )  ( o H )  q
N a  ( L i , A l )  3 A 1 5  ( B O 3 )  3  ( S t B 0 r  B )  ( O H )  q
C u A l  6  ( P O !  )  a  ( O H )  8 .  5 H 2 O

C a 1  e M g 2 A l 4  ( S i 0 q )  5  ( S i 2 0 7 )  2  ( O H )  q
F e a ( P O u ) r . 8 H r O
( F;2+, Mgt 2 Fe:+Bo 5

( F e , M n )  W O q

YPO4

Z r S l 0 !

<  0 . 5
<  . 5
<  . 5
<  . 5
<  . 5

<  . 5
<  . 5

20.3
<  . 5

82.4*  Not  pourab le .  Beads coo led ;  removed f ron
40.9*  c ruc ib les ;  d isso lved tn  45  min .
4 4 . 3
46.9

.5 Cloudy acid solutions contalnl.ng fusions
cleared vlth a feu dropa 3OZ td202.

. 8
<  . 5

<  . 5

.5 >100 < 50 nesh {Cloudy acl.d solutl.ons
>200 <100 mesh {contalnlng fusions cleared

{s l th  a  few drops  302 H202.

.6*  L iBo2-quar tz  fus ion  no t  pourab le .

<  . 5
t 3 . 2  *

<  , 5
<  . 5
<  .5*  Pourab le

700 mg
<  . 5

s l t h  3 0  m g  s a n p l e ,  1 0 0  n g  q u a r t z ,

L l B O r .  1 . 0 2  r e s l d u e .

<  0 . 5
<  . 5
<  . 5
<  , 5
<  . 5
<  . 5
<  . 5
<  . 5

20.4
<  . 5

9 r . 1 *
5 5 . 2 *
34.7
4 6 . 4

<  . 5

<  . 5

<  . 5

<  . 5

. 8
5 . 4

<  , 5 *

3 4  . 6
<  . 5
<  . 5
<  . 5 *

<  . 5

1 5 . 6  *

<  . 5 *
1 l  . 8

<  . 5

3 9 . 7
<  . 5 *

<  . 5

<  . 5

<  . 5

<  . 5
<  . 5
<  . 5 *

<  , 5
<  . 5
<  , 5 *

L . 4

. 7  *

<  . 5 *  L i B O Z - g u a r t z  f u s i o n  n o t  p o u r a b l e .
2 7 . 4

<  . 5

2 5 . 6
< .5 Cloudy acld solut lon containing 2 LL2R4O7.l  LLRO2

fusion cleared wlth a fev drops 302 H2o2.

<  . 5

<  . 5
<  , 5

<  . 5

<  . 5
<  . 5
<  . 5  L i B 0 2  f u s i o n  n o t  p o u r a b l e .  B e a d  c o o l e d ;

renoved fron cruclble; dissolved ln 45 nin.

<  . 5
<  . 5
<  . 5

2 . 6

4 . 1  3 . 9

2L.4  20 .3

*  A 1 1  o r  p a r t  o f  h o t  f u s i - o n  s t u c k  t o  c r u c l b l e .  F o r  f u s l o n s  1 n  v h i c h  p a r t  s t u c k  t o  t h e  c r u c l b l e ,  r e p o r t e d  r e s l d u e s  a r e
l e s s  t h a n  E o E a l  r e a l . d u e s ,

+  - - -  =  N o t  f u s e d  w i t h  n l x e d  f l u x .
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short to oxidize the graphite within the crucible. Thus
the HNO, solutions always contain some suspended
graphite. During the ashing of the fi l ter paper, tem-
peratures higher than 600'C were avoided so as not
to alter the composition of the residue . At that tem-
perature, the graphite did not oxidize.

Microscopic observation of residues obtained after
fi l tering and ashing showed that in addition to rem-
nants of the original sample, all of them contained
anisotropic particles as well as diatom fragments,
though they were present in amounts less than 0. I
mg. The particles ranged in size from 3 to 100 mi-
crons. Optical properties and X-ray diffraction anal-
ysis showed that the particles were mostly quartz and
minor amounts of feldspar and mica. Microscopic
and X-ray diffraction analysis of unused ashed fi l ter
paper revealed the presence of similar particles and
diatom fragments.

Conclusions

The lithium borate-mineral acid method for the
decomposition and dissolution of sil icate rocks and
minerals for quantitative chemical analysis is unsatis-
factory in attacking some accessory minerals. Rocks
and minerals containing oxides of the transition ele-
ments, rare-earth phosphates and fluorides, sulfides,
and zircon may not be decomposed completelytr the
melt may adhere to the crucible. The addition of
quartz aids in the break-up of some minerals and in
the pouring of some fusions.
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