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BARIUM FELDSPARS FROM BROKEN HILL, N.S.W.

At 2 locality known as The Piggery, on the outskirts of the town-
ship of Broken Hill, certain gneisses were found by to
contsin a high percentage of barium. The present investigation Wés
undertaken to ascertain the form in which the barium was present.

The existence of barium feldspar at this spot has been known for some

time, and is the subject of an investigation by S.R. Nockolds, who,

S.R. Nockolds, M¥in. Mag., Dec., 1933. Vcl. 23, pp. 448 - 457,

however, evidently did not receive for examination specimens of the
rocks richest in barium.
The rocks under examination were light celoured gneiss ceontaining
up to 15% BaOl.
The Bariuvm was found to occur in four different feldspars, one
being a new variety of celsian. The minerals studied were:-
celsian
Calcioc=celsian
hyalocphane
barium plagicclase
A careful search was made for cother barium silicate minerals

such as sanbomite, but none could be found.



CELSTAN, 2

This mineral was found in two specimens cnly, both collected
from within a few feet of one ancther. They are light grey in colcur
and do not differ appreciably in avnpearance frem the other barium
gneisses of the leocality.

In thin section the rock is seen tc have an equigranular structurs
with grainsize of the order of 0O.2mm. Feldspar is the chief mineral
constituent. It makes up 85 to 90% of the rock, the other 10 - 15
being chiefly quartz and hornblende. The latter is concentrated along
gneissic bands in the rock. It is & green variety, strengly plesochroic
X = pale greenish yellow, Y = dark green, Z = blue green. Accessory
minerals are plentiful, and include epidote, sphene, garnet, apatite,
zircon, orthits, chlorite, biotite and muscovite.

Two feldspars are present - celsian and plagioclase; both are quite
fresh, and practically undistinguishable under ordinary microscopic ex-
aminetion.

The plagiocclase is only rarely twinned; tTwin laws cobserved being
albite and pericline. The optic axial angle (2V) measured on the uni-
versal stage is 820, with negative sign, and this, together with the
high extinction angle of tbe albite twins, indicates a composition of

c gravity, 2.74, found by floating

1y
e

AngoAb18. This agrees with the speci

e}

-

the powder in heavy solution of diluted methylene iodide.

There is therefore, no evidence to suggest that this might be a

scme of

barium-bearing plagioclase comparable with that inﬁthe other rocks ex—
amined. During the examination of this slide on the universal stage,
about one crystal in three was found, in a random survey, to be celsizn,
This amount of celsian would account for the total Ba0 content of the
rock namely 11.79%.

The celsian is perfectly clear, and never twinned. It commonly
exhibits two perfect clesavages at 9009, fragments being perfectly rect-
angular in shape in broken parts of the section. The optical prepertiss
are as stated below. Its double refraction was determined in thin-

section by means of the Berek Compensator, and the refractive indices

deternined in sodium light, by the immersion method. fS was taken % Wy
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CALCIO=CELSIAN,

The spscimen (5081) containing calcio=celsian in white in coclour,
containing only occasional patches and lenticles of biotite up to 2cm.
in length. It was ccllected within a few inches of the specimeéen con-
taining ordinary celsian. ~

It is an equigranular rock, the grain size being about the same
as the rock containing ordinary celsian, namely about .2mm. Fine grained
irregular intergrowths of quartz and feldspar are to be freguently seen.

Feldspar is the chief mineral constituent making up about 90% of
the rock. LThe rsst is chiefly guartz, with a little biotite. Access-—
ory minerals are apatite, magnetite, sphene, zircon and orthite, the
latter altered, causing radial expansion cracks in the surrounding
feldspar. |

The biotite is the common red brown variety with pleochroism
X = pale yellow, Y = Z = deep red brown, and occasional pleochroic haloes

Two feldspars are again present - plagioclase and calciozcelsian -
They are both quite unaltered.

The plagioclase is generally twinned, albite and pericline being
the only types of twinning seen. The extinction angle of albite twins
(X' A 010) in section normal to the 001 cleavage is 43°, and the optic
axial angle (2V) 800, with negative sign. ZThese agree quite well for
plagioclase of the ccmposition Angg teo Ango.

The second feldspar is a variety of celsian containing about 4%
Ca0. The name "calciocelsian® is suggested for this mineral as indicat-
ing its relationship to the parent mineral, and at the same time indic-
ating the point at which the difference occurs.

The mineral is virtually indistinguishable from the plagioclase in
sections. Its presence was only discovered when it was found that a
fraction of the crushed rock sinking in Bromoform contained a much
higher precentage of barium than the original rock.

In thin section of the rock, however, most,possibly all,of the
untwinned feldspar is calcioscelsian. It rarely shows cleavages, and
so, owing to the lack of crystallographic directions, is readily over-
looked even on the universal stage.

For analysis and determination of properties a portion of the rock



was crushed and sieved. Material between -100 and -200 mesh was separat-

ed with bromeform, the calcio-celsian and heavy minerals sinking. This
was repeated several times on the heavy fraction. The heavy minerals
were then removed by electromagnet, the resulting powder being used for
the analysis.

Material between 60 and 100 mesh was treated similarly, ths powder
here obtained being used for the determination of optical properties.
A ‘canada balsam mount of the powder was prepared for universal stage
work. The properties thus obtained are set out and compared with other

occurrences of celsian belows

% Celsian Mol. I II II1
2V 860221 ggo 760
Sign +ve -ve -ve
RI SN 1.5835 1.579 1.572 T 001
Fb 1.5886 1.583
Y 145941 1.588 1.584 £ 001
ZAa 280 290
D.R. 0106 010 «012
S.Go. 3.384 3.1-3.2
Cleavages 2 very perfect 2 distinct (on

grains)
I. Celsian, Jakobsberg. J.E. Strandmark
II, Celsian, The Piggery, Broken Hill.

III. Calciocelsion, The Piggery, Broken Hill.

The chemical composition of the mineral is set out below, together

with the analysis of the lighter part of the gneiss.



METAL

ROCK CALCIOCELSIEN TONS.,
Si02 49.10 42.0 2.33
TiO2 .17 400
41503 25.43 25.8 1.67
Fen03 : .04
Fe0 | .19
¥MnO .005
Mgl —
Cal 7.65 4.0 <24
Nao0 1.68 «3 3
K40 .73 1ok .10
H20 + «35 .93
HZO - .08
P50 .06
S 04
Ba0 14.72 25.8 ;56
C1l 04

100.28 99.8

The deficiency of Ca Ba Na K ions is to be accounted for by the
solubility of the calcium oxalate. Small amounts only were obtained
for analysis, and considerable wolumes had to be taken to ensure separ-
ation from barium.

The sample is considered to be free from appreciable plagioclase.
This is borne out by the increase in the Cal0:Nap0 ratio in the mineral
analysis, and the unusual co@position is reflected by the change in op-
tical properties, particularly 2V and RI. The absence of clear cleavages
in thin section, in contrast to the perfect cleavages of the Broken Hill

celsian is a notable feature.

HYALOPHANE.

Hyalophane has been noted in two of the rocks ccllected, namely
5938 and 5945. 5945 is a dark grey rock with occasional white veins

running through it. It has the smcoth weathered surface of many of the



gneisses, owing to solution weathering.

An analysis of the rock yielded 7.06% BaO, sco that barium feldspars
were searched for.

The rock is almost entirely feldspar, two of which are present -
hyalophane and plagiocclase, in about equal proportions.

The hyalophane occurs throughout the rock as a rather fine equigran-
ular aggregate and it is clear, very rarely twinned or cleaved, looking
remarkably like guartz.

It was identified by its low D.R., low R.I., 2V = 760 and negative
sign, and by the fact that only .94/ Ba0 was found in the scid soluble por-
tion of the rock, hyalophane being inscluble in acid.

5938 is a coarser rock containing 4.64% BaO. It is white in colour,
the chief accessory being : ilmenite.

In this rock, plagiocclase of composition An754bos5 predominates, quartz
and hyalophane being less abundant.

The hyalcphane forms crystal grains up to 1mm. in diameter, not easily
distinguishable at first sight from the quartz. It is occasionzlly inter-
grown in a microperthitic fashion with plagioclase. It was distinguished
by the same means as that in 5945, the optic axial angle (2V) measured
on the universal stage being about -77°. From Winchell's information this
would indicate a composition of about Ory5Cngs.

It was unfortunately found impossible to separate material for anal-

ysis from either of the specimens.

BARTUM PLAGIOCLASE.

A barium plagioclase from this locality is the subject of a paper
by S.R. Nockolds. No comparable rock has been found in the series under
examination; only one was found to have a similar barium content as
Nockoldd rocks and that was 5938, containing hyalophane. The relative
BaQ contents of Nockolds! rock and feldspar (4.8% and 5.7% respectively)
is also peculiar in view of the fact that the rock was only 50% - 60
feldspar. However, certain of the rocks examined have a much lower barium
content, and it would seem probable that in these cases the barium is

contained in the plagicclase. A number of specimens were znalysed; Ba0



contents were found in different specimens to be 2.22%, 1.44%, .8C%, .6¢%
and .64%, about half these figures being obtained for the acid soluble
porticn of the analyses. The feldspars in each case were similar in
appearance, and énly one cr twe will therefore be described.

No. 5936 contained 222% BaO. It is moderately coarse rock with not
a great deal of quartz. It comtaiﬁs abundant sphene, often surrcunding
what is probably ilmenite. Hornblende, bioctite, chlorite, apatite,
zircen, and zoisite are also present.

The feldspar is generally twinned - a2lbite and pericline were
the only twin laws determined. The maximum extinction angle of the
albite twins in section perpendicular to 010 was about 44°9, while the

optic axial sngle was 890, with negative sign. These indicszte 2 compos—

-

iﬁion of‘én74Ab26‘and An71Ab29 respectively on the ordinary plagicclase
variation diagrams of Chudcbz. It will be seen from the stereogravhic
vrojection of the &lements of this plagicclase that its cpticzl crientatiom
is quite normal (Emmon's graphs being used), the cleaevage poles falling
close to Angp. This slight discrepancy in vazlues could possibly be
caused by the barium content of the feldspar.

However, as the amount ¢f Bal0 present only represents sbout 7% - 8%
of the celsian molecule in the feldspar, it would not be safe to state
definitely that the above varistiomsare real. This fs further enhanced

by the fact that the orientaticn variation diagrams as given by different
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workers vary slightly, resulting in & variation band rather than line,

this no doubt, being due to the unknewn effect of potash in the plagice-
clase series. | |

No. 5080 A is a similar rock with only 1.44% BaO. The properties
of the feldspar are almost identicsl with the above, except that the
optic axial angle (2V) was found tc be 860 with negative sign. Numer-
ocus specimens were found to contain smaller amounts of BaO. The feld-
spars in these, as would be expected, appeared quite normal plagioclases.

In view of the appearance of hyalophane in some of the specimens,
this mineral was searched@ for, on the possikility that the barium might

be present in that form in the rocks of Jlow BaC content but was not found.

Distribution of the Barium feldspars with respect to the amount of barium

Present.

The different feldspars into which the bariuvm enters is of special
interest when considered in relation teo the total smount of barium
present. It is not known tc what extent barium can enter intc the plag-
ioclase framework; the open nature of the structure will, hcwever, allow

of 2 certain amount of rsplacement of calcium and scdium by the larger

- ion. The plagicclase structure is somewhat contracted as ccmpared with

the orthoclase structure, so that the intrcduction of barium over a small
amount would render the\framework vnstable. As tc how mych barium could
be introduced, there is no real data. Alling ﬁas published a
diagram of the miscibility fields of albite-orthoclase-ancrthite. The
miscibility field of orthoclase-ancrthite is shown to be small, ortho-
clase entering into the anorthite molecule only to the extent of 5% at
low temperatures, and rising to 14% at high temperatures.

The rocks at present under examinaticn may be divided up into three
groupses

(1) Those in which the barium has entered intc the plagioclase struc-
ture. The Ba0 content of these varied from .64% to 2.22%.

(2) The barium has combined with potash present to form hyalophane,
this accompanying'a normal plagioclase. The two specimens in this group
contained 4.64% and 7.66% BaO respectively.

(2) Those of high barium content, which formed celsien.



Rock No. 5936, containing 2.22% BaO is chiefly quartz, and allow-

ing for the amount cf this mineral present, the plagicclase would
contain sbout 2% of the celsian mclecule.

“Tarnine new to rocks of higher barium content, we see the next
example (5938) contains %.64% Ba0, in this case as hyalophane. It
would seem then, that at a certain maximum but low barium ccncentrat-
icn, this ion cznnet be further abscrbed in the plagioclase structure,
but immediately combines with potash present te form hyalophane. This
change, then, apparently takes place somewhere in between a 3% and 5%
Ba0 content of the totzal feldspar molecules present. It seems prob-
able then, that basic plagicclases can only centzin up;to about 10%

f the celsian molecule without radically =2ltering the structure.

It is feasonable toc suppese that the celsizn z2nd ortheoclase molecules
would enter into the plagioclase structure in ccumparable amounts, owing
to the similer ionic radii of Ba and K. It is therefore interesting

to note the similarity between these figures, and those of Alling
given abeve for anorthite-orthoclase mixtures.

Another consideration in respect te this is the amcunt of pot-
ash present. The assumption has been made above that encugh potash
would be present to form hyalophane. In the present case this condition
appears to have been satisfied. If potash were lacking, the excess
barivm with either have to come out a2s celsian, or tc remain in the
plagioclase to a greater extent than intimated above.

The behavicur of the barium as it reaches higher concentrations
is more straightforward. A specimen containing 7.06% Bal was found
to be rich in hyalophane, but on reaching 10%, celsian was found to
be the barium bearing mineral. This is what is teo be expected in
this series of gneisé?rich in both barium end calcivm. The increszse
of these two ccnstituents would have to be as the expense of the 3l-
kalis, resulting in a K : Ba ratic tooc low for the formaticn eof hyal-
ophané. Celsian weould, then, have to be formed.

The positicn of the calcioccelsian in this discussion is peculizr.
Why and how it should form must have been dependent on special local

conditions of compositicn. The high calcium content of the rock may

have scome bearing cn the case.



It is interesting to ncte in connection with this, the low
diffusion limits, eveﬁ in rather high grades of metamorphism. Garnet
has beenmted in a number of the specimens; the small diffusion as
this grade is shown by the fact that the specimens containing csl-

sisn and calciccelsian were collected within = few inches.,

SUMMARY .

A series of barivm rich gneisses have been éxamined with a2 view
tc finding the form intc which barium enters into the mineral compos-
ition. Four barium containing feldspars have been described, one being
a2 new variety of the barium feldspar celsizn.

The described minerals are

Celsian,
Calciocelsian,
Hyalcophene,

Barium plagioclase.





