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CHIASTOLITES

FROM

BIMBOWRIE, SOUTH AUSTRALIA.

By D. MAWSON, D.&., RE.
[Lecturer in Mineralogy and Petrology at the University, Adelaide, and Hon. Curator of
Minerals at the South Australh Museum
With Analyses byW. T. CHAPMAN, Analyst to the Mines Departmer@puthAustralia.

INTRODUCTION.

The chiastolites herein described constitute, for the most part, a select collection purchased
by the South Australian Museum through the Director. E. C. Stirling) from the original
discoverer, Mr. G. R. Howden. Further material originates from my own collection made during
two visits to the localities, in the years 1906 and 1907 respectively. For facilities afforded in the
field examination | angreatly indebted to Mrs. Edwin Crozier, of Bimbowrie Station. The
description covers over 1,000 speens roughly selected in the field, and transferred to
Adelaide for detailed examination. By such wholesale treatment many points have received
explanationwhich otherwise would remain in doubt. This will be sufficiently obvious on a
perusal of the text.

Mr. W. T. Chapman, Analyst to the Mines Department, very kinditgiEhed me with
the analyses, quoted herein, thereby contributing very largely to the work

BIBLIOGRAPHY.

Although, through the enterprise of Mr. Howden, mosiseums are stocked withese
chiastolites, little concerning them has bgriblished.The following short noticesnay be
mentioned:

"On Some Specimens of Chiastolite from Bimbow8euth Australia," by
Anderson. Records Austn. Museum IV., No.7 (1902), pp-3338
"Chiastolite from Bimbowrie, South Australia." Amer. Jour. Science, M.724,
p. 183.

This latter is a very short note inserted by Professor Dana.

LOCALITY.
Chiastolte crystals embedded in a schist matrix are developed on a remarkable scale in
the Bimbowrie District of South Australia. The outcsspnge over a wide area, some 30 to 40
miles north of Olary, the most convenient railway connection. The exact situsitienarded
in the accompanying sketch (Fig. 1).
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Fig. 1. Thustrating the location of the chiastolite cocurrence,
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The two most important discoveries are at Mount Howden and in the vicinity of
Poothlaringla Well. They have also been reported as occurring in less perfectly developed forms
over a wider area, as for expla at Nanceeta Hill, and even as far as Mount Victoria.

THE MOUNT HOWDEN AND POOTHLARINGLA OCCURRENCES

The original discovery was made by Mr. G. R. Howden on the flanks of a low rise,
now known as Mount Howden, situated some eight miles mwittihreastof Bimbowrie
head station. They exist there in a much foliated rock, and dynamic forces involved in
crumpling the strata have tended to round off the outlines of the crystals and to deform
them.

At Poothlaringla, five miles further to the nomast, the lsiastolite occurrence is of a
different nature. Firstly, the enclosing rock is more massive and has not suffered crumpling as
has been the case at Mount Howden. Secondly, both the internal and external features of the
chiastolites themselves are materiaifferent from those before meoned.

Both these occurrences, on account of the abundance and size of the crystals and also on
account of the characteristic internal features, rank amongst the most notable in the world.

THE LOCAL GEOLOGY

The region is ad with an average annual rainfall of about nine inches. Vegetation is
represented for the most part by salt bush on the low ground, and mulga, acacia, and sandalwood
on the hill sides.

The location is along a zone just where the Boolcoomata Hills metgé¢hie great level
plains to the north. The Boolcomta Hills are, for the most part, a gfeambrian formation in
which intrusive preCambrian granite bulks large. Flanking the older fdromais a thick series
of Cambrian rocks folded in gentle to stegpclines and anticlines.

The sedimentary formation from the metamorphism of which the chiastolites have been
produced is apparently of Cambrian agktrusive rocks, both acid and basic, are abundant in
the vicinity. As examples may be mentioned, thgehgranite boss catituting Bimba Hill, and
the extensive areas of ilmenitic basic rocks outcropping between the two occurrences and on the
plains towards the ironstone knobs.

Pegmatite in irregular dykiike masses is very frequently met with. Those emted
with the granite masses often carry beryl and less frequently tourmaline. Others, evidently
related to the basic intrusions, are highly titaniferous, yielding ilmenite and rutile.

In the vicinity of the great Bimba intrusion, a coarse knotted sishégveloped evidently
from the metamorphism of pexisting beds similar to those giving rise to the

* Theconsideratiorof a pre-Cambrian age has not been finally dismissed, but evidence
is stronglyin favour of these schists being conious with theCambrian slates nearer
Billlbowrie headstation.
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chiastolites at Mount Howdethere, however, the rock is highly foliated and crushed and no
perfect chiastolites are to be found.

In two spots close alongside the granite outcrop at Bimbowrie Hill, sioellrrences
of chiastolite schist have been noted.

THE MOUNT HOWDEN LOCALITY.

Almost all over the low rise dignified by the appellation ofunhp and named by the
discoverer of the chiastolites after himself, are knotted schists and chiastolite schists t
found. Much less conspicuous are sandy micaceous, laed, in one instance, a band of
recrystallised limestone, the latter, in parts where Impure, converted to ygpiémm epidote.
Details of the section across the strike of the strata are recordiee accompanying sketch
(Fig. 2). The high degree of metamorphism has prevented the

R ; ) -
Fig. 2. Cross-section across the chiastolite occurrence at Mount Howden.
determination of the possible continuity of the beds on the west vasie thn the east through
the medium of folding: The outcropping characters only have been.niAtgéneral field
inspection, however, seems to indicate a gentle syncline, whilst a small anticlinal fold can be
traced in connection with the calcareous strata on the western borders abstelita belt.

Faulting seems to be evidenced along thedinine copper lode noted in the sketthe
direction is somewhat easf north Along this line are evidences of metamorphism on an
extensive scale, very obviously the work of hot aqueous solutions. The neighbouring rocks are
highly silicified to form japers, and nickeliferous copper ores have beendotred. These
solutions have also exerted a powerful metamorphic action on the neighboring chiastolite schist
zone to the east, so that the rock has been bleached and the chiastolites are, almost without
exception, especially in proximity to the copper lode, represented by paramorphs chiefly in the
sericitic type of muscovite.

Between the copper lode and the coarse chiastolite zone to the west are outcrops of
crushed chiastolite schist. This latter is congzb®f knotty kernels of crushed and altered
chiastolite embedded in a matrix which, in the hand specimen, appears to almost solely
muscovite. In the microscope slide, however, a large proportion of quartz grabmaagous
matter, &c., is rendered apaant.

Further to the west the crushing has been less effective, and the foliated chiastolite schist,
typical of the Mount Howden occurrence, is met with. This is best developed on either side of
a coarse tourmalingranite dyke. The latter is of the pegnbatrariety,
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and, though varying considerably along its length, averages several yards in width; the trend
IS somewhat to the north of nosdlast, and the dip is with the strata to the seagh On the
footwall side of this intrusion the chiastolites, esdded in matrix, are best seen. A trench
about six feet deep has been cut across the strike at this point, and presents interesting features
aiding in the conclusions stated later. As shown in the sketch a recrystallised calcareous band
comes in here. Alog its upper junction is an irreguldeposit of cobalt ore. Some hundred
weights of magnificent specimarythrite werdaken from the outcrop. A-few feet below the
surface pyrites, cobaltite, and smaltitere encountered in a narrow formation only a few
inches wide. Development has rather disproved the extension of the cobalt ore in depth. West
of the cobalt lode granite dykes are encountered, cutting across outcrops of foliated micaceous
schists which are, in certain spots, productive of chiastolitesré&d sandy soil of the plains
then makes its appearce, and, forming a continuous surface veneer, prevents further
observation.

In the sketch the dip of the strata as noted in the field is indicated. The reveligal
on either side of the copper lodad the discontinuity at that zone is made apparent.

PETROLOGICAL DESCRIPTIONS

Field observationsReferenceas here made to the typical foliated rock outcropping to the west
of the section, Fig. 2. The chiastoliferous character of the underlying roe&dgy judged by the
abundance, and perfection of the mineral remaining behind as a residual surface mantle. The
properties of hardness and resistance to decay of chiastolite, the comparative softness of the matrix,
and the arid conditions fostering wingfosion and thereby removing the finer products of
disintegration, all promote the accumulationsofch a chiastolite mantle. This is illustrated in
Figs. 1 and 2, Plate 1.

Certain belts following the stratification of the metamorphosed rocks are, iwalyis
seen to be more favored than others. In the trench cut across the strike in the vicinity of the
pegmatitic tourmalingygranite dyke, some of the strata are seen to be loaded with large
crystals, whilst in other bands, often only several inches wheg,may be almost or entirely
absent. In all cases the latter are of a more sandy nature and where occasional chiastolites are
met with they are likely to be of lalge dimensions. Obviously the porous texture of these sandy
bands has assisted percolationt the scarcity of aluminous material has determined the
infrequency of the chiastolites. The belts richest in chiastolites may show as many as twelve
individuals from 0.75 to 1 inch in diameter, protruding from a face of one foot square. The
richest beltsare not necessarily found in closest proximity to the granite pegmatite dyke, and,
as thewholearea for a half mile to the east is chiasesbus, the dyke cannot be regarded as
being alone responsible for the metamorphism. It is very likely that, gitead depth below,
larger intrusive masses occur analogous with that of Bimba, and from which dseaaglout
offshoots.
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The marked foliation of the rock is nicely seen in the trench; the chiastolites form
kernels, for the most part resisting the ting, whilst the crumpled matrix folds around
them. One of the more noticeable results of the crushing is its efficiency in orienting the
crystals along the planes of foliation. They are only in rare cases seen in any other position,
and, further, in the lpne of foliation there is a marked parallelism of the long axes in a
horizontal direction. No evidence was deduced defining whether any of the crystal growth
had taken place during the period of foliation, but it is obvious that much, if not all, the
chiastolite development had been effected previously. This is attested to by the distortion and
fracturing of the crystals, and, generally, by the roundifigof the outlines, due to rotation
of the individuals in the fine grained base.

Macroscopic Characterof Hand Specimensarge cigarshaped chiastolites averaging
10cms. in length appear embedded in a shining grey graphitic and micaceous base. The base
is crinkled and folded around the chiastolite nucleii. Distortion of the crystals is common and
irreguar intergrowths are occasionally observable. In every case the original andalusite
material has suffered alteration to a greater or less extent; commonly this is towards a very
fine scaley aggregate of muscovite, and is rendered apparent by the opatlity pdrts
affected. Further reference to the detailed characters of the chiastolites will appear later.

Microscopic CharactersThe texture is helicitic* with porphyroblasts of chiastolit€he
groundmass is mainly composed of clear granular quartzngraveraging 0.2 mm. in
diameter. The larger fragments show evidence of strain. There is also abundance of colorless
mica which conforms to the sharply puckered foliafidanes and thereby determines the
helicitic texture. This is well seen in the micrapbgraph of the rock from the eastern
outcrop, Fig. 1, Plate X. The section is rendered darker in appearance by the presence of
much carbonaceous matter distributed as grains. There are occasional clouded sericitic
aggregates. A little yellowishrown ple@hroic mica is present, and is always more or less
altered to chloritic aggregates. Grains of ggliagioclase felspar with delicate twin
lamellation are generally distributed in small amount. Grains of iron ore in the state of
haematie are never wanting=xceptionally an occasional grain of garnet as much as 0.4 mm.
in diameter is to be seen.

The chiastolite individuals contain inclusions of foreign matter arranged according to
a geometrical plan; further details will, however, be reserved for lateensfe.

*Structure terms as used by Grubenmann:
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The following analysis is the work of MW. T. Chapman. Added for comparis@the
average* of the analyses of 79 slates and phyllites.

Mount Howden Average Slate and
ChiastoliteSchist. Phyllite Analysis

Sio2 55.15 60.49
A12 03 26.25 17.56
Fe O3 2.71 2.74
FeO 0.46 4.61
Mg O 0.52 2.51
CaO 1.11 1.26
Naz O 1.44 1.32
K20 3.88 3.31
H2 O- 0.33 31
H. O+ 1.59 03.61
Ti Oy, 0.80 0.73
P.O 0.24
CO. 0.12 1.11
FeS 0.47
Mn O 0.01
Carbonand Hydrocabons 4.27

99.62 99.56

The Mount Howden rock is therefore more highly aluminous than is usual amongst slate
rocks. There is, however, a large excess of silica over the composition of pure chiagtilt,
according to the formula AISi 0s, would be silica 36.80and alumina 63.26.

Metamorphism bthe Chiastolite SchisiAs already remarked, the ontcrop to the east of
the copper lode has been very severely acted upon by hbtnhalkalutions, sisequent to the
formation of the chiastolite. Over a large area the rock is white to creamy white in color and
very compact. Further away the rock successively assumes a darker color and normal
characters. Corresponding changes attend the contained Gteastehich pass from the
normal state without, through successive stages of replacement by aggregates of new minerals
until, where the metachemisation has been most effective, their identity is lost. Fig. I, Plate X.,
Is a microphotograph of the matrix afspecimen collected in the field from a situation where
an intermediate stage in the destruction of the chiastolites was witnessed. The rock has been
considerably bleached, but the chiastolites, though their shape still remains defined, have been
reducedo paramorphs composed of a mixture chiefly of sericite and corundum. The rock base
is still very much as noted in the normal rock though, perhaps, there is a slight increase in the
quantity of

*Quoted by E. S. Bstin. Jour Geol., 1909, p. 456
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muscowte. The helicitic texture remas. A microscope slide at hantepresenting a less
normal type of this bleached rock, shows a granoblastic texture with a grain size 0.05 mm.
diameter. The minerals are chiefly quartz, felspar, and fine muscovite. Tharfedspartly

albite and partly orthoclase, as determined by measurements ofrfative indices. Frequent
minute grains of corundum are also present, also leucoxenised titanic iron.

From those situations where the metachemisation has been more actiche
texture is lost, the granules are reduced to ar famel more even size, and the aggregates
paramorphous after chiastolite amagulated and drawn out in parallel direction. The stucture
is now blastgpsammitic.

In extreme cases the identity tife chiastolite forms is quite lost, and the texture is
schistose and of an even character. There is here a large increase in the quantity of fine sericitic
muscovite. In the formation of the latter the felspathic constituent appears to have suffered.

At the soutkeastern extremity of the copperine workings, there is a large outcrop of
very dense almost whiteck through which patches of a metamorphic variety of amphibole
are scattered; the microscope section shows, also, grains of sphene. A curkbry fie
examination appeared to indicate that this is a further extreme stage in tmeonpdiizm of
the sedimentat v rocks.

THE POOTHLARINGLA LOCALITY

About one mile west of PoothlaringVdell a low ridge trends in a general north and south
direction. At intevals along this chiastolites are found weathered out of the lyimdgrocks.
The crystals differ from those of Mount Howden, especially in the internal arrangement of
foreign particles. They preserve square or lozenge shaped cross sections, are fimegr e
distortion, and seldom much replaced by alteration products. difeetyp be seen projecting in
relief from the outcrops and shoaded on the surfHeematrixis massive and does not exhibit
the foliation which is so prominent a feature of Meunt Howden rock. The chiastolites are
distributed haphazard, and are frequently twinned and assembled in aggregates. In the
chiastoliferous area the outcrops trend in a general north and south direction. Beds devoid of
the crystals alternate with productives. Following along the outcrops of productive
horizons barren stretches may be met with.

Macroscopic Characters of the Hand Specimenhise appearance of the crystals in the outcrop
is shown in Fig. 2, Plate IV. In the photograph two of the projedtidgyiduals are seen to be
intergrown. A polished specimen of the rock (FigPlate 1V.) reveals porphyritic square cross
sections of chiastolite embedded in a dark grey, almost black, microcrystalline base, in which are
discernible scattered flakes white mica. The chiastolites averagerss. in length and 1.6ms.
square in cross section. They are coated with a verdjggen skin of decomposition products. The
central portions
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are almost white, relieved by dark lines of inclusions arranged aauprti geometrical
patterns.

Microscopic CharactersUnderthe microscope the base is seen to be composed, for the most
part, of granular quartwith a grain size somewhat over 0.1 mm. in diameter. Abundance of large
clear muscovite blasts are developaotighout the slide, and enclose poikilitically a relatively large
bulk of the other constituents. This is an unusual mode of growth in the case of muscovite, but the
identity of the latter has been checked by a series of optical measurements. Theselgsti&ilo
muscovite plates frequently measbneam. in diameter. Grains of felspar appear to be present
with the quartz, as the fractive index of some of the grains is below that of the Canada
balsam. Occasional areas larger thandgtanules of the baserea met with composed of
sericitelike aggregates.

A delicate fibrous mineral is abundantlv present, forming sheaves and also distributed at
random through the body of the other constituents. This agrees with sillimanite in its general
optical properties. Mch fine granular carbonaceous matter and a litematite give the
section a dark appearance.

The chiastolite individuals are bordered by a narrow replaced zone of
cryptocrystalline muscovite, but are otherwise quite fresh.

For the following two analysel am indebted to Mr. Chapman's exertions. fiits¢
represents rock taken from an associated outcrop in which no porphyroblastic chiastolite
occurs. In general mineral character it is identical with the matrix just described, and is
therefore a muscovisillimanite schist. The second analysis refers to the chiastoliferous
variety of the same; this may be described as a musesilliteanite-chiastolite schist.

Poothlaringla Poothlaringla
Muscovie-sillimanite Schist. Muscovite.sillimanite
ChiastoliteSchist.

SIiO; 68.54 65.69
AL, O3 17.08 17.59
Fe Os 0.08 0.73
Fe O 0.88 0.53
Mg O 0.21 0.59
CaO 0.97 0.59
Na, O 1.13 1.50
K2 0O 2.86 3.98
H2 O- 0.47 0.17
H, O+ 1.62 1.78
Ti Oy, 0.80 0.90
P.O 0.20 0.26
CG 0.16 0.12
FeS 0.04 0.03
Mn O 0.62 0.49
Carbon and Hydrocarbons 4.21 4,92

99.87 99.87
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These rocks agree very closely in composition, and it therefore appears that the absence
of chiastolites in some portions of the beds has been due solely to the lack of the requisite
physical caditions during metamorphism.

The Poothlaringla rock is markedly lower in alumina and higher in silica than that of
Mount Howden. The comparative richness of the latter in the chiastolite producing constituent,
alumina, has no doubt occasioned, in somesmers the more rapid rate of crystallization
inferred later.

THE CHIASTOLITES.

Crystallization-Thosefrom Mount Howden*, on account of the mechanical nmogats
experienced in the matrix, do not show definite faces. The outlines are rounded and theecomple
crystals usually taper towards the extremities, thus assuming a cigar shape. Exceptions due to
distortion are very common. Some of the fragments collected from surface material measure as
much as 7 cms. in diameter, whilst many have been pickefl apsl long. On the 'whole they
are fairly uniform in size, and very small ones never occur in association with those of large
dimensions. Crystals embedded in the foliated schist from the western outcrop are shown in
Fig. 5, Plate Ill. Most of the material @nined occurred loose on the surface, having weathered
out of the underlying schist; examples of these are figured in Plate Il. and in Figs. 1, 2, 3, and
4, Plate Ill. Very frequently a quantity of schist base adheres to Heeim,Figs. 1 and 2, Plate
II. Where they have been exposed for long at the surface, the softer carbonaceous material
between the arms of the cross is more or less completely removed, and the external morphology
assumes that of a distinct cross as shown in Fig. 5, Plate II.

The chiastlites from Poothlaringla always show definite boundaries in the prism zone,
though the surfaces are often warped and irregular. No attempt towards the formation of
terminalfaces is evidenced. In the matrix the extremities lar@efined, actually mergingnto
the schist. Even in the prism zone the faces are never bright and reflewiiimg to ervestment
by a skin of alteration products. Although the majority are almost square in cross section and
bounded by 110 faces, many are lozenge shaped. Tigelari¢y of the angles between the
bounding planes indicates no fixed facial relations. Compare the square sections of Figs. 9, 10,
16 with the lozenge shapes of Figs. 23, and 27 of Plate VIII. More commonly the bounding
planes in the lozenge shapes @ont to the 430 faces; they can, however, scarcely be regarded
as true crystal faces.

Intergrowths-On slicing some of the specimens what, from an external inspection,
appeared to be a single individual, proved to be a close intergrowth of two Fig. 1lXPlate
There is here a parallelism of the principal axes. Frequently also the lateral' axes are found in
parallel position. An interpenetrant growth at a divergent angle, both individuals extending on
either side of the junction, was recovered from amongstesidual surface material.

At Poothlaringla, where there has been no orientation due to foliation, contact growths

*Polished crossections have been on sale in the spratious jewellery trade under
t he name of AAustralian | ucky stones
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and interpaeetrations are more frequeAt.contact growth is seen in Fig, Plate 1V.
Theseagain, however, the union appetode accidental and not govednby lavs of
twinning.

Cleavages- (110) perfectgivinga. characteristic appearance to basal sectionséasin those
from Poothlaringla. Cleavages parallel to thandb faces are distinct in the Poothlaringla type,
often, however becoming coarse and irregular and degenerating into a parting plane. Those
from Mount Howden never skhomore than a parting @he in this direction.

Amongst the collection are 30 specimens, all from Mount Howden, terminated at one or
both ends by natural parting planes. In all cases these are very regularly inclined and indicate a
parting plane parallel to ti#L1face, Figs. 23, and 4, Plate IX. In the micsoope slides of the
Poothlaringla variety a parting in this direction is indicated.

Optical Characters Color. -The unchanged chiastolite at Mount Howden isy$gzarent and
almost colorless; a faint tinge of violet is justadimible. As alteration proceeds the mineral becomes
opaque, and is then usually white; shades of red and yellow are common, however, due to the
deposition of oxides of iron. In the central portions the Poothlaringla chiastolites are faintly violet
colored whilst an outer zone is colorless to faintly green.

Pleochroism:-Variable; those showing violet tints exhibit noticeable changes of color when in
fairly thick sections.

Optical Sign - Negative.

Optic Axial angle- Normal The mineral from both localitiegivesapproximately the same
angle.

MechanicalDeformations- In some belts at Mount Howden the crystals are all more or less
deformed by the energetic movements which have taken place subsequent to the chiastolite growth.
Fig. 1, Plate VL., is a bent andbttened individual. Very commonly they have snapped perpendicular
to their length, and the several parts become dragged out whilst the pasty matrix has been forced
between the sections.

In certain situations they have suffered crushing until reducee fotim of pelletsThese
resistant kernels (Figs. 2 and 3, Plate VI.) are found in abundance on the outcrop. Howden's
fish-tail type (Figs.l, 2, 3, and 4, Plate l1ll.) is the result of pressimesuch cases the crystals
have first been rotated until tihdiroadest dimension is normal to the pressure. This is evidenced
by the bending of the arms, more particularly thddech eventually stand parallel to the
direction of greatest pressure. The curiouikienstructure in the plane normal to the force is
due to the opening of the crystal along parting planes. These have been referriid hetas'
types.* Besides, the curvature already referred to usually show flexture at the extremities
resulting from rotational movements.

* Amer. .Jou. Sciene, 1907, p. 83,
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Fig. 4. The
appearance of a "fistail"
chiastolite as seen i
crosssection.  Pressur
and rotation in its bed ha
caused the bending of tr
arms. This is mos
noticeable in the shor
arms standing  more
nearly in thedirection of
pressire

Fig. 3. Diagam
representing the gener:
plan of a ‘“fishtail"
chiastolite. The large
vanes in the plant
perpendicular to  the
pressure show curvatur
of the extremities due tt
rotational movements

Many crystals showing no outward signs of defarora are found to have suffered
internally. Thus in Figs. 4 and 5, Plate VI., the arms are seen to have been bent. In Fig. 6, Plate
V1., the crystal has been forced to grow in a flattened form; gyration is indicated by the bending
of the arms of adheringatrix. Figs. 7 and 8, Plate VI., show flattened growths, and Fig. 9, Plate
V1., is a form resulting from growtknlargement in the plane normal to pressure.

Alteration Products- A large majority of the Mount Howden material is in the form of
paramorphousggregates, most usually composed of the very ftaéeyg varieties of muscovite. In
this state the mineral presents a waxy appearance, and is very soft. Many of the microscope slides
show an exceedingly fine grained homogeneous product (Fig. 2, Platesdih cases the muscovite
may be referred to sericite and the forms are paramorphs after chiastolite. More frequently the change
products are less homogeneous. This inhomogeneity may exist only in the texture. A study of a series
of cases illustrates thmodus operandby which the change takes place, and shows cause for the
variation in texture. The chiastolites are first attacked at the periphery, and a zone céligye s
muscovite of the variety known as damourite is developed. An early stage isishiemgnl5,

Plate VI.; Fig. 16 of the same plate is a good example of a more advanced stage in which more
than half the crystal has been altered to coarse damourite scales arranged
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in reference to the dominant cleavages of the original mineral. Caseet&wéth in which °
the alteration after this manner has been complete, and a Greek cross in large damourite scales
remains.

It is seldom, however, that the substitution takes place regularly from the periphery, for
the active solutions find ready accdesthe interior of the crystals along the cleavages. The
alteration, therefore, more commonly commences from the cleavages, and spreads throughout
the more solid portions of the mineral until substitution is complete. Polished specimens,
representing an tarmediate stage, show kernels of translucent chiastolite which occupy the
meshes of an opaque white lattice of alteration products following the original cleavage cracks.
This is shown in Figs. 18 and 20, Plate VI.; also in the miwotograph, Fig. 3, Bte X.
Damourite flakes extend outwards normal to the cracks along which the alkaline solutions have
gained access. The further alteration of the remaining andalusite kernels results in a much finer
grained and irregular aggregate; by reflected light qoleshed specimen they appear more
opaquewhite whilst the damourite along the cleavages is waxy. Figs. 17 and 19, Plate VI., are
cases where the alteration has been complete and the structure referred to remains. In
microscope sections the more opaquenkbs are seen to be exceedingly finely crystalline
aggregates, apparently identical with the material called pinnite. High power examination and
detailed determination of the mean refractive indices by means of oils has distinguished,
amongst this pinniteaggregate, a predominance of a mineral answering to muscovite, and a
smaller admixture of a like mineral with slightly lower double refraction and somewhat higher
refractive index; there is also a slight amount of a like mineral with lower refractive amtkx
lower double refraction, thus answering to talc. Boiling concentrated sulphuric acid has almost
no action on these paramorphs. A qualitative analyses, after fusion with sodium carbonate,
returned silica and alumina in large bulk with small amounteagnesium and lime.

From the above it is evident that the first change product is coarse muscovite, variety
damourite. This is developed at the periphery and along the cleavages. The remaining kernels
are then converted to microcrystalline flakey aggregatiiefly the sericitic variety of
muscovite; but containing an admixture of smaller quantities of like minerals varying somewhat
in optical properties.

The crystals from Poothlaringla avery little affected by these changes, and there is
seldom morehan a surface veneer of pinnite. A microphotograph of the periphery of one of the
crystals is shown in Fig. 6, Plate X. It will be noted to be eaten into irregularly along the border,
and converted to sericHéke muscovite. A similar case is figured bpdroix.*

The bleached zone to the east of the copper lode at Mount Howden yields particularly
interesting paramorphs. These are intimate mixtures of muscovite and corundum. The

*Mineralogie de la Francgt de ses Coloes- Pars. 189395, p. 31,
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mus®vite is in fine but distinct flakes. The corundum is present as both larger colpd@ss and
dustlike particles.

Fig. 4, Plate X., shows a large grain of corundum embedded in muscoviteqlihBon
representing the change may be writen

6 Al2 Si 0s (Chiastolite) + ik COsz +2H20 =2H K Al sSiz012 (Damaurite)

+3A1:03 (Corundum.) + CQ

The change has been attended also by a decarbonation of the beds, and they are now quite
bleached in consequence. Figs. 11 and 12, Plate VI., are cross sections @athesaphs in
muscovite and corundum. Note the irregular outlines shown in Fig. 11; this is the effect of corrosion.
Fig. 13 is a lengthwise view of a corroded and bleached chiastolite from this zone.

A considerable amount ofabmatite is sometimes deptasi amongst the muscovitd the
pseudomorphs. The resulting aggregate resembles aventurine, though imdrandgess. Examples
are figured in Plate XI., Figs. 20 and 32.

A microscope section made from one of the kernels from the crushed zone to tloé tivest
copper lode showed it to be composed of a microcrystalline piliketaggregate, chiefly muscovite,
in which are embedded numerous prismatic grains of zoizite. The zoizite prismsvatesgrarallel
to the 100 faces, and' are all beautifully ysgtthetically twinned with the (100) as plane of
composition. The double refraction is normal, whilst the refractive index is almost that of epidote.
Fig. 5, Plate X. illustrates this remarkable paramorph after, presumably, chiastolite.

Foreign Inclusions - The geometrical arrangement of the foreign inclusions presents
features of special interest. The photographs reproduced in the accompanying plates are
sufficient evidence of the diversity of form assumed.

All minerals crystallising in the presence of dagn solid matter are likely to include
poikilitically within themselves fragments of the latter. In the case of crystallization from molten
magmas, earlier separations may be included at random in later crystals; as in the familiar case of
augite poikiliically enclosing felspar. More rarely the crystaltina of the later mineral has exerted
a force on the already solid foreign particles, and arranged them as inclusions according to a
geometrical plan; this is the case, for instance, in certain leucites.

Obviously, where the molecular forces involved in crystal building have been unable to cope
with the viscosity of the molten magma in removing foreign matter from the sphere of crystallization,
much less effective may they be expected to be in the casgstdllizdion in solid bodies, where
hardly more than the pore space is occupied by the crystallising solution. The case of calcite sand
crystals,\¥here the calcite has been unable to expel the sand grains from the crystallising area, may
be cited. Thdest examples, however, are forthcoming from those crystalline rocks which have arisen
from the recrystallization in the solid of pegisting rocks. Amongst these poikiloblastic texture is
common. Less frequently the poikiloblasts carry the foreign gbastiarranged according to
geometrical
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plans. In such cases the distribution is controlled by definites laf crystallization. This
orderly packing of foreign particles is known to take place only with certain minerals, as, for
example, in the cases ahdalusite, staurolittand cordierité In these cases the inclusions are
always referred to carbon granules. The inert nature of carbon towards solution no doubt
helping to determine its persistence because, in such a case, removal from the sphere of
crystallization would depend to a greater degree upon the molecular forces of crystallization.

Rosenbuschhas summarised the literature dealing with inclusions in chiastolites.
addition the explanation set forth by Penfield and Pratt§ should be inchsdeeiaring just as
much on chiastolite as on staurolite.

The conclusions arrived at are essentiallyolisws: -

Additions to crystals during their growth must be attended by expulsion of foreign matter
from the region of crystallization. This will bedst effective at the intersection of faces, and,
generally, the more acute the intersection the greater will be the tendency to retain impurities.
Large crystals formed under the adverse conditions of crystallization in the solid rock may,
therefore, be eected to be traversed by planes along which foreign matter is thickly strewn,
these planes being the traces of the crystal edges at different periods of its growth. The amount
of such inclusions will depend on local conditions such as the compositible geherating
rock and the rate ajrowth Other things being equal, the more rapid the growth the greater
will be the foreign content.

In the cae of a chiastolite which has grown by regular enlargement of the 110 and 001
facesthe following figures aréo be expected for cross sections

T T ' X <
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(a) (b) (e)
Fig. 5. Cross-sections of & typical chiastolite crystal developed by the regular enlargement of the 110 and
001 faces. (a) Central section.  (b) Intermediate section.  {¢) Section near an ext remity.

Amongst the Mount Howden material no case resembling Fig. 5¢ has come under notice,
but several in the 5b stage are known, compare Fig. 6, Plate VI. More frequently a white square
insignificant in dimensions appeadrsthe centre, as in Figs. 5 aGdPlate VII.

*"On the Chemical Composition of Staurolite. and the Regular Arrangement of its
Carbonaceoukiclusions.” by S. L. PenfieldndJd. H. Pratt. Amer. Jour. Science, L894,
p. 81.

t Jour. Science College. Implliv. Tokio, 1890, va III.. p. 313.

tt " Physiographe deMineralienundGesteine" 1905, vol. 1., part 2, p. 134.

8 Loc cit.
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Longitudinal sections through such crystals show that the square pyramid increases its
diameter but very slightly towards thgteemities; compare the serial sections (Figs. A and
B, Plate V.).

In these crystals the growtdditions, building up cross sections after the manner of a
Greek cross, have been most active in two planes perpendicular to each other. In some cases
as inFig. 9, Plate Vr., one of these planes has been specially favored in respect to the other.
This is likely due to increased porosity of the matrix in that direction, or to growth under one
sided pressure.

The study of a large number of sections has showetlremities of typical cases to

Vane of crystal

{PICEr I50CTOUS .
2 squar: pyramid

Fig. 6. Diagrammatic cross-section of a Mount Howden chiastolite showing shape
of the vanes and tiny interior square pyramid representing the 001 growth.  Such forms
are the result of very rapid crystallization in the presence of abundance of erystal-forming

. molecules.

Fig. 7. A drawing in Fig. 8 Represeration of a

clinographic projection of
the " vanes" in a&common
type of Mount Howden
chiastolite The enlargemen
of these crystals takes pla
by lateral and longitudina|
additions to the vanes. Th
growth is too rapid for
normal additions to thé01
faces

chiastolite crystal from
Mount Howdenin whichthe
growth appears to haween
of the nature of rapiq
additions, along two plane|
perpendicular to each othe
succeeded by a ped of
feeble growth accountin
for the corner areas bearir
abundant inclusions
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be asrepresentedn the drawings, Figs. 6 and 7. This shows that lengthwise additions have
been made by accessions to the lateral vanes; the inconspicuous aciculad pytiaim is all

that can be attributed to normal termifiate growth. Such a formppeardo indicate that, at

-the time of growth, there was great abundance of andalusite forming molecules and that
crystallization proceeded extremely rapidly.

It is a fanmiliar fact that, in rapid growths from supersaturated solutions, the acicular form
is commonly assumed. These crystals are of this class, averaging five or six times 'as long as
they are broad. The rock is so predominantly composed of aluminium siliedteutectic
crystallization can hardly be supposed to have been concerned in theitidorrRarthermore,
considering the abundance of crystallisable material and the relative fewness of neucleii,
indicated by the isolated distribution of the chiastolitethe rock, it seems proper to assume
that crystallization has taken place from solutions in the metastable state.

Having regard for the conditions which cause the metamorphic changes involved in
chiastolite development from slaty rocks, it appears tihey are such as to lead to crystal
growth under conditions quite otherwise than those pertinent to normal solati@hsperating
in the case of igeous rocks. The prime cause must be heat, arising either from intrusive rocks
or from regional deegeatectonditions. The solvent is apparently the water of the-slaie,
held partly chemically and partly mechanically combined. On account of the abundance of
aluminium silicate in clayslate, it is likely that it is always present in excess of theesl

When the temperature hasen to the point at which hydrated aluminium silicate passes
into solution, and the region of stability of chiastolite is entered, a very rapigon may
be expected. The conditions will be those of saturation, considerengmnttall amount of
available water (the solvent). Crystallization of chiastolite will procead passuwith
solution of the hydrous aluminium silicate. A conditmirsaturation is thus maintained, which
is not likely to be affected by the accession aitigiven off by the reaction.

Ha Al2 Siz2 Og (Kaolin) = Al2 Si Oz (Andalusite) + 2HO + Si O

Summarising, it appears that these chiastolites have, in the first instance, increased by
vigorous growth longitudinally along two planes perpendicular to edoér.oLater, as the
available silicate of alumina became scarcer, the rapidity of growth diminished, though the
additions appear to have been made with greater regard for proper crystal shape. A finished
form so developed will resemble Fig. 8.

The presene of much foreign matter diicates languishing growtiCases are met where
the region between the vanes of the cross is evenly, dark coloretthers the
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white cross of pure andalusite is completely enclosed by dark colored additions. Examples
appear. o Plate XI.

Polished sections of the rock show that it is comparatively porous, with the exception of
the chiastolites themselves and certain adherent portions of the matrix. In these latter,
chiastolite material has been deposited in the pore spaced.0OFiglate VI., shows porous
and nonporous groundmass.

A cross form having once developed, it is obvious that conditions will be favorable for
its persistence, at least, until a large size is reached. This is illustrated in Fig. 9.

Fig. 9. EmpyricalJ grdpcal It is also necessary to fix upg
representation of the tributar some limit for the effective

areas to points upon the surface
a cross shaped chiastolite.
comparison is here made betwe
the probable supplier to the poin
(a) and (b), where (a) is a point

molecular attractions. The lim
always r@naining constant, it is
obvious that, wh increasing size
of the crystal, the advantag
enjoyed by the ends of theanes

in the matter of molecular supp
will steadily decrease, so that
restriction is placed upon the' si
of such growths.

the extremity and (b) any situatiq
on the sidef a vane. In this simpl¢ % b \/
demonstration of comparatiy — <
supplies, complicating detals
have keen waived.

The Poothlaringla chiastolites have grown undenditions differing from those
established at Mount Howden, having formed in a rock poorer in chiastolite producing
material and under massatic conditions; the result has been variation in morphological
characteristics. They often occur bunched togethihe matrix. Their dimensions are smaller
than those at Mount Howden. The larger ones average about three inches in length; the
proportion of length to breadth is also slightly less. The cross sections are all square ,or
rhomboidal, and are bounded phane surfaces. The grow#ldditions in this zone have been
much more regular than at Mount Howden. There is, however, still an absence of terminal
faces. The weatherault crystals have irregular ends and the cross sections, instead of the
white inner sqgares of Figs. 5b and 5c, show a tesselated arrangement of small clear areas
separated by regions into which foreign particles have been packed. Such cross sections are
illustrated in Figs. 11 band 11 c. Fig. 10 is an actual microphotograph of a portiba of
tesselated area. A glance at the longitudinal section (Fig. 8, Plate 1X.) shows that these tiny
square areas are the bases of pyramidal growths, springing from points within the arms of the
prismdevelopment. It appears that simultaneous growth hasated from a number of
points within this area. As
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Fig. 10. A micrephotograph (x diameters) of a portion of the tesselated area of the Poothlaringla
chiastolite crossections. The arrangement of cledite molecules is here according to the @G8de. This
growth lag behindthatof the110faces in which thgreatest activity of crystall&ion is evidenced.

these grow outwards there is a tendency for divergence of the arms, abdmewvonnical growths
appear within these again, eventuallggwce an obscure pyrarmid-pyramid structure

o
N
Teaselotoct crret with ‘ :1}
oteeictorce of feregn ||,
mx&; Grewth l j
3 | 1‘ - | 1 !

Fig. 11 Ideal ‘semi-diagrammatic cross-sections of a Poothlaringla chiastolite. (a) Central
seotion.  (h) Intermediate section.  (c¢) Section across the crystal near one extremity.
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Fig. 12. @midiagrammait represengtion of longitudinalsection of an idedPoothlaringh chiastolite-

(a) Suare gramid representinghe growthafter (001). This contains abundant foreign inclusn
exhibits tesselatecross section

(b) Clear hair-glassshapedgrowthafter (110). Therepresents the principal sphere of growthcivity

(c) Outerinvesting zone of faingt greenishchiastolite, apparently addeslowly after the completion of
the fom (b).

Figs.11a,11b andllcare ideal cross sections, and Figid& diagrammatic longidinal
section. The houglass shape and regular variation in curvafasgrowth proceeds require
explanation.

Unlike the Mount Howden crystals the maximum grovaroceeds along the diagonal
planes of the cross section. (Figs. 5, 7, and 29, Plate VIIl.). This is evidently because the food
supply for the growing crystals has been most abundant at the corners. 14,Rtate VIll.,
the growth along one diagonah$ been stronger than along the other; this may lead to the
development of lozengehaped cross sections. Most cases show evidence that, during the
period of exuberant growth, the boundaries have been curved as in Figs. 2, 3, 10; 14, and ~8,
Plate VIII. As already mentioned this is because a greater number of molecules of the
crystallising substance aamailable at the corners and edges than elsewhere on account of there
being, at such situations,rgger tributary areas of the saunding matrix. This wadirst
emphasised by Lehmann.

The reason for the curious curvature of the side of the-glass IS made apparent by a
comparison of the conditions of growth at different stages in the history of the ciystak
illustrated in Fig. 13. It is undersid that the direction of most rapid growth will be that from
which comes the most abundant accessions of new matter. The probable comparative areas of
supply are shown in the above diagrams, and the resulting direction of growth indicated by
arrows. Obviosly as the crystals increase in diameter the curvature decreases__

Furthermore the crossections also show curved boundaries to the rapidly developed
hour-glass like growth after thel0faces. Compare Figélb andll c. A like argument



additions to the mineral at an
period will be towards thé
supply, these arrows a
tangential to the curve ateny
position along it. As the
crystal enlarges
cortinuously increasing
quota, will proceed fron
within, leading the extremitie
to assume a regular cur
becoming asymptotic i
advanced individuals. Th
curve is of the type' known g
a conchoid.

Fig. 13. Diagran explaining
the peculiar curvature of th ¢
hourglass form exhibited' irf
longitudinal section of the
Poothlaringla chiastolites
Sucessive points on the cury
are considered and, assumi
a limit of radius for molecula
supply. comparative tributar
areasare indicated. In ea.ch ¢
the three successive stag
selected, arrows are shov
pointing in the mean directio
of supply. As the .growth

holdsin this case as has been employed for the longitudinal section, Fig. 12. Obviously in
the vicinity of the corners an increasingly larger contribution to the growing crystal will proceed
from without as against that from within the shaded area.

The hourglass structure here developed recalls that observed in other minerals arising
under sanewhat different but analogous circumstances. Thus-glass structure is common
in titanic augites and in chloritoid; it has likewise been reprodacgficially in a vaiety of
cases. Thditerature and a summary of the conclusions arrived at is best set forth by
Rosenbusch.lt appears that in the building up of crystals of complex chemical compounds,
certain molecules are attracted more to one face of the crystabtbters, the crystal becomes
therefore slightly inhomogeneous. For instance, the titaniferous molecules tend to concentrate
along the prism faces of augite.

The data graphically set forth in the case of chiastolite help to shed further liglgugion
less obviously explainable hogtass structures. For comparison a sectiarhturitoid showing
the phenomenon is figured, Fig. 15, Plate IX.

Rapid crystal growths from supersaturated molten solutions are likewise known to
develop in forms akin to these. i§hs especially so in the case of olivine, which hasry
great crystallizatiorcapacity. Fig. 16, Plate IX., illustrates such a case.

Very interesting in the case of the Poothlaringla chiastolites, is the outer zone of a faint
greenish tinge. This isell seen in Figs. 2, 7, aRadf Plate XI. This evens up the curved surface
of the earlier crystallization, and presents plane crystal boundaries. Its color suggests possibly
a slightly greater iron and lower manganese content than in the

* Loc cit., P210
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central portions. This addition appears to have taken place under somewhat changed
conditions, more leisurely than the earlier growths. -B®dks mention but a single case of
zonal structure in Andalusite.

RELATED CHIASTOLITE OCCURRENCES

AndalusiteSchist at Catwright's Creek- In the Barrier Ranges, some 70 miles to the N.E. of
Bimbowrie, andalusite schist is met with in what is probably the same formation. Large but usually
imperfect rectangular crystals are shed on the surface; these measumhassmaveral inches in
length. The exact locality is immediately south of the Rutland Flux Quarries at Cartwright's Creek.
The strata is of sedimentary origin, and has been considerably folded. Irregular beds of limestone and
conglomerate are exposed lretquarries. The crystals are loaded with foreign matter, but so far as
noted none exhibita well marked cross.

Chiastolite Schist at the Lady DonStill further to the nortreast, in the vicinity of Euriowie,
in the Barrier Ranges, a laminated slatekyaeferred to the same horizon as the preceding, is
metamorphosed in part to the state of a chiastolite schist. The chiastolites are well developed near the
Lady Don. They are squarish in cross section and usually an inch in length. They resemble the
Pootlaringla type.

Chiastolite Schist at Paringa, Mount Lofty RangdSuring the year 1907, when the Paringa
Kanmantoo copper mine wding opened up, the management forwarded s@s@ of coarse
chiastolite schist, representing some of the country rockseltmeasure several inches in length and
resemble very closely those from Poothlaringla. Copper and iron pyrites are deposited in the matrix.

This is no doubt portion of the horizon referred to by\Woolnough* though in it the
crystals are much more pectly developed than in the" Paringite."”

* "Noteson the Gelogy of the Mount Lofty Ranges, chiefly the portion EaghefOnkaparinga
River." Trans. RoySocS. Aust., §08,p. 123.



PLATE I.

Fig. 1. View of the clastolite occurrence at Mo Howden: the western outcrop. A
surface mantle of residual ebtolites angebblesappears in the foreground. Mt
Howden, the original discoverer stands in the picture

Fig. 2. A nearer view ohte residual chigtolities at the sae outcrop Most ofthesehave
now been removed by collectors
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PLATE Il

Chiastolites collected from amongst the residual material at Mount Howden. (Natural Size)

Fig. 1. Chiastolite with adhering white matrix.

Fig. 2. Ditto.

Fig. 3. Chiastolite complete in length

Fig. 4. The soft matrix has been completely removed, and the cross form typical of the
Mount Howden crystals appears.

Fig. 5. Ditto.

Fig. 6. A long and narrow form.

Fig .7. Some chiastolite material ahs been deposited between the arms of the cross
tensing ® complete the square cross section.

Fig. 8. A chiastolite which has almost square cezsgtion
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Fig. 1.

Fig. 2.
Fig. 3.
Fig. 4.

Fig. 5.

PLATE Il

Chiastolites from Mount Howden. (Natural Size)

A chiastolitan whichthe vanes assume aike appearancé&hisis due to

pressure after formation. The spedesturesllustrated but poorly in the
photograph are brought out more clearly in the test figures 3 and 4. Mr Howden
cal |l s ttheeisleo idhisdhst ol i t es

Ditto, lesgperfect

Shows curvature of the frays

Chiastolite which has suffered pressure in a more irregular manner: the rays are
coarse and crumpled.

Chiastolite embedded in crumpled schist matrix. The chiastolites are resistant
nuclei around which the schist is foldéar the mospart the pressure has
oriented the crystals in a parallel direction.

Fig. 6.Lengthwise section of one of the crystals, cut parallel to a 110 face near the edge

of the vanes






PLATE IV

(Natural Size)

Fig. 1. A polished section of chiastolidowdenite) bearing rock from Poothlaringla
Fig. 2. The same rock showing an outcrop surface with projecting rectangular chiastolites
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Fig 2



PLATE V
Sections made at regulintervals from end to end of chiastolite/stels from Bimbowrie.
(Naturd size).

Figs. a. Large individual from Mount Howden showing but little alteration. Note the small
central square appearing towards the extremities. also the aoendf carboaceus
lines. evidence of weakening crystallizatipower. Slices 1.6ms. ap#.

Figs.b. Chiastolite from Mount Howden changed to cryptgstalline muscovite. Sections not
quite evenly distanced. averaging 1.cms. apart.

Figs. c, A long naow chiastolite from Mount Howden showingn incressing abundance of
foreign included ratter towards the extremities. Sections, apart.

Figs. d. Sections of the square type (Howdenite) from PoothlaritNpte the interior dark
square increasing from the centre of the crystal towardexthemities. Compare with
ideal sect ions, texids. 11 and 12. Sections 0.@®s. gart,.
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PLATE VI

Chiastolites from Mount Howateshowing the effects of deformation and alteration. (Natural

size)

Fig. 1. Portion of an individual distortdxy crushing. This has suffered both flattening and
berding.

Fig. 2. Pellet from the crushed chiastolite schist.

Fig. 3. Ditto.

Fig. 4.Cross section showing tledfectsof pressure in bending the arfsthe cross

Fig. 5.Bending of the arms due to rotational movement under pressure.

Fig. 6.Cross sectiownf a chiastolite with adhering lugs aftist base. Growth under

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Fig.
Fig.

differential pressure appears to be resine for the dominant chiastolite growth
taking place in the plane perpendicular to pressure. Note the central square
representing pwth after thebasl face.

7 Flattened growth with adhering matrix.

8 Slightly flattened growth showing beatms.

9A case in which the conditions of growth haleen more favorable in. one direction
(plane normal to pressure) than in the other.

10. Showing the character of the material occupying the spaces between the arms. The
inner darker area is more compact &b porous, consisting of foreigaricles
cemented by chiastolite mataliWithout is a porous and less adherent zone
composed lanost entirely of micand sand grains colored by carbon.

11.Cross section of a deformed and paramorphous chiastolite fropastieen ontcrp at
Mount Howden Chiefly dense fingygrained muscovite with occasional graof
corundum.

12 .Squarsh paramorph in which much corundum is present.

13.General view of a chiastolite pararph from the eastern outcrop. The boundaries are
muchcorroded.

14.Square chiastolite showing but little included matter.

15.Chiastolite in processf alteration. Note theorder zone of coarse muscovite and the
meshwok of cryptocrystallinenuscovite within.

16.A more advanced stage. Coarse muscovite without and ecyydtdli ne centre.

17.Paramorph showing mestrigcture of the alteation products.

18.Showing a stage in the alteration of chiastolite. The mesh consists chiefly of
muscovite between the meshes are residual kernels of chiastolite.

19.A complete paramorph in muscovite chiefly showing residual mesh structure

20.Chiastolite crystal in the early stages of paramorphism. The white veins are
muscovite.






PLATE VII

(Natural Size)
Various chiastolite crystals from Mount Howdemost of which are paramorphous
aggregates chiefly in muscowi






PLATE VI

Typical sections of chiastolitélpowdenite type) from Pootalingla (natural size)Compare the
digramatic texffigs. 11and 12.

Fig. 1. Zoned crystal; section almost central.

Fig. 2. Zoned crystal; centraécton with flaw extewling towardsonecorner.
Fig. 3. Zoned crystal; section halfay towards an extremity,

Fig. 4. Cross section showing an irregular broken figure.

Fig. 5. Central section without the usual outer zone.

Figs. 6, 78,. 9,10, 11. 12, 13, 1516, 20, 25, ad 28 are all sections of the normal type
illustrating variations in the appearance of the figure.

Fig. 14. A lozenge shaped crystal without defined outer zone.

Fig. 17. Two cystals without outer zones embedded in the matrix showing marked curvature of
the boundaries.

Figs. 18and19. Showing evidence of rapid additions along the axial directions in the early
stage of growth.

Fig. 21.. Qirvature of the boundaries of the inngogth zone is almost absent.

Figs. 22, 3, and 27. Lozengshaped types.

Fig. 24.lllustrating a case where the initial growth has extended out along thelas@ion

Fig. 26. Similartto Hg. 21, but shows no olier zone.

Fig. 29. $iows toa. remarkable degree the growth outward along the axial directi






PLATE IX

(Naturalsize).
Fig. 1. Section across residual chastolte with adhering miaix disclosinga smalkr individnal
intergrowth in anearly parallel direction .

Fig. 2.A. longitudinal view of a chstolite from :Mount Howden terminated at both erysnatual
parting panes parallelto the011 faces.

Fig. 3.Similar to the pecedingbut showing three directions o#ing belonging to the form 011.

Fig. 4. Another longitudinaliiew showing: €eminationby naturalpating plane inclined t@ne
another par#¢l to faces of the fan 011.

Fig. 5. Longitudinalview of anunusuallylarge chadolite from Poothlaringla.

Figs. 6and7. Longitudinalviewsof normalsized Poothéringla chadolites.Fig. 6 howsa
rhombic crosssection: Fig. 7 exhibits a squareross gcion.

Fig .. 8. A.longitudinal sectionthroughthe centre of a Pootlaringlachiastolite. A slicehas been
cut fromtheright hand enduttingshort he etremity.

Figs. 9 and 10. Crossa®n of Poothéringla chiastdite of unusuakharacter

Figs. 11 and 14. Poothlarifachiastolie. Longitudinal sections of thexsie individual. Fig. 11 cut
through the cengr; Fig. 14 cut a little nearer one side.

Figs. 12 and 3. Cross sections of unusugpesof Poothlaringla biastolites; inboth a whitecross
is brought outndicatingthat the growtkconditions havéeen someWwat & at Mount
Howden.

Fig. 15. A longitudinal section of Otlite showing hourglass sitture. Microphotograph x 75
diams.

Fig. 16. A longitudinal section ofskeletoncrystalof olivine. Thp result of very rapid
crystallization from aupersaturated magna. MicrophotograpB60diams.

Fig. 15 and 16 &reproduced fronthe collectim of microstructue photogaphscompiledby E
CohenStuttgart, 1899.






PLATE X

MICROPHOTOGRAPHS.

Fig. 1.Muscoviteschist faming the chiastolite matrix at the pamarph zone to the east of the
copper lode avlount HowdenNotethehelicitic texture. The minerals present are quartz,
acid plagioclase, museibe and occasional grains of corunduand hydrated iron ores.
Mag. 12 diametes.

Fig. 2. View of a microscope section of a homogeneous paramorph after chiastolite from Mount
Howden. Viewed under crossed nicols. The mineral is almost solely sericite. Mag. 45
diameters.

Fig. 3. View of a micoscope slide illuséting the alteration of Mount Howden chiasteliOn
the left hand side oth of thechiastolite remais unaltered, traversed by cks along
which alterationhas proceeded converting the neighboring mineral inte ficaley
sericite. A the right land bottomcomer is a portion of the chiastolite darkeneyd b
carboraceous mattemhilst betweenis a peripheral cing to the more solid chiastolite,
is a region of coarse muscovidag 20 diangters.

Fig. 4.Microsope section of a blehed paramorph after chiastolite from the outcrop east of the
copper lode aMount Howden. The predominant mineral is muscovite. whilst embedded
in it, are grains of corundum. The large nearly rectangular grain and mddtke mater
in this section areorundum. Mag. 45 diameters.

Fig. 5. Asectionof a kernel from therushed chiastolite zone west of the copper lodd@int
Howden. This is composed of a miearnystalline pinnitelike aggregat, chiefly
muscovite, in which are embedded numerous prismgitains of zoizite. This is
presumably a paramorph after chiastolite, Mag. 12 diameters.

Fig. 7. A microphotograph othe periphery of a Poothlaringla chiastolite. Above is the outer
faintly-greenish zone: This is separated from the interior main niabe arystal, seen
below, by the carbon band appearing black in the print. Note that alteration. proceeding
from without has eaten into the outer eoaplacing the chiastoétby patches of sericite.

Mag. 25 diameters.






PLATE Xl

Fig. 1.A lozengeshaped howdernite cut neaanextremity.

Fig. 2. A. howdenite cut- thugh the cente showing a wehldefinedouter zone.

Fig. 3. Ahowdenit cut betweerthe centre and an exingy showing outer zone.

Fig. 4.A howdente without aiter zane cut through the cente.

Fig. 5.A similar case to (3).

Fig. 6.Similar to (4).

Fig. 7. A howdenite showing gmeth biasedalong one diagonal and walkefined outezone

Fig. 8.A howdeniteshowing strong growthalong both diagonahndouterzone.

Fig. 9.Like (8).

Fig. 10.Like (3) butshowng slight peripherathangeto pinnite.

Fig 11 Chiastolie from Mount Howden cutat a short dstance from tk centre, showing central
square.

Fig. 12. S$milar to (11). butcut thraugh the cene.

Fig. 13. A longitudinal seatin ofahowdenie cut from thesamecrystal as(23). The lattersa
centralsection wheeas(I3) iscut alittle to one side.

Fig. 14..A Mount Howden diastolite.

Fig. 15. rein which hearmsare not, perpendicular to each other.

Fig. 16 17, 18,19and20. Mount Howden chiastolies which havesufferedparamorptsmin
pinnite, corundum, &:c., stained with haematit

Fig. 21 and22. Sporting types of gothlaringla chiatolites.

Fig. 23. Refer to (13).

Fig. 24. Similar to (11), but reded to a stined paramorph.

Fig. 25. A typical howdeng.

Fig. 26. Similar to (15), but changed as (24).

Fig. 27. A sport in hard stained chidgi Poothlaringla.

Fig. 28. A muscovite paramorph of chiastolite; Mount Howden.

Fig. 29.and30. Unusual forms froriMount Howden.

Fig. 31. Chiastolie from Mount Howden showing bending of thera due torotationof the crystal
in its bed.

Fig. 32. An aventurindike paramorplsimilar to (20).

Fig. 33 and 34Typical faomsfrom MountHowden.






