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CHIASTOLITES 
 

FROM 

 

BIMBOWRIE,  SOUTH AUSTRALIA.  
 

By D. MAWSON, D.Sc., RE. 

[Lecturer in Mineralogy and Petrology at the University, Adelaide, and Hon. Curator of  

Minerals at the South Australian Museum] 

With Analyses by W. T. CHAPMAN, Analyst to the Mines Department, South Australia. 

 

INTRODUCTION. 

The chiastolites herein described constitute, for the most part, a select collection purchased 

by the South Australian Museum through the Director (Dr. 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 I am greatly indebted to Mrs. Edwin Crozier, of Bimbowrie Station. The 

description covers over 1,000 specimens roughly selected in the field, and transferred to 

Adelaide for detailed examination. By such wholesale treatment many points have received 

explanation which 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 kindly furnished me with 

the analyses, quoted herein, thereby contributing very largely to the work. 

 

BIBLIOGRAPHY. 

Although, through the enterprise of Mr. Howden, most museums are stocked with these 

chiastolites, little concerning them has been published. The following short notices may be 

mentioned:- 

"On Some Specimens of Chiastolite from Bimbowrie, South Australia," by 

Anderson. Records Austn. Museum IV., No.7 (1902), pp. 298-302. 

"Chiastolite from Bimbowrie, South Australia." Amer. Jour. Science, 1907.Vol. 24, 

p. 183. 

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

 

LOCALITY.  

Chiastolite crystals embedded in a schist matrix are developed on a remarkable scale in 

the Bimbowrie District of South Australia. The outcrops range over a wide area, some 30 to 40 

miles north of Olary, the most convenient railway connection. The exact situation is recorded 

in the accompanying sketch (Fig. 1). 
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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 example 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 north-north-east of 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 north-east, the chiastolite 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 materially different from those before mentioned. 

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 arid 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 merge into the great level 

plains to the north. The Boolcoomata Hills are, for the most part, a pre-Cambrian formation in 

which intrusive pre-Cambrian granite bulks large. Flanking the older formation is a thick series 

of Cambrian rocks folded in gentle to steep synclines and anticlines. 

The sedimentary formation from the metamorphism of which the chiastolites have been 

produced is apparently of Cambrian age. * Intrusive rocks, both acid and basic, are abundant in 

the vicinity. As examples may be mentioned, the huge granite boss constituting 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 dyke-like masses is very frequently met with. Those connected 

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 schist is developed evidently 

from the metamorphism of pre-existing beds similar to those giving rise to the 

  

* The consideration of a pre·Cambrian age has not been finally dismissed, but evidence 

is strongly in favour of these schists being continuous with the Cambrian slates nearer 

Billlbowrie head-station. 
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chiastolites at Mount Howden; there, 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, small occurrences 

of chiastolite schist have been noted. 

 

THE MOUNT HOWDEN LOCALITY. 

Almost all over the low rise dignified by the appellation of mount, and named by the 

discoverer of the chiastolites after himself, are knotted schists and chiastolite schists to be 

found. Much less conspicuous are sandy micaceous beds, and, in one instance, a band of 

recrystallised limestone, the latter, in parts where Impure, converted to yellow-green epidote. 

Details of the section across the strike of the strata are recorded in the accompanying sketch 

(Fig. 2). The high degree of metamorphism has prevented the 

 

 
determination of the possible continuity of the beds on the west with those on the east through 

the medium of folding: The outcropping characters only have been noted. A general 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 of the chiastolite belt. 

Faulting seems to be evidenced along the line of the copper lode noted in the sketch. The 

direction is somewhat east of 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 jaspers, and nickeliferous copper ores have been introduced. 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 composed of 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 grains, carbonaceous 

matter, &c., is rendered apparent. 

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 tourmaline-granite dyke. The latter is of the pegmatite variety, 
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and, though varying considerably along its length, averages several yards in width; the trend 

is somewhat to the north of north-east, and the dip is with the strata to the southeast. On the 

footwall side of this intrusion the chiastolites, embedded 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. Along its upper junction is an irregular deposit of cobalt ore. Some hundred-

weights of magnificent specimen-erythrite were taken from the outcrop. A·few feet below the 

surface pyrites, cobaltite, and smaltite were 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 chiastolites. The red sandy soil of the plains 

then makes its appearance, 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 reversal of dip 

on either side of the copper lode and the discontinuity at that zone is made apparent. 

 

PETROLOGICAL DESCRIPTIONS 

Field observations.-Reference is here made to the typical foliated rock outcropping to the west 

of the section, Fig. 2. The chiastoliferous character of the underlying rock is readily 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 wind erosion and thereby removing the finer products of 

disintegration, all promote the accumulation of such a chiastolite mantle. This is illustrated in 

Figs. 1 and 2, Plate 1. 

Certain belts following the stratification of the metamorphosed rocks are, in this way, 

seen to be more favored than others. In the trench cut across the strike in the vicinity of the 

pegmatitic tourmaline-granite dyke, some of the strata are seen to be loaded with large 

crystals, whilst in other bands, often only several inches wide, they 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 percolation, but 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 belts are not necessarily found in closest proximity to the granite pegmatite dyke, and, 

as the whole area for a half mile to the east is chiastoliferous, the dyke cannot be regarded as 

being alone responsible for the metamorphism. It is very likely that, at no great depth below, 

larger intrusive masses occur analogous with that of Bimba, and from which the dykes are but 

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 crushing, 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 plane 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 rounding-off of the outlines, due to rotation 

of the individuals in the fine grained base. 

 

Macroscopic Characters of Hand Specimens. Large cigar-shaped chiastolites averaging 

10 cms. 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 

irregular 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 opacity of the parts 

affected. Further reference to the detailed characters of the chiastolites will appear later. 

 

Microscopic Characters.-The texture is helicitic* with porphyroblasts of chiastolite. The 

ground-mass is mainly composed of clear granular quartz grains averaging 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 foliation-planes and thereby determines the 

helicitic texture. This is well seen in the microphotograph 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 yellowish-brown pleochroic mica is present, and is always more or less 

altered to chloritic aggregates. Grains of acid-plagioclase felspar with delicate twin 

lamellation are generally distributed in small amount. Grains of iron ore in the state of 

haematite are never wanting. Exceptionally 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 later reference. 

 

 

  

*Structure terms as used by Grubenmann: ñDie Kristallinen Schieferò Berlin 1904  
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The following analysis is the work of Mr. W. T. Chapman. Added for comparison is the 

average* of the analyses of 79 slates and phyllites. 
 Mount Howden 

Chiastolite Schist. 

Average Slate and 

Phyllite Analysis. 

Si O2 55.15 60.49 

A12 O3 26.25 17.56 

Fe2 O3 2.71 2.74 

Fe O 0.46 4.61 

Mg O 0.52 2.51 

Ca O 1.11 1.26 

Na2 O 1.44 1.32 

K2 O 3.88 3.31 

H2 O- 0.33 .31 

H2 O+ 1.59 03.61 

Ti O2, 0.80 0.73 

P2 O 0.24  

C O2 0.12 1.11 

Fe S2 0.47  

Mn 0 0.01  

Carbon and Hydrocarbons 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 chiastolite which, 

according to the formula AI2 Si 05, would be silica 36.8 % and alumina 63.2 %. 

 

Metamorphism of the Chiastolite Schist.-As already remarked, the ontcrop to the east of 

the copper lode has been very severely acted upon by hot alkaline solutions, subsequent 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 chiastolites which 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 of a specimen 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 

reduced to 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. Bastin. Jour Geol., 1909, p. 456 



 196 

muscovite. The helicitic texture remains. A microscope slide at hand, representing 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. The felspar is partly 

albite and partly orthoclase, as determined by measurements of the refractive indices. Frequent 

minute grains of corundum are also present, also leucoxenised titanic iron. 

From those situations where the metachemisation has been more acute the helicitic 

texture is lost, the granules are reduced to a finer and more even size, and the aggregates 

paramorphous after chiastolite are granulated and drawn out in parallel direction. The stucture 

is now blasto-psammitic. 

In extreme cases the identity of the 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 south-eastern extremity of the copper-mine workings, there is a large outcrop of 

very dense almost white rock through which patches of a metamorphic variety of amphibole 

are scattered; the microscope section shows, also, grains of sphene. A cursory field 

examination appeared to indicate that this is a further extreme stage in the metamorphism of 

the sedimentat v rocks. 
 

THE POOTHLARINGLA LOCALITY 

About one mile west of Poothlaringla Well a low ridge trends in a general north and south 

direction. At intervals along this chiastolites are found weathered out of the underlying rocks. 

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 free from marked 

distortion, and seldom much replaced by alteration products. They are to be seen projecting in 

relief from the outcrops and shoaded on the surface. The matrix is massive and does not exhibit 

the foliation which is so prominent a feature of the Mount 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 productive ones. Following along the outcrops of productive 

horizons barren stretches may be met with. 
 

Macroscopic Characters of the Hand Specimens.- The appearance of the crystals in the outcrop 

is shown in Fig. 2, Plate IV. In the photograph two of the projecting individuals are seen to be 

intergrown. A polished specimen of the rock (Fig. 1, Plate IV.) reveals porphyritic square cross-

sections of chiastolite embedded in a dark grey, almost black, microcrystalline base, in which are 

discernible scattered flakes of white mica. The chiastolites average 5 cms. in length and 1.5 cms. 

square in cross section. They are coated with a verdigris-green skin of decomposition products. The 

central portions 
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are almost white, relieved by dark lines of inclusions arranged according to geometrical 

patterns. 

 

Microscopic Characters.-Under the microscope the base is seen to be composed, for the most 

part, of granular quartz with a grain size somewhat over 0.1 mm. in diameter. Abundance of large 

clear muscovite blasts are developed throughout 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. These poikiloblastic 

muscovite plates frequently measure 5 mm. in diameter. Grains of felspar appear to be present 

with the quartz, as the refractive index of some of the grains is below that of the Canada 

balsam. Occasional areas larger than the granules of the base are met with composed of 

sericite-like 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. Much fine granular carbonaceous matter and a little haematite 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 analyses I am indebted to Mr. Chapman's exertions. The first 

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 muscovite-sillimanite schist. The second analysis refers to the chiastoliferous 

variety of the same; this may be described as a muscovite-sillimanite-chiastolite schist. 

 
 Poothlaringla 

Muscovite·sillimanite Schist.. 

Poothlaringla 

Muscovite.sillimanite 

Chiastolite Schist.. 

Si O2 68.54 65.69 

A12 O3 17.08 17.59 

Fe2 O3 0.08 0.73 

Fe O 0.88 0.53 

Mg O 0.21 0.59 

Ca O 0.97 0.59 

Na2 O 1.13 1.50 

K2 O 2.86 3.98 

H2 O- 0.47 0.17 

H2 O+ 1.62 1.78 

Ti O2, 0.80 0.90  

P2 O 0.20 0.26 

C O2 0.16 0.12 

Fe S2 0.04 0.03 

Mn 0 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 conditions 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 some measure, the more rapid rate of crystallization 

inferred later. 
 

THE CHIASTOLITES. 

Crystallization.-Those from Mount Howden*, on account of the mechanical movements 

experienced in the matrix, do not show definite faces. The outlines are rounded and the complete 

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 picked up 18 cms. 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 III. Most of the material examined occurred loose on the surface, having weathered 

out of the underlying schist; examples of these are figured in Plate II. and in Figs. 1, 2, 3, and 

4, Plate III. Very frequently a quantity of schist base adheres to them, as in 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 chiastolites from Poothlaringla always show definite boundaries in the prism zone, 

though the surfaces are often warped and irregular. No attempt towards the formation of 

terminal faces is evidenced. In the matrix the extremities are ill -defined, actually merging into 

the schist. Even in the prism zone the faces are never bright and reflecting, owing to envestment 

by a skin of alteration products. Although the majority are almost square in cross section and 

bounded by 110 faces, many are lozenge shaped. The irregularity 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. 14, 23, and 27 of Plate VIII. More commonly the bounding 

planes in the lozenge shapes conform 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. 1, Plate IX. 

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 amongst the residual surface material. 

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

 

  

*Polished cross-sections have been on sale in the semi-precious jewellery trade under 

the name of ñAustralian lucky stones  
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and interpenetrations are more frequent. A contact growth is seen in Fig. 2, Plate IV.  

These again, however, the union appears to be accidental and not governed by laws of 

twinning. 

Cleavages. - (110) perfect giving a. characteristic appearance to basal sections best seen in those 

from Poothlaringla. Cleavages parallel to the a and b faces are distinct in the Poothlaringla type, 

often, however, becoming coarse and irregular and degenerating into a parting plane. Those 

from Mount Howden never show more than a parting plane 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 the 011 face, Figs. 2, 3, and 4, Plate IX. In the microscope slides of the 

Poothlaringla variety a parting in this direction is indicated. 

Optical Characters - Color. -The unchanged chiastolite at Mount Howden is transparent and 

almost colorless; a faint tinge of violet is just discernible. 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 localities gives approximately the same 

angle. 

Mechanical Deformations. - 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 VI., is a bent and flattened 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 reduced to the form of pellets. These 

resistant kernels (Figs. 2 and 3, Plate VI.) are found in abundance on the outcrop. Howden's 

fish-tail type (Figs. 1, 2, 3, and 4, Plate III.) is the result of pressure. In such cases the crystals 

have first been rotated until their broadest dimension is normal to the pressure. This is evidenced 

by the bending of the arms, more particularly those \\'hich eventually stand parallel to the 

direction of greatest pressure. The curious finlike structure in the plane normal to the force is 

due to the opening of the crystal along parting planes. These have been referred to as ñfish-tail" 

types. * Besides, the curvature already referred to usually show flexture at the extremities 

resulting from rotational movements. 

 

  

* Amer. .Jour. Science, 1907, p. 183, 
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Fig. 3. Diagram 

representing the general 

plan of a "fish-tail" 

chiastolite. The large 

vanes in the plane 

perpendicular to the 

pressure show curvature 

of the extremities due to 

rotational movements 

 

Fig. 4. The 

appearance of a "fish-tail" 

chiastolite as seen in 

cross-section. Pressure 

and rotation in its bed has 

caused the bending of the 

arms. This is most 

noticeable in the short 

arms standing more 

nearly in the direction of 

pressure. 

 

 

 

Many crystals showing no outward signs of deformation 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 

VI., the crystal has been forced to grow in a flattened form; gyration is indicated by the bending 

of the arms of adhering matrix. Figs. 7 and 8, Plate VI., show flattened growths, and Fig. 9, Plate 

VI., is a form resulting from growth-enlargement in the plane normal to pressure. 

Alteration Products. - A large majority of the Mount Howden material is in the form of 

paramorphous aggregates, most usually composed of the very fine scaley 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, Plate X). In such 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 the modus operandi by which the change takes place, and shows cause for the 

variation in texture. The chiastolites are first attacked at the periphery, and a zone of fine scaley 

muscovite of the variety known as damourite is developed. An early stage is shown in Fig. 15, 

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. Cases are met with 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 access to the 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 intermediate 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 microphotograph, Fig. 3, Plate 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 on a polished specimen they appear more 

opaque-white 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 opaque kernels 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 pinnite aggregate, 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 index and 

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 amounts of magnesium 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 aggregates, chiefly the sericitic variety of 

muscovite; but containing an admixture of smaller quantities of like minerals varying somewhat 

in optical properties. 

The crystals from Poothlaringla are very little affected by these changes, and there is 

seldom more than 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 sericite-like muscovite. A similar case is figured by Lacroix. *  

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 France et de ses Colonies - Paris. 1893-95, p. 31, 
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muscovite is in fine but distinct flakes. The corundum is present as both larger colorless grains and 

dust-like particles. 

Fig. 4, Plate X., shows a large grain of corundum embedded in muscovite. The equation 

representing the change may be written-- 

6 Al2 Si 05 (Chiastolite) + K2 CO3 +2H20 =2H2 K Al 3Si3012 (Damourite) 

+3A1203 (Corundum.) + CO2, 

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 of these paramorphs 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 of haematite is sometimes deposited amongst the muscovite of the 

pseudomorphs. The resulting aggregate resembles aventurine, though wanting in hardness. Examples 

are figured in Plate XI., Figs. 20 and 32. 

A microscope section made from one of the kernels from the crushed zone to the west of the 

copper lode showed it to be composed of a microcrystalline pinnite-like aggregate, chiefly muscovite, 

in which are embedded numerous prismatic grains of zoizite. The zoizite prisms are growths parallel 

to the 100 faces, and' are all beautifully polysynthetically 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 foreign 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 poikilitically enclosing felspar. More rarely the crystallization 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 case of crystallization 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. The best examples, however, are forthcoming from those crystalline rocks which have arisen 

from the recrystallization in the solid of pre-existing rocks. Amongst these poikiloblastic texture is 

common. Less frequently the poikiloblasts carry the foreign particles arranged according to 

geometrical  
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plans. In such cases the distribution is controlled by definite laws of crystallization. This 

orderly packing of foreign particles is known to take place only with certain minerals, as, for 

example, in the cases of andalusite, staurolite,* and cordierite.t 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. 

Rosenbuschtt has summarised the literature dealing with inclusions in chiastolites. In 

addition the explanation set forth by Penfield and Pratt§ should be included as bearing just as 

much on chiastolite as on staurolite. 

The conclusions arrived at are essentially as follows: - 

Additions to crystals during their growth must be attended by expulsion of foreign matter 

from the region of crystallization. This will be least 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 expected 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 composition of the generating 

rock and the rate of growth. Other things being equal, the more rapid the growth the greater 

will be the foreign content. 

In the case of a chiastolite which has grown by regular enlargement of the 110 and 001 

faces, the following figures are to be expected for cross sections :- 

 
 

Amongst the Mount Howden material no case resembling Fig. 5c 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 appears in the centre, as in Figs. 5 and 6, Plate VII. 
 

  

*  "On the Chemical Composition of Staurolite. and the Regular Arrangement of its 

Carbonaceous Inclusions." by S. L. Penfield and J. H. Pratt. Amer. Jour. Science, L894, 

p. 81. 

t Jour. Science College. Imp. Ulliv. Tokio, 1890, vol III.. p. 313. 

tt " Physiographe der Mineralien und Gesteine" 1905, vol. 1., part 2, p. 134. 

§ Loc cit. 
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Longitudinal sections through such crystals show that the square pyramid increases its 

diameter but very slightly towards the extremities; compare the serial sections (Figs. A and 

B, Plate V.). 

 

In these crystals the growth-additions, 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 in Fig. 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 shown the extremities of typical cases to 

 
 

 

Fig. 7. A drawing in 

clinographic projection of 

the " vanes" in a common 

type of Mount Howden 

chiastolite. The enlargement 

of these crystals takes place 

by lateral and longitudinal 

additions to the vanes. The 

growth is too rapid for 

normal additions to the 001 

faces 

 

Fig. 8. Representation of a 

chiastolite crystal from 

Mount Howden in which the 

growth appears to have been 

of the nature of rapid 

additions, along two planes 

perpendicular to each other. 

succeeded by a period of 

feeble growth accounting 

for the corner areas bearing 

abundant inclusions 
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be as represented in the drawings, Figs. 6 and 7. This shows that lengthwise additions have 

been made by accessions to the lateral vanes; the inconspicuous acicular pyramid within is all 

that can be attributed to normal terminal-face growth. Such a form appears to indicate that, at 

·the time of growth, there was great abundance of andalusite forming molecules and that 

crystallization proceeded extremely rapidly. 

It is a familiar 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 silicate that eutectic 

crystallization can hardly be supposed to have been concerned in their formation. Furthermore, 

considering the abundance of crystallisable material and the relative fewness of neucleii, 

indicated by the isolated distribution of the chiastolites in the 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 that they are such as to lead to crystal 

growth under conditions quite otherwise than those pertinent to normal solutions, and operating 

in the case of igneous rocks. The prime cause must be heat, arising either from intrusive rocks 

or from regional deep-seated conditions. The solvent is apparently the water of the clay-slate, 

held partly chemically and partly mechanically combined. On account of the abundance of 

aluminium silicate in clay-slate, it is likely that it is always present in excess of the solvent. 

When the temperature has risen to the point at which hydrated aluminium silicate passes 

into solution, and the region of stability of chiastolite is entered, a very rapid conversion may 

be expected. The conditions will be those of saturation, considering the small amount of 

available water (the solvent). Crystallization of chiastolite will proceed pari passu with 

solution of the hydrous aluminium silicate. A condition of saturation is thus maintained, which 

is not likely to be affected by the accession of heat given off by the reaction. 

 

H4 Al2 Si2 O9 (Kaolin) = Al2 Si O3 (Andalusite) + 2H2 O + Si O 

 

Summarising, it appears that these chiastolites have, in the first instance, increased by 

vigorous growth longitudinally along two planes perpendicular to each other. Later, 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 presence of much foreign matter indicates languishing growth. Cases are met where 

the region between the vanes of the cross is evenly, dark colored. In others the 
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white cross of pure andalusite is completely enclosed by dark colored additions. Examples 

appear. on 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 spaces. Fig. 10, Plate VI., shows porous 

and non-porous 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. EmpyricaJ graphical 

representation of the tributary 

areas to points upon the surface of 

a cross shaped chiastolite. A 

comparison is here made between 

the probable supplier to the points 

(a) and (b), where (a) is a point at 

the extremity and (b) any situation 

on the side of a vane. In this simple 

demonstration of comparative 

supplies, complicating details 

have been waived. 

  

It is also necessary to fix upon 

some limit for the effective 

molecular attractions. The limit 

always remaining constant, it is 

obvious that, with increasing size 

of the crystal, the advantage 

enjoyed by the ends of the vanes 

in the matter of molecular supply 

will steadily decrease, so that a 

restriction is placed upon the' size 

of such growths. 

 

 
 

The Poothlaringla chiastolites have grown under conditions differing from those 

established at Mount Howden, having formed in a rock poorer in chiastolite producing 

material and under mass-static conditions; the result has been variation in morphological 

characteristics. They often occur bunched together in the 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 by plane surfaces. The growth-additions in this zone have been 

much more regular than at Mount Howden. There is, however, still an absence of terminal 

faces. The weathered-out crystals have irregular ends and the cross sections, instead of the 

white inner squares 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 portion of the 

tesselated area. A glance at the longitudinal section (Fig. 8, Plate IX.) shows that these tiny 

square areas are the bases of pyramidal growths, springing from points within the arms of the 

prism-development. It appears that simultaneous growth has originated from a number of 

points within this area. As 
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Fig. 10. A micro-photograph (x diameters) of a portion of the tesselated area of the Poothlaringla 

chiastolite cross-sections. The arrangement of chiastolite molecules is here according to the 001 face. This 

growth lags behind that of the 110 faces in which the greatest activity of crystallization is evidenced. 

 

these grow outwards there is a tendency for divergence of the arms, and new-born connical growths 

appear within these again, eventually produce an obscure pyramid-m-pyramid structure  
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Fig. 12. Semi-diagrammatic representation of longitudinal section of an ideal Poothlaringla chiastolite- 

(a) Square pyramid representing the growth after (001). This contains abundant foreign inclusions-

exhibits tesselated cross section. 

(b) Clear hour-glass shaped growth after (110). This represents the principal sphere of growth -activity 

(c) Outer investing zone of faintly' greenish chiastolite, apparently added slowly after the completion of 

the form (b). 
 

Figs. 11a, 11b, and 11c are ideal cross sections, and Fig. 12 is a diagrammatic longitudinal 

section. The hour-glass shape and regular variation in curvature as growth proceeds require 

explanation. 

Unlike the Mount Howden crystals the maximum growth proceeds along the diagonal 

planes of the cross section. (Figs. 5, 7, and 29, Plate VIII.). This is evidently because the food 

supply for the growing crystals has been most abundant at the corners. In Fig. 14, Plate VIII., 

the growth along one diagonal has been stronger than along the other; this may lead to the 

development of lozenge-shaped 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 are available at the corners and edges than elsewhere on account of there 

being, at such situations, larger tributary areas of the surrounding matrix. This was first 

emphasised by Lehmann. *  

The reason for the curious curvature of the side of the hour-glass IS made apparent by a 

comparison of the conditions of growth at different stages in the history of the crystal. This is 

illustrated in Fig. 13. It is understood 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. Obviously as the crystals increase in diameter the curvature decreases_ 

Furthermore the cross-sections also show curved boundaries to the rapidly developed 

hour-glass like growth after the 110 faces. Compare Figs. 11 b and II  c. A like argument 
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Fig. 13. Diagram explaining 

the peculiar curvature of the 

hour-glass form exhibited' in 

longitudinal section of the 

Poothlaringla chiastolites. 

Successive points on the curve 

are considered and, assuming 

a limit of radius for molecular 

supply. comparative tributary 

areas are indicated. In ea.ch of 

the three successive stages 

selected, arrows are shown 

pointing in the mean direction 

of supply. As the .growth 

 

 

additions to the mineral at any 

period will be towards the 

supply, these arrows are 

tangential to the curve at every 

position along it. As the 

crystal enlarges a 

continuously increasing 

quota, will proceed from 

within, leading the extremities 

to assume a regular curve 

becoming asymptotic in 

advanced individuals. The 

curve is of the type' known as 

a conchoid. 

 

 

holds in 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 hour-glass structure here developed recalls that observed in other minerals arising 

under somewhat different but analogous circumstances. Thus hour-glass structure is common 

in titanic augites and in chloritoid; it has likewise been reproduced artificially in a variety of 

cases. The literature and a summary of the conclusions arrived at is best set forth by 

Rosenbusch.* It appears that in the building up of crystals of complex chemical compounds, 

certain molecules are attracted more to one face of the crystal than to others, 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 light upon such 

less obviously explainable hour-glass structures. For comparison a section of chloritoid 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. This is especially so in the case of olivine, which has a very 

great crystallization-capacity. 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 is well seen in Figs. 2, 7, and R of 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., P.210
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central portions. This addition appears to have taken place under somewhat changed 

conditions, more leisurely than the earlier growths. Text-books mention but a single case of 

zonal structure in Andalusite. 
 

RELATED CHIASTOLITE OCCURRENCES 

Andalusite Schist at Cartwright'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 measure as much as several 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 in the quarries. The crystals are loaded with foreign matter, but so far as 

noted none exhibit . a well marked cross. 

Chiastolite Schist at the Lady Don. - Still further to the north-east, in the vicinity of Euriowie, 

in the Barrier Ranges, a laminated slate rock, referred 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 

Poothlaringla type. 

Chiastolite Schist at Paringa, Mount Lofty Ranges. - During the year 1907, when the Paringa-

Kanmantoo copper mine was being opened up, the management forwarded specimens of coarse 

chiastolite schist, representing some of the country rock. These measure 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 Dr. Woolnough, * though in it the 

crystals are much more perfectly developed than in the" Paringite." 
 

  

*  "Notes on the Geology of the Mount Lofty Ranges, chiefly the portion East of the Onkaparinga 

River." Trans. Roy. Soc S. Aust., 1908, p. 123. 



 

 

 

 

 

 

 

 

PLATE I. 
 

Fig. 1. View of the chiastolite occurrence at Mount Howden: the western outcrop. A 

surface mantle of residual chiastolites and pebbles appears in the foreground. Mt 

Howden, the original discoverer stands in the picture 

 

Fig. 2. A nearer view of the residual chiastolities at the same outcrop. Most of these have 

now been removed by collectors 



 

 
  



 

 

 

 

 

 

 

 

 

PLATE II 

 
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 to complete the square cross section. 

Fig. 8. A chiastolite which has almost square cross section 



 

 
  



 

 

 

 

 

 

 

 

 

 

PLATE III  

 
Chiastolites from Mount Howden. (Natural Size) 

 

Fig. 1. A chiastolite in which the vanes assume a fin-like appearance. This is due to 

pressure after formation. The special features illustrated but poorly in the 

photograph are brought out more clearly in the test figures 3 and 4. Mr Howden 

calls these ñfish-tailò chiastolites 

Fig. 2. Ditto, less perfect. 

Fig. 3. Shows curvature of the fin-rays 

Fig. 4. Chiastolite which has suffered pressure in a more irregular manner: the rays are 

coarse and crumpled. 

Fig. 5. Chiastolite embedded in crumpled schist matrix. The chiastolites are resistant 

nuclei around which the schist is folded. For the most part 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 chiastolite (Howdenite) bearing rock from Poothlaringla. 

Fig. 2. The same rock showing an outcrop surface with projecting rectangular chiastolites 



 

 



 

 

PLATE V 
Sections made at regular intervals from end to end of chiastolite crystals from Bimbowrie. 

(Natural size).  
 

Figs. a. Large individual from Mount Howden showing but little alteration. Note the small 
central square appearing towards the extremities. also the abundance of carbonaceus 
lines. evidence of weakening crystallization-power. Slices 1.6 cms. apart.  

Figs. b. Chiastolite from Mount Howden changed to crvpto-crystalline muscovite. Sections not 
quite evenly distanced. averaging 1. 7 cms. apart.  

Figs. c, A long narrow chiastolite from Mount Howden showing an increasing abundance of 
foreign included matter towards the extremities. Sections 1 cm, apart.  

Figs. d. Sections of the square type (Howdenite) from Poothlaringla. Note the interior dark 
square increasing from the centre of the crystal towards the extremities. Compare with 
ideal sect ions, text figs. 11 and 12. Sections 0.75 cms. apart,.  



 

 
  



 

 

 

PLATE VI 
Chiastolites from Mount Howden showing the effects of deformation and alteration. (Natural 

size)  

 

Fig. 1. Portion of an individual distorted by crushing. This has suffered both flattening and 

bending.  

Fig. 2. Pellet from the crushed chiastolite schist. 

Fig. 3. Ditto. 

Fig. 4. Cross section showing the effects of pressure in bending the arms of the cross. 

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

Fig. 6. Cross section of a chiastolite with adhering lugs of schist base. Growth under 

differential pressure appears to be responsible for the dominant chiastolite growth 

taking place in the plane perpendicular to pressure. Note the central square 

representing growth after the: basal face.  

Fig. 7 Flattened growth with adhering matrix.  

Fig. 8 Slightly flattened growth showing bent arms.  

Fig. 9 A case in which the conditions of growth have been more favorable in. one direction 

(plane normal to pressure) than in the other.  

Fig. 10. Showing the character of the material occupying the spaces between the arms. The 

inner darker area is more compact and less porous, consisting of foreign particles 

cemented by chiastolite material. Without is a porous and less adherent zone 

composed almost entirely of mica and sand grains colored by carbon.  

Fig. 11. Cross section of a deformed and paramorphous chiastolite from the eastern ontcrop at 

Mount Howden. Chiefly dense fine-grained muscovite with occasional grains of 

corundum.  

Fig. 12 . Squarish paramorph in which much corundum is present.  

Fig. 13. General view of a chiastolite paramorph from the eastern outcrop. The boundaries are 

much corroded.  

Fig. 14. Square chiastolite showing but little included matter.  

Fig. 15. Chiastolite in process of alteration. Note the border zone of coarse muscovite and the 

meshwork of cryptocrystalline muscovite within.  

Fig. 16. A more advanced stage. Coarse muscovite without and crypto-crystalli ne centre.  

Fig. 17. Paramorph showing mesh structure of the alteration products.  

Fig. 18. Showing a stage in the alteration of chiastolite. The mesh consists chiefly of 

muscovite; between the meshes are residual kernels of chiastolite.  

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

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

muscovite.  



 

 
  



 

 

 

PLATE VII 
 

(Natural Size) 

Various chiastolite crystals from Mount Howden, most of which are paramorphous 

aggregates chiefly in muscovite.  



 

 
  



 

 

 

PLATE VIII  
 

Typical sections of chiastolite (Howdenite type) from Poothlaringla (natural size). Compare the 
digramatic text-figs. 11 and 12.  

Fig. 1. Zoned crystal; section almost central.  

Fig. 2. Zoned crystal; central section with flaw extending towards one corner.  

Fig. 3. Zoned crystal; section half-way towards an extremity,  

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

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

Figs. 6, 7, 8,. 9, 10, 11,. 12, 13, 15, 16, 20, 25, and 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 crystals without outer zones embedded in the matrix showing marked curvature of 

the boundaries. 

Figs. 18 and 19.  Showing evidence of rapid additions along the axial directions in the early 

stage of growth.  

Fig. 21.. Curvature of the boundaries of the inner growth zone is almost absent.  

Figs. 22, 23, and 27. Lozenge-shaped types.  

Fig. 24. Illustrating a case where the initial growth has extended out along the axial direction 

Fig. 26. Similar to Fig. 21, but shows no outlier zone.  

Fig. 29. Shows to a. remarkable degree the growth outward along the axial direction.  



 

 
  



 

 

PLATE IX 
 

(Natural size). 

Fig. 1. Section across a. residual chiastolite with adhering matrix disclosing a smaller individnal 
intergrowth in a nearly parallel direction .  

Fig. 2.A. longitudinal view of a chiastolite from :Mount Howden terminated at both ends by natural 
parting planes parallel to the 011 faces. 

Fig. 3. Similar to the preceding but showing three directions of parting belonging to the form 011.  

Fig. 4. Another longitudinal view showing: termination by natural parting plane inclined to one 
another parallel to faces of the form 011.  

Fig. 5. Longitudinal view of an unusually large chiastolite from Poothlaringla.  

Figs. 6 and 7. Longitudinal views of normal sized Poothlaringla chiastolites. Fig. 6  shows a 
rhombic cross section: Fig. 7 exhibits a square cross section.  

Fig .. 8. A. longitudinal section through the centre of a Poothlaringla chiastolite. A slice has been 
cut from the right hand end cutting short the extremity. 

Figs. 9 and 10. Cross section of Poothlaringla chiastolite of unusual character.  

Figs. 11 and 14. Poothlaringla chiastolite. Longitudinal sections of the same individual. Fig. 11 cut 
through the centre ; Fig. 14 cut a little nearer one side.  

Figs. 12 and 13. Cross sections of unusual types of Poothlaringla chiastolites; in both a white cross 
is brought out indicating that the growth-conditions have been somewhat as at Mount 
Howden.  

Fig. 15. A longitudinal section of Ottrelite showing hourglass structure. Microphotograph x 75 
diams.  

Fig. 16. A longitudinal section of a skeleton crystal of olivine. Thp result of very rapid 
crystallization from a supersaturated magna. Microphotograph x :300 diams.  

Fig. 15 and 16 are reproduced from the collection of microstructure photographs compiled by E 
Cohen Stuttgart, 1899.  



 

 
  



 

 

PLATE X 

 
MICROPHOTOGRAPHS. 

Fig. 1. Muscovite-schist forming the chiastolite matrix at the paramorph zone to the east of the 
copper lode at Mount Howden. Note the helicitic texture. The minerals present are quartz, 
acid plagioclase, muscovite and occasional grains of corundum and hydrated iron ores. 
Mag. 12 diameters.  

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 microscope slide illustrating the alteration of Mount Howden chiastolite. On 
the left hand side much of the chiastolite remains unaltered, traversed by cracks along 
which alteration has proceeded converting the neighboring mineral into fine scaley 
sericite. At the right hand bottom corner is a portion of the chiastolite darkened by 
carbonaceous matter, whilst between. is a peripheral casing to the more solid chiastolite, 
is a region of coarse muscovite. Mag. 20 diameters.  

Fig. 4. Microscope section of a bleached paramorph after chiastolite from the outcrop east of the 
copper lode at Mount Howden. The predominant mineral is muscovite. whilst embedded 
in it, are grains of corundum. The large nearly rectangular grain and much dust-like matter 
in this section are corundum. Mag. 45 diameters.  

Fig. 5. A section of a kernel from the crushed chiastolite zone west of the copper lode at Mount 
Howden. This is composed of a micro-crystalline pinnite-like aggregate, chiefly 
muscovite, in which are embedded numerous prismatic grains of zoizite. This is 
presumably a paramorph after chiastolite, Mag. 12 diameters.  

Fig. 7. A microphotograph of the periphery of a Poothlaringla chiastolite. Above is the outer 
faintly-greenish zone: This is separated from the interior main mass of the crystal, seen 
below, by the carbon band appearing black in the print. Note that alteration. proceeding 
from without has eaten into the outer zone replacing the chiastolite by patches of sericite. 
Mag. 25 diameters.  



 

 
  



 

 

PLATE XI 
Fig. 1. A lozenge-shaped howdenite cut near an extremity.  

Fig. 2. A. howdenite cut· through the centre showing a well-defined outer zone.  

Fig. 3. A howdenite cut between the centre and an extremity showing outer zone.  

Fig. 4. A howdenite without outer zone cut through the centre.  

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

Fig. 6. Similar to (4).  

Fig. 7. A howdenite showing growth biased along one diagonal and well-defined outer zone.  

Fig. 8. A howdenite showing strong growth along: both diagonal and outer zone.  
Fig. 9. Like (8).  
Fig. 10. Like (3) but showing slight peripheral change to pinnite.  
Fig 11. Chiastolite from Mount Howden cut at a short distance from the centre, showing central 

square. 
Fig. 12. Similar to (11). but cut through the centre.  
Fig. 13. A longitudinal section of a howdenite cut from the same crystal as (23). The latter is a 

central section whereas (l3) is cut a little to one side.  
Fig. 14. .A Mount Howden chiastolite.  
Fig. 15. One in which the arms are not, perpendicular to each other.  
Fig. 16, 17, 18, 19 and 20.  Mount Howden chiastolites; which have suffered paramorphism in 

pinnite, corundum, &:c., stained with haematite.  
Fig. 21 and 22. Sporting types of Poothlaringla chiastoli tes.  
Fig. 23. Refer to (13).  
Fig. 24. Similar to (11), but reduced to a stained paramorph.  
Fig. 25. A typical howdenite.  
Fig. 26. Similar to (15), but changed as (24).  
Fig. 27. A sport in hard stained chiastolite; Poothlaringla.  
Fig. 28. A muscovite paramorph of chiastolite; Mount Howden.  
Fig. 29. and 30. Unusual forms from Mount Howden.  
Fig. 31. Chiastolite from Mount Howden showing bending of the arms due to rotation of the crystal 

in its bed.  
Fig. 32. An aventurine-like paramorph similar to (20).  
Fig. 33 and 34. Typical forms from Mount Howden.  



 

 


