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monium chloride, and soluble alkaline silicates formed in the
manner proposed by Van Hise and Leith, suggest themselves as
possible available alkaline reagents. In this way silica, ferric
hydrate with some aluminum hydrate according to the amount
taken into solution by the acidic vapors, would be precipitated
almost free from other constituents. With subsequent upheaval
of the basin of accumulation this heterogeneous precipitate would
become largely dehydrated and indurated to give a rock cor-
responding substantially to a ferruginous chert.

A full discussion of the origin of the ironstones is outside the
scope of the present paper; and therefore the many questions and
difficulties attending the admittedly speculative hypothesis ofiered
must be left undiscussed. In view of the relatively slight attention
which the genetic problem of the South African ironstones has
received even a sketch treatment may be of some value in possibly
afiording a clue to the true mechanism whereby rocks of such
unique chemical and petrographic character may have been
formed.

2. Tnu OnrcrN oF Tr{E CowsrrruBr.lrs ol rrrE Asapsros Snau

The asbestos seams were manifestly formed after the deposition
of the ferruginous cherts in which they occurl and thus the
chemical components of crocidolite and amosite may be accounted
for in one of the following three ways: (1) by deposition of entirely
foreign material from travelling solutions; (2) by reaction of the
ferruginous cherts with travelling solutions carrying some com-
ponent part of crocidolite or amosite; or (3) by molecular re-
organization in situ of pre-existing materials entirely without
introduction of foreign matter.

The first of these modes of origin has apparently never been
seriously advocated, although it is virtually implied by Taber's
general theory of vein formation, to be considered later. In view
of the strong general chemical similarity existing between the
nsbestos seams and the enclosing ironstones; the fact that oc-
currences of iron-asbestos are rigorously restricted to ferruginous
sediments, just as serpentine asbestos occurs only in ultra-basic
igneous rocks of similar.composition; and the entire absence of
transgressive relations between the asbestos seams and the bedding
of the ironstonesl a theory of origin involving the'introduction
of wholly foreign material either in open spaces or by injection
along planes of weakness is in the highest degree improbable.
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considering crocidolite first, it will be recalled that this mineral

consists essentially of silica, ferric oxide, ferrous oxide, soda and

water in descending order of abundance, with magnesia in small

amount and alumina, lime and potash in negligible proportions'

The ironstones consist of silica, ferric oxide, ferrous oxide and

water, with small amounts of alumina and magnesia, and negligible

proportions of the other constituents, including soda. The main

constituents, silica and iron oxides, are common to both, and the

petrographic evidence,favors the obvious conclusion that the

silica and the iron oxides of the crocidolite seams represent com-

ponents of the ironstones reorganized. in silu. This is also the'view

advocated by Hal l  (1918 B,  P.  125) '

Magnesia in crocidolite is about four times as abundant as in the

ironstones. Hall suggests that this eonstituent was derived from

solutions ascending from the dolomite formation which underlies

the ironstones (1918 B, p. 120); and this view is supported by the

rather consistent restriction of crocidolite seams to the lower

horizons of the ironstone formation. At the same time the postu-

late of rising solutions transgressing the bedding ofiers some diffi-

culties; and since a simple concentration of the magnesia in belts

four times as wide as the respective crocidolite seams would be

adequate-and the ironstones in the neighborhood of the asbestos

seams commonly exhibit a leached appearance-the writer is in-

clined to explain magnesia in crocidolite to local concentration'

and to refer the greater abundance of crocidolite seams in the lower

reaches of the ironstone formation to the higher temperatures

which probably obtained at the lower horizons'

To explain the presence of about 6 per cent' of soda in the

crocidolite seams is perhaps the most difficult part of the genetic

problem. Throughout the investigation this question was con-

stantly kept in mind, but no really positive evidence was obtained'

Again there are three possibilities: soda may have been a foreign

constituent introduced by travelling solutions; or the crocidolite

may occupy the place of pre-existing soda-rich bands; or soda may

have been uniformly distributed throughout the ironstones and

subsequently concentrated in certain bands. The fact that the two

ironstone analyses show that these rocks now carry only traces of

alkalis is compatible with each hypothesis and therefore does not

assist in a decision. In this connection, perhaps the most significant

features of the crocidolite seams are their sharp demarcation as
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relatively thin planes of great lateral extension, and their constant
concordant relation to the bedding of the ironstones. rf soda were
concentrated by a comprehensive leaching of the ironstones pre-
supposed to have contained sufficient evenly distributed soda, it
seems very unlikely that these feaiures would be developed in the
resulting crocidolite seams; and therefore we may regard this
hypothesis as the least probable of the three. Hall inclines to the
postulate of pre-existing soda-rich bands (1918 B, p. 120), anc
suggests that these may be related to deposition in brakish water,
Du Toit adopts a similar view (1929, p. 107) and mentions sub-
marine zeolite formation as a possible mechanism for effecting con-
centration of soda along certain bedding planes. As the ironstones
were probably laid down mainly beyond the zone of mechanical
sedimentation Hall's suggestion, implying ctystallization and
occlusion of soda salts in shallow water, does not seem to be
supported; and similarly Du Toit,s proposal is frankly hypothetical
and lacks petrographic corroboration.

The view that soda was introduced by hydrothermal solutions
derived from some igneous mass was proposed by Lambert in an
unpublished study of the present material. while it is conceivable
that injected solutions would invariably follow the bedding of the
ironstones, late veinlets oI quaftz and calcite are frequently found
transgressing, and it is probable that alkali-bearing solutions and
the consequent crocidolite seams would do likewise if soda were
introduced by hydrothermal solutions. Again, Hall (1918 B,
p. 120) and Du Toit (1926, p. 107) agree that an adequate igneous
source is not known in the Cape province;and in any case, in the
Transvaal where asbestos is developed definitely within the con-
tact aureole of the Bushveldt rntrusion, alkali-free amosite of great
fibre-length is developed just where we would expect an alkali-rich
product on Lambert's hypothesis.

Thus each alternative is fraught with difficulties. On the whole
the postulate of so{p-rich bands seems to account best for the
structural relations of the crocidolite seams, and while the mech-
anisms suggested by Hall and by Du Toit to explain such local
concentration of soda along certain bedding planes do not appear
very plausible, a wholly satisfactory alternative explanation does
not suggest itself. During the accumulation of the igneous solu-
tions believed to have reacted with precipitation of silica and ferric
hydrate, sodium silicate solution may have occasionallv been
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emitted in considerable excess and have become occluded in

horizontal zones in the accumulating chemical sediment. With

subsequent dehydration and regional metamorphism the soda in

these zones would be concentrated and might enter into some

combination with the other constituents to form interbedded soda-

rich bands which subsequently developed into crocidolite seams'

This possibility receives support from a laboratory experiment

in which the supposed precipitation of ferric hydrate by sodium

silicate was imitated, and abundant soda obtained in the precipi-

tate. While admittedly speculative this suggestion is put forward

faut d.e mieur in the hope of stimulating critical interest in the

difficult problem.
With regard to water, the last constituent to be considered, the

analyses show that even the rather strongly metamorphosed mag-

netite-quallzite still contains about 3 per cent of water, while

the ferruginous cherts adjoining the crocidolite seams contain about

6 per cent of this constituent. Crocidolite itself holds around

3 per cent of water. As the ironstones have undoubtedly been

losing water since their deposition as chemical sediments, we may

conclude with safety that interstitial water was present in the

ironstones in amply sufficient amount to account for the proportion

of water now combined in crocidolite. We are thus lead to the

conclusion that all the chemical components of crocidolite pre-

existed in the ironstones in situ; in the case of soda, however, the

evidence is not strong, and the view that soda is a foreign con-

stituent cannot be definitely dismissed
In regard to amosite the situation is different' Typical ash-gray

amosite from the Transvaal is essentially a ferrous silicate with

notable amounts of sesquioxides, magnesia and lime, less water

than crocidolite and only traces of alkalis. Hall clearly shows that

the amosite occurrences lie in the contact aureole of the Bushveld

Complex (1918 B, p. 121), and it is impossible to resist the con-

clusion that the chemical dissimilarity existing between amosite

and the country rock and the exceptional fibre-length exhibited

by amosite are due to the fact that asbestos formation in the

Transvaal was controlled by hydrothermal solutions emanating

from the igneous mass after intrusion.
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3. THE CONDITIONS ATTENDING THE FORMATION OF

AMPHIBOLE-AsBESTOS

In the preceding section it was concluded that all the con-
stituents of the crocidolite seams were present in situ in the iron-
stones; this implies the conclusion that the crocidolite seams were
formed by molecular reorganization without essential transfer
of material, following a change of physical conditions and a con-
sequent displacement of chemical stability. To discover approxi-
mately what these conditions probably were we must be guided
by the known conditions attending successful laboratory syntheses
of amphibole, and by some geological considerations.

The difficult synthesis of amphibole was first achieved by
Chrustschoff (1891) who obtained measurable prismatic crystals
of hornblende by preparing the appropriate constituents chemi-
cally in the form of an aqueous gel which was heated in special
stout exhausted glass bulbs for three months at about 550°C.
Similarly Allen, Wright and Clement (1906) obtained minute
fibres of amphibole with chemically prepared charges and water
contained in a platinum crucible placed in a steel bomb and heated
at 375-475°C for three to six days. These experiments show that
the presence of water vapor is essential for the formation of amphi-
bole, and that charges of the appropriate materials will combine
at moderate temperatures and consequent pressures acting through
periods negligibly short compared with geological time. They also
show, as would be expected, that with lower temperatures and
short runs fibres are formed, and that with higher temperatures
and longer runs well developed crystals are obtained.

It is hard to estimate the quantitative effect of the time factor
on the temperature required to effect such chemical changes.
Certain it is, however, that given almost indefinite time the
temperature at which the amorphous components of amphibole
will combine will be very much lower than that required in a
laboratory synthesis occupying only a few days. As crocidolite
rarely develops beyond the fibrous condition we may further con-
clude that the temperature which obtained in the ironstones when
the reorganization to crocidolite took place was near the lower ex-
treme of the stability range of that mineral. Therefore, in view of
the complete absence of evidence of severe thermal or contact
metamorphism in the ironstones of the Cape Province, the very
extensive and uniform nature of the crocidolite development, and
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the considerations just given, it seems probable that the develop-
ment of crocidolite was accompanied by a very moderate rise of
temperature, such as would be produced by simple burial to
moderate depths.

In addition to elevated temperatures, pressures above at-
mospheric are essential for the production of amphibole. Horn-
blende is perhaps the most familiar product of metamorphism
induced by directed stress in rocks of basic composition; but such
conditions would have converted the entire ironstone formation
into amphibolite. In the present case we are clearly concerned
not with directed stress, but only with uniform pressure resulting
from the load of superincumbent strata and with the hydrostatic
pressure necessary to inhibit the escape of water vapor at the
prevailing temperature. Water vapor at a few hundred degrees
centigrade is undoubtedly a very penetrating fluid and one might
well question the retention of interstit ial rock moisture at such
temperatures, and therefore the formation of amphibole in the
manner suggested. But colloidal materials have the property io
retaining water at considerable temperatures at atmosphercf
pressure, a fact that was brought out in the laboratory experiment
mentioned in connection with the origin of the ironstones. The
colloidal piecipitate obtained, even after heating to 350oC at
atmospheric pressure, yielded over 3 per cent of water on ignition.
Many rocks and minerals exhibit the same property.

We thus arrive at the conception of the crocidolite-bearing
ironstone formation being buried under younger sediments, ex-
periencing a consequently moderate rise of temperature and
pressure greatest at the base and decreasing progressively upwards,
and suffering a "sweating" process which resulted in molecular
reorganization just sufficient to permit the union of amorphous
silica, iron oxides, soda, magnesia and water dominantly in the
lower horizons along bedding planes inferred to have been initially
rich in soda. These conditions were also sufficient to promote some
conversion of chert to quartz and amorphous iron oxide to mag-
netite, and occasionally to permit the growth of crocidolite to
extend beyond the fibrous stage"to an acicular condition.

4. TnB Onrcrw ol Cnoss-FrsnB Srnucrunp

The familiar cross-fibre structure of asbestos seams presents a
problem which has attracted considerable attention and has given
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rise to a variety of explanations. Minerals which assume fibrous
form are also commonly found in well-developed crystals; thus
when the fibrous condition is developed the explanation lies not in
inherent habit but in special conditions of growth. To enquire into
these conditions in the case of amphibole-asbestos and to ascertain
if possible the cause of the typical common orientation of the
fibres normal to the surfaces bounding the asbestos seams is the
object of this section.

The beginnings of crystallization in amorphous media are
marked by the development of crystallites so fninute that their
reaction to polarized light is inappreciable. Thus in acid volcanic
glasses we find globulites, margarites, trichites and various
plumose, arborescent and fibrous bodies representing incipient
crystallization which was checked by the chilling of the glass.
Similarly in natural and artificial glasses the inherent tendency
to crystallize slowly overcomes the great viscosity of glass in the
cold and devitrification proceeds with the development of similar
fibrous crystallites. In palagonite, which is ideally the hydrogel
of sideromelane (Author, 1926, p. 74), fibrous crystallites readily
develop; and in general, minerals which crystallize from hydrogels,
such as chalcedony and kidney ore, fibrous structure is displayed.

In the ironstones the beginnings of crocidolite formation are
seen in the blue, sensibly amorphous bands which Klaprothi3j}ed
Blau-Eisenstein, and are referred to by Hall as potential crocidolite;
these bands have been shown to have the same chemical com-
position as crocidolite. In the sections studied, every stage was
seen from these unorganized blue bands to seams composed of
wholly crystallized material ranging from the finest hairs to stout
needles; and the conclusion is inevitable that the fibrous seams
developed from sensibly amorphous, blue bands of incipient
crocidolite. The fact that the fibrous condition is the dominant
one, the incipient and acicular phases being now only slightly
represented, may reasonably be taken to show that when crocido-
litization had in the main reached the fibrous stage the conditions
which promoted this change were withdrawn, and further integra-
tion of fibres to form stout needles was largely inhibited. As the
products of crocidolitization display the structural features pe-
culiar to the products of crystallization in many known amorphous
media containing the necessary components in situ, the hypothesis
that crocidolitization proceeded by molecular organization in a
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hydrated amorphous aggregate containing the necessary con-

stituents in place receives support.
To explain the persistent orientation of asbestos fibres normal

to the plutt"t of the seams two principles, in general, have been

invoked: first, that provided. a growing crystal have restricted

contact with the saturated solution from which it is growing, by

virtue of the linear force of crystallization this crystal will continue

to grow where it is in contact with saturated solution even against

strong mechanical resistance; and second, that when a growing

crystal wholly in contact with saturated solution meets mechanical

obstruction as a result of its growth, the pressure developed at the

contact increases solubility and checks further growth at that

point, and the crystal continues to grow in the direction of least

resistance.
The first principle is at the root of Taber's general theory of vein

formation, .based on experimental work on crystallizing salts,

applied to the case of serpentine asbestos, and extended to cover

the case of other minerals including crocidolite (1916; l9l7;

Iateral secretion, the growing veins making room for themselves by

pressure.

Taber's hypothesis as applied to crocidolite has many implica-

tions which are irreconcilable with known facts. If crocidolite
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seams were formed by the forcible displacement of their walls then
we would expect to find close sympathy in the irregularities of the
two walls of a seam, especially in narrow seams. But when crocido-
lite seams are not bounded by parallel planes they are typically
defined by one plane surface and one corrugated surface, so that
in sections transverse to the bedding the crocidolite appears in
short, sometimes almost disconnected, pod-like bodies; and within
the space of a hand-specimen the bedding planes on either side
will be perfectly straight. Such a structure cannot be explained
by displacement of the walls. Again, if Taber's mechanism results
in cross-fibre structure, then crocidolite seams should invariably
have possessed this structure from the first; but many seams are
still in the incipient, non-fibrous, unoriented condition, and there
are good reasons for believing that all the cross-fibre seams origi-
nated in this condition. Furthermore, the basic postulate of
Taber's hypothesis, namely of solutions of crocidolite migrating
transversely to the bedding is difficult to accept. As far as we
know, amphiboles cannot be taken into solution except under
fusion conditions, and it is quite certain that such conditions
never obtained in the ironstones which still consist largely of
uncombined silica and iron oxides, materials which flux at
moderate fusion temperatures. And finally, granting trans-
versely migrating solutions of crocidolite, there is no evident
reason why deposition should ahvays take place along planes
parallel to the bedding. For these reasons Taber's theory of
cross-fibre vein formation is believed to be inapplicable to the
South African crocidolite.

Other explanations of the cross-fibre habit of asbestos are
directed mainly towards providing a means whereby a relief of
pressure can be attained transversely to the seams, thus inducing
the mineral to grow in a cross-fibre manner according to the second
principle stated above. Merrill suggests that shearing action may
account for the cross-fibre habit of asbestos in many cases (1895,
p.289). Differential movement of the walls in the plane of a
growing asbestos seam would certainly produce the desired relief
of transverse pressure with increase of lateral pressure, and tend
to produce an oblique structure. In the present collection, how-
ever, seams with obliquely oriented fibres are exceptional, and in
these cases the skew orientation is probably the result of later
shearing. In the case of the chrysotile-asbestos of Black Lake,
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Thetford area, Quebec, Graham believes that the thermal con-

traction of the peridotite batholith may have been greater-than the

expansion due to concurrent serpentinization, and that therefore
fractures in the mass tended to widen and thus to encourage cross-
fibre growth of chrysoti le (1917, p. 195). But such a mechanism
is manifestly inapplicable to the sedimentary ironstones.

Hall infers that the South African crocidolite and amosite was

first deposited in the mass-fibre condition. With continued growth

favorably placed fibres would tend to thrust the walls apart thus

encouraging the remaining material to develop fibres transverse

to the plane of the seam; in addition, lateral pressure due to

rnutual interference of growing crystals, unequal pressures arising

from volume changes, and unequal solution supply are suggested

as contributing to the final cross-fibre structure (1918 B, p. 123).

Thus, while recognizing that the transverse orientation of the
fibres in amphibole-asbestos seams is not a primary property of the

seams, Hall's explanation appears to rely at once on the power of

a crystal to grow against mechanical resistance, and on the ten-

dency for crystals to grow in the direction of least obstruction.

The tendency for crystallizing bodies to develop structures

normal to their bounding surfaces is a common one. In the case

of crystallization from igneous fusion this tendency is illustrated

by the familiar,columnar structure developed normal to the cooling

surfaces of intrusive rock-bodies, and by the orientation of the

dendrites which develop in steel ingots normal to the chill-surfaces

of the moulds. Similarly certain salts, such as common salt, copper
.sulphate and potash alum, commonly develop cross-fibre structure

on crystallization from aqueous solution in natural veins. The

satin-spar varieties of gypsum and calcite and the mineral celestite

frequently develop the same feature. Certain hydrous silicates,

such as prehnite, stilbite and pectolite, and other minerals which

have crystallized from gels rather than from solution, such as

goethite, serpentine and chalcedony, commonly develop fibrous

or platy structure in which the long axes of the crystalline units

lie normal to the bounding surfaces of the mineral body. The

perpendicular relation between fibrous structure and the bounding

surfaces of mineral bodies possessing this structure is thus too

consistent to be insignifi.cant, and therefore we can hardly escape

the conclusion that the bounding surfaces in some way exert a

control over the orientation of the fibres.
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fn the case of minerals which crystallize from normal or colloidal
solutions, crystallization is accompanied by loss of water. If this
should take place in a totally enclosed cavity, or in an extensive
vein completely filled with the solution or gel from which pre-
cipitation is taking place, the escape of water necessary to produce
saturation and precipitati,on must ultimately take place through
the walls of the cavity or vein. In this way the bounding surfaces
of the mineral body become "drying-surfaces," strictly analogous
to cooling-surfaces in their effect on precipitation and orientation
of structure.

In the analyzed examples the ferruginous cherts in the neighbor-
hood of crocidolite seams contain a total of 5.90 per cent of water;
incipient crocidolite, inferred to be the earliest product of cro-
cidolitization contains 3.46 per cent of water; the fine cross-fibre
crocidolite believed to have resulted from further organization of
the incipient material, carries 2.89 per cent of water; while the
stout acicular material, representing further crystalline integration'in 

fibrous seams, ;rields 2.77 per cent. of water. Crocidolitization
is thus accompanied by a progressive loss of water, which must
have escaped through the walls of the seams. The change from the
incipient to the fibrous condition would thus take place first at the
contacts of the seams with their walls. Just as crystals of ice grow
out perpendicularly to the walls of a tank of water from which heat
is being withdrawn, the first thin film of crocidolite changing from
the incipient to the fibrous condition would arrange itself with its
fibres normal to the controlling wall-surfaces. Where possible,
crystalline accretion takes place in optical continuity with existing
crystals of the same material; and therefore the lead set by the
first thin layers of perpendicularly oriented fibres would determine
the orientation of the remainder of the seam.

To conclude, although the ultimate nature of the force or re-
action of forces, by virtue of which cooling- or drying-surfaces of
a mineral body control the orientation of fibres developing at such
surfaces, has not been found, the existence of this control cannot
be gainsaid. On the theory of origin of crocidolite developed, the
orientation of the fibres normal to the walls of the seams is believed
to be an effect of this proved, although not fully understood,
control.
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VI. SUMMARY OF OBSERVATIONS AND CONCLUSIONS

1. MrNBneroGrcAL

(a) The South African asbestos-bearing ironstones range from

cryptocrystalline ferruginous cherts to fine-grained magnetite-

quartzites in which detrital grains cannot be detected and crystal-

line structure appears to be secondary.
(b) Two new analyses show that the ironstones consist of

silica, iron oxide largely or wholly peroxidized, and water, with

less than three per cent. of other constituents.
(c) The dominant asbestos variety is blue crocidolite occurring

chiefly in thin, extensive, cross-fibre seams conforming strictly

with the bedding of the ironstones. To a subordinate extent crocido'

Iite occurs also in a non-fibrous, t'incipient" condition, and in

seams of stout needles-the "acicular" condition.
(d) New analyses of the three phases of crocidolite conform

tolerably with the metasil icate: 3HzO' 2NarO' 6(Fe,Mg)O' 2FezOa
'l7SiOz, in which HzO is wholly basic' To maintain a better

balance between silica and the bases in these analyses, and in

other analyses of amphiboles carrying notable proportions of

sesquioxides, an interpretation in terms of the three moleculesl

RgOs'  RO'SiOz'  RzOa'  RO'4SiOz;  and RO'SiOz is  advocated '
(e) The following new optical data were obtained for crocidolite:

o : 1.698 ; A : 1.699 ; t : 1.7 06 ; X : indigo ; y : yellow ; Z : indi9o ;
X nc:0o; Z:b;Xand Y may possibly be interchanged. Although

sensibly orthorhombic crocidolite is regarded as a fibrous form

of riebeckite and retained as a monoclinic amphibole in which

the extinction angle is zero.
(f) The long-fibred, ash-gray asbestos, amosite, typically de-

veloped in ironstones within the contact aureole of the Bushveld

Intrusion, proves to be an orthorhombic amphibole with ferrous

oxide as the dominant base. Carrying sesquioxides intermediate

in amount between the ideally sesquioxide-free anthophyllites and

the highly aluminous gedrite, amosite is sustained as a mineral

species. The composition of amosite is expressed in the same

general manirer devised for crocidolite (d). A greenish, short-fibred

form of amosite carries about 11 per cent of l ime.
(g) The following new optical data were obtained for typical

ash-gray amosi te:  mean of  a and B:1.675;1:1 '702;  mean of  X

and Y, pale greenish brownl Z,pale brownish green; Z:c. Gteen-

ish amosi te gave:  mean of  a and F: I .663;  l :1 .680;  mean of  X

and Y, grayish green; Z, grass green; Z: c.
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2. GrNBrrc

(a) On the grounds of typical non-detrital character and
uniquely simple chemical composition, the ironstones are regarded
as having originated as chemical precipitates deposited in an
extensive marine basin. Occasional intercalations of detrital sedi-
ments are related to oscillations of the floor of this basin, varying
its extent and occasionally bringing it within the range of mechani-
cal sedimentation.

(b) It is shown that certain essential differences of constitution
and geological relationship exist between the ironstones of South
Africa and those of the Lake Superior region; and that therefore
the hypothesis of Van Hise and Leith to explain the origin of the
North American occurrences is not directly applicable to the South
African problem.

(c) The view that marine fixed chlorine originated in igneous
emanations is briefly advocated and adopted. From analogy it is
argued that the action of hot, submarine fumaroles carrying hydro-
chloric acid would result, in addition to alkali chlorides, in the
contribution of ferric chloride and gelatinous silica to Lhe sea-
rrater. Ammoniacal vapors and soluble alkali silicates are sug-
gested as possible natural reagents to precipitate iron as ferric
hydrate. On dehydration and induration the heterogeneous pre-
cipitate of silica and ferric hydrate would be converted into a rock
substantially similar to a ferruginous chert.

(d) It is shown that, with exception of soda in the crocidolite
belts, all the chemical constituents of crocidolite are present in
adequate proportions in the ironstones. Of the alternate views:
that crocidolitization was induced by soda-bearing solutions
emanating from some postulated igneous source; or that crocido-
Iitization took place along bedding planes inferred to have been
initially rich in soda; the latter is adopted. The chief grounds for
this decision are: that in the Transvaal, where asbestos formation
was clearly induced by hydrotherrnal solutions from the Bushveld
Intrusion, an alkali-free asbestos, amosite, is developed; that over
the immense lateral extent of the crocidolite belts there is appar-
ently little variation in the degree of crocidolitization; and that
crocidolite seams unfailingly conform to the bedding of the iron-
stones while late veinlets of quartz and calcite frequentlv trans_
gress.
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(e) Crocidolitization is thus conceived as a mild, static, non-

additive, metamorphic process resulting in the chemical union,

along soda-rich bedding planes, of the necessary constituents al-

rcady in si.tu. The process is described as a "sweating" action,

facil i tated by interstit ial rock moisture, and induced by a moderate

rise of temperature and pressure such as would result from simple

burial of the ironstones to moderate depths.
(f) The unorganized, "incipient" condition, the typical fibrous

condition, and the acicular condition, are regarded as progressive

stages in the crystalline integration of crocidolitized bands. The

transverse orientation of the fibres is therefore believed to have

developed after crocidolit ization was virtually completed.
(g) Taber's general theory of cross-fibre vein formation, in-

volving deposition through the walls of the vein from solutions in

the wall-rock, and forcible displacement of the walls by growing

fibres, is shown to be inapplicable to the South African asbestos.
(h) The cross-fibre structure of the asbestos seams is related

to the little-understood but undeniable control which bounding

surfaces commonly exert on the orientation of the structure of

fibrous minerals crystallizing from solutions or gels.
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V[I. EXPLANATION OF PLATES

Pra:rr I

Fig. 1. Asbestos-bearing ironstones at Kliphuis, 8 miles north of Prieska, Cape
Provincs The dumps of the Kliphuis Mine are seen in the middle of the picture
Photo. by Charles Polache,

Fig. 2. A closer vierv of the asbestos-bearing ironstones at Kliphuis, I miles
north of Prieska, Cape Province. Photo. by Choiles Palache.

Prerr II

Fig. 1. Banded ironstone (13000) from Prieska Kopje. This rock, which con-
sists essentially of finely granular qtrartz and magnetite, is a mildly metamorphosed
facies of the normal, cryptocrystalline, ferruginous chert. Comparable with analysis
I, Terrn II. Ordinary light; 20 diameters. This anil iubsequent photomioographs
by the author.

Fig. 2. Incipient crocidolite in ferruginous chert (13023), frorn Kliphuis. The
dark areas are brown, cryptocrystalline ironstone, while the light areas are com-
posed of minute units of blue crocidolite. These are unoriented, and therefore do
not give the strong simultaneous pleochroism of similarly oriented fibres. Analysis
II, T.lnr.n V. Ordinary light; 20 diameters.

Plern III

Fig. 1. Crocidolite seam in bleached ironstone (13046), from Keikamspoort.
The formation of crocidolite and magnetite in wavy bands has been accompanied
by some extraction of iron from the enclosing chert. The magnetite is regarded
not as representing pre-existing bands of ore displaced by the growing crocidolite,
but as a contemporaneous product, Two ironstone ,,cones,, are seen projecting
into the asbestos seam. Ordinary light; 20 diameters.

Fig. 2. Seam of acicular crocidolite (13047), from Keikamspoort. This is the
material from which the fullest optical data were obtained. Comparable with
analysis III, Taer,r V. Ordinary light; 20 diameters.
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