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ABSTRACT

CHEMICAL STUDIES ON ORGANIC MATTER FROM PRECAMBRIAN ROCKS

As the title suggests this was not intended to be a study of a single
area, but rather the chemical study of carbonaceous matter from four different
sources of Precambrian sediments within the age group of 3.4 x 109 years to

2.0 x 109 years.

The areas under investigation were the Archaean Kromberqg Formation of
the Onverwacht Group of Swaziland and South Africa, the Kalgoorlie System,
from Kalgoorlie, West Australia, and the Proterozoic Banded Iron Formétions
of the Hamersley Group, West Australia, and the South Alligator region of

the Northern Territory, Australia.

The aim of the study was to gain a deeper understanding of the effects
of incipient metamorphism on the carbonaceous matter in the rocks. As the
study progressed, it was observed that in some samples, ordering of carbon,
to the extent of graphitisation, has taken place, suggesting a high tem-
perature thermal history. Graphite can be formed simply by he#ting car-
bonaceous matter to a high temperature under reducing conditions, or in the
absence of oxygen. An estimate of temperature couldnotbe obtained from the
mineral assemblages in the rocks, and there is no geological evidence that
these rocks have been subjected to very high temperaturés. Some heating
experiments were conducted under simulated geological conditions, to see if
ordering of carbon can be achieved under comparatively low temperatures,
possibly in the presence of the mineral éssemblages found in Precambrian

sediments.
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The effect of metamorphism (heating) on carbonaceous matter is similar
to the rank progression found in coals. As rank increases, the changes
ultimately terminate in.fully ordered crystalline graphite. This progres-
sion was studied by X-ray diffraction, and it was observed that low fank
material has a very diffuse XRD pattern, and as the rank increases, the
pattern alters towards graphite. Corresponding similar progressive in-
creases were observed in crystallite sizes. At this stage, the Electron
Spin Resonance (ESR) technique was introduced as a new approach to correlate
the progressive changes. The results were encouraging and there exists a
definite correlation.between XRD data, crystallite size, ESR parameters,

and H/C ratio.

Micropalaeontological investigations were also carried out using the
Séanning Electron Microscope (SﬁM) on extracted carbonaceous matter and by
examining thin sections in the light microscope, and some interestiné obser-
vations were made. During the study of mineralogy of some carbonate rocks,
staining techniques were used whereby ferroan carbonate was distinguishéd
from normal carbonates. During this staining procedure, it was observed
that some filaments were stained blue by potassium ferricyanide, which
stains areas containing Fe2+ ions blue. These filaments were not other-

wise visible during the optical microscope studies.

The filaments had been replaced by ferroan type calcite or dolomite,
and therefore the external forms of fossil surface§ were preserved while
the internal structures were destroyed.v The fossils were preserved as
moulds which could therefore be classified as an example of authigenic
preserVation. The filaments were attached to cxystals of carbonates con-
taining iron, and none were obse;ved elsewhere in the rocks matrix, sugges-

ting possible evidence for iron-precipitating microorganisms. The closely
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morphologically resemble species of Leptothrix or Sphaerotilus. These
results indicate the value of using staining techhiques on carbonate

rocks for obtaining micropalaeontological information.
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- INTRODUCTION

Sedimentafy organic matter, although proportionately a very minor
constituent of many rocks, is useful a; an index of their degree of meta-
morphism. It has been known for several years that animal fossils occur
in late Precambrian rocks (Glaessner, 1962, 1969) anflmicrc#fossils, pre-
served as organic walled structures are known from rocks of many Precambrian
formations (Tyler and Barghoorn, 1954; Barghoorn and Tyler, 1965; Barghoorn
énd Schopf, 1966; Schopf and Barghoorn, 1967; Schopf, 1968, 1970; Brooks
and Muir, 1971; Brooks et al., 1973). Some authors have expressed doubts
that the spheroidal and filamentous structures found in thin sections in
the most ancient rocks are biogenic in origin (Engel et al., 1968; Nagy and
Nagy, 1969; sSchopf, 1975) and in many samples no structurally preserved
organic matter (whether or not it represents the relict of early life) is
preserved at all. Thus an alternative approach is required using organic
geo-chemistry to try to identify in sedimentary organic matter the materials
resulting from biological processes and their diagenetic and metamorphic

alteration.

A literature survey shows that much work has been carried out on meta-
morphic rocks subjected to high temperatures and Pressures. In contrast,
little work has been done on sedimentary rocks subjected to mild meta-
morphism. According to Turner and Verhoogen (1960), "there must be a
transition with increasing depth of burial between diagenesis and regional
metamorphism". This transitional modification is referred to as incipient

metamorphismn.

Rocks subjected to incipient metamorphism have been neglected because

they are difficult to study. This type of metamorphism leaves no minero-



logical imprints of specific nature and hencé the recognition of degree
of metamorphism becomes a formidable task, Sediﬁentary organic matter
(carbonaceous matter) is of particular importance because it is a very
sensitive indicator of incibient metamorphism, Thermal effects on organic
matter are not reversible, will control the eventual fate of original
orgaﬁic substances and thus leave an imprint of thermal events on the

rocks,.

It is the purpose of this research to describe the effects of incipient
metamorphism on carbonaceous matter by application of various chemical in-
- strumental techniques, and to examine the highly altered organic matter for
structurally preserved micrd-—fossils° The techniques used are evaluated

and possible artefacts described,

The applications of organic metamorphism have been extensively studied
by petroleﬁm geologists in connection with oil and gas occurrence (Staplin,
1969), Bitterli (1963), Philippi (1957, 1965), Gutjahr (1966), Correia (1967)
and Tissot et al. (1974), Recently Hood and Castano (1974) reviewed organic
metamérphism and its application to studies of petroleum generation, Coals
too, respond sensitively to changes in the environment, especially to tem~
perature increases, (M, Teichmuller and R, Teichmuller (1966, 1968) and Kisch
(1969, 1971), Coal and petroleum geologists have used various methods for
characterization carbonaceous matter, such as chemical analysis for C-H-O
composition, differentiai thermal analysis (D,T.A.)}, X-ray and electron
diffraction, scanning electron microscopy, optical microscopy, vitrinite
reflectance and occasionally electron spin resonance, Previously organic
geo~chemical studies including C12/C13 ratio, pyrolysis and ozonolysis have
been carried out on rather'few samples and in particular samples of

Precambrian rocks,



Preliminary X-ray diffraction (x.R.D.) work on insoluble carbonaceous
matter suggests a striking parallel between high grade carbonisation of
coal and thermal effects on carbonaceous matter, which are characterized
by means of studying the aegree of ordering reflecting the crystallinity,
which is a function of temperature. X-ray diffraction has been previously
used to characterize carbonaceous matter by monitoring the (002) reflection

of graphite French (1964), Landis (1971), McKirdy et al. (1975).

Methods of Study

In this work, X.R.D. was used to lay the foundation of this research.
X.R.D. is a useful means of characterizing the degree of order in high

carbon material (Ruland, 1968).

Electron spin resonance (E.S.R.) provides a measure of the number of
odd electrons (spin density) present in the molecule. The odd (un-paired)
electrons are produced wheﬁ carbonaceous matter is heated, the peripheral
-0~(sigma) bonds are broken and there is an increase in'the number of odd
electrons. The possibility of using ESR was investigated on the basis of

this theoretical property.

ESR had previously been used by Pusey (1973) to determine palaeo-
temperatures of sediments. The number of free electrons has been related
to palaeo-temperatures of coal Binder (1965), and to vitrinite reflectance

values of coals affected by intrusion of sills (Crelling and Dutcher, 1968).

Microscopic observations (optical and scanning electron microscope
(SEM) were also made in the investigation. Petrographic thin sections
were studied to identify mineral assemblages and to evaluate the effect of
" carbonisation on the fossils. Parallel studies using the SEM were under-

taken to investigate micro-palaentology.



The samples investigated were from the Archaean Kromberg Formation
of the 6nverwacht Group of the Barberton Mountain Land of South Africa,
the Kalgoorlie System from Kalgoorlie, West Australia and the Proterozoic
Banded Iron For@ations of the Hamersley Group, West Australia and the

South Alligator Region of the Northern Territory, Australia.

A total of 62 samples were investigated and they fell basically into
the following sediments types, Cherts, Shales, Pyritic shales, Carbonaceous
shales and Carbonate rocks. They ranged in age from 3.4 x 109 years to

2.0 x 109 years.
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CHAPTER I

INTRODUCTION

The nomenclature of banded ferruginous cherty sedimentary rocks is
very imprecise. For example, in the papers presented at the International
Symposium on the Geology and Genesis of Precambrian Fe-Mn Formations and
Ore Deposits held in Kiev, U.S.S.R. in 1970, the following terms were used
by man contributors, which reflect the continuing controversy on the origin

and hence generic aspects of ferrugineous rocks (Brendt, et al, 1972).

(i) Taconite: The term originated in the U.S. and followed by the
U.S.S.R.

(ii) Itabirite: is a Brazilian term widely used in S. America and
West Africa for oxide facies iron formation that has been
metamorphosed to a degree that makes individual crystals of
the rock megascopically distinguishable.

(iii) Jaspilite: is used in the U.S.S.R. for rock with iron present
as hematite, magnetite, or martite and silica as "fine grained
quarti—jasper or hornfels",

(iv) Ferruginous quartzite: is used in the Western World for rocks
mainly detrital in origin. The rock may have the same chemical
composition as iron formation, but the iron minerals could be
clastic in origin.

(v) Iron Hornfels: Hornfels is the term used in the West for a 'fine
grained' non-schistose metamorphic rock resulting from contact
metamorphism. In the U.S.S,R. hornfels is used for fine grained

rocks containing silicate and oxide facies of iron formation.



It may not have any relation to contact metamorphism but may
have relation to regional and dynamic metamorphism. Iron horn-
fels in the U.S.S.R. is a coarse banded iron silicate—éhert
rock with fine grained quartz.
(vi) Banded hematite quartzite: is widely used in India and to some
extent in Australia and represents oxide facies iron formation.
(vii) TIron Ore: This is a loosely used term in literature with economic

implications.

However, Jamés (1954) defined iron formation as follows: a chemical
sediment, typically thin folded or laminated, containing 15% or more of
sedimentary origin, commonly but not necessarily containing layers of chert.
This definition is broad enough to encompass all the varieties of iron for-
mation which have been mentioned above. As pointed out above, the various
nomenclatures reflect the continuing controversy on the origin, The origin
of iron formation is a controversial topic in itself and there are numerous
hypotheses.put forward e.g. magnatic, volcanic and even cosmic process.
(See Alexandrov, 1973). However, significant numbers of research workers
accept the origin of iron formation as chemical sedimentation. This oxigin
accounts for the geo-chemical, minerological and sedimentological aspects.
All these world wide formations were deposited between 3,800-1,500 million

years ago (Goldich, 1973).

Banding in Iron Formation

Various explanations have been proposed for banding of different layers,

and below is a brief review of different hypotheses:-



(i) Resulting from the leaching of iron oxides and silica at different

(i)

(iii)

(iv)

pH ranges and in the presence'of certain elements in solution, the
banding of Si and Fe minerals was caused pfincipélly by selective
weathering of the soil in different seasons: seasonal changes of
temperature, caused the solutions tran5portéd to thg basin of de-
position to be composed almost exclusively of silica duéing warm

seasons and chiefly iron oxide during cool periods of the year.

(Alexandrov, 1955).

James (1954) postulated for his environment a restricted basin,

which was separated from the open sea by thresholds that inhibited

free circulation‘and permitted developments of abnormalities in

oxygen potential and water composition could account for banded

nature and he recognized oxide, carboﬁate, silicate and sulphide

facies of iron formation, which, he thinks, reflect certain aspects
. ‘

of depositional environment and considers oxidation potential

probably as major controlling factor..

Moore & Maynard (1929) indicated from their laboratory experiments
that banding of iron-silica deposits could be due to differential
rate of precipitation of iron and silica combined with seasonal
changes causing varying gquantities of the two materia;s to be
brought info the basin of deposition at different périods through-

out the year.

Oftedahl (1958) states that "the sharp & rhythemic banding which
is frequent in iron formations may be due to periodic earthquakes
governed bursts of iron bearing gases and the quiet giving of

silicon bééring gases or hydro-thermal solutions in between”.



(v)

(vi)-

(vii)

Woolnough (1941) explained banding as the result of pulsation in

the amounts of silica and iron delivered to the basin,

Sakamoto (1950) postulated the mechanism of precipitation of iron
and silicé due to weathering under monsoonlike climatic conditions
and periodic delivery of the iron and silica to basins which were
wide but shallow and separated from the open sea by low barriers.
He supposed that the iron was delivered to the basin by surface
runoff during the wet season when the basin water was cool, acidic
and oxidizing, and silica was delivered by the ground water to the
basin during the dry season when the basin environment was warm,
élkaline and less oxidizing. Briefly iron was precipitated during
the dry season when the environment was less oxidizing and silica

during the wet season.

On the basis of Eh, pH studies Krumbein & Garrels (1952) concluded
that hematite is deposited at the oxidation—;eduction-potential and
pH values above a boundary which extena from én Eh of +0.16 and
pH of 6 to a point at Eh -=0.22 and pH of 9, that siderite‘is depo-
sited below this boundary, but above a 5oundary from Eh -0,11 and
pH of 6 to a point at Eh -0.31 and pH of 9; below this boundary
pyrite is deposited. They concluded that the amount of a particular
mineral that will precipitate will depend upon change in Eh and pH
of the environment. They extended this work to the presence of
calcium and concluded that calcite would deposit at pH greater

than 7.8 through the entire range of Eh values. This led them to
limit the field of deposition of iron-rich sediments to a pH range

below 7.8.
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(viii) Tyler & Twenfofel (1952) pointed out that sediments collecting
in present dry lakes generally lack stratification, which they
attriﬁuted to the activity of mud dwelling ahd mud eating organisms.
The presence of lamination, they suggested, could be due to the

absence of such organisms at that time.

(ix) Cloud'(1973) suggested that episodicity of iron-rich bands may be
due to cyclic changes in procaryotic population or rates of supply

of ferrous iron or both.

Chemistry of Iron and Silica

Briefly in this section chemistry of Fe and Si in natural agueous
system will be discussed. The following section will show how these
chemical properties of Fe & Si are incorporated in different models of
disposition, A universal hypothesis for the source of iron and silica
for BIF cannot be given. According to the literature survey various wor-

kers suggest either volcanic and/or weathering processes.

Most of the iron present in the marine environment where the pH is
betﬁeen 7.5 to»8.4, is in a particulate form both as ferrous and ferric.
The total iron is generally in the range of 0,01-0.025 mg/l. (Cooper,
1935). TIron in ferric form is highly insoluble and in ferrous form it
is highly soluble. Variation in redox potential and pH play an important
role in forming various iron minerals found in BIF (Garrels and Christ,
1965). Cooper (1937) has shown that under reducing conditions at pH of
6 iron is 100,000 times more—soluble than it is under oxidizing condition
at a pH 8.5. This assures the marine environment of some concentration of

iron.
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Following the work of Krauskopf (1959) the chemistry of silica has
been laid on a firm foundation. Silica concentration in sea water is in
the range of 0.1-4 ppm in surface layers, but 5-10 ppm in the bottom layers.

It is present in true solution as H,5i0, and not colloidal silica.

4 4

The effect of pH on silicic acid or colloidal silica is that it usually
gels more rapidly in the rage of pH 5 to 7 (Iller, 1955). Correns (1959)
work suggests that solubility of silica decreases slowly with decrease in
pH from 11 to 6.5 and it further decreases rapidly in the range of 6.5 to

4.5.

In modern times, precipitation of silica is brought about by silica
secreting organisms like diatoms, radiolaria etc. But the organisms are
thought not to be found in Precambrian times. So an alternative hypothesis
for inorganic origin has to be sought. It is thought that to account for
deposition of silica the seasonal changes in the environment played an .im-
portant role. During Precambrian time possibly there was super saturation
of silica due to leaching from the surrounding land and it remained persis-
tently polymerized and precipitated as é consequence of near neutral to
slightly alkaline pH of about 6.8-7.5 (Cloud, 1973). And the layers of
iron were deposited during cold seasons overturn accounting for cyclic

sedimentation.

Environment of Deposition

This section is an attempt to review the various models of the environ-
ments of deposition. No efforts will be taken to discuss the merits of any

particular model. The discussion will be around the effect of Fe and Si

precipitation. There is no shortage of proposed depositional models in the
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literature. But none of the models individually have managed to satisfy
successfully all the chemical, minerological, depositional diagnostic

and/or physico-chemical constraints,

Marine environment: James (1954) suggested deposition of iron formation

took place in a restricted marine environment. This specific environment
where basins were separated from the open sea by thresholds that restric-
ted free circulation and permitted development of abnormalities in oxygen
potential and water composition. These two conditions were suitable fdr

iron deposits, but do not explain how banding originated.

According to Krumbein and Garrels (1252), the pH of the normal marine

environment ranges from 8.4 at the top to 7.5 at the bottom; corresponding

Eh ranges from +0.4 at the surface to +0.1 at the bottom. In a typical

marine environment, there is an open circulation, the water is mildly
alkaline and oxidizing throughout while in a restricted environment, the
surface waters are alkaline and oxidizing but bottom waters may be reducing
and acidic in reaction. They worked out the stability fields of pyrite-
siderite-hematite which is reproduced in Figure (I)-1. The diagram shows
that the form in which iron is precipitated is most strongly dependent upon
oxidation reduction potential, Eh. This accounts for the different facies
present in B.I.F. The major argument against this model is the virtual
absence of calcium carbonate precipitates and abundance of ferrous carbonate.
However, this is possible on theoretical grounds (usiﬁg Krumbein and Garrels
(1952) data). At pH 8.0 and Eh of about +0.2, the activity of Fe2+ and
Fe3+ ions is about 10_10'5° Ehe ferric hydroxide is the stable precipitate.

In a restricted basin where the environment is more acidic and less oxyge-

+2
nated the pH would be 7.5 and Eh of ~0.1 at which the activity of Fe and
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+3 . -4.,7 . . .y
Fe ions is about 10 . &And the stable iron mineral at these conditions

is FeCO3 (siderite).

The solution and precipitation of silica in sedimentary environments is
not well understood. In the absence of suitable silica secreting organismé
in ‘the Precambrian basins, it is desirable to investigate the possibility
of inorganic precipitation of silica. Iller (1955) showed that at the con-
ditions which promote the gelling of silica, the sillica can polymerize to
form precipitates, and he reported that solutions of silicic acid (H4Si04)
or colloidal silica usually gel most rapidly within the range of pH 5 to 7.
However, Krauskopf's (1956) own conclusion was that the solubility of amor-~

phous silica is little affected by changes in pH in range 0-9 but increa-

singly rapidly as the pH rises to about 9.

To summarize, the effect of redox potential has a significant effect
on thebsolubility and étability of iron minerals. The other factors that
affect this are the pH of water and partial pressure of oxygen. It is
interesting to note that modern marine environments, however, show no signs
of iron cbncentrations comparable to that which would be necessary for the

deposition of Precambrian iron formations.

Freshwater environment of deposition: This is typical of the middle

"Huronian" rocks of Lake Superior District. The region is assumed to be
geomorphologically very mature. The climate varied from sub-tropical to
warm temperate with moderate to high rain-fall. Variation in weather (colder
and warmer) produced the alternate deposition, through weathering of iron
and silica. The environment of deposition was a large and deep fresh water

lake with relatively low organic activity. The lower water layer has
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slightly reducing and acid conditions particularly in summer. This kept
iron in solution in a reduced state. This condition was conducive té& the
deposition of silica. During the winter, the water environment was oxidi-
zing ;nd alkaline facilitating precipitation of a iron, The model satisfies
the Eh and pH requirements for the stability fields of iron minerals. It
may be said that several variations of the fresh water environments can

satisfy this model.

Lacustrine or closed basin environment: This is basically an extension of

the fresh water environment of deposition proposed by Hough (1958). The
most important feature of lakes is that thermal stratification which is due
to variation in density of water with temperature., (Max. density at 4°C).
The surface water; or epilimnion becomes warmed in spring and early summer
and will overlie cooler and deeper water - the hypolimnion. The stratifi-
cation is stable during the summer, but with the change in weather the whole
column assumes a uniform temperature. The surface of the lake is in equi-
librium with the atmosphere but the lower level (hypolimnion) is oxygen
deficient. In this region there is a marked decrease in Eh during the period
of stagnation. The upper layer (epilimnion) has suspended -Fe(OH)3, which
will be reduced in the lower layer and go into solution and sink in the lower

layer.

Silica is present in the lake waters as undissociated silicic acid;
According to Krauskopf (1959), the silica content of rivers and ground
water is less than 35 ppm S;Oz. The silica content increases in the
hypolimnion during the period of stagnation. This is borne out by Tanaka's
data (1953), which show that Si accumulated from 10 mg/1l to 42.4 mg/1l at

a depth of 50 meters during the period of stagnation.



(4) Playa-lake complex depositional enviromnment: This model proposed by

Eugstex-(1973) can also be adapted to a marine environment after assuming
that sea water is saturated with respect to amorphous silica. The environ-
ment for deposition is chsideredbto be a barred or partially barred lagoon
in arid climate. This model is based on the existence\of ; perennial lake
occupying the centre of a broad basin. It could be over-flowing or closed.
Climatic changes affect the lake level. On evaporation solids are preci-
pitated (calcite). Carbonate muds may be washed into the central lake by
seasonal storms, Magadiite or sodium silicate gels are considered the
probable precursérs for chert. Whenever oxygen is low, the iron is trans-
ported in solution. Whenever oxidizing.conditions are available, Fe (ic)
hydroxide is precipitated. The pH changes in the lake water would bring
about precipitation of ferrous hydroxide, iron silicate and sodium iron
silicate gels. These are considered possible precursors of hematite,
magﬁetite, greenalite, stilpnomalene and riebeckite (Eugster and Ming Chéw,
1973). They applied this model to the Green River formation, and extended
this model to a marine lagoon model or to a normally barred lagoon with
wide supratidal flats under the influence of continental waters. The basic
assumption_here would have to be that Precambrian sea-waters have to be near

saturated with respect to amorphous silica.

(5) Laterite Weathering Model: This model is proposed by Lepp and Goldich

(1964) to show the origin of Precambrian banded iron formation through
chemical differentiation under an unoxygenated atmosphere. This sort of
weathering is similar to lateritic weathering. Laterite profiles are highly
permeable and resistent to erosion. Al, Ti and Fe (ic) ions are retained

in the regolith but Fe{ous) iron, Ca, Mg and alkali metals are transported
to the sea. They postulated that silica was largely deposited by replacement

of primary carbonates.



(6)

(7)
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Hot Spring Analog: On the basis of similarities between stromatolites

in the Yellowstone National Park and Gunflint stromatolites and compa-

rison between silicification of the microbiota from Yellowstone with the

Gunflint microflora, which according to Schopf (1970) has been rapidly |

encased in silica, Walter (1972) suggested a hot spring analog for the

depositional environment.

In trying to correlate the major geological episodes with the bio-
logical generation of 0, and ferrous iron, Cloud (1972, 1973) suggested
that during limited time extensive deposits of hematitic and magnetitic

B.I.F. were deposited as follows:-

4 FeO + biol. 02 ceerccacses 2 Fe203 (I)-1

Fe203 + C S Fe304 + CO2(I)—2 Perry et al, 1973,

This accounts for the prevalence of magnetite and the variety of

carbon in unaltered BIF. Iron oxidizing bacteria could also help to

maintain low oxygen levels deriving energy from the oxidation of ferrous
to ferric state. 1In the absence of silica secreting organisms a biolo-
gical source of Si is rdled out and the hydroshere may have been saturated

with monosilicic acid (H4Si04).

According to Krauskopf (1956) the polymerization and precipitation of
monosilicic acid to form Sio2 is favoured with decreasing acidity of solutions
to a neutral or slightly alkaline state. This will proceed at pH 6.8 to 7.5

while any carbonate compound will remain in solution as HCO3 ions and
ferric oxide will be added intermittently. This episodicity of iron rich

bands suggests cyclic changes in the procaryotic population or a rate of

supply of ferrous iron or both.



(8) Volcanism and Geosynclinal Develcpment: This was developed by Van Hise and

Leith (1911) who state "The iron solution may have been transferred from
igneous focks to the_sedimentary‘iron formation éartly by weathering when
the igneous rocks were hot or cold, but the evidence suggests that they
were transferred partly by direct contribution of magmatic water from fhe
igneous rocks or perhaps in small part by direct reaction of the sea waters

upon the hot lavas.

However, there is much evidence opposing the theory of volcanism. In
many parts of the world notabiy South Africa and South America, volcanism
is lacking during the period of iron formation. In the case of the Huronian
geosyncline the deposition of iron formation and volcanism coincide but
according to the evidence outlined by James (1954) this relationship is
purely accidental and structural, not chemical and by no means a necessary

factor for precipitation of iron rich bands.

All these models mentioned above are equivocal in themselves. It seemns,
that modification to particular models has kept pace with parallel develop-
ment in the research in other fields such as physical chemistry (Stability
Constants, Equilibrium Constants, etc.). Every model contains valuable
suggestions but none have yet successfully integrated chemical, minerological,

depositional, and diagenetic constraints (Eugster, 1973).

The Playa-lake model suggested above is quite versatile as it incor-
porates all the latest physi;o—chemical data such as stability constants,
equilibrium constants, Gibbs Free Energy values etc. and with little modi-
fication it could be adopted for marine lagoon models or barred lagoon
models for continental waters. . Also with numerous occurrences of evidénces

of 1life in the Precambrian, the model suggested by Cloud is worth consideration.



FIGURE: 2 Various depopitinunl m~dels are shown in Figure 2 a,b,c,d for

ocomparision ;They reflect a parallel developnent of collection of
physico~chemical datsa,
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However, the most obvious conclusion is that Precambrian iron for-
mations are diversified in origin and may not fit a single depositional

model.,

Various models are shown in Fig. (I) 2 a~d for comparison. Compa-
rison of these models reflect parallel development in the collection of
physico-chemical -data. As soon as such a data is made available the
previous modél igs modified. Even atbthis stage no single model could fit

the depositional model.
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CHAPTER II
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CHAPTER II

MATERIAL AND METHODS

In this chapter, original techniques are briefly described and the
observations and data obtained by earlier published techniques are tabu-
lated, and as far as possible grouped together, according to geographic
locality. Interpretations will be discussed in a later chapter and occa-

sionally will be based on an interplay of various techniques.

The samples were collected from the Hamersley basin and Yilgarn Block,

W. Australia, Barberton Mountain land, South Africa and the South Alligator

River, Northern Territory, Australia. A brief summary of the geological
setting, lithology and the age of the rocks will be given here for each

area.

The data and other pertinent information on individual samples is

listed in Appendix I.

Geological Setting:-

a. ONVERWACHT GROUP, SWAZILAND SUPERGROUP:

The rocks of Barberton greenstone belt are collectively referred to

as the Swaziland Supergroup (Fig. (II) -1la).

The lower volcanic succession has been termed as the Onverwacht Group
while the overlying sedimentary assemblages have been referred to as the

Fig Tree Group and the Moodies Group (Fig. (II)-1b).
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SOUTHERN AFRICA

Figure-JI-Ja-Locality Map for

Swaziland Sedquence
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Younger rocks
Jamestown Cplx

Moodies Gp
@ Fig Tree Gp
£l Onverwacht Gp
. Granite

Figure- - --ib
' Important rock formations of the Barberton Mountain Land
of the Eastern Transvaal,
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The Onverwacht Group which is the oldest of the strata, is approxi-
mately 10,665 m. The Fig Tree series has a thickness of approximately
15,235 m that mainly dip in a vertical direction and have been folded

about a number of major axis.

The lower formations of the Onverwacht Group are Sandspruit,
Theespruit and Komati Formations and they are about 2,124 m, 1,883 m and
3,504 m thick respectively. The Sandspruit is the lowest formation and

may lie on granite basement.

The three upper formations are confined to the Southern and Central
portions of the Barberton belt and are known as, from the base to the top
the Hooggenoeg, Kromberg and Swartkoppie Formations. They have the thick-
ness of about 4,845 m, 1,920 m and 9,141 m respectively (Fig. (II)-1C).

The Middle Marker Bed is situated just below Hooggenoeg Formation and shows

a concordant Rb-Sr age of 3.35 x 109 years (Hurley, 1972).

The samples were collected from Kromberg formation along the Komati

River adjacent to J.C.I. Camp (See Appendix I for details).

The Onverwacht successionlconsists of both acid and basic rock types.
The acid assemblage is considered entirely extrusive and consists of quartz
and felspar porphyries while the basic assemblages are described as being
composed mainly of massive fine-grained andesitic lavas in which flow layers

and amygdales are visible (Viljoen and Viljoen, 1969).

Massive tholeiitic lavas are the main rock type encountered with
Kromberg Formation from which most of my samples are taken. Well-developed
pillow structures are particularly well-exposed in the vicinity of the

Komati River in the Komati Gorge.
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The other rock types in the Kromberg Formation are mafic pyroclasts
comprising mainly of ash and tuff zones and agglomerates. A number of
felsic lava zones and ultra-mafic horizons are present within the for-
mation. Chert horizons are wide-spread in the Kromberg Formation and
the main rock type is in most cases black carbonaceous chert with minor

interlayers of carbonates:

Elemental analyses and mineral analyses of rock types show that
the Onverwacht is mostly composed of.a—quartz and various other less
ébundant mineral types. The Onverwacht cherts contain less carbonate
(0.05%) than the Fig Tree cherts (1.58%), but the organic carbon content
in the Onverwacht sample (0.24%) is similar to that in the Fig Tree

(0.24%) (Brooks, 1971).

The Onverwacht Group is mined for gold, Chrysotile,'barites and

some base metals.

b. KALGOORLIE:

Three samples of archaean metasediments from two localities near
Kalgoorlie (near Bulong and near Southern Cross) in the Yilgara Block of
Western Australia (Fig. (II)-2a,(II)-2b). Many of the rocks in this area
are metavolcanic rocks (Fig; II. 2¢) but cherts and jaspers occur in the
metasediments. The Mungari Beds from which the samples are taken, contain
abundant phyllites, schists, and other fine grained metasediments and cherts
and banded iron formations as well as metavolcanics. The so-called
Kalgoorlie system is intruded by microcline-oligoclase granites which have
been dated by Rb-Sr methods at 2,612 + 13 m.y.oldf One of the samples

(PM 5) was taken from the Evelyn Molly Prospect, 17 Km South of Southern

*Glikson (1971)



SRR DRI |

Figur‘e'...n--zb :Geological sketch map, The framed area represen

the COOLGARDIE~-KURRAWANG sequence,

(20 miles = 32 km ), after A.Y.Glikson,1971.

0
D ARROVY |

G

o

3ro0—

3 .‘L A
LRI
Table

+ 7

GE 75 GRANITE

Ca¥7] Jasrmiire

T CONGLOMERATE

") SEDIMENTS

T PORPRYRIES

(7] 0i5CORDANT BASIC BODIES
Ga55) OPHIOUTES

+ GHNEISS

VSample locality.

L, S

+

A
e
1

-
L 4

] ’ 20 miles

e — it

*

. W/A 204




- 31 -

Fig. (II) 2c. Stratigraphy of the ARCHAEAN of the Kalgoorlie/Coolgardie

Region. (Simplified after Glikson, 1971).

Main Rock Types

KURRAWANG BEDS. Mainly meta-greyWackes

and meta conglomerates.

MUNGARI BEDS.* Meta-sediments and meta-

volcanics.

COOLGARDIE OPHIOLITES Meta-volcanics.

* Samples from the Gunga meta-argillites at the base

Thickness

2,500 m

10,300 m

6,560 m

of the Mungari Beds.
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Cross (W.A.- See Fig. (IT) 2b), from which ferruginous micro-fossils have
been reported.(Marshall, May & Perret, 1964). These have been subsequent-
ly been shown to be late weathering artefacts (Mulr et al, 1974). The
Kalgo&rlie/Coolgardie region is a mining centre, initially gold mining

and now nickel.

¢. SOUTH ALLIGATOR RIVER:

South Alligator Group together with Goodparla Group and one formation
of Finnis River Group are regarded as Lower Proterozoic. Figure (II)-2a

shows the locality map.

The South Alligator Group has been sub-divided into three formations
-~ The Koolpin, Gerowie Chert and Fisher Creek Silt stone having a thick-

ness of about 914 m, 914 m and 5180 m respectively (Fig. (II) 3a).

The samples were collected from the Koolpin formation (See Appendix I
for details). The lithology of the Koolpin Formation is summarized below

(Walpole et al, 1968) (Fig. (II) 3b).

This formation comprises of banded iron formation, inter-bedded car-
bonaceous shale and cherty ferruginous siltstone with restricted lenses
of dolomite including a stromatolitic dolomite at the base. The carbo;
naceoﬁs shales are in places pyritic and contain lenses and nodules of
chert. The essential minerals are quartz and sericite with kaoclinite,
siderite, chlorite and hematite being locally important. The area is
mineralised and contains pitchblende, uranite, torbanite, chalcocite,
eskobornite, galéna and other base metal sulphidés. It has been mined

at Rockhole, Teagues Prospect)and El Sharana for uranium minerals.
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Stratigraphic Column for South Alligator River Samples.

MULLAMAN BEDS.

KOMBOLGIE FORMATION
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EDITH RIVER VOLCANICS
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GEROWIE CHERT
KOOLPIN FORMATION*
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COIRWONG GREYWACKE MEMBER

STAG CREEK VOLCANICS
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d. HAMERSLEY:

The Hamersley range lies on the W. Coast of Australia between latitude
o o . o o

21730' and 23730'S and longitudes 116 00 to 120 30'E. The Province is de-
limited by the extent of an eliptical basin 160 x480 Km., in which the lower
Proterozoic Hamersley Group sediments and volcanic were deposited. Fig. (II)-
2a shows the locality of the basin and Fig. (II)-4a shows the extent of the
depositional basin for the Mt. Bruce Supergroup (Trendall & Blockley, 1970)
and Fig.(I1)-4b shows the stratigraphic column of Hamersley Group (Trendall

& Blockley, 1970).

The Hamersley basin itself is an ovoid depositional basin about 500 Km
long and 200 Km wide with a West-North-Westerly elongation. The Mount Bruce

Supergroup consists of three main divisions: at the base is the Fortescue

Group followed confirmably with the Hamersley Group and above it with some
local discontinuity, the Wyloo Group, and sample localities are shown in

Fig. (I1) 4c.

The Fortescue Group has a maximum thickness of 4,350 m. and consists .
largely of basic lava, pyroclastic rocks, sandstone and shale. The
Hamersley Group is about 2,500 m thick with abundant iron formation. ' The
Wyloo Group has a thickness of 9,500 m and consists of clastic sediments

with thick local developments of dolomite and basalt.

Rb-Sr ages for the inter-layered volcanics of Mt. Bruce Supexr Group
indicate that the deposits were formed between 2.2 x 109 and 2.0 x 10

years ago (Crompston and Arriens, 1963).

The Hamersley region was first exploited for the gold in the West

Pilbara Goldfield, but more recently blue asbestos mining was operated
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and and presently iron mining is a major industry. Some small base metal
prospects are likely to be mined and there is a thriving minor industry

polishing semi~precious stones including jasper, tiger eye etc.
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N

B. METHODS

In this section the techniques will be described following brief
introduction and the data obtained by each technique will be tabulated

and the results will be discussed in the next chapter.

The samples, collected by various people from the previously men-

tioned areas, basically fall into the following categories.

1) Cherts

2) Shales

3) Pyritic Shales

4) Carbonaceous Shales

5) Carbonate bearing rocks.

This range of rocks was investigated for their minerology by X-ray
diffraction supplemented by thin section petrographic studies in the
laboratory. In some instances chemical staining techniques were used to
differentiate limestones and dolomites especially the ones which carry a

small portion of ferrous iron in their crystal lattice.

The X-ray diffraction (X.R.D.) and the staining technique'(S.T.)

will be briefly described below.

Mineralogy:-~ About 50.G. of the rock sample was crushed in a "Tema"
swing Mill crusher equipped with a tungsten carbide crushing mortar to
a reasonable size. The final powdered sample was prepared by grinding

in an agate pestle and mortar to pass -200 mesh.

The powdered sample was mounted in an aluminium cavity mount.
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X~RADIATION PROCEDURE

The samples were X-rayed on a standard Philiip's Wide Angle X-ray
diffractometer with proportioﬂai counter using CoKa radiation at 38 kV
and 24 mA. Scanning speed was 1°26 per minute and the chart speed was
% inch per minute providing 1°20 per inch print out for all samples.

The scanning was done from 5° to 70026. The rate meter and the time
constant were generally 400 cps f.s.d. and 2 respectively. Whenever
scanning speed was 2°/min., divergent, scatter, and receiving slits were

10, 10, and 0.006 inch respectively.

The quartz which is always present in the sample, served as an inter—

nal standard for the exact measurement of the peak location.

Table (II)- (1) lists the strong X-ray lines used for identification
of the minerals encountered. And the minerals identified for each rock

sample are listed in table (II)-(3a, b & ¢) for each area.

STAINING TECHNIQUE

Various carbonate minerals were identified by staining over a set
period of time with Alizarin red S (A.R.S.) and potassium Ferricyanide
(P.F.). This technigue is commonly used as a routine method by sedimen-

tary petrologists and is of considerable importance in limestone petrology.

During staining it was obser§ed in a few slides, that fossils were
clearly distinguished from carbonage matrix. This clear-cut difference
is shown in Figure (II)-5a, ﬁhich is a thin section prior to staining
and Figure (II)-5b, the same section after staining. The fossils are
prominently displayed and are a.characteristically attached to a car-

bonate mineral (FPerroan dolomite).
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Figure--11--5
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A-- Thin section of PM-24 (Hamersley) showing
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B-- After steining-the filaments are distinctly
visible,The blue colour is due to ferrous iron .



TABLE (II).1. Strong X-ray reflections of minerals in Precambrian sediments from Australia and South Africa.

Mineral hkl a(® 20 (degree) INT Mineral hkl a®) 20 (Gegrees) INT
Quartz 101 3.34 31.1 10 Ankerite 104 2.90 36.0 10
100 4,25 24,35 6 113 2.20 48.0 6
112 1.817 59.03 5 018 1.81 59.3 6
' Dolomite 211 2.88 36.3 10
Hematite 104 2,69 38.8 10 332 1.801 59.6 6
110 2.51 41.8 8 321 1.784 60.2 6
321 1.697 63.6 7 Siderite 211 2.80 37.3 10
' 332,321 1.737 62.05 8
110 3.60 28.8 4
Magnetite 113 2,53 41,55 10 Glauconite 10.1 10.2 10
333 1.611 67.55 8 : 2.59 40.4 10
004 2.09 50.7 7 4,53 22.8 8 |
Goethite 110 4.18 24,75 ' 10 Greenalite 201 2.59 40.8 10 ~
130 - 2.69. 38.8 8 001 7.12 14,45 8 w
111 2.44 43.05 : 7 002 3.56 29.1 8 1
Calcite : 211 3.05 34.1 10 Chamosite 001 7.06 14.6 10
220 1.922 55.5 7 002 3.53 27.4 10
321 1.877 56.95 6 201 2.46 42.65 9
Stilpnomelane 001 11.9 8.6 10 Chalco- 112 - 3.03 34.4 10
003 4.04 25.6 5 pyrite : 024 1.854 57.7 8
004 3.03 34.4 3 132 1.591 68.4 6
Minnesotaite 002 9.53 10.8 10 Uraninite 113 1.647 64.35 10
202,204 2.52 41.6 7 111 3.15 33.0 7
004 4.77 21.65 1 022 1.926 55.4 6
Riebeckite 110 8.40 12.25 10 Muscovite 002 10.0 10.3 10
310 3.12 33.3 6 (2M1) 006,024 3.35 31.0 10
151,331 2.73 38.2 4 202 2.56 40.9 9
Marcasite 020,110 2.70 38.7 : 10
211 1.755 61.35 9
_ 110 3.43 30.3 6
Pyrrhotite 102 2,08 51.0 10
101 2.65 39.5 6
110 1.728 62.4 5
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As far as the writér is aware, this is an original obsexvation and
has not been reported in the literature in the context of preservation
of fossils. It is, therefore, my intention to introduce this technique
as routine in micropalaeontdlogiéal work. The technique is briefly des-

cribed herxein (For details, refer to Dickson, 1965, 66).

Staining with A.R.S. (0.2g per 100 c.c. of 1.5% HCl) differentiates
calcite from dolomite. Different solubilities of carbonate minerals in
dilute hydrochloric acid cause the difference in surface topography of
thin section. Calcite is more soluble than dolomite. The stain imparts

no colour to dolomite while calcite is stained pink to red.

Next, the section is stained with P.F. (0.2g per 100 c.c. of 1.5% HC1

which produces Turnbull's blue in the presence of ferrous iron. This way

ferroan calcite and dolomite can be distinguished. Adhesion of the stain
is very weak, so extra care is necessary in the last stage to avoid touching

of any surface of the section.

From the micropalaeontological stand-point the potassium ferricyanide
stain was more useful and specific., As mentioned previously, P.F. reacts
with ferrous iron to give deep blue-Turnbull's blue- precipitate of Ferrous

ferricyanide as per following're—action:

3FeCl, + 2K Fe(CN)g .........Fe {Fe(CMgl}, + 6KCl .......Eq. (II) 1

3

The detailes stages of the procedure are shown in Table (II) 2
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Staining Technique

Step Procedure Time Carbonate Result
I Etching Calcite Considerable etch
1.5% HC1 10-15 sec Ferroan Calcite
Dolomite
Ferroan dolomite Negligible)
etch )
II Staining
0.2g A.R.S. per 100 c.c. 30-45 sec. Calcite Very pale pink-re
.5% HC1 .
of 1.5% Ferroan calcite Very pale pink-
red, pale blue-
dark blue if
superimposed,
give mauve-
purple royal
blue
2.0g P.F. per 100 c.c. Dolomite No colour
of 1.5% HC1
Mixed in ratio Ferroan dolonmite Pale, deep
A.R.,S. : P.F. = 3:2 turquoise depen
' ding on ferrous
iron
IIT 0.2g A.R.S./100 c.c. 10-15 sec Calcite Pale-pink-red

of 1.5% HC1

Ferroan calcite
Dolomite

Ferroan dolomite

Following the use of strong X-ray reflections

No colour

(Table (IL) 1) and the

staining technique (Table (II) 2), the mineralogy was determined and the

results are tabulated in table (I1) 3a, b & ¢ for all the three areas.
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Onverwacht Mineralogy

X-ray Diffraction

S. No. Type
Whole rock mineralogy - Acid insoluble matter
K-1Aa Carbonaceous Q., Chlo., Clay fraction Hump' (i) 4.498—3.662,
Chert gra., Traces of R,,
Pyr., Marc.
K-3 Carbonaceous Q., Chlo., Clay fraction, Gr.(R), R, Pyr, Mar,
Chert Ferroan dolo., Pyr. Ti(I1i)o., (Sod., Al,
Silicate hydrate) and
some U,I.P.
K-4 Chert Q., Chlo., Clay Mineral? Bimodal Hump
(1) 4.498-3.06%,
(ii) 2.201-2,0068
K-6 ‘Chert Q., Chlo., Clay fraction, Traces of gr-, R, Py.,
Calc. and ferroan car-— Marc, (Sod. Al. Silicate
bonate in cracks & veins ‘hydrate) Pot. fluosi- |
licate hydrate)
K=-7 Chert Q., Chlo., Clay fraction, Bimodal Hump 4.49—3.068,
| cal. (Ferroan) 2.2018-2,0068
Hall-1 Carbonaceous Q., Chlo,, Clay fraction Bimodal Hump
Chert ‘ (1) 4.498-3.068.
(ii)2.2018-2.0068,
gr.? R, Py., Marc.,
(Sod., Al, silicate,
Hydrate and Magn.
fluoride)
Hall-1W/1, Carbonaceous Q., Chlo., Py. Bimodal Hump
Chert (1) 4.498-3.068,
(1i) 2,2018-2.006%
possibly pure "kerogen"
deduced from X.R.D.
Analysis
Hall-2 Carbonaceous Q., Chlo., Clay fraction, Bimodal Hump
Chert Py. (i) 4.49%-3,068

(ii) 2.2018-2,0068
possibly pure "kerogen®

deduced from X.R.D.

Bdnalysis.,
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3b South Alligator, Australia Mineralogy

X~-ray Diffraction

S.No.
Whole rock Mineralogy Acid insocluble matter
PH-192 Black cherty Q., Clay Mineral Bimodal hump i) 4°49X—,
Shale 3.062'11)2.201-_-2.0068,
gr., R., Tr. of pyr.
193 Black Shale Q., Clay Mineral (Pot. fluosilicate) and
some U.I.P.
194 Black Chert Q., Clay Mineral Sp., Pyr., hump in the
region 4.49-3.068
195 Black Shale Q., Chl., Musco., Mont.,  Hump in 4.49-3.068
Cu-sulphide region, gr,?. Sp.
(Mg. fluosilicates) and
some U.I.P.
196 Black Chert Q., Clay Mineral Hump 4.498-3,068, gre
Py. and some U.1I.P.
197 Volcanic Rock Q.. Chio., Musco., H., Sp., Pyr., R., H.
Mont., Cu-sulphide (Hieritite)
198 Chert Jasperlite Q., Clay, Traces of H, Hump 4.49-3,068, qr;, -
‘ (Hieritite) U.I.P,
199  Black Shale Q., Clay., Chlo., Mart., (Hieritite) & some U,I.P
Galena? Cu-suphides
200 Black Shale Q., Clay, Chlo., Mart., (Hieritite)
Galena? Cu-sulphides
201 cCoal Q., Clay, Chlo., Mart., Hump 4.49~-3.068, gr
Traces of Galena & Cu- Hieritite, Traces of H.
sulphides
202 Pitch Blende Q., Gth., Mart., Uran., Bimodal hump
Arsenopyrite? Eskbornite, (1) 4.492—3.068
Cu—-sulphides and some (ii) 2.2018—20068,’gr°?
U.I.P.,‘possibly secon- & some U,I.P,
dary uranium minerals,
203 Cherty Shale uFe203, Q., Clay mineral, Hump 40492—3.062, Traces
sid., 9th, - Arag? Chamo, of H. and some U.I.P.

¢chloc., Pyr? Traces of Marc.,

Eskbornite, Cu-sulphides.



11
12

13

14

15

17

19
21

23

24
25
28
30B
31

36

TABLE (II) 3c

Type

Banded chert
Chert

Banded Ferrugi-
nous chert

Calcite

Brownish Shale

Glassy chert

‘Calcite

Finely banded
chert

Massive BIF
Sideritic chert
Banded chert

Cherty BIF

Shale
Chert
Chert
Cherxt?

Cherxt?

o)
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X-ray diffraction

Whole rock Mineralogy

Q, H, Chlo?

Q, Traces of Mont, Chlo.

.0, H, Traces of clay

Mineral

Cal, Trace Ferroan Cal.
traces of clay minerals
Q, Dolo, Cal?

Q, Ferroan dolo, sid,
traces of clay

Ferroan Cal., Traces of Q,
Ferroan dolo & clay mineral

Same as PM~13 —07

Q, Traces of Cal, dolo.,
Pyr., Clay min.

Q, Traces of clay,
Ferroan Cal., Py.
Trace of M.

& H.,

Q., Traces of Ferroan
Cal., & dolo., & Chl.?

Q., Cham., Siderite,
Traces of M, _ :

Q., Rieb., Traces of H,,
Ferroan dolo., Croc.,
Traces of cal.

Q., Ferrcan dolo., Siderite,
Traces of Cal. Hydrobiotite?

Q., Traces of Ferroan dolo
& other carbonates & traces
of ankerite

Q., Sid., Ferrocan dolo.,

Q., Minn., Sid,, Traces of
Ferroan dolo., & Pyr.

0., Stilp., Min.?
of Gth

Traces

Q., Gth., Pyr.,
of M.?

& Traces

Hamersley Mineralogy

Acid insoluble matter

Gro. (R), R, Pyro

H, Pyr, Marc, Chrom,
(MgFS)

*
. Hieriti
(K251F6 ieritite)

*

*

Amorphous carbon (hump)

R, Pyr.

(K, Na, Mg, fluosilicat-
K, Ca fluosilicate
hydrate)

Pyr. & Marc.

Rutile & Amorphous
carbon hump

*

Pyr.

Pyr.

cont'd,.(Table (II) 3c)



39

40

43
44

45

46

47

48

49

50

51
52

— 49—.

continuation TABLE (II) 3c

Type

Banded Chert

Shale
BIF

Core Sample

Shale

Banded dolomite
Chert ‘

Banded sulphide
bearing rock

Shale

Shale

X-ray diffraction
Whole rock Mineralogy

Q., Traces of clay
Ferroan carbonate

0., Gth,.,, & traces of
other carbonates

Cal., Traces of Q.,
Ferroan dolo., Chamo?

Q., Sid., Stilp?

Q., Rieb., M., Traces H.,
Mart.

Stilp., Traces of dolo.,
Pyr., Green

Stilp., Pyr., dolo., Traces
of Green

Traces of Q., Ill, Pyrrh.,
Chamo, Cal. & Traces of
Chalco

Q., Cal., Traces of Pyrrh.
Chamo. ?

Q., Cal., Traces of
Pyrr., Chamo., Chalco.

Q., Cal., Chem., Tll and
clay mineral, Mica?
Chlo?

Q., Traces of clay? Dolo-
chlo. & some unidentified
minerals

Acid insoluble matter

Pyr., Marc.
(sod., Mag., fluo-
silicates)

*

Pyro
Pyro

Pyr., Gr., Sulphur

Same as above
(Calcium fluoride)

Gr.,, R., Pyr., and
possibly sulphur.

Hieritite & some Chalco

Same as above



Cal

sid

Pyr
Mérc
Pyrrh
Chalco
Chrom
Rieb
Minn
Stilp
Croc

Sp

KEY
Quartz R
Hematite , . Gth
Magnetite Chlo
Dolomite Green
Siderite Chamo
Ankerite Musco
Pyrite Mont
Marcasite I1l
Pyrrhotite Gr
Chalcopyrite Gr. R,
Chromite *
Riebeckite ¢ )
Minnesotaite
Silpomelane
Crocidolite Mart
Spinel MgFS
U.I.P.
Kerogen

Rutile

Goethite

Chlorite

Greenalite

Chamosite

Muscovite
Montemorillonite
Illite

Graphite (hexagonal)
Graphite (Rhombochedral)
Insufficient residue
Synthetic mineral
after 1 NHCl, 40% HF
treatment

Martite

Magnesium Fluosilicate

Unidentified peaks

Totally demineralized
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Chemical Technique for the Separation of Insoluble Carbonaceous

Matter (Kerogen) from the Rocks

The present investigation was mainly based on Kerogen. This is the
residue which is normally dark brown to black amorphous polymeric material
which acquires the structural characteristics of graphite on thermal de-
gradation. Often it forms a sort of bluish or black gluey or rubbery
material of repulsive sort. Pirie (1965) referred to that as "the black
gunk which unskilled chemis;s get when they are trying to make something,
the text books say they ought to get ........ the stuff they throw down the
sink". "GOO" is often used instead of "GUNK" in English literature, and it
seems that the mere sound of these words indicates the chemists' distaste.
Asva passing reference, the author would like to point out with due respect
to the reader that it seems the word "GOOQO" has a xoot in the Marathi lan-
guage, which is one of the major languages of the Indian Sub-continent -
happens to be the writer's mother tongue. It literally means "Shit". It
seems that the word is a contribution to the English vocabulary from British

Colonial times.

The study of kerogen particularly from rocks with low carbon content
is important, since it is likely to be present as indigenous oxganic matter

and not as a contaminant,

In general, carbonaceous matter in sedimentary rocks responds sen-—

sitively to changes in the environment especially temperature changes.

The isolation of insoluble carbonaceous matter (kerogen) from its
mineral matrix without fractionating or chemical alteration of the kerogen
is a very difficult proposition and further prdblems are perhaps due to

the difficulties involved in recovering small amounts of insoluble matter.
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Physical and chemical methods for isolating kerogen from mineral matter
has been discussed by Forsman (1963), Robinson (1969) and Saxby (1970) has

reviewed the chemical methods for isolation of kerogen in sediments.

In the present work, the technique adopted by palaeontologists is used:
10g of sample being grounded to ~200 mesh size and then treated with INHC1
to remove Ca & Mg, This was followed by HF treatment leaving the saméles
over-night on a boiling water bath to remove silicates and alumino-silicates,

More basic rocks form insoluble fluorides of the type MgAlF_.H,O, NaAlF

572 4°

3+) P

2+
XH,O and probably Fe (AL, Fe

2 -XH

0 (Langmyhr and Kringstadt, 1966).

5 2

Experience from silicate analysis showed that if a strong complexing agent
like 2.5% boric acid is added to the solution, the formation of the in-
soluble fluorides and fluorosilicates is preveﬁted° Hot INHC1l treatment
for 24 hours gives similar results (French, 1964). This treatment also
prevents the formation of gel during the dissolution of silica by hydro-

fluoric acid.

In the case of chert samples, if the samples contain finely divided
silicious particles, HF treatment will generate heat (exothermic reaction)
and this will cause the macerate sample to boil and overflow. This can be
minimized usually by diluting the original 40% HF. Once the original heat
of reaction of HF has been dissipated, HF concentrétion can be safely in-
creased and treatment continued in a boiling water bath. Insoluble residues
are not allowed to evaporate to dryness, as this will cause the re-crystal-

lization of insoluble fluorides.

Complete silicate solution is rarely practicable. As mentioned above
certain insoluble fluorides are found, though their formation can be prevented
by addition of INHCl, e.g. Hieretite'(KzsiFé) sometimes appears in organic

concentrates after HF treatment, but can be removed by boiling 10% HC1l and
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Figure--I1 6 | ' ' . <0 02>

_ X.R.D.traces showing the importance of removing the QUARTZ
* (101 )reflection to zee the GRAFHITE (002) reflection.
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Figure--11--7

Scanning Electron Microscope photograph of (flaky) carbonaceous matter,




- 55 -

boiling water treatment during filtration. Other aspects of formation of
insoluble fluorides and fluoro complexes will be discussed later (see also

Karkhanis, in Precambrian Research, 1976, in press).

The main objective is to 1) try to keep the insoluble fluorides to
a minimum and 2) to remove quartz and thereby tae strong (101) quartz
peak which masks any graphite (002) reflection (see fig. (II).6). No
further demineralizatioﬁ was attempted as this would have required drastic

conditions which would have altered the kerogen.

In summary *he l N HCl and 40% KF treatment will remove most of the
carbonates, sulphides, basic or amphoteric'oxidés or hydroxides as follows

at a boiling water bath temperature.

In Hydrochloric Acid

+ 2+
CaCO, + 2H ,.eee0...Ca + H,O0 + ch cessoscsescCarbonates Eqg. (II) 2

3 ) 2
+ 2 .
Zn5 + 2H . ceececa.Zn + HZS esesesssas.Sulphides Eq. (I1I) 3
+ 3 ,
Fe(OH)3 + 3H s...0...Fe + 3H20 sececessesHydroxides Eq, (II) 4

Pyrite (Fesz) is slightly soluble in dilute HCl depending upon its particle

size.

40% Hydrofluoric Acid

5102 + 4HF (. iicencecce SiF4 + 2H20 _
esseesSilica Eq. (II) 5

Sir, $xcess HF BpSiF,

The carbonaceous residues thus obtained were dark or black under optical
microscope and flaky appeérance under the scanning electron microscope
{Fig. (II). 7}. The residues were dried in the oven under 50°c and weilghed.,

The table (II). 4 below show the percentage recovery.
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TABLE (II) 4. % Recovery of Inscluble Carbonaceous Matter

HAMMERSLEY SOUTH ALLIGATOR ONVERWACHT

Sample No. % I.S.C.M. Sample No. % I.S.C.M. Sample No. % I.S.C.M.

PM-1 0.125 PM 192 - K-1A 0.31
3 - 3 0.03 K-3 3.80
9 - 4 - K-4 0.80

12 - 5 6.63 K-6 0.23
14 - 6 0.26 K-7 0.18
17 - 7 0.02 HALI-1 0.17
19 0.016 8 0.79 HALL-1W/L 1,07
21 - 9 15.90 HALIL~2 0.16
31 - 200 14.66

38 0.55 1 8.12

a7 7.41 2 0.501

48 7.59 3 0.24

49 8.65

Key: I.S.C.M. Insoluble Carbonaceous matter.

Unrecoverable . amount.

The X-ray diffraction results on insoluble residues from the three
areas are summarized in Table (II) 3a, b, ¢ in the previous section. The
X-ray diffraction traces of final insoluble residues on the Onverwacht

samples are described in detail below.

The traces of the Onverwacht Insoluble residues (Figure (II) 8) in-
dicate the presence of pyrite, marcasite and zircon and there is a sharp
peak at 26 value of 32.1° corresponding to d spdcing of 3.24 X, suggesting
rutile can also survive this treatment. There are other peaks showing the

presence of unidentified inorganic minerals. The strong {101) quartz
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peak is totally absent from these residues and therefore could not mask

any graphite reflections.

The carbonaceous reéidues had dark or black colours with a shiny
flaky appearance under the optical microscope. Some portions of this
material were mounted on glass slides as smear mounts (Grinding was
avoided as.this sort of mechanical treatment produces a rhombohedral
modification of graphite as consequence of translation or gliding of the
layer plane. This accounts for the quality of X-ray traces). They were
studied using a Phillip's diffractometer with vertical goniometer
(CO—radiation_at 38kv, 24mA and proportional counter) running continuously .
from 2 to 74°. The output was recorded on a chart recorder. The X-ray
paﬁtern is shown in Fig. (II) 8 shows that the material is carbon with

some graphite. The values of graphite indices are given in Table (II).5.

TABLE (II).5. Tabulation of all Possible hkl Reflections for graphite
{(space group P63/mmc) between 4° ana 70°using Monochromatic

Co-Ko. Radiation.

d values and corresponding

indices_ 20 degrees for graphite Relative Intensities
a(x) 20 (deg)
002 . 3.36 | 31,05 _ 10.0
100 2.13 49.70 1.0
102/3¢ - 2.087 50.80 ' 1.0
101 2.033 52,25 5.0
104/ 3¢ 1.961 54.35 0.5
.102 1.800 59.65 0.5
004 1.678 64.50° . 8.0
108/3+ 1.627 66.75 | 0.5
103 1.544 71.00 1.0

* 20 and dvalues from Berry and Thomson (1962)

+ d values for rhombohedral form indexed with reference to cases of
hexagonal form (Lipson and Stokes, 1942-43).
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Figure --I[--8
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X-ray diffraction traces showing the occurrence of graphite in the Kromberg Forma-
tion of the Onverwacht. The reflections are indexed with reference to the structure of
Ceylon graphite (Hamilton et al., 1970). The peaks designated G, R, M, P and X represetat
anuu, rutile, marcasite, pyrite and unknown, respectively. '
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LATIONAL COAL OARS  CLASSIFICRTION (1934)
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French (1964) classified the degree of Crystallinity of organic matter
on the basis of graphite (002) reflection and his scheme is used here.
Traces 7 and 8 and to a lesser extent 5 and 6 show the broad peak indicatiwve
of asphaltic material (van Krevelen, 1961; Weiler, 1963) which according to
the classification of Landis can be described as graphite~d(Landis, 1971).
Traces 1,2,3,4 show sharper (002) reflections though the intensity is much
lower with reference to normal Ceylon graphite. Trace 2 shows extra weak
reflections at 20 = 50.80, 54.35o and 66.80. These reflections indicate
the presence of small amounts of rhombohedral modification in otherwise
normal hexagonal graphite (Lipson and Stokes, 1942-1943). The reflections
are also in Ceylon graphite which is sheared and they were indexed as

(102/3, 104/3 ana 108/3) with reference to the axis of the hexagonal form

(Hamilton et al., 1970).

The coal samples of various ranks (from lignite through anthracite)
were treated according to the above procedure and then X-rayed. The X.R.D.

traces are shown for comparison purposes (Figure (II) 9)

Comparison of Figure (II) 8 and Figure (II) 9 show that there is a
striking parallel between carbonisation of organic matter and coal dis-

persed in sediments during incipient metamorphism.

Extensive studies by Yen, (1972) have shown that the structure of
kerogen is similar to the structure of asphaltine. Numerous aromatic
benzene type rings lie in the same plane to form a sheet-like structure.
Several of thgse sheets produce a basic kerogen molecule on polymerization.
The heteroatom (0, S and N) produces dislocation in the‘otherwise perfect
structure. Paraffin chains may be attached to this molecule and geo-

thermal events can crack the chains (Fig. (II) 10). This leaves unpaired
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electrons behind as organic free radicals which are believed to be stable

through geological time.

In the past, several investigators havé carried out studies on free
radicals and transition metal ions associated with carbonaceocus matters
in natural carbons and cocals of various ranks, using the technique of
Electron Spin Resonance (Ubersfeld, 1954; Retcofsky, 1968; Duschiene,1961).
All of these early studies were confined to measurements of Spin concen-
trations, the Lande' g factor and ESR Spectral widths. As mentioned ear-
lier, there is a striking parallel between carbonisatioﬁ of coal and dis-
persed organic matter in sediments and efforts were directed to a study of
ESR absorption on insoluble carbonaceous residues from the Kromberg forma-
tion of the Onverwacht Group. This work was further extended to co~-relate
ESR parameters such as spin concentration, line widths and g-value with

(002) X-ray diffraction peak for carbon and H/C atomic ration.

Isolation of carbonaceocus matter from the mineral matrix was carried
out as described earlier, with slight modification which is described
below. »about 20g of sample previously crushed to ~200 mesh in a 'Temna'
swing mill was shaken in a separating funnel with carbon di-sulphide and
benzene separately to remove sulphur and soluble organic matter including
any superficial contamination from long storage and handling. Later each
sample was extracted by an all open Soxhlet extractor (Fig. (II) 11),
using benzene-methanol solvent (Azotropic mixture 3:1) for 10—12Ahours.
The residue from the thimble was treated with INHC1l and 40% HF described

earlier and ESR measurements carried out.

Carbon & hydrogen analyses were also carried out as below:-
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Carbon and Hydrogen Analysis

The model 240 PERKIN-ELMER Elemental Analyser was used to determine
the carbon and hydrogen contents of carbonaceous matter. The instrument
detects and measures the combustion products (CO2 HZO). Combustion occurs
in pure oxygen under static conditions and the products are analysed

automatically in a self-integrating steady state, thermal conducting

analyzer, and results are recorded in bar graph form on 0-1 mV recorder.

Helium is used as a carrier gas to carry combustion products from the
combustion train through the analytical system to the atmosphere. The com-
bustion train and analytical system are shown in a simplified configuration
in Figure (II) 12. Combustion occurs under static conditions in an excess

of oxygen at about 950°C.

The detector outputs were calibrated using known standards for normal
C and H determination Acetanilide (C6 H5 NHCO.CH3)(C—71.9%, H-6.71%,

N = 10,363 was used as a standard.

Samples are weighed in platinum boats between 1lmg-3mg range. The

following table shows elemental composition (C & H) for the three locations.

TABLE (II) 6. Carbon & Hydrogen Analysis

Sample No. % Element

KROMBERG Formation

Note
K-1A 73.44 2.53 —_
K-3 43,36 2.10 Samples K-3 and
K-4 62.66 1.46 HALL-1: show lowexr
K-6« 49,09 7.16 carbon content.
K-7 74.77 2.00 The remainder could
HALL-1 46.07 1.14 be the contribution
HALL-2 81.17 1.16 from pyritic sulphur.
HALL-1/WL : 85.17 1.19

*filter paper contamination
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Continuation ..... TABLE (II) 6

Sample No. % Element

HAMMERSLEY & KALGOORLIE

PM-1 98.02 1.05
PM-38 52.24 2,91
PM-47 12,49 0.96
PM-48 4.29 1.32
PM-49 7.15 1.20

SOUTH ALLIGATOR

PM-196 74.26 1.52
198 4,34 2.45
199 14.56 1.16
200 11.55 0.98
201 52.06 0.78
202 81,42 1.45
203 66.01 2.13

ELECTRON SPIN RESONANCE (ESR) TECHNIQUE

By virtue of its ihtrinsic angular momentum, an electron behaves like
a tiny bar magnet. The basic phenomenon of ESR technique is the ZEEWAN
effect. By placing a paramagnetic sample such as organic free radicals or
transition metal ions in a static field, the spin magnetic moments of the
unpaired électrons are forced to align with or against the external field,
the energy E between two spin states being given by the equation

AYSCOUGH, 1967.

E=gBHO ..’..‘OOQQ..-..Q. qu (II) 6

where g = Spectroscopic splitting factor which approximates to 2.
B = Bohr magneton (factor converting angular momentum to
magnetic momen tum)
Ho = applied magnetic field.
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When the sample is irradiated with electro-magnetic enerqgy, electrons
in a lower energy state absorb energy and jump to a higher state if the

frequency of the radiation (Vo) satisfies equation (II) 7
= 5 .
hv_ = gBH_ Eq. (II) 7

where h = Planck's constant.

The measurements were made with "Decca X3 employing Newport 11 inch.
magnet, type M4x" which was equipped with two modes of detection at 33cps.
The magnetic field range is 0-13,000 gauss (i.e. g-value down to 0.5).
Microwave radiation of 9,270.288 + 0.002 was used. All measurements were
made at room temperature on solid samples. A block diagram of ESR equip-—

ment is given in Fig. (II) 13.

All the ESR parameters were measured against a known amount of i -1
diphenyZ—Z—picryZhydrazyl (DPPH) standard which has one unpaired electron
per molecule and a molecular weight of 394 giving it 1.53x10.21 spins/gn.
(394g contain 6.025 x 1023 spins .. 1 gm = 1,529 x 1021 spins). DPPH and
the unknown spectra were scanned alternatively. The g value of DPPH was

taken as 2.0037, the free electron value.

The first attempt the ESR spectrum was run on the powdered rock sample.
The spectrum is shown in Fig. (II) 14. This is an example of inter-action
between nuclear spin and magnetic moment, which gives this sextet of hypex-

fine splitting.

This approach was aborted, as can be seen the areas of the spectrum
we are interested in show overlap of various lines in the region of free

radical absorption (around 3300 gauss and g = 2.0)
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However, the assignment of the spectrum was carried out as follows:-—
This is a spectrum typical of transition elements, which have 3d" electrons

in their outermost shell (n = 1 to 9),

The six equidistant lines with separation of 120 G, belong to the ion

with a spin of (2I + 1 = 6) = 5/2°

Only three elements give this type of spectrum

+
Isotope of Ti3 - Ti47
3+
Fe
+
and Mn2

4
The natural abundance of Ti 7 is around 5% and one can only seen Ti47

lines if the spectrum is run at He temperature,

3+
Fe  ion has an absorption in the region of 4,2 g i.e, around 1640 Gauss,
+
So this spectrum was assigned to an ion which has I = 5/2,and the theoretical
splitting distance of (60-20 gauss) is within experimental value of 120 gauss

obtained here,

As mentioned previously, this exercise was not worthwhile, 8o the

spectrum was run on carbonaceous matter,

The typical ESR spectrum for carbonaceous matter is showniin Fig. (II)’
15a, For free radicals, these are generally symmetrical, narrow single line
devoid of any fine structures, Fig., (II) 15b is a spectral contribution
from cavity background, For free radicdls, resonance occurs at about
3350 gauss., Line width was calcuiated for the spectrum as shown by the
construction in Fig, (II) 16, The g-values were calculated from Eq. (II) 7.
For spin concentration, the derivative peak height of the signal was nox-

malised to unit length of sample in the 3mm diameter 'Spectrosil' quartz

sample holder and then calibrated against a known amount of DPPH,
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A serious problem in determining integrated absorption area from ESR
curves, is the complication introduced by the line shape. Where the line
shape is not simple, the wings of the ESR curve become lost in the noise.
This can be corrected by measuring separately the contribution by the &ings
under increased gain and modulation amplitude. The ESR spectra for the
Kromberg formation were not complicated but the ones for the Hamersley and
Soukh Alligator samples were somewhat complicated and separate re-runs were

done on some of them.

A typical spectrum for a sample from the Kromberg formation run on an
expanded scale is shown in Fig. (II) 16, These were generally symmetrical,
narrow, single lines devoid of any fine structure. Various ESR parameters

and H/C atomic ratios are shown in Table (II) 7.

TABLE (II) 7. ESR Parameters¥*

Sample No. Free radicals Line width "g" value H/C
spin/g x 10 ¥ A gauss Atomic
| ratio

HIW/1 ' 1.87 2.4 2.00177 0.17

H2 2.09 2.7 2.00186 0.15

KGe** 4.76 ' - 6.2 2.00166 -

X7 5.23 3.6 2.00177 0.32

Xia 6.78 3.7 2.00174 0.41

H1 7.14 4.0 2.00201 0.30 .

K4 9.43 3.5 2.00192 0.28

K3 9.47 4.1 2.00195 0.58

DPPH Std. 1.53x1021 0.17 2.00237 -

*  Average of two determinations.

** gample K6 was contaminated with filter paper during filtration.
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As mentioned earlier, the ESR spectra for Australian samples were
complicated. Two such spectra are shown in Fig. (II) 17 and 18 and the

ESR data is summerized below in Table (II) 8.

TABLE (II)-8. ESR Data for Carbonaceous Matter from Australian Samples.

KALGOORLIE & HAMERSLEY

S.No. Free radicals Line width - "g" value H/C ratio
spin/g x 10 > AH gauss
PM-1 5.28 very narrow 2.00462 0.13
19 1.78 " " 2.00662 n.d.
38 1.04 " " 2.00662 0.92
47 10.02 140 n2.00662 3.70
48 Intense peak Broad 2.09
49 49.12 224 n2.00662 3.77

SOUTH ALLIGATOR

S. No. Free radicals Line width "g" value H/C ratio
spin/g x 10 15 pm gauss
*pPM-193 . 2.196 . <28 2.00662 n.d
PM-194  Insufficient. - n.d.
sample
PM-185 No signal - - n.d.
*PM-196 1.89 . <28 2.00662 0.25
PM-197 No signal . - - n.d.
*pM-198 - - - - 6.77
*PM-199 0.383 n200 2.00662 0.96
*pM-200 0.426 © n192 2.00662 1.02
*pM-201 0.067 160 2.00662 ~0.18
*pM-202 0.586 310 2.00662 0.21
*pM-203 2.11 28 2.00662 © 0.39

* additional feature g = 3.31

n.d. not determined (insufficient sample).
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From the spectra Fig. 17 and 18, there is a definite evidence of more
than one type of absorption. The main features of the spectrum are the'g!
values at approximately 4.2 and 2.0 and occurs almost in all the analysed

samples of these areas.

For some of the spectra, the "quantum-mechanical perturbation" theory
approach is necessary, which the author feels less competent. Hence the
empirical approach was considered for the assignment of the spectra. Some
of the insdluble carbonaceous matter was analysed by X-ray micro-analysis
(described below). Table (II) 9 shows the trace analysis for Australian

samples. The analysis shows the presence of paramagnetic elements.

X-ray micro—analysis (XRM)

The micro—analysis was carried out on insoluble éarbonaceous matter
using ORTEC solid state Si(Li) energy dispersive X-ray micro-analyzer
attached to a Stereoscan IIA. The out-put from the spectrometexr is dis-
played on the cathode-ray tube of Northern Scientific Econ II Multi-channel

analyzex. Line scans were recorded by chart recorder.

All specimens werxe glued on Al stub with 'Durofix' and coated with

carbon to increase the conductivity between the specimen and the stub.

Qualitative elemental analysis is given in Table (II) 9 Also in-

cluded H/C atomic ratio for Australian samples

TABLE (II) 9. X-ray Micro-Analysis & H/C Atomic Ration for

Carbonacecus Matter from Australian Samples.

Fe Cr Cu V Ti Mn Si <Ca Pb U H/C

Pm— 1  ++ + - - + - - - - 0.13
19  ++ + - - - - + + - - -

38 ++ + - + - Tr + + - - 0.67

47  ++ - - - - T + + Tr ? 0.92

48 ++ - - - - - - + Tr ++ 3.70

49 ++ - - - - - - + Tr ++ 2.09
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Continuation ......TABLE (II) 9,

Fe Cr Cu \Y Ti Mn Si Ca Pb U H/C
PM-195 ++ - - - + - - - - _ _

196 ++ - TR - + - - - - - 0.25
198 ++ - TR - + - - + - - 6.77
199 ++ - - - - - - - - - 0.96
200 ++ - - - - - - - TR - 1.02
201 ++ - - - + - - - TR + 0.18
202 ++ - - - + - - - TR + 0.21
203 ++ TR - - - - - - TR TR 0.39

+ = represent the peak height of 1 square

++ - "

n ”n ) n 2 11

on

TR - Barely visible peak over the background

()
!

possibly present.

the oscilloscope screen.

Extension of X-ray Diffraction (XRD) to the measurement of crystallite

Sizé of Carbonaceous Matter.

Preliminary data by XRD, ESR and Chemical analysis showed a systematic

change (to be discussed later), and the XRD work was further extended to

measure the crystallite size of carbonaceous matter from the Kromberg for-

mation and sample PM-1 from Archean {(Bulong near Kalgoorlie, W. Australia).

The Scherrer equation (1918) gives the relation between crystallite

size and the breadth of diffraction peaks.

where

KA
B Cos O

The equation is expressed as:-—

(1) 8

crystallite size in hi{ perpendicular to the

diffracting planes

Constant (0.7 - 1.7) assumed to be 1.0 in

this case.

Wave-length of X-radiation in R

Width of the diffracting peak at half height in

terms of 20 converted to radians

Bragg angle at the maximum.
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It is necessary to point out that the results are only relative as
no correction factors were applied for diffracting wave-lengths of Kal & Kaz

X-radiation and for line broadening due to the instrumental factors.

In the present case the major error would probably result from drawing
the base line on the XRD traces. The simplifying assumption is made that
the crystallite would approximate a cylindrical shape (similarity with
carbon residues of coals and carbon blacks), therefore the (pp7) planes
répresenting the peak can be used for estimating the height of the cylinder:
that is the C-axis of the crystallite the (Zoo) (oko) planes representing
poles can give an average value for the dismeter of this hypothetical

cylinder.

Table (II) 10 shows the crystallite size in X for the insoluble
carbonaceous matter from the Kromberg Formation and sample PM-1 (Kalgoorlie)

for comparison.

TABLE (II) 10. Crystallite Size for Insoluble Carbonaceous matter

from Kromberg Formation.

Sample No. Crystallite size 2
K-1A 480. 46
K~3 1093.43
k-4 310.19
K_6** -
k-7 19.31
HALL-1 530.53
HATL-2 ' 21.23
HALL-1 W/1 : 24.16
PM~1 304.60

** Sample contaminated with filter paper during filtration.
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CHAPTER III

A. METAMORPHISM OF IRON FORMATION

The purpose of this chapter is to evaluate the significance and role of
metamorphism in BIF and to recognize the consequent changes in the minerology
of the iron formation. This will be discussed with special reference to four
major sedimentary iron-rich facies and examples will be cited from the litera-
ture and previous work. James.(1954) had delinated four sedimentary facies
on the basls of the dominant iron minerals. They are sulphide, oxide,
carbonate and silicate facies. ' The effect of metamorphism on organic matter

and delination of organic facies will be discussed later.

t
Metamorphism of Sulphide Facies:- This facies is composed of finely banded

rock or slate with variable amounts of pyrite, mostly concentrated in layers.

Effect of metamorphism

(i) The grain size of pyrite generally increases with increasing

grade of metamorphism (James, 1954) e.g. Wabush iron formation (Klein, 1964).

(ii) Pyrrhotite will be formed rather than pyrite, under high
grade metamorphic conditions (Gundersen & Schwartz, 1962), e.g. Biwabik iron

formation (Fiench, 1968).

Metamorphism of Oxide Facies:~ This facies consists mainly of finely banded

mixtures of chert, quartz or jasper, magnetite or hematite and at certain
times hydrous iron oxides. The unmetamorphosed Sokoman iron formation in
West Central Labrador contains rocks of this type (Perrault, 1955). These

rock types are also described by James (1955) and French (1968) in Biwabik
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Iron formation and by Trendall & Blockley (1970), for the Hamersley Group.

Effect of metamorphism

(1) Recrystallization of chert and iron oxide takes place

with marked increase in grain size of quartz,

(ii) Average grain size of quartz is less than 0,1 mm for

low grade metamorphism,

(iii) Average grain of quartz is 0,1 mm to 0,22 mm for higher

grade metamorphism,

Similar results were reported by Gross (1961) for the iron formation

of Labrador Trough, Canada and by Dorr (1964) for Minas Gerais, Brazil,

Metamorphism of Carbonate Facies

This facies consists of carbonates (such as siderite, ferroan dolomite-
ankerite series and calcite) and banded mixtures of chert or quartz and
lesser amounts of magnetite and primary iron silicates. Examples of these
are found in rocks described by James (1954) from Lake Superior iron for-
mations. Also French (1968) reported rocks consisting of siderite and

ankerite from metamorphosed cherty taconite from Biwabik Ixron formation,

The Hamersley Group in W, Australia contains rocks with bands of
siderite or ankerite in more or less unmetamorplosed iron formation, Trendall

and Blockley (1970) and this work.

Effect of metamorphism:—~ (Medium to High grade)

(1) Original carbonates still present, indicating that the

chemical potential of CO2 was very high e.g. North Michigan Formation
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(James, 1955), Biwabik formation zone 3 (French, 1968),
(ii)a. If the chemical potential of CO2 is low, new silicates will

form according to the following simplified reaction:~

Ca(Fe,Mg)(003)2+2810 = Ca(Fe,Mg)81206+2CO2

2
4 4 Eq. (III) 1
Ferroan dolomite Clinopyroxene
b, If H,O is present chemical potential is high, the silicates

2

will be formed according to the following reaction:—

+83810,,+ ;
5Ca (Fe,Mg) (CO,), +8510,4H,0 =+ Ca, (Fe,Mg) ;Si,0,, (OH) ,+3CaC0,+7CO,

A " Eq. (III) 2

Ferrcan dolomite Actinolite

+ + i '
8(Fe,Mg)CQ3 9CO2 HZO -+ (Fe,Mg)7818022(OH)2 + (Fe,Mg)8103+8CO2

+ + +
Siderite Grunerite Orthopyroxene

Eq. (III) 3

(iii) Oxidation of iron carbonates to form Magnetite:—

6FeCO_+0_. = 2Fe_O +6CO Eq, (III) 4

3 2 374 2

An example is found in low grade metamorphic parts of the iron formation

of the Lake Superior region (La Berge, 1964),

Metamorphism of Silicate facies:~ This is the most complex facies. It

consists of hydrous iron silicates, calcite, siderite, dolomite ankerite
series, chert or quartz and iron oxides mainly magnetite, The quartz-

silicate assemblages are interbanded with quartz-carbonate-magnetite horizons,

Effects of metamorphism:~

During progressive metamorphism:~



(i) various stages of dehydration takes place provided the original

silicate facies contain mainly greenalite, minnesotaite or stilpnomelane,

(1i1) Decarbonisation and dehydration takes place if carbonates are

present,
| Figure (III) 1 shows schematic diagrams for the changes during
progressive hetamorphism (Klein, 1973),
The simplified chemical equations for these cahnges are given

below:-
. . > , _
(a)o (Fe,Mg)6Sl4010(0H)8+45102 2(Fe,Mg)3(Sl4010(0H)244H20

4 4 Eq. (III) 5
Greenalite Minnesotaite

(b) o (Fe,Mg)3814010(0H)2 > (Fe,Mg)7818022(0H)2+4Si02+4H20

4 4 Eq. (III) 6
Minnesotaite Grunerite

(c) 2(Ca,Na,K)4(AﬂzFejsMgg(Si63A£9)(O'OH)216onH20 =

Stilpnomalane

~ 11(Fe,Mg)7818022(OH)2+
4

Grunerite
Eq., (TII) 7

~3(Ca,Ma,1<)2 6(Mg,Fe,A£)5(Si,AZ)8022(0H)2+~26sioz+44H20

+
Hornblende

(q) 4(Fe,Mg)3Si4OlO(OH)2+ZCa(Fe,Mg)(CO3)2+Si02 =

4 +
Minnesotaite Ferrodolomite

Eg. (III) 8

(Fe,Mg)7Si o} (OH)2+Ca2(Fe,Mg) 8i .0 (OH)2+2(Fe,Mg)SiO +4C02+2H20

8 22 577822 3
4 * r
Grunerite Ferroactinolite Orthopyroxene

Examples of these reactions are found in Bewabik iron formation of

Zone I and Zone III (French, 1968),
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The above discussion summarizes three types of mineral assemblages

in different grade of metamorphism.Table (@II) 1 below, reproduced from French

{1973), summarized the following observations:-—

(1) Primary assemblages made up of quartz (chert), siderite, greenalite,

and hematite with minor amounts of chlorite and magnetite.

calcite, quartz and possib

ly magnetite.

On low grade metamorphism the assemblages consist of siderite, ankerite,

{(3) For low grade metamorphism approximating to chlorite stage, development

riebeckite, stilpnomelane, minnesotaite are probably from earlier primary

or secondary minerals.

TABLE (III) 1.

Iron Formation (Adapted from French, 1973).

Mineral Assemblages in Diagenetic and Low Grade Metamorphic

Pressure & Diagenetic Low grade
Temperature Original Material frima Seconda Mot hi
Condition ry ry etamorphic
Temperature < 100°C 100-150°¢  150-200°C 200-350°¢
Pressure < 100 b 1xb 1-2xb 2-5Kb
Magadiite Chert Quartz Quartz
Na-Si gel
Fe (OH) Hematite Hematite Hematite
Fe(OH)2 Magnetite(?) Magnetite Magnetite
FeCOé Siderite Siderite Siderite
(Fe, Mg, a)(CO3)2 Ankerite Ankerite
(gels) Magnetite
Minnesotaite
Stilpnomelane
Riebeckite
Fe-Si gel Greenalite Greenalite (?) Chamosite (?)
Greenalite (?) Chamosite (?) Chamosite Chlorite
Chlorite Magnetite
Minnesotaite
Stilpnomelane
Riebeckite
Volcanic glass Montmorillonite Montmorillonite Chlorite
Clay minerals Illite Illite Stilpnomelane
(Na,K)-Fe-Si gel glass Chlorite Riebeckite

Stilpnomelane (?)
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B. EFFECT OF METAMORPHISM ON CARBONACEOUS MATTER

Most of the organic debris that has come to rest on earth is found
in sediments. Hunt (1962) analyzed 100 rock speciments collected from various
formations from major sedimentary environment. Shales aﬁerage 2.1%,
carbonates 0.29% (Gehman, Jr,, 1962) and sandstone, 0.05%. Using these data,
Weeks (1958) reported the total organic matter entrapped in sediments as

. 15 . . 15 . :
approximately 3.8 x 10 metric tons with 3.6 x 10 metric tons in shales.
This organic matter is mostly found in a finely disseminated state associated

with fine grained sediments. Igneous rocks contain five percent of car-

bonaceous matter.

The carbonaceous matter in rocks is not easily characterized because
of inherent analytical difficulty and therefore has been given less attention
than it deserves. However, the point in favour is the stability of individual
organic compounds under diagenetic condition, which is very high for some of
them, for example, Amino acids are stable over million years under low tem-
perature conditions. This is reflected from experimental work done by
vallentyne (1957), Conway and Libby (1958) and Abelson (1959). Small amounts
of combined sugars (0.1-10ppm) have been reported by Palacas (1959) from'
ancient sediments as old as Precambrian. Lipids and related compounds also

appear to be stable (Degens, 1967).

Petroleum geologists have developed a new concept of organic facies,
and have used organic matter in sedimentary rocks as an indication of the

degree of metamorphism,

The three organic facies that develop with increasing temperature/time

are defined by Staplin et al. (1973).



(1)

(2)

(3)

The three

TABLE (III) 2.
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Immature facies with abundant methane, trace quantities of

C,~C_ = hydrocarbon and a C

27C14 + fraction containing non-hydrocarbon

15

compounds.

The mature facies consists of a complete spectrum of hydrocarbon(C15+)

The metamorphic facies consists mainly of methane and traces

of heavier hydrocarbons, and practically no non-hydrocarbon

15+ fraction (indicating thermal destruction).

material in the C

facies are summarized in Table (III) 2 below.

Thermal Facies

Metamorphic Gas Gasoline Kerosene Heavies Solids
i - c,— - +
Facies C1 C4 4 C7 08 014 015 Kerogen
Immature Mainly C1 Lean Lean Rich Faint Yellow
Mainly )
hydrocaxbon ) Yellow
Mature Mainly ) Rich All Rich Rich-both
C2—C4 ) comporients . hydrocarbons Yellow
& non-hydro- ) Brown
carbons )
Metamorphosed Mainly Lean Lean Lean-mainly Brown-black
C absent absent hydre-carbons Black

1

During low grade metamorphism, the carbon content of carbonaceous

matter increases gradually with a corresponding rise in rank.

is termed "Coalification".

This process

On the other hand if the process is rapid, and

carbonaceous matter is rapidly heated and charred, the process is termed

"Carbonisation”.

Sometimes these two terms are misleading as some authors

use them as if they are synonymous (McIntyre, 1972).

In both processes, there is a cleavage of molecular bonds, which

eliminates the lower molecular weight compounds and proceeds towards an

enrichment of carbon content. Carbon-dioxide and methane are the initial



- 90 -

~

products that are first eliminated. Ultimately the reaction ends in formation
of graphite (for coalification) and amorphous carbon (coke) {(for carbonisation).
Ccocke can ultimately be converted to graphite if high enough temperatures are

available.

The effect of low grade metamoxrphism on carbonaceous matter is
coalification - gradual change in the rank via slow maturation. This can
either be caused by (i) heat or (ii) Shear. The rhombohedral modification
of hexagonal graphite, observed in the Onverwacht is believed to be due to

Shear in the Kromberg formation Karkhanis (1975).

C. EFFECT OF METAMORPHISM ON FOSSILS (Fossil Diagenesis and its Presexrvation)

Apart from odd laboratory simulated experiments (Oehler and Schopf
1971) there is not much known about the effect of metamorphism on fossils.
Considerable amount of information, however, is available, primarily on pollen
and spores (Gray and Boucot, 1975) and coal (Teichmuller and Techmuller, 1968),

(Sen Gupta, 1975).

It is, however, true that most Precambrian fossils so far investigated
and previously reported do not possess any hard (mineral) parts in their
structure, and the whole entity can be regarded as carbonaceous organic matter.
As such for all practical purposes, it can, therefore, be investigated as any
other carbonaceous matter for example "coal". The comments from section IIB

are equally abplicable.

In the course of fossil diagenesis sometimes the oxganic substances
are replaced by inorganic substances both of which may subsequently be des-—

troyed. This process is known as leaching diagenesis (Thenius, 1973). If
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some of the original structure is retained, a complete substitute of original
remains by infiltering water is secondarily filled by crystals to form a

pseudomorph.

Fossilization results in quite a different state of preservation.
Most important agents are carbonates mainly in the form of Calcite and
dolomite and sometimes silica. Sometimes they are converted into pyrite
or marcasite. A minor occurrence in fossil diagenesis is the limonitization
- by iron hydroxide, which may be in the form of brown iron stone and con-

version to sulphates, phosphates and sometimes gluconites (Thenius, 1973).
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CHAPTER 1V
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CHAPTER IV

MICROPALAEONTOLOGICAL STUDIES

In attempt to detect microfossils in the samples, Optical microscopic
studies were made on petrographic thin sections and acid resistent (INHCL,
40% HF) insoluble organic residue. The insoluble residues were further

examined in detail by S.E.M.

In this section various occurrences of cellularly presexrved micro-
oxganisms previously reported from the Precambrian will be listed and the
assemblages of structurally and orxganically pfeserved organisms that wexe
observed during this work will be repoxrted. Wherever possible photographs
of present day micro-organism or distinct entities oxr 'types' of existing

microscopical orxrganisms will be shown for comparative purposes.

No attemp will be made to discriminate specimens from particular
strata or sequences. The procedure adopted here will be listing of micro-
fossils from the whole locality (for previous work) and for this work, it
will be restricted to the area of sampling. Foxr example, Swaziland sequence

(for previous work) and Kromberg formation (This work).
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TABLE (IV) 1.

Micropalaeontolegic Occurrences in

(a) swaziland Sequence Barberton mountainland, South Africa.

Name

Size

Description Shape Stratography Affinity Rock Reference
: Assemblages
Organized Well developed 6-20p Spheres Through the Do not Argillaceous Engel et al. (1968)
elements micro-structures with 'double Onverwacht meet the chert and Nagy & Nagy
with tear marks walls' Group criteria carbonates (1968-69)
for bio-
logical
origin
Archae- Unicellular, Av.dla. Sphaeroid Fig Tree Blue-green Black chert Schopf and
sphaerolds isolated organic 19u Group algal group facies Barghoorn
barbertonen- sphaeroids chroococ— (1967}
sis scales
Eobacterium Irregular Av.length  Rod-shaped Fig Tree Bacterium Chalcedonic Barghoorn and
isolatum filamentous 0.55u Group like black chert Schopf (1966}
organic Barberton
structures
Type—-A Opaque, egg- 20-60u Globular Fig Tree Resembles Chert Pflug (1967)
shaped, hollow series cysts of
flagellets
Type-C Sphaeroidal 20-30u Filamentous Vicinity Nostocalean Shales " "
cork-screw of Sheba blue-green &
like contorted Gold Mine algae Cherts
threads
Type-B,D,E are structures observed in maceration and they are questionable whether the forms have " "

retained the vestiges of the original shape of organism or whether they have formed
under inorganic conditions in a fracture.

continued......



- 95 .

TABLE (IV) 1.A.(Continuation)

Name - Description Size Shape Stratigraphy Affinity Rock Reference
Assemblages
- Alga-like form < 30um - Fig Tree - - Engel et al.
Group (1968)
- Roughly Sphaeroidal Kromberg, Biogenic ~ Chert Brooks & Muir
‘ sphaeroidal Swartkoppie (1271)
with small 15-20um
dimple oxr
depression
- - 20-50um - Fig Tree - Chert Dungworth &
Group Schwartz (1972}

- Hollow .

filamentous ’ 4-8um Filamentous . Theespruit Biogenic Chert Brocks, Mulr &
Shaw (1973)

- Complex forms 3=7um Sphaeroid Kromberg . Biological Carbonaceous Muir & Hall
sphaeroids 1-3um dia. possibly (1974)
single or 25-42um long comparable
paired filaments Septate & with remains
(segmented or non- non-septate of organisms
segmented) filaments in modern

This table is incomplete without these references cited.

The first reference is a review paper Schopf (1275). The second reference Muir & Grant (1976) gives the
micropalaeontological evidence from Onverwacht Group and the third reference Muir et al.

the criteria for biogericity for these fossils.

laminated mats

(1976) discusses
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TABLE (IV).l

{(B). Southern Cross - Western Australia.

Name Description Size Shape Stratigraphy Affinity Rock Reference
assemblages

R, series Basiliform 2.3 dia. Spheres Archaean Biclogical Fine-grained Marshall et al.
object about ‘affinity quartzite (1964)
2.3x3.1p with associated
further elon- with banded
gation with iron formation .
central con-
struction

Y. Series Double budding 0.6-0.8u Archaen ' Biogenic,. Quartzite "
pyriform or peg : iron
top shape rod oxidizer?

with clubbed
ends with pairs
of lateral buds
on one side
K-~shaped tetrad
pyriform lobes,
sometimes hexads,
decads and later
multiple buds.

M. Series Consists of . 8li across " - Blogenic , " "
yellow core
lacking the
symmetrical
lobulate
structure Tertiary or
filamentous and . more recent Biogenic Muir, Hamilton
sphaeroids ‘ contamination ' et al. (1974)

(C) s. Alligator: No microfossils have previously been reported from this area.
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TABLE (Iv) 1,

(D) . Hamersley - Western Australia

Name Description Size Shape Stratigraphy Affinity Rock Reference
Assemblages
Laberge's Thick-walled, 12-25p, Sphaeroidal Brockman Organic Chert matrix Laberge
Type C rugose and in iron origin : (1967)
internally diameter formation
chambered
Laberge's Outer walls 15-25u " Wittenoom " Chert and "
Type D thinned and in gorge Jasper layer
reticulate diameter
surface

Edgel (1964) has reported fossil calcareous algal growths, such as stromatolites and onkolites and some
possible medusoid impressions. He has placed emphasis on the possible significance of calcareous algae

for stratigraphic correlation.. He provides evidence for the occurrence of algal growths from Brockman

iron formation and possibly for the Wittencom dolomite.
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PLATE--IV--1
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Fig.1.1:

Organic matter trapped
into cracks,simulating
filament,

Fig.1.2: Ellipsoidal bodies from thin
section,

Fig,1.3: Haxagonal carbon(Graphite),
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THIS WORK (Micropalaeontological investigation)

A. Kromberg Formation:-—

Microscopic examination of thin sections from this formation showed
that the rocks indicate some porosity. This was very evident for Sample
Hall-1, which showed numerous cross—-cutting fissures. Some of the fissures
were found to be filled with organic matter, appearing deceptively like
filaments. Also crack fillings are planar features but filaments are not.
Plate (IVv) (1) la, b is such a false filament (arrow). Hence care is
necessary in discriminating contaminétion and artefacts. 1In the présent
work, the thickness of the structure was applied to discriminate between
real filaments and false ones. Examination of a number of thin sections
showed that real filaments were much wider than fals filaments from cracks

and fissures,

‘Plate (IV) 1, 2a, b, ¢, d and e all showelﬁ{Eoidal‘bodies observed
in thin sections. The blackness of the organic matter indicates the amount
of cérbonisation and mineralisation where present. 2a is a single ellipéoi-
dal body resembling somewhat Globular Type A microfossil of Pflug (1967),

In 2c¢, d, and e, it seems that the individual ellipsoidal bodies are united
to form a chain. 2c¢ shows a fine quartz inclusion (arrow) giﬁing a reticu-~-
‘late appearance. The other two bodies are highly carbonised. 2e shows
four such bodies attached end to end to form a beadéd filament, which is
also highly carbonised and pyritized. It seems that (2e) is an example of
pressure solution and force of crystallization. Similar example has been

sited from P.M.17 (Hamersley). See Plate (V) (8) 1.

Plate (IV) (1) 3 shows -two hexagonal structures— the one larger has
a perfect six-sided outline and the smaller has also six-sided morphology

in this section {H-1(4)}. 1In view of the fact that X.R.D. on the in-
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PLATE - -IV- 2
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Fig.2,1,243: Fossils resembling Type 'D' of

Fig,2.4
Fig.2.5 &6

®
H
.
:

Algal mat.

Fflug.

Example of fracture filling by organic matter.
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Fig,3.1 &2:Sphaeroidal objects from Kromberg formation (35.E.M,).

Fig.3.3 sSphaeroidal object from Swartkoppie formation.(from Brookes
and Shaw(1973) with kind permission from the publishers,

Fig. 4 tFluffy organic matter from Kromdb erg formation.

Fig, § ;Filament attached to the oval body.
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soluble carbonaceous matter in this sample showed well-ordered graphites
peak (See Fig., (II) 8 trace 4), It could be concluded that this is car-

bonacecus matter, which has been carbonised to graphite,

Pl, (Iv) (2) 1, 2 and 3 resemble filameﬁtous type D bodies of Pflug
(1967. The only difference worth noting is that his cobservations were
made for macerated preparations, while here the filaments aré show in thin
sections.'AP. (Iv) 2, 4 shows a structure formed of individual filaments to
those invFig; (1), (2), (3Y. It is possible that the individual filaments

lined parallel to each other, wall to wall, produce a form 'mat'.

Note the difference in Fig. (5) and Fig. (4). In Fig. (5) the organic
matter has entered in the fractures and occupies space in the matrix. The
organic matter has been compressed against the walls of the fractures giving
the basic appearance of a filament or a mat, whereas in Fig. (4), one can

see distinctly individual filaments.

Pl. (V) (2) 6 is a further example of narrow fracture filling, which
simulates filamentous structure. In this case the organic material is

squashed in guartz (chert matrix) infillings.

The insoluble organic residues from all these samples were mounted on

a stub and examined by S.E.M. 600,

Pl. (IV) (3),Fig. 1 and 2 shows sphaeroidal cbjects comparable with the
specimens illustrated by Brooks and Muir (1971). (Fig. 3a, b, c) for the

Onverwacht chert and Schopf (1970) for the Bitter Springs formation.

Pl. (1V) (3), Fig. (4) shows filaments which is cylindrical and covered
with fluffy organic matter. One such ilsolated filament is shown in Fig. (4)

b, c. Fig. (5) shows another such filament attached to an oval body.
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Fig.4,1: Eobacterium

isolatum,

Fig.4.2:Structures
formed in maceratior

technique,

_ #s ] Fig.4.3: Cells
% | attached to the
substrage,

Fig.4.4.Microstromatolite?




Fig.5.1a Algal mat showing onkolite.
Fig.5.1b Onkolite under high power (®100 ).

Fig.5.2 : 3.E.M.photograph showing septate filament.

Fig,5.3: Vacuoles or pockets of traps possibly for
0il bearing material?
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Pl, (1v) (4), Fig. (1) looks like a flattened bacterium like cell inter-
preted here as Eobacterium isolatum. The specimen is comparable to the

specimen illustrated by Barghoorn and Scopf (1966) from the Fig Tree.

Pl. (Iv) (4), Fig. (2) shows a number of sphaeroidal structures produced

by maceration technique.

In Pl. (IV),; Fig. (3a)‘such a single cell marked 'X' is seen and the
area marked by an arrow shows the number of cells, which, when seen at
different focii, appears to consist of numerous individual cells bunched
together, Fig. 3b is a tracing showing details of cells and their organi-

sation. Muir & Grant (1975),

Pl. (IV), Fig., (4) is a layer of algal mat observed in this sections.
The fine grain quartz and some iron minerals (opaque) are trapped between

some layers, Could this be a microstromatolite?

South Alligator

Plate (IV) (5) 1 is a photograph of thin section PM-196 revealing algal
mat in which there are a few occurrences of concentric bodies like owmkolites.
There are numerous bodies like this. Undér high power, concentric layers
are distinctly seen (Photograph 1b). The whole structure loéks muciiaginous
and possibly contains some minute sand grains (photograph (lb), The minerolo.

of this sample is quite simple-quartz and minor amounts of clay minerals.

Pl, (IV) (5) 2 is a scanning electron micrograph of an acid resistant

residue of PM-200 showing a filament with distinctly visible speta.

PM-203 has a layer algal mat with numerous pockets or vacuoles (see
Arrow), which are possibly the traps for oil bearing material (Photo-

micrograph 3).
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PLATE--IV--6

Fig.6.1:5tratified
Algal mat,

Scale Bar-100um

Fig.6,2 :Petrographic
thin section of PM-38

showing high energy
environment of deposi-
tion.,



-107-
PLATE--|V--7

e — ———— ———

:J

EENE T
A

AR T 1N

-
. -
oy~ i

=T —

Fig.T7.1a(i)
Raphidiopsis
mediterranea |
7.1a(B) :
Raphidiopsis indica.j b | b
{after Desikachary, T00%)

Fig,7.1b: Petraphera vivescenticulata.

.__100#m 2d

Fig,7.%a,b,c,d :

structures,

7.1b: ApTY
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C. Hamersley Region

Stromatolites have previously been reported, Edgell (1964), Walter (1971).
Many samples show stratified algal mats. This is particularly prominent in
the petrographic thin section PM~38, which is shown in P1l, (IV) (6) la, b,
In this same section, individual filaments are.commonly seen separated, The
curly appearance and irregular spread of these filaments indicate that the
original environment of deposition was very high energy environment with
high degree of water agitation and turbulence (Fig. (2) a-g). The section
gives an appearance of a "burial ground" (Fig. (2) d). Fine filaments are
seen in better preserved condition and they resemble the recent species of
cyanophytes. Raphidiopsis mediterranea and Raphidiosis indica Pl. (IV) (7)
1-(a) & (B), respectively described by Desikachary (1959) and Nagy (1974)
have described well-preserved fossil remnants of filamentous blue-green
algae from dolomitic limestone from Transvaal Sequence of South Africa. She
proposed the name Petraphera vivescenticule (Fig. (1) b) having an akinete
like structui'e° The photomicrographs (Fig. (2) a, b, ¢, d) show such a
filament with‘akinete structure, which shows differential mineralization,
The cell like structure which resembles akinetes has a red~coloured mineral

enclosed which could probably be an iron mineral.

I think these are the individual members of the filaments which are

collectively laid down to form the lamination or the algal mat,

The other interesting observations were made as an outcome of st&ining
technique for determining the various carbonate rocks from this region., The
following discussion is pertinent to PM-9 and PM~24 where fossils were obser-—

- ved and identified as iron bacterial resembling modern species of Sphaerotilus

These were found as casts or moulds (Karkhanis, 1976),
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Conclusive evidence for microbial participation in the genesis of the
massive sedimentary- iron formation§ from the Precambrian is fragmentary.
Structures resembling fossilised bacteria have previously been reported,
and they tend to resemble modern iron bacteria such as Sphaerotilus,
Gallionella and Metallogenium (Tyler and Barghoorn, 1954, Cloud, 1956),

The atmosphere at that time is believed to have been almost devoid of oxygen
and highly reducing (Cloud, 1968), The concentration of atmospheric oxygen
was probably between 0,0001 and 0,001% Present Atmospheric Level, and may
have remained at this level for 2 x 109 years after the emergence of algal

photosynthesis (Berkner and Marshall. (1965).

The fossils described in this paper were found during a study of the
mineralogy of the Lower Proterozoic Brockman Iron Formation, Hamersley Group,
of Western Australia (ca. 2 x 109 years old) Compston and Arriens, 1968),

Two specimens (PM—-9 and PM-24) collected from the Whaleback Shale Member,

at Wittenoom Gorge, W.A,, were identified as dolomitic chert by X-ray
diffraction., Optical microscopy showed the presence of fibrous stilpnomelane,
and the staining technique suggested by Dickson (1965) distinguished the

dolomite as ferroan.

The weakly acid solution of potassium ferricyanide (P,F.) was used to
stain petrographic thin sections (0,2 g P.F. in 100 ml, of 1.,5% HC1l) Dickson
(1965). The section was first cleaned with 'Teepol' to remove all grease
or immersion oil, dipped in a beaker containing the above stain, and allowed
to react for 45 to 60 seconds., The slide was then removed, and immediately
rinsed with distilled water° The stain is on the surface of the minerals
in the form of a precipitate, and may easily be destroyed if touched.
Thorough washing with water is necessary to remove all the acid, otherwise

carbonate crystals (especially calcite) would dissolve., Care is also requi-
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PLATE --|V--8

Fig,8.1.1: Dolomite rhomb prior to

staining under:Xnicols.

1.2: Dolomite rhomb after staining

showing filaments on the

i surface of the stal,
Figi1 Single bar=10 4

' Double bar= 100 vm

Fig.8.1.3&4:show filaments on the
surface of the crystal,some of the
filaments are attached to the
rounded bodies,

1.5: Filament detached from the
crystal during coverslip mounting.

1.6: Modern specimen of

Sphaerotilus from Silwood Lake,
Berkshire,

1.7: Same filament in 5 at

higher magnification.
1.8:Iso0lated filament for

comparision with Fig.6.
1.9:Rounded body to which the .

filament has been attached,mainly
composed of ferrous iron,
Fig.8:2,S.E.M.photo of beaded filament from PM-24 after maceration.



- 111 -

red in the use of water, as prolonged contact of the precipitate with water

renders it soluble,

Potassium ferricyanide reacts with ferrous iron to give a deep blue

- Turnbull'’s blue - precipitate of ferrous ferricyanide as shown:—

—— ' ¥
3FeCl, + 2K Fe (CN) Fe3{Fe(cm6}2 4+ BKCl vooocee Eq. (IV) 1

3
During this study of the carbonates, it was observed that some ferroan
dolomite crystals showed filamentous structures on or near the surface of
the crystals Pl., (IV) (8) (1) 2, 3, 4, 5. They were stained deep blue,
showing the presence of ferrous iron. The morphology of these filaments
resembling the modern iron bacterium Sphaerotilus. Almost all the filaments
are to be found attached to or lying on the surface of ferroan dolomite
crystals, and each filament is filled with ferroan carbonate., No filaments
are found in the rest of the matrix of the rock. The length of the filaments,
on average, is 100 um, and the fossils show no apparent morphological dis-
tortion, except that some of them héve been broken during coverslip mounting,
Many of the filaments appear to be attached to a round body mainly composed
of ferrous iron, judged from the intensity of the staining Pl, (IV) (8)

(1) 9,

Before staining, the filaments in the slide were invisible Pl. (IV{ (8)
(1) 1, This may mean that they were preserved as carbonate moulds formed
during early diagenesis. This is an example of an authigenic preservation
process (Schopf, 1975), involving early cementation in soft sediment,
usually by iron and carbonate compounds - in this case, ferroan dolomite -

preservation of structures of delicate shape and form,
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Isolated filaments Pl., (IV) (8) (1) 7,8 were obtained when mounting the
coverslip, A drop of glycerine was applied to a thoroughly water washed,
stained slide, in order to preserve it for a longer period of time, ‘The
slide was then warmed to make the glycerine less viscous and the coverslip
put in place. During this operation, some of the filaments became detached

from the substrate and moved away to a new position free of the matrix,

The fossil material was compared morphologically with modern species of
Sphaerotilus, collected from water samples from Silwood Park Lake, Ascot,
Berkshire, England, A few drops of stain were allowed to react with the
modern sample, and a similar colour change was observed PlL., (IV) (8) (6) 6.
The moxrphological agreement is self evident when Pl, (I) (8) (1) 6. (modern
bacteria) and Pl., (IV) (8) (1) 7, 8 of the isolated fossil filaments are
compared. Somewhat similar structures have been detected preserved in
haématite and chert of Tertiary age, Muir et al, (1974), and from other
Precambrian iron formations from Canada, Barghoorn and Tyler (1965), and
from Western Ausralia, Walter (1975). It has been suggested that these
other structures, Muir et al. (1974), Barghoorn and Tyler (1965), Walter
(1975) represent the remains of fossil iron bacteria, and, on the grounds
of strong morphological similarity of the stained ferroan dolomite filaments;
both with these and with modexrn Sphaerotilué, I suggest that the structures
revealed in the present work represent the remains of Precambrian iron

"bacteria., It miéht be argued that these tabular structures have‘formed as
the result of boring by algae and fungi, but oﬁe would expect boring algae
and fungi to be»gerally distributed throughout the rock. However, this
can be ruled out in the present case, because the filaments are invariably
associated only with the ferroan dolomite crystals, and are not generally
distributed, Furthermore, algal and fungal>filaments'are generally much
larger, and may often be septate. Septa were not observed in my material,

If the structures represent borings, then a trail of mucilaginous material



Fig.9.1a:5 .E.M.photograph showing

Ferroan dolomite rhomb.
1b:Higher magnification of
fig.1a.Note the Atomic Number

effect in 1a.The filament is
is seen at the surface on

the surface of the crystal
intb,

1csFilament in{1bB) at higher

magnification,showing tubu-

lar structure(casting).

Fig.2a:Air-borne contamination
found embedded in the glue,
2b:Higher magnification of
(2a),

2c:Composite S,E.M,photo. of
of the round body to which
the filament is normally

attached, (Compare with
FlateIV-8-1.9).
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might be expected around the filaments, None have been observed, and

no trails or ‘borings' (if such they are) appear to connect up the indi-
vidual and spatially isolated ferroan dolomite crystals, It should also
be noted that if the filaments do represent the remains of iron bacteria,
that present day examples are always associated with clots of colloidal
iron hydroxides, and it might be suggested that the ferroan dolomite
crystals’represent the diagenetic products of such clots,

Statements have been made in the past that 'bacteria do not have hard
parts that can be fossilised, so there is little to be learned directly
about their evolufion' Breed (1975)., 1In view of the application of this
staining technique to carbonate rocks, this statement probably must be
modified. Also the technique, or similar methods, must be extended to
other forms of preservation, such as in pyrite, in limonite, in phosphate,
in siliéa, and in calcite. As well as providing evidence for the presence
of iron bacteria in ancient rocks, the technique offers the possibility of
discovering previously undetectable microfossils from many different
sedimentary environments in the Precambrian that are at present considered

to be barren,

This work was extended to acid insoluble matter and its examination
under the scanning electron microscope (SEM)., It was not pdssible to obtain
any filament from Plate (IV) (8) (1), with the exception of one beaded
filament as shown in Pl, (IV) (8) (2). Possibly because of inherent
composition (iron carbonate),.ﬁhe filaments may not have survived the
acid treatment, Consequently this SEM work was further extended by taking
a peel of the section. The peel was then mounted on the AL stub by double
sided sellotape and the staining was done as described previously., Some
encouraging results were obtained. The results will be discussed at the

end of this chapter with reference to Plate (IV) 9 and 11,
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The other variocus structures that were observed from Hamersley Region

are described below. No difinite interpretations are offered.

Some sphercidal and elliptial structures are found as pockets in the
bedding-Section PM-31. The rest of the matrix is hematite or goethite.
Under high power these spherical siructures look pigmented by hematite to
red colour. In some structures, the centre is nearly pigmented to red
colour and the structure also shows circular cell wall {Arrow, Pl. (IV)
(10) 1). There is no organic matter visible in the petrographic thin

Section. Red pigment is exclusively due to hematite and/or goethite.

It may be that these are relicts of microfossils. Microfossils can
be preserved in a number of ways. Algal filaments and spore like bodies
pigmented by hematite were found preserved and described by Barghoorn and

Tyler (1965).

Pl. (V) (10) 2a,b is a thin section of PM-38. No features are dis-
tinguishable. Small black specks are lumped together, the outline which
is circular is distinctly observable especially in the high power photo-
micrograph (PLl. (IV) (10) 2b, Similar material was investigated by Muir
et al. (1974) from Cooley Dolomite of the McArthur Group, N.T. Australia
(P1l. {IV) (10) 2C shows morpholegical resembiance between these structures.
They also show strong resemblance to the manganese depositing bacterium
Metallogenium personatum Perfil'yev (1961). Fig. 2d is an X-ray spectrum

of (2¢).

This interpretation is reinforced when inscluble carbonacecus residue
was exXamined by X-ray microanalysis, which showed presence of Mn (see

Table (II) (8)).
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Pl., (IV) (10) 3 is of PM-38 thin section which shows a circulér cell
with thick reticulate double wall. These structures are not very abundant.
Only half a dozen cellswere observed scattered throughout the section, which
were highly carbonised and no intermnal differentiation was possible. This
solitary better preserved cell much more resemble Huyaniosporamicro—

reticulata (Barghoorn, 1966). Similar structures have been described from

the Amelia Dolomite, McArthur Group (1600 m.y.old) by Muir (1974).
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X-Ray Microanalysis - PM-24 (Hamexsley) Irxon Bacteria

The filaments (PL IV-9) being very brittle, their mounting on the’

Al stub was not very successful, The petrographic thin section was then
mounted in the "Lakeside 70C" themo-setting resin, Hence this time it
was easlier to remove the peal of the section from the glass.slide, on
warming gently on the hot plate, Such a peal was mounted on a double
sided sellotape and thence on the AL stub, The stub was then immersed

in the staining solution and the section stained as described previously.
The filaments were visible, Pl, (IV) (9) la and b are the SEM photographs
of the carbonate crystal under investigation, The filament is distinctly

visible even at lower magnification (Fig, 1a).

Photographs 2, 3 and 4 from Pl, (IV) 11 are the distribution micro-
graphs for Si, Ca and Fe respectively of the same field shown in Pl, (IV)

(11) 1,

As far as the filament and the matrix is concerned, there seems to
be very little difference in composition, It seems Fe, Ca are the major
elements of the matrix and the filament, showing the complete replacement
of the filament body with ferroan carbonate, The outline of the filamént
is still vaguely visible showing minor difference in the ultiﬁate elemen-

tal composition of the filament walls with respect to Fe,

The elemental distribution (not shown here) of the round body (Pl. (IV)
(9) 3) is presumed to be rich in total iron, the major component of which

being ferrous iron. (inference-staining technique - intense blue colour),.
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Fig. 1: S.E.M. photograph of the filament that has been analysed.

Higher magnification (X1500) photo of the filament in
Plate (IV).9.1b.

Fig. 2: Si Ko distribu-
tion micrograph
of the field in
Fig. 1. (2.5 K
cps.).

Fig. 3: Ca Ko distribu-
tion micrograph
of the field in
Fig. 1. (200
cps.)

Fig. 4: Fe Ko distribu-
tion micrograph
of the field in
Fig. 1. (700
cps., 100 sec.
exposure) .
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CHAPTER V
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CHAPTER V

DISCUSSION

As mentioned before minerclogical and petrological examinations were
undertaken on polished sections. BAll the samples were analysed by X.R.D.
to identify the major minerals. Carbonates were identified by staining

techniques as described previously.

MINEROLOGY

A-1: Kromberg Formation

The minerology is reported in Table (II) 3a and the samples were
mostly cherts and carbonaceous cherts. The principal mineral is O—-quartz.
Pyrite and carbonate are minor components and chlorite is present in all

the samples.

The thin sections showed that some of the samples have fractures and
fissures. This is particularly prominent in HALL 1 (1. (IV) 1), The cracks
and fissures are frequently filled with disseminated éarbonaceous matter
- giving a deceptive appearance of filaments (micro-fossil). While inter-
preting organic geochemical results, this fact should be borne in mind in

order to decide if material is indigenous or not.

Examination of the thin section H-1 W/L showed one peculiar structure,
which looked like a hollow spherule or ovoid (Pl, (V) (1) 1A. Thié body
under high power appeared to be filled with needle-like’ (acicular) crystals
probably composed of quartz, Pl. (V) (1) iB. Only one occurrence of this
type of structure has been noted, and no definite inference will be

offered.



Fig:1.1A:Thin section of H=1 W/L(Kromberg) showing cavity
filled with needle-like crystals(possibly Quartz?)
The cavity adjacent to it is void.

Fig:1.1B: Higher magnification (x40) ,showing the needles,
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A-2: South Alligator River

This area has been extensively studied and mapped by the Bureau of
Mineral Resources (Walpole et al., 1968) and several other geologists.
This area is closely associated with uranium mineralization. Ayers &

. Addington (1975) carried out geological and petrographic studies on the
acid volcanic :ocks and carbonaceous shales of the Koolpin Formation. In
this thesis work, the carbonaceous shales from the Koolpin Formation were
x-rayed for minerological studies. The minerals are listed in Table (II)
3b. The essential minerals were quartz, siderite, hematite, chlorite,
uraninite and pitchblende. This author alsoc confirms the presence of
eskebornite, chalcopyrite, pyrite and marcasite as minor accessory minerals.
I also suspect the presence of very minor quantity of gold in the organic

residue.

PM-202 contains massive hematite, which is shown in PL (V) 2.1 and
PL (V) 2.2 is a photomicrograph of sample PM-203, which shows hematite
pseudomorphs after siderite. The original siderite seems to have been
altered or replaced by hematite (shows typical blood-red colour). When
there 1s a complete material exchange while maintaining the external form,
the pseudomorph is classified as a Pure Displacement Pseudomorph (Niggli,

1920; Glover & Sippel, 1962).

X.R.D. showed traces of siderite and aragonite (?) (See Table (II)
3b). This texture is connected to siderite, because in thin section it
shows a platy habit. The thin sections perpendicular to‘the bedding plane -
showed that pseudomorphs were of the same shape and size. This leads to
the conclusion that the starting mineral has to have a platy habit. And

siderite satisfies this criterion.
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Fig 2,1:Thin section of PM 202(South Alligator) showing
messive hematite=blood red colour inthin section.

Fig 2.2:Thin section of FM=2n3(south Alligator) showing
hematite pseudomorphs after siderite.This is an
example of Pure Displacement Pseudomorph.
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Pl_ate- vV 2

fig.2.2A:Thin section of PM-293(South illigator),
A3,:4,A5 & A6 are the areas analysed
by Xeray Microanalysis.(See the text for
elemental analysis),
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If siderite is oxidised, then it is converted to hematite. The supply
of oxygen is maintained by breakdown of original hematite, which is buried

under the over-burden of sediments.

The following equations will supplement this argument.

Fe 0 - 4Fe304 + O2 ——— e Eq. (V) 1
273 .
(Original hematite)
FeCO. + O 2F8203 + 4CO2 ————————————————————— Eq. (V) 2
3 "2 :
(Siderite) (oxidation) . (hematite pseudomorph after siderite)

The other possibilities are minnesotaite or gypsum. But these are
ruled out on the basis that (1) their absence in the thin sections even
in minor amounts and (ii) minnesotaite has needle-shaped habitat though

gypsum is platy (See the revised interpretation at the end of section A).

A-3: Hamersley Group

The lithologies of the iron formations have been described in detail
by Trendall & Blockley (1970). They are typically finely banded (except
for the Boolgeeda Formations) and chert bands alternate with iron-rich
bands, the latter being called 'chert matrix' by Trendall & Blockley (197Q)ﬁ
In the Dales Gorge Member, there are three distinct scales of banding
(Trendall, 1965): macro-banding, meso-banding and micro-banding. A brief

description of these various forms of banding follows:~-

Macro-banding is the name given to the major alternations between the
two contrasting lithologies of the Members. Macro-bands of B.IL.F. are

numbered from BIFO to BIFI16 and they are made up of iron formations and
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alternate with "shale" horizons, S1 to SI6 which are generally thinner and
consist of shale, chert and siderite. The macro-band sequence and thick-
nesses are shown in Fig. (II) 4b and the field expression of macro-banding

appears as in Plate (V} 3 (after Trendall & Blockley, 1970).

Meso-banding is the name given to the banding of a scale, which shows
a succession of internally consistent bands of different composition with
an average thickness of less than an inch. Mescbands in the Dales Gorge

Member consist of stilpnomelane, carbonates or riebeckite.

Micro-bands are defined by alternations of regular laminae with thick-—
nesses of 0.2-2mm. They contain most commonly either hematite, ankerite,
siderite or stilpnomelane. These laminae are usually visible to the naked

eye.

According to this classification, the samples are categorized as shown

in Appendix I.

Following the X.R.D. data available froﬁ Table (II) 3¢, it is convin-
ciﬁg and evident that the most abundant mineral by far for samples from the
Dales Gorge Member (S.No.PM-9 to PM-21) representing the S-15 and S-16 shales
and BIF 16 of Trendall is finely crystalline quartz. Some of the cherts have
a fine mosaic of quartz with average grain diameter of 5 to 40 microns, which
concurs with Trendall's observations. His petro-fabric analysis of 200 grains
of a single chert meso-band from the Dales Gorge Member gave an average

diameter of about 30 microns.

In some samples after quartz, next in abundance are the carbonate
minerals. They are differentiated into calcite, dolomite, ankerite and

siderite on the basis of X.R.D. identification. Some of the calcite and



Fig 4.1:Thin section of PM

'~17{}lamersley)show CROCIDOLITE,
atite( Mad

Fig 4.2:Thin section of PM-23(Hamersley) showing

characteristic mesh of of STILPNOMELANE(St),
(light green colour in thin section),

Fig.4.3: Thin section of FM-43(ilamersley),showing

band of STILPHOMELANN(:St)in chert matrix,
i'leochroic green in thin section,
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dolomite are ferroan type distinguished on the basis of the staining tech-~

nique described in Chapter II.

PM-9 and PM-24 have particularly abundant dolomite rhombs, and some
of these are hollow. A ferroan dolomite composition is indicated on the
basis of potassium ferricyanide staining, which imparts a blue colour to
Ferrous iron. These two samples contain iron precipitating bacteria pos-

sibly of the type resemblingmodexn Sphaerotilus (Discussed in Chapter IV).

PM-17 is a massive B.I.F.16 and contains hematite, which is sub-hedral
to eu-hedral. The sample contains traces of pyrite, which was only doubt-
fully detected by X.R.D. (below detection limits) but was confirmed when
acid insolubie matter was X-rayed. This implies that pyrite was concen-
trated in the acid insoluble matter. Because of its scaxcity, it is
impossible to describe its texture ox other characteristics, except for
one pyrite grain, whicﬁ showed movement in the matrix (Discussed later in

this chapter).

The other mineral not detected by X.R.D. was later identified as
crocidolite by optical microscopy. The crocidolite filbres are very weakly .
diffracting and seem to be amorphous to X-rays. Grubb (1971) did some
experiments using gels. He obtained a fibrous phase of crocidolite, which
was synthesised at temperatures between 110°¢C to 350°C, and identified
this phase by Infré Red (I.R.) absorption. Crocidolite in PM—17‘appears
to be more or less evenly and closely spaced out aﬁong the chert and seems
to be attached to magnetite, Pl. (V) (4) 1, giving it the appearance of a
'beetle litke structure'. Magnetite seems fo serve as a point of nucleation
for these fibres, which look 1like whiskers. This relationship between
crocidolite and magnetite supports the claim of Celliers and Genes (1964)

that magnetite plays an important role in nucleation and growth of



Fig.5.1:Thin section of FPM-24(Hamersley) showing
enrona texture of STILPNOMELANE(St).The

texture suggests a product of "guench" reaction,

Fig.5.2Higher magnification(X170)of individual spherule
formed of cross fibres,some are brown andfew are
green in transmitted light,

'ig.5.3: ‘ibbon~l.xe platy blue mineral associatet with
stilpmomelane(.;t )Pseudomorphed after fine
AEmEcKITE((ie ),
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crocidolite. Crocidolite which is a fibrous polymorph of riebeckite,
also occurs in sample PM-23. ,It mostly appears as a cross fibre vein
around pyrite crystals Pl. (V) (6) 1. 7This observation is contrary to
what Grubb (1971) reported., He observed cross fibre veins of crocidolite

filling fractures around magnetite screens.

In PM-17 all the major facies (carbonate, sulphide, oxide, silicate)
of iron formation as described by James (1954), can be found. Other
minerologically interesting features were varieties of stilpnomelane.

Grubb (1971) recognized three different forms of this mineral.

In PM-23, Pl. (V) (4) 2, the characteristic mesh of stilpnomelane can
be seen, which has a light green colour and in the section elsewhere, it

is being replaced by fibrous crocidolite and platy riebeckite.

Pl. (V) (4) 3 is a photomicrograph of PM~43. 1In this sample, stilp-
nomelane appears as a band in a chert matrix and consists of a strongly
pleochroic green and brown variety with a super-imposed schistocity.
According to Grubb (1971), this is a product of increased diagenesis. The
third variety is from sample PM-24,., The small spherule or corona texture
is present in the entire section Pl. (V) (5) 1. Under high magnification
Pl. (V) (5) 2, X100); every spherule is seen to be formed of cross fibres
and some of the spherules under transmitted light are brown and a few are

green.

The other associated mineral is ferroan dolomite in a quartz matrix.
The texture of this section (PM-24) suggests that it is a product of a
"quench" reaction. The process of crystallization has been arrested in

‘time', at an early stage of crystal development.
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PLATE---V--6

Fig.6.1:Thin section of PM-23
(Hamersley) showing
CROCIDOLITE(Cr),a
fibrous polymorph of
Riebeckite(Rie).It is
appearing as cross
fibre vein around
pyrite(Py) crystals.

Fig.2 :Thin section of PM-45(Hamersley)
showing calcareous OOLITES,
with various "replacements?

(See the text),
Cha-Chamosite,Qz—quartz
St-stilpnomelane,
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A ribbon-like platy blue mineral, (PM-23), Pl. (V) (5) 3 is occasionally
found associated with stilpnomelane. This could be pseudomorphed after fine

riebeckite (Grubb, 1971).

The sample PM-45 contains sphaeroidal bodies Pl. (V) (6) 2 composed of
concentric arrangements of various "replacements". Starting from outside
the replacement proceeds through quartz (Fig. 2A) and ultimately ends in a
massive chamosite crystal (Fig. 2). There are various opinions about the
origins of these'sphaeroids. According to Trendall (1970), they seem likely
to be filled in by gas bubbles entrapped during collapse. Laberge (1966)
suggests they could be of volcanic origin. A closer examination of thin
section shows that the sphaeroidal cavities are replaced by quartz (fine
grains), stilpnomelane and greenalite Pl. (V) (6) 2A,B,C,D and E. At some
places, internal replacement has ended in a massive chamosite crystal. There
are also traces of carbonates (dolomife) and I, therefore, think that they
wexre originally calcareous oolites, which have become ferriferrous oolite
under diagenetic replacement. Chemositic oolites have been forming at |
least for the last 2 x 109 yvears (Wagner, 1928) and ferriferrous oolites j

have formed as recently as Early Jurassic, Latal (1952).

In the lower Proterozoic Gunflint Formation of Ontario, Canada, layers |

of greenalite in some siliceous ooids have also been reported (Dimroth and

Chauvel, 1973).

It is possible that in the sedimentary environment, if solute-rich
waters are drained laterally through carbonate ooids, these ooids will be
replaced by chamosite (ferrous, aluminium-rich septa-chlorite) if the

original water is aluminium-rich or by greenalite (ferrous alumium-poor

septa-chlorite) or chert if alumium poor.
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partial to
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Fig.8.1:Thin section of PM-17(Hamersley)showing an example of
PSEUDO-FOSSIL,where pyrite crystal(Py) seems to have
moved (dashed line)Trail mainly composedof quartz-.tz.
Arrow indicates the direction of the flow.

( Compare the similar phenomenonin PLATE(IV)(1),?2e,
from Kromberg formation).

¥ig,B,2:Thin sectinn of H=1( Kromberg)showing dessiminated
organic matter,
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This view-point needs further re-assessment and this could be done by

proper sampling for sedimentary environmental studies.

Section PM-38 contains examples of textural variety of hematite. The
term cellular hematite is taken from Trendall (1972), who noted a similar
variety from B.I.F.14 macro-band of the Dales Gorge Member, which he assig-

ned to secondary weathering.

PL. (V) (7) 1 is a photomicrograph of this kind of texture. The dif-
ference between this example and the one reported by Trendall (1972) is
that in my material there is partial or occasionally complete replacement
by quarﬁz (Fig. 1 A,B,C), while in Trendall's example the crystals are
pitted with small rounded holes filled with quartz. Similar textures were
found in PM-17 (Fig. 1 D,E) and have been reported by Spencer & Percival

(1952), and Percival (1967) from India and the Hamersley ranges.

PM-17 is a massime banded iron formation (B.I.F.16). The matrix is
mainly composed of quartz and hematite. Pyrite and magnetite are trace
components and there are occasionally minor amounts of silpnomelane. The
thin section when examined optically, showed the appearance of flow in one
direction, P1l. (V) (8) 1 (arréw). The direction of flow is deduced from
a pyrite crystal, which seems to have moved from its original position to
a new location. The trail or appendage as marked in Figure is mostly
composed of quartz (chert) with some disseminated pyrite crystals along
the line. Similar 'Pseudo-fossils' were observed by Tyler and Barghoorn
(1962) from the lower algal zone of the Gunflint Formation, Canada and
the Biwabik Formation of Minnesota. They assigned this phenomenon to a
combination of pressure solution and force of crystallization of quartz

or carbonate.
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It is interesting to note that the example cited here shows that
the phenomenon can operate in the absence of appreciable amount of

organic matter,

Similar phenomenon has been observed from Kromberg Formation., See
Plate (IV) (1) 2,e, The filament (beaded) is pyritized and moved to
position, The movement is distinctly visible, This sample contains appre-

ciable amount of organic (dessiminated) matter., Plate (V) (8) 2,

Followed from Section A-—3:

These hematite plates (PM-203) were analysed by X-ray microanalysis
(by Mr., V, Belmer, Edax International, The Hague), Plate (V) (2) 2A shows
the points of analysis and table (below)} shows the corresponding elemental
analysis (corrected for mass absorption), The ananlyses show the presence
of Ca and S in the crystal lattice, In the light of this new evidence the
previous interpretation neéd to be modified, It seems that these pseudomorphs
are after gypsum. The'sequence could therefore be

Gypsum ———» Siderite ————3> Hematite

The X-ray microanalysis of Hematite pseudomorphs from PM-203
' (S, Alligator pitchblende)

Analytical Location
Percentage, %

(small)

Element  Analytical Line

A3(Part) A, part AS(Blade) A6(Matrix)

Fe K 34,620 45,746 98,012 . 51,150
Si K 29,161 26,156 0,578 34,105
Al K 5.264 2,386 0,500 2,981
s K 3,971 1,911 0,146 0,273
cl K 15,769 7,483 . 0,499 -

u M 1,154 0.566 - -

ca K 6.253 1,966 0,263 6.667
Mg K 3,805 13,782 - 4,316
Mn K - - - 0,505
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B. INSOLUBLE CARBONACEQOUS MATTER

B-1: Insoluble Carbonaceous Matter from Kromberg Formation

The X.R.D. traces of the final insoluble residues are shown in
Figure (II) 8 in Chapter II, The specific conditions for the formation of
graphite in these samples are still unknown. The original carbonaceous
material may haverhad a sedimentary origin or may represent juvenile carbon
.extruded with tholeiites. Oehler et al. (1972) considers their average
613c value of -15.8%°/00 in carbonaceous chondrites and suggest that this
can be interpreted as evidence for non-photosynthetic plants in the lower
Onverwaéht; in the manufacture of cast iron excess carbon separates as
flakes from the melt to form a solid solution known as "KZsh'” graphite

(Ubbelohde and Lewis, 1960).

Normally under laboratory conditions, graphite would be formed by
simply heating carbonaceous matter to a high temperature under a reducing
atmosphere. Although graphitic material is present, there is no geological
evidence that these rocks have been subjected to high temperatures; the pos-
sibie temperature range compatible with experimental data on the stability
of greenschist-facies minerals is 300-500°c (Fyfe et al., 1958). Hamilton
et al. (1970) have shown that plant structures can be perfectly preserved
as graphite. Another condition that might favour the formation of‘graphite
in nature under far less drastic conditions is Shear, which would deform
the graphite crystals to produce the rhombohedral form (Freise and Kelly,
1963) . Rocks of the Onverwacht series in the Komati valley are sheared

(Visser, 19506).

With respect to the quality of the X-ray traces, it was previously

mentioned that the portions of the material were mounted on the glass
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slide as smear mount and grinding was avoided. The reason for this is
that mechanical grinding treatment produces rhombohedral modification as

a consequence of translation or gliding of the layér plane.

The hexagonal graphite Figure (V) 1A has carbon layers in sequence
AB AB.... and the rhombohedral Figure (V) 1B form has a layer sequence of
ABC ABC...... The action of shear due to mechanical grinding brings about
a transition AB --——AC in a preferred direction which excludes ARA.......
as a possible intermediate state bringing about the rhombohedral modifica-
tion. Figure (V) 1D shows herxre that the rhombohedral form can arise from
the hexagonal form in this way by the action of shear (Boehm and Coughlin,

1964) Figure (V) 1C structures of amorphous carbon.

Silverman (1964) has shown. that when organic matter is heated, evolu~
tion of low molecular weight hydrocarbon (Gn=1_cn#4) occurs, which show
enrichment of 12C, leaving the residue depleted in 12C. On thé basis of
their 12c/13c measurements, Oehler et al. (1972) believes the Onverwacht
material to be unmetamo?phosed, yet the graphite in these samples clearly

indicates either high temperature or shear stress both of which are metamor-

phic features.

B-2. Kalgoorlie

PM-1 (Archean) shows a very intense graphite peak associates with

rutile. The graphite show a fully developed form (hexagonal).

B-3. South Alligatorx

X.R.D. indicated ordering of carbon in some samples PM-192, 195,

196, 198, 201 (?) and 202 (?) and all contain a graphite-like component.
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These samples also show a characteristic hump between 230—34026; Some
of the samples contain high temperature minerals such as rutile and

spinel.

B-4. Insoluble Carbonacecus Matter from Hamersley - W. Australia

It can be seen from Table (II) 3¢ that insoluble matter from this
area was very sparse in many samples. Hence the X.R.D. work was restric-
ted to a few samples. The data show that the inscluble matter from some
samples does not show the characteristic hump-~like structure peculiar to

the Kromberg Formation, which is characteristic of asphaltic material.

However, some samples (PM~-13, 14 and 17) do show the hump. A closerx
look at the lithology of these samples shows that an abundant mineral
besides guartz is carbonate (either calcite oxr dolomite or both). It can
be said tentatively that the hump probably represent the hydro-carbon

from a carbonate starting material.

One sample (PM~49) shows some ordering of carbon and as noted from
Kromberg Formation that when there is graphite, rutile ( a high temperature

mineral) is associated with it.
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E.S.R. CHEMICAL ANALYSIS AND X-RAY MICRO-ANALYSIS

In this section the data obtained from above techniques will be
discussed together. The data follows from Tables (II) 7,6,8 for E.S.R.

C, H analysis and X-ray micro-analysis respectively.

C-1. Xrowmberg Formation

A typical ESR spectrum consists of a simple symmetrical line, de&oid
of any fine structure ( Fig. (II) 15A). Various ESR parameters together

with H/C ratio and crystallite size are shown in Table (V) 1 below.

TABLE (V) 1. ESR Parameters*, H/C ratio and crystallite size

S.No. Free radicals Line width "g" value H/C ratio Crystallite
spin/g x 10—'15 AH gauss size R
H1 W/L 1.87 2.4 2.00177 0.17 24.16
H2 2.09 2.7 ©2.00186 0.15 21.23
Ke** 4,76 6.2 2.00166 - -
K7 5.23 | 3.6 2.00177 0.32 19.31
KIA 6.78 3.7 2.00174 0.41 480.46
HI 7.14 4.0 2.00201 0.30 530.53
K4 9.43 3.5 2.00192 0.28 310.19
X3 9.47 4.1 2,00195 0.58 1074.43
DPPH(STD)  1.53 x 1021 0.17 2.00237 - -
PM1 5.28 Very narrow 2.00462 - 304.60

* Average of two determinations

** Sample K6 contaminated with filter paper during filtration.
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The table (V) 2 below shows the X.R.D. data on insoluble carbonaceous

matter and X.R.D. patterns for insoluble residues are shown for comparison.

TABLE V.2 X-ray Diffraction Data on Insoluble Carbonaceous Matter
from Kromberg Formation.
S.No. Peak Shape (002) repeat distance Remarks

©26 3

H-1 W/L* Hump 24.0 4.31 Maximum at 3.42 &
36.0 2.90

H-2% Hump 24.0 4.35 Maximum at 3.46 &
36.0 2.90

K-6 Bimodal 28.0 3.70 Less intense graphite
30.1 3.46 peak

k-7 Hump 27.0 3.84 Maximum at 3.58 R
32.0 3.25

K-IA - Broad hump 24.31 4.35-3.35 Graphite peak visible

at 3.35 8
Bimodal hump 27.0 3.84

30.0 3.46

H-T Bimodal 30.0 3.06
30.7 3.38

K-3 Bimodal 29.6 3.62 Graphite péak visible
31.1 3.34

PM-I 31.1 3.34 Strong graphite peak

* — XRD shows pure concentrate of kerogen although X-ray micro-analysis

shows minor amounts of trace elements (transition).
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Sample PM-1 is included here for compafison purposes only (Archean,
Bulong, near Kalgoorlie, W. Australia); The sample has graphite in it S0
it was thought it would complete the rank and be a proper fit. From the
data obtained it would seem that most samples from Kromberg Formation have
had different thermal histories. AThe three types of XRD peak shown in
Pl. (V) 9 are characterized by:-
1. A diffuse broad peak with maximum near 30°20 indicating non-
crystalline material (Samples HALL-2, HALL-1 W/L and K-7)

2. A diffuse broad peak from about 29° to 32026 with individual
peaks at 27°26 and 31.5°20 with repeat distances of 3.84 and
3.34 & (samples HALL-1, K-4 and K-6)

3. A broad diffuse peak with a definite graphite peak at 31,129

(samples K-1A, k-3).

The (002) repeat distance decreases from 3.46'3 to 3.35 X. This corres-
ponds with a shift from 3.6 to 3.8 R in lignite to high volatile bituminous
coal rank to 3.5 % in metanthracite and graphite first pointed out by Blayden

et al. (1940) and Griffin (1967).

Comparison of Table (V) 11 (ESR data) and Table (V) 2 (XRD data) show
that spin concentration increases with rank. Retcofsky et al. (1968a and
1968b) have noted change in crystallite dimensions of ESR signals of coals
of varying rank. Line width, the other ESR parameﬁer also shows increase
with the rank. The g-values are.all lower than the free electron value
for DPPH (2.00237), but the higher rank material gave a value close to

those found for free radicals.

The reasons for increase in line width and the spin concentration could

possibly be due to the following reasons.
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As the heating proceeds the 0 bonds are broken at the periphery of
the aromatic skeleton. The un-paired electrons are increased and there
are not enough counterparts to go around to pair them off. Because of
un~-paired electrons, there is an apparent Spin-Spin inter—-action. And
we therefore observe the line broadening and increase in spin concen~
tration as the rank progresses (this is obvious from the data). This is
the second reason why during XRD sample preparation, the carbonaceous
matter is not subjected to grinding. The other reason is to avoid the

lattice transformation of graphite structure.

When the structure reaches the three dimensional structure of graphite
(PM~1) , the carbon atoms attain 32p2 electronic configuration Coulson (1965)
and the pz orbitals of these 32p2 atoms serve as efficient traps for
electrons. And we can observe the narrowing of the line width and drop in

the spin concentration.

Furthermore there is a systematic change in H/C atomic ratio with
increase in rank and Marchand et al. (1966, 1969) measured the spin den-
sity of pure kerogens and co-related increase in spin density with H/C

ratio.

Following the Scherrer Equation (Eq. (II) 8) an attempt to measure the
dimensions of crystallite size was made. This was done by relating the

crystallite size to the breadth of the diffraction peaks.

Table (V) 1 shows the crystallite size and showé that the dimension
increases from nearly 20 R to nearly 1100 i for high rank material and
drops to 304.6 X for PM-1 which has a perfectly developed 3.35 ] peak.
This may be because carbon layers can accommodate volatile matter in the

interlayer spacing, and collapse of the crystallite lattice could result
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from the expﬁlsion of volatiles, Griffin (1967) observed such a lattice
contraction in the study of humic materials and showed that volatiles
must be eliminated entirely from the interlayer spacing before the layers
approach one another and the adjacent carbon layers produce ab plane

rotation, resulting in a three dimentional structure,

Thesé studies, therefore, show that there is a striking parallel
between carbonisation of coal and organic matter during incipient metamox-
phismo ESR and XRD studies of insoluble carbonaceous matter could furnish
a method for characterizing the degree of alteration of organic matter

undergoing diagenesis or low rank metamorphism,
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ESR DATA FOR AUSTRALIAN SAMPLES

C-2. Xalgoorlie and Hamersley

PM-1 sample from Kalgoorlie has a three dimensional graphite and has
low free radical concentration. This data has previously been discussed

with reference to Kromberg ESR data.

The samples from Hamersley are not sufficient in number to warrant
detailed discussion. Only certain features of ESR spectra will be dis-
cussed. (Refer to Fig. (II) 17 on page 75 for the spectra)

(1) The apparent absence of fine structure, which is peculiar to
free radical absorption, appears to be absent for almost every sample
analysed except PM-38. This could be the result of super-position of
many multiplets. Hence the values for free radial concentration should
be treated as relative. This is obvibus from the spectra for PM-47, 48
and 49, where one can see the hyperfine splitting of Mn2+ at g 2.0

(compare with Fig. II 14 for Komati 3 whole rock ESR spectra).

(2) The other feature of these spectra is the resonance line at
g "V 4.0 attributed to Fe3+. Extensive literature exists describing
resonance close to g = 4.0, which has firmly established as due to
Fe+3 ions, so occupying a variety of low symmetry crystalline environ-
ment in a range of material, Castner et al. (1960), Aasa and Vanngard

(1965), Wickmar et al. (1965), and Angel et al. (1974).

(3) The other feature is for PM-49, which has a very high concen-
1 4
tration of free radicals (49.12 x 10 5). X~-ray micro-analysis of car-

bonaceous material showed the presence of Uranium in the sample. Friedel

& Breger (1959) exposed different varieties of coal to pile-irradiation
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and they reported increase in free radial content. Duchesene et al. (1961)
put forward the hypothesis for genesis of free radicals encountered in coals,
lignite, petroleum etc. as a consequence of natural radio-activity. ESR
spectra for PM-47 and 48 also show high concentration of free radials,

though the spectrum 48 shows intense peak but has other contributory factors.
Incidentally, PM-47 and 48 also show Uranium concentration in their car-

bonacecus matter.

C-3. South Alligator: Refer to Fig. (II) 18a, b, on pages 76, 77 for
ESR spectra.

Almost all the spectra from this area show g = 2.00 absorption, show
narrow and intense peak characteristic of organic free radials. g = 4.2
absorption is again common to all the samples probably due to Fe3+. There
are a number of additiocnal features and they could be attributed to other
para—magnatic ions such as C02+, Ni2+, Cu2+. It is often difficult to
detect any signal from these ions at room temperature, because strong
inter-actions between the neighbouring ions are characterized by such
short relaxation times that the resonances are too broad to be cbserved

(Poole, 1967). This is the reason why some samples be needed to run at

liquid nitrogen temperature.

It seems that in practice ESR technique is much more complicated than
previously thoughﬁ. Wakeham and Carpenter (1974) have shown that g-value
of about 4.2 is due to Fe3+ in tetrahedral sites, while Fe?fﬁin‘octahedral
sites has a g-value of 2.0. The author feeis that the effect of such
impurities on these resonances can be studied by synthetically dopping
the material under in&estigation. This is quite possible with the natural
material, but with the carbonaceous material that has been isolated, would

require quite a bit of thinking.
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D:1, SOME ARTIFACTS PRODUCED BY HC1l/HF PROCESSING OF SAMPLES FOR

MICROPALAEONTOLOGY AND ORGANIC GEOCHEMISTRY (In Press - Precambrian

Research, 1976)

For nearly 155 years hydrofluoric acid has been used in preparation
for the analysis of inorganic materials. During this time the two main

applications have been (as guoted by Langmyhr, 1968).:-

(a) as a decomposing agent for minerals and rocks, particularly for
samples used for quantitative determination of sodium and potassium,
and,

{b) to remove silica by evaporation.

These original objectives have been extended by including palaeon-
tological applications. The presence of micro-organisms in rocks, both
Phanerozoic and Precambrian, requires HF digestion to remove the mineral
matrix from organic walled microfossils and where there are no morpho-
logical remains, from "Molecular Fossils" - molecular remains in which the

intimate molecular architecture is far different from its original form.

Micropalaeontological studies have concentrated on Precambrian sedi—
ments that occur within the temperature zones covering incipient metamor-
phism (diagenesis). The work is extended by examining the acid resistent
residue-Kerogen isolated from sediments. The study of this kerogen throws
light on i) the redox potential during the early stages of diagenesis and
ii) the thermal history of the host rocks. The acid insoluble residue in
its metamorphic stages acquires the characteristics of graphite. This
graphite is monitores by X-ray diffraction (XRD) and it is imperative that
quartz is completely removed from the sample as the quartz peak overlaps

the (002) reflection of graphite. This is done by treating the sample



eesemm

w
L

EI

........-H.
N
(8]
]
&
[y
by

£
o3

& ‘ |
%?5__339_1 '
E 1 e
‘50{2m8 |
. |
.' |
A

— e

Hraphitg (nm)a,n)
VERY LOW

Graphite -8

( ntn)

-Graphite{RHOM B)
b YERY L&V

—~~Graphite... :
.
—Spinel----- 6,705

Giraphite (RHOMB)
VERY LOW

_~ Pygite-.-.6

_Ptite - - 5,643
an 0 P

Zircon - 45

Marcasite-10,30.3

Pyrite-—-TA%4

— Rutile- - 10,421

Zireon--- 10,41.6

= ’01.”!“--10,5&2'35
{HExA)

~Marcasite- 6,61 35

‘Zircon

45 315

80 3]

O

L

DPFEMATING COMDITION
PHILLIPE XRD UMIT
Coka

A 1792

EV-33, MA- 24
Fe hiter

Prop.Counter- - 400CPS o9
Scan spesd- - zﬂ/m..

PLATEV-10

-

L] 20 100
-Fluorite--.- 4 -~ -
-

-

-

-Florite -.---10.857
0 L] 2

-Potessium 3

N N N RN NN RSN TR EERREREEER

tiuosilicate
a0 L 90
 Raistonite- - 8§
F;ola ssium...7448

fluosilic ate

Ralstonite - Q364 =

Fluorite 9.55275 =
Magnesium -
Huosilicate 76185

Potassium
tiuoslhicate a
< HIERITITR
Magnswum
-7.280

fositicate
hydroxide

Aaistonite 10,34

FRRaanenssnooonnating




- 153 -

with hydrofluoric acid in a PTFE crucible.

One of the problems that arises in using HF is that with more basic

rocks some insoluble fluorides of the type MgAlFS.xH O, NaAlF , .xH, O and

2 4 2

+2 +3
occasionally Fe (Al, Fe )F5o XH,O are formed (Langmyhr and Kringstadt,

2
1966). The formation of inscoluble fluorides and fluosilicates can some-~

times be prevented by using a strong complexing agent like 2.5% boric acid

or hot in HCl treatment for 24 hours.

Complete removal of mineral material is, in practical terms, impossible.
The identification of synthetic minerals (artefacts) becomes cumbersome.
Furthérmore some workers study the same insoluble matter in the Scanning
Electron Microscope (S.E.M.) to lock for microfossils. During such inves-
tigations, the author discovered some structures with a morphology which

could have misinterpreted as fossils.

This communication is, therefore, intended to sound a note of caution
to those workers who use X.R.D. and S.E.M. techniques in their inves-

tigations.

PART I. X.R.D.

A chart has been constructed to simplify and speed up the indenti-
fication of HF resistant synthetic material. A portion of this chart is
shown in P1l. (V) (10). The chart is drawn on a recordihg paper of the
type used in X.R.D. work for easier use. The chart is reporduced in

Table (V) 3.

+

The original scale of the chart is exactly that of the trace when

X o, . X
goniometer and recorder are moving 1 /minute and the positions of the
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peaks are those obtained when using CoKa radiation at 38 kv, 24mA with

the proportional counter running continuously from 5° to 70°26.

The chart is divided into several columns. The first column fepresent‘
©26 to define the peak position. The second column represents the corres-—
ponding d spacing at an interval of 5°208 for reference. Then the chart is
divided into two broad areas. The first on the left hand side (), is for
the minerals that survive the INHC1l, 40% HF attack. The area on the right~
hand side (B) shows the minerals which are formed as insoluble fluorides or

fluoro-complexes (artefacts).

After every mineral name, two other figures are inserted. The first
figure is the intensity of the peak and the second figure is.the angle at
which the next peak for the mineral would occur. For every mineral three
peaks are included for identification. Because the peaks will appeaf in a
scan of 5° to 70026. This chart and Table (V) 3 are by no means complete.
Roﬁk samples of varied lithology may give additional artefacts, and this
chart could assist workers studying rocks from Precambrian Banded Iron

Formation (B.I.F.) and possibly many others too.

PART II. S.E.M.

The insoluble carbonaceous residue obtained after treating rock samples
with‘INHCI and 40% HF (See Karkhanis, 1975) was examined under S.E.M. The
residue was mounted on an aluminium stub with "Durafix" glue and vacuum
coatea with carbon to increase the conductivity between the samples and

the stuk.

The material analysed showed a structure with a striking moxphological

resemblance to fungal conidophore (Plate (V) 11 g-i). This seems unlikely
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as the samples were collected from rocks of Precambrian age where such
structures are unknown and stringent precautions were taken to prevent
contamination. Further S.E.M. work showed that there were other spherical
structures with an average diameter of 10y, with a different surface tex-

ture.

The g;ray micro-analysis of these spherules showed high amounts of
sulphur.‘ Three such micro-analysis traces are shown in Fugure (V) 2.
X.R.D. analysis of the original rocks showed that it contained pyrite and
other iron minerals such as hematite and goethite. It is, therefore,
believed that the body (morphologically like a fungus) could be a fram-
boidal structure. This kind of texture is almost exclusive to pyrite and
this sulphur pseudomorph is probably an artefact formed during sample

preparation.

It has been suggested that framboidal structure is indicative of
biogenic activity (Cloud et al., 1975). Berner (1969), Farrand (1970) and
Sunegawa et al. (1971) conclusively demonstrated that biological control is
- uwmecessary in framboid formation. Rickard (1970) has discussed the origins

of franboids in detail.

Possible mechanisms are suggested below by which this texture may have
developed in the reaction vessel - a closed experimental system — where the
physico-chemical conditions are homogeneous and could possibly account for

the uniform size of individual framboid.

In the original rock sample X.R.D, showed the presence of pyrite and
certain iron minerals like hematite, goethite and some pyrrhotite. The
various textures of sulphur spheres (Plate (V) (11) a,b,c) can be explained

by analogy with immiscible oil globule sitting at a wéter interface.
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Globules of sulphur (Figue d) could float on the liquid surface in the
reaction vessel., Some of the globules would entrap other minerals
(silicates) by adsorption and surface effects, As the acid leaching
proceeds, the HF would attack the incorporated silicates and will produce
the holes from which minerals have been dissolved and removed (Figure b,
c)o If one compares the X-rays microanalysis traces (Figure a,b,c) with
the morphologies of spherules (Figure a,b,c), we can see indications of
varions in acid leaching which leads ulimately to pure sulphur sphere
(Figue c¢)., Figure e,f are the S,E;,M, photographs of natural sulphur

(Royal School of Mines, Mining collection) for comparison,

The production of elemental sulphur can be accounted for by the

following reaction between sulphide and goethite (Rickard, 1970),

o -
2Fe0,0H + 3H_.S = 2FeS + S + OH + 3H_ O coccccooccoooo Eq. 1
Fe 2 Aq Aq 2 ° q (V)

This reaction is taken further whereby polysulphide ions are formed

due to the reaction between sulphide and sulphur,

The production of pyrite then can proceed through the following

reactions:-

Fes + 25, = FeS” + 5, covencscsscocnsoeconunosssnss LT v 2
Reaction (2) leads to the release of more ions which are rendered

free to react with goethite, On the other hand according to condition (2)

described by Sweeny and Kaplan (1975) iron sulphide will react with elemen-

tal sulphur to form pyrite in an agueous environment at temperatures of

up to BSOC,
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PLATE-4-12

Fig.12:Similar FRAMBOIDAL structures from }M-200(3outh Alligator),
3,5.M. photographs of insoluble carbonaceous matter,
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In summary it can be said - in the microenvironment of the laboratory
vessel A) some minerals survive HF B) some minerals are produced, and
that for siliceous cherty rocks, identification could be made by the chart
Pl. (v) 10. C) Strange globules that can easily be misidentified as micro-
fossils can be produced synthetically from samples that had pyrite in the
reaction vessel. Although it is claimed that the environment in the
laboratory vessel could be represented as homogeneous, care need be taken
during batch analysis, when a few samples might have just the conditions
to give the above-mentioned artefacts. (Plate (V) 11), These are the arte-
facts from Pm-24 and PM-200 respectively which contain sulphides-and other

iron minerals.

It seems the branched morphology of the framboid is determined by the
presence of filamentous fossils (Pl, (IV) (8) 2) which act as point of
nucleation. Later similar results were obtained for PM~200, from its

insoluble carbonaceous matter (Plate (V) 12). It is worth noting that

the minerology is identical (contains sulphides and iron minerals).

Because such artefacts are easily produced, S.E.M. studies of organic
residues should only be undertaken where genuine organic walled micro-
fossils occur and can be shown to be Zn situ in their sections under light

microscope.

It should be noted that these views are presented here to séund a
note of caution (Karkhanis. In Press in Precambrian Research, 1976) and
should not be taken as implying that either X.R.D. or S.E.M. technique
are useless and inapplicable to micropalaeontology and organic geochemistry,
just that a few simple checks should be carried out to ensure that, if
artefacts are present in the final residues, they can be identified as

such and not assumed to be genuine parts ofthe original rock.
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During the X.R.D. investigation of carbonaceous matter, it was observed
that quite a number of samples from Kromberg Formation and Hamersley group
showed graphite, or ofdering of carbonaceous matter indicative of high grade
metamorphism. On the basis of 12C/13C measurements, Ochler et al. (1972)
believed that the Onverwacht material to be ynmetamorphosed. As with most
greenstone belts, the entire Barbarton Mountain Land has suffered only a
low grade regional greenschist facies of metamorphism. The experimental

data on the stability of greenschist facies minerals is 300-500°C (Fyfe

et al., 1958).

Similarly according to previous belief, the Hamersley Group has nowhere
undergone regionai metamorphism. According to evidence of Hoering no part
of Brockman Iron Formation had reached a temperature above 160°¢ (Trendal
and Blockley, 1970). Incidentally Grubb (1967) was able to synthesize

successfully fibrous riebeckite at only 350C.

In the present work, during optical microscopy, no high temperature
minerals were revealed. However, some samples contain high temperature
minerals such as rutile zircon and occasionally spinel. It is believed
that these minerals were missed during optical microscopy, probably because
of their minute quantity and small size and for the same reason they were
not detected by whole rock X.R.D. Later they were detected in carbonaceous
matter and their X.R.D., because if they were present then they were con-
centrated during HCl/HF sample preparation, to which they are, anyway,

chemically resistant.

Hence an alternative source of origin of graphite was investigated.
The experiment described proves that abiogenic graphite or ordering in

carbonaceous matter can take place at 600°C with 1Xb pressure.
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D:2. SYNTHESIS OF ABIOGENIC GRAPHUITE UNDER PRECAMBRIAN CONDITIONS

As stated above, the purpose of this experiment is to examine whether
it is possible to graphitize carbonaceous material at geologically reasonable
temperatures and pressures. French (1964), Exrgun (1968), Kisch (1969),
MacMillan et al. (1970), Landis (1971) and Grew (1974) have shown that
crystallinity of carbonaceous matter increases with increasing metamorphic
grades and ultimately results in well-ordered graphite. This study was
designed to reproduce the formation of graphite in the laboratory by simu-

lating pressure and temperature conditions in Precambrian iron formations.

In most occurrences of Precambrian iron formation, James (1959) has
distinguished four sedimentary facies:; The sulphide, oxide, carbonate and
silicate facies. Iron formation of carbonate and silicate facies typically
averages 25-30% Fe, whereas the oxide facies (magnetite or hematite)
averages 30-35% Fe. 1In general the amounts of Fe and Si are inversely

proportional.

Experimental

Crystals of quartz, magnetite, hematite, pyrite, and calcite (Royal
School of Mines Geology Collection) were identified optically, hand-picked

and their purity checked by X~ray diffraction (Figure (V) 3).

The bulk composition of charge 1 which was sieved at 200 mesh is shown
in Table (V) 4. A simultaneous run was also carried out with charge 2,
whose bulk composition was as for charge 1 except that organic matter in

the form of the present day stromatolite was omitted.
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Schematic drawing df “th&fuYfiace( Redrawn from

Figure--y--4

a-pper piston connector.

b-Furnace control thermocourple.

c-Packing ring. :

d~Hard steel ring.

e-Upper piston.

f-Reference thermocouple.

g-Powdered specimen chamber(Hollow copper tube-3.8X0.7 om.)
h-Confining pressure inlet pipe(0.125 ihch diameter).
i=Furnace element,

j=Pressure cylinder,

k-Lower piston.

l-Force gauge column,

m-Furnace insulation,

Rutter,1970)Not to scale.



TABLE (V) 4. Bulk Composition of Charges 1 and 2

Component ' % by weight
Quartz cecseanannaa cheesenean 70
'Magnetite ceeteeresreacesesnanan

Hematite ceeersrssasssarerenans

Pyrite csteceneons chetstensen

Calcite et sescesstecacsnanaas 10
Stromatolite* ....... R ceecencsna 5

*Persian Gulf Algal mat, omitted in charge 2.

For the high temperature and pressure experiments a modified furnace
normally used for triaxtal rock deformation studies in the Engineering
Geology laboratories at Imperial College was commissioned. A sketch of
the internally heated pressure vessel is shown in Fig. (V) 4. Included

also is the Figure for sample holder.

The temperature meésuring device was a chromel-alumel thermocouple
and the temperature was regulated by an 'Ether Transistrol' potentiometer.
The temperature record was plotted on a 'Honeywell' multipoint strip chart
recorder. The hydrostatic pressure was generated by an 'Olinair junior’

three stage compressed air-operated hydraulic pump.

The charge is‘placed inside the sample holder (See insef Fig. (v) 4
which consists of a hollow copper tube of 3.8 x 0.7 cm. The open ends of
this tube were sealed by two crystal plugs. Uﬁder these conditions the
tube can hold 5~-7 gm of powdered sample. This tube is dropped inside a
bsteel block where it fits snugly and the block is heated by a nichrome

wire resistance furnace.
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PLATE--V--13----X-ray diffractogram showing formation of
""""""" GHAPHITE-abiogenically.
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KEY: w-quartz, C-calcite, H- hematite, Py-pyrite,M-magnetite,Gr-graphite,
F-fluoride complex, ?-unidentified.

13 Charge 2( composition as Table (V).4 ).

21 Charge 2 residue after treating with 1 HCl & 400" HF,

3: Charge 2 heated to 670 deg.C at 1 Kb pressure for 96 hr.

4: Residue from air contaminated portion after treating with 1N HC1l & 40" HF,

5: Residnue from non-air contaminated portion after treating with 1N HCl & 402" Hf
showing GRAPHITH reak{ordering nf carbon).
G.3 Nesi i
+ ltesidue from 5 + satandard graphite (standard addition technique),

7: Glass sample cavity mount (BLANK).
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Because of the unadaptability of the apparatus, it was not possible
to have simultaneously high pressure and high temperature conditions.
However, to approximate the simultaneous application of heat and pressure,
the sample holder was kept under pressure (1Kb) for 96 hours at the end of
which time the temperature was raised to 600°C and maintained at this tem-
perature for 96 hours. At the end of this period the holder was withdrawn
from the furnace, cooled, and small pieces of the resulting material crushed
and then treated with I1NHCl and 40% HF in a PTFE beaker. The insoluble
residue was then examined by X.R.D., monitoring the (002) reflection peak
near 3.4-3.5 R as French (1964), Griffin (1969), Landis (1971) and

Karkhanis (1975) have done for metamorphosed materials.

Results and Discussion

Charges 1 and 2 were heated to a range of temperatures between 200°¢
and 600°c. at 600°C and 1 Kb pressure all the organic material in charge 1
was oxidized to a socot—like residue which could not be collected for
analytical work. When charge 2 was removed from the copper holder half of
the 3.8 cm long, rod-like residue had a different colour (buff) from the
other half (grey). The buff coloured portion had been oxidised by air

which had gained access to this part of the sample tube,

Both portions were treated with 10% HClL and 40% HF separately to
remove carbonates and silicates and the oxidised portion had no trace of
carbon. However, the unoxidised portion demonstrated a certain degree of
ordering of (002) reflection, showing the presence of weli—ordered graphite
(PL. (V) 13). 'The chemical analysis of this material gave 1.12% carbon.
This evidence suggests that apiotic graphite can be formed from carbonates

at reasonably low laboratory temperatures and that its formation may be due
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to a catalytic effect dependent on the minerals present. In the absence of
a catalytic agent, graphitization of carbonaceous matefial in the laboratory
requires considerably higher temperatures (1500—20000C) for the first
appearance of ordered layers and well-ordered graphite (2500—36000C),
Ubbelohde and Lewis (1960), Walker (1962), Richards (1968), Noda (1969),
Pacault (1971). The relatively low temperatures needed for graphitization
during metamorphism as compared with those required for the process in the
laboratory are probably the result of the added influence of the factors

listed in Table (V) 5 (Grew, 1974).

TABLE (V) 5. Experimental Conditions Promoting Graphitization

Conditions References

Silica and Sericite impurities Steward and Cook (1960)

Istikwa and Yoshizawa (1963)

Contact with Limestone Neda (1968)
Inagikl et al. (1968)

Preferred orientation of crystallites Franklin (1951)
in starting material Walker (1962)
Fischbach (1971)

Plastic deformation Fischbach (1969)

Hydrostatic pressure (to 10 Kb) Kamiya et al. (1968)
' Fischbach (1971)

Use of air or CO2 instead of N2 Noda and Inagaki (1964)
and Ar as ambient gas phase.

Increased gas pressure Noda et al. (1965)

Use of optical grade of calcite Salotti et al. (1971)
at 500°C, 200 psi PH, for GHR

* Modified after Grew (1974)



- 169 -

In the absence of air as in the presence of a hydrogen atmosphere
(it is generally assumed that a reducing atmosphere lacking free oxygen
existed early in the history of premordial Earth at a time before the
deposition of presently known sedimentary rocks) the graphite could be
formed abiotically as a reaction product between carbonate minerals and
atmospheric hydrogen at low temperatures. This can be assumed to approxi-
mate closely the processes involwved in the very early Precambrian. Previous
studies based on the concept of.limited thermodynamic eéuilibrium sub-
stan£iates this assertion Eck et al. (1966), Girardini et al. (1968,

1969} .

The 6OOOC 1 Kb experimental conditions for the first appearance of
layering in ordering of carbonaceous matter has been observed by several
other workers from naturally occurring samples (Table (V) 6). Salotti
et al. (1971) proposed a mechanism for the formation of graphite wvein
deposité. The simplified reaction they give for the calcite-hydrogen

system is:-

caco, + 4H2 eeesssses CH, + HO + Ca(OH)2 Egq. (V) 3

3 4 2

CH4 ceeseasa.C + 2H2 (Pyrolitic dissociation) Eg. (V) 4

The experimental conditions were SOOOC, 2000 psi PH,, 6HR, which

2'
showed graphite formed on the surface of Ca(OH)2 and 6OOOC, 2000 psi PH,,

0.5 HR which showed amorphous carbon formed on Ca(OH)2 surfaces.
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TABLE (V) 6. Pressure and Temperature of Graphitization under

Normal Conditions

Locality Metamorphic Temp. Pressure Reference
type
(a) Appearance of layer ordering
Narragansett basin, Chlorite 400-500°c 3-4 Kb Grew (1974)
Rhode Island facies
Antartica Contact Max. 1000°% 1 xb Grew (1974)

at least 600°C
for 1000 years

(b) Appearance of well-ordered graphite

Narragansett basin, Sillimanite 600-690°C 4.5-5.0 Kb Grew & Day

Rhode Island Zone (1972)

Underxcliffe Hornblende 550—700°C 1-3 Kb Hamilton et al.

Australia hornfels (1969)
facies

Isua, Greenschist 300-500°¢ - Nagy et al.

S.W. Greenland facies (1975)

It is also noted that when the sample was removed from the holder after
heating a peculiar sweet smell resembling ester or amyl alcohol was noted.
This indirectly establishes that some kind of organic reaction has proceeded.
It will be of further interest to analyze these vapours by Gas chroma-

tographic analysis.

From these results one must conclude that besides graphite a number of
number of other intermediate organic compounds. could also be formed under
these conditions and that there is a need for diagnostic criteria to dis—

tinguish between abiogenic and biologically produced organic matter.
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Recent reports by Harrison (1976) who reported laboratory graphi-
tization of modern esturine kerogen, noted a better developed graphite

like atomic arrangement after heating modern kerogen for 50 hrs at 300°

The author did similar experiments for kerxogen forxr sample Kométi 3
(Fig. (V) 5), which was heated in a muffle furnace in a poxcelain silic
boat for 600° td 800°%c. ‘The graphite peak observed in the original Kero
(Fig. (II) 2) was found to be enhanced after this treatment and also the

other component showed a higher degree of crystallinity.
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D:3, Curtisite? (Poly-cyclic Aromatic Hydro-Carbon, )

Coallig

During the slow X.R.D. scan (1 degree 20 per minute) at a count rate
of 100 counts per second fo,s.d. (full scale deflection) on some of the
acid insoluble carbonaceous residues from the Kromberg Formation, it was
observed that some of the peaks suggested the presence of hydrocarbons
(Komati 3)., Assignment of these peaks suggests that the contributory
compound could be Curtisite, Fig, (V) 6, a polycyclic aromatic hydrocarbon
mineral, This mineral was first reported by Wright and Allen (1930) and
it normally occurs at the surface vents of the hot springs., It has a

- melting point (M,P, of 272-302OC (Grinsberg and Shimanskii (1954), Accor—
ding to Blumer (1975), the origin of curtisite and its associated compounds
are derived from organisms through extended equilibration at elevated tem~-.
peratures in the sub-surface and final fractionation during migration to

the surface,

The same insoluble residue was heated to 600-800°C in a porcelain
boat in a muffle furnace, As reported previously, the X,R,D. showed an
enhancement in the graphite peak (Fig, (V) 5) and the area in which the
curtisite peaks appear were no more to be seen, which probably accounts
for the expulsion of this compound at this temperature, (Curtisite M.P,
272—302OC) from the graphite lattice giving the extra $harpﬁess to the

graphite peak.

There is a need to confirm this finding by Gas Chromatography and
Mass Spectrometry (G.C:M.S.). In the meantime, in the absence of G.CoM.S,.

data, this conclusion should be regarded with caution.
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Figure--V--G

Slow X.R.D. scan on acid insoluble carbonaceous residue from

Komati- 3(Yromberg) sample,show presence of poly-cyclic aromatic
hydroc ?on iden€ f& ed as CURTISITE?(c).The other peaks are zircon(Z).
rutlle?R graphite

CURTISITE £c1?
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It shoﬁld; howéver, be remembered here that hydrocarbons have
previously been reported in shales 1 billion years old (Meinschein
et al. (1964), Eglington et al. (1964), Barghoorn et al. (1965), in
cherts 2 billion years old, Oro et al. (1965) and in cherts 3 billion

yvears old, Hoering (1965), Meinchein (1967), Oro and Nooner (1967),

Macleod (1968), Hans & Calvin (1969).
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D:4. Some Comments on the Use of Carbonaceous Matter as an Indicator of

Metamorphic Grade and Palaco-Temperature

From preceding discussion it appears that there is a similarity
between the carbonisation of the insoluble carbonaceous matter (kerogen)
and the coal, The minerological studies on these areas have not shown
any high temperature mineral assemblages - except in few instances where
minerals such as rutile, sphene and zircon appear in some samples, These
minerals, however, are detrital minerals, Hence the estimate of temperature
from mineral assemblages has been difficult, The rocks of the Onverwacht
Group have been subjected to greenschist facies metamorphism, The pos—
sible temperature range compatible with experimental data on the stability
of greenschist facies minerals is 300-500°C (Fyfe et al,, 1958). The
Hamersley Group has nowhere undergone regional metamorphism, and the
4Brockman Iron Formation has not reached a temperature above 1600C° (Trendall
& Blockley, 1970}, although recent work (Smith, 1976) indicates a basinal

greenschist grade metamorphism,

During the X,R.D, work on numerous samples, the carbonaceous mattex
gave patterns of various types. At one end, pattern similar to Ceylon
Graphite was cbtained on sample PM-1, depicting 3-dimensional crystallite

~growth of graphite structure, whereas some samples gave the pattern for

amorphous carbon,

On the basis of diffractograms, the writer recognizes few more dis-
tinctive stages in the graphitization series, Fig. (V) 7 shows the changes

from amorphous carbon (a) to fully developed graphite structure (d).

The X,R.D. pattern (Fig, (V) 7a) shows a broad hump and no graphite
peaks in the sample, The effect of incipient metamorphism or temperature

on the carbonaceous matter shows the broadenipg (hump) in the region
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29-33°28 (co-radiation) corresponding to d spacing of 3.58 R - 3.15 %

(Fig. (V) 7b).

By the next pattern (Fig. (V) 7c) where one can see the 'hump' in the
region 29—33026, some of the carbon has started graphitizing. Another
Thump' starts appearing in the region 49-53°20 i.e. 2.16 & - 2.006 R. The
fourth pattern (Fig. (V) 7d) shows well-ordered graphitic peak in the
region 290—33026, and the 'hump' between 49°-53%28 being split into (100)
and (101) gfaphite peak and development of {(004) and (103) reflections

(not shown) towards the larger angles.

Figure (V) 7 a,b,c are examples of partial graphitization. The recog-
nition.of these stages and the apparent changes in the interplanar spacing
suggests that from the diffused peak to well-ordered graphite there is a
gradual change which can be co-related with the grade of incipient metamor-

phism and/or thermal history of the samples.

When viewed in conjunction with the toalification series of coal rank,
the coal changes from Anthracite to graphite through meta-anthracite. This
seems to be a very abrupt'change {or coalification jump) in relation to
(002) reflection. It is possible to £ill this gap by monitoring the develop-
ment of peaks in the region of 49-53°20 and 64-65°209., The appearance of

peaks in these regions completes the three dimenstional graphite structure.

It is tentatively possible to summarize the X-ray studies which in-
dicate that Earbonaceous matter (Fig. (V) 7b) is possibly made up of
graphite layers roughly parallel to one another but with random orientation
with layer spacing larger than that‘found in graphite. With further meta-
mosphism ((beat) the layers start to grow in crystallite size with corres-

ponding increase in the rank. Ultimately the ordered layer decreases to



the graphite value of 3,35 R ana there is a corresponding decrease in
crystallite size, This contraction in lattice corresponds to expulsion
of volatile content from the 'hox' like graphite structure as proved by

Griffin (1967) for Humic sediment_s and Oberlin et al, (1973),
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Environment of Deposition

Plate (V) (14a) 1 shows various organic structures found in insoluble
carbonaceous matter from PM-48 and PM—-47. They may have been developed
due to reactions in colloidal or gel precipitates. It is believed that
Magadiite or a Sodium silicate gel may have been a precursor (Eugster and
Ming Chow, 1973) and such gels could act as a substitute for accumulation
and preservation of organic compounds (Govett, 1966). They could also be
formed by inorganic osmotic processes. Hawley (1926) working with water
glass and ferrous sulphate produced some structures simulating algae and
fungi. He also observed a bulb-like membrane or receptacle, which would
release a number of these structures on rupturing (Compare Plate (V) (133),

Plate (V) (14aA) b with Plate (V) (14B) .

Two simple trial experiments with Sodium Silicate (water glass) were
performed. (1) In one experiment, water glass was treated with HCl, HF
acid to see if any artefacts are produced through sample preparation. ' The
optical microscopic examination showed negative results. (2) In the second
experiment, iron was added in the form of hematite, pyrite, and siderite
to simulate B.I.F. minerology. The mixture was treated with HCl, HF. The
residue was examined under the optical micioscope. Various structures of
various sizes and shapes wexre observed, but the circular form was most
abundant. These synthetic circular bodies had.smooth outlines as compared
with those observed in PM~48 (Compare micro~photograph 2), which have
serrated outlines. In some structures, cell-like walls and septae are
visible (Pl. (V) (14a) 24,2e,2f and 2g). Such morphologies have been re-

ported by Leduc (1914).

The X.R.D. on the insoluble carbonaceous matter from PM-48 and PM-47

showed the presence of an artifactual fluoride complex of Na, which has a
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PLATE----V-14A
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PLATE---V--14B

PLATE««V-~14A and ILATE--- V-~14B,
A case for ENVIRONKMENT of DEPOSITION.(see text),

Fig.%4A-1: Various inorganic structures from insoluble carbonaceous matter
from PM-47 & 48 (Hamersley), Note a bulb-like membrane or
receptacle( R-ia fig.1b) which rele-ss %-ese structures

1 a,b,c,ds Scale Bar= 100,
2 :Circular body with serrated outline,
Scale Bar: 10p for fig,2a
25s for fig.2b,c,d ,f &g.
5Nu  for fig.Z2e,

Fig.14B :Ferrous silicate osmotic growths from sulphate =alt in concentrated
water glass,(after lawley-1926-who observed these synthetic
membranes or receptacles in his gel experiments).Compars 14R with
144~1,83pecially 1b.
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similar 'd' spacing of the mineral Ralstonite (NaZ(AZ, Mg) (F,OH)6.1-Y Hzo)
and a similar peak was also observed for the insoluble residue for present day

algal mat from the Persian Gulf, which has abundant Na2CO3 and NaCl.

Threé important inferences can be dfawn form these experiments:—

(1) Formation of ﬁalstonite (during HCL/HF/X.R.D. work) can be used
as an index of original Na content in the sample.

{2) These structures can be taken as evidence for the environment
of depoéition, possibly a Playa lake complex with Sodium
Silicate ‘as the precursor for chert formation as suggested by
Eugster and Ming Chow (1973)

(3) This could be a conceivable pathway for the formation of
"precell” microspheres through polymerization of gel like
substance and concentration of organic matter on spheroid

surfaces.
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Summary and Conclusions

In the absence of minerological information, the indigenous insolubie
carbonaceous matter, thch is a minor constituent of most sedimentary and
metasedimentary rocks, appears to be a good thermal marker for determining
degree of diagenesis. Variation in colour with temperature (thermal meta-
morphism) is not universally applicable tool, although a colour series
(yellow—orange—ﬁrown—dark brown-black) is possible at the lower end of the

temperature range.

X.R.D. studies on insoluble carbonaceous matter show that there is a
gradual transformation from amorphous carbon to three dimensional graphite,

that the change is not reversible and that it, therefore, leaves an imprint.

In the study of coal rank, fhere is a gradual change from peat to
lignite and thence to anthracite. However, from anthracite to graphite
there is an abrupt change. This gap - or coglification jump - can be
bridged by monitoring (110) and (112) bands. These bands do not appear in
lower rank material, but as the rank increases, they appear first as a
single broad band, ultimately resolving into the three dimensional (AkZl)

reflections of graphite.

Separation of insoluble organic matter (kerogen) is still a difficult

problem. Use of HCLl/HF acid treatment is prefefred for two reasons:-

(1) to remove the quartz (101) reflection (to be able to see the graphite
(002) reflection).

(ii) to reduce as far as possible alteration to the original kerogen
structure. Benzene sulphonic.acid can be used instead of HC1l to
give a less gsevere tréatment with the added advantage of less for-

mation of insoluble flurocomplexes.
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After numerocus X.R.D. analyses had been carried out, only one
sample (Komati-3) was found to contain rhombohedral form of graphite,
which was concluded to have resulted from a Shear ih the rocks. Rhom—
bohedral graphite 1s practically never found under natural conditions.
The isothermal calometer experiment conducted by Boehm and Coghlin (1964)
to measure the heat of formation of potassium graphite —C8K— showed that:-
(1) The heat of reaction of -84 * 0.3 cal/g C using pure hexagonal

graphite.

(2) -88.1 % 1.1 cal/g C using 33% rhombohedral modification.

Thus there is very little difference in the conditions needed to

K and both forms react similarly.

form C8

It is, however, quite easy to bring about lattice modification by
simple mechanical treatment e.g. grinding (Boehm and Hofmann, (1955},
Lares and Baskin (1956)). Thus for X.R.D. work {to avoid lattice deformation)
and for ESR work (to avoid creating broken 0 bonds at the periphery of
crystallites) on carbonacecus matter, during sample preparation, grinding

ought to be avoided.

During minerological investigations, the technique of staining was
of immense value for identifying the various carbonate minerals. During
staining some fossils were identified as possibly filamentous iron bacteria,
which were preserved as casts or moulds. This technique could be applied
to all carbonate rocks (especially Ferroan type) to look for micropalaeon-—

tological information, which might have been otherwise lost.

The estimation of temperature still remains difficult. Most of the
rocks investigated are of gree-schist facies and the experimental tem—

perature range for mineral assemblages in this facies is bout 300-500°c.
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Most of the rocks have o—quartz (low temperature) as their major component.

This sets an upper limite of 867°C (above 867°C B quartz is a stable phase),

The writer carried out an experiment to attemét to synthesize graphite
and from the experiment a temperature deduced for the appearance of layered
ordering, of around 600°C at a pressure of 1 Kb, Well-ordered graphite was
developed when one of the samples containing insoluble carbonaceous mattex

(K—-3) was heated to 800°C in a muffle furnace.

Therefore in the natural formation of graphite the estimated upper
limit is 867°C and the lower limit to 600°C. Graphite ordering seems to
start at considerably lower temperatures in nature compared with laboratory
requirements (1500°-2000°C) and it may be that some minerals act as catalysts

in promoting graphitization. In conclusion it may be said:-

(1) Carbonaceous matter might be used as an indicator of metamorphic grade.
(2) The existence of "Free Radicals" has been shown in the insoluble car-
bonaceous matter. These radicals appear to be exceptionally stable

with respect to geological time and the 'g' values approach the free
radical value of 2.0037 characteristic of organic free radicals.

(3) A regular increase in 'free radical' content with increase in rank
is observed. (1.87 to 9.47 x 10155pin/g). A similar correlation
exists between ESR line width, crystallite size and rank.

(4) The possible use of‘free radical content and the measurement of
other E.S.R. parameters can be used‘to follow the course of diagenesis
or incipient metamorphism.

(5) The X.R.D. technique can also be used, hand in hand, to monitor the

crystallinity of the carbonaceous matter.
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Isolation of pure 'kerogen' for this type of investigation is after
all ﬁot absolutely necessary. Much information can still be obtained
by present methods.

Application of staining technique should be made as a routine method
particularly for carbonate rocks.

Lastly the X.R.D. and E.S.R. techniques would render valuable infor-
mation if applied to a carefully selected suite of samples rather then
scattered samples.

The grinding of carbonaceous matter should be avoided if the X.R.D.

and E.S.R. Techniques are applied.
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APPENDIX
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APPENDIX I

(A) . SOUTH AFRICAN SAMPIES

ONVERWACHT GROUP, SWAZILAND SUPERGROUP

Sample . Age Age Locality
No. {vears) . (Stratigraphic)

K1la 3.4 x 109 Archaean Kromberg Komati River, Scaapbrug,
Formation, Onverwacht near the old JC1 mining
Group. Camp.

K 3 .4 x 109 " : " " " "

K 4 .4 x 109 " " " " "

KS 4 x 109 " " " " n

K 6 .4 x 109 " " " " "

K7 .4 x 109 " " " " "

HALL 1 X 109 " " " " "

HALL 2 3 b4 109 " " " " "

HALL 1 W/L .4 x 109 " " " " "

{B) . AUSTRALIAN SAMPLES

KALGOORLIE, WESTERN AUSTRALIA

Sample Age Age Locality
No. {years) (stratigraphic)
PM 1 2.7 x 109 Archasgan Kalgoorlie approx. 17m E. of Kalgoorlie
, System. " W.A.
PM 3 2.7 x 109 " " " " "
PM 5 2.7 x 109 " " approx. 12m S.of Scuthern

Cross W.A.




(C) . SOUTH ALLIGATOR RIVER GROUP
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NORTHERN TERRITORY, AUSTRALIA

Sample Age Age Locality
No. (years) (Stratigraphic)
PM 192 2.2 x 109 Lower Proterozoic, Koblpin. El Sherana Mine,
'~ Formation South Alligator River N.
About 50m E.N.E. of
Pine Creek.
PM 193 2.2 x 10° " " " . .
PM 194 .2 x 10° " " " . .
PM 195 2.2 x 10° " " " . "
PM 196 .2 x 10° " " " n :
PM 197 .2 x 10° " n " n n
pM 198 .2 x 10° " " n n :
PM 199 .2 x 109 " " " O'Dwyers Mine tip,
about 50m E.N.E. of
Pine Creek, N.T.
PM 200 .2 x 10 " v » u "
PM 201 x 10 " " " n
PM 202, .2 x 10 n " " Rockhole Mine about 50m.
E.N.E. of pine Creek, N.
PM 203 2.2 x 10° " " " " .
(D). HAMERSLEY RANGE, WESTERN AUSTRALIA
Sample Age Age Locality
No. (years) (stratigraphic)
PM 9 2.0 x 109 Lower Proterozoic, Dales Approx. 4m S. of
Gorge Member, Hamersley . Wittenoonm W.A.
Group.
PM 11 2.0 x 10° " " : " "
12 2.0 x 109 " " " Side Creek on E. side of

PM

Wittenoom Gorge, 4m S.

of Wittenoom, W.A.



Sample

No.

PM

PM

PM

PM

PM

PM

PM

PM

PM

PM

PM

PM

13
14
15
17

19

21

23

24

25

28

30b

31
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(D) . HAMERSLEY RANGE, WESTERN AUSTRALIA

Age

(years)
2.0 x 109

.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°
2.0 x 10°

Age
(Stratigraphic)

Lower Proterozoic, Dales
Gorge Member, Hamersley

Group.

PM 9 - 15 occur in the S15 Shale of

Lower Proterozoic, Dales
Gorge Member, Hammersley
Group, BIF 15

Lower Proterozoic, Dales
Gorge Member, Hamersley

Group.

Locality

Side Creek on E. side of

Wittenoom Gorge, 4m S,

of Wittenoom, W.A.

.Trendall.

Same as PM 12

PM 19 -~ 21 occur in the S16 Shale of Trendall.

Lower Proterozoic, Dales,
Gorge Member, Hamersley
Group, BIF 16

Lower Proterozoic, Whaleback
Shale Mbr, Hamersley Group,
WS 1

Lower Proterozoic, Whaleback
Shale Mbr, Hamersley Group,
WS 2. ‘
Lower Proterozoic, Whaleback
Shale Mbr, Hamersley Group
WS 3.

Lower Proterozoic, Whaleback
Shale Mbr, Hamersley Group
WS 3.

Lower Proterozoic, Whaleback
Shale Mbr, Hamersley Group,
WS 3

Same loc.

as PM 12

cont'devsvecon
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(D) .- HAMERSLEY RANGE, WESTERN AUSTRALIA

Sample Age Age Locality
No. (vears) (Stratigraphic)
9
PM 36 2.0 x 10 Lower Proterozoic, Dales 4m S. of Wittenoom WA.

Gorge Member, Hamersley

Group, BIF 12 base.

PM 38 2.0 x.109 Lower Proterozoic, approx. 3m S. of
McRae Shale, Hamersley Wittenoom, W.A.
Group. '

PM 39 2.0 x 109 " " " " " "

PM 40 2.0 x 109 Lower Proterozoic, " " "
Mt, Sylvia Formation,
Hamersley Group.

PM 43 2.0 x 109 Lowexr Proterozoic, Dales ABA (Australian Blue
Gorge Member, Hamersley Asbestos Pty Ltd.)
Group. drill core Locality

uncertain but probably
between Bee Gorge &

PM 44 2,0 x 109 " " " Wittenoom Gorge. W.A.

PM 45 X 109 " " " " " "

PM 46 2,0 x 109 " " " " " "

PM 47 2,0 x 109 Lowexr Proterozoic, Tom Price-Paraburdoo
Roy Hill Member,vJeerinah Railway cutting at
Formation, Fortescue Group. 181.2m mark, WA.

PM 48 X 109 " " "o " " "

PM 49 x 109 " " Tm " " "

PM 50 x 109 " " " : " " "

PM 51 x 109 " " " " " "

PM 52 2,0 x 109 Lower Proterozoic, Wittenoom Hill above Water. Tank

‘ Dolomite, Hamersley Group for Tom Price Mine

Supply, WA,
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APPENDIX IX

(A) . CARBON ISOTOPES STUDIES BY INFRA-RED SPECTROSCOPY

Part of this work was carried out when the author did one year (1973)
Post graduate research in the Laboratoxry of Chemical Evolution, Department of
Chemistxy, Univeréity of Maryland, College Park, U.S.A. under the direction of

Dr. Raj Khanna, under the overall supervision of Prof. Cyril Ponnamperuma.

The preliminary results were encouraging and the approach to the problem
appeared to be wvalid, hence the need to report here. I do not intend to go into
detail and only a brief introduction to the subject will be given. As the work
was left unfinished, this information Qhould be regarded as a proposal for

future work.

Introduction

Why 1is it necessary to study isotope fractionation?
(1). In geoclogy, we are dealing with two major problems (Degens, 1969)
(a) Diagenetic fate of organic matter through geological time,

(b) To try to get more insight into the nature of prebiological

carbon in terrestrial an@ extra-terrestrial bodies.

(2)., In biology, the problem lies in the delineation of bio-synthetic
pathways through using and comparing isotope ratios in discrete
biochemicals.

(3). Therefore, using (1) and (2) it may be possible to establish some
relation between carboﬁ containing compounds from living and fossil
organism and thexeby uﬁderstand the complex Bio-chemical cycle of

carbon through time and space.
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The stable carbon isotopic composition data from modern and ancient
materials can be used to give information about the origin and evolution of

12 .13 .
C/ " 7C ratios in carbonaceous

life. Fig. (Appendix II) 1 is a plot of
materials according to their origin. We can see a distinct trend for inof—
ganic carbon is around 88 to 90, and the organic carbon group has a ration
90-93, It is probably reasonable to assume meteoritic carbon does show the
primordial isotopic composition (Rankama, 1948). The general picture of
fractionation of carbon isotopes shows that there are two series of proces-
ses viz: the inorganic process and oxidized compounds bringing about the

13 . 1 . .
enrichment of C and lowering of C12/C 3 ratio, and the organic processes

. 2 . . .
and reduced compounds which accumulate C1 and increase the isotope ratio.

Now, if we assume that at the time of the origin of the Earth no
geological or biological processes were active which could otherwise alter
the primordial isotopic composition of carbon, it is, therefore, safe to
assume'that the original isotopic composition cannot be found in the present
day carbon of inorganic or organic origin. This indirectly gives us a hypo-
thesis saying that somewhere during geological time there should be a dis-

continuity which can be correlated with the Origin of Life,

The use of isotopic constitution indicates the biogenic or non-biogenic
origin of carbon in ancient rocks and is based on the following (true or false)

assumptions Rankama (1954):-

(1) It is assumed that ancient organisms were able to fractionate the carbon
isotopes in a way similar to their present counter-parts.,

(2) It is assumed that the isotopic constitution, once establishea, does
not materially change with physical and chemical conditions of the

surroundings. It remains unaffected by geological processes.
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(3) It is also assumed that the isotopic constitution of carbon in the

exchange reservoir has not materially changed during the geological

history of the Earth.

Analytical Technique

Way of reporting isotpic data:-Three ways are used in reporting isotopic

(1)

(ii)

(iii)

data of carbon.

Absolute numerical ration 12C/13C or 13C/12c
known as 'R',

The results are sometimes reported as dif-
ference between absolute ratios in a simple
and standard R sample - R standard (Dansgaard,
1953).

If very small difference in the isotopic con-
stitution is to be determined, the 613C

values, in per mil, with respect to arbitrary

standard is used thus,

613c°/oo = 1000 R sample 1
R std

with correction for 17O contribution to mass 45.
Thus a-ve value for 8 indicates the sample is
'lightexr' i.e., contains less C13 than the stan-—
dard and is enriched in Clz, and if at value,
then the sample is enriched in C13 with respect
to the standard, The standard used most com-—
monly is a sample of belemnite, Belemmitella

americana from the cretaceous Peedee formation

in South Carolina. Normaily the isotopic
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analysis is performed a by Mass spectrometry
and there is an extensive literature on this

subject (Hayes and Biemann, 1968).

The alternative method is based onInfra-Red spectroscopy (I.R.). It

is based on the following principle,

. . -1
The stretching frequency (Vin CM ") of a band is related to the masses of

two atoms (Mx and My' in grams) according to the relation.

_ 1 / K
v =

2mC M M /MM +M
X Yy X Y
= 1 / K
2mC o8
where K = force constant (dynes/cm)
e = velocity of light
MX XM
L = reduced mass =
M + M
X Y

Since "W' is different, the vibrational frequency is different i.eo
the heavier molecule will have a smaller vibrational frequency. This is known
as the ISOTOPE EFFECT, which was first observed by Loomis (1920) and indepen-

dently by Kratzer (1920) in rotation vibration spectrum of HCI1,

In a particular spectrum the band belonging to higher mass is shifted
a small amount towards longer wavelength with respect to the lower mass,
This kind of shift is prominent in the case of heavy hydrogen. Here the

difference is nearly ) and hence the isotope shift is very great in molecules
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35 2 35 3 2
such as Hcl 5, HCl ™ or 31C1 7 and H Cl37. And therefore the bands cf

appear in different spectral region Hardy et al. (1932}, The vibrational

isotope effect is prominent compared to the rotational isotope effect,

The accurate measurement of the isotope effect could be used to obtain
precise values for ratio of the masses of two kinds of isotopic atoms, Under
favourable conditions, the accuracy of the data so obtained is comparable

with mass spectrographic values, Herzberg (1939).'

Sampling Technique for I.R. measurements

The ionic solids such as alkali halides the ¢ (R = 0.99 R8) ion could be

replaced by CO3 because of a Schottky defect in the crystal lattice Fyfe

(1964) . In doing so, the overall lattice will still maintain stoichiometric

balance and charge neutrality.

This kind of solution could be brought about by -
(1) freeze drying

(2) crystal growth

Brief description of these techniques follows:-—

(1) Freeze drying: CaCO3 {calcite) has a very low solubility in water

(0.0014% @ ZSOC). Hence an intermediate solvent could be used, NH4C1 was

used for that purpose. The mixture of the following composition was freeze

driedo

5 g KC in 50 ml H,0

0.25 g NH4C£

100 mg CaCO3



The I.R, spectra in Fig. (Appex II) 2 confirms that CO3 transfor—-
, 13 2~ . .
mation to KC€ lattice, and CO3 shoulder peak is visible, Further

development of this technique is needed to achieve better separation of

Coi— broad absorption peak (870 CM—l).

(2) Through Crystal Growth:- 1In this technique, a mixture of‘CaCO3 and

Kcl was prepared (10g KCL + 500 mg CaCOB)o The mixture was poured into

14 mm AG,81 Vycor tube, This tube was lowered into a vertical furnace at
a very very slow rate (approx. 2 ft/24 Hrs.) by means of a mechanical
(clock) device, The furnace was made up of high temperature quartz tube
wound with heating element controlled by rheostat to maintain the tempera-
ture of 898°C (M.Ps of calcite 898°c, and Kcf 776°C). The melt thus formed
is mixed on its own due to the convection current in the melt, As the drop—
ping of the fusion tube continues, the tube emerges out of the hot spot of
the furnace, the cooling proceeds at a very slow rate, At this the crystal
starts growing, At the end of 24 hours, the tuﬁe is cooled and the crystal
thus formed is subjected to I.,R. analysis, The I.R. spectrum C shows a
strong peak @ 870 CM—l(x) due to symmetrical bending of 12C02_ énd other

3
. ; -1 13 2~
weak absorption band near 850 CM " (y) due to CO30

The sample pallet was run at liquid N, temperature., At low tempe-

2
rature, the vibration of molecules are minimised and one can see -a good

separation in the isotope and the parent peak. (See I.R. spectrum Fig.. D).

pellet for comparison,

The spectrum A is for direct KCL, caco,

This high temperature application has its merits if one has to work

on the siliate rock types.
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(B) ., POSSIBLE USE OF BENZENE SULPHONIC ACID (BSA)

I would like to introduce the use of new acid for attacking the rock
samples., The investigations are still incomplete. But the initial results

are encouraging.

I recommend the use of Benzene Sulphonic acid (BSA) instead of HCI,

HF combination for the dissolution of rocks,

Number of insoluble fluorides are formed during HCl, HF attack. The
prevention of insoluble fluorides complexes can be achieved by effectively

removing SiF " and the excess of fluorine. This would be achieved by raising

4
the boiling point of HF-HCl azeotrope mixture (B.P. 120° C). Here where
the HC1l fails and therefore in few instances we obtain insoluble fluorides.

BSA has a high boiling point (130° C) and has a high solubility for its

salts.

The random portion was chosen for this experiment (1:5, 30% BSA:40% HF)
and samples of two different lithologies -~ one sulphide and the other siliate -

were chosen,

Fig. (Appex. II) 3 shows the XRD monitoring of the carbonaceous matter

and are compared against the conventional acid attack.

It is clearly obvious that HCl/HF attack is superior for sulphide

lithology but for siliate sample the BSA attack is better,

. “The other advantage I visualize is that if one is trying to determine
the structure of kerogen, one would know at least the reaction products of
BSA, Preparation of sulphoﬁate does not involve breaking of C~O bond. When
we carry out reaction this reaction, we know exactly what we are starting

with,
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But in the case of HCl, there are a number of reactions that can
occur with various functional groups, which could possibly alter the
original kerogen, The possible reactions are (Saxby, 1970) (1) hydrolysis,

(2) addition, (3) Quaternization, (4) alkylhalide formation,
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6)

7).

Evidence for graphite from the Onverwacht Series Precambrian cherts,
Swaziland System of South Africa,

Chemical Geology (1975), 16, pp. 233-238,

Fossil iron bacteria may be preserved in Precambrian ferroan carbonate,

Nature (1976) 261, pp., 406-407,

Artifacts produced by chemical processes of samples for micropalaeon-
tology and organic geochemistry: A note of caution,

Precambrian Research (1976) in Press,

Chemical studies on insoluble carbonaceous matter from Precambrian
sediments by Electron spin resonance and X—ray diffraction techniques,

Chemical Geology - submitted 25.11,1975,

Synthesis of abiogenic graphite under Precambrian conditions,.

Jour. of Geol., Soc, of India — submitted 14,5.1976,

Scanning electron microscopy of fossil iron bacterila,
Jour, of Microscopy — In preparation
Microscopical and chemical studies on organic matter from early
Precambrian Rocks. Paper presented at the Microscopy of
organic sediments, coal and coke meeting held at Wadham
College, Oxford, 5-6 April, 1976. Abstracts Royal Microscopical

Society - Proceedings V. 11, pt. 2 (1976)., pp. 87-88
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