





Organic Petrography, (continued)

rocks can be described by the same
terminology that is used for oil shales
and which is the same as that used for
coals. Vitrinite reflectance studies pro-
vided data which showed that for
Australian Tertiary source rocks thelower
threshold of the oil generation window
was equivalent to 0.5% vitrinite reflec-
tanceand thatbeyond 1.1to 1.3% vitrinite
reflectance, gas was more likely to be
generated than oil. Vitrinite reflectance
rapidly became the standard maturation
indicator and still remains so despite
problems associated with rocks older
than Silurian age.

Organic petrography is used to
differentiate between types of source
rocks and it can be shown that type of
organic matter is more important than
total organic carbon. Liptinite and
vitrinite are recognized as sources of oil
in terrestrial sequences and that, at
best, inertinite is a source of gas.
Detailed studies show that rocks
assaying as marine oil shales are lateral
equivalents of marine source rocks. The
major components are alginite (liptinite
derived from algal precursors) and
bituminite (a liptinite probably formed
through the degradation of algae) with
vitrinite and inertinite as minor
components,

One question that remains to be
answered is the source of the oil from
marine source rocks. It is generally
stated that liptinite is an excellent
source of oil. If this is so, the probable
source of oil in marine rocks is either
bituminite and/or alginite. Petrographic
observations suggest that the organic
matter recognized as alginite is probably
not the source of oil. Most alginite has a
very strong green to yellow fluorescence
(an indicator that the maturity of the
organic matter has not reached a suffi-
ciently high level to have generated
significant oil) and many algal bodies
are well preserved and in many cases,
perfectly preserved. Fine processes on
acritarchs and dinoflagellates (two pre-
cursors of alginite) are preserved; pro-
cesses are such small, delicate append-
ages that they surely would be changed
if oil had been generated from this
alginite. If this alginite had produced oil,
it would be expected that some evidence
of degradation or chemical change should
exist. There is no evidence of this.

A second point suggesting alginite is not
the main oil source relates to the volume
of alginite; in many source rocks, alginite
is such a minor component that it could
not have sourced a significantly large
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quantity of oil to allow migration or
filling of reservoir rocks.

A third observation that also leads one to
doubt whether alginite is a source of oil,
notdirectly related to marine sourcerocks
but one bearing on source rocks in
general, can be found in torbanites. In
Australia and South Africa, torbanites
are of Permian age and occur in
sequences that have reached the mid-
lower to mid-upper generation zone
based on vitrinite reflectance. For
example, the Joadja torbanite occurs in
a coal seam (vitrinite reflectance is 0.9
to 1.0, clearly well within the oil
generation zone) of the Sydney Basin
sequence, renowned for it lack of oil.

If it is alginite, one of the liptinite
macerals and supposedly one of the
good sources of oil, how is it that the
alginite has beautifully preserved cell
structure and does not show some
evidence of degradation or alteration as
might be expected from organic matter
that has lost a substantial proportion of
its carbon and most of its hydrogen?
All torbanites plot as Type I kerogen on
the van Krevelen diagram if the algal
constituents are high. This is inconsis-
tent as the formation of oil would
remove much of the hydrogen, leaving
organic matter with high carbon-low
hydrogen and that should plot as Type
II or Type III. Perhaps petrographers
and chemists cannot recognize evi-
dence of oil generation!

An alternative hypothesis for the source
of oil in marine rocks is bituminite. In
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many source rocks, bituminite is the
dominant component. However, the
equivocal nature of bituminite is a prob-
lem. Bituminite refers to amorphous
organic matter and at least four types
have been recognized. Some bituminite
fluoresces quite strongly whereas other
bituminite is nonfluorescing and has
similar optical properties to vitrinite.
Rocks containing virtually only bitumi-
nite, plot as Type II kerogen on a van
Krevelen diagram. Does bituminite, a
low hydrogen liptinite plotting as Type
IT kerogen, source oil or does bituminite
represent the degraded residue of
liptinite that has produced o0il?

Detective Petrography

The applications of organic petrography
to oil shale studies are varied. One
question that is commonly asked is
whether oil shales can be beneficiated or
upgraded before retorting. Such a pro-
cedure, if cost efficient, would enhance
the possibility of an oil shale industry
becoming a reality. Petrographic studies
show that thelower grade oil shale types,
such as the marine oil shales and the
Australian Tertiary oil shales can be
beneficiated but the technical problems
and associated cost are prohibitive. In
Australian Tertiary oil shales the alginite,
which is the major source of the oil,
comprises thin lamellae generally <0.8
mm long and <0.005 mm thick. Petro-
graphy shows that when these oil shales
are comminuted; the particles are
elongaterather than equant. Point counts

(continued, page 4)



Organic Petrography, (continued)

Role of Qil Shale, (continued)

show that there is a significant increase
in oil yield as the particle size decreases.

For marine oil shales, the alginite has
similar dimensions to that in the
Australia Tertiary oil shales. Thus
similar results can be expected for this
maceral in beneficiation experiments.
However, a much greater problem is
the bituminite which is at least partly
amorphous and comprises the bulk of
the organic matter. The bituminite is
commonly intermixed with fine-grained
mineral matter and grinding is unlikely
to liberate a significant amount of this
organic matter.

The first commercial oil shale industry
in Australia was located at Mount
Kembla, a suburb of Wollongong (New
South Wales, Australia). It has gener-
ally been assumed that since all other
commercially-exploited oil shale
deposits were torbanite, the Mount
Kembla deposit was also a torbanite.
However, petrographic analysis shows
that the oil shale consists of a carbon-
aceous shale, similar in hand-specimen
to torbanite, with abundant bitumen.
Retorting of this rock produces oil.
Alginite is not a component of the rock
and therefore the Mount Kembla oil
shale is not a torbanite. Mount Kembla
oil shale is more akin to the Canadian
tar sands than to a torbanite.

SUMMARY

Organic petrography has been one of
the most useful techniques for the
examination of oil shales. Oil shales are
a diverse group of rocks containing a
mixture of dominantly liptinite with
minor vitrinite and inertinite. Thus
organically, oil shales lie somewhere
between coals and barren sedimentary
rocks. Characterization of oil shales is
not only useful for oil shale studies but
has also encouraged and aided studies
of other rocks such as petroleum source
rocks. Indeed, the only difference
between an oil shale and either coal or
a petroleum source rock is the relative
abundance of the macerals.

Organic petrography will continue to
play an important role in studies of
organic-rich rocks. New applications
will be found and the diversity of
applications will be as wide as re-
searchers have the skills and initiative
to push the technique.

Adrian Hutton received his Ph.D. from the
University of Wollongong in 1981 and is
presently a senior lecturer there.

by exposing a metal plate (containing an
image) covered with bitumen to sunlight.
The Dead Sea asphalts are probably the
‘oil" of the Bible. The commodity is
thought to have had a very significant
economical and political role in the days
of the Nabataean Kingdom (4 - 1 centu-
ries B.C.) and its contact with Egypt, the
Greeks and the Romans.

Quarrying activity signs in the Nabi-
Musa deposit, traced also in old air
photos, represent some uses of in-situ oil
shales in the past. Exposed material was
and is still used, in limited amounts, for
heating by domestic nomads and as a
soft building stone. Oil shales from Ein
Bogeq were successfully applied as a
construction material for potash evapo-
ration ponds in the southern part of the
Dead Sea. A domestically metamor-
phosed derivative of the oil shale host
rocks is used as an ornamental building
stone, especially in terrazzo making.

TODAY’'S ENERGY SCENE

Israel’s 1993 total energy consumption
was estimated to be around 12,500 TTOE
(= x 1,000 Tons of Oil Equivalent). Most

of the energy is produced from imported
crude oil and coal. However, there are
other domestic energy sources. One

of these is solar energy which provides a
significant portion of household hot
water requirements (estimated to pro-
vide the country with 3-4% of the total
energy needs). The country’s geographi-
cal location makes solar energy a viable
source (average insolation figure of
some 4,500 Kcal/m2.day). Solar energy
also has a limited application in industry
and is a subject of two research sites in
which both medium and high tempera-
ture utilization processes are tested. There
is a small quantity of oil and gas produc-
tion equivalent to about 1% of domestic
crude oil consumption. In addition, a
few small power plants based on wind,
biomass and water energy were devel-
oped in the last decade.

The main revolution which has occurred
in the Israeli energy market since 1980 is
the diversification of electricity genera-
tion from a complete dependence on
crude oil to more than 60% utilization of
coal last year. This change was due to a
concerted effort to secure energy
resources from a host of geographical
areas. The domestic energy policy of
diversification is aimed at guaranteeing
energy resources in the future.

& Oil Shale Deposit

O Oil Shale Deposit-
Under Investigation

A Oil Shale Occurences
Preliminary Data

OIL SHALE RESOURCES

s A considerable portion of the
Israeli mountains in the Negev,
Judea and Galilee consists of
Upper Cretaceous units. It is
that geological period which
hosted one of the main anoxic
eventsin the geological sequence.
Only in recent years have our
geologists started to realize the
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significance of oilshale bodies
located underground. The
proven and estimated reserves
are very significant. The oil shale
sequences may underlie 10-15%
of the country’s area. This equates
to hundreds of billion of tons

of organic-enriched material.
Potential oil equivalent of these
reserves may meet domestic
energy requirements for many
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centuries. We still have to
convince the policy makers
about our findings and their
implications.

Potentially negative properties
of the domestic (or Israeli) oil
shales, from an industrial point
of view are - a low to medium
organic carbon content (6-17%)
and thus substantial amounts

Figure 1. Map of main oil shale occurrences in Israel
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of ash generated; relatively high
(continued, page 5)



COMMENTARY

Where has All the Coal Gone?

Harry Marsh
Southern Illinois University
Carbondale, IL 62901-4324

Talk to students on a university campus and more
than half will never have seen a piece of coal. But they
will be familiar with natural gas (for cooking and
central heating) and very familiar with petroleum (they all need wheels). Not
so long ago, coal would have been in most homes as the fuel for domestic
heating and cooking. Coal would also be brought into the local townships,

to their gasworks, to provide town gas, or coal gas. The bituminous smoke
from domestic chimneys and the sulfurous fumes from the gas-works left no
doubt that coal was in town.

Today, all of this has gone. What is now happening is causing considerable
worry to those who have to maintain the coal industry with its many facets. It is
the old story of “out of sight - out of mind.” There is growing, a subtle
assumption that coal, by not being visible, has ceased to be important. There is
a growing lack of awareness of the dominant use of coal in electricity production.
The loud voice of the lobby, which advocates use of natural gas and petroleum
in utilities, has drowned the coal voice. Or, is it that the coal voice is so quiet
that it has become inaudible? The coal industry has never gotten itself organized
in the same way that the petroleum, chemical and metallurgical industries
became organized — each with its own professional societies and journals.
Where, for example, is “The Institution of Coal Professionals,” whose job it
would be to promote the interests of coal and those who work with coal? It does
not exist. Interests in coal are catered from within the Fuel Chemistry Division
of the American Chemical Society, alongside the more numerous and powerful
petroleum interests. This trend of ignoring or playing down the importance

of coal has to be reversed. Coal is neither dead nor dirty these days.

Eight major educational points as regard coal, have to be made loud and clear,
and repeated.

First, worldwide, about 5 Gt of coal are mined each year and contribute about
150 EJ (0.15 x 1018 Btu) or 30% of total energy needs. There is no possible
replacement on the horizon for this level of usage.

Second, coal has emerged from its tempestuous adolescence of usage, dirt,
danger and inefficiency, to become, in its mature adulthood, a clean and
efficient fuel.

Third, coal as a solid fuel, with its inherent mineral matter and hetero-atom
contents, must be combusted at locations some distance from centers of
population in utilities of more modern and complex design with enhanced
thermal efficiencies (and reduced carbon dioxide emissions). Hence, it will be
out of sight, but should not be out of cognizance.

Fourth, we still do not know everything about coal, despite the last fifty years
or so of its intense study. No one shouts the following statistic from the roof-
tops, but in 1993, IEA, Coal Research, London, processed about 17,000 articles
related to coal. The need for research and communication in the utilization of
coal is clearly evident.

Fifth, coal research must continue to be funded, not only to advance the clean and
efficient use of coal, but also to train the on-going supply of coal technologists
who must understand coal in all its variations of rank, quality and supply.
Research grants to study coal, hopefully, will do just that, but there is a spin-off,
not often commented upon. It is that the research student is quite likely to
continue his career with coal, so providing and maintaining the body of Coal
Professionals, and so ensuring that there is a voice, loud and clear, to proclaim
the indispensability of coal. In a country such as the United States, which is
moving about 1 Gt (1 x 109) of coal annually, surely, there has to be someone out

there who understands coal. .
(continued, page 6)

Role of Oil Shale, (continued)

moisture (~20%); significant carbonate
content (45-70% calcite) and a relatively
high sulfur content. However, a positive
and crucial point to be considered is the
very low mining costs estimated for some
of the deposits.

RESEARCH

The energy crisis brought about by the
1973 oil embargo served to focus atten-
tion on domestic oil shale research.
Energy-related activities since then in-
clude: a producing 12 MW combustion
plant; anactiveresearch center (in Mishor
Rotem); an experimental oil shale retort-
ing unit; and initiating construction on a
75 MW power station (Figure 2). It is
speculated that by the year 2000, some
22% of the alternative & indigenous
domestic energy production will be from
oil shales. One almost certain outcome of
wide-scale oil shale mining and process-
ing will be the development and utiliza-
tion of bituminous phosphorite deposits
which are associated with the oil shales.
In certain locales, these deposits are
both high grade and extensive.

There is still a great amount of applied
research which needs to be done on our
oil shale resources, especially concern-
ing their distribution, processing be-
havior and grade. There are indications
of bituminous sequences from boreholes
which were never examined for energy
content, such as the recent finding in the
Kineret (Sea of Galilee) basin. The many
items serving as candidates for future
research include the organic fractions of
various beds, where the oil which was
supposed to be generated in deep basins,
hides the oil shale’s role in the hydro-
logical systems; and other scientific and
technological aspects. Further plans for
oil shale research and for utilization
include: combustion, retorting, cement
production, paving asphalts, light-weight
construction materials, ash utilization and
bituminous phosphorites beneficiation.

Remarkable reserves of oil shales are
located in neighboring countries,
especially Jordan and Syria. Similarities
between most of those deposits and the
Israeli material are indicated by correla-
tive sequences, the pattern of organic
matter distribution, and mineral matter/
trace element composition, etc. On the
other hand, in some deposits there are
differences in the inorganic mineralogy
and certain physical properties. Because
of the mutual interest in the regional
deposits, oil shale research could serve
as a basis for improved relations and

(continued, page 6)



Commentary, (continued)

Sixth, coal is a material of ever-changing
properties as mines and seams are ex-
ploited. Coal is an international traveler,
but some coals do really suffer from
travel sickness and do not arrive at their
destination ports in good condition.
These are examples of tasks for “The
Institution of Coal Professionals” in
order to provide agreed and unified poli-
cies and targets, for the funding of coal
research, to centers of political and fiscal
control within nations. The words
“agreed” and “unified” are easily
included in a script, but the realization,
in the world out there, is another matter.

Seventh, there is a voice in the wilder-
ness asking, even pleading, to know the
necessity of cleaning flue gas emissions
to the proposed extremely low levels.
The voice is pointing to other health
problems within the nation which
exceed, by factors of tens of millions,
problems, if any, created by today’s best
stack emission levels. Food for thought?

Eighth, optimistically, I can see “The
Institution of Coal Professionals” creat-
ing working committees made up of

researchers, academics, industrialists,
economists, and environmentalists with
the interesting possibility of political
attendance. This concept deserves to

be explored with professional insight
and in the not too distant future, made
a reality.

Role of Oil Shale, (continued)

cooperation between various nations of
the region.

Tsevi Minster has held various positions at
the Geological Survey of Israel since 1973.
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Figure 2. 12MW Demonstration Power Station
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