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THE OIL SHALES OF TASMANIA.
By
A, McINTosH REID
(Director of Mines).

{Read 14th June, 1926.)

INTRODUCTION.

I . .
the t‘:rovt:x;p::eo;rlfnllal purpose of the writer to deal with
e o pes o shale, namely, tasmanite and the so-ca]le;-l
o or erosene s:hales, but as the subject assume;j
o tasmaniteponllmrt:gfs it was decided to confine attention
b e o y. uch research is still necessary in order
b oecipher eﬂproblen}s unsolved relating to the actual
nature of the gil;p;ggiz:; (i)tl;g:}?ic Toctsnes ot aioy the
The information contained hereii,p?E?fﬁtesagﬂig:t]:iationl
our

gener al know Edg th SUb ect Sholﬂ. pro ncentiy
- <] Of e
] 13 d Ve an lncentive

HISTORY OF DISCOVERY AND DEVELOPMENT

The name of the di
) iscoverer of oil shale i ) i
:;a::sourlllottarecorded in the annals of that t.ime-e ;hza:;?-?m!‘:
ppears in the “Papers and Pro in, v
: . ceedings-
ifiﬁy of Van Diemen’s Land” in-a paper reagsbonythI\?IifI{Pyal
deposnsge;z 1851. ‘Sln-ce its discovery so many year's a olgt;n
deposits l;vet(}:I()n’clnued to excite the attention of scifnti N
el tyh he large number of contributions to our knoifrs
e rom | pioizr:is Oc;f I:na.n.y investigators; but until recen;
] has assing interest onl i
year ! only to inv
s t;cemet;mor.l was not considered a commercial iztc"ll;?f' "
thehe arly nineties a local company was formedlz; - lllty-
e s mT;:d delterhmme‘ the value of the shale ag oae:c?ugze
Foil. early history of the i i .
of 0 industr i
e}]{;tg;gt of the operations of that comslr)alrslyessenxst}ly o
presen.t] 1_1.1;'e cgemany th(_)usands of pounds w*ith;)ut retuer tin
e fom TS of this company remain hopeful axf(ril exe
receive the reward of their patient ind’ustry *l
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number of companies hold shale interests in Tasmania to-
day, one of which, the Australian Shale 0il Company, has
erected a very large plant, and has opened another area
for mining. It is expected that the plant will be put into
operation this month, If crude oil can be produced from
the great shale deposits of Tasmania by the utilisation of
the Bronder process as cheap as the average cost of pro-
duetion of drilled wells, then the operation on a large scale
of the shale deposits must prove a very attractive proposi-
tion and one which must command attention in the very
near future.

There is, as will be shown later, a genetical association
between the two important types of pil-producing shale in
Tasmania; therefore, ome iy regarded as an indication of
the near presence of the other, yet the two are never found
superimposed. Investigation shows that the shales are found
in disconnected basins sitnated in the north and north-central
parts of Tasmania, asscciated with kerogenite and humie-
kerogenite coals. The most important is that extending
from Latrobe to Quamby Bluff and Chudleigh. From
Latrobe the seam has been traced to Railton, Nook, Parra-
matta, Kimberley, Deloraine, Osmaston, Beulah, Cheshunt,
and Chudleigh. Outcrops are found in each area named.
¥From Latrcbe the seam has been traced without serious.
interruption under the broad flood-plain and valley sides of
Mersey River to a point three miles south-east of Kim-
berley. DBetween Kimberley and Deloraine the shale series
of rocks are covered with basalt lava and ash, but they
reappear again a mile south of Deloraine, and are well
exposed at Osmastor. Remcte from these are the Cam
River bed of tasmanite, exposed near Henrietta and Oonah,
and the so-called torbanites of Preclenna and Mt. Pelion.
The Henrietta tasmanite and Preolenna torbanite {kero-
genite and humic-kerogenite coals) are directly comnnected,
but the Mt. Pelion seam is far distant, and apparently lizs
at a slightly higher horizon in the formation than the others.

GEOQLOGICAL HORIZON.

The tasmanite shale seam and the associated bed of
coal lie at the same horizon in the Permo-Carboniferous for-
mation. In the coal portion of the basins land and fresh-
water beds are intercalated between Lower Marine and
Upper Marine mudstones; but in the tasmanite portion the
Lower Marine and Upper Marine form a continuous series
aninterrupted by land or freshwater deposits. Long it
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was doubtful whether the shale and coal seams were hom

logous, but recent investigation sets all doubt aside. Ea 10-
obse_r\_rers noted that in the marine beds above the coal s i
fossils are found similar to those in the beds above e:]?l
shal? {tasmanite), and below the shale pebbly mud-stone
passing down into a basal conglomerate prevails just as ha ’
pens below the coal seam. The fossils above and below t'}?-
bed of sha]g and coal are identical, and all are marine 4:;E
open estuarine. In boring for oil shale near Latrobe it w s
found that there is an intergraduation from shale to cuals
At Nc_:»ok the bed of shale abuts against the coal seam on
two _sldes. In the bed of Don River below Bott Gorge &
a thick seam of black coaly shale which differs in manls
lmportant_ ;_)ar-ticulars from tasmanite, and apparently rns.rTy
the trar}mtmn between it and the humic-kerogenite coal 2;
the region, for, in addition to sporangia of tasmanite, it
contains black coaly matter derived probably from anot’h:

o.rder of plants. The Don Valley black shale cannot bl:
lighted as readily as tasmanite, but the characteristie od .
of the latter is given off in burning. Even with th 01'1:1.
of the ;nicroscope the structure of this material c:nalt
be perceived. It is interesting to note that the shale lay:?s.
Ia:-fd:g:;ated here as elsewhere by a band of almost barren

At. Chudleigh, mnot far from the <Cheshunt bed of
tasmanite, coaly matter similarly charged with sparangia h
befm found. In further confirmation, the writer hasgfou:;
Fhm bands of coal, brittle and of pitch-like lustre, enca d
in or attached to tasmanite shale at Latrobe. It, is ncﬁ;e
:;o;t:gd t:a'tbthe _re]lativelproportion of volatile hydrocarbo:s‘

«carbon is to 1 in this coal as in the mai

})f _coal in the fields of Spreyton, Tarleton, and Dillgefi?ciy
't is remarkable that where tasmanite is nearby torban'é.
is not found in direct association with humic-kero 3te
{cannel) coal. Yet torbanite-like shales are found i?:lu ;
Bott G?rge and at Chudleigh replete with the sporangi 0‘-;
tasma_mte. The inference is that sporangia of the nf rin
dep?slt Fasmanite are one of the chief components falit,me
Pamte with, perhaps, a far larger proportion of polIenOThDr-
is also.an intergradation of torbanite to cannel (.h e‘re
kerogemte). coal as there is from tasmanite to cannelumicl-
The gr?.datlons may be expressed in the following de —
tasmanite, black carbonaceous shale of Don Vi]le}f—r :f:;s_

¥

tOIbanlte or keIDSellE Shale c’a]]ﬂlel or umie- e
td ! \'h 1C kerogenlt
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THE SHALE BED.

The tasmanite seam is b to 7 feet thick, and lies at or
about the horizon of the eoal bed in contiguous areas. Only
one seam of tasmanite and only one seam of coal is known
where the two are closely connected. There is no evidence
to show that tasmanite and ceal are anywhere mutually
superimposed; on the contrary, it is known that where coal
is found it is futile to search for tasmanite, and where
tasmanite is found, for coal, This knowledge facilitates
exploration considerably by the elimination of all coal areas
from examination. It has been established that the seam
of tasmanite fringes the shore-line of the Permo-Carboni-
ferous sea, from which it follows that- where the upper
marine mudstones abut early Palmozoic and Proterozoic rocks
the presence of tasmanite may be anticipated.

A rather striking feature is that there is no noticeable
thinning of the seam as the shore line is approached. This
is due in part to the steep slope of the shore rock and to
the fact that the materials of which the shale is composed
were deposited in waters not less than 10 feet deep. The
arenacecus muds and sperangia forming the bed of shale
were deposited in shallow waters along the shores of islands
or in estuaries. It is noteworthy that the shale bed in every
locality consists of two main layers separated by a band of
mudstone, one to two feet thick, similar to that in which
the shale is encased, thus indicating similar conditions of
formation and direct association. The separating mudstone
band contains tasmanite sporangia, but the roof and floor
mudstone are almost devoid of them. Embedded in the shale
are numerous well-rounded pebbles and bhoulders of quartzite,
conglomerate, chert, schist, and quartz, many very pyritic.
These large inclusions vary in size from marbles to boulders
two feet in diameter. The large boulders are subangular
and evidently were precipitated into the sea from nearby shore
hills. Where the shale enwraps the pebblez and boulders it
appears more compressed and closely laminated. In many
places the calcite of the marine fossil has been completely
replaced by pyrite. Secondary pyrite is abundant also in
the rock pebbles and nodules, and veinlets are not uncommeon
in the body of the shale. The nature of the dises in the shale
was discovered by R. M. Johnston, and was first recorded by
him in Field Memorande for Tesmenian Botanists, published
in 1874. Johnston states that “tasmanite is the produet of
“the spores and sporangia of certain erytogams allied to the
“club-mosges, and that the sporangia were washed down by
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“an anecient muddy river and deposited in the quiet bottom
“of an inlet of the Upper Palmozoic sea, and among the
“sediments thus deposited marine organisms lived and died.”

The following is an incomplete list of the marine fossils
that have been found in the shale:—

Spirifera tasmaniensis (Morris).

Cardiwmorpha grypheides (De Kon),

Pachydomus hobartensis (Johnston).

Pleurotomariag morrisiang (McCoy).

Pleurctomaria woodsii (Johnston).

Pteronites latus (De Kon).

Aviculopecten lntrobensis {Johnston).

Aviculopecten subguinquelineatus (McCoy).

Aviculopecten fittoni (Morris}.

Aviculopecten sprentii (Johnston).

EBurydesma hobartense (Johnston).

Keenein twelvetreesi {Dun).

Orthotites (Fischer).

NATURE OF TASMANITE,

like kerogenite and humic-kerogenite coals
(the so-called kerosene shale and cannel), is not an oil-
bearing but an oil-preducing gubstance, that is to say, thera
is no free ¢il in the material.  That marks the distinetion
between oil shale and oil sands. In oil sands the o] is
contained in the sand as oil. In shale there is no oil as
such, but the substance is in it from whieh o0il can be
generated.  Oils cannot be extracted from it by solvents
nor by subjecting the material to high pressure, but oils
can be formed from it by the application of heat under
suitable conditions. The source of the oil
substance called “Kerogen,” with which the shale is im-
pregnated.  This organic material is of vegetable origin,
and may be regarded as g concrete fixed oi], Yet, it does
not follow that there ig any direct relation between natural
petroleums and the kerogenous materials of oil shale. In
fact, it is generally believed that natural petroleums are
not of vegetable origin.

Tasmanite,

is an organic

Shale is essentially a mineral pro-
duct consisting largely

of hardened arenaceoug muds, in
which are embedded certain fossil hydrocarbons not un-
commonly found in the Permo-Carboniferous formation.

Kerogenous shales are found in the Permo-Carboniferous of

Py,
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i i formations. They differ
countries, and also in ?ater difi
margderafbly, the difference being due 1arge1y to the var(;at?;
4‘:(mthe conditions under which they werefla;]d dolwnt a;-; msins
- ne iation in t ture of the plan
nd to variation in the na 1 ;
S;rv:rii:h they were formed. Some are marine deposli:,
0thers are terrestrial; some consist largely %f the1 wz;xy (I::l):ins
o d other plant re
i some of pollen an ¢
g O e & ial of tasmanite, so
i iti kerogenous materia te,
in addition. The 1 ma e
tificial petroleum by
ted to the generation of ar : c ¥
:‘darllp consists of the waxy covering of‘ minute dise s«hap&eg
lOor,e cases, which are set in a fine-grained arenaceoucl.:»1 s; -
E'pent The amber-coloured discs or sacs are about ha ]
1rn!:iilli1:|r14.::1:1-e in diameter, and, if not deformed, are ni‘:_:eﬁ
ircular in outline. They appear as flattened bodies dpr ¢
:ogether in overlapping layers, and can be separate Iejisgei
by the insertion of a sharp instrument between hhem.. r
t}::’ microscope they appear contorniate, the harder rim pgtrI
be(ieng marked in most cases by black carbonz?ceous:‘lmait;enae.
i lowing description: “In trans-
elvetrees presents the fol . ] =
‘?r‘:itted light they are transparent, m:ih a perg};)?hersz;lla;:d
i d-like wedge or -
“ternal wall crowded with ro gash-shaped
iti i i disposed for the most pa
“cpyities of minute size, ot o
ithi ggestive
“redically within each sac or spore case, a N
“iﬁg l1():1'esstrence of some cellular structure, faint traceﬁ of w::;:};
15 he spore cases have
“ occasionally revealed.” T : ;
pizzerved by a decay-resistant waxy or resu}xlous sl:ibsi;z;r:ée
i i t the spores have dec ,
forming the outer skin, bu s hav ccayer
i i Imost indistinguishable,
their remains are generaliy a ! i
:Egept for a little black ecarbonaceous mate1:1a1 marking th“e
d‘ivision between the cutaneous waxy covermlg-;i ] Htcilv:e'{:;;
is clearly revealed in
ture of the spore sac is clear! )
rlz};?o:li-:i specimens, The Sp.ol'angllﬁe-S or wa.x-hke spf)w:e
exines: (walls) compose the bulk of the oil-producing mate;m.,
and represent the protective eovering of Ehfz ‘sporesntoda:
i d allied to prese
t probably of lycopod relation an :
f%j‘:)l-ml:)sses. It is pointed out by Johnston that the s.pore.;i
evidéntly had been discharged, as almost everf fsa-c app;;zze
. i der by internal force.
to be fractured as if rent asun for Thece
i ts of the plant are hydroge
waxy or resinous produe R et
s The kerogen of these shales,
nd oxygen-poor subutances..
=tﬂhen cg.r%sists of the sporangia or spo;'e caselsqof taﬂsu};?oileli
sodi by Professor Newton,
lycopodiaceous plant termed
gritrifh Museum, tasmanite punctatus_.. ’Fhe stru?t)lllre eif
modern club-mosses (lgcopo-ds) furnished a fgasn e !
planation of the origin and nature of the fossil remains.
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Stewart, a Scottish investigator, obtained a substanee similar
to shale oil by the distillation of a mixture of 25 per cent,
Iycopodium spore dust and 75 per cent, of fuller’s earth,

PHYSICAL PROPERTIES OF TASMANITE.

Colour—Light yellow or amber when fresh; dark brown
on exposed surfaces, prey on weathered surfaces. Lustre—.
Resinous to pearly. Texture—Finely laminated fissile;
weathered shale splits into thin flexible paper-like sheets
Fracture—The material is tough and sectile. Tt breaks
unevenly and with great difficulty across the plane of bed-
ding.  Weathering—The shale withstands weathering re.
markably, and exposures stand out prominently from the
encasing mudstone. The effect of weathering on the ¢il
yield is inappreciable. Specific Gravity—The specific gravity
varies from 1.2 to 1.6, the richer layers having the lower
value. lardness—This property varies according to the
degree of richness, the average being 1. Flexibility—In
thin sheets the shale is capable of being bent through a large
arc without breaking. This property is increased by sub-
mersion in boiling water. Solubility—Almost, if not quite,
1nsolub1e in ether, pyridine, benzine, and carbon blsulphlde,
unlike ordinary resins and waxes, it is only slightly soluble
in alechel, It is not acted on by HCl; slowly oxidised by
HNOQ, ; readily carbonised by H,50, with evolution of H,S.
Fu51b1]1ty*The shale 1gn1tes readlly with a match, and con
tinues to burn freely when removed from the external source
of heat. Ia burning at that temperature it preduces a large
volume of black sooty smoke, and pives off a strong un-
pleasant odour.

CHEMICAL COMPOSITION OF TASMANITE:

When the shale is placed in a retort and subjected t>
heat, the organic component is progressively decomposed into
permanent gases and oil vapours of various kinds, the latter
of which ean be easily condensed into crude shale oil. The
richness of the shale is in proportion to the amount of
kercgen it contains or in proportion to the number of
sporangia. It is remarkable that although the richness of
the shale varies from the top to the bottom of the seam the
variation is similar in every shale area, and the average oil
content remains constant. The upper part of the seam i3
richer than the lower in every area, yet the average content
of oil in the material as a whole remains between 40 and 45
gailons per ton of shale.
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The following proximate analysis of shale from Latrobe
area may be taken as a fair indication of the composition:—

Moisture .. .. .. .. .. .. .. 0.80 per cent.
Volatile Matter .. .. .. .. .. .. 3084 , ,,
Fixed Carbon .. .. .. ,., ., .. 586 ,
Sulphur .. .. .. .. .. .. .. .. 256 ,,
Ash .. .. .. .. .. .. .. .. 6250 ,

The fixed carbon probably represents the black earbon-
aceous matter of the sac walls already referred to. A portion
of the amount, however, may have been derived from the
kerogencus. material owing to inefficient distillation. It is
possible, for instance, that in the process of distillation and
the formation of permanent gases and light gasclene surplus
earbon was liberated. Tasmanite is distinguished from many
similar plant remains by the high proportion of sulphur it
contains in combination with its carbon and hydrogen. The
distillate from these shales has the strong penetrating odour
of sulphuretted hydrogen and also of carbon bisulphide,
Evidently the greater part of the sulphur in that compound
represents the amount originally contained in the body of
the plant from which the pyrobituminous matter was de-
rived. Extrinsic sulphur in combination with iron as pyrite
and marcasite is @ common accessory component of the shale,
and in the process of conversion of kerogen to oil some of
it may have entered into combination with hydrogen and
carbon. An ultimate analysis ¢f the crude oil revealed its
composition as follows:—

Nitrogen .. .. .. .. .. .. .. .. .. 0.81 per cent.
Hydrogen .. .. .. .. .. .. .. .. 1041 ,
Oxygen .. .. .. v cv oo ve we .. 493
Carbon .. .. .. .. .. .. . .. 77934 ,
Sulphur .. .. .. .. .. .. .. .. 4983 .

From a number of analyses Church arrived at the em-
pirical formula €, H,,0,8, an.i snvgesrted that the material
may be a derivative of turpentine ¢, H_,, or the radicle
he assumed them to contain may be a homologue of benzoyle
C,H,0 + 13 CH, = C,,H,,0. It is doubtful whether
the kerogen of tasmanite can be expressed as a definite
chemical compound; the relative proportion of the consti-
tuents, however, can be expressed as & constant if sulphur
is disregarded. The calorific value of the crude oil has
been estimated at 21625 to 21336 B.T.U.; the flash-poing
from 235 deg. to 260 deg.; and the specific gravity from

F
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0.931 to 0.956. The crude oil remains fluid at the lowest

natural temperature of the atmosphere. In the process

of distillation the following products are obtained:—
Permanent gases and gasolene .. 10.00 per cent.
Benzine .. .. .. .. .. .. .. .. .. 10
Fuel oil .. .. .. .. .. .. .. .. 80

By fractional distillation the fuel oil may be converted inta

Lighting oils .. .. .. .. .. .. .. 2B per cent,
Lubricating oils .. .. .. .. .. .. 30 nom
Tar .. .. .. =t v vr e ov v .. 28

The viscosity of the lubricating oil has not been determined,
but apparently it is not high, and the oil is not of standard
quality. The fuel oil may be used to advantage in internal
combustion engines, or as a fuel for the generation of steam,
or it may be “cracked” into benzine and residual tar, The
oil derivable from tasmanite is of asphaltic base, whereas
that from the so-called torbanite and pelionite shales is of
paraffin base. The nitrogen content of tasmanite is so small
that it may be disregarded. However, it may prove of some
value as a fertilising agent if discharged as a constituent of
ammonium sulphate into the spent shale which contains other
components of plant focd. Tasmanite contains a small
amount of potash and of soda, and a little phosphoric acid.
Applied as a poor fertiliser, the spent shale may prove of
some value also as a mechanical agent in breaking up the
stiff basaltic soils of the neighbourhood. The following is
an analysis of spent shale:—

Carbon .. .. .. .. .. .. 11.0 per cent.
Titania .. .. .. .. .. .. .. .. 040 ,
Soda .. «. .0 v v e an e oo . 1BT
Potash .. .. .. .. .. .. .. .. .. 193 ,
Silieca .. .. .. .. .. .. .. .. .. 6480,
Alumina .. .. .. .. .. ... ... 1202,
Ferric oxide .. .. .. .. .. .. ., 388 , ,
Lime .. .. .. «v vv vt vt we .o 100,
Magnesia .. .. .. .. .. .. .. L. 1.74

QUANTITY OF SHALE AVAILABLE.

In all the explored areas sufficient data are available
for accurate calculation of the shale reserve, There are,
however, certain untested areas in addition which are re-

. Sty A v ———

« BY A. McINTOSH REID. 51

garded as potential sources of shale, and, therefore, deserve
attention. The total tonnage of shale in the several areas is
estimated as follows:—

Actual Reserve.
17,000,000

Probable Reserve.
27,000,000

UTILISATION.

The first question for consideration is whether it is
advisable to market the fuel oil portion as such, or whether
it is advantageous to crack the fuel oil into benzine and
tar. In this connection it will prove of interest to note
the results of researches performed by Dr. Gustav Egloff,
of Chicago, on anti-knock motor fuels. To begin, it may
‘be stated that one of the most important problems
in the oil industry to-day is the production of anti-
knock motor fuels, Normal straight-run gasolines
produced from some oil fields develop the familiar
knocking sound in an automotive engine when labouring on
hills, with wide-open throttle. For many years it has been
believed that straight-run gasolines from paraffin base or
gemi-asphaltic base oils were superior motor fuels. Since,
however, the advent of the commercial cracking of heavy
oils into cracked gasolene this position is no longer tenable,
for the eracking reaction can be so controlled that anti-knock
motor fuels can be produced of superior qualities to straight.
run gasoline.  Paraffin hydrocarbons vaporised with air
detonate with an explosion velocity far beyond that of the
normal burning wave. The high velocity of explosion gives
a hammer-blow in the cylinder instead of propulsive force,
and the high explosion wave gives rise to the familiar sound
of knocking in the motor engine when operating at low
speed when the motor is on an ascending grade.

The napthene hydroearbons in gasoline have anti-knock
properties which enhance their value, and the aromatic
geries are so particularly endowed that they are the best
compounds derivable from crude oils. The unsaturated
hydrocarbons of the clefin series are excellent anti-knock
compounds and have important qualities for that reason
as motor fuels.

Tests have shown that the straight-run benzine and
the cracked fuel oil derived from tasmanite contain oils aof
the aromatic’ geries, and that the benzine so produced has
proved an excellent motor fuel.



