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INDUSTRIAL HISTORY.

The distillation of 0il from sheles on an Indust-
rial basis has been hindered by the rapid znd extensive de-
velopment of petroleum wells. How that a limitation of the
future supply of oils by wells is foreseen, attention is be-
ing directed to the commercial possibilities of bituminous
shales as a source of petroleum fuels.

It is recorded thet sg esrly as 16904, Fele, Hen-
cock, and Portlock distilled "oyle" from a "store" which
may have been oil shale. Bituminous shales were distilled
for the production of oills for medicinal purposees in 176l.

Although the oil shale industry has been best de~
veloped in 3cotlard, the earliest conmuercial development
wasg in France} In 1830, lLamont obtained paraffin from the
distillation of oil shales. The industry begen upon the -
completion of a process for distillation by Selleguve 1839,
It continued to grow until 1864 when it was given a set
back by the importation of cheao Americsn oile. In 1883 the

French government cut in half the import duty on petroleum



which czused 2 still greester cheock upon the induetry. There
was 2 slight stimulation by the high prices durirg the world
war and ir 1919 snd 1930, At present the import duty on pet-
roleum in France ie high,

The development of il ghale dietillation in Scot-
land wag not in any way influenced by that of Frnnee.l’g' James
Young hed been ssked to erect works over a epring of petroleum
from a coal pit in Derbyshire. The oll began to fall in about
two yeare., Thig caused Young to corceive the idea that oll
was a product of cosl and had been distilled from the latter
by subterrsnesn heat. Upon the discovery of s highly bitumin-
ous cosl called "Boghead cozl® or "Torbenehill mineral", he
succeeded in produeirg oil esrtificislly from thie coal. In
1850, Young and two assoclztes erected a plant for the vpro-
duction of oll from Boghead coal., The induestry developed rapid~
1y and was very successful until 1862 wher the "Boghead coal™
deposite began to be exhausted. It was ther recesesry to re-
gort to other materizls, Shale begsn to be used,

As in Prance, the producticrn of oil from shale wes
erippled by the importation of cheap petroleum. But in Scot-
1snd, the industry wes maintained by the consolidations of
various companies, by the development of more effirciert and
economicsl apvaratue and methode, and hy the strioctest econo-
my in mining, retorting, and refining, At present all the
existirg Scottish refineries are in full operation.

The industry began in Australia in 1858, The pro-

cess of retorting soon gave way, to a certailn extent, to the
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exportation of high grade ehsle for the enrichment of gas.,
Some companies were disgcontinued, others merged until finally
the corporation, John Fell and Coumpany, controlled most of the
work., At firest there was much trouble in uvelng the Scottieh
retorts whiech were fraotured by the irtumesnerce of the ghale.
Yiew types of retorte were bullt which overcame the difficult-
ies. Tn 1923, it wag corsidered thst the industry would have
to stop because of the hich cost of labor and low price of
olle.

In Germary, the distillation of tar was known as

3 Marl von Teiche

early as 1778, but not or & commerclal scale,
enback gave & great lumpetus to the work by hisg dlscovery of
paraffin in 1830, In the fifties, the distillation of tar
from bituminous rocks continued to pgrow in Auetris and Cer-
many., Dry-distillation plante hod been eatablished in the
Rhireland for treating conl, ¥any of them were later discon=-
tinued largely becsasuse they made no =nglytical examination
of the raw meterisl, farl Riebeok in 1858 set up a plant,
later enlarged 1t and continueing to work with untiring
energy succeeded in raleirg the industry to a high pnsltibn.
Throughout the history of the Zaxon-Thuringian

mireral-oll industry, there has been a cortinued retrorrege=
fon in the price of {ts products. The present market is very
depresced.

| The industry was developed in the United Stafea pre-
vious to the diecovery of the Pernsylvanis oil f191d5.4 There
were befueen fifty ond eixty plants overzting which used the

9coteh process. These plantsg were loo-ted in Massachusetts,



¥ew York, Penngylvenia, Ohio, Kentuecky, Virginia, Connecticut,
and West Virginia. At the game time, eceveral plantes were aperQ
ating in Caneda,

SCIFKTIFIC THEORIFS AWD THNVFSTICATIONS,

Huch experimentel work is now being dorne in the
efforte to find more profitable proresges of distillation. At
the same time investigations are being made to determine the
origin of o1l shales se shown by s crreful examinstion of
their contents. While the latter investigations may s@em‘&t
firet glance to be of purely gclentific value, thelr results
will no doubt throw much 1ight upon the problems of commercial
distillation. | |

T.¥.F.David of the Ceologlezl SBurvey of Few Squth
Wslee began his investigatio~ of the kerosene shales of New
South Tales in 1885 =nd w3s one of the firet to advance a
theory of he algel origir of bituminous ghsles.®* The kerosene
shalee are a variety of torbenite. David's microgcopic invee-
tigation showed sphirical bodies which he eoneidered to be
sporangla and psrticleg of resin whiech he thought might be
sporée, seeds or pellen graine. He concluded that this materiasl
muet have originnted in showers of pollen graine, sporangia,
spores, and seeds which became admixed with peaty material
from swampy ground. David lster dlscovered agpregations of
club-ghaped bodies reeembling the zoospores of algae. From
these discoveries he proposed the theory that kerosene shale
wag probably formed in lskes frow either sporangies or algsae.

Bertrand and Rensult, French botaniste, in their



stuuy of thin sectione of boghead mineral from Torbanehill,
Autun, and lew South Wales discovered orange or yellow bodies

embedded in & matrix of brovﬁ ulmic material.s

These orange
and yellow bodiees were determired to be the remains of a free
alga thallus known as Heinschis. Between the thalli were some
macerated sporee and pollen grains. Bertrand eonaidered'that
guch materials must heve been scoumulated in absolutely still
surroundings, in very shallow water, and in & very short
space of tiwe since otherwige fermgntatton and decay muet
have eet in., The gelosic algse formed gelastinous precipltates
on the surfaces of lakes and cwampe. Spores, pollen grairs,
plent celles, cuticlee, and vegetable debris also helped to
compose this gelatinous mass. '

Thefe wzg at firet much objection to an algel theory
of origin of boghead becnuse of the nature of a2lgel materisl
which 18 very esgily =ttacked by the agents of decomposition.
it a later date, Reinhardt Thiessen supported the theory with
discoveries ma2de in & detailed examinstion of boghead coal.

Thiessen, now of the United Statee Buresu of Yines,
has confirwmed the theory by making comparieons with a colw-
enial blue~green algae now existing in the ealt lakee z=nd
salt lagoons of southern Australia® At the end of the winter,
the green goum formed by the algae is blown to the gouthern
shores of the lakes. When the lakes evaporate, the algal
material drieé up into s rubber-like mass called coorongite.
Careful examinstion of the cellular strueture has shown that
where several colonies are joired there is no protoplasm

within the cells., The cell wallg which consist largely of



oily substonces, instend of deosying upon exposure to the alr,
form & rubbery, elastic msse. Upon dietillation, coorongite
yields 97 percent of volstile metter from which may be conden=
sed & quantity of oil. The microecopic examination of boghead
coals showed a significent regemblance to the coorongite
material.

Charles A. Davis has described the structureless
organic material to he found in thin pections of Green River
ghaleg as the remaine of microsconio algae, mixed with pollen
which have passed into & jelly-like phase due to the activities
of bacteris ard other 0rganlnm.7 From this, he reached the
‘eonclusion that the moterisl was laid down originally in
water and passed throurh stages of decomposition before strat-
ification and lithification.

Jeffrey placed the origin of most cozls in lakes or
lagoons ir which the floating materiasl sank to the bottom.e
The muck included spores and pollen grairs from firs, pine,and
spruce. Later aguatic plants such as water lllles and finally
debris from lend plants added to the zccumulation. He conside-
ered tasmanite & pure spore coal in which he had discovered
microscopicazlly uncollapsed sporee, partially collapeed spores,
and sporee entirely collspsed. One éeotion ghowed the walle
thick, another section showed the walle thiek snd rough.Jeffrey
did not accredit the theory that the letter might be algae since
they occurred aside by side with modified remsirs of wood. He
examined canrel cosl sections which showed epore bodies and
derk crinkled bands which were the remaine of wood and which

might be e2lled lignitoid. In ordinary bituminous and anthracite



coal, the lignitoid was most abundant., Jeffrey believed that his
investigations gave evidence of three constituents in coal:
sporee, lignitoid, and unmodified crrbonized wood., The coals
rich in spores are petroliferous.

Dewson, formerly Professor of Natural Sclence at
HoC11l College, ﬁaa made atatements concerning: the importance
of aspores and spore-~cages in the origin of bltumene? His con=
clusions were baged on observations of the coals of Nove Scotia
and Cape Breton, of bltuminous shales from Kettle Point, Lake
Huron, and of coals and shsles from Ohlo. The oldest beds of
spore-cases known to Dawgon were in the shale from Kettle |
Point, lLake Huron. The spore-cases apneared like flatiened
disos, smber in coler, slightly papillate exterrslly, and
with & poinf of attschment on one side. The only structure
ghown wae that of the gpore walls surrounding internzl cavit-
ieg which enclosed floceculernt or granular matter, He found
great quantities of spore-cases the size of muetard seeds.
Out of eighty-one coale, such bodles were recognized in
sixteen. Similer amber~colored disce were recognized in a
layer of cannel cozl near Glassgow., The sepecimens from Ohio
indicated that spores are not essential to cosl.accumulation
but form a gresater proportion in éhales and cancel coals.
Dewson maintalned thet in general, coal contains the outer
bark of trees &nd cuticle of many other nlants both of which
are highly carbonsceous, and that thé gporeg a2nd apore cages
are important constituerts of sheles and cannel_coala.

H.R,J«Conacher thinks that the yellew bodies



found ir meny shules and torbsnites are reginsg which were
originally formed by secretions in plant carale, cells, steme,
leaves, fruits, and from wounds, the resin fragmente from
cells being more or less sphericsl and those from canals in

needle-1like rode}o

Conacher claimg that the sppearance of
structure in these resins may be due to internal shrinksge
from evaporation, to preesure, and to minute bubbles of gas.

E., Cunningham “raig, in "0il Finding", offers a ‘
theory ss to the origin of shaléa which differe essentially
from all other theories., It iz based on the principle of
asdsorption.Fine clays, beirg colloids, have adsorptive pro-
perties. Cralg asserte that such cleye were impregnated with
petroleum which was & sol. This petroleun became concentrated
by the loss of some of the lighter bydrocarbons and wes
adsorbed by the clays forming a gel-like mesgs. To quote from
011 Finding";"Given a collold deposit and the colloid solut-
ion, sufficlently concentrated, in juxtsposition, the result
will be an oil shale". |

Prof. R.D,Ceorge of the University of Colorado
performed experiments in the distillation of o1l shales in
which he discovered that volatile gaaea‘were glven off in three
‘diatinct oycles? The first volatilization occurred in the
true hydrocsrbors at a comparatively low temperature; the
second in the vegetable matter at 2 higher temperature. It
wag impoesible to determine whether this last was from the
true hydrocarbons or the vegetable tiassue,

An interestivg investigatior is belng conducted at



present by Dsvid White and Talsia 8taduichenko. The object of
this investigation le to =scertain the relations between the
pregent plant remaing in a shale and their originsl character,
to determine the relations between the orgenic msterisle and
the producte of distillation, and to observe the tewmperatures
at which various constituents break down yielding considerable
volatile constituents. Yicrofurnaces have been designea and
constructed for this work through the Carnegle Geophysical
Laboratory.
PRESERVABLY ORGARTIC MATERIAL

Thiessen has defined carbonaceous shale ag Q shele
which containg organic matter;bituminoue shale as s shale
which containg bituminous matter; an oll eshale ag one which
yields oil and gas upon destructive distillationl®It might
be added that a second criterior for oil ghale is the fact
that oile cannot be extrascted by solvente. The most recent
investigstions concerning the relation of the orgenic matter
to the products of distillsation lesd to the probable corclus=
ion that the process of distillation produces o0il from the
accumulated residue of various kirds of orgrnic matter in
shale.

MICROSCOPIC INVESTIGATIONS OF SHALES.

General Cleseification.

It ie the purpose of this paper to desoribe the
organic contents as seen in thin gections from 8 representa=
tive collection of bituminous and carbonaceous rocks inecluding

oil shales, torbanites, and cannel coals. The resulte of the
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investigation show coneidersble wariety of material fournd in
differert shales,

Accordirp to the orgsnie constituertas, the shales
can be placed in the following groups! firet, those with an
ulmic groundmese with wex diseeminated throughout, with re-
maine of cuticlea, and with ecrrbonirzed fragmente; second, shalee
sinilar to thoee of the firet tyne except thst thev also con-
tain conapleuous lumps of resing and waxea; fhird, shales con-
taining an ulmie groundmasa, c=rbonized fragments, and some
yellow egpores; fourth, shrles which sre chiefly composed of
yellow gpore bodies in an ulwmie groundmses; fifth, shales
containing chiefly lsrge yellow wex lumos whieh do not show
any indication of etructure; sixth, thoee shales which also
contain lerge portiore of wax, but with indicatiors of
structure in the wax; and eevernth, & very unusual type in
which the wax eeems to be in the form of crystals

%ax and reging sre both found in the orgsnic residues
of the 01l shsles. "Waxes occur as exudations on thz leaves,
stems, and fibres of plante". Peains occur in all parts of the
plant but chiefly in the bark. Resing, oile, fate and waxes
may form sr admixture. It is very diffiocult if not imposeible
to determine one from the other under the miercscope.

Chemically, wax ie a monobasic ascid of high molecu-
lar weight linked to an aleohol of hiech molecular weipht. ¥o
such definite statement can be mode desoribing s resin.

; In respect to vhysiesl differences, waxes ligquify

more rapidly thar resing., Mrystallinity has been observed in
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some waxes, but resins ére slways amorphous. Regine sre golld
translucent snd break with & conchoidal frescture. Rosin poe-
seeses 2 vitreous luster and ig very bhrittle.

DESORIPTIONS

The firgt named group irnecludee several of the dif-
ferent shsnles from the OGreen River formetion, shales from the
Dunnet 01l shesle ge=m and the Fella 01l shele geam of Scotlend,
irom the Kimmeridege ehsle of Dorset, Fngland, and from the
gray bituminous shale of Rogevsle, Yew Brunswick.

There were gome forty slides exemined from the
Green River formetion for whirh there were no megascopic
specimens. These had heen taken fror Parachute “reek, Conn
Creek, #rnd Kimball “reek. A leitz Wetzler polarizing micro-
eoope with a2 megnification of 150 dizmeters was used for the
ereater pert of all miecroscopic observetions except in a Tew
epecific ingtarces.

The groundmass shown by neerly &1l these elides
veries from yellow to rie™ brown, The yellow color ig probabe
'ly due to fine partincles of wax dieseninated throughout the
entire mass., The rich brown ig undoubtedly & mass of ulmic
materiel, which varies in amount in different slides. In some
capos, it is spread rather evenly over the entlre surface;
in other instances, it is concentrsted in patches. Frequently,
there ig a directional structure, the material belng arranged
parrsllel with the stratificetion of the shale.

A few glides show short, thirn, wavy streaks of

dark brown. It wee concluded that thege are humic precipritates.
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The color suggeste greater bituminization or devolatilization
tendirg to a greater nroportio~ of fixed ecarbon.

Marny sectione show an sbundance of rich brown leaf-
like meterial in lerge, irregulor pstches. These are partislly
humified and esrbonized rem=ine of plant cuticles. There sre
alao large rourd =2nd thick-walled bodies of dark brown, evidenw~
tly the heavy coverings of eporangiz. There are seversl round,
dark brown mseses with a granulsr sppearence, It ig cosgible
that these may be apgregates of pollen graina.

There sre many carbonized fregments having jointe
ze though portiors of jointed stems. One slide shows & perfeot-
ly preserved portion of carbonized cell structure. There are
several dark oval bodies showing pointe of attachment.

A few gectione chow no brgsnin structures at 211,
They present an spate-like appearance dve to wavy banding of
ulmic material and reddish wax or resin.

Shalee were examined from the mahogany barnd nesr the

‘mouth of Parachute Creek. They sre dark, brownish pray, light
brown where weathered, dull in luster, with s texture which ig
waxy irn etreske, with moderate touchnese, with an uneven and
conchoidel fracture, with distiret etrstifiesztion, and with &
gepecific gravity of 1.89 at the top of the bard, 1.11 near

the middle, and 1.63 near the exposed surfesce. In the Bungen
flarwe, the mahogany sheles burn essily, plving s bituminous
odor.

¥ierogeopically, these shales sre glmilar to the
other Green River shales alresdy described. They show the

game ulmic groundmase filled with fine pmrticles of yellow
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wax, streaks of d-rk brown humic precipitate, remaing of
gpore-cases, carbonized plant fragmente, and ocoagionally
the agnte-~like banding.

The brownish shale from the Naval Reserve, Gsrfield
County, Colorado is s dense, brownigh gray rock with a dull
luster, moderate toughness, distinct stratificstion, waxy
scratch,'uneven fracture, and 2 specific gravity of 1.80. It
ignites easily in the Bungen flame and continuee burning for
a short time after beirg removed from the flame.

In thin section, the brownieh shale shows a greater
proportion of mineral content than the other shales of Colo-
rado. The groundmass ie yellow; through thie are scattered
streske of dark brown ulmic materiel.

The large specimen of sghale from the black mahog-
any streak, Kimball Oreek, Oasrfield County 1ls dense, black,
waxy in luster, moderately tough, eassily inflammable, with
little visible evidence of stratificstion, with a waxy scratoh,
with conchoidsl fracture,-ané with & specific gravity of
1.45. '

Hicroscopic examiration shows 2 dark rieh brown
ulmic groundmass banded in wavy atreaks. Fragments of carbon-
ized outlines of cell structures can be geen very clearly.
There are =many small, blsck carbonized graing, probebly pol-
len. There are several carbonized frzgments giving evidence
of plant structure but not specifically indentifiable.

The ghele from the mahogany shales, ﬂaval Reserve

Colorado zhows the characteristics of this group. Vegsscop~
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ieslly, thie shale ie denee, brownieh gray, with s dull to
waxy luster,moderate toughnese, disiinet etratifiestion
which gives the shale the appesrance of wood or agate, It
breaks with sn uneven ard cornchoidasl fracture, ard hog a
gpecific gravity ranging through 1.53, 1.80, =nd 1.62, The
shale is easily inflammsble.

Thin sections show the groundmass varying from
vellow to brown with wex ec=ttered throughout and often
witk vlmic meterial., Some 8’ ides are very lean in organie
material, others very rich. There are frequently stresks
of humic precipitate, There are reddish-brown patches of
cuticle remains. Evidences of the remalne of spore-cages
and the exines of poller occur often, in ore instance near
a grect cluater of'black dots which may be cerbonized remnants
of polien grains. One sectio shows reddish-brown etreake of
WEX.

The Florissant shale frow Colofado wag not examined
megascoplcally. The thir gection showe & groundmese with 1
light brown ulmic materiel scattered throughout. There are
carbonaceous pztches =2nd some brown fragments of cuticles.

Bradley desoriheg the orgenic contents of the shore
phasgeg of Creen inef ghaleg ag the remaine of planktonie
organigmg that lived in the surfsce waters of srcient lakes, 14
These org=nigms were probably microscopic plants. He also
atatee thst pollen and eporee are much less abundant than
the remzing of planktnn. Dsvis describee the materiasl of the
Oreen River shales ze having originated in collections of

plant debris, largely from microscopic algae, which passed
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.iInto a jelly-1like phase.7 The particular sections described

in this paper do not give any indication of a colonial struc-
ture which might be characteristic of algase. In looking for
material to verify the results described in this paper, it

was found that in the deseription of the research now being
conducted by David White and Taisia Stadnichenko, mention ise
made of an 0il shale from Parachute Creek; in this the contents
are given as ulmic groundmass, brown cuticles, pale amber-
colored spores, some resins, occasional chitinous scales of
insect larvae, and rarely algal groups.lz

The megascopic description of the shale from the
Dunnet oil shale geam, Linlithgowsghire, Scotland is a2s fol-
lows: color, dark grayish brown to nearly black; texture,
dense; luster, dull, earthy, waxy; touchness, moderate;
stratification, distinet in some casges, not distirct in others;
scrateh, waxy; fracture, conchoidal and uneven; specific gra-

‘ vity;.92 to 2.08; inflammability, ignites after a short time
in the Bunsen flame.

The microscope shows the shale from the Dunnet oil
ghale seam to be similar to the Green River shales. The brown
ulmic groundmass containg yellow wax in fine particles. There
is a considerable variety of carbonized plant fragments.

Large patches of black dote =re probably carbonized prollen
grzineg. One fragment showg the thick walls of a stem enclosing
cellular structure. Another looks like a plant carpel. Others
appear like much twisted ribbons.

Fells oil shale seam,Tarbrax, Midlothian, Scotland

produces 3 tough, dense, very dark gray shale with a luster
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verying through dull and wexy, with 8 corchoidal and uneven,
fracture, an indistinet atrat%fiontion, a waxy scratch and a
specific gravity of 1.93. It igvites e2s8ily in the Buneen flame,

Under the amiecroscope, the Fella shales showrs a brown
ulmic backeround full of irregulzr brown and bHlack pstches and
emall, black, rod-like remains. The brown srd bleck patches are
undoubtedly maeses of humified =2rd ezrbonized vepetable dibris;
the black rods fragmente of plant etructures such aes root fibers.

The gray bituminoue shale from Rosrevale, Wew Brung-
wick ie éenne. very dsrk elaty gray, dull to waxy, modersately
tough, not clearly etretified, inflammable, with eorcholdal
fracture, with a waxy seorsteh, 2nd with a evecific gravity of
2.09,

The thin eectinn showe vellowieh brown waterisl in
congiderable gruantity and mixed with ereine of minersl matter.
There are & few ustrhees of vellow and orsnge, these brobab!y
wex and resin. Black fragments supgest organic atructures.

Onlv the mirrosecopic examination was made of the
Kimmerdagé ghale from Dorset, Trgland. The wﬁola groundmase is
8 rich orsnge or reddie’ -brown ghowing that 1t econtains ulmic
metter mixed with mueh waxy ord resinous material. On¢ of the
glides showe many lenticular reginous snd waxy bodles. Thla',
mekes it doubtful whether the ghale ghould be plared in this
general type of oil shales or in the meccnd gr-up to be des=
eribed later. There sre etreaks of dark brown humic precini-
tate 2nd aﬁ sbundance of carbonaceous meterisl without de-
finite organic structure.

The second group of sghales, thoese with an ulmie
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groundmaes, cuticular material, carborsceous remnants, and
lumpe of wax 2nd resin, ireludes a few Green River shales,
the ¥immeridge chale from Clavell's Head, Fngland, the Brox-
burn gheleg, and Pumpherston ghsles.

0f the Creen River shnles, two glides for which
there are no hand epecimens belong to this group. The entire
grourdmase of these thin sectlions sppears perfectly black;
evidently it hes e large provortion of highly esrbonized
material mixed with the ulmie. In this sre many yellow, rue-
set brown and orange lumpe of wax and resin, whioh are uve~
ually leong, rarrow, end lenticular shewing a tendency to
parallel arrangement.

The oil shale from Rosevale is dense, grayish
black, having a dull to waxy luster, moderate toughness,
barely discernible etratification, waxy scratch, sub-cone
choidal fracture and 8 apecific pravity of 1.79.1t ienites
easily in the Bungen flame.

The thin geoction ghowe a yellow to light brown
groundmese with much mineral matter. Patchee of vellow and .
orange wax occur in plazces. There are many carbenized frap-
menté of plant strucuture such ae portione of stems, cross
gections of fibers, fragmerts which look like orose sections
of geeds and of pinnules, 8 body of wax which seems to be in
the part of the plant in which it wra originslly secreted. Yo
specifiec identification »f such fragmente can be made with
any degree of certainty.

Kimmeridge shale from Clavell's Head, Englend gives
a specifie gravity of 1.29. The color is very dark gray; the
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texture fine-grained; the luster dull and earthy, occasionally
waxy; the toughnesse moderate; the stratificatliox fairly édie=
tinet; the serateh waxy; end the fracture uneven. The shsle
burre easily,

The groundmzese of the thin mectlor contairs chiefly
orsrce wax srranged ir much elongsted lenticular masees. This
ig & shele which comes tetween the firet group of gheles and
the secord, for some elides show & groundmase similar to that
degcribed for the Kimmeridge shale from Doreet, except, per-
haps, that it hse & greater proportion of wax. In 21l the sllides
structureless, highly carbonized, &snd humic matérials are
mixed in with the wax. There are wmany clueters of black dots,
black rod-like fragmente, ribron-like coils, portlons of root-
fivers and of stems. Such fragmente have been carbonirzed.

The Broxburn shzle ie very dark gray; varies in lug-
ter through dull snd waxy; is tough end easily inflammable. The
fracture ie concholdal and uneven; the serztch waxy; and the
stratification discernible., The specific gravity varies from
1,88 to 1.73.

The thin sectiors shew the groundmass to contaln con-
siderasble ulmic msterial mixed with wex, Lumps of wax occur in
places. Many carbonized fragments may be’observed some of
which enclose lumps of wex. A long, reddish-brown msss of
ecuticle with very olearly discernible tissue occurs in one
sectlion.

The Kamp's shale from Scotland is dense, nearly black,
moderately tough ond hss & dull luster. It breake with ar une

even to sub=-conchoidal frescture, ipuites eaeily, and le die-
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tinctly stratified. The specific gravity is 3,08,

The thin sectione which are scroes the stratification
ghow an abundance of brown ulmic material arranged with a ,
tendency towsrd directional structure. There are streaké of humic
précipltate. The shales contain lrregular ovatches of yellow wax.
One perfectly rournd russet petch shows slight evidence of struce
ture, Zeveral esrboniged plant fragmente may be seen.

The Pumpherator shale, alsdy frowm Scotland, is dense,
very dark gray, dull, =nd tough; hag 2 distinct stratificstion,
subcorcholidal fracture, waxy ecrateh, 2nd epeeific gravity of
2.21. The roeck iz easily inflammeble ir the Burgen flame.

The microscope showeg a very patchy mage of brown ulmic
producte through which 2re grattered small lumps of yellow wax.,
One section showe a long and brosd band of yellow wax with a
grenular a2spect probsbly csueed by wireral grains., Long irregular
macsges of rueset color are probsbly remeirs of cutirles. Carbon=-
ized fragmerte of plant etruecturee occur frequently,

The Devornilan shele from Montgomery County, Kentucky,
and the black bituminove shales from the Albert Mines, New
Brunewick meske up the third group of gheles, those with an ﬁlmic
groundmass, cerboniged fregwenta, and aome yellow spore exines.

The hand especimens of the Devonlia» ghzle are blaek,
dense, tough, eserily irflammable, snd dvll in luater. The fraecture
is conchoidel and uneven; the geratch waxy; ond the stratifiocat-
ion discernible but not distinect. The evecific gravity ie 2.03,

Under the microscope, the Devonian shale showe much
brown ulmic metter 2nd several yellow spore exines. When the

gsection is cut 2coroee the etratifiecation, the spore exines
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show that they have collapeed, Ruesret-brown cuticle remains
and cerbonized plant fragments sre common,

The black bituminoug shale from the Albert Mines,
¥ew Brunewick is denee, touph; hag 8 dull to waxy luster, dig-
tinect etrstification,conchoidal fracture, =nd specific gravity
varying from 1.57 to 1.78. The shale ig essily inflammable.

The organie congtituente coreist of much brown ulsmie
matter, collapeed vellow and orange epores, esmall orange-colored
portions of macerated epores, end carbonized fragments of stems,
petioles, 2nd fibers.

The Devonian black sghaleg and cannel cosl from Kentucky
are excellent examples of ghzles predomirating in yellow gpore
exines contained in an ulmic groundmsee. Thece shales and
coslas hsve been the objeets of much investipgation,

The Devonien black shale ie a dense black rock with
& dull luster. It iz toush 5rd does rot show & distinet strati-
fication, The soratch ie waxy, snd the fracture co-choidsl.

A11 the thin sectiong show =2 derse, brown ulmie
groundaass. The asections cut parsllel to the stratification
corntain round, brigsht vellow bodies, sometimes brown in the
center, sometimes yellow clear through, the former evidently’
.ahowing the hollow cross sectiong of the spore exines. Some of

the exines are entire; othere 2re only fragments. The sections
‘eut scroes the stratification show thet the snore coveringe
are collaperd, their lengthe corresponding to the dismeters
of yvellow bodlesg irn the parsallel sectiong., Frequently, the

yellow material suggeste cellular structure. Some russet-
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colored bodles can be obgerved. These are round with en ulmie
center. Th: russet-colored part suggeste a rsdisting structe
ure. They may poesibly be cross sectiome of woody stems or
very thick walled sporesz. There are some cnrbonized fragments
of stem and & 1ittle cuticle. The etriking feszture of these
gsectiong ls the grest adbundanee of spores.

The Kentucky cannel ls black, dense, not at all
tough, and very inflsammeble., It bresks with a conchoidal
and an uneven fracture.The luster ie waxy srnd dull; and the
goerz=teh is wsxy. The stratification le only diecernible. One
specimen g-ove a specific gravity of 1.32, another of 1.14.
The cozl is very esasily inflammable.

The thin gectione are very similar to those of the
Devorlan black shales: There ia brown ulwmie groundmass.The
yellow spore bodies are very thick, bDeing round in the sect-
ions parallel to the bedding and collapsed in those cut
acroes the beddirg. Frequently the upper 2:1.d lower perts of
these ycllow bodies have been broken apart. There sre numer=
oug orange-brown patoches, mogt of which are elonpgated paralle
el to the stratification.These are probably waxy and resin-
ous secretions ag are aleo the irregular yellow patches
whiech appesar occaglonally.

Thiesscn deescribeg cosnnel conl ag containing pre-
dominantly spore matter with some celluloeic degradation and
resinoue matter;la

The fifth group of shales may be differentisted by
the consplcuous and numerous bodies of yellow wax, which do

not give any indicstinn of gtructure. To this class belong



the oil shele from Esthonia snd kerosene ghale from Yew
Z@Slando

The EFsthonisn shale is light brown snd is dense

but encloses mary emall perticicre of shale. The stretification

cen hardly be determined. The luster ie easrthy, but the scratch
is waxy. It breaks emsily with an uneven frazcture, This shale

repembles those already deseribed in its esmey inflammability.

The specific gravity ie 1.28.

The thin section showe that it 1s thick with yel=-
low patches of wax between which sre dull brown, grapular
patches of humic meterizl with inorgenic matter. Yo plant
structures cen be observed.

The kerosene shale from Yew Zealand is almost
bleck, finee-praived, fairly tough, and burns easily. The
gtratificetion is indistinet, the scrateh ie waxy, and the
fracture conchoidal. The specific pravity was found to be
1.13.

The microscovie section shows the material to be
chiefly yellow wax admixed with mineral graing, Brown ulmie
materisl is scsttered through thie wax in such a menner as
to form 2 reticulested pattern.

The sixzth type of shsles to be dls-ussed includee
those with brown ulmic material ard en abundance of yellow
wax which suggeste etructure. To this claes belong the ker-
osene shale from Camden, Wew South Welee; the stellarite
from Hova Scotis} boghead cosl from Torbanehill, Scotland;

and the torvanite from Wolgen, ¥ew South Wales.
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The kerosene shale from famden County, New 3outh
Waeles 18 a tough, very flre-graired, slwost black ehale with
an earthy luster, It hss 8 waxy sorstch and subeconchoidal
fracture. The stratification is not distinet. This shele ig=
nites essily In the Bungen flaome, continuing to burn a short
time after removal from the flame. The specific gravity ie
1,08,

The microecovic examinatiébn showe a very dense,
derk brown ulmic groundmase,in which 1s an abundence of
large ond small irregularly shaped bodies of yvellow wax.
Structure in the wax ig iendiosted by groups of oval spota,
darker in color than the eurroundirg wax. Wo lrorganic mate
erial ¢an be discerned,

' The etellorite from Nova Scotis 1s & brittle, dense
bleok hvdreocsrbon with a dull to waxy luster and with no vie-
ible stratificstion. It breaks with an uneven fracture., The
scnﬁtch is wexy, and the materisl burns essily. The esvecific
gravity was determined to be 1.55.

The groundmase of the thin section le brown. There
are rumerous round, russzet-colored bodies, which have sugges-
tions of linee radisting frow the center outward. There is
no irdication of ninersl metter.

The stellarite shales sre defined by Abrshem sg a
~apecies of albertite vepresentirg a travsition between true
albertite and earnel ea&l%ﬁ Alvertite is one of the sephaltic
prrobitumens which =re "derived from the wmetamorphosle of

petroleum™, The thin section doubltess showe re’ics of ine



splesated petroleum in which sre hodles of resin.

The boghe=zd coal of Torbanehill,B8cotland, ie
brownigh, blaeck, dense, dull, brittle, and essily inflammable.
The gtratification is discernible, and the shale breasks with
a conchoidal fracture. The épecific gravity wss determined
as 1.40. | )

A larger pert of the thin gection is 2lmost solid
with lighter yellow and deeper yellow patches which are ade-
jacent to each other. There are a few bodies of russet-cclor.
Thin streaks of czrbonized material ocour in ploces.The
thinrer edges of the slide show an indiestion of coloninl
atructure. Thie boghead coal 1is not as typical of the group
as ary other sections examined becsuse it does not show col-
ornisal grouping =s clearly. The wax lg 2dmixed with minersl
matter. The consistency of the two ghades oflyallou through=-
out the gection may be aignificant.

The torbanite from Wolgan, ¥ew South Welees is
bleck,dense,dull, moderately tough; has no distinet strati-
ficstion and breske with a conchoidal fraoture. It ls the
most inflammable of any specimens exsmined. The speoifie
gravity of the sasmple is 1.15.

The characterlietice ?f the thir gection are very
t&plcnl of thie group. There are mony very large and very
bright vellow magses of wax which give conspicuous indicat-
iong of colonisl structures. There sre numerous groups of
darker colored ovzl spote which seem to have a concentric

arrangement. The very dark brown groundm2cg geparates the
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yellow muagsee which are lobed, thue indicating eti11l further
the algal groupirng. |

' Oraig considers torbanite to be composed of §eg~
etable debris and saye it is avaneaiel form of ecannel coal.ll
According to his theory, it congiets of = cosl metrix in
which are hydroecarbone combined with inorganic matter. They
have been formed from uncsrbonized veget- ble debris mixed
with srgillaceous aedi&ert, gealed, ard subjected to pres-
sure. Globulea of inociplent petroleum formed, making gels
with the lnorganiec collold mazterisl. Thus “raig considere
torbanite to be an arrested firet stage of pefroleum.

The most widely esrrested theory of the formation
of torbanite is that of an algal origin me advanced by Ber-
trand and Renault, David, Thiessen, snd others. The colonisl
markinge seen In the masses of vellow wax 2re suggestiong of
groups of algae.

Exemination was made of & very unususl roock oceour-
ring in a8 thin stretum sbove the mehogeny shale of the ¥Waval
Reserve, Colorado. For convenience the roeck will be termed
analelite sedimentary rock. It ig light brown in color, dense,
dull, tough, and not 2¢ ezgily inflommeble ue the others ex-
amired beczuee of a smaller orgsnic content but capable of
burning in small sections and giving a strong bituminous
odor. It has ro gtratification, hes 2 brittle scrzteh, hresks
with an uneven fracture, snd weasthers to slmost white. The
-specific gravity was determined as 3.28.

The microscopic section shows an sbundance of

colorless, isotropic, six-sided crystale which resemble
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analcite. Chemiral analysie supports the conclusion that
these erystals sre anslclte. The interstitial groundmass is
chiefly analcite also. Scettered through the groundmses some~

times projecting into the snaleite crystals

and ocenslonslly surrounded by them, are
many.cryatals‘of dark brown material of
organic origin, They sre gmaller than the
\K\<3>:5 analelite cryetals and of s different crystsl-

lopraphiec form. They suggest either prism

facee combined with pyramid f=ces or pin-
acoidal feces with domes. The sccompanying sketch wag made
from one of the most typlesl crystals.

A portion of & thin section wag dburned and found
to contain a oarbon residve where the organic material hed
been,

Upon distillation, hvdroczrbor gaseg, ammonia water,
and heavy o0il were gliven off. The odor was very dissgreeable
sugresting pyridine in the content.

It wes impossible to dissolve any of the orgsnie
meteriel although esrbon tetrachloride, carbon disulphide,
petfoleum ether, alcohol, diethyl ether, naphtha, snd tur-
pentine were tried. In this ree@ent. the organic material of
the cryetals corresponde to the regulsr organic meteriasl of
the Creen River shales.

, The origin of this roek ie most difficult to dete?—
mine., The migratioh of petroleum through s shale might leave

insplgsated relice in cavities formerly occunled by a mineral.



27.

In that cesse, the cavities would not all be ectirely filled
by the organic meterial, These seoctione, however, do not
show eny orystals that are not entirely filled. Hence, this
theory is hardly tenable. On the other hemd, if the cryetals
were originally of the dark material row observed, there
eshould be some glight irdleation of pleochrolsm and aniaotrf
opism; but no such phenomens occur., It is difficult to ex-
plain the crystallizatlon of hydrocarbon accompanying the
eryetzllizatlion of analcite. It is equally hard to account
for the presence of analeite in a2 sedimentary rock. Analeite
is a zeolite snd hes been deseribed ir igreous roeks. From
the avellable data, the question of origin can onlybe pre-
sented without an attempt at & firal solution.

COMPARISON OF ORGANTT MATERIAL,

In thie investigation of the several ghales, the
relative importance of different kinde of organic constitu~
ente was noted. Fumic msterisl is to be observed in all the
specimens examined. In 211 cages, it 1z & dominant factor
in the groundmass although veryicg in amount enough to proe=
duce a gradation in coler from light vellowish-brown to the
dzrkest brown, The latter tyre shows no nmixture with minerasl
grainae; the former frequently does.

The ezrbonized material does not at any time econe
stitute more than an extremely smazll part of the organic
congtituentg. Often it is entirely sbsent. It was noted in

about 40 percent of the total number of elides, Of this

Organie structures of cowe kind occur in varying



proportioneg in many of the ghales observed, The carbornized
fragments occur only in amall quarntities, Cuticle remsins
may be negligible in z2mount or may comprise seg much zg one-
fourth of the totel srea seen under the microscope. In the
few instances in which a3lgal setructure may be observed, 1t
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