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This is to express o:ppr!+eiation to P:rof . R,D.Georgs 

and Pi-of . n . n. craw:!'ord fort.he aas1gnment of a very i nte:reGt­

ing problem ar~d for their 0<:rr:stant help !ltr>d interest in the 

prorreee of the work , 

U ,DU8TR11tL HISTORY . 

The d.tst illation of' oil from shales on an i ndust• 

rial basis has been hindered by the rapid and extensive de­

velopment of petroleum wells . Low tba.t a, limit!':lt'.i.on of the 

fut·ure supply of oils by wel1a is foreseen, attention is be ... 

ing directed to the commercial poaslbilities of bituminous 

shales as a. aouroe of petroleum fuele . 

It i.a renorded tb.Bt aa early as 1694, E.ele , Han­

cock , anct Portlock distilled »oyle" from a «atonen which 

may h1-.rv~ been oil she.le . Bituminous shitles \Vere dl.at 111ed 

for the produr-t ion of oils for medic inal purposes in 1781. 

Al though the oil shale tndust:ry hes been beet de...,. 

veloped in Scot1ar d 1 the earliest comme rcial development 
1 

was in France ~ In 1830, Lamont obtained. paraffin from the 

distillation of oil shales . The tr.duAtry beg-an upon the 

completion of a procesci for distlllat ion by Sellep;ue 1839. 

It continued to grow until 1864 when it was given a met 

back by the importe.t1on of chean American oils . In 1893 the 

French government cut in half t he import duty on petroleum 



which caused a still rreater check upon the 1nd1etry . There 

wa a a sl ii:rht nt imula.tion by tbe h i€th pr i ces dur ir,g the wor l d 

roleum in Fran~e is hiFb , 

'fhe developm~nt of rd.l ahnlo distillat i on in Scot• 

2 

1 
~ t ' • f'l ,.:i b t h t f ,:, l, 

2 

• J anu wee no 1n any way in utmce,Jc y . a o r r nnce , • ame e 

Young hBd been ask~d to erect works ove..r o epr i g of petrol eum 

from a coal p i t in Derbyshire . The oi l began to fa i l i n aibout 

two years . This caue~d Young to corceive the idea that all 

was a produc-t of coe.l and. r,ao beeri distl11ed f:ro:n the la.t t e:r 

by subterranean heat . Upon the diPcovery of a h\Jhly bitumi n­

ous coBl called 11 Bor_rhead cool" or "To:r'benebill minlfra l 11 , he 

succeeded in producirf oil artificially tro~ this coal ~ In 

185D , Young and two s ,so~i:'?tes erected a pla;rt for the ':")l'O..,. 

duction of oi l from BogheE1d coa l. The indu~try develooed ra:p i d­

ly and wr.s very succeesft.:.1 1.:mt l l 1863 whieri tbe 11Bov-nend oal it 

deposits began to be exhausted . tt waa ther receaaPrJ to re­

eort to ot her mate:r\el s . Shale 'beg:m to bf: used. . 

As i:n trre.nce • the product icn of :,i 1 from sh&l e wa.e 

crippled by the importation of cheap petroleum. But in Scot~ 

lB "d , the industry was maintalrcd by tbe cQnoo1 ldetions of 

econo:11ioal apparatus and methods , and l 7 tlie eitrictcst e c o110-

my in ~lninv . retortlrr , end refinivg . At present all the 

exlt:i.ti cg Scott iah reflnc:ries are in f-i.:11 operatlor . 

Trie i ndustry beg 1m l:' A.ustra.1 ia. in 1858 . The r,ro­

ce se of retorting soon ~eve way , to a eer t a.in extent , to the 



the corporati?P , John Fel l and Company, controlled moat of the 

work . At first the:r·e wns much tr vble in tH,i.,..r tb(~ Scottish 

New types of retorts were built v~bi-oh ovf'r.came the dif'./?i"1;lt­

ies . tn 1923 , lt was corsidcrea. tha.t tr·~ i.ndustry would he.ve 

to stop boca.usc of the hhrh cost of laror nnd low prif"e of 

In Germa.ry , the diet.il1ntion o·r tar wa~ known ae 

enbeak g0ve a ~re~t impPtUP to the work by his diecovery of 

pqrnffln in 1°30. In the fifties , the dtati11etto0 of tar 

from bitt 1minous r,:ickR continued to r·row 111 Au~tria and r!er­

many. Dry- distl llati tm olH~te bn~ be~n eAteblishPd in t·e 

t lnur-:d 1: .rn-ely b~Cl:H.iee they me. de o ereilyt icnl exami:·nt ion 

later c r lar~ed it and cortinueing to work with untiring 

enerry sucreeded in rainirt the industry to a hifh position . 

Througho1...t tbe hi£,tory of tlH~ Saxon- Thurirgtan 

mir,ernl- o i l induGtry , thf!Te ha e bf~en a 0ort inued r·etror-ress­

l on in the o~tre n~ its p•odu~te . The Jr~sen t ~arket ia VPry 

The .ndu~try was devf1opi;>d i n the United States pre­

vious to the diPoov~ry of the Pe~nsylvari~ oil fielde . 4 There 

were between fifty rr~d. i:, ixty 01.i:-,nte ◊1'.'er'3til"\g- which used the 

ncotch oro~&es . TheRe nlerts were loc·trd in Maneaohusetta , 



Jtew York , P<;nnsylvania. 1 Ohio ; Ker:tuoky , Virginia , Connf?nticut, 

and WPet Virgin i a . At the seme time , ~evcral plants we re oper­

ating- in Caneda . 

'SC!F'W'f'T.11'!0 TBEOR!F~ AiH) 'H'V'f'S"t'IQ tflONB' . 

'Muol1 experimental work is now being done in the 

efforts to fi r: d more profiteiblE1 pror'ege£>e of dit:rti1J.altlon . At 

th~ eame time investl~atlons are bflng m~de to determine the 

orif,rin o4" otl she.,lee :-H? shown b\f a r: •·:refu1 examination a+-

tbei:r c0~,t,en t s . While the le.,tter i rrve 8t i@'at ions may f!wem. a.t 

firf!tt @'1anee to be of pur£>1y eGientific value , their :reaults 

will no doubt throw much light upon the problems of commercie.,1 

die:til1ation . 

T . ~., F . o -~vid of the Gc•olog- ic ?.t l Survey of ?Jew South 

Waleo began hie inveatiyatio 1 of the kerosene ahaleB of Hew 

South ·:ales 1n 1865 end ws s one of thE> -r lret to advance a 

theory of ·,be eJ,Bl o:riglr: of bi.tumi noua shales . 6 • The kf·rosene 

eh alee e.re a, va1· lety of torban l te . D~w id" s mit'.'rosoopic inves-

t lgs.t ion showed ffph::rlcal b odlee wh10h bt" ~on!;\idered to be 

.sporan~r ia and pflrticles of resin which he thought mlg·ht be 

spores. ef'eds or pollen arain1t1 . He c '>nr.-1uded thnt this material 

must have orie-in1:1ted in showers of pollen g-reine . sporangia , 

spores , and seeds whtnh became admixed with neaty ~et~rial 

from swampy rround .. Diwid l)'.'lter di.er'OV "' l'~d a,...vreg,1)tione of 

ol ub- shaped t,odiefi re semb1 ing the reoospores of a.lgne . F:r-om 

these dtenoverles he p~opoeed the theory that kerosene shale 

wae probably fo r ~ed in lekes from e1ther aporang ie or alree . 

Bertra.rid arid Re.naul t , French botan lsta, ln their 
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stuc..-1 of thin sections of borhe.:10 mirera1 from Torbe.nehill , 

Autun , and :,iew 01,;th Wales di.Acovered orn:1ge or yellow bodies 

embedded in a matrix of brow~ ulmic material , 5 These oranf,re 

and yell.ow Lodi es were d.ete rmL.-ed to be the re ma i ns of a free 

alga thallue known as ~clnschie . Eet.een the thalli were some -.,,. 

mqoer?...ted spores c .::d pollen gra11:s . Be.rtrar-d considered that 

cuch uio.ter i r ls must h~~vc been e.ccunmlated in :s.bsolutely still 

surroundi ngs. i n very shallow water , and in a, very short 

spa~e of time since other ..... ise ferme ntotion and decay m1...1st 

h1::.ve set 1r, .. Tr.e itc1os ic !'Jl v~ e formed ge let inous pt·r·r. ir.1 tat es 

on the mJ.rfncea of lakt:s and r:wampa . SporE>S , po11e:r ~rairs , 

plrmt cells, cuttclec, a.nd _veg:etable d,ebris also hel ped to 

compose thio g:cL't i nous tt,ass . 
t 

There w-= s s.t first mucr. objection to m1 a l gr:tl theory 

of origin of hothead beccuse of t he nature of el gel ms terial 

wh i ch is very eHei l y rt tacked by the agents of deco-:npoaition . 

t a. lo,ter d5te , P.e i nhardt Th:leRten s1.n:iported the theory with 

discoveries in,"2.de in a detf.tiled e,rnmir: ;,tion of bOf:he;:-d coal . 

Thie-seer, ;. now of trie tlnited St3tes Bure:,;u of 'Hnes , 

hf! con.firrr:ed the theory by rr.n k1t"'g oomprrleone \'it.h n <'Ol ... 

onial blue- :reen algae now existlhf 1~ the aelt lrkec ~nd 

selt lago ns of souther:i 1\ust:ra.lia~ At the- e'1d of tl:e winter . 

the f:rec, act:.m formed by the algae ls blowri to the sou.t'bern 

sb..01.es of t 'be lr-;ikes . When the lnkea evapora.te , the al gal 

material dri€s t;-;:: into a rubber- like mass ca l led 0001·ongite .. 

C~.reful exnmi!·.r:.t l on of tbe cellular structure 110.s shown thR.t 

where several colonies a.N' joired there is no protoul.aom 

within thf:; cells . The ee11 wa.11 s which conaie.t l argely of 
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oily subet'"'nr:'Eei inste~d of decoying upon ex:oosure to the air , 

form a rubbery, eleetio mass . Doon dletlllation, coorongite 

yields 97 percent of volatile matter from which may·be conden­

sed a quautl ty of oiL The microscoptc e:irnmirH:1.tiO.\ of boghead 

coals showed a signi ftce.nt rene·rnblance to the ooorongi te 

material. 

Charles A. Distvls haA deecril:>0d the st.r1,..1c'tmreleas 

organio mqterial to be found ln thin eections of Green River 

ehalee as the remaint of microscopto algae, mixed with pollen 

which have nassed into a je'lly-like pr:iaee due to the activities 

of bHcteria. ard other or~nrn1mn. 7 Froro thl.a, he reached the 

con clusion that tbe mr>terlal we.a laid down originally 1n 

water and PlH'l!Se.-d throurh st~gee of decompoa,it ion before st1:r.1t. 

ification and lithiflcation . 

Jeffrey pla~ed the origi n of moat coala in lakes or 
8 lagoons in which tl.e floa.tinp: materlgl sank to the bottom. 

The muck tn~ludecd spores and pollen p:ra i ne from fire , pine , e.nd 

spruce. Later aquatln plants such as wn ter llllee and finally 

debris from 1cr .. d plants edded to the aC'cumu.lation . He consid-­

ered ta.sman i.te a pure sµore coal ln which he l:a.d discovered 

microscopically uncolla.psed spores , part ia.17y co1la:pe,ed 11rpores• 

and spores entirely ooJ1apaed . One section showed t he wal l m 

thick, ano ther erctlon showed the walls thiek end rough . Jeffrey 

did not acor~dit the theory t ha t t he latter might be alFae e1noe 

they orcurred eide by 3ide with modified remains of wood . He 

examin~d onnne1 f'o11l sect ioo/, s wh ich showed a:po:re bodi~s a.mt 

dark cr1nk1 ed bands ti'hl('h were the remains of wood and \Vhich 

mi@'ht be celled lig-r11toid . ln ordinary bituminous ~wd an thracite 
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coal , the lig·itoid was most e.lnmd,:;nt ., Jeffrey believed t hat h i s 

1foG l 17 Co11e:1i;e, !H1s m:.tdc st 1ttemer:ts co-- cern 1.nr-:: t.be i "11;:,o:r. t an oe 

of nporef:J !H,d rnor1.:} ... c • ecs 111 the Ol"igin of tiitu·•1e:,n~ His con .... 

discs . r•.''l'ber in c:::> l or , el l gt .. tly ps.plllr~te externall y , end 

,, i th a po i'n.t of ;1tt.schrnent on i'\ne et cie . The on y structure 

shown was t hat of the spore: wa 11 s surrounding i.nt ern~l cavtt-­

l e s wh i ch encl osed f l occul ert or g-1·:::nular matter. Ee f ound. 

b~t form a greater proportion in shales and ca~~el coal s . 

Dcweon mu i ntal~ed that in feneral , coal ron t R.l~s the OL ter 

b:.1rk of trees and cut tel€ of ,·w.ny otter olcnt s bot h of wh ich 

H. J .J. Conacher thinks that the yell~w bod i es 
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originally formed by secreti<:n~e i-n plant canals, c~lJ e , -stems , 

leaves, fr u its, end f1·om wounds, the reein fragments from 

cells being m-0re or leso spherical and those :from C'."ana1s in 

10 needle- 1 ike rods. Oona.char claims t hat t he appea.:rEi.nce of 

$tructu:re in these resins may be due to i nternal $11:rinkage 

from :evapora.tlon, to pressure, a:nd to minute bubbles of gas. 

E. Cunningham 0raig, i n 8 011 Finding", offers a 

theory rm to the orig in of shales whi1'.'h differ.a eseent !ally 

from all other theories. It l a based on the prlnc1ple of 

edsO:rl)tion.Fine ola.ys 1 beirg coll{J ids, lrnve a.chiJorptive p:ro­

pe.rt ies . Craig asserts that such clays werEJ impregnated w1 th 

petr◊leum which was a sol . Thie petroleun. btllo.ame <Hmcent:rat•~d 

by the lose of some of the 1 i ghter byd;roca:rbmis and vrna 

adsorbed by the clays forming a gel.,..like m12.13s ... To quote from 

11 011 F1ndlng 11 ; HG1v en a. colloid deposit and the colloid. solut ... 

ion , sufficiently oonoentrated. , in juxtaposition , the result 

will be an oil sha.len . 

Prof .. R. D. George of t he Un iversity of Colorado 

performed experiments 1n the distillation of oil il!hales in 

Which he discovered. that volat ile gssea were given off in three 

distinct cyclea1' The first vola.t 111za t1on occurred in the 

true hydrocarbons a.t a comparat iv·ely low tem.peratui·e ; the 

eeeood. in the ve5letable matter ;i,t a h i gher temperature . It 

wa.1;1 impossible to determine whether this last wa$ from the 

true hydrocerbona or the vege table tissue t 

An i n teresting 1nvestiga.t1on 1s being conducted. at 
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present by David White nnd Talsia Stad1: lchenko . The object of 

this investigation is to !iscertain the relations between tbe 

present pl ant rem~lns in a shale and thelr orl ~i na l character , 

to determine the relations between the orga~ic moterials and 

the products of distillation , and to observe. the temperatures 

c::: t which var ious constituerts break down yieldirg considerable 

volatile constituents . Microfurnnces have been deaignec and 

constructed for this work through the C::1rnerie Geophysical 

Laboratory. 

?RF:~FRVABLT<' C11GAPif: ';ATFR!A.t 

Thiesseu has defined c.-1rboraceous shale a s a. shale 

wbich coPta ine organic mat ter ;bitumi nous st-~le ea a. shule 

which l"'0rtait1 s bi tu.minous m~ tter; an oil ahnle as one which 

y.telds oil aI d gus upon destructive disti11a.tion!3It mi!'ht 

be a.ddod that n eecond cri ter 1or! for oil shale i the fe<"t 

that oils cannot b€ extraf! ted by solveute . The moat recent 

1nvestlgf tior.s co ;c-ornL p· the relatioP of' tl e organic matter 

to the products of distil 1a t ion leed t. o th~ probable co •·· clus­

ion that the process of diatillat i o~ produces oil from the 

accumul 0 ted residue of vnr1oua ki,·de of orgrmic ma" .. ter in 

shale . 

MICROSCOPIC IfVFST !G AT ! ON $ OF SHALES. 

General Clas s ificgtion . 

I t is the pur ,)ose of this paper to describe the 

organ l0 co r. tents as seen iri thin section s from a repreeenta.-

t lve collection of bi tuminot s and carborrnceous rocks including 

oil aha.lee, torban ites , and canne l coa.ls . The results of the 
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inveetigatlon show con~idernblP var i ety of meterlal found in 

diffET€1•t Gh81t-fh 

Ac~ord1nA to the orFnnl~ constttuertst the shales 

can be ple~ed in the followin~ ~roups : firat t thoer with an 

ulrnio frl'our:dmPEH~ with wr:,x disseminated throughout , with re-

maino of cuti0leB , and ·~1th c~rborii::-ed i'rafmerts; secoi1d , shal(l\e 

similar to thoae of the firet type except th9t they slso con­

ta,in oore:plcuou,$ lumps of 1·es i ns rwd waxes ; t h i rd , she.lea con-

ta in ir&: an ul mir:- Q'rou~dm~a&1 , r·,,rbonlzed friie"men ts , and aom.e 

yellow eporen ; fourth , Ahales wbich vra chieflv aomcoePd of 

yf)11ow spore bodies in ar ulmio. grm:mdmetss; f lfth , shales 

containinr chiefly large yellow wux lcm~s which do not show 

any indiertio~ of structure; sixth , those ebelee which also 

oor ta in 1 ~r~re ~art ior: s of we.x , but with tndic.at io: e of 

structure 1~ the wax ; and AeVerth , a very unu 0 ual type in 

whlch tbe wax seems to be in the form o~ cryatFls 

,;,ax and reeir, s ~u-e both found in the org-S:.n ic residue a 

of the oil ehelee . uwaxe$ ocr-ur l'aS ~.:ii;1 .. datio •R or, t.hz leaves , 

stems . nnd f1bree of plante ". 0 emi~~ oa~ur in all pqrte of the 

plant but chiefly in the bark . tesins , oils J fats and w-r.ut (!'B 

'!nay form f!r adrnixtv.re . It is v;:;ry di f f ioul t i f not impoesible 

t o determlre one from the other under the micrcscope . 

Chemi.('al, y , wax le a monoba.a i.c :ec id ()f high m(') l ecu .... 

l ar wei,ht linked to an alcohol of hlah molecul~r we i rht. No 

such definite statemerit (Hffi be vn&de d.e~cribin~r n reslri . 

In re,pect to nbyeloe1 differenc~P , waxe~ 1lqu1fy 

more :rapidly tbar reoit't;; . Cryst,:i11 inity has been oboerved in 
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some we.xee, bvt :resinA Pre elw0y19 amorphous . Reeins rre solid 

tre~ f'!lh:ine:-,t :md break with 'E' co1'<C"ho idRl fr r,,ctu:rf• . Rosin pos­

r,;ess121s a. vi t.:reous 1 uster and 1 s very b:r 1 ttle . 

Dl?Stt?IPTION9 

ferent e11el€"s from the OreH~·n 'C/iver for"!'l&tion , abr.tl<"s from the 

Dunnet oil 1$11~14:" ee't>m an;:1 the f'e1 ~ s oD sh~1e seam of ScotJ a.rd. 

i rom the Kimmer i dg-e 0ha1~~ o~ Dors<'t" li:n9.'lend. , eir1d fro"!1 the 

'f!TrJY bituminous shAle of P...oseva.le , 1-fow Bi"ur, i;iwiok . 

There were aome ~arty slides axami~ed from the 

Green Blver form•tlon for whirh there were no me,~scopic 

Pcope with a meanification of 150 diam~ters waa uePd for the ,. 

Tbe µ-.rou.:ndmas.v shown b~• nea:r1y -all tt,ese el ides 

v~:ries from yellow 1.·o ric-11 brown. The yellow .Joler ir:; orobi.fo,.. 

ly due to fine pru-t iril.e s of' wax di sa<:Hilinatt: d throu@:'hout the 

entire ma.as . The r !ch brown i e 1..n1doubtedly e mass of ulmi c 

mateT ial, wh l("h v11r le o in amount in d t.ff e:rer•t s1. ides . In some 

m:sc .s , it is snrearl l'~,ther evenly rJve:r the ~nt1rc ~urface; 

in othPr lnstanofbs, 1 t is concentrctf:ld in p"'toht?s . Wrequently, 

there 1 a ti d trec't ionql structurf' , the miiteriRl beirn:r Arranred 

parAllel wlth the stratlfioetion of th~ shale . 

A fAw elides aho• ~hort , thi~ 1 wavy streaks of 

dork brown . It wea ro eluded that these are humic preci0ltate • 



12. 

Th~ color sur~e~t~ reater bltumini?.ation or devo1~tili7.atior 

te ino to A Fre~ter .roportio. o~ fixed cerbon . 

?!any eectionr-: ehow an abundance 0f rl~h hro1M leaf-

1 ike mete:r ia1 in 1 c>rrre , i.rregu1 ::-r p·,tohf!' s . These re .-·H-1rt i lly 

humified and r~rborlzed ema e of pl nt cuti~le . There rre 

aleo 1 r~e OLrd Dnd thick- walled b0dies o• dark brown , eviden­

tly the heavy ~overinr- of' ~pora ftla . Ther !1re st1vere..1 rou1;d , 

d~rk brown mNPSP with · Rr~Puler aoneorence . It ts . oesible 

thet the P. ay be 9~pre~gtea of po11en gr~ina . 

There are m.anv ca,rbonized frpi;,·r-a~ 1~ts havir fl joint 

a tho:Ht!'l o rt i r a of jo.i.nted ~tems . One slide sho· s a perfect­

lt presPrved portion of carborized cel l structure . There are 

several dsrk ov 1 ~od1es showing pointe of ettg~hment . 

A few sect 10~9 ehow no orpnnln ~trurtures Rt ell . 

Thetr ""ir€8erit a!' • F"fite- like appeiarancP due to 1/'JVY b(.ndi r-:- of 

u mic mAtcrial and eddlsh •ax or ~e ,lr ~ 

Shales w~re exa~ined fro ~ the ~ahogany bar.d near the 

mouth o"' Qrer:hi;t rreek . 'the ere dJ:?rk , rowr 1 .h ~ray , l i'2'ht 

rown here weathered, du11 i n iuater , with a text.ure whir-h 1s 

waxy i n etree.kl? , 1th moderP ·e tou0·h"!1 se , with an ur even :in~ 

C"'nchoidal fr c:'t1Jre, wi th d1stin .t etr8tific~tion , nnd with a 

e.pen i f l c g r Pvi ty of l . 5q at the top of tPe bar.d , 1 . 11 nea~ 

the mi ddl(' , And 1. ~3 ne r the exposed urf are . ! the un e 

fl?~e , t e mRho~any shelee bur~ ceAily , ~ivi~g a bituminous 

odor . 

'1r~oe~oplrs11y , these ehelce ore eimll~r to the 

other Green River ehrlee already a~~crihed . Th~y show the 

eern~ ulm.lC' p.roundmas8 filled with fire p rticleA of yellow 



wa.x , str€aks of d· rk brown humic p:rf:c ipit n,te 1 rema i ns of 

sporE-- oaees , c~rbon ized plant fr 1·1gment s , and oo(:asionally 

the agrte-like bandiPg . 

13 

The b:rownieh shale :from the Ma.val Rese:rvet Garf ield 

County, Colorado 1s a dense , brownish gray ro-ok w!.tb a dull 

luster, moderate to ,Jghness 1 dlat inct st rat if ica t ion, waxy 

scratch , ur,evcn fracture , and a speed.fie gra.vity of l.SO. It 

ignites easily 1n the Bunaen flame and continues burnini;r f or 

a short time after beirr removed fTom tbe flame . 

In th i n sect lon, the brownish ah ale mhowa a grea ter 

pr oportion of mineral coriterit than th~ other ehalee of Colo­

rado- The g:rour,dmasa ia yellow ; through thi~ are sce,t tered 

atreake of d•··rk brown ulmic -i:nr, terial . 

The large spec i men of shale from the blnck mahog-

any streak , Kimball 0:reek , Garfield County is dense . black, 

waxy i n 1uster, moderately tough , e~e tly infl ammable , with 

little visible evidtmoe of' stratification , t1ith a waxy scratoh, 

with ooncho 'i.ds,1 fracture , and With a E1pet if io gr avity of 

1.45. 

Microscop io exemi na.tion shows a da.rk rich brown 

ulmic groundmass b imded i n wavy ot:reaks . F'rarrnents of carbon­

ized o-utli nes of eel l structures oa,n be seen very olea.rly. 

There are many small , black: carbonized g.ra1nS t probably pol­

len. There are several carbooized fraFmenta ~tving evidence 

of plant structure but not spec i f icalJy i ndentifh1ble . 

The ehe l e from the mahogany shales, ?iaval Renerve 

Color a.do ah owa the chare-wte:r 1. et i.cs of this gr oup,. "Mega scop-
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loally. this shnle ie dense , brownish p-ray . with B- du11 to 

waxy 1 noter ; moderate tou~hnese , dis·:_inct et rat i ficst ion 

whi~h gives the shale the appearance of wood or agate . It 

breaks with an uneven end c:or oholdal fracture , €Pd 1:J;:,g a. 

specific p.-ravlt}' ra!1f;!'lrnz throuft.h 1.53. 1,60, 9.nd 1.62 ~ The 

sha1f• is easily ir:flam!nable . 

yellow to brow~ with wsx eosttered throughout and often 

wl th ulmio ma.ter ial . i3orne s· idee are ve:-y leari .in organ 1c 

m~tcrial , othPre very rirh. There are frequently etreske 

of bumio precl c ltate . There ~r~ reddish- brown patches of 

cuticle remains . Evidenoee of the rerna.ins of epore ... caoea 

a p·r er t closter of b1.ack dots which may be ce.rbonized renma.n ts. 

of po1 1 en p-ra ins . One· 0 er t 1o shows redd i sh ... b.rown streo.k~ of 

wax . 

megasconlca.lly . The thir, sect i on shows a groundm.ess with 1 

light brown u1mic m::1te...- 1a1 scattered throughout . There are 

c5.rbonaceoue p~1tches ~nd some brown frainnenta of c-ut icles. 

Bradley desarlbea the or~anic cortenta of the ehore 

phftses of GreF"n 'River sh~.!lf's ae the :remains of ulankton i c 

, . . 14 or~enlams that lived ln the surface wetere of ar•c l ent lakes . 

These orr·"rn ismi;; wer e prob~bly mi('roscODi c -plant a. Ho a l eo 

states th.et pollen. and i;pores are mu.ch less a'b\;mdant than 

th~ reme 111 s of pla.n1;: t()n. Dijv1e deEcribes the m@.terial of the 

Green Ri ver ehelea ae having originated Lr oollectlons of 

pl ant Jebria , l argely from micrascoplc algae , which passed 
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,into a jelly-like phase. 7 The particular sections described 

. in this paper do not ~ive any indication of a colonial struc­

ture which might be characteristic of algae. In looking for 

material to verify the results described in this paper, it 

was found that in the description of the research now being 

conducted by David White and Taisia Stadnichenko, mention is 

made of an oil shale from Parachute Creek; in thie the contents 

are given as ulmic g·roundmass, brown cuticles, pale amber­

colored spores, some resins, occasional chitinous scales of 

insect larvae, and rctrely algal groups. 12 

The megasco pic description of the shale from the 

Dunnet oil shale seam, Linlithgowshire, Scotland is as fol­

lows: color, dark grayish brown to nearly black; texture, 

dense; luster, dull, ea,rthy, waxy; tou~hness, moderate; 

stratification, distinct in some cases, not disti~ct in other~ 

scratch, waxy; fracture, cqnchoida.l and uneven; specific gra­

vityl.92 to 2.08; inflammability, ignites after a short time 

in the Bunsen flame. 

The microscope shows the shale from the Dunnet oil 

shale seam to be similar to the Green River shales. The brown 

ulmic groundmass contains yellow wax in fine particles. There 

is a considerable variety of carbonized plant fragments. 

Lar,re patches of black dots ere probably carbonized pollen 

grains. One fragment shows the thick walls of a stem enclosing 

cellular structure. Another looks like a plant carpel. Others 

appear like murJh twisted ribbons. 

Fells oil sh1:tle seam,Tarbra.x, Midlothian, Scotland 

produces a tough, dense, very dark gray shale with a luster 
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v·ryir'7' throurh d\l1 • WPX.Y , witl B C"'Or:choida1 and r.evfin , 

spe0ific fr vit v o· 1 . 3 . It Lniteo r•~pt1y in the Bunern ~Jame . 

u1mic b? k rou d fu11 o·c irrt' -u1r•r· bro • a:t n bl.acl: pst('he a d 

':" i ck is der.Re . '".'F!"'l d·-rk ala.ty i:rray , du 1 to ·nxy , mod rr~t.e.l y 

2 . 09 . 

T ~ thin ~ P in~ ~howe vello ieh browr mate · t~ in 

-slide shows m:L v lentiru:ur resinous 0w•:i '~'...X'I bo-:::t~c,; . T}1is 

mnkcs i doubtful whet er thf' sh1:1J,.. should bG pJF:,-. -d i: this 

reneral typ€ of oil shale or iri .,_he eeccrd pr,u.p to be des-

The se-co .d rrroup of ehaleE; , those ith an u1 m1c 
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burn eh-les, end Pumohereton shales . 

there are no hrnd epPci~ere bPlonp to +hi~ prouu. The entire 

grow·dT~Ps 0~ these tti1 eectiona appears nPr~e0tly b1~~k; 

evide<'tly it hns r Ja .· e prooorti.ilr of hifthlv <'r'r.bo~0 ized 

mate 1al mixed 1th th~ ulmic . n this BTP mn~y yPllowt rue-

parnllel arrnnrement . 

bJ. u.ck , b:w ing a dull to waxy luetc-r • moderate t.oug-hnesrn, 

b';irely d iucerri ibl Gtre.t if icat ton, waxy acr? toh t eub- eon• 

choi:.1n1 frr<"ture and a apeoifio r-:ravity of 1 .. 78. It i[J'rdt¢s 

easily in tl:e Bur aen flame . 

The thin sectioP ahaws a yellolli to 1 ii;,;·ht b:r"l't:n 

groundmP.s? with much minera.1 nrntter . flatolwe 0f VP-llow and 

orange wax occur tn olE!.ce~ . There (~re ma-:· y ~arbont 7,ed frng-

of seeds a~d of plnnulea . a hody o~ wax which eeeme to be in 

any degree of cert9lnty . 

K'immeridrre slrnle fro:n C1ave1 1's Head , En1:1land <:>· ives - -
a speci'io vravlty of 1 . 29 . The color is very dark gray ; the 
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texture fi.no-gnd.r,ed ; the 11.,ster dull and 8£.rthy ; occasionally 

vrn.xy; th{; toughness m0dt:rnte; the r-tratifieeticn frd.rly dis-

t ir~ct; U;e ,c:rc:,tcb waxy; tind thr- fracture t rieven . Tbe shale 

burr s es s 1.1 y , 

'f1·.e fl'Ot.ndmac1~ of the: t'h1n r~ectior cort1:tir~ chiefly 

ora,ge wax srrarged ir much el~Pp-ted lentinulrr mnaees . Thle 

is~ sb?1P whi~h co~ea tEtwePn the first rroup ~f ehelEs Pn6 

th;::: SfC":•rd , for i"Orr:c- nl i.dee s110w a. r:.-r01mdms~e sirdl?r to thiat 

Je scribed 'for the Kimme idge shsle f:rom Dorr:~t , P:Xcept , per­

hao~ , thet it hse a greeter pro~ort ian of wax . In all the elidfS 

structureler.M , hlr.··hly crborized , ~rd htHd~ mrter iala ar·e 

mixed i~ •1th the wax . There are ~any cluateTs of black dots , 

blnck rod- like frap:ments, r-lb'r·. - like C'Oils , port inn f.i ,)f root­

fibers ar 1d of' stems . ;?;uch frat,ri,1ente have been oarbor iv.ed . 

The B:roxburn sh;:;le le v:,,.ry dark p,-rP-lr; v~r iea ln lus­

ter thrnurrb dull 1°1 nd "'axy; ls tourh and ea~i.ly i nflammable . rrhe 

fta~ture is oonchoidal and uneven; the scratch waxy; and the 

strati~i atlon di~0erntble . The e~Pcific travity varies from 

1 . 36 to 1 . 12 . 

•r 10 thin sPct iors sho· the srrourdmass to (".O··tstr: ctin­

aldereble ulmlc material ~lxed with •ex. I~rnpa of w~x ancur ln 

plaaes. t!9ny c3rboni:zed :frnp·merts may b>" o'.'lsPrved sone of 

which e~closA lum◊s of wax . A lonr , red~l~h- brown ~as~ of 

cuticle with ve~y o1ear1y diac~rnible tissue oc~urs tr one 

se-ct i n . 

The Kamp• s shale from Scotla'l.d is dense , nearly black, 

110dera.tely t,::mgh end h·1s ia. dull 1u<:'lte:r . It breakFI wtth ar, un­

even to nub- con0holdr-!l fr..,c-turc 1 ignites eBsi 'i y • ~nd i. s di. s ... 
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tinotly atratif'led . The spf,0ifi0 i::rra:vity ls 2 . 02 . 

Thei th ln sect ions wh1.<"'h i-t:re t>croe~ tbe stratification 

show an a.bur1 d.aw:•fl1 of brown ulmic mater in1 arranfed with a 

tendency toward directional structure. There are streaks of hum.le 

prBcipitate . 'Tbe st.:}lcs contRin irre@'.'ular pntches of yellow wax . 

Ot1e perfectly rour:d russet pe.tch shows slight evidence of otruc-­

ture. Several e~rboniied pla.nt frag:mente may be se~ri . 

The- Pumpheretm, shale , al1s1-:> from Sc otlaJ1d , is df'nse . 

very dark g-ray, dull• and toufJ'h; has ~. distinct st:ritt lfi.c::1tion , 

subconchoidal fracture) waxy acratch, 2:nd epeci +"ic gravi tv o.f 

2. 21 . The ror-k ts. ei:to i ly lnf'ls..minr:i.ble iri the Bur sen flame . 

The microscope shows a, very pstcht m!'Hlf:I of brown ulmic 

products th:rf')u9"h wh10h ::>re eN.;..tternd fHno1 l h.rmpe of yellow W!IX , 

One sectirm 8hows a lonfl and 'broad band of yellow wax with a 

masses of rm~eet r-olo,r l:!re- probflbly reme.i· a of outlrlea. 'J<Jrbon­

ized fr1gme~tA of plant structure~ oorur frequently, 

The Devonian she.le from Montgom_e,ry County, Kentucky , 

and the b]gck bituminocn ahales ~ro~ the Albert Mines , New 

Brun~wick n~ke up the third F.rovp of aha.lee , those 'Nith a.n ulmic 

groundmass , oerbonized frarme1,ta, imd some yellow spore exines. 

The hnnd $l!p-eoirnens of thf" Devord,a•·· shalr· ~re bleok , 

dense, touvh, eaP,ily t rflammable , r,-nd dul1. in luster . The fracture 

ts conchoi.dal a.rd unevet1; the ?cto,tr-h w~x:r; ::Ni th~ stratificat­

ion discern 1bl e but rot. distinct . The 1t1nec 1 +'ic p-ravi ty in Z. 03. 

Under the microscope, the Devonian shale shows much 

brown ulmic matt~r and several yellow spore exiriee . 'Yh~n the 

section is out a~rose the atrstlficat1on, the spore exines 



show that thPy 1 !VP rollapsPd . Rue~et- brown cuticle remains 

r,nd cerbon i ~Pd plent f'ragmel ts a:r.e oormnon . 

The black bl tumino1-,s shale from the Albert Mi neei 1 

20. 

Mew Brur-swir'k is denee, toup:h; hae a <lull to waxy luster , dis­

tinct Ptrat1flcation , oanoho1da1 fracture, end specific ~ravity 

v:.ryirir from 1. 57 to L 76., The shale is e,as11y inf1amm ble . 

T o orp-anir: f"Or1 ~t.ituf'nte core1ist of much brown ulmie 

matter, col lapsf:'d yellow and oranp-e r:1pores , t?ro::ill orange- colored 

p,1rt ions of' m~r.eroted 1?'00teS1, end ce1:·bon 1 ied fr&f!'l'1ltrnt e of et ems• 

petioles , ard ~ibere . 

T''e nev::rnie.n bls~k ~ha.lea end c~nr el coel from Kentucky 

?J·e exce11ert examples of ei:rn1re predomirati:•g- in yf'llow spore 

exines coc tained in an ulmi~ rroundmase . These ~1e1es and 

no:;11 s bave beon th(' obj ent s of '.l'U~h irn;eet ig~ 't ion. 

The Devonian bla0k 21•,al c is e den1c1e bl.:::ick rook with 

a dull Juster. It ir tou~h ard doee ro t Pbnw e dtetinnt strat i­

fica~ i0n . The scratch if.I waxy . a:nd th€ frncturf' co·,1choidal • 

.\11 tte thin se,..tio..., A ohow a deree , brown u1 111ic 

groundmaee . Thr, r:1ert i ons cLit parellel to th~ t1tr@tific 11tion 

rortnin round , briaht yellow bodies , sometimes brown in the 

center , so met iinet3 yellow rlf' r1r through, the fo.rm.~r evidently· 

sbowini:- the hollo,1 r-roes oecti0na of tria spore extnes . Some of 

the exinrs fl f?. ertire; othf>rB -,.re on1y frag-me0ts . 1t'be li4f'iCt1on s 

cut ~H'roes the strati. f"loation enow that the snore {:OVerin@:B 

~re ~ol1apAFdt their len~thR norreapondin~ to the dl~metera 

of ye:low b '",d ies lr the para11el sections . lr'reouentJy , the 

yel1ow moterial rn.Jg•gf.'sts ne11u1A-:t 8trt,c·ture . Some rue?et-
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.olored boi l eo r ~n b@ observed . These are rouGd with on ulmi c 

center . ' h .:_ .ru ost;t - co lo red p:-rt eugf trnt s :::i rr➔ di~ .. t i:.1g· struct­

ure . They Lay po~sibly be ~roes □ecti~ne of woody etema or 

very thick l'llal led spores . rt ere are c;o·ne c:1rbofl iZEl'd fragmen ts 

of stem ar:d s little c;..;.t1d.e . The strild ,~ fe·,ture of these 

S€ "t io:as le lbe ~zreet aouridnn~e of snores . 

The Kertucky carnal le black , denec , not at al1 

end &~ uneve ~ fracture . The luster la wo xy and dull; ~nd the 

ecr ::i tch io ..-19xy . Tbe stretifi~atior: ie on1y disoernible . One 

2c eci:r.en g ·. ve a spec i +"i<" rrev.tty of 1.22 , f5,noth0r of 1.14 . 

The co~l is very easi1y inflammable . 

't'he th.in eectio1 s are verr sinil2r to thoe12, of the 

yellow a0orc bodies are veiy thick , bcin~ rourd in the sect­

ions pf, :rallel to the be<l;.:i :' p· ,.mri collap~ed in those cut 

acr8sg t he heQdi~g . rrea~ently the upper D~d lower parte of 

thoso yc llov1 bodies hsve bren "broken 3part . 'f'here are numer­

ous oranf e- brovm patches , most of which a.re elo ,1 g£,ted ,H'.srall­

el t.o ti1e str::t if Lcati ::m . '.these are prob: bJ.y waxy and resin .. 

ous secreti1ns as are also the irre~ula r yellow patches 

dominantly spore ~atter alth eome cellulosic devradat i on and 

reeinoue ~etter . 15 

The fifth group of sh ~les may be differertlated by 

the ~onspicuoue and numerous bodies of yelloN wax , which do 

not give any i ndic atinn cf structure . To this 0l aes be)nrg 



the oil 6h~le f r om Jsthonia end kerosene eh&le f r om New 

Ze& lar,d . 
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but f!n<'loscs '!lt,' y. s:1v:il 1 c, rt~ ·•11'::; of shale . The strr1t 1f i N1tlon 

can herdly be determined . Tbe luster i A earthy , l·ut t he scr a tch 

i s waxy . !t breaka ee.si1y wi th. an uneven f:rf1ct.ure , This s l:i.ttle 

rPeembles thoBt already described in · its easy inflammab i l ity . 

The specific gravity le 1. 28 . 

The thin secti0n shows t~at i t l e t hick wi th yel-

pgtchse of huw i c materi~ l ~ i th i norgerio m2tter. No plant 

st r uctures cen be observed ~ 

'fhe kBrosenP ehs.1e from r .ew Zeal and l s alroos t 

black , fine• gra i ced , fairly tough , and burns easily . The 

etre.t l f icat i or. i. a indi et i nc t, tbe scrat ch 1 s waxy, and the 

fractur·e cor oho i d&l . The SUN' if ic p-rav i ty ?1l:\ s found t o be 

1 . 1:: . 

The m icroscoo in sect .i m. shows t t· e :nt~.teria1 to be 

chiefly yellow WQX admixed with mineral gral~a . Brown ulmi c 

material is ocr:ttered throt\f:fh tb is wax in such e manner as 

to form e reti~ulrted 0ettern . 

The sixth type of eb~les to be disruseed irc l udeP 

tho~e wi tll brown ul:nic materia l ard an abi..:ndB.nce of yellow 

oee:::e sh.&16 from Camden , Hew South Walee; tht".i etelle.1'ii;e 

from t,ov& Scot ia ; D()fhead coB.1 frO'.'.'o Torbrmehi 11 . $cot1and ; 

and th€ torv u.nl te from 'ifolgan , Nti;w South Wales . 
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1. 08 . 

l rr~e and smnl1 irreg~l arly sh~ped bodies of ye11ow wax . 

er.inl 

gravity waa Jctcrmined to be 1 . 55 . 

no i rcil c ution of :1ineral mPtter . 



splestted p troleum in ;hi,...h ~re b0die o~ resin . 

The bop:-he11:d ~0£11 of orbanehill , Scotland, is 

brownish , blP,,...k, densF, du1 , 'brittle , and eBslly inflammable . 

The stratifi.cat io, le diBcernible , fmd the ehele breaks wi th 

a conchoidal fr~~turE . The ~pecific rravity wan determi ed 

as 1 . 40 . 

A J arger ,P:rt of the th.in se ('.'t 1o'."l t e al moot sol id 

with lighter yellow and ce eper ye l low patches which are nd­

jacent to each other .. There are a fe bodies of rusnet- cclor . 

Thin streaks of ctrbonit-ed mP-ter i al oc,...ur in pl'."ces . 'fhe 

th1nrer edges of th~ sl i de shov11 ar1 indtcrtion of ,...olanirl 

structure . hie bop,he~d "Oal i s not es typical of the fir oup 

as ny other . ectio0s exnm1Ped b~cau~a it does not show col­

O!!.ial Prouping es clearly . The i:l.X is admixed with mlriOr?l 

mttter . 1he co 1~ist cy of the two hsdea of yellow thrOURh­

out the se0tior. m~y be si~nificant . 

The tor :?a.nlte from Wol p:an , !1ew South ,,.,1~~ is 

b l ack , der.se , dull , ~noderute y towrh ; h1e no di tln("'t ~t rati .... 

fic ~tion And brePks with a co~cho i d 1 frao ure . It la the 

most infl mmi2bl~ of r:-ny eoecimens, ex,;mined . The ~peoific 

gravity o the s r myle is 1 .15 . 

Th. chara~terlettra of tte thir ~ectton are very 

typical o thle p-roup . There are mnny very· large arid Vf:,ry 

b ·ight yell~ masses of wax whicb tive conspicuous indicat­

i or.s of ~olon iel structur s . 'T'here sr ~ nvmerou ,:.roups of 

darKer colo ed ov~l spots which seem to hsve e co~CP trio 

arranp-emert . The very dB!'k ro n grou •·i dmP:-',S sr-pnr~tes the 
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yellow rnasae hi.ch ere lobed_. thur 1nd ic ti ng st i1 l further 

the elral r roupi n~ . 

Cr· i v corRiders torbqnite to be ~ompo ed of v r­
etable detriR ~~d sayR it ice roe cl al form o! c 0 ~ncl coei . 11 

cr.ording to his theory, it nonoiPte 0f a cor.1 mptrix in 

,hich !He hydroc~rbor c0mbined with i nor~anic matter . They 

have been formEd rom uncf r boni ed vepet ·· ble debris mix~d 

ii th ·•rg ll .:=: ceoue ,,edime1 t , P.ea ed , i:·d , h jec ed to ere s­

sure . ~ ob~le of ir~i ole~t oetrolrum form~d, m~ kiPf gels 

\ 1 b tr e i r orF,a n ir oolloid ma.tert s- 1. Thus f"r ~1 ip- ror aldPrs 

torban ite to be an err Ated r,t sta?e of petroleum. 

Tl~c mo ,t w1.de1y S'"''"'r. ·ted theory of th formation 

of torb !Hl 1 t e 1 that of an alf'.""31 or igiri HS "dv ,meed by Ber­

tr an d ,Hhi Ben ult, navid, ThiPst!Jen , and others. The ~oloni.al 

ma:rklrgs eer~ l n the maEu1oe of ~rf>l low ox ~re svz e :>tioN? of 

g-roupo of al g:e . 

Fxcmtn~ tlon • as made of a very unueu~l ro ~k occur­

rig l n a thin tretum cbove t e .~h FQry eh le o~ th ·avel 

Reserve , Color9ao . Fo ('Orvenien('e the ro~k ill be termed 

cnD l<1lte scdi .entary rock . It is light bro n L r:olor , dense , 

dull , tour h, and not. cs eo.r:iiJy ln:fJ.Pmmabl a.e the others ex­

amlred bec~u e of a sm~11er org~Pic co ~tent but ~apable of 

burning i n sm~ l l se('t ion o 9nd ("J' tv i .,....g a stroT"r,r- i tum1nous 

odor. I ho s PO qtratifiration , h~ s ? brittle s~rgt~h, breaks 

with an u even fr acture , . nd eRther to elmn~t wh ite . . e 

peclfic frrvity wgo d termined RS 2.26 . 

The 'll lcro'.""COPiG ef'('t i on ~h0 G a.n aburidsnce of 

colorless, isotropit- , six-eided cryetals which re semble 
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an ale 1 te . Che i~ 1 .P?1ysi e m.;nport s the conclusion that 

these cryRtals ~re analrlte . The t~terstitial rrou~dm ee le 

chiefly ann.lc1te also. Scettered through the grroundraaes some­

times projeC'ting i!to the analcit.e crysta.'.!.s 

and o c- elo slly Rurrounded by the$ , are 

ma.r,y crystals of dnrk brown m~tertal of 

organ i c ori?ln . They ,re emRller th~n the 

ant.-1, 1 {'." 1 te oryeta1 s cmd of q di f-ferent ('rystal-

1op-ra ph ic form . '!'hey eugpent either n1·ism 

f.9ces r.'?mbir:ed with pyra.mld f~.ces or p i n ... 

aroid.al feces with domes . The eC'companyir;i;r ske-toh was mrde 

from one of the most t ypin~l crvetals . 

A port lor of a thin eer't ion was bt'rr1ed a, ,d found 

to contain a o~rbor re ldue where the organl~ mrterial hPd 

been . 

Upon distillation, hvdroc·;rbon 12'.'ace8 , am>'!lonia water , 

~nd heavy oil were ~lven of~ . The odor was very disegree~ble 

su~-.~-e~t ln e- pyridh e in the con tert . 

It es impossible to dissolve any of the organic 

m;:;terie.1 althou.:h crrban tetrachloride , narbon disul phide , 

petroleum ether , Al<"'ohol, d i ethyl ether , nauhtha , end.tur­

pentine were tried. In th i s respect, th~ orgaPic mPter i al of 

th~ cry?tgls ~orreepords to the re ular organic meteriel of 

the Green ~lver st l·A . 

The or i gin of this ro~k is moet difficult to dete+­

mine . The mie-rat ion of oetroleum throug-h n shale m1.rrht leave 

insp1saated relics in cavities formerly occuoiPd by a mineral. 
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In that ce.se , tiw mivlties would no t all be er,tirel y f i lled 

by the organic m~tPrlal . ~hese secttore , however , do not 

ehmv any crystals that a-re not entlrely filled . Hence , this 

theory i?J hardly ternble . On th~ other hand , if the crystals 

were origi~ally of the d~rk mqtrrlel now observed, there 

Phould 'r,;;\':! '-"Ol':i.€' el lght tr,dlcat i')n o<f' pleoch:roi~m and aniaotr­

opi sm; but llO such p!"lenorncnu occur . I t ls diffir;ult to· ex .... 

plain t h0 crystallization of hydrocarb~n accnmpanyini the 

o.ry~.t:·11 i zatior1 of :1na.lc i te . It is equally hsrd to .accoun t 

for tt,n r.reser.ce o·"' a,rjalc 1 te 1n 0 8edi!nentary- xock . Ar1~1c 1 te 

is 9. zeollte !lrid J-:1':'s beer dest'rit-f?d iri i;rneo1.n-1 rocks . From 

the avf'i n.ble dntu , thti qu(.8tlo.n o-P <:l.r i g i ·1 can 0n l ybE> pre­

aented withrmt em "ttempt at a -f'lu11 ~olution . 

COUP !~R I SO!J 0!1' OPG AN'!'"; ~, -~TERI Al, , 

I~ this lnvestlgatior of the severnl shales , the 

relative importance- of dlfferent kind.· of 1.::>rrnnic oorst itu­

Pnte was noted. Pumio m~tcria l is to be observed i r all the 

a pee imen s &;XRmi.Eed . !en a 1. 1 cases, it 1 s !1 domi nar, t fDctc:r 

ln the g1·ou1.d·11r so t?lt hcnJq-11 va.ry itf' tr amount enrn1gh to pro• 

duce :;;. g rnd~t i ,,c i c color. from 1 i n-ht ye1 lowish-brown to the 

darkeRt brown . The lBtter tyre phowa no mixt ure with mineral 

g·rairi s; the former frequ~ntly does . 

The cu~bnri?ed mnterial does not at any time cnn­

st\tute more than nn e~tramely s~all 00r t oc the organic 

cnnat l tuerts . Oft~n it ls entirely a.bsftnt - It waB notf..d in 

a.bout 40 peroent of the tot r1 "."'Umber of al.ides . Of this 

percent~pe , rcnrly 0ne~~alf was fro~ the Green River eht l ea . 

Orf?'an ir nt.ruc-turee of s,ome k\nd ocnu· 1n varyir-g 
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pro port 10•1 r 1n map y o-r th.Q ehaJ es obRerved . The C""rbcir 1 zed 

frr.f,rr,e1 t O0,...ur on1 • in :nnl oua·.tit\en . ruti<'lc rem:➔ lns 

rm: y 1)e ncrl i _ ib1e 1r, e.mount or 'OD? c-:om~r i Re- Ha much na ore­

fourth o the totBl are,a seen u .... dPr the "!licroscope . :tn the 

few ir, t -<'C's .ir wh 1ch a1 rr.r>) etructur"' :?k y be observed ~ 1. t 

form& a large pnrt of the total mase . 

Cnrbor lzed f1·r9'me~1ts which undoi;btedly show~d 

etructur0 were observed in about 2~ percent Gf ~11 the slidee , 

formi ~g very emsl ~rooortions of the orgnnic matter in each 

slide as prev iou~ly m.C'r:tio ed . C'uticular remni:-10 ere 1een 

hi 25 rce r1t of tr,e secti s . rhi~ oerC!c 1tagP , howe e:r , 

as formed almost entirely by tle Green Hiver ahalee . Al~al 

atructi.:::-e was obsflrved ii1 sections ':'rom only four k1 ds of 

sLa1es. 

{)pores oc0ur in the Devon tan ~hnl P , the Devor• ian 

black shalP , the bituminous black phn1~ , ~ d tho ,entucky 

carre l. Out of theso fou.r d.en~eite , the op.ore are very 

~-bundn 1 t i" or .y two . Th y m,ly oc "'ur abunda.nti y in a mncer­

s ted form mixed with thP humi~ naterial n1d nnt ae~initely 

recognized . 

With the exception o a very few scct i ors which 

were speci+'ical1y Yfl.€rtioned , t he amount of org-enii:- •u 0 tter 

exceeds that of the mireral matter . 

A portlor of maho,ary shale fro~ the N~val ~eserve. 

Co1o-cdo w s fom:1d to weigh 1.2 i:.--m .. Thi s e•it° piocfl ao 

freed from lnorgen i c ~ntter by r~oo~nize~ methods . tfter this 

it was f our:d to 1i11eiv .. 6 gm. The d ifference in ,vn ir, ht after 

the rem:wal of th inorgan ir CO"(ltituents show tha.t organ to 
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matter conroriaes one--hnlf of the e:hult~ by woiftht . Since tho 

flverap:e specific grr;vity of the mi:':eroJ c:imposttion is 2 . 8 

~u3 tr,::t of the organi.<' 0ontunt could riot exceed tb.at of 

bituminou8 coal, ~hi~h ~veraree about 1 . 4, the organi0 mat~ 

te r would freatly e:(ce:"d the rnir,eraJ m•,ttl'.H' in volume. The 

all~les va.rv i'r:>:n this pro9ortion to th~t of the revv South 

WalP-s oh,➔ 1tH:i whioh show no m·n.eral :irit::,tter under the r.11.cr-oe-

cope . 

A fcn't aimple c;xp.e:rimo-rts . ere me.de with the mahog­

any e'.ha.1~ from the ·nnv~ J t1r:aervet Colorado 1:lth a view to 

ascertaining whethe:r vrnx: is tbe only orp;;1ni0 constituent irn­

porti':.tt in tbf' produr:tior of petro1nmi o:r wh,2:ther the other 

orpanic oonetitue~t a are alao imoorta. t i n the distillation 

cf shah: oil . 

'rhe re • shelc v:rns broken lrto very small pieces 

and ~)laced i"l a test tube . TLE: s}:.:;i]e we.a distiJ.led over e .. 

Bunsen fla.me a'1d g~ve off i~flammeble hs'drocsrbor: srases and 

a meaBuJ•able am(n)r:.t ~if a heavy , bl-?.r:-k :oet:r.:,le1.u11 -..rith a v .ery 

di eag:reeable e,dor, ind ic12. t tng a pyridine content . 

9~ct i~,ns of the shBle aei thin :1s 0r•e-thirty second 

i cl were boiled "\ i th hhdrochlor ic r:1cid eind. then treated 

with hydrofluoric ooid for~ oer1od of five weeks . They were 

then bolled with nit:rlc p,l"'id. A i?pongy ''llsss: resulted which 

harder~d into~ porous form. A few nlecee of this were ploced 

in a c-losed tube ~nd di~t i11ed nve,r the nunsen flame , yielding 

~11 a.pDren ie.bJ..:; a.rnount ·)f hea"JY', ds.:r·k pt::traleum eDd infl nmma,ble 

gef.J and ;;ti,r i ng the SRmE1 disap-reee,b1e odor ~s that produced in 
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the first dieti11atl~n . The proportion between the amount of 

material distil1ed end the yleld of oil wnc about the same as 

that of the flr&t dtet1llatioP. 

Another ~ect ion of the ma:hor·an).l sh!'\ lf• wa:A bo iJ cd in 

concentr?ted. r itric a.oid untl1. it was converted into ;1 awollet\ 

pulpy 1 porous m:-1es ; v1hich , whe:n ffl>Pf.'U i fied , showed th~ pocks ts 

from WI) ich the minera.l had bf'tm dJ. seol ved . Water vrae poured 

into the beaker ot111 cont~ini ng the n 1.t:ric acid in which the 

shale h ad bee-n bed.led. . ,~fter A few mom<-rnt 13 j the- 1 iquid. wee 

d.ecrmted and a coating of brown wax WijB fou..-rH1 lining the sides 

of the bee.ker . This w~B pre~erved fo!' dist i.llat iori , which wi.11 

be described.later . The material whl~h bed bPen dieested with 

the n1tric acid was next aubjecte-d to the t:reatm-e,nt by the 

orgsni{"' solvents , naphtha , c,n•bon tetra.chloride , and petrol eum 

ether . The C'lrhon tet "raohloride and the petroleum ether ex­

tr~nted some w~x. so tlrn.t much , if not s11, of the wax was 

now removed from thP original shale . 

TbiP orrsn ir r &aidue waa n~xt dlst111ed over the 

Bun sen fl a m~ . A y 1e1d i fl p> of eeve i·al drooe of el'w 1-e oil was 

obta.i ncd f:rom a th i n plece of the residue about one- half inch 

lorg end or,¢ .... eighth .i. nch wide , aleo inf1ammable hy-d.rocarbon 

gas . Tbe odor w~s not .es diflngreea.ble ~13 in the ether dietilla­

t ion . 

From thi$ it is eviden--, t thnt '~9-X is r,ot t he only 

org!n lc o~nstit~ent which yields petroleum upon distillat ion . 

The wax re0ove:red from the er-ale tre- fl ted with nit ric 

a.cid,as P '' eviously described, was disf.il1ed . A few small 

pieces ir the end of B closed tube yielded a few drops of 



petroleum , Fivlnf rr~ odor eirollnr to that observed in the 

dieti11atio o~ the raw shale . 

These expcrimrnts show that i~tillatio~ products 

rna.y be obta ir~d from urior&l'ar i zed o r·gan ir: res I dues . 'l'h:. inves­

t ig~ tion of the Pralrit€- .cdirnente.ry r--,rk el,owi:i that a def­

inite , or~ ~1zrd 0h~mlr.~l comnound cnn exi~t ~rd <"'~n bP dis­

till~d . 

The repults of thie i~veRtivntion eup~ort a gener­

al theory of the or~nni~ nrlc in of o\l shel , di~ferin2 

Gper.ific~ 1.ly in th~ ty .:,"' of vefre.t~1ble debris ac'"'umulnted and 

in the modlf ic-a t ion~ ' hi ""h euch debris h9e undcrgor.e . It is 

evident that organi<"' r~mnants were g:p.thered tO/?'f'ther under 

rm,dl t ions favorab~. e for their or"" ocrv, ti 0 ~ . ~,n-i''!H) □ , ma.rehes , 

and la~oone would be m~st adv~nta~eoue ~or eu~t conditlone . 

Th -i t the vE:p-etable Pf"<"t1mu1~t 1or> was subjE'cted to a oerta 1n 

amount of b~r,terial Pl"'tion iq nroved by the predo~ine~"e of 

humir: materia1 in all thf; thir sc:ct i o:1s . Into these E'Wampy 

lands "'~s browrht a c~rta ln amount of sr-dim~nt • ·h i'"'h w s 

mixed with the or~a~i~ -esiduee . ~ertai types of ve,eta­

tion 1?ur-h gs alr,,H' mie-ht form a very d~ Pe re~idue held t o­

rether by r:t lrttnouFi materin1 . 'rhi!? \\'ould not easily mix 

,1th th ~ mirPral corstituerte ex<"'ept to fnrm a colloidal 

m. ~a with the ta-olin r-onte::r, •. 'f'he '.lCl"''l. mulatiO!"' mig-ht Also 

re s-.u1 t from the wind- blown scores from the 1 nnd VCf. E,t ~ t ion or 

a ~ore vgried ~1 .nkt ri~ mneb of debris . ~1th these types the 

sediments might mix more eaoily . 

The speci""in ty1•f.H'! of org~nic conetitt;e, · ts form 



a good baeir fot the cl •s ri~ 1cgt 1on of pyrohituminous rocks. 

This ie especially true siric·e tho µresent iPVe3tiga.tions i ndicate 

th at the org~nic corstl~uc~ta ~ontrol the distillates ~reduced 

by the various oil shal€s . 
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