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BUREAU 04' MINES

BUREAU O~V,INES I~~E8TIGATES ~LD 'IN OIL SBtL~S

) By Thorr;;J..s Varley (Superintendent, t"1.tel"'?1Jo·..m.t3.in Station, U.q.lmreau of Vines)

For a year or !nor0 J staterr.ents cave appeared in' tte tecl:n1cal press,
a.'1.d (,Jsfeci~lly 111 v3.l"ious trade journals, i,1dicating ttat valu$.ble ,metals sue;".
as gold) silver, platinUIr_, ani otJ-ler rarsll1et;als,have ,been fOlmd and also havE:

,been successfullyextractec. from oil s'\alcs. ' Theso reports st>.ted. bi1.t dec.9.r­
bonization 3I1dspecial methods o'i cJ:.lor1n;:tion treit:'1l8nt J loacJ.ling and sub3e":'
CJuen t f,>r8C i·;')it ~.ti on, also cyani d.at ion -1"0 11'o\v3cby tc:.'b 1e conCe!1 tr£l.:ti on oT' the
residues :;;fte::.... cyani1atio:1, all in1:Lc3.tc1t"'.~.t '7011 and silver 2nd ot'~er 1!'atals
c?uld. be,'md were, SUCCE.ssf'ully recovered. Suer. articles 'l"r...v,," c~'U.sed muoh
~lsunderst3l1ding, and as ti',e COI'l'ectness ()f'scrr.e of the ·st3.t.8!!',c>l1ts made 1n

t:lem ware que3tioned by some of t::e t ...:lcL').ical jouma.ls and by various c:!J.emists
alld metallul'gists, an investig3.tivi'l of the subject. was begun by the rr:etallur­
gica.l diVision of the Bureau of Mines, in o.rde~, if possible, to l;le:.termine to
wbat eytcnt, if any, met3.1s, of v?.lu3 do occur ino:!.l chales, and if (lO, the
feasibilitY of a.ttcrqJtir~g their recov8ry by t'le processes said to have been
us~d for ttat purpose.

Inasmuch as the B'.1reau's station at Salt rr,k'J Ci ty is investigating the
recovery of oil from oil stales, t'.tle investic;ation of be C~C0Vc£y of lI.etals"
ft'om 011 shales was assIgned to T'!';j dicection as supeci.ntend0ntof that station.
Pn agree;-oont l::.,:;.d beenenteced into !.':itc toe O'f'<!18r of t..n Gxtensive oil s::'a.lo
deposi t in Wyoming "'Iher.;;by I, \,\:,0\1.1d pe.csondly collect tht;;samples·.of 'sb3.1es for
use in tbe investi~ation.

Be:ore baginniL1gthe "'!orkat Sa~t Lake City, a stu.4y was made of tte
process uSBd by A. V. Bea.rn of I'anver. ColO.cado, I'9r the extL'action of JI:<;:tals
from oil st~les. I t~Bn visited the mill of tnc ~erican Continuous deto.ct
Co" wl:id., is situated ne'3l'tte as.say office of A.n{.Beam. In tte crushing
department of t'~e pla'1t there W'lS a corlsid8r~b1c1amOUl.1t of oil shale> 'lk.ict'
apparently tad been mloadt;d [rolli. 3. cae, ra~d;y-,fo~trl:'latment. J1he pla'1t ori3i..:
n.:..lly hd.d bael1 uiied by ftc C~arrJBrlain Oce Concen trating- Co., as a sarrfllihg
mill and conecln tc~tor, and L:<:;, .:lquiprrdnt tn~reih-:::onsiswd of th~ uSual €:-'i1.lip­
men t found in sud mills. The plant, .b.ad'c~en' i'tirtl.eL' 8\l1.liP.ged fo£' o1.l-sl1ale
experi;nen ts with' a. tDr0e-h8arth j,'etort for oi 1 t:xtractiO[i'j 2..!1.d =mother retort
constructed especially 'for di;lcarbonizinc,: the sI,,:mt srLa.le/ a .cod mill was used
foj,' c(,usJ:;in~ the sp'-;l1 t sh::iJ.e aft(.t' tncl oil had b80l1 extracted tLc;.cefL'om. '.rhe
dGcC'Jbonized sh9.1e '>''1as, acco:::ding to. [lIt. Lewis, :pi.'esident of t~"e Arr.e.cican
C0ntinuous Retort Co.> treated innot·so1l1tions agitated inpachuca tanks'N.t.ich'

'were equipped witt amalgama.tion plates. After a03.tch of ore tad received'
t~is treatment for a sufficient l~nsth of ti~e, tne mate£ial w~s treated by .
cy=mid?tion and tte solutions from tt.e cyanide leacbing If_ere passed through
zinc ho:~es ",,'here any gold oc silve!." that might bave been t~ken into ~iJ.J.l.1.tion

by t}e cyanide would OJ precipitated.



The r9sidues after cyar.idCLtion were pumped up to another floor and
pass0d wer 2. 1'I7Ufley ta1:1e. 1"'.0is table a:r::d t2e cY2'..nic.e co:xes wer~ t~'e only
part of tr.J.e p13nt in oper9.tio!1 du.dng ~ yisit.··· I observed on tie tabl.; a.
cor..cm:tr:.·cte Illlhi.ch I distinctJ.;y :I.d.entffied as lead, .f!-·ob3.-bly a little 1ro£1
ana. zJ1,C, and SOn;c bla.c:: ::latci"ial \..hicl1. was p.cobably .9yri te wbicb t.ad bt;;tm
a.ltered duC'ing tL8 .r0as~il1; 3l::d. d<::c.J.l'bonization. 1'i:l(.;r"0 WC:>"S a. vu!'y t:').in ~r-3.Y

streak on tl:...e te.blo whic!:. I could not id8l1.tL·y, a1tr.()u.~,n. it }?robal.lly !;,i_.. ~it
have bcc;n dt:"er lead su1p~ate 61: lead: carbOil0.t8, TLup.rds.,;ne ...· of load. and
zinc on ttc t3.bl.:. 10tt In2 to 'oelicv~ tlJat t:~~L·,-st.:st }...6.Vt;i b.e<.;n sO~.(;: of t:"'is
lDa'.;erial reI!B.inin~ 11", the eleva.to;s· or F~:,y-nc::::ez. -rais, no doubt, acc0uit.;:d
for the pr<3Sdrlce :)f' '.:1:e le3.d :md zinc I......Lic~o .\'ld.S sup:,;,o.;..::d to iia.v:.'; cu.. 0 fl'U:L

ti.:,.(; oil s[1ale, f01' it is difficuit to conceive ::.ow suet :-J8.t0rial '}fould bu
pres~nt in crude oil sbule.

V.1·. L~wis a.lso sb.owcd :::;E: se'fcral j;1iecc:s of f la..:.:.;;y sold wbicr. no::: statdd
had bCE;n. [Jicy.ed off tL~' table·. Undort1:_3 r.:icrosco:;;;.:; Lid :;;;3.t 8i.:ial :::ci.d th8
appe ar81e€l of .~olr1, but it was £.\s ioe iated· wi t1:. 'lU8rtzitG.· 1 was L~11ld€d a
small piece of tt.is ::natorial, . w:t.1c-~ 'lia.S ~h:}~.:.:d off tho t::..ble in Cl1Y :?NsenCtl.
Later this Was tested '1'dt:h nit.cic acid mid d:..ssolv0d;· tiL;t<.3sts indicated
that it we.spracticalJy 2"11. COrpdr~ Howov8!', it is.oclil:lvcd. tt.3.t t:-~c 'piece
examined und:Gr" the m:lcl.'Oscbpe· contained,s0ld, .but I do not know and ~he.cefo.re

cannot s:q it \VCi.S co.1cc.'i1.t1:'atedf.L'omt}:.e st.alc by tha Wilfley. tabl.:::.

I ardved.1.n Gro..=..n TIii~r •. lJ.yOiLing, on' t;:.c8.,,Ji;lrni.r1,,,, of ~~8.Y ~,' lSZ2.dr.d
Mr. HiU:BS p.rovid~d evr:::.ry pO<3sibl~ cor-v ...ni00c..;;to S0CWd tt.e s~~::il8sofsia.h:.

f=.:: bad two miners end C3.~·S ~·<:':,'l.dYI a.lso ?.n 2n.s:I1f;;l';;L· vi";:.v~~ad r~3.d8 S"clX"VCyS on
his prop(3rt:l.es. TLe p2.:cty t!.0H w-...nt ast.oI'td.ist2.t1C6 no£'t'~:west 0: GC0cn River;
and we wont up on tr:e shale deposi ts =h1.d )d0d. dOr.-u;ili t> oJ.rs pieces of s;:'21a
fl:om several places. These W8.re s2.ck~d. u;· Ullac.c IIy supervision and e::..-pressod
to Salt Leke City, ! a.rri'Jed in Salt La1ie.CitY, ·~0dnesd'l.'l,,";r8Y 3, 8l1d the shale
arrived late'tn0 ~2,~e af~e~rioon.

Upon. the :roceipt of tr..E' samples at the Bur~;mI5 3ts.ticn at Salt Lake
City. ttey '"-Here tw:nedoYc.cto Le'-:;i5 C. Karrick, w~n6 conducted the> distilla­
t ion tests.. Dr. Fred8r~ck SalaL8. f(remedy a cber.~igtwiti:.ti::.o St~da.td Oil
Co;, who had been wb'."'£ing on t1.e oil-shale prQbl~7cs connected witt. t:c.~ rOC07_
ery of oil from tile shde. and v:}jo had been i.nvestiga.t in?; th.::: recovGJ:Y of
metals fr oin the shale in la.bor'<$-tbties at Fort \'~fl.~ne, Ind.iana, was detd.iled .
by ~!r. Hirr.es to assist in' this investi§;~Ltior~.·alia. gave general directions of
procedure. The smnple w2..sC:rusaed to pa~:;i>!-.~-bch·sc!'een. All the material
was than t1:.orou:;bly ilii:xe(~arid t~lt3 en-ciL~8 b;~tc:r. was q"lia.cte.ced ··do':vn to obtain
a 2o~pound simple fo~ analysis. This 25~pound samFlew~z distilled in several
ba.tc':,es in tr.eBure.s.u of Mines" assay' r~toi't$~ . The t'ate of distillation was
suet. that' the oil was reduced in all cas~s in about tv~o~i:Jou.r di"itiltation
periods, ''Ene spent sh21e Wa.S retai·L1..od .foe- fwt;;0I" ex·1)cl·irr.0nts. Tl:.0 oils
were testoJd <3nd r: ave' fiLe f01l0','.'i11).i, - result s ~ .

. . . "-' .' . . . - .."

..'
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Yield•.......•••....•.•..•.....•... 20 gallons i'er ton
Specific· GrC:,Yity ••.•..••••..••• I I ••• 910
'\1'e1t :tng Pair. t ........•.. , . . . . . . . . .. 31. ZJ C
llisaturation , ~ ,. , " 'I Ii 49 • .2
,AmolJnt of Dis:illate LC'0m Crude .... 3,3.2%
Index Value f0r '0he OiL .••........ 16.4
Index Value for the shale.......... 4.07

'rhe' indeX' value· afan oil 19 a. ~ucntity calculaterif::oIL tne ar'.a.lytical
data of the' oil, and is the pr.oduct ,of '"be p.erceutage of' distillate to Z7~,JC
obtain'ed frum the crude oH,and the s3.turati6n of trisdistillate to ffl'ju C•

AmOW'lt Distillate Per cent~istillate Per ce;lt Per cent
topped'. to 375:)0. to':Z75 C. ,,' Un s ,'1t ur'at i (41 Saturation

,
..;

50 cc 16.6 cc 33.2 ':t9.8 50.8

Index of oil : 33.2 x 50.8 :: 16.4

The index value of the Sh~le is the product of the oil,yi~ld in ballons
per t on of sb3.1e ar"d the index value of the c:::oude 011.,

16.'± x .25 :: index value of sh'3.1e_ ," .

Aft0r the shales had oeen retoctcd, DC'. Sal3-t:-:.e I who had been present
durioq, tbcretortiu(; proces~,. b8.ve instruct.ions as to the procedure to be fol­
IO'Ned in the tr03.trc1ent of the residues. T~is is clearly st.own 11,1 tt;te accom­
panying dias:ram or flowshe.et of tte ,,::ntire .e:Aper:irnents,.. , " .'.

The spen t sha.lewas pl.11v eei zed. so tl:"at aU would .;,Jas:;; a -=O~ffies:C screen.
The pulverized. r>;:ateriAl vv(\s then deca.rboniz<:>1 Lr'J.der tho, directi~n"af D.c.Salatb.8,
by the Bureau' s analy~t ,;md .assciyer. This wa'3 doneoy beat ins , in a.1a,('5e
gas-fired muffle in the fir~,",assay bborator,y-. Particular attent~on w&..s given
to see t1:lat the temperature witlhin the fumacd d~,d .flot exceed 600 C.at any
time during the carbonization. In oro.ee to i:lsu:.ce this .temperature, not being:
exceeded, pyrometers measlll'ing the tEm'perat"cJces were used..coilt.il1v.ously during
the decarhonization treatment. After the entir'e l'atcJ: was decarbonized.• the
material was diVided 'into ·three parts;' part one cOlls:l.stialS Qf 25CQ- gr8J'.;s was
turned over to one of the Bureau.'s orc-dre8sin~ engineers' for. COLof,1ntra,tion
tests michare gi7en elsel},[:.e':'G in this report. P'trt t\Vo.~a.s'3.1sot-q..rned

over to the same engine3r for cyanidati0n tests, cmd E-llot}:;er e~ua1 par-t was
retained for the chloriri.it'ion· test.

The portion set 'aside. for tilis expcrinenf; W<3,S t.!'eated,U1dc:;j,~ thb direc­
tion of Dr. Se.la.thc, in a small rotery :cetort in tb.·j oil-sr.ale labClratory.
This was especially desirable e~uipm8nt for the re:lSO::l t::C:at pro1?er r.eating
and agitation could be procur'edi ',allowing the Ol:.J<?ririd 'gas tor~a::t, on the
material properly. The retort was maintained,. at a teffifJerature of approximatoly
200° c. WQughout the chlorination treatn:gnt. In. :lIl,a.ct test sooutcne bour
was re"qUired to cO~1pletE;l the absorption of the c:!:llor:i+le. gas by the shale. Tt.e
chlorine was dra~n from a cylinder and t~8n pass0d tb~ough a sulpbm'ic acid
solution and led. into the retoj,·t throug:'J. a. special 6<'t,$...tight fitting. "Tbe gas
was liberated at the ,b~Ck end of the shale container, .~d any excess cW;orirle
and also any voluble ga.ses OJ: vapor's libt:rated escaped from tt'.eretort through
the deliv0ry tube which led into 3. g8.s~washingbottJ.e conti1in::.ng pure water.

-3-



• III " " .. , ,

FOUr 1-pound samf::Les W8~e .treat;rjd i.do! i} ~:_: ::.Ey, 3.ild YV8re ulti7"lj<9.t~ly bulked t 0­

sether into one C0::Jp,osHe' sa.r"pl~. Th"e ,delivery -tube frOm tha ret.ort, as \"1e11
as the cop.necti,Jns to \,i:e w:=tsh oott],::,wE;re 'all cle3!',cd with.::. dilute ~yd"'och­

loride acid :30Lltion. 'T'c:e ,_\las:-:in;:ss 'vera adcidd tot1;.(; ccrnposite shale sam21e
and enou3:D- wate,i.' addecl to ,pr,ocure.M .eV9n llixture, 'lItis rri.ixtur~ was agitated
for an 'tow on tte rolls and wastrcea f,lltered t::::Jou.9:~a sucticn fUtei',

During, the _filtering about l,awasheG '~ere given' the r€:sidue, the
last few:Nasnes' ''being with llot W3,.ter. ' Tli'e filte:- coke was then broken up in
ftesh 'JII'~t~r 3light1y aCidulated, and after tbo:coug1: mixing was refiltered and
washed. The filtrate was evs.porated dm'ln to aoout 5()O c.c., enough ac.id 3.dded
to giv~ a faint acid'reaction and C. 'P. zinc vvas' added (gOld free). T.u.e resi­
dual zinc waS filtt;l'red off, was~ed wHL d.ilut~ hyr;!rochloric acid several tirpes,
the residue reelted#ith test lead, teen sco!'ifJed' until zinc free, and finally
cupell,ed in ti.e usual way.

In order "to obtain a check· on the' ;Nork- and to 'get comparative values
On other shales, a sample of' sp~nt shale fromSoldiarn Summi t, uteh, was
tr,eated in 'a similar manner to the ~~yOm1ng shale by parallel' te$ts,. ~ach
shale receiving identical treatment.

Wyoming Shale
. .. .' Utah Shale

Sample Talcen
P01JI'lds It " ,,' • ". ~ , t" ••• t • " •• , • 4."0.- ... t • t ... ~'. " • ~ 0.88

I;, ) ...

On calculat"in~ the amount of gold Mtually recovered as a. ,resul.tof
the chlorination ond leaching tests, it inaicates tr.at only J.Z per cent of '
the total gold in the erode s:t..a~e W~ recover-sd by this !Lt:ltnod.· ; It ,wouM".
therefore, seem tl:..at such a treatment would not be profi table as a ,method of'
recovering the gold. even e-;.ough, 'coIIlffiercial quantitJ.~s actuaHy existed in
~he sb.ale,*

Sample TaJ:en
AS3ay TQ1S .... t I • .... , • I ..... , ••••• ~'.

Gold Content, oz. Gold
" :per ton decarb. shale .... ~ .....•

Gold. Conter.. t .of S'a.mp1e ,
Milligi'ams.,•• o' •••••• t.,,' ••• ~ •••• ,•• '

GO,ld .Recovered .eu l~hlo:cination

. Mil11 grams ... t." •••• ,l ,',;. ,:,.., .. , • ,"'. I.'

per cent ,of t.otal gold
.. ". Rec~oyer-ed:-" ..• t • .,..,. ..· ... , .~.: ...' f .. ,,,,

, - ~

:Discussions ,(i)f' Results •
.----------------~----.

61,8'••••..•••'••. '.13.?
.' .I .... J

1;85••...••.•.•• "O.,Z7
" '.

0.06.''- •. '.••.•..• ' 'Q'.oa

3 ~ ~ .,"•• '.. • • • .. • . •• 7~4·

. .. :. ~..! ~ h - ..

. .,.
.' -

. i

Tbis phase of the inve'stigaticn was placed under the i£nn:ediate d1r~c­
,t 1.011" c,>f Charles G. Mal eI', c.opsulting' ccend,st-fortheBtiieau".m,d ,a. D:eJilbet, 'or'
the techniCal, staff of the niJtallurgical "research department 'of tl;l.e" '~~ve:r~Hy
of VtaP' It is' usUally c-laimed'bs_tQ.OS8 Vlho repurt gold in oil' sL.a:i~an9.-:its

. res~dues after distillation,'- that the' gold is not det'e!'mi~able by a convention­
a:l fire as sa,y , but that special' treat:rr;en t isnece"ssary to recove'r the 'gold'
,either for assaY' or fractically. In',-discussing, this matter with .Dr.· Salathe,



it J3eeme€:l that his. idea was tJ.-.atthe gold might exist ci.s a colloici.a.l S~J';'~1­

sion. in the' oj 1 of tt.e st.rle, .3!".d. the p~~ese:,cc of su.lptur and orgar.J;c SU1)hUr
ccmpo1IDds migt_ t enabl.8 the ,sold to di.3t il o£'f due ing, heati.'1g and thus caU3e
low assay valries to be obtained.

Since it wag desirable, in o~der to calculate the recovery of geld by
any e:xtraction rr.et~od, to fu.""10IJli the act\..al total .lOld content of the oribinal
material, experin:;ents were car;:-ied. but to shaN w:"'ether the usual fire assay
method act~ally did gi~e low results and to indicate Where, in tL~ processes
carried out (~S above described by Mr. Karrick) it would, be possi'ble to lose
gOld. The tests were performed as follows:

1. Fire assa.;}'8 by the usual matt,ods of raw, spent l and decarbonized*
'Wyom.mZ sbale aamlJl~6, dnd sl'ent and, deeq,rboni z.ed UtM shaJ,.~. No r('J.w Utab
shale 1?tJlIiPl~ vtM!.\V:"t:ilA'ble.

2. A special assay. by a method described below which eliminated
possibilitY'of volatilizing gold, on the raw ?'yoming shale.

3~ The dcteTrnination of t~ gold recovered in the chloridizing leach
liCfUors, a!i .ibove described,obta.ined by Mr~ Karrick.

FOur samples of t-assay ton a act. were fused w.ith 'the regular flux used.
tor oxidized· ores I tbe four buttons from eaoh sarcple cOniiliried, scorified, and
chpelled in the usual. mannol'.

Tne organic matter ina raw shale sample was completely destroy8d b~'
chromic aCid, all gases given off b.r the oxidation being washed to prevent
loss. No external heat was used. The procedure ""as as follows: One assa.y'
ton of raw shale was placed in a liter flask provided with a sepatatory fumel
inlet. and an outlet tube passing a catch bottle and a wasl: bottle. The flask
contained ~~ c.c' l of water a.t tae start. 100 e.c., of conctmtrated sulphuric
acid was added throug~ the f~nel {tbe apparatus bein~ kept closed dtu·ing the
run), tben 100 c.c., of saturate~ ctromic acid solution were added in s~all

portions, as limited by the course of tt.e reaction in tl:.e flask •. Mter the ae­
tton had for the most partc.ee.6ed. J5 c.c" more of chromic acid. were added,

. and the Whole allowed to digest· <riel.' nie..:bt. In ti.:.e morning, the contents, now
completely deprived of orga.:'ic matter, were dtluted witt water, and the color'­
less residue filtered· out for assay. The fil tratG was treated wi th eXC69S fer-

.rous sulphate to precipitate any dissolved gold, refiltered, a~d the ignited
papers added t-o the previous residue.¢;.2 grazns of raw ore ~ai'e a. residue of
16.0 grarr.~. The residue was wasbe~free of chromium by repulping with dilute
bydrochlo~1c acid. and finally dilute SUlphuric acid.

The leach liql10r from chlorination was treated with B;old~free zinc dust,
the residual zinc filtered off, wasD.ed witt. dilute hydrochloric acid severa].
tirres, and tt..e residue n:elted \'lith test lead~Q._'§2.2:£.!n~e._~HL:?!ig~Lfr~~.L_~Q~g

£~~~1±~Q._in_!~~_E2~±_~~l~

... See ft1,r. Karrick's sta,ten:ent I 01:' reett.od of decarbonization.

-6-



The result s obtain~d in b'~Glse tests a ...'e S:· o','ffi in tabula.' form below:

...l ~ Q-~!9:_g~Q~~~~:._QZ!.2~£_~~Q~ .., _

0.007
O.O"!:

0.01
J.03

0.2
0.2
0,028

Q:Q?:!:
0;0-32Aver:;:lge

0.U3.
O.O~

0.0'1:
0.03

IV,:omin o 5'0.'1.10 a:1t·ah She.J.o
--~-------~-~--------------~-_:~_Q_------------------- --------------------------

. C::dC"la.t ed Galc • to
As Dctei'rrined to l'aw s)·,a.le As Determined ra,;.; s_J.le,

30% shr inkaLe . 30J'b s;:.c in~:e,~e
--------------------------------------~--------~----------~-.--------~----------Raw sQ.ale:

Strai;?ht assa.y·· .
. .Sp8cialassay , .•

Spen t s:.ale ...•...... , .•
I)<.3carbOnized Stu.le .

--:----------------------------------_ ....._-------------_.- --------~'----.-------------

Discussion Of Results:

In view of those resul'!;s it is ccncluded:

A. That t::Je sazr,plE's tested contain Dinute affiOlli'1ts of'Cold, to ttc ex­
tent of possibly 40 or 50 cents per ton of ori~:inai sr,,,,,le, but tte amo·:~t

found is not of corro.8rcial V CiluB •

B. That no special ~)reo9.utions are necessary in assayinii,; shale for
gOld, and.that any dil'ect assa.>r by a reliable IT.ethod will :;ive tt.e true 601d
content of the o.rigin8.1material.

c. That there; is no loss by volatilization in tt.ese samples eitl1er
during the distl11at:ion of the oil or durinG ftUb:'8r beatu'l'; and decarb-oniz3.­
tion, wLlich is greater in amount than the limiting accuracy of a gOld assay
at its best. . .

D. That tho cl:"loH~anon 'treatment of dec03,,-~bonized shala was tota)ly
unsattsfac.tory as to' recovering'wbat 11 ttlc ,;old is pre£ent.

E. That the ori€in3.1 stElles' tested do not s1:owsufficient;old to ID'eLe
it wortb while to attcwpt tb recover it.

TVv~enty-fiv8 nund.ced· (Z;')OO) grams' of deCiJ.rbonizGd oil-shale from Green
River, \7iYoming, W8l'e conC2ntratcri~on a srr:all labliratory size V'ilfley table.
T~e 1st, 2nd and 3rd cuts or cOTIc<.:ntrates ·fr·o:.) t.'"'c first ta,bilng were re­
cleaned by retamling. Tce·pr6d~cts from tbe second t~blin& wer~ ~'iea, weisbed
and assayed. The result ofLe test is as follows:
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Wt •iLi lim4 Assay;oz •.f'or
tOn J\'Ui

P0r cent Recov~~y

Au.

a@f\r"'~ t , II , •••• ,~ lip , , , t , t I , • I • I"'l O~1f I:JnO~. I , ; , • , , ••• , , • ,

an~ Cut eonct •••••..•••.. ,"
,3rd Cut Conet. .
2nd cl.eaner t aU inS •• I ••• I I •

1st rougLer tailiD~•......•.

;JQQ0.0 .. ; II fl • lit , ... Q.. 03 •• , •••••••• ,'.
04l5. , • t , • '.• ,,, Qt'"O! ' , • I I • I •.• , I ,

*9 ~ 2 •..•.~ . ~ : 0' 0.10 ·•• t " .

166. 51t , .• , • ~ ,. 0.J36, ,
600.0

1095.0-"._--"",",
Z"±':i:6.8

lCO·O
13,.,
6,6
7.8

As tee he3.ds on this Tu,-"terial arc very low in ~old content,' t:tc tail­
iDs products were not assayed. T1c r~cov8ry is very ~ood, considerinf tho ~st­

e:ci ':11, treat ed.

, Twenty-five i..::undrcd (2500) ;1'3I;;.S 0: (h~c3.J.·boniZGd Oil-S:la.L fro;" 501-
dierts Su,.,:;cit, Ut::ir." were clir..c_ntr,:"t 9d on a. SJ,3.11 labo:cato£y size '\1"i1fley t9.1J10.
TLe 1st, illd 2.nd Jrd cut or cOncentr3.tes fr~m t.ed first tablin: -i'{eru l"och:aI)-L;d
by rGtaclin.q twice. Ti:,e products froru the t:r:dJ.'d taolitl;,w\;';re d.ried~ wwi~.:c.cd

and assayed, tt.e Fcodu.cts fro:n tee 1st and ~d cuts bein:; combined for assay.
Tte tesults of the test is as follows- ., . ,.

5.4

1.8

Per cent ~ecovery

Au.
• • " , •••• J • " •. ' 100.0

.'." ... " ." .... " .0.01

Assay.Oz .pCI' ten
Au.

• _ ••••••• I. •• 0.0 a
53.7 - O.Oj •••• t' ..... " '", ••

2500.0
6.5)

47. z)
91.0

r:t. in Gm,

Heads ••••• ! ' •• , " • ,,' " ••

1s t cut •. "., ,.,,,,,.,.,.
~d cut to "

3rd cut " , .. " • , •. ", w ., ., ., .. "

,<nd ~d 3rd cleaner

)

t cl11ing .• " ".,,, ..• t •• " II

1st rougper t~iling .
855.0'

1§Q§~Q
250'>:.7

" The tailin~ jXOducts f:com the tea.t were not assayed as it is obvious
that they would be very low in ;gOld, even tbou:~h a very smaB amomt of the
Sold was I'eeoyerea. in the conCl3n tr:lte ...

~£~~i~~_~~~t~_£~( ~ge£~£~~~~~~Q!!_~Q~!~~'

~2~!~g_03§!£_~_Q~~!~Q_r~§i·

Five t.undred (500) grams oC decarbonized oilsba:le 8,Tound to minus 40 mesh
were a~itated on the rolls 'l,iith 1500 a.c. of a t per cent sodium cyanide solu-
tion for 114 bours. .

~.

Titrating the solution before and after using indicated that very little
of tbe cyanide had been consun:ed. The P'\llp waS filtered. aYld washed tbI'ee times,
'md the filter cake dried. An assay was not m~de 'on the tailing prOduct, as it
is o1;ivious fl'CJnl the head assaJT reade on the material being cyanided, tb3.t it con-
tained very little gOld. .

Ut ah Shale - CY911. i d~ Te s t ;
--_._----------~----------

Three hundred (300) I.' rams of decaLboni·zed oil shale ground to -<H) !'Lash
were. agitated On the rOlls with SOOcle. of t 'per C8J.'1.t sodium cyanide solution
for lH hours I
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Titrating th~ solu:;-i()~1.b(dore dnd Ei.f~(~r using iniicated tbat very
little of the qr::m.:i.d';;l ·tJ.dd 'oeed cvr..sur:r:ed.

Tt.e puJ.l,: was fil t.;.::'c d,!''/ashed tLr;;)8 t:.rr.e s, end t ,18 filter cak0 dried
and we ig1:.ed, Howev0r, ass~;;ys were not made or~ t:Ue tailinl;; product,. an head
assays made aftert.u'.l c~.ran~d.e test tad be.3nstart"d, on a samp18 of tt.e
material being cy.:niJed, i:ld.icated:t~at it cont3.in8d very little gold, 1:ence
it was unnecess2ry to d0ta..'rr.ine whe~he.i.' t:....e cyanido bad 0xtracted tl:3 :c,old~J

As a result of concentration and cyanid3.ti<.m tests, it is obvious
from the head assays made frOm the sarr:ples of decal'bonized sb.eles, that under
no condit ionG could the recovery of gold "be made commercially feasible, due
to the small amount of gold contained D1 the oil sfrales. Tile Green River,
V'yom:ing, decarbonized oil s}'al.;;; assa.yed, .03 ounce of;;old. per ton, or 60¢
per ton. Calculatod 'vack to the crucle .5£:3.1.8 1 w':':icr... has a sw:inzag0 of aPP4'oxi_
mate ly 33.3% d1J.rin~ r-etbrt ing, tlJe 3.Ct 11al crude value of tbe' shdJe would be
only sliSl:.tly mON t'.:lan 40¢ b. Sold. The Soldier SUIlJxit, Utah, decarbonized.
shale ass8yed .02 OW"lce :301d .f-.H' ton, or,*O¢ per t<m. Tnis converted. back
into the crude shale "folAld te slightlY 113ss t:::J.~il 3.0¢in gold. value per tOil.

Micro5c00ic E.xatnin6.tion of Oil Sba"1e from Gret!il R.iver------------------------------------------------------,
5Y2~~QSL_f£2~_~~~_r£££~£~l_Qf_~~_~~~tl!~~~·

. (By R.E. Bead, n~icr03copist,.u~ S., Bureau o~ Mines r ).

The saiIl1?les e:tain~ned wc;re taken at rando[t) fr om materi~+ used ~o making
·the tests preViously described, and are sufficiently rcprosentative of the
entire' lot tested to convey 3n' acGtlrate' idua of ·~lJe occurl·en~e·and distribu­
tion of the sulp1::ide co~stituents of t;1e sh21e. The samples werep<?~is~ad and
exami:1ed by the usual rr.ethods applied to mcroscopic. 8x8:iJ:U1ation' of ores.

Polished sections of oil shale, when examined under tee microscope,
show few of the characteristics observed in thin sections, hut the presence
of metallic substances is more readilyc.etecteci due to tne roflection of
ligbt from their poli:;;bed. 5u.rfi:i.Ce~, At a ma~~r.ification of 106 diameters the
eXistence of pyri to in tha Groen }{1 vo::;! shale' ;;;ay be C CinCJlusively determined.
'T?9, mine~l occurs in rrinute pa.rticles and grains, and appears to bo l:iui to
uiiHorn;Iy distributed t.QL'cughout the samples cxanuned. The pyrite brains are
distributed in such a rr..ann.3r tllEi.t C:l" stratified cr.a.ractar of tt.e sLale is
clearly apparent, 2nd examination of tuin secticns of st,alea haG sllovm that·
tge pyrite is asso<;iated 'Nitl: tb.e silico., aDd c'1.1careous cO!n";)oner.ts of t;:(:J sl:.al(;
which form a1 tar-nate ~aye:cs wi th the kero;;en and t::'us give thO banded appear-
ance characteristic of tt.c sf,::..le family. At the magnification given, nun:eTOus
particles of pyrite Cad be detected but ttey are of so extrarr,ely snaIl that
they resemble mm"'..lte ~J.ints 0: reflected lil;)llt. These small i?article5 ap­
p,ears to be more uniformly di;3 tributed than tt.e larg'er Grains described, and
wnen examined at a Ira,';11ification of 700 die.wdt8rs,numbers of t:Jem are visible
in practically every siliceous area; in all of t:.:.e spec:imens studied. 'rue ai!­
proximate average 'size of t·:.:3se small ,:al'ticles is <Jlaced at O.Olmm but it isb x."'
o vious that partic185 botb. la1',:;o1' and s;:nalle!' than th.::'s din:cnsivn occur in
this. group.

No Gold was see~ in t~e mat8ri31 0xarrQn~d, ~~icn is not surprising
wben one considers t::':'" relatively small content found in the Gt0illl R':'ver ShOlle..
The form in 1J'i.lich gold exists in tbes~ale is an Oilen question, and it is
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probable that the ti~e spent in determini~~ t~is pOint would scarcely be
warr~ited, since thG am~unt involved is too smal~ to reI~esent a commer­
ci~lly recoverable product. It is 20ssible that the gold OCCLrs in the
~lou.r: ;f'o,cm" a.s va::-y finel) dividod ~arnG~,OS si,:ila!' to t:tat fomd in
some pl80er deposlts. Or, tt<3 ot.<:.:.er tali, t:';0 pi'csence of pyrite ,sug::::ests
the possibility tllat it may be; of t'h0 Fold:"be,),!'ing variet~r. Eitt.-el' or
both of these tt.eoJ.~ias appear logical, and s inee it;has b~Bn shown th.:~t

gold occur's in oil siJ.ala, alt:Y.lou:~h in a VS1:Y slLa:LJ, amount j it cl.ppedX's
possible tt..:lt. eXjJloitation of tl:e si..al\i deposits 0;; rGs"J.lt 1r1 tLe dis­
covery of a_'ea.s of wU,ch tL\~ "old has 0~t;;1. suffic'i~ntly eoncGr:tratcd oy
Nature to b8 of cOEln:ercial iiilport:ncG ~

I. If gold actually e:':ists in ::>i;1 's~;ales, it can be detcl.cU',ined ac­
c.ul'?tely by,t.ee ordi[lEt1'y accepted fire-asaay rtethod.,

~; Ti;e Bureaulg investigs.tions ~ ...a.Vt2: proveo.'that by cyanidation 2~'1d

chlorination t reatIT.ant. en'lye a small ,percen taE~e of the total gold s1.o',vn by
fire-assa,y mG.tLo:is on t!l8 c.n:de, sbcil<:l,' is actually '('ecover~CJ, 'oy these methods.
In otl:er ~io'rds, tl::€ total3n1ooo~~ even thoU'",h smallt' shown by such n:ethods,
is m~tDriaily less Lan ~nd.ic3.,t~d1Jy,ol'din:U'y;fire' methods, ar... d it is evident
that even thou:;b. tte 5:'3,105 did., con t,iil1 E;'olci: ~n~ comreercial '1'J.ant iti..as j cyE.'ni­
da't,ion tr(.'Jat. ,eat 'and cr.lofinlati'oa.:, treatment 'would not reCOVi;;J.' s1.lfficicnt tq
make t:te proposi Hun COIrL:EJ:rc'ial.,ly"f13asible. " <;

~. .. I.' • ...

"',
~. It there is a :possibility of t~'"' organic !!latter in t£,.e raw shale

in t erter-tng" with the fire assay of jold ""ud otj::.cr precious itGtals, tbisc.0l
be overcon:.e and all tiMbers cf loss aVOid.ed byrelliov;~n~; the organic lIlA.tter·
'wi til chromic ac i.d. .

~. The sample of shale from Green qiver, Wyomint, assayed. 3;58% tr¢ri.
Photo~i'c!"o_rapl1s showed clearly that pyrite is disseminated 't,hrou~;h6ut the, "
sbale.·. This may be more or less rcspcnsibl8 f,or the .srnc;..ll a'1lovnt of gOld ,.
fOllnd'1ntb.a shale, and altl:ou:): :l6SayS en several shales tave not indlcat:ed
any direct relat ion be£'vV8€ll tl,e iron cont\3n t ar.d tbe !!old con.tent it seems
far more reasonaq.-lc to e:;pect that ,sh?uld ,,:old, at 8.!Jly- tiDl8 b'e' fovnd, it 1'l0\1Jd ,
be i:"lOre liable to 'be found in the sen4stonc seams bu.tween the layers of sha.iie •

• 1 .' _

5. With r,egard' to tl~e mp.tetial. it!'" tified as lead and Zinc, 'fomd.' o.h _:.
the cOtlc$n~ra.ting table' in the mill', :tz.e'B.treau. re,l)Nsentatives sug,;;est tha.t
this materi2~ ,va-s, p;ro1{ebly' sometibathad,reruained in the eleva.to!' ::,:>its and:,
launders·end. pu.'r!:P boxes in the old concentratinG; mill, the l.:l.tter' :..:)robab~y not
having been thoi'oUS',:.l~! cleaned when t;;J,e zdl1 li'ad be.m closed d.own ::J.fter having
been operated as a samjJlins"millcooCentr.a.tor. Tbe Bureau1s J:'ef'resentatives
do not bdieve that this r;:;~teriaJ. waS 'intentionally added to the s.o£",le.

. . :'~. .

6. A sample of t~le'"decarbonized s:"~ale was. ha.nded. M,c. FJ.roos, the ovmer
of tLe property in Wyomin.:;, from wliich tte samples' of sl~a18 werd taken. He
reported ;:e had it ass3,Yed in Denver. Ti::e Jh;:'!9a·'.1' S as SCI,)'" 9 On tIlis ma~erial,

indicated .0<;; ounce per ton, or 80¢ value 0, ;91d. l\'~. Hi.os adVised that "11'.
Bur lin.e;amt , cO::Dl;ercial a.SS.::l.Y~i' in Denver,o~tained 861 frOm tl::e S:i!N rr..aterial_
He also a.dvised tLat M',C. A. ~(, Beam o'btallled from a ;tlortion of tie SalIe sa'llple
$6 per ton in io1d ~ld silver values. --Reports of rnvestigations, U.S. Bureau
of ~~ines. . :
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'riErBOD .OF nrn;ATMENT FOR DETEBMINATION OF
·OIL YIELD Mill PRECIOUS METALS IN

'. ...
OIL SHALES

CRUDE OIL SHALE .
(9.rU~hed to pass 1/2 inch)

33·.2

DIST·fc

. - 49- 2

.SHALF. nmrr (2 RBJ
·4.07

on ItmEX
"16.4

3L2

CR~OlL.2~ GA1.PER TON ~--
SPECIF!C. .S.POINT UNS/IT.
GRAVITY

910

CYLNIDB TREATMENT

25% KON SOLUTION--RA~IO L-S
. (3-1)

AGITATE SOLUTIONS FOR 24. 48
AND }2 HOURS. FIJ.,TF.RED &
'.'JASHED

. . RETORT .ASSAY--

CHLO~IlJATIO~ TREAT~~lIT,. , ,

-·RESfD~

DECIIRBGNIZED SHzlJ,E
---,~

cO'icnrrRi\TES TfI~n.S HYDROCHLORIC ACID LF..ACH
.. . (dilute solutipn • and

. . wash water)

CO~CR~TRATION.TEST

Oi,i i~n.F'T.}i~Y TABLE'

,.-,

m:SIDUE SOLUTION, f,-SSA~D SOLU;l'ION$ AND RESIDUES'

ASSAY PRECIPITJ,TE ON C. P. GRANULJlTF.D ZINC

FILTER OUT AND PRBCIPIT.f\TF.-ADD FRESH
ZINC AND RRPEAT AS l\J30Vl:- . ~ -_.0 _

SOLUTIO~ . PRECIP~ATE·..
,.

rASH ~ITH ~~TER AlfP DISSOLVE IN
HYDROCHLORIDE OR SULPR!mJ:~ ~

SO"LUTION. RESIDUE-

-10-

WASH. ~.. ADD SItVER - 'VRAP' IN
LEAD FOIL, ASSAY.

C;
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