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BUREAU OF VINES IVVT%TIFATES 30LD IV OIL SHALES
AND 175 POSSTBLE RECOVERY. '
By Thomas Varley (Swperintendent, Tntermomntain Station, U.S.Rureau o? Wines)

For a year or more, qtatbnnnta kave appearéd in the tecknical press,
and osgecially ia various trade Joufnals indicating that valuable metals such
as gold, silver, platiaur, ani other rare metals, have bzen found and also Lave
bean succusqully extracted from oil shales. Thesc reports stzated tuat decar-
bonization and special methods of chlorinatiod treatment, lcaching and subse-
guent precivitation, also cyanidation followad by table concentration o7 the
residues sfter cyanidation, all indicated trat 20ld and silvir snd ot™er metals

could be, and were, Succcssﬁujlv recovercd. Suckr articles have caused much
misunde rstanding and as the correctneass of scre of the statemonts made in

taem were questioned by some of the tecinleal joumsals and by varlious chemists
and metallurglsts, an investigatdon of tue subject was begun by the metallur-
gical divisian of the Bureau of ™ines, in order, if possible, to determine to
vhat ertont, if any, metals of valuc do occur in o1l chales, and if 6o, the
feasibilitv of attempting their recovery by the processes said to have been
used for that purposs, . ‘

Inasmuch as the Bureau's station at Szlt Lake City is investigating the
recovery of o0il from oil srales, thae investination of tae cocovery of wxetals
from oil shales was assigned to my direction as supscintendent of that station.
M agreemont had been entered into witk tne owner of an extensive oil s:als
deposit in Yyoming whereby I wonld personi:lly collect the¢ samples’ of shales for
us® in the investigatian.

Before beginning uhe wor X at Salt Laxe City, a study was made of the
process used by A. M. Beam of DenVAF Colocado, Tor the extraction of metals
from oil shales. I then visited the mill of the 4rerican Continuous Retocrt
Co., wlicr. is situated near tie assay office of AN.Beam. In tkoe cruscing
department of tre plant there was a considerable amowmt of o0il shale, wnicl
apparently had been unioaded frowm a car, roady for troatment. The plant origi-
nally had been used by tke Charmverlain Ore Concentrating Co., as a sampliag
mill and concentuvntor, and tie aquipment therein consisted of the usuval eguip-
ment found in sucl mills., The plant bad teen fuctier eguipoed for oil-suale
exgeriments with-a toree-hearth retort for oil extraction, and ancther retort
constructed esnecially for decarbonizing tke spent snale, a cod will was used
for ccusping the spent shale aftcre toe o0il bad been ’1tr3Cﬁud teecefrom,  Mhe
ducarbonized shale was, according to i, Lewis, president of the Awerican
Cuntinuwous Retor%t Co., treated in hot solntlons agitated in pachuca tanks wirich -
were equipped witk amalgamation platss. After a oatch of ore kad received
this treatment for a sufficient length of time, tue material was treated by
cyanidation and tke solutions from the cyanide leaching ware passed throuat
zine bores wnere any zold ar silver that might have been taken into salution

by tre cyanide would b2 precipitated. -



The raaldues after cyaridation were pumped up $0 another floor and
passed over 2 Milfley tatle, Tais tatle and the eyanide toxes wers the omly
part of the plant in operation during my visit. - I observed on tke table a
carcentrote wihich I distinctly fdentificed as lead, probably a litile iroa
and zingc, and somc blaclr material which was rrobably oyrite which vad bean
altared during thc rcasiing and decarbonization. Toere was a vory tsin cay
streak on tLe toblo whick I could not identily, althou.n it probably wi ut
Lave heen citler lead sulpuate of lead carboaaste. Thue proscncee of luad and
zinc on tie tabl:i Iod me to believe that tisre must Lave veun sos of tlis
material remaining in the elavators or purp bexes, Tats, no doudby, accouwnted
for the prasence of <he lead and zinc wuicl. was supgoscd t0 Lave cous frog

L
tie 0il shale, for it is difficult t0 canceive Low suck material would bo

[
rressnt in crude oil shale.

Mr, Lewls also showed e several pieces of flaey 20ld woich he stated
had been picked off the tadble. Under the miéroscope tiis rpaterial Zad tiw
appearance of 3014, but it was associoted withl quartzite.- 1 was canded a
small plece of tlLis material, wiric: was picred 0ff the takble in my preseance.
Later this was tested with nitric acid and dissolved; th: tests iadicated
that it wes practically-ali coppdr. However, it is believed that the plece
examined wder the microscope contaired z01d, but I do not kmow and thecefore
cannot siy it was coleentrated feom te siald by the Wilflsy table.

v

I arrived In Groin River, Tyoming, on the mornin, of May 2; 1922, and

Mc. Himes provided évery possible copveniecnce to sceure the samples of skalc
¢ bad two miners znd carss ready, also zn enginesrs wiv Lad wmade survoys on
The warty tron wont a sZort distance mortuwest of Green River,

his propectics,
and we went up on the shale deposits 2ad »ricd domn with bare pieces of suele

from several places, Thess were sa2cked us under my supervision and expressced
to Salt Leke City, I arrived in $alt Lake Clty, ™adnesdsy, Mey 3, and the shale
arrived lete the sare alternoon. ‘ s '
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' Tecknologist, U. S, Burzaw of Miavs.
Upen the receipt of tre samples at the Burégu's stzbtien at Salt Lzke
City, tkey were turned over t0 Lewis C. Karrick, wio coﬁductéd e distilia~
Dr. Frederick Salat@re, formerly 2 chewigt ‘wits tro Standard 01l

tion tests. 3
Co., who had been worzing on the oilashale problems connected with tee recove

ery of 0il from the shzle, and w%6 had been investigating the recovéry of
metals from tke shale in laboratorise at Fort Mayne, Indiana, was detailed
by Mr, Hirmss tO0 assist in this investigation, ald zave general directions of
procedure. The sapple Wwas crusumed to pass & *-inch-scceen. ALl the matecial
was then thorouskly mixed and tie entice bitch was ghactered-down to obtain

a 25~powmd sample tor zalysis. Tbils Z3<pound scmple was distilled in several
hatches in the Buresu of Mines! assay retorts, The rate of distillation was
suer that the o0il was reduced in all cass¢s in about two-hour distillatlion
perlods. 'Tue snent shale was retained for furiier éxperiments. The oils
were tosted and cave the followiang results: R
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Yield, .. vvivunn Ce e reseras s .20 gallons per ton
Specific-Graﬂity.«-..........,..... «910 oo
Melting POInt.vev v vens v, oo 3120 C

saturatione.sissserrcasssoranas.i 9.2
Mmowmit of Disiillate from Crude.... 33.2%

Index Value for the 0il... . evvven. 16844
TIndex Value for the shaleieerenes.. 4.07

"he index value of azn 0il 1s a guantity calculated from tae apalvtlcal
data of the oil, 2nd is the product of the perceutage of distilliatoe %o 2’0 c
obtained from the crude oil, and the saturation of this distillate to 275°C.

Amount Distilla Per cent 91bt1llate Per ceat Per cent
topped. t0 275° C. to 270 C - Unsaturatian Saturatiom
50 cc  16.6 co 53.2 %9.2 . 50.8

Index of o0il = 33.2x 50.8 = 16.4

The index value of the Sbule is the product of the oil vxeld in ballons
per ton of shale and the index value of the crude oil.

16.4 x 25 = index valus of skale, S

After the shales had been retorted, Do, Salathe, who had been present
during the retorting process, gave instructions a8 to the grocedure t0 be fol-
lowed in the tcostment of the residucs. This is cleacly shown in the accom-
panying diacram or flowslieet of the cntire experiments, .. ... .. S

The spent shale was pulvecrized sC that all would pass a <0~mess screen,
The pulverized material was then decarbonized under the directiqn of Dre Salatbe,
by the Bureau!s analyst snd .assayer. This was done by heating. in a.large
gas-fired mffle in the firc-assay laboratory. Particular avtent%on wes given
to see that the temperature withian the fumac.: did net exceed 620 C. at any
time during the carbonization., In ordsr to ilasure {bis.temperature not being
exceeded, pyrometers measuring the temperatures were used.continuously during
the decarbonization treatment. After the entire tatck was decarbonized, the
material was divided -into -thrée parts; part one consistiaz of 2500 crams was
turned over to one of the Bureaun's orc-dressing enginecrs for concentration
tests which are given elgsewherc in this repert. Part two.was also turned
over to the same enginesr for cyanidation tests, and saother egual part was
rotained for the chlorirddtfon test, ¥ : '

e e A e e e S e -

‘The portion ss% aside for tnis experiment was treated wder the direc-
tion of Dr. Szlatke, in a swall rotacy retort in tbhe Oil-siale laboratory.
This was especially desirable eguipmeat for the reason that proper neating
and agitation could be procured; allowing the chlorine gas to react on the
material properly. The retort was maintained at a temperature of approximatoly
200° C. throughout the chlorination treatment, In eackh test zbout cne hour
was reqguired t0 complete the absorptlon of the chloring gas by the sbhale. Tie
chlorine was drawn from a cylinder and then passad through a sulpburic acid
solution and led into the retort througi a special zag-tight fitting, The gas
was liberated at the back end af the shale container, apd any excess chlorine
and also any voluble gases or vapors liberated escaped from the retort tarough
the delivery tube which led into a gas-washing bottle containing pure water.
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Four l-pound samgies wére trearwd ider.p:cally, aad were ultixately bulked to-
sether into cne composite sample. The-delivery -tube from the retort, as well
as the comectioms t0 {re wash votilz, were all cleaned witk 2 dilute hydr-och-~
loride acid solution. Thé was“ingzs were adasd to the compesite shale sample
and enough water added to procure mn evan nixture, fkis mixture was agitated
for sn rour on tha rolls and was tren filtered tiarough-a suction fiiter.

During the filtering about 12 waskhes wers given the res-idue, the

last few washes ‘being with Lot water. " The filter cakze was then broken upg in

freoh wataer 3lightly acidulated, and after thorougk mixing was refilteced and

wasned., The filtrate was evaporated dewn to apout 500 c.c., enough acid added
to give a faint acid reaction and C., P. zinc was- added (gold free). Tne resi-
dual zinc was filtered off, washed witk dilute hydrOChIO”iC acid several times,
the residue melted with test lead, tien scorified wntil zmc free, and finally
cupelled in the usual way, :

In order to obtain a check-on the work and t0 zet comparative values
on other shales, a sample of spent shale from Soldiers Summit, Utsh, was
treated in a. similar manner to- the Vyoming snale by parallel tests, each
shale receiving identical treatment,

- m e Qe S L L T e -

Wyouing Shale - Usah Shale

Sample Taken .

POUNAS s dvevrnessecrovennsensnns  E0veriiiiinssss 0,88
Sample Talen o

AS3aY TOAS. s cesanrreescarn vesvs 23 - TSN N4
Gold Conterit, oz. Gold - _ T

. per ton decardb. shale........... 0.03 00 vvevnsay 0,02 7

Gold Content .of sample . SR

MI114QlamS e, vvnssonsioosscnrooann 1850 cvevivvaans 0627
Gold Rscovered Yy =hlorination : R
. MIL1L Gramees e crersedoianssarvan 0v0B4 tiinenneey 0502
Per cent .of total gold - ' _ S

RecOVAred, s ovsevenverrsvvarares - B3 .-,.-....,3...._7.4

Discussions -of Results
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n 'calculat'ing the amount of gold actually recovéred as & result of
the chlorination and ledcking tests, 1t ladicates tkat only 3.2 per cent of
the total gold in tke cpude shale was recovered by this metnod. *It would,
therefore, seem that such a treatment would not be profitadble as a method of:
. recovering the gold, even thoush comrercial 'quantitj_ef,s actually existed in

the shale. AT ’ '
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This phase of the investigaticn was placed wnder the um:echate dirsc-
.ti,on of Charles G. Maier, consulting ckemist for the Bureau, and. a uember of
the technical. staff of the mstallurkical ressarch department ‘of the ‘Thiversity
of Utzh, It is usually claimed by taose who regort gold in oil shale and its
residues after distillation, that the zold is hot detecrminable by a canvention-
al fire assay, but that special treatment i3 necsgssary to recover the gold
.-elther for assay or zractically. Io discussing this matter with Dr. Salathe,
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1t seemed that his idea was that the gold pight exlst as a colioidal s wsgwn-
gion in the oil of the shele, and the presa~ce of sulpkur and orzaric sulsrur
cempounds might enable the gold to distil off ducing heating and thus cause
low assay values to be obvtaired.

Since it was desicable, in order to caiculate the recovery of gold by
any extraction metuod, 1o Xinow the actval total ;old content of the original
material, experimeats were carcied out to shoy wietker the usual fire assay
method actually did give low results and to indicate wpere, in the processes
carried out (zs above described by Mr, Rarrick) it would-be possible to lose
gold, The tests were perforwxed as follows: - :

1. Fire assays bty the usual methods of raw, spent, and decarbonized*
Wyomingz shala samples, and spent and deecarbtonized Utsh shale. No raw Utak
dhale samcls was availabie, .

2« A special assay, by a method described below which eliminated
possibility of volatilizing gold, on the raw Tyoming shals.

3v The determination of tha gold recovered in the chloridizing leach
liquors, as above described, obtained by Mr. Karrick;

—_— e m T

Four semples of i-assay ton e@act were fused with the regular flux used
for oxidized ores, the four buttons from cack saxple comwined, scorified, and
ciipelled in the usual wanner, :

Yethods for 2:

Tae organic mattér in a raw sktale sample was completaly destroyed by
chromic acid, all gases given off by the oxidation being washed to prevent
loss. No external heat was used. The procedurc was ad follows: One assay
ton of raw shale was placed in a liter flask provided witn a separatory fumel
inlet, and an outle® tube passing a catch bottle and a wask bottle. The flask
contained 23 c.c., of water at the start. 100 c.c., of concentrated sulpburic
acid was added throughk the funnel (the appardtus beinz kept closed during the
run), then 100 ¢.¢., of saturated ckromic acid solution were added in small
portions, as limited by the course of tioe reaction in tke flask., Aftar the ac-
tion had for the most part ceased, 35 c.c., more of chromic acid were added,

“and the wkole allowed to digest over night, In tue morning, the contents, now
completely deprived of organic matter, wece diluted witlL water, and the color-
less residue filtered out far assay, The filtratc was treated with excess fer-
.rous sulpbate to precipitate any dissolved gold, refiltered, and the ignited
papers added to the previous residue, X.2 grams of raw ore gave a residue of
1610 grams. The residue was washed free of chromiuvm by repulping with dilute
hydrochlorlec acid, and finally dilute sulphuric acid.

Method for 3:

The leach liguor from cnlorination was treated with gold-free zinc dust,
the residual zinc filtersd off, wasned witk dilute hydrochloric acid several

h= g S P i~ M. AT Sl pe GRS Go Py PR Ry

potived ~Boi—g.op-dh ol —— e v - o —

* See Mr. Karrick's statement for metrod of dacarbonization.
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Me results obtained in tnese tests are s o in tabular form below:

¢old Context. Oz.pec¢ towa. .

__________________________ Woming Saale __________________Uten smele
Calemlated Caic,to

As Determrined  to raw shale  As Determined raw s..ule,
S0% scriniiaie

____________________________________ 80% _shringase ________________3Qb sioiniaze
Raw shale:
Straight assay« ... 0,023 0.2
. .Special assay. ... .. » 002 Qs 2
Seent Srale. ... . 0,04 0,026 0.01 0.C07
..... . 0.03 0:02t 2.03 0.Cl+

Decardonized Saale
Discussion of Results:
In view 0f those results it is concluded:

A+ That the sampies tested contedn minute amouits of ~old, to tre ex-
tent or possibly 20 or 30 cents per ton of oricinal shiale, but the amo.nt
found is not of comuercial valuc.

o B. That no special precautions are necessary in assaying shale for
gold, and that any direct assay by a reliavle rethod will sive the true gold
content of the original material, ' :

C. That there {s no loss bty volatilization in these samples either
during the distillation of the oil or durin, furtier beatin: and decarbeoniza-
tion, waick is sreater in amount than the limiting accuracy of a gold assay

at its best. . :
D. Trat ths chlorination treatment of decertonized shale was totally

unsatisfactory as to recovering weat little gold 1s present.

o Z. Teat the original shales testcd do not show sufficient 201d to mote
it wocth while to attempt tO recover 1it.

-——— e e S T e LT puipwrapiiily BEpl-agih Gy R -gumpaiuAy SISOy

Twenty~five hundced! (23CC) grams of decarbonized oil-ssale from Green
R}Vef.’ﬁyoming, were concentrated on a swall laboratory size Wilfley table.
Tue 1st, 20d and 3rd cuts oc concentrates frow t-e first vabling were re-
cleaned by retabling. Tre-products (rom the sesond tabling were dried, weishzd
and assayed, The result of t.e test i3 as follows:

~6~



Wt.ia Gms Assay, 0z .per Por cent Recovecy

ton Au, Av.

Hﬁadunn-nn-.--.-.-,. O L)éQG'O!‘-o-nnob Q¢0304\-q'.--4--v lCOlO
1." Gutﬂuncm..”-”un--. h"&‘ivvlpgno'gla QQ"e!Olll!ltollll &l.§
2nd Cut Conut............... *9\2|~-O4l!;p Osdlvecaorvesir s 6.6
37d Cut CONCEarssennrenn.es 166¢5rserrres OuddOnernennnnees 7.8
2nd cleaner tailinzea.ve.... 600.0 :

lst rougier tailinz....... oo 1595.0

2+G. 2

As the heads on this material arc very low in 20ld content, tie tail~
inz products were not assayed. The recovery is very xocd, considering the met-
erisl. treated.

e e e e e i T L 2

Twenty-five Landred (2300) :fams of decacbonized oileshale fron Sule
dlef s Susmit, Utsh, were cunc.ntroted on & sxall laboratocy size Wilfley table.
Lte lst, and and Srd cut or concentrates from t..e first tablin’ were recleancd
by rctablinq twice., Tee products frow the third tablin: were dried, wei_zcd
and assayed, the products from the lst and nd cubs beins combined for assay,

Tte results of tho test is as follows:

Vitein Gm, Assay, 0z per ton Per cent Recovery
Au, - Au,
Headseroonnrvonernannesnes 250000 oenvaancsvens 0002 eavionassonon 100.0
lSt Cut.............-..... 605) 5:3.7—' OOOC—) R 5.“3:

zld Cut-.................. 47.2)
BrdCut.-...--..:....'-‘.. 91.3 R R Onol G ov e so s cose 118
2nd and 3rd cleaner '

t241Ng. v e eeniirvein. 855.0
lst rougher talling....... 1505.0
2004 7

. Toe talline products from the teat were not assayed as it is oﬁvioué '
that they would be very low in zold, even thousk a very small emowmt of the
50ld was recovered in the concentrate.. TN -

—_-——_-n—__—_— B i e i LRy
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Five rundred (500) graws of decarbonized oil shale ground t© minus 40 mesh
were azitated on the rolls with 1500 e¢.c. of a %"per cent sodium cyanide solu-
tion for 114 hours, |

Titrating the solution hefore and after using indicated that very little
of the cyanide had been consumed. The pulp was filtered and washed three times,
mnd the filter cake dried. An assay was not made on the tailing product, as it
is obvious from the head assay made on the material bdeing cyanided, that it con-
tained very little gold,

T e Y s i e S . e e g e wiie i e e e M T Y e

Taree hundred (300) brams:of decarsbonized 0il skales ground to -4V mesh
were.agitated on the rolls with S00 c.c. Of % per cent sodium cyanide solution
for 1l hours,



Titrating the soluvion before and afier using inlicated that very
little of tie cyamide unad ocen consured.

The pulp was filtercd, washed torece times, and tae filter caks dried
and weighed. However, asszys weres not made on tue tailing product, . as hcad
assays made after tow cyanide test had been started, on a sample of the
material being cymnided, indicatea taat 1t contained very little gold, Lence
it was wmnecessacy t0o deteoming whether tle cyanlde nad extracied tLe cold.

Conclusions:

As a result of concentration and cyanidation tests, it is ohvious
from the head assays made from the samples of decarbonized sheles, that under
no conditione could the recovery of gold be made commsrclally feasible, due
to the swall amouwnt of ¢o0ld contained in the oil saales, Tae Green River,
Vyoning, decarbonized oil shale assayed, .C3 ounce of ;old jer ton, or 60¢
per ton, Calcuiated vacl to tihe crude shale, w:iich has & strinkage of approxi-
mately 33. 3( dvring retorting, the actual ccude value of the shale would be
only allghtly more thaan 40¢ in gold. The Soldier Smzit, Utab, decaroonlzed
shale assayod .02 ounce acld por ton, or 20¢ per ton., Tais converted back.
Into the crude shale would ke slightly less than 304 in gold value per toa.

_ﬁ___.____._.___._...._._____-..,....._...__._....______.___.._..____.__........._...._._

i angniybdtin __.____......._.__.. =N AR SR LN Lo b4

" (By R« E. Head, Microscopist, U. 5. Burcau of Mines,)

The samples eramned wore ta¥en at random from material used ia raking
-the tests previously described, and are SUfPiCienulJ roprusentatlve of the
entire lot tested t0 convey an accurate idea cof ihe occurrence and distribu-
tion of tkhe sulpkide constituents of the shale. The samples were polished and
examined by the usual nethods applied to miCﬂoscopic ixamination of ores,

Polished sections of oil shale, when examined wnder tie wricroscope,
show few of the characteristics observed in thin sectlons, hut the presence
of motallic substances 1s more readily cetected due to the reflection of

% Lt from their polished surfaces. At a maznification of 106 diameters the
stence of pyritc in the Green kive? shale may be conaelusively determined,

Tba miqeral occurs in pinute particles and grairs, and appears to be yuite
uniforuﬂy distributed tharcughout the samgles examined., The pyrite yrains are
distributed in such a mannor that the stratified coaracter of the skale is
clearly apparent, and ezamination of tain sections of shales has shown that

tge pyrite is assoclated with tue silice and calcarcous components of tie shalc
which form alteimate layecrs with the kerozen and thus give tne bended appear-
ance characteristic of tkhe shnle family, At the magnification given, numerous
particles of pycite can te detected but tiey aru of s0 extramely oaall that
they resemdle minute glints of reflected ligu These small particles ap-
pears to be more uniformly distributed than tLe lairgec graias described, and
woen examined at a masnification of 700 diameters, numbers of taem are visiole
in bractically every siliceous arca in all of t-e specimens studied. Toe ap-
proximate average size of t"ese small particles is vlaced at 0.0lmm, but it is
obvious that particles both larcer and smaller than thls dimensica occur in
this group.

No gold was seen in tae waterial eFamined, vkich is not sucprising
when one considers ti-o relatively small content found In the Grceen Kiver shale.
The form in wirich gold exists 4n the sipale 1s an open gquestion, and it is
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probable that the time spent in determining tlls point would scarcely be
wacraited, since the amount 1avolved is too smalli to rerresent a comwer-
cially rucoverable product. It is possitlie that the zold occurs in the
wiour form' as very finely divided pariicslos sivilar to that fownd in
somo placer deposits. On the oteer Zand, tie pressnce of pyrite sugzests
the possibility that it may be of the gold-bearing varlety LEitter or
both of these theories appear logicad, and since 1t has been srown that
20ld occurs in oil siale, altuou:ih in a very small amounty iv appears
possible tkat exploitation of tre shale deposits may result in tre dis-
covery of a-eas of wizich the 30ld has Deea sufficiently concerntrated by
Nature to b of comzercial import.nce,

Genaral Cuacrusicas.
I. If gold actually exists in 2il sucales, it can e detercmined ac-
curately by the ordinary accepted fire-asaay retrode

2. The Bureau's investigations Mave proved ihat by cyanidation and
chlorination treatment, cnly a. small percentage of ke total gold shown by
fire-assay metkods on the crude snale 1s actually recovered by these methods.
In other words, the total amount, even thouch smally shown by such methods,
is materially less tlan ‘ndiczted by ordinary fire methods, axd it is evident
that even thourh the siales did. Cfntéin £0ld. in  commercial guantities, cyani-
dation treatweat and c“lorlnatlon treatment would act recover sufficicnt tQ
nake tkhe proposition COmLercially foasible. :

S If there is a possivility of tie organic matter in tce raw shalse
interfering with the firc assay of so0ld aud otuer precious metals, this can
be overcore and all dangers cf loss avoided by removing the orgaalc matter:
with chromic acid. g :

,.4. The sample of shdle from Greéen River, Wyomine, assayed 3.58% iren.
Photomicrographs showed clearly that pyrite is disseminated throuchéut the. -
saale.' Tehis may be more or less respensible for the small amount of gold
found in tke shale, and althouslL assays on several shales Lave not 1ndipated
any direct relation bstween tie iron content and the gold content, it seems
far more reasonablc to0 exgect that should gold at any time be found, it wonld
be more liable to be found in the SaﬂdSuOﬂu seams bgtween the layers of shale,

5, With regard to the material identified as lead and zing, fornd{qh
the concentrating tadle in the mill, tie Tureau representatives sug.est thab
this materiz] was vrolhably some that had remained in the elevatoc »its and-
launders-and pump boxés in the o0ld ¢oncentrating mill, tke latter provably not
kaving been thorousbly cleaned when tie mill bad been closed down after having
been operated as a samplinu.will codcentratos. The Rureauls regresentatives
do not belisve that tkis material was:intentionally added t0 the sazle,

6. A sample of tue.decarbonized 5iiale was nAnded Mr. Eimes, the owner
of tie progerty in Wyomins, from wiich the samples: of suhals were taken. He
reported e had it assayed in Denver, Tre Rureauls assoys on thils material
indicated 0% ounce per iton, oc 80¢ value is zold. Mr. Hiwcs advised that Mr.
Burlingame, cemercial assayer in Jlenver, obtained 85¢ from the same material,
He also advised that Mr. A, ¥, Beam obtained from a portion of thke sage sample
$6 per ton in ¢o0ld and silver values, --Reports of Tnvestigations, U.S.BRurzau
of ines, : ' 5
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'METHOD OF TREATMENT FOR DETERMINATION OF
OIL YIELD AND PRECIOUS METALS IN
OIL SEALES

CRUDE OIL SHALE
(qughed to pass 1/2 inch)

RETORT _ ASSAY

— T RESIDUE ) ' B "~ CRUDE_OTL. 25 GADL.PER TON ]
: SPECIFIC . S.POINT TUNSAT. DIST.{
DECARBONIZEL SHALE IR . GRAVITY ‘
T ' : : 910 31.2 - d49.2 37,2
COMCRYTRATION TEST , ‘ . .
04 FILFTAY TABLE CHLORIWAT IOk TREATHEIT CYANIDE TREATMENT SHALE mh)rv (2 ®r)
T . ' ‘ ' ' .07
COCTYTRATES TAJLS  AYDROCELORIC ACID LEACH 25¢0 KON SOLUTION-~RATIO L-S OIL IFDEX
' _ (dilute solution, and . (3-1) 16.4
wash water) AuITJ‘TE SOLUTIONS FOR 24, 48
‘ AND 72 HOURS. FILTFRED &
. NASHED
RESIDUE SOLUTION. . LSSAYRD SOLUTIONS AND RESITUES
ASSAY  PEECIPITATE ON C. P. GRANULATED ZING

FILTER OUT AND PRECIPITATF-ADD FRESH
ZINC AND REPEAT AS ABOVE

SOLUTION . : oo ?RECIPITATE

| UASH TITH WATER AND DISSOLVE IN
HYDROCHLORIDE OR SULPHURIG ACID

SOTUT ION RESIDUE-

WASH, DRY, APD SILVER - UHAP IN
LEAD FOIL ASSAY .
-10-



