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ANNOTATED AIR PHOTO I‘P()N’l‘].‘SPT‘HCE

Sulphur rermit areas shown on the air phovo mosaic are
well located with I“C"d“(l to sul phur (.epoasts, being northwest
of the Madisna No. § discovery and showing similarities on

14

air photos to other sulphur depos
The light areas on the air mosaib;_mérked S, signify
character tlé areas where surface sulphur may soccur,
”Sulphﬁr in low concentrations fertilizes vegetation:; hut
in high concentrations inhit iis-growth'due ﬁo the forma {.nn of
too much acid. .The absence of vegetation-ié another clue to-

surface sulphur,

.

These permit-areas are surrcunded hv an ou1cr'op ci_ of

.

the Lower Cretaceous, which is exposed as small élif’fs. Similar
cliffs on Madison Permit No. 9 contain beds of sulphur iz; e
cliffs themsclves.
Surface deposits of s:;]_phur' may be expected in the ares.
marked on the perimeter of the Lower Cretaceous outcrops,
Subsurface, the contact betwecen the widerlving Devonian
formations and the Lower Cretaceous under these permits may ne
the location of subsurface sulphur deposits snitable for
Frasch mining. 1In a similar environment in Pecos County,
West Texas, the surface sulphur ore proved o be the surface

expression of subsurface deposits which are now being nimed by

Frasch's method of melting the sulphur \mﬂcx*ﬂxo“..d with hot wat

eT
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GEOLOGICAL BACKGROUND OF SULPHUR IN NORTHERN ALRERTA
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- Geochemical theory predicis th ~deposition of sulphur
from solutions coﬁtainihg sulphates\and hydrogen sulphide
See the attached articles by Pirson and Jones, The
Devonian formations contain both hyriirogen sulphide‘

and sulphates (i,e., gypsum and anhydﬁite];

Tﬁe formations in Alberta which prqduce sour qné
dontaining hydrogen Sulphidé oceur in the Devonian
and the‘Mississippjan.

A wide arc of Devonian exists south from Great
Slave Lakg on the west sidé of the Wood Bufralo
National Park in Alberta, The thickness of the Middle
Devonian beneath these Five permits is gaid to excead

1,100 treet,



.““

Surface sulphur accumulatinis in Northern Alberta have
been krnown and menticned by frequent reological sﬁr&eys in
the first part of this century. The lecal iﬂdians of th&t
area are said to have known of the yclliow depdsits; and of .
sdme'which appear like light brown clay,

Surface deposits of sulphur occur in a wide belt from
Great Bear'Lake, HW.T. to the Clearwater River in Northern
Alberta., These surface deposits are the resaltlof,ﬂighly'
suiphurous adueous solutions which probably arise from
underground springs, fault fissures and fracture patterns,
The coeonstant discharge of rich~sulpﬁur—benring solutions
from below has resulted in the precipitation of thick
accamulaticns of sulphur bearing rocks, in certain arcas.,
These surface deposits are often véry pure, in some instances
up to 98% suiphur, and also are assciated with 1imohite,
Sand, silt and limestones, and LY P,

The Source of the sulphur-bearing solutions, which
results in surface deposition of this elemént,-are.issuing'

from the truancated Upper Devonian, Woodbend Group which is
¥
exposed to the surface (see cross-section $1) or to the pre-

-

Cretacecons unconformity (sece map #1)., The stalking of

sulphur permits has taken place primarily alons the wide band
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of Woodkend subcrep; in areas where *be Wocdbend is expesed to the

.surface or where it is masked by Cretaceous erosional rernnants.

The dep.osition of primary elemental sulphur can oceur from
the .aquveous; solution of sulphides and s'ulphatcs; according to the
mineral solution equilibiia. Thus, hydrogen sulphide coming from
the Devonian formations dissolves in water and reacts with anhydrite
and or Gypsilm, depo_siting sulphur out .of solution, Since calcium
sulpha te an d hydrogen sulphidé-are mdre soluble in cold water than
in hot, it could mean a high cenc entratioﬂ of sulphur pr'ecipi‘tétion in
areas of Karst topography there surface waters have becn extremely
active. Therefore two ingredients are needed for thé fermation of
sulphur deposits {1) the presence of sulphates and sulphides, which
could have ceme from iron pyrite concretions, gypsumm or arhydrite,
(2) The pres nce of intense watexr activity which generally occurs
at unconforrrﬁties and re sulté in sﬁbterrainah caverns and sink hole
type topography.

Iron pyrite concretions are abundant in the Cretaceous, Cariboo
Mountains:.and the Woodbend group is kiiown ‘o contain thiAcAk beds of

anhydrite in the subsurface, The arca of study thus appears to have

the necessary sulphates and sulphides for a chemical reaction, The

y - ) I . - s . . - ;.
Deeded water to bring about the solution and the later vrecipitation of
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sulphur is ev1dent by the amounL of pre-Cretaceous and recent

;..n 0

erosion in the area, The P"Lden"c of eros

B e Y

onal actisn can be seen by
AT e L T AT . LV 1o S



[\
H

tﬂe huge Cr etacm,uo re“nnantu und Rar ot topo graphy in the area, . The .

enerall eneplained “re»-Cretaceous unconformity indicates a long
}-’ . L COUTY I el =

e,

geologic period of erosion and cxposure to surface waters, The present’

-surface, is still Vmourou sly invaded by surface SOl'thlO"lS

day erosional surface, whch inciscs the Denerjlainegwnre'—Cretaceous

~The eést limb of the Cretaceous ‘Cariboo Mountains Jntersects

the permits here deSLl‘leJ lcavmg at least half. the permits cr expesed

Wooaoend outcrop, The remainder of the permit lies on the Cretaceous
A h p : p ,
: _

Cariboo Mountains. The pos.sibili_ty of concentrated heds of sulphur

‘below the Cretaceous; deposited prior to Cretaceous deposition, during

the pre-Cretaceou§ tirue of erosion; as well as the present day dePoéitiur*
of sulphur on the exposed Woodbend subérop is>possib1e' on these permits,
The presence of suiphur on top of the Cretaceous mourlt\a;ins is also
poss ible due to the presence of 1ron' sulphides in the Cretaceous beds
and the rnovement of uubsul*face waters fz;om the anhydritelrich Woodbend
fofmez'tion, (see cross-section #1), |

The geoloclcal formation in which sulphur occurs in the Woocbnnd
(Upper Devoman) Group, is the Grosmont .Formation. This formation

£

consists of vuggy, petroliferous, reefoid dolomites, with varying-

n

amounts of thin bedded argillaceous limestoneo. The 'Grosmont is a

- 'ba"'r ier-reef, equivalent in time to the Leduc, In the of; -reef facics

the Grosmont is equivalent to the Hay River limestones; in the back-reef



- . ‘ . [ e . ST e 0 8 i s e e R 4 e R TS ST s ey gD e e e ey " o it gy g S o i
O o n . g r rw'&
-- |
s
: SULPNUYR A) PRE- CRLETLCEOUS : SURFRCE SULLHLP o ' . ; .
; SUREACE /""7— , L
J'd;?fdcf . M‘z‘— ] . . Lo
~ et _— W;'-v" gy o 5#!/;4@’ SuryL'e
2 CRETAC oS 3 = ~ RS ’ S '
- AUl L EOUS SAEONE DR 7S - N
NISKT S IR S oA M—-‘lﬁ.}vw e > -%}’ML‘;‘& "-—z'-’\. Sy "\i‘:::::x.
| f i - N P N — oy
E . 0oL e 2847 - -
a : z y ZM * /613‘/714104/7 /""’y’?”,/{ AA/D = LAKK/ i g {
TUFPER DEVONIAN ‘ - f ' /V///(/( WA CaEaveenns 77777777/ 45 /
o 7T 7777 /A//p/(/mm,‘,m SAIA T
Cv' '(/( > {/Vf/
/// (/fK/ )/////&////L/
//////A////;{ ////// {
,;//,9[)/50‘_‘/0"/ PR
8l Ll o
ALOTE” L SUUPHUR 4T PRE- CRETACECHS YNCONFORMITY REPRPESENTS DLDER
PRE - CRETACEOSS DEPOSITICN OF SULPAUR AT YN C O CAtr TV,
L SULFHUR ON JOR OF CRETALEOYS FEFRESENTS VYO EER i
' v GENERATION OF [LCOSI/ION AL S LHIIE DELOS),TvoN. i
: . L . v et e SULPHYE ON SUSCRLF O WOCDEEMND. COULD BE PRE- CRETICEO
- R O T OF YOULGED s AGE, O A COMTEMA]ON 05 Boji i
R ' <L ] ) L THE SULPHUR LERPOSI)S s 2L f;/,()cg Locals aee. /700 G5l ¥ :
] THE LESULT OF  SCRFACE MAT EOS5, CEINGING 7o Tite 5./?/-715.{
S e e i s v e e e ACLIEOUS SOLLONVNS OF SLEPHIOES ANO. .50440/1/7.:
) . : /_A’GM YNOERLYING EELS. =
U RN . o WS a e as =
. [y
= IRON SULPHIDE NODULES . o
L7 v 1;’0.@//':5 (A VI, OELOCIITE R0 sacr) ' . A
< SUls we o LLACLA/TLTIE £A57-WEST
, ‘ c /("05 S SECT/OA /'747&[/6// i
Fs FASSURLES - FAULTS PROUIDNG CHAVNEL piays e N _
if HOR AIDVEATENT O F e/ Pites Jopt m 5. N L /-”3 E’/c’-’ 0. / @///’/7'/ // 7
LA TN Az SO LNEOFDENTITY . - o : No Lwacr //o,é‘/zoA/rAA o~

Veprritae Scacds.
¥ TRALES O KAMOWN SULEALR I COAs, . - o ‘ Lo :

Cwoss Secrion *7

. T

T LT TR e s



.+4_

jar;f;éa_é t‘mck evaporlto sections (anhydfite) are known as the Hondo Forma- °

: .tic;n.; .Naiiv;: ,éu]l:)hur“.oc:Currenc:es. are known in the Grbsmont,' Windféll, ‘

.._‘-‘;,S"u:ndance,_: and Névis,'. Leduc reéfs. - The Cretaceous Loon River shales
-;&overli'e thje'uﬂncqnforlnabl_e. .V&’:ood‘beﬁd strata and contain abundant brown

: ;irpr.lstone{ckohcret»ions-, .c;_ontaining Air;‘)n.sulphide.. _The _Woodbénd is

A.-.le.nderl_ain;.b'y_;"the Mikk\vé Forxnatim.a, which is equiyalept to the Beaverhill
-Lake »qum?ti011, in Cehtral Alberta, The MikkWa Zi?‘d;rmation---islcompo sc—:'c'};
- primarily .of;'dense, méttled, brown, limestones. Be-:lyow the'MikEw.a-the‘-.

".Midd.le Devonian Muskeg, Keg River and Chinchaga formations are .

present., The entire Middle Devonian is corhposed éf'dolomite, anhydrite

and salt, Salt water recoveries in drill-stem tests irdicate high™. = -

_ salinitics and hydrogen sulphide,

The Grosmont and equivalent form tions are expc sed along

~river and creck valleys, certain lake shores and solution sink holes.

It is here that native sulphur occurs at the surface as infill in large

vugs and in thin beds covering relatively large areas. At Great Slave

. lake small lenticular pods of sulphur have been observed in Devonian

rocks to the east of the study area, thin beds of sulphur have been
observed by Norris on the Peace River, in Middle Devonian strata, .

The vuggy nature of the Grosmont, the presence of gypsum and

.anhydrite in equivalent rocks, the ubiquitous occéurrence of iron sulphides, -

the nurmerous rivers, creeks and sinkholes exposing the Grosmont
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mey account for a rhick highly conéen,trgted deposit of sulphur in

the study arca. .The possibility of sulphur concentrafions at the -
pre'—Cretaceous ﬁnconfornn"ity ana on top of the Crefécc;éus- éould also
be of considerable value., The con'centration‘ of large deposits of
sulphuxr could have occurred before Cr ctacéous déposition, at the pre-
Cretac‘eous u,néonféz'lnity; '.I‘he‘se depo sits could have l;een sealed by
the ir;jlpervious Loon River shales, Since sulphur, once précipitated

out, is not very soluble. in water these deposits would not be susceptible -

to present day surface water, Faults and fissures from the Woodbend

and Cretaceous could be responsible for sulphur accumulations

observed on top of Cretaceous rocks,
Example: At-Senlac, Saskatchewan, west of Unity, there is a.
saturated salt spring. The water, saturated with salt, could only have

come from the thick salt deposits 3,200 feet below..
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SULPHUR-BEARING FORMATIONS PRESENT

~Practically all the sulphur recovered from sour aas

in Alberta

originates from the Paleczoic-Mississippian and Devonian systems,

Although in the subject area the Grosmont is the underlying

formation and contains native sulphur, older Devonian formations

such as the Beaverhill (Mikkwa) which underlie the northeastern

portion of Alberta may also contain sulphur, Subsequently,

younger

Devonian and Mississippian forimations’ (Winterburn, Wabamun,

[y

Banff, etc.) which subcrop successively as one proceeds west from

the subject area, may also contain: sulphur in situ. ' Tkis is evident

by the occurrence of sulphur at Great Slave Lake which is found in

the Devonian &ulphur Point Formation (underlying the Beaverhill)

and elsewhere in the Provin. e, at depth,

e~

salt sections, These salt sec

ions by solution collapse may cause

certain subsurface features favoring sulphur accumulation and

deposition, Further detailed research and intensive studies of air

photo mosaics may indicatc certain patterns anc alignments

features favoring sulphur deposition. -

of surface
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GEOLOGICAL MAP

The map shows the Upper and lower ercsional cages of the
Ycodbend formation wi.th the mﬁ.rked Grosmont outcrop along the
Peace River, at Vermiilion Ch‘ates. The ero siona‘i édge pf the
Cretaceous, where it, Qverlies the Woodbend is also shown,

it ‘is of interest that the subject area liéé off fh.e fiank of the
Cretaceous escari)znent'a.nd on the expo sed Woodbend outcrep.
Madiéon' s Permit #8 has a similar geoiogic position‘a,s that oi the

study area, (see map).

L_p :L-L,
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ENGINEERING

1. Transportatios

.. The locations dF’thé'fiée.sulphur permits rnorthwest
of‘Margafet Laize are shpwn én the attachéd map of permits.
ﬁail and road tranéportation exists along the route of
the Mackcnzie'“ighwny,j}Thefe.ié also a road running from
Hilevel to‘Fort Smitﬂ and there are seismic roads on the
township lines cr¢ssin£‘the five permifé-

"Barge transportation is possible up the Peace River

which is navigable to points crossing the PGE Railroad and

the Great Slave Railroad. Morecover, west of Vermilion Falls
: _ ’ 3

ble

Po

south of these five pernits, barge transportation is feas
in the summer,
Another possibility is a sulphur slurry pipeline which

would be similar to that proposed b: Shell Canata Limitec

to. move sulphur to the Pacific.
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Tpresent, “Deeper drilling should be “dene to detérnine t

ENCINEERING

i (3]

: : , o N.L.ER. CIRT. #1926

Lty

2. Minin

93

1

L =g

Strip mining of surface sulphur ore may be

3

erformed economicaliy if:
{a) A'sufficienﬁ orehody near the surface
is defich; the thicker the better
. » () Overburden is minimal or absent

{c) Volume production is maintained,

Strip minihgvof coal at & rate of 400,000 tens
per ycar.éan be very'rcésonablc, not moré than $2,00«pcr
fon. Lower costs for Jarger volumes,

Strip mining can he done on a _long~term contract
bé#is without owner's investménc, provided long-term
mar&kets are availabls,

Since a section, orne fo & deep, of 609 éulphur

contains 1,000,000 long tons of sulphur, worth $40,000,000,

e

2 d=eper deposit can be quite attractive cconocmically,

POSSIBLY FRASCH MINING

The cover of the Lower Cretacesus consists. of

Loon River Shales which form quite an impesrvious caprock

perhaps suitable for Frasch mining (melting sulphur with

_)

hot water) of an underground deposit of sciphur if one i
Wis
pessibility as well as sﬁr?nce<sulphnr.

‘Frasqh mining requires no proccsé nla n ’;xccpt

perhaps a molten sulphur filter.

et . aamaralan
Edwerd Lewis Jonos and Aszsociaies
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3. Processing

KL CERT. 1920
Several methods of recovery arc available, but

the ‘one being used commercialiy in a California plant now,

and that one expericnced by the writer-in Texas 15 years

--ago, consists of dissolving the sulphur in ‘hot kerosena

cand filtering it from the gangle; and then cooling the

éblution so the splphnr_preéipitatés;-

This process has been written ﬁp in thc attached
article, along with others,

Tﬁ¢ éost qf processing varies with the circum-
stances but is reliably reported to he not mbrc thaﬁ
$15.00/1long ton of sulphur; comparahle to averaze .-

Frasch costs,

4, Probahle Costs

The cost of sulphur produced from a large

pde

deposit of 60% surface ore by strip mining and process

o
& nh

onsite is roughly estimated to be $20/long ton. To this
must be added transportation costs to railhead, which !
probably range about $5.00 per long ton.

“hile sulphur sells for $50/lonz ton and up.
H / & Py

a cost of $25/long ton is practical,

Edward Lewis Jones and Ascor

Consuiting Engineers Ltd.

o]
L

3.
138
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By Fdward Lewis Jones,

Consulting Lngincei, Calgary

Sulphur deposits at the surface in
northern Alberta have atteacted a lot
of attention in receol months, The
method by which the sulphur is de-
posited is of considerable interest
since the sulphur itself is quite pure,
and suitable for the manufacture of
sulphiuric acid, being free of arsenic,
sclenium and tellurium. the catalyst
poisons. )

The surface deposits, however, are

mixed wijth sand and silt, which could -

sdicate that the stiphur was being
deposited while the wind was blow-
ing in the gangue material from eclse-
~where,  Tven so, “ihe deposits  are
quite high in pereentage of sulphur.

Wiile there arce several theories on
the formation: of sulphur deposits, the
writer prefers the geochemiceal theory
telovr, rather  than  the

s discussed first:

Volcanic. sulphur

The existence of sulphur from vol-
canic fissurcs is known, but wany de-
posits of wvoleanic origin contain the
catalyst poisons mentioned above,
thereby disqualifying them from pro-
ducing marketable sulphur, Volcanic

‘sulphuz, like that from sour natural

gas, may be deposited by Dburning
hydrogen sulphide.

Geo-bacterial rcducation of sulphate

Several kinds of bacteria can re- .
duce sulphate to sulphur, Much com- -

parison of jsotope ratios in sulphur

were
A 3

N

viiES
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K.B.E.R, CEAT, {1922
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has lent credence to the theory that
bacteria formed the Jarge sulphur de-
nesits in the salt domes near the
Gulf of Mexico. But no rates of de-
sosition  or material - bhalances  have
[)cr:n made, particularly relating the
ratio of the remains of the bacteria
to the sulphur deposited.  Gec bac-
terial reduction is very slow, particul-
arly in cold climates like Crnada’s.

British Petrolcum in Libya has not-

produced  substantial quantitics  of
sulphur from bacterial reduction of
sulphate, even in a hot climate.

inorganic reduction of sulphate

Chemical equations shiowing the
formation of sulphur from sulphate

“mincrals, such as anhydrate, gener-

ally require far too drastic conditions
of temperature to be given scrious

“consicleration in a natural environ-

ment. One example is the reduction
of calcium sulphate with carbon,
generally  practiced  in England.

“Even there, sulphur dioxide is the

main product from which sulphuric
acid is made, not sulphur, the mur-
ketable product, in demand since it
is shipped most cconomically,
Htowever, elemental sulphur is as-

ways found in association with ca-
bonate and sulphate, complete wih

" sulphurous water - containing hydro

gen sulpbide. Usually salt js ncarby
also, creating differential voltages be-
tween salt solutions.

Gceochemical theory

Once the
made that water containing ions of
sulpliate minerals and hydrogen sul-
phide is exposed to small electio
chemical voltages, possibly generated

through fracturcs and conlacts with,"

underlying salt beds, certain cajui-
libria relating to mineral solutions
may be used to define the conditicns
under which native sulphur could be
deposited in natural environments,

Recent developments in comput-
ing mincral stability diagranis “ex-

plain how native sulphur  deposits’

can dcvclop.

In an environment of water carry-
ing suiphate and hydrogen sulphide |
at G0 F and atmosnheric pressurc,”

elemental sulphur can be forned
under certain conditions of low clee.
tro chemieal voltage ‘and jow nTi.

assumption has' been -

G. Valensi (Contribution au diz-
gramme  potential-pll  du  soulre,
Comp. rendu, 2eme Reunion) shows
that the naturally oceurring  ionic
species, which are stable, are sul-
phate fon, bisulphate, hydrogen sui--
phide, Dbisulphide icn, sulplide ion,
and native sulphur,

The electrechemical  voltage s
measurcd against a background of
salt (which is usually found asscci-
ated in nature), and is commoniy
termed the  half-cell voltage, and
labelied L.

A plot of L against the plI, which
measures the acidity or alkalinity of |
the water solution (7.0 pH being
ncutral), defines the borders between
which the several ions exist, includ-’
ing native sulphur, ’

Where the solution is acid, hydro-
gen suiphidg exists in the low pH
range. As the svlution becomes more
aikaline, HE~ and S—— arc formed:

o KHRS = (1) (HS-) or

T H.S
18=) = KH,§ = 10~
(LS @) (1)

The equilibrivm between the species
is ene when pll = 7. Similarly,

{Hs5
(§--) = KHS— = ;0-1+
(Hs%) mh

and (S—-—) = (JS-) when pIlI = 14,
so the boundaiies between tie species
are. vertical lines on the diagram at
A7 (Line 1) and pH14 (Line 2)
regaraless of electrochemical voltage,
However, oxidation of sulphur--
comaining fons will be as foliows:

fiGuze )

UMES 0F CCUAL IONIC CONZENTRATIONS OF
SULPHUR FIH3 1ed WATER SOLUTIONS AT 40°F,
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H.S.q. -+ 41,0 gives
$O,= -+ 10+ - 8e

HS- -+ 41,0 gives
$0,= -+ Sl - 8

S=yq. -+ 41,0 gives
$G.= 4 8HF b e

From the free-cuergy equation the
electrochemical voltage may be de-
termincd in terms of pll and ienic
concenlraticns, The boundaries be-

tween Sll'mul specics at equal con- -

centyations  occur  when the ionic
ratio is onc, leaving only cquations
in terms of En and pIl which may
be plotted on the diagram too.

Line 3 Ey = 0.290 — 0.066 pH -+

{HSO-) _
00071 log ~ (I s =
0.280 — 0.066 pI.

Similarly, Line 4 for the bbundary :
between SO= & HlS is Ev =
0.3¢ — 0.073 plI, ‘
and, Line 5 for the bouﬁda.ry
between SO,= & HS—is Ey, =
0.25 — 0.067 pH
and the boundary belween
(I1SO;~) and (I1t) + (SO,=)

(SO,) = KHSO,~ = 10-1°
(HSO,) i+ )

The diagram shows the boundar-
ies of equal concentrations of the
jons, independently of the total dis-
solved sulphue,

Crystalline (ycllow) sulphur
precipitates

Where the total dissolved sulphur
has an activity corresponding  to
16 —*, similar to that of hydrogen

sulphide in water at 60° F., the -

activity of the su]phxdc ion may be
shown to be

HoS.q = S= aq -+ 2HY and

(=) (lI+)2 = K = 10-2t
(H;S)

or log S= = -22 -+ 2pllL

Similarly boundaries between crys-

talline sulphur with an activity of

one, and the other sulphur ions may
be computed, and are -shown on the
diagram in Figure 2, for 2 total sul-

phur of 10-1, Iro'n the equations

Hylay = ..ohd + 21+ .—l+ae

HS.q = sclid § - Ht 4q-F 2¢-
$=,q = sclid' § -+ 2

“Solid § -+ 4H,0 =
HS 04, .« + T+ aq +- eb

is line six at a pll of 1.9, Sece Figure .
. l. .

¢ Bolid § b 40 =
§0;7eq “F BHF 4q + Ge.

FIGURE -2

CONDITIONS FOR DEPOSITS OF NATIVE
TO fORM FROM WATEK SOLUTIONS OF SULPHATE

- 1 SOME ELECTROCHEMICAL YOLTAGE 14 NEUTRAL

SOLUTIONS AND;
2. NO VOLTAGE DIFFERTMZES IN ACID- SOLUTIONS

Practical application *

The theory shows that elemental
sulphur may form enormous deposits
from solulions, as apparcnt!y has oc-
curred in the surfzce deposits of
sulphur in the Northwest Teiritorics
and northern Alberta.

The voltage dlffcrcnccs arc small,
and within that range cxpccted in
the ficld from jonic soluiions in
springs or in faulted arcas, or down-
hole in wells.

Where the pH is low, ie., where

hydrogen sulphide gas is present,
solid sulphur is deposited faster, even
at minimal voltage differences.

Other sulphides such as pyrite can
form sulphur from water solution.

Similar diagrams may be prepared

for sulphur deposition from pyrite.
This may-account for some sulphur
formations in northern Alberta, where
iren compounds are found mixed
with sulphur,

The Ey---pH  diagrams can be

‘usced to show the st"bmty of sulphur

relative to other minerals in water
sclution,

The high purity of surface sulphur
deposits, .i.c., frccdom from catalyst
poisons like arsenie, is explained.

The pll range of waters in the
Northwest Territories fails within that

" requircd for suiphur deposition.

Particularly . since the sulphate is
more solubie in cold water than hot,

- a possible process for recovering sul-

phur from calcium sulplate §5 evi-
dent, anthouvh the economics are
lndcfuu'f‘ '

Reference —— M. J. Pourbaix, Ther-
modynamics of Duutc Aqu\.ous Solu-
tious, 1049,
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The discovery ace sulphur in
the Nosthwest Teni: ics and Alberta
may be the first step in the subse-
m:ér.t discovery of substential sub-

surface deposits which may be ame
able to Frasch mining, following de-
velopments in Texas.

Surface sulphur in Canada

A wide belt of quite pure surface
sulphur from springs exists from Great
Bear Lake and Great Slave Lake in
the Northwest Terriforics to the Clear-
water River in Alberta. )

Largely these springs are on Devon-
ian outcrops and they may well have
been the orizin of the surface sulphur
deposits which have recently heen
discovered on the Pe‘cc River near
Little Red River in Alberta.

The springs occur near faulted
zones and it is also possible that the
faults allow the cireulation of waters
to the surface, carrying up sulphur

‘which may be broken out by perma-

frost, since sulphur is so friable.

Analysis of the swface sulphur in
the Northwest Territories shows:

(1) No catalyst poisons sucl- as
arsenic, sclenivm and teliurinm, which
are very destructive to the life of the
vanadivm catalyst used in the sul-
pluric acid plants — the ma.jo;' use
for sulphur.

(2 U P to 98 percent sulphur, with
no metallic jons or It vdxu%n sulplvdc
which might be associated with the
sulphur in metallic sulplndc deposits.

(3 The complete absence of sul-
phate reducing bacteria,

) A

. \ v
caleinn i,

which is
sand and

raterial
carbonate,

gangue

he problem \\x"l the dc,)()\,u
cround the swrface springs i the
Northwest Territories is that they
not extensive erouzh at any one loca-
tion to support a mine, although scme
are within three miles of the railway.
more ex-
en the susface
Red River i Alherts, how-
followed by an extensi
plav amounting to more than three
minion acres since Octoher,
that ranch more be afoot.
son with the West -~

moy Le peridneat.

“he recent discmL._» of
tensive sulphur depo sits ¢
near Little

ever,

sugaests
A compari-

Texas situation
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Texas

Comuparison with West

Fifteen years 2go the writer was
engaged ana ;!:.nt project to process
sulnlwir from surface ores (10 percent
ulmn_.) fiom West Texas, in Pecos
County (Oilweek, Nov. 20/67, page
72).

e Tt interast in Wost Tex:

igday, tae interest in ost o lexas
sulphur is at its peak, and for the
subsurface sulphur deposits.

Leases are drawing bigh prices. A
353-acre sushur lease in Culberson

Coxntv in West Texas (the county

acfacent to Pecos County) drew a

high bid of $1,038,323. A sccond
480-acre sulphur lease was bid at
$328,469. :

Subsurface suiphur is the great
attraction in

Journal, Oct. 29/67).
Apparently in Pecos County there

is a 300-foot thick layer of elemental
sulphur about SCO0 feet decp which
is om\,ml)lc to Frasch mining (Barons,

August 1656),

The significance of surface sulphur
deposits, in view of tue thick deposit
of elemental sulphur below the sur-
face manifestations in West Texas,
should not be overlooked in the
exploration for sulphur in Alberta.
Drilling to basement rock is the only
sure way of determining the presence
of sulpl‘u., specially since the surface
deposits appear to occur where there
are faulted zoncs. '

Recognition of sulphur
The surface deposits may easily be
onfused with clay, as well as

limonite, cr vellow oclire.
ing of c‘n _wlr)..m saruples (ig
peint, 4732 F.) inair is well knowy,
and is @ sure test ror sulphur with the
characteristic royal b.t. fame an’l

the puncent odor of sulphur dioxide.

fowever, sulphur may be red,
brown and weil as yellow.

The dee wr depesits at
Ankerton, Alberta, have phst ¢ sul-
dark wrcm A recog-

Logs will show t"v‘ presence of
au!:*,l‘nr in well bores. A combination
of ‘three logs is requived. This pm-

cedure was (‘.k,\do;,xd first, to the
writer’s knowledge, at Ankerton, and
irrorested parties should contact Fred
Halkow or F. XL Biownless, geolor

and owners of “‘c Aukerton dc.m.st

‘e

this area (Vall Strect

i I
Ty ¢ty 5! [y :‘l<.. ~on s
GH Ry Mma Ry
PR RUR T I R i (U B
- b
AR
/e L.
J __\\ TN
KA\ L)

for details on the detection of sulphur
in downhole logs.

chuircvnmts for mnining sulphur
(1) SURFACE SULPJIUR

Surface deposits of sulphur require
sufficient sulphur for strip mining

operations, both laterally and at
depth, and preferably with a very
low ratio of waste to ore, including
cverburden.

The thinner the overburden the
better for low cost per ton of sulphur
recovered.

The higher ratio of sdp ;oo
gangue, the betier. For strip mining
coal, the fizures are well worked ou:
and w:% known. Tor a
operat’s where ore mined costs $2
per tc -, the recovery of 2 39 percen
ore at ‘hat price would result i
sulphxt: cost of $4 per ton. To
must he added the several costs of
promsmw and iransportaticn to mar-
ket. Swface sulpbur wsually requires
an extraction p!a.n, which is not
C..t,‘.p
{2) SUBSURFACE SULPHUR

The Frasch method of melting the
sulphur  downhole (as on the sn‘at
domcs of the Gulf of Nexico arca)

large-scals

rr

)

n
this

quires fuel for hot water at 330°
F., plus compressed -air to lift the
recovered pure brimestone in molten

form.
The fuel requircments are nat small,
No less than 16,080 gallons of whter
per long ton of dt')hu. is sometines
rCf'hll\_d although the Letter mines
may require only £,000 «'-llons rer
long ton. '
Well costs are high, since stine
domes require wells as close as 100
fect. Also Dleed wells are
down-dip to remove
improve circulation o
the sulphur. The reserveir
ance must be 1'1'51‘.‘.:.
'«b

-
.
~
=
-

hieat

Lost water trentation doven fatles
can also be a pvr) ylem, which may be
soived by mudding.

Conclu 5163

The sulphor '71 ay I .-\!'ocr.". has

trc-mcndo s pom 3 i: i s lor botl

Cers of \'ﬂo i

should con.\:dex' :
basement as well as exploring the
surfuce de ,:os
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By Edvrard Lewis Jones, P.Eng.
: Consulting engincer

Fiftcen years ago the writer en-
gincercd and  constructed a small
plant to recover sulphur of $9.3 per-
cent purity from low-grade (10 per-
cent) ores in Fecos County, “West
Texas,

The use of solveats to recover
sulphur is well known. Sulphur will
dissolve in a varicty of solvents, usu-
ally best at its melting point of 246°
£, such as:- carbon disulphidz, bene-
zene, carbon tetrachloride, and arom-
atic petroleum solvents.

The process employs a number of
steps whicl are common to all meth-
ods, no matter which solvent is used:

(1) Strip mining of the sulphur ore.

(2) Crushing, grinding and screen-
ing to =20 mesh.

(3) Mixing with the lean snlvent
wihich is hot enough to heat the mix-
ture to 230° F. (above the melting
point of sulpluy), '

(4) Cangue separation to remove
the solids from
vent. '

(3) Solvent recovery from the
gangue. The efficioncy of this step
frequently determines the cconomics
of the process. The lower grades of
ore {ncrease solvent lossos. Thus there
is a lower sulphur Ymit, in any sct
of circumsiances, which is the limit
of ccanomics corresponding to a give
en price for sulphur. Stcaming is
sometiines used to recover solvent
from the gongue.

(6) Solvent distiliation and su!phur
recovery. - Molten sulphur iy be

recovered by distilacion of the solv.-

ent from it The candensed
is re-used, after heatj
more sulphwa from

soiveat

the ore.

Points to ‘watch in such a process.

include:

(a) Solvent losscs
of dollars),

(L) Suitable solvent selection o
avoid the hazarls of flamimability and
toxicity. Both wre present with ear-
bon disulphide. Carbon tetrachloride
is highly toxic but not flammable.
Both are axpensive. A suitable aro-
matic  petroleum fraction  ean be

(to avoid drain

handled well without expensive ioss-

es and without serious contzmination
of the molten sulphur with hydro-
carbiens, yet with a reduced toxicity
and flammability, -

() Circulation rates. The scicice
of extraction solids is well knowr, as
are its disadvantages listed aly ve.
The range of sulphur solubili is
from 10 percent to 15 perceas in
suitable petroleum fractions, dep nd-

o VX
OVaes

A\

g upon the US, ‘Burcau of Mines
coivelation index. About 0.5 pereent
W 29 perceat residial sulphur ré-
mains in the recovered solvent for
re-circulation in the process.

The solubility of the sulphur in
the solvent crucially affects the cir-
culation rate. It is evident that the
circalation rates vary inversely with
the solubility.

(d) Moisture. Any moisture in the
ore requires a water draw tray in the
distillation column, and a preliminary
drying step may be necessary il the
misture pereentage is too high.

ther processes
VAPORIZING )

Sicilian surface deposits have been
refined by heating, vapori ing the
sulphur and condensing it to a solid.
Usually part of the sulphur is burnt
to provide heat, a very wasteful pro-
cess.

FLOTATICN .

. Certain {lotation agents have been
developed 1o recover sulphur from
the surface ores. Then the process of
autoclaving the fotation product to
produce an acceptable product of
suitable purity.

DIRECT OXIDATION

Surface ore: in Nevada are burned
with air to give sulphur dioxide in

(Continued on page 74)

the suiphur-rich sol-
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