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. ; ANNOTATED ATR PHOTO FRONTISPTECE

Sulphur germit areas shown on Lhe air photo mosaic are
well located with regard to sulphur deposits, being northwést
of the.Madisnn No. & discovery and showing similaritics on
air photos to other sulphur deposits,

The light areas on the air mosaic, marked S, signify
characteristic areas where surface sulphur may occur,

'Su]phﬁr in low concentrations fertilizes vegelation: bhut
in high concentrations inhibits growth dues to the formation of
too much acid., The absence of vegetation is another clue to
surface sulphur,

These permit areas are surrounded by an outcrop edge of

. the Lower Cr-et-aceous, which is exposed as small cliffs., Similar
cliffs on Madison Permit No. 9 contain beds of sulphur in the
cliffs themseclves,

Surfac: deposits o° sulphur may be expected in the areas
marked on ("ie perimeter of the Lower Cretaceous outcrops.

Subsurface, the contact betwecen the underlyving Devenian
formations and the Lower Cretaceous under these permits may ne
the location of subsurface sulphur deposits suitable for
Fraéch mining. In a similar environment in Pecos County,

-

West Texas; the surface sulphur ore proved o bhe the surface

-

expression of subsurface deposits which are now being mined by

Frasch's method of melting the sulphur undersround with hot water,
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GEOLOGICAL BACKGROUND OF SiLPIUR TN NORTHERN ALBERTA

Geochemical theory predicts the deposition of sulphur
from solutions containing sulphates and hydrogen sulphide.
See the attached articles by Pirson and Jones, The
Devonian formations contain both hydrogen sulphide
and sulphates (i.e., gypsum and anhydrite),
The formations in Alberta whlch produce sour gas
containing hydrogen sulphide occur in the Devonian
and the Mississippian.
A wide arc of Devonian exists south from Great
Slave Lake on the west side of the Wood Bufrfalo
(. National Park in Alberta, The thickness of the Middle
X
Devonian beneath these five pcrmits is said to exceed

1,100 fect,

L e



Surface sulphur accumulatinis in Northern Alberta have
been known and mentioned by frequent geological suvvcyé in
the first parﬁ of this century. The local Indians of that
area are said to have known of the yellow deposits, and of
some which appear like light brown clay,

Surface deposits of sulphuar occur in a wide belt from
Great Bcar'Lakc, N.W.T. to the Clegrwatar River in Northern
Alberta. These surface deposits are the result of hithy
sulphurous adueous solutions which probably arise from
underground springs, fault fissures and fracture patterns,
The constant discharge of rich-sulphur-bearing solutions
from below has resulted in the precipitation of thick
accamnlaticns of sulphur bearing rocks, in certain arcas.,
These surface deposits are often very pure, in some instances
up to 98% sulphur, and also are associated with limonite,
sand, silt and limestones, and gypsum,

The source of the sulphur . bearing solutions, which
results in surface depositiocn of this element, arc issuing
from the truncated Upper Devonian, Woodbend Group which is
exposed to the surface (seec cross-section $1) or to the pre-
Cretaccous unconformity (see map #1)., The staking of

sulphur permits has taken place primarily alonsz the wide band
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{. of Woodkend subcrop; in areas where the Wocdbend is exposed to the

.surface or where it is masked by Cretaceous erosional remnants,

The dep.osi,tion of primary elemental sulphur can occur from
the aqueous 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 Gyps{lm, depositing sulphur out of solution. Since calcium
sulphate and hydrogen sulphide a:e more soluble in cold water than
in hot, it could mean a high concentration of sulphur precipitation in
areas of Karst topography w;vhere surface waters have been extremely
éctive. Therefore two ingredients are needed for the formation of
sulphur deposits (1) the presence of sulphates and sulphides, which
could have come from iron pyrite concretions, gypsum or anhydrite,
(2) The presence of intense water activity which genera.ly occurs
at unconformities and results in subterra.nan caverns and sink hole
type topography,

Iron pyrite concretions are abundant in the Cretaceous, Cariboo
Mountains: and the Woodbend group is known to contain thick beds of

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

the necessary sulphates and sulphides for a chemical reaction, The
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. sulphur, is evident by the amount of pre~Cretaceous and recent
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erosion in the area, The evidence of ero sional action can be seen b
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| the huce Cretacecus remnante and karst. topography in the area. The

ge crally peneplained pre Cretaccous unconformity indicates a lo
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eologic period of erosion and exrosure to surface waters. The present
g ; -

day erosional surface, which inciscs the peneplained pre-Cretaceous

A

Surface, is still vigourouslxipv&ded by surface solutio

s,

. The east limb of the Cretaceous ‘Cariboo Mountains Jntersects

the permits here descrlbed leaving at least half the permits cr exposed

Woodbend outcrop, The remainder of the permit lies on the Cretaceous

Cariboo Mountains, The possibility of conc éntrated beds of sulphu

below the Cretaceous; deposited prior to Cretaceous deposition, during

\ (, the pre-Cretaceous time of erosion; as well as the present day deposition

of sulphur on the exposed Woodbend subcrop is possible on these permits,

The presence o sulphur on tc » of the Cretaceous mountains is also

possible due to the presence of iron sulphides in the Cretaceous beds

and the movement of subsurface waters from the anhydrite rich Woodbend

formation, (sce cross~-section #1),

The geological formation in which sulphur occurs in the Woodbend

(Upper Devonian) Group, is the Grosmont Formation, This formation

consists of vuggy, petroliferous, reefoid dolomites, with varying

amounts of thin bedded argillaceous limestones, The Grosmont is a
- ~barrier-reef, equivalent in time to the Leduc., In the ofi-reef facics

: the Grosmont is equivalent to the Hay River limestones; in the back-reef
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areas thick evapqrit.e sections (anhydﬂte) are known aé the Hondo Forma- ;
tion, .N&iivc _su}phur‘_acc_:urrenc.cs are known in the Grosmont, Windfall,
2 :,Sundance,“ and Nevis, Leduc reefs, | The Cretaceous Loon River shales
woverlie the unconformable Woodbend strata and contain abundant brown
: gqunstone‘concretions, containing iron sulphide, The Woodbcnci is
~underlain by ,‘the Mikkwa Formatioﬁ, which is equilvalen‘t to the Beaverhill
Lake Formation, in Central Alberta, The Mikkwa Formation-is.compo scc‘;:
_ ' . 'pArimar.ily of dense, mottled, brown, limestones. Below the Mikkwa the ..
Middle Devonian Muskeg, Keg River and Chinchaga formations are .

.. present. The entire Middle Devonian is composed of dolomite, anhydrite
and salt, Salt water recoveries in drill-stem tests indicate high
salinities and hydrogen sulphide,

The G osmont and e. uivalent formations are exposed along
s - river and creck valleys, certain lake shores and solution sinic holes,
It is here that native sulphur occurs at the surface as infill in large

“ wugs 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
: . - _anphydrite in.equivalent rocks, the rubiquitous occurrence of iron sulphides, -

the numerous rivers, creeks and sinkholes expo sing the Grosmont




mey account for a thick highly concentrated deposit of sulphur in

the study area, The possibility of sulphur concentrations at the
pre-Cretaceous unconformity and on top of the Cretaceous cou.ld aléo

be of considerable value, The concentration of large deposits of
sulphur could have occurred before Crectaceous deposition, at the pre-
Cretaceous u_nconformity; ri(‘hc’se deposits could have been sealed by
the impervious Loon River shales, Since sulphur, once precipitated
out, is not very soluble in water these deposits would not be susceptible
to present day surface water. Faults and fissures from the Woo'dbeﬁd
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, saturate: with salt, could only have

come from the thick salt deposits 3,200 fee below.
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SULPHUR-BEARING FORMATIONS PRESE N ¥

Practically all the sulphur recovered from sour gas in Alberta
originatcs from the Paleczoic-Mississippian and Devonian systems,

Although in the subject area the Gfosmont is the underlying
formation and contains native sulphur, older Devonia-n formaticns
such as the B;aaverhill (Mikkwa) which underlie the northeastern
portioﬁ of Alberta may also contaia sulphur, Subsequently, younger
Devonian and Mississip}iian formations (Winterburn, Wabamun,
Ba,ni'f', ;':tc.) which subcrop successively as one procéeds west from
the subject area, may also contain sulphur in sifu. This is evident
by the occurrence of sulphur at Great Slave Lake which is found in
the Devonian Sulphur Point Formation (underlying the Beaverhill)
ind elsewhere in the Province, at depth,

The large Elk Point Salt Basin which parallels an area 1 ing
southvof the Caribou Mountains, may have on its norih flanks, thin
salt sections. These salt sections by solution collapse may cause
certain subsurface features favoring sulphur accumulo;tion and
deposition, Further detailed research and intersive studies of air

photo mosaics may indicate certain patterns anc alignments of surface

features favoring sulphur deposition,




The map shows the Upper and lower erosional cdges of the
Weodbend formation with the marked Grosmont outcrop along the
Pcace River, at Vermiilion Chutes, The erosional edge of the
Cretaceous, where it. overlies the Woodbend is also shown,

it is of interest that the subject area lies off the flank of the
Cretaceous escarpment and on the exposed Woodbend outcrep.
Madison's Permit #8 has a similar geologic position as that of the

study area, (see rhap).
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ENCINEBRING

1. Transportation

The 100;11;1;():1,5 of the five sulphur permits northwest
of Margaret Lake are shown on the attached map of permits.

Rail and road transportation exists along the route of
the Mackenzie Highway. ;Theve is also a road running from
Hilevel to‘Fort Smith and there are seismic roads on the
township lines cressing the five permits.

Barge transportation is possible up the Peace River
which is navigable to points crossing the PQB Railroad and

the Great Slave Railroad. Moreover, west of Vermilion Falls,

ble

b

south of these five permits, barge transportation is feas
in the summer,

Another possibility is a sulphur slurry pipeline which
would be similar to that proposed by Shell Canada Limited

to move sulphur to the Pacific.
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Strip mining of surface sulphur ore may he

performed economicaliy if:

{(a) A sufficient orehody near thes surface

e

is defined, the thicker the bebter
e » (b) Overburden is minimal or absent

{c) Volune ﬁroduction is maintained,

Strip mining of coal at # rate of 400,000 tons
per year.can be vmry'rcésonablc, not more than $Z,00 per
fon. Lower costs for Jarger volumes,

Strip mining can be done on a long-~term contract
basis without owner's investmént, provided long-term
markets are available,

Since a section, one foot deep, of 607 éulphur
contains 1,000,000 long tons of sulphur, worth $40,000,000,

a d=eper deposit can be quite attractive ecconomically.

POSSIBLY FRASCH MINING

The cover of the Lower Cretacesus consists of

Loon River Shales which form quite an impsrvious caprock

perhaps suitable for Frasch mining (melting sulphur with

kot watsr) of an underground deposit of sulphur if one

“present, ~ Deeper 4drilling should be done to deternine this

1lity as well as surface sulphur,

e

possib
Frasch ﬂlnln“ requires no process pla nt except

perhaps a molten sulphur filter,

) :
Edward Lewis Jones znd Associales

.




. ENGINEERTING

3. Processing L - I8ATE
K.E.LR.

ana

CETT, #1300
Several methods of recovery ‘are available, but
the one being used commercially in a California plant now,

and that one expericnced by the writer in Texas 15 years

ago, consists of dissolving the sulphur in hot kerosene
and'Fiitcring it from the gangue, and then cooling the
solution so the splphnr prccipitatés°

This process has bheen writien up in the attached
article, along with others,

The cost qf processing varies with the c¢ircum-

stances but is reliahly reported to be rot more than

@

$15.00/1ong ton of sulphur, comparahle to average .

Frasch costs,

A. Probable Costs

The cost of sulphur produced from a large
deposit of 60% surface ore by strip mining and processing

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.
While sulphur sells for $50/long ton and up,

a cost of $25/long ton is practical,

Edwara Lewis Jones and Assoeiaic
Consuiting Engineers Ltd,
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Sy Efdward Lewis Jones

Censulting eagineer, Calgary

The discovery of surface sulplur in
the Nosthwest Territories and -‘u.)cru

may be the first step in the subse-
quent discovery of substan ial sub-
surfuce ncl)as +s which may bz amen-
able to Frasch mining, .o]lowmr de-
velopments in Texas,

Surface sulphur in Canada

A wzdc belt of quite pure suzface
su....mr fromn springs exists from Great

car Lake and Great Slave Lake in
t}ze Northwest Terrifories to the Clear-
water River in Alberta.

Largely these springs are on Devon-
ian outcreps and thcy Taay v well have
been the origin of the surface sulphur
deposits which have rece.itly been
discovered on the Peace River near

Little Red River in Alberta,

The springs occur near faulied
zones and it is also possible that the
faults allow the circulation of waters
to the surface, carrying up sulphur
which may be broken out by perma-
frost, since sulphur is so friable.

Analysis of the surface sulphur in
the Northwest Territories shows:

(1) No catalyst poisons such as
arsenic, selenium and teliurinm, which
are very destructive to thc life of the
vanadium cat.\.)s. used in the sul-
phuric acid plants — the major use
for sulphur. :

(2) Up to 9S percent su‘phur with
no metallic ions or Lydrogen su"ph ide
which might be associated with the
sulpliur in metallic sulphide deposits.

(3) The complete absence of sul-
phate reducing bacteria.

('\ A mm"uo material which is
mostly cal carbonate, sand and
silt.

The prablem  with
around the surface

HRTET Tiy

the
spr

deposits
ings in the

‘Northiwest Territorics is that they are

not extensive enough at any one loca-
tion to support a mine, although scme
are within three miles of the railway.
The recent discovery of more ex-
tensive sulphur dcposi:s the suciace
near Little Badd River in Albe: L, how-

"
ae
1"
A1}
My

ever, followed by an extensive land
p‘.:‘v amoaunting to more than three
miluion acres since Octuber, sugf"\‘:s

A compari-
Texas sitnation

that musel more he afoot.
son with the West
mey be peniinent.
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Comparison with ¥West Texas
Filtcen )exrs ago the writer was
engaced on a plant project to process

ores

51..I"1‘L.. from surface ores (10 percent
uiv‘:.u.r) fiom West Texas, in Pecos
Comt} (Oilweek, Nov. 20/67, page
12).

Tod'ny, the interest in West Texas
sulphur is at its pcm\, and for the
subsurface sulphur deposits.

Leases are drawing high prices. A
553-acre suphur lease in Culberson
County in West Texas (the county
adia wcent to Pecos County) drew a
hw"n bid of $1,056,323. A second
480-acre sulphur lease was bid at
$526,459.

Subrviface suplmr is the great
attrac ¢n in this area (Wall Street
Journ: 1. Oct. 29/67).

Ap,.uently in Pecos County there
is a 3"0-foot thick layer of elemental
sulphur about S00 fect deep which
is amendble to Frasch mining (Barons,
August 1536).

The significance of surface sulphur
deposits, in v.uv of tiwe thick deposit
of elemental sulphur below the sur-
face 'm.mfc.st'mons 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 sulphur, especially since the surface
deposits appear to occur where there
are faulted zones.

Recognition of sulphur

The surface deposits may easily be
confused with cI..v as well as with
limonite, or yellow oclre. The burmn-
ing of dry sulphur samples {ignition
point, 473° F.) in air is well known,
and is a sure tost for sulphur with the
characteri roval bau.o. lame antl
the pungent odor of sulphur dioxide.

Iiowever,

sulphur  may
brown

and green, as w

be red,
1 bl

cil as yellow.
The deeper sulphur depesits at

Ankerton, Alberta, Im\x plastic sul-

vhur which is dark green. A recog-
niticn problem exist

Logs will show th:
an"ﬂ:ur in well bores. :“.
of three ! s is rw::’rm..
cedure wes developed !Ex.s\, to the
writer's kr‘c\».c,;lfx, at ¢
irterested pm: cs should contact Fred
ITalkow or E. B, Biownless, “Lo'o'f.\:“

and owners u.’ th Ankuuou depesit,

e

D

for details on the detection of sulplur
in downhole logs.

Requirements for mining sulphur
(1) SURFACE SULPIIUR

Surface deposits of sulphur requir
sufficient sulphur for strip mining
operations, both laterally and at
depth, and preferably with a \c'y
Icw ratio of wuste to ore, includi
cverburden.

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

The higher ratio of sulphur to
gengue, the betier, For strip mining
coal, the figures are well worked ou:
and well known. Tor a large-scale
operation where ore n.'rec‘ costs 2
per ton, the recovery of & 50 percent
ore at that price '..cuc. result in a
sulphur cost of $4 per ton. To thi
must be added the several costs of
processing and ransportation to mar-
ket. Surface sulpbur usually requires
an extraction plant, which is not
cheap.

{2) SUBSURFACE SULPHUR

The Frasch method of melting the
sulphur downhole (as on ths salt
domes of the Culf of Mexico arca)
requires fuel for hot water at 330°
F., plus comprcsscd air to lift the
recovered pure brimestone in melten
form. .

The fuel reguirements are nat small,

W

VE]

No less than 10,000 gallons of water
per long ton of sulphur :\ sometimes
rcr'urecl 'ﬂthour‘l the better mines
may require onl\' 4,000 gallons per
lonz ton.

Well costs are high, since stine
domes require \\cI'f' se as 100

fect. Alsu blec

are required
down-dip to remove cold water and
improve cirenlation of heat ta melt

the sulphur. The veservoir heat lal-

ance must be right,

Lost water civeulation dewn faults
1

can also be a problem, which may be
soived by mudding.
Conclusion.
The sulphur play in ..gc.ta 3-:.<
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By Fdward Lewis Jones,
Consulting Engineei, Calgary

Sulphur deposits at the surface in
northern Alberta have attracted a lot
of attention in recent months. The
method by which the sulphur is de-
posited is of considerable interest
since the sulphur itself js quite pure,
and suitable for the manufacture of
sulpliuric acid, being free of arsenic,
selenium and tellurium, the catalyst
poisons. ’

The surface deposiis, however, are
mixed with sand and silt, which could
wdicate that the sulphur was being
deposited while the wind was blow-
ing in the gangue material from else-
where, Iven so, the deposits are
quite high in percentage of sulphur.

Wiiile there are several theories on
the formation: of sulphur deposits, the
writer prefers the geochemical theory
utlined  Selovr, rather than  the

crs discussed first:

Volcanic sulphur

The existence of sulphur from vol-
canic fissures is known, but many de-
posits of volcanic origin contain the
catalyst poisons mentioned above,
thereby disqualifying them from pro-
cducing marketad 'e sulphur. Voleanic
sulphwz, like that from sour natural
gas, may be deposited by burning
hydrogen sulphide.

Ceo-bacterial reducation of sulphate

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

. parison of isotope ratios in sulphur
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has lent credence to the theory that
bacteria formed the large sulphur de-
posils in the salt domes ncar the
Culi of Mexico. But no rates of de-
osilion or matevial balances have
[:ccn made, particularly relating the
vatio of the remains of the bacteria
to the sulpbur deposited. Gee bae-
tevial reduction is very slow, particul-
arly in cold climates like Canada’s.

British Petroleum 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 showing the

. formation of sulphur from sulplate
“minerals, such as anhydrate, gener-

ally require far too drastic conditions
of tempcrature to be given scrious
consideration in a natural environ-
ment. Onc 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 mar-
ketable product, in demand since it
is shipped most cconomically.

However, elemental sulphur is al-
ways found in association with car-
bonate and sulphate, complete with
sulphurous water - containing hydro-
gen sulphide. Usually salt is ncarby
also, creating differential voltages be-
tween salt solutions.

Geochemical theory
Once the assumption has been
made that water containing ions of
sulphate mincrals and hydrogen sul-
phide is exposed to small elcctro
chemical voltages, possibly generated

through fractures and contacts with

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

Recent developments in comput-
ing mincral stability diagram:s ea-
plain how native sulphur  deposits
cai: devclop.

In an eavironment of water carry-
ing suiphate and hydrogen sulphide
at 60 F and atmospheric pressure,
elemental sulphur can be formed
under certain conditions of low elnc-
tro chemical voltage and low pii.

C. Valensi (Contribution au diz-
gramme  potential-pll  du  soulre,
Comp. rendu, 2eme Reunion) shows
that the naturally occurring fonic
species, which are stable, are sul-
phate fon, bisulphate, hydrogen sul--
phide, bisulphide ion, sulphide ion,
and native sulphur,

The electrochemical * voltage s
measured against a background of
salt (which is usually found asscci-
ated in nature), and is coramoniy

termed the half-cell voltage, and
labelled By,

A plot of En against the pll, which
measures the acidity cr alkalinity of |
the water solution (7.0 pH being
ncutral), defines the borders between
which the scveral ions exist, includ-'
ing native sulphur,

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

«KH,S = (1) (HS-) or

‘0SS
Jus=) = Xi,§ = 10-7
(H,5) HY)  (H

The equilibrivm Letween the species

" is one when p! = 7. Similarly,

KIS~ = (H+) (S==) or
(ii5-)
(§--) = KHS~ = j0-u4
@\ @

and (§—-) = (JIS-) when pll = 4,
so the boundaries between the spe: s
are vertical lines on the diagrar: i
pi7 (Line 1 ) and pH14 (Line . )
;cgﬁrdlcss of clectrocherical voltage.

of suiphur-

However, oxidation

* womtaining fons will be as follows:

I'Igsaq. "'I‘ e }izo gives

-re 4 " ' e
180, 4~ GH+ < He
wH
2 L & 13 0 i "
O.GI — T v T T 1
tis :
6.3 })\
T
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=06
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UMES OF £OUAL IONIC CONZEMTRATIONS Of
SULPHLA O3 1 WATER SOLUTIONS AT &9°F,




H.S.q. 1+ 411.0 gives
$O,= 4 10H+ it 8e
HS= = = 4IL0O gives:
SO,= .+ 9H* ‘&= fe
S=aq- + 411,0 gives
$g.= = 8Ht - &e.
From the free-energy equation the
clectrochemical voitage may be de-
termincd in terms of pll and ienic
concentzaticns. The boundarvies be-
tween sulphur species at equal con-
centrations occur  whien  the jonic
ratio is one, leaving only cquations
in terms of En and pil which may
be plotted on the diagram too.

Line 3 Ei = 0.290 — 0.066 pll -
(HSO,~) _
(LS
0.290 — 0.066 pH.
Similarly, Line 4 for the boundary
between SO,= & H.S is By =
0.3¢ — 0.073 pll,
and, Line 5 for the boundary
between SO;= & HS- is Ey, =
0.25 = 0.067 pH
and the boundary between
(HSO;-) and (H*) -+ (50,7)
(SO,) = ¥HSO,- = 10-1°
(HSOy) () [(0)

0.0{‘)711 log

is line six at a pIl of 1.9. See Figure .

&

The diagram shows the boundar-
ics of equal concentrations of the
jons, independently of the total dis-
solved sulghur,

Crystalline (yellow) sulphur
precipitates

Where the total dissolved sulphur
has an activily corresponding to
10 —1, similar to that of hydrogen
sulphide in water at 60° F., the
activity of the sulphide ijon may be
shown to be :

HoSeq = 8= aq + 2H+ and

A = K = 10
(H2S)
or log = = -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, ;rom the equaticns

H,S.q = 350lid § - 2Kt q + 20

HSwq = sclid S + Ht gq+ 2¢
§=,q = solid S + 2¢ '

©Solid § + 41,0 =
HSO(q + 7T+ aq + 8o

s,
.

FIGURE -2

CONDITIONS FOR DEPOSITS OF NATIVE
TO FORM FROM WATER SOLUTIONS OF SULPHATE
1. SOME ELECTROCHEMICAL YOLTAGE IN MNEUTRAL

SOLUTIONS AND;
2. NO VOLTAGE DIFFERZMZES IN ACID-SOLUTIONS
Practical application *

The theory “shows that elemental
sulphur may form enormous deposits
from solutions, as apparently has oc-
curred in the surface deposits of
sulphur in the Northwest Teiritories
and northern Alberta.

The voltage differences are small,
and within that range expected in
the ficld from jonic solutions in
springs or in faulted areas, or down-
hole in wells. :

Where the pH is low, ie., where

hydrogen sulphide gas is present, -

solid s:!phur is deposited faster, even
at mir.mal voltage differences.

Oth - sulphides such as yrite can
form ualphur from water solution.
Simil:. diagrams may be prepared
for sulphur deposition from pyrite.
This may account for some sulphur
formations in northern Alberta, where
iron compounds are found mixed
with sulphur,

The - Euw—--pll diagrams can be

~used to show the stability of sulphur
relative to other minerals in water
sclution. -
. The high purity of surface sulp:hur
deposits, ie., frecedom from catalyst
poisons like arsenic, is explained.
The pIl range of waters in the
Northwest Territories fails witliin that
required for suiphur deposition.
Particularly since the sulphate is
more soluble in cold water than hot,

- a possible pracess for recovering sul-

phur from calcium sulphate is evi-
dent, 2ithough the economics are
indefinite. :

Reference =—— M. J. Pourbaix, Ther-
modynamics of Diiute Aqueous Solu-
tions, 1949, 3
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following paper cut-
overing sulphur from

ing upon the U.S. Bureau ‘of Mines
corelation index. About 0.5 percent
W 20 percent residual sulphur re-
mams in the recovered solvent for
re-circulation in the process.

The solubility of the sulphur in
the solvent crucialiy affeets the cir-
culation rate. It is evident that the
cirtulation rates vary inversely with
the solubility.

(d) Moistyre. Any moisture in the
ore requires a water draw tray in the
distillation column, and a preliminary

By Edvrard Lewis Jones, P.Eng.

i A include:
Consulting engincer 2

Fiftcen years ago the writer en-  of dollars
gincered and  constructed a small
plant to recover sulphur of $9.5 per-
cent purity from low-grade (10 per-
cent) ores in Pecos County, “West
Texas.

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

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

(1) St *p mining of the sulphur ore,
(2) Crushing, grinding and screen-
ing to —20 mesh,

matic

).

The range of sulphur solubility
from 10 percent to 15 perce
suitable petroleum fractions, depend-

fraction

Points to watch in such a process
(a) Solvent losses (to avoid drain

(b) Suitable solvent® selection to
avoid the hazards of flammability and
toxicity, Both wre present with car-
bon disulphide. Carbon tetrachloride
is highly toxic but not flammable.
Both are expensive. A suitable aro-
petroleam
Chandled well without expensive loss-
+ es and without serious contamination

of the molten sulphur with hydro-

carbons, yet with a reduced toxicity
and flammability,

() Circulation rates. The science
of extraction solids is wel Known, as
are its disadvantages listed above.

car  be

nt in

drying step may be necessary i the
moisture percentage is too high.

Other processes

VAPORIZING

Sicilian swiface deposits have been
refined by heating, vaporizing 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 to recover sulphur from
the suzface ores. Then the process of
autoclaving the flotation product to
produce an acceptable product of
suitable purity.
DIRECT OXIDATION

Surface ores in Nevada are burne.
with air to give sulphur dioxide .

(Continued on page 74)

is

(3) Mixing with the lean solvent
which is hot enough to heat the mix-
ture to 250° F. (above the melting
point of sulphur), '

(4) CGangue scparation to remove
the solids irom the sulphur-rich sol-
vent.

(5) Selvent recovery from the
gangue. The efficiency of this step
frequently determines the economics
oi the process. The lower giades of
ore increase solvent losses. Thus there
is a lower sulphur limit, in any set
of circumstances, which is the limit
of cconomics corresponding to a giv-
en price for sulphur. Steaming is
sometimes used to recover solvent
from the gongue,

(6) Solvent distillation and sulphur
recovery, -Molien sulphur miay be
recovered by distillution of the soiv--
ent froma it. The condensed solvent
is re-used, after heating, to pick up

ot
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Mr. Doyt K. Seaman, B
dent, Bow  Vailey indust
Lid. aanounces the appsint
ment ot Mr. Gordon B. Darling
as Gener2i Manaper of Alcon
ums  Lid., a whaolly
subsichary of Bow Valley
nas  Ltd.
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Mr. Darling

is & Petroleuire
Goolopist end 2 graduate of
the University of Alberta. He
has a backaround of 21 vears
of majn \.ompany w@chnical
and mianasement =xperience in
tihe Conadhan il industry.
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