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ANNOTATED AIR, PHOTO FRONTISPtECE 

Sulphur ermit areas S In OI1 J,jlC air photo rnosai c are 

well located w ih regard to sulphur depos:its, being northwest 

of the Eadis -  No. S discovery and slum'ing siriiilarities on 

air photos to other suiphur deposJ ts 

The light areas on the air mosaic, marked 5, signify 

Characteristic areas where surface sulphur may ocur 

Sulphur in low concentrations feptiljzes vegetation; hut 

in high Concentrations inhibits growth due to the fr,r'niat. on of 

too much acid. The absence ofvegetation  -is another clue to 

surface sulphur. 

These permit areas are Surrcuncicrl by an outcrop edge of 

the Lower Cretaceous, which is exposed as small cliffs. Sirtilar 

Cliff-- on Madison Permit No. 9 contain beds of sulphur in 'the 

cliff's themselves. 

Surface deposits of sulphur may be expected in the are" 

marked on the perimeter of the Lower Cretaceous outcrops. 

Subsurface, the contact between the underlying Devonian 

formations and the Lower Cretaceous under these permits may oc 

the location of subsurface sulphur deposits suitable For 

Frasch mining. In a similar environment in Pecos County, 

West Texas, the surface sulphur ore proved to he the surface 

expression of subsurface deposi t s which are now h)elng Iii ie(t by 

Frasch 'S method of melting the sulphur u1(1er.grend with hot wate i'. 



GEOLOCICA EACKGQjJN;) OF SULPIJR I 	')RTIUP ALFEi':\ 

Geo! -temjcal theory predcj;g the. deposition of sulphur 

from solutions c onLa inJ. ng  S ciphates and hydroe,i suipli ide 

See the attached articles by Pirson and .Tone s. The 

Devonjan forjat ions contaia 1)0th hydrogen sitipl -iic!e 

and suiphates (i e • , gypsum and a,livcIri;e . 

The format ions in Alberta which produce sour as 

Containing hydrogen suiphide occur in t;he Devonian 

and the MisslSsippJ an. 

A wide arc of Devorijan exists south fro Great 

Slave Lake on the west side of the Lood Bitralo 

National Park in Alberta. The thickness of the Mi ddj.e 

Devojilan beneath these five [)er["]ts is said to exceed 

1,100 feet. 

c.. 



Surface sulphur accumuiai;inns in Northern Alberta have 

been known arid mentioned by frequant geological surveys in 

the first part 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 sulphur occur in a wide belt from 

Great Bear Lake, N .W. T to the Cierwater River ,  in Northern 

Alberta. These surface deposits are the result of highly 

sulphurous aqueous solutions which probably arise From 

underground springs, fault Fissures and Fracture )atLernF. 

The constant discharge of rich-sulphur-heari ng solutions 

From below has resulted in the pi'ecipitati on of thick 

accumulations of sulphur bearing rocks, in certain areas. 

These surface deposits are often very pure, in some instances 

up to 98% sulphur, and also are ass iciated with limonite, 

sand, silt and limestones. and gyprm. 

The source of the sulphur;bearing solutions, which 

results in surface deposition of this element, are issuing 

from the truncated Upper Devonian, Woodhand Group which is 
if 

exposed to the surface (see cross-section l) or to the pre- 

Cretaceous unconformity (see map #1). The staking or 

sulphur permits has taken place primarily along the wide band 

a 
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of Woodhcnd subcrop; in areas where the Woodhend is exposed to the 

surface or where it is masked by Cretaceous erosional remnants. 

Th,e deposition of primary elemental, sulphur can occur from 

the aqueous solution of sulphides and sulphatcs; according to the 

mineral solution equiiibii.. Thus, hydrogen sulphi'ic coming from 

the Devonian formations dissolves in water and reacts with anhydrite 

and or Gypsum, depositing sulphur out of solution. Since calciuir 

sulphate and hydrogen suiphide are more soluhie in cold water than 

in hot, it could mean a high concentration of sulphur precipitation in 

areas of Karst topography where surface waters have bccn extremely 

( 	 active. Therefrc 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 pres nce of intens€ water activity which generally occurs 

at unconIormjtjes and results in subterrajuan 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 

ceded water to bring zLbout the solution and the later orecinitation of 

!I 	. phur is evident by the amount of pre-Cretaceous and recent 
.S 

erosion in the area. The evidence n  erosional action can be seen 
a,nz. 



the huge Cretacecus --- - remna-- --and kar -st -
.topography in the ärea The 

generally 
 

 penepiained pre—Cretaceous uncorLformlty indicts a lone - - 	- 

geologic period of rrct- 	-' 

day erosional surfac 	which incises the Deneblained nreCretaceous 

surface is still vigourOII Sly  invaded by surface solutions 

The east limb of the Cretaceous, 'Cajbdo Monta 	intersects 

the pemits here described, leaving at least half the permits 
Cr. exposed 	- - 

Woodbend outcrop, The remainder of the permit lies on the Cretaceo us  

Cariboo Mountains. The possibility of concentrated beds of sulphur'
-  

below the Cretaceous• depo sited prior to Cretaceous deposition, during 

the pre-Cretaceous time of erosion; as well as the present day deposit
ion  

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

- The preence of sulphur on top 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 Woodhend 

formation, (see cross-section #1). 

The geological formation in which sulphur Occurs in the Woodbend 

Clipper Devonian) Group, is the Grosmont Formation. This formation 

consists of vuggy, petrolilerous, reefojd dolomites, with varying - 

amounts of thin bedded argillaceous limestones. The' Gros-molI is a 
_.
barrier-: reef, eüivajenj' time to the Leduc. In the off-reef facios 

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

S 
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areas thick. evapore sections (aithydrite) are known as the Hoi do Forma- 

tion, Native snprni- ccur re:cs ac known in Inc Grosmont, Windfafl, 

..ndance, and Nevis, Leduc reefs. The Cretaceous Loon River shales 

• 	.: overlie the unconformable Woodbend strata and contain abundant brown 

• ironstone concretions, containing iron sulphide. The Woodbend is 

•underlainby. the Mikkwa Formation, which is equivalent to the Beaerhill 

L2'ke Formatioi, in Central Alberta. The Mik 1cwa ror matron is compo sea 

Drimarily 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 ofdolomite, anhydrite 

and salt. Salt water recoveries in drill-stem tests indicate high' 

salinities and hydrogen sulphide. 

The Grosmont and equivalent form tions are,ex'pc sed along 

river and creek valleys, certain lake shores and solution sink h o l es :. 

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

:yugs 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 

:}jvdrjte in equivalent rocks, the ubiquitous occurrence of iron sulphides, 

the numerous rivers, creeks and sinkholes exposing the Grosmont 
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may 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 could also 

be of considerable value. The concentration of large deposits of 

sulphur could have occurred before Crotaceous deposition, at the pre-

Cretaceous unconformity. These 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 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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SU LPJ-fLJR -. BEARING FORMATIONS PRESENT 

- 	 Practically all the sulphur recovered from sour gs in Alberta 

originaes from the Paleozoic.-.Mississippiaii and Devonian 	sterns. 

Although in the subject area the Grosmont is he underlying 

formation and contains native sulphur, older Devonian forriatior1s 

such as - the Beaverhill (Mikkwa) ''hich underlie the northeastern 

portion of Alberta may also contain sulphui. Subsequently; younger 

Devonian and Mississippian fonnations (YTinterburn, Wabam.n, 

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

the subject area )  may also contain sulphur in situ. 	This is evident 

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

the Devonian tuiphur Point Formation (underlying the Beaverhill) 

and elsewhere in the Provin, e, at depth. 

The lage Elk Point Salt Basin which parallels an area lying 

south of the Caribou Mountains, may have on its north flanks thin 

salt sections. These salt sections by solution collapse may cause 

certain subsurface features favoring sulphur accumulation and 

deposition. Further detailed research and intensive studies of air 

photo mosaics may indicate certain patterns and alignments of surface 

features favoring sulphur deposition. 
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GEOLOGICAL MAP 

The map shows the Upper and lower erosional edges of the 

Woodbend formation with the marked Grosmont outcrop along the 

Peace River, at Vermillion Chutes. The erosional dge 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 Woocibend outcrop. 

Madison's Permit 118 has a similar geologic position as that o the 

study area (see map). 
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E IN' GlNE1.RIN(; 

1. Transportati o: 

The locati ons of the five sulphur permits iiorthwest 

of Margaret Lai-:e are shown on t}i e attached map of T)errnit.'-. 

Rail and road transportation exists along the route of 

the Mackenzie ltighway 	There is also a road running from 

Ihilevel to Fort Smith arni there are seismic roads on the 

township lines crossing tlie five permits 

Barge transportation is possible up the Peace River 

which is flavjhlc to points crossing the PGE Railroad and 

the Great Slave Rail.road. Moreover, west of Vermilion Falls 

• 

	

	 south of these five permits, barge transportatiofl is feasible 

in the summer. 

• 	Another possibility is a Suiphul slurry pipeline which 

would he similar to that proposed b: Shell Cana i Limited 

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

performed economically if': 

() \ . sufficient oreloc1v near,  th.t surface 	.. - 

is clefincri, thc thicker the better 

- 	(i,) Overburden is minimal or absent. 

(c) Volume production is maintained. 

Strip mining of coal. at ' rate of 400,000 tons 

 

per year can be very rcasorahe, not more than $2.00 per 

ton. Lower costs for larger volumes. 

Strip mining can he clone on a long-term contract 

basis without owner's investmen;, provided long—term 

rnar 1 ets are aralabl3. 

Since a section, one fc.. ; deei, of 	sulphur 

contains 1,000,000 long tons of sulphur, worth 8zLo ,000000, 

a .deper deposit can . be quite attractive ccononicallv. 

 

POSSIBLY FRASCII MINING 

The cover of th Lower Crc baceous consists . of 

Loon River Shales which form quito an impervious caprock 

perhaps suitable for Frasch mining (rcltin sulphur with 

• 	hot water) of an underground deposit of sclphur if one i 

present 	 this 

possibility as well as surt ace sulphur. 

Frasch mining requires no process pla nt except 

Derhaps a molten sulphur filter. 

Edward Le,s '' 	rJ 	ocs 
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Proc cSR -11-er  

Several methods of recovery are available, hut 

the one heinc used conirercially in a California plant now, 

and that onc experier.ced by tbe write in Texas 15 years 

-ago, consists of dissolving the sulphur in 'hot kerosene 

• and riltcring it from the gngie and then cooling the 

• solution so the sulphur preipitates 0  

This process has been written tip in the attached 

article, along with others, 

The cost of processing varies with the±rcum- 

I 	stances out is reliably reported to he not more than 

$15.00/1011g ton of sulphur; comparable to average 

Frasch costs. 

t0Probl_Costs 

• 	 The cost of sulphur produced from a large 

deposit of 60 surface ore by strip mining and processin-

0  Sit is roughly estimated to be 20/long ton. To this 

niust be added transportation costs to railhcad, which 

probably range about $500 per long ton. 

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

a cost of $25/long ton is practical. 

(. 

[dw3rci Levis Jones n.11 As3c 
Consulting Engineers LI. 
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By Edward Lewis Jones, 
Consuilino E:ic;incc., CczIgcir' 

Sulul wi deposits at the surface in 
iiirtlicrn Alberta have attracted a lot 
of attention iii recent znaiiths. TJic 
nicthiid by which the sulphur is de-
posited is of Coos!dcrablc -interest 
siiicc the sulphur itself is quite pure, 
and suitñblc for the nianufacture of 
sulphuric acid, being free of arsenic, 
sciciiiuiii and tclluriuiii. the catalyst 
)O)SOflS. 

'rue Surface ncposiLs, however, are 
mixed with sand and silt, whi ch could 
'udica tc that the sulphur was being 
deposited while the wind was blow-
lug in the gangue material from else-
svhcrc. Even so, the deposits arc 
quite high in percentage of sulphur. 

Whilc theic are several theories oil 
the formation of sulphur deposits, the 
writer prefers die geochemical theory 
'.thiiicd iicloe', rather than the 

•rs Oiscnsscci first: 

Volcanic sulphur 
'rho existciice of sulphur lioni so!-

cauic fissures is known, but many de-
posits of volcanic origin contain the 
catalyst poisons merit ioned above, 
thereby disqualifying theni from Pro-
ducing marketable sulphur. Volcanic 
sulphur, like that from sour natural 
gas, may be deposited by burning 
hydrogen sulphride. 

Ceo-bacterial rcducation of sulphate 
Several kinds of bacteria can re 

duce sulphate to sulphur. Much com-
parison of isotope ratios in Sulphur 

5- 

Et1C,: 

2. 

E.B.E.P.. CERT. 	i92&  

T E C H N 0 L 0 & V 

has lent credence to the ti c-ar y that 
bacteria formed the large sulphur de-
posits in the salt domes treat the 
Gulf of Mexico. But no rates of de-
posit an or miraterial boialICC5 have 
beer'. raride, particularly relating the 
ratio of the remains of the bacteria 
to the sulphur deposited. Ccc -bac-
terial rcduct ion is very slow, particul-
arly in cold climates like Canada's. 
British Petroleum in Libya has not 
produced substantial quantities of 
sulphur from bacterial reduction of 
sulphate, even in a hot climate. 

inorganic reductio n  of sulphate 
Chemical cq ua tions showing the 

formation of sulphur from sulphate 
minerals, such as anhiydratc, gener-
ally-  require far too drastic conditions 
of temperature to be 

o
giveii serious 

considcratjonm in a natural environ-
ment. One example is the rcdution 
of calcium sulphate with carbon, 
generally practiced in England. 
Even there, sulphur dioxide is Lire 
main product from which sulphuric 
acid is made, not sulphur, time mar-
ketabl e  pro duct, in demand since it 
is sliippcd most economically. 

However, elemental sulphur is a-
ways found in association with ca 
bonate and sulphate, complete wi;h 
suipliurous water containing hydro 
gen sulphdde. Usually salt is nearby 
also, creating differential voltages be-
tween salt solutions. 

Ccochcmnicnl theory 
Once the assumption has been -  

made that water containing ions of 
sulphate minerals and hydrogen sul-
phnide is exposed to small elcetro 
chemical Voltages, possjb!v generated 
through fractures and contacts with 
Underlying salt beds, certain cqui-
libria relating to niincral solutions 
may be used to define th e  conditions 
Under vliicli native sulphur could be 
deposited in natural cnvironmcrits. 

Recent developments in connut-
ing mineral stability diagrams ex-
plain how native sulphur deposits 
can develop. 

In an environment of water carry-
ing suphate and hydrogen sulphid e.  
at CO F and atmospheric pressure, 
elemental sulphur can be formed 
Under certain conditions of los'.' c-Icc-
tro chemical vo!ta'e 'and low pTi. 

C. '.'alensi (Contribution an 
gu-amri;c 	potent mI-ph 	do 	soufrc, 
Coop. rendu, 2cmne Reunion) sl:o-.vs 
VIA the naturally occurring ionic 
species. which arc stablc, are sul-
phate ion, bisulphate, hydrogen sul-
phide, bisnlpiiide ion, sulphid e  ion, 
and native sulphur. 

The clectrochrc,uieal 	voltage 	is 
measured against a background of 
salt (which is usually found asscci-
ated in nature), and is coirirnony 
termed the half-cell voltage, and 
lnbclkd E 1 . 

A plot of E1 against the pit, which 
measures the acidity or alkalinity of - 
the water solution (7.0 ph-I being 
neutral), defines the borders between 
which the several ions exist, includ-
ing native sulphur. 

Where the solution is acid, hydro-
gen suphidç exists in the low pH 
range. As the .lution becomes more 
alkaline, I-IS-- and S are formed: 

• K112 	(FI+) (ES —) or 
H 2 S 

'HS=) 	KjJ,,s = 10 1  

The c- iuilibr!run between the species 
is one when pH = 7. Similarly, 

HS— = 111+) (S--) or 
(its—) 

0.6 

0. 

0 

-06 

2 	a 	6 	C 	no 

- FIGuE 1 

trans on SCUAt ionic con(ranRAi,oas or 
SUPFU5 tons IN V./.T E t SOlUTIONS AT wr.  

- 	 S U I f) I U r 

W1CVi SLOflUr ce )OSiIS Ee 
;  iILLI 	 •(4 •  

- and (Sj = (US—) when pli = 14, 
so the boundaics between (110 species 
Lire. vertical lines on the diagram at  

h-i7 (Line 1) and p1114 (Line 2 ) 
regardless of cicetrochemnical voltage. 

However, oxidation of sr.nlphiur-
- onainiug ions will be as foliows: 

- ± ' U20 gives 



4- 4 )lO gives 
SO 	•f• 1011± - 

uS— 	+ 4 J1O gives 
SO,,= 	 8e 

S. + 4 1i0 gives 
CO. = 	-- 	811t+',e. 

Fi oin tile flcc-cllcrgy equaHon the 
cicctrociTCmic.I voltage !03y be de-
termined in (cries of p1 I iilI(l ionic 
conccntraUo::s. Tue boundaries be-
twccn sulphur species at etal Con-
centrations occu when the ionic 
ratio Is onc, leaving only cc1uations 
In terms of Eli and pT 1 whcli may 
be plotted on the diagram too. 

Line .  3 E1  - 0.290 	0.066 ph  I + 

(IiSO--) 
0.0074 log  

(1iS) 

• 0.290 - 0.066 pH. 

Similarly, Line 4 for the boundary - 
between SO 4 = & 1-1S is Eli = -. 

0.30 	0.073 ph, 

and Line 5 for the boundaRy 
- between SO & 11S is Eli = 

- 0.25 	0.067 P11 
and the boundary between 
(I1SO4j and (11+) + (SOc) 

(SO4) = 11SO4 — = 

• (11SO 4 ) 	(H+) 

is line six at a phI of 1.9. See Figure 
• 1. 

The diagram shows the boundar-
ies of equal concentrations of the 
ions, independently of the total dis-
solved sulphur. 

Crystalline (yellow) sulphur 
precipitates 

Where the total dissolved sulphur 
has an activity corresponding to 
10 -1 , similar to that of hydrogen 
sulphide in water at 600  F., the 
activity of the sulphide ion may be 
shown to be 

112S 	S 	q  -F 213A+ and 

(S=) (1I+)2 = K = 10_21 

(I-1 2 S) 

or log S = —22 + 2p1I. 

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 a total sul-
phur of JQ_l,  from the equations 

HIS.q =  ohid S + 211+ q  + 2e 

IS ftq 	solid S 4- 11+ aq -F 2e 

= solid 5' + 2e 

• Solid S ± 4H20 
HSO4—. + 711+ 	-f (Ic 

Solid S + 41-1 20 = 	- 
SO;q  + 81-1± 	± Ge. 

p 1 m 
2 - 	 6 	5 	10 	12 	14 

-- 

s0 

Eh N 

FIGURE .2 

CONDITIONS FOR DEPOSITS ciF NATIVE 

TO FORM FROM WATER SOLUTION 	SULPHATE 

I. SOME ELEC TROCHE MICAL VOLTAGE IN NEUTRAL 

SOLUTIONS AND; 

2. NO VOLTAGE DLFF€Rtl"ES 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 Territories - 
and northern Alberta. 

Tile voltage differences are small, 
and within that range expected in 
time field from ionic sou'iions in 
springs or in faulted areas, or down-
hole in wells. 

Where tite pH is low, i.e., where-  
hydrogen sulphide gas is present, 
solid sulphur is deposited faster, CVCfl 

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 - 
iroa compounds are found mixed 
with sulphur, 

The Eli---pI -I diagrms can be 
used to show the stability of sulphur 
TPlflhTVf' to  r,tI- r.r 	 ',.-, 
solution. 	 . 	. 	. . 

The high purity of surface sulphur 
deposits, i.e., freedom from catalyst 
poisons like arsenic, is explained. 

The p! -1 range of waters in the 
Northwest Territories fails within that 
required for sulphur deposition. 

Particularly. since the sulphac is 
more soluble in cold water than hot, 
a possible process for recovering sui-
piLur f, - .-)m calc;mn sulpimato 11 evi-
dent, although the economics are 
indefinite.  

1cfcrcnce - M. J. Pourbai-x, TIter- - 
modynarnics of Dilute Aqueous Solu-
tious, 1949. 
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By Ec!wcird Le''.'is iuncc 
ccnsu"Iin encjfncer, Calcry 

The discovery of SUr:aCC sulphur in 
the No:tliwest Territories and Alberta 
may be the first StC:) in tOC SUnsC-

oneat discovery of substantial sub- 
rfacc deposits which may be amen-

able to Frasch mining, following sIc-
velcpmcnts in Texas. 

Surface sulphur in Canada 
A We 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 wellhave 
been the oriia of the surface sulphur 
deposits which have recently been 
discovered on the Peace River near 
Little Red River in Alberta. 

The springs occur near faulted 
zones and it is also possible that the 
Laults 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 tellurium, which 
are very destructive to the life of the 
vanadium catalyst used in the sul-
phuric acid plants - the major use 
for sulphur. 

(2) Up to OS percent sulphur, with 
no metallic ioiis or hydrogen sulphid 
which might be associated with the 
sulphur in metallic sulphide deposits. 

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

(4) A gangue material which is 
mostly cakh ni, carbonate, sand amid 
silt. 

The piablc?n will the duposits 
around tIc Sn: face springs in the 
Northwest Ierr:torics is that they are 
not extensive enough at 'Illy one loca-
tion to support a mine, altI ougli some 
are within three miles of the raflwa v. 

The recent discovery of more ex-
tensive snh lur deposits en tlse so:face 
near Little bed River in Alberta, Low-
ever, f:Ho.vcd by an extensive laid 
play aIling to nso: -e tl:rai three 

ii ion acrc. since October, suggests 
that ranch more be anot Acorn par-
so:: with tie \Vca,t Texas sltIatiOii 
may l.e  

Comparison with West Texas 
Fifteen years ego th0 writer was 

cnaged on a plant project to process 
si:lr.liur from surface ores (10 percent 
sulphur) fmo:rm \Vest Texas, in Pecos 
County (Oilvcck, Nov. 20/67, page 
72). 

Today, tIe interest in \Vest Texas 
sulphur is at its peak, and for the 
subsurface sulphur deposits. 

!.,cases are drawing high prices. A 
55.5-acre sulsur lease in Culbersor. 
County in '.Vcst Texas (the county 
adiacent to Pecos County) drew a 
high bid of $1156,323 .Asccond 
480-acre sulphur lease was bid at 
$526,469. 

Subsurface sulphur is the great 
attraction in this area (Wall Street 
Journal, Oct. 29/671 

Apparently in Pecos County there 
is a 300-foot thick layer of elemental 
sulphur about 800 feet deep which 
is amenzihlc to Frnsch miring (Barons, 
August 1I66). 

The significance of surface sulphur 
deposits, in view of the 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 sulphur, esnecialy one tie surface 
deposits appear to occur where there 
are faulted zones. 

Recognition of sulphur 

The surface deposits may easily be 
coniusecl with clay, as well as with 
limonite, or yellow ochre. The burn-
ing of dry sulphur samples (ignition 
point, 475 F.) in al is well known, 
and is a sure test for sulphur 'oath 
elm acteri.t ic royal blue flame ii:l 
the pungent odor of sulphur dioxide. 

I iov,'ever, sulphur may he red, 
brown and green, as well as ycPow. 

The deeper sulphur dcpcsits at 
Atkerto:i Alberta, isave plastic sul-
phur which is dark green. A recog-
nition problem exists. 

Logs will show the presence of 
su!ui:i.ir in well bores. A con:hinaton 
of 'three !os is renuired. 3Jus pro-
ced arc was developed :rst, to the 
writer's knowledge, at Ar*crton, and 
ii .:erescd part es sholild, contact Iced 
l iaIo'o' or E. F. 13: ucc'nlcss, geologists 
and owners of he Ankerton denosir, 

for details on the detection of sulphur 
in downhiolc logs. 

Requirements for mining sulphur 

(1) SURF ACE SULPHUR 
Surface deposits of suybur require 

sufficient sulphur for strip mining 
operations, both laterally, and at 
depth, and preferably with a very 
lcw ratio of waste to ore, including 
overburden. - 

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

The higher ratio of sulphur to 
gangue, the better. For strip mining 
coal, the figures are '.'cc-ll worked out 
and u:ll known For a large-scale 
opera) i where ore mined! costs $ 
per to , the recovery of a SC) percent 
ore at hat price would result in a 
suiphis cost of $1 per ton. To this 
must i.e added the several costs of 
processing rind imansportation to mar-
ket. Sum face sulphur usually requires 
an extraction plant, which is not 
cheap. - 
(2) SUBSUFtF'ACE SULPIITJPL 

The Frasch method of melting the 
sulphur dowribole (as on the salt 
domes of the Gulf of Mexico area) 
requires fuel for hot water at 330 
F., plus corniresscd air to lift the 
recovered pure brirnesione in molten 
form. 

The fuel recuircmeuts are not small. 
No less than 10,000 gallons of w.ter 
per long to: of suinhur is 
reooircd, a!thouc'h thus better mines 
may require cmiii' 4,000 gallons per 
bug ton. 

Well costs are high, since sense 
domes require wells as close as 100 
fee:. Alsu bleed wells are required 
clo'.vn-ci:p to remove eald water and 
improve circulation of ha... to melt 
Ole sulphur. '1 he reservoir beat I 
ance must be right. 

Lost water circulation down fahl.s 
Call also be a p ihhern, which may he 
solved by mudding. 

Co nelusior 
The sulphur play in ;'.lberr i 

tremendous l)0S.sioritieS  for ecU: sur-
face and for subsurface dpos:ts which 
may be shooing en the surface. Own-
ers of explore shin pen miss for s:ilrsl,s:e 
should ccasidcr creeper drilling to 
haseuent as ''asH as exn!e: in sIrs 
surface cleposhs. 
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By Eclv,ard Lewis Jones, P.Eng. 
Consulting engineer 

Fifteen years ago the writer cn-
ginccrcd and constructed a small 
Plant to recover sulphur of 0.9.5 per-
cent purity from low-grade (10 per-
cent) ores in Pecos  Cotiitty, West 

cxas. 

The use of solvents to recover 
sulphur is well know-n. Sulphur will 
dissolve in a variety of solvents, usu-
ally but at its melting pole of 240° 
F., such as; carbon di'ulpliid, bene-
zcne, carbon tetrachloride, and arom-
atic petroleum Solvents. 

The process employs a number of 
Steps wldeli are COrrosion to all metli-
ods, no matter which solvent is used: 

(1) Strip mining of the sulphur ore. 
(2) Crushing, grinding and screen-

ing to —20 mesh. 
(3) .\Iixing with the lean solvent 

Ml is lint enough to heat the mix-
ture to 250° F. (above the melting 
Point of sulphur). 

(4) Cangue separation to remove 
the solids from the sulphur-rich Sol-
vent. 

(5) Solvent recovery from the 
gangue. The efficiency of this step 
frequently determines the economies 
of th0 process. The lower grades of 
Ore increase solvent 1055C5, ihus there 
is a lower sulphur limit, in any set 
of ehcumsionces which is the limit 
of economics corresponding to a giv-
en price for sulphur. Steaming is 
sonletillics used to recover solvent 
from the gangue . 

(6) Solv;i (liStuation anti sulphur 
TCCOVCry. ysiohen 	Ipliur may be 
rccovc,' h distil i' of the snlv--
cnt fro:n it. The eo:!cmis'd solvent 
is re-used, after heathi- to pc! i.i 
me re sni pi iii from im ti e ore, 

Points to watch in such a process 
include: 

(a) Solvent losses (to avoid drain 
of dollars). 

(b) Suitable solvent . selietion to 
avoid the hazards of fia;unability and 
toxicity. Both are presentwith car-
bon disulphide. Carbon tetrachioride 
is high])' toxic but not flammable. 
Both are expensive. A suitable aro-
niatic petroleum fraction can be 
handled uAl without expensive loss-
es and without serious contamination 
of the molten sulphur with hydro-
carbons, yet with a reduced toxicity 
and flamxnalifl ItY. 

(e) Circulation rates. The sei-1ce 
of extraction solids is well kno or  as 
are its disadvantages listed au ye. 
The range of sulphur solubili. is 
from 10 percent to 15 percca in 
suitable petroleum fractions, dep ad- 

1:n' upon tIme U.S. lturcnmm of Mines 
corcl,mtion index. About 0.5 percent 
o 2.0 peceiml residial sulphur rd-

mains in time recovered solvent for 
re-circulation in tlmc process. 

Time solubility of the sulphur in 
the solvent crucially affects the cii-
culatium rate. It is evident that the 
chulation rates vary inversely with 
the soliibilhy. 

(d) Moisture. Any moisture in the 
ore rcc1uime5a water draw tray in the 
distillation column, and a preliminary 
drying ctep tony be necessary if the 
moisture percentage is too high. 

Other processes 
VAPORIZING 

Sicihiah sum face deposits have been 
refined by heating, vaporizing the 
sulphur and condensing it to a solid. 
Usually part of the sulpi;ur is burnt 
to provide heat, a very wasteful pro-
cess. 

FLOTATION 
Ccrtaiu flotation agents have been 

developed to recover sulphur from 
the surface ores. Then the process of 
autoclaving,  the flotation product to 
produce an acceptable product of 
suitable purity. 

DIRECT OXIDATION 
Surface ores in Nevada are burned 

with air to give sulphur dioxide in 
(Continued on page 7A 

C,  

,'  

Discovery of apparently la;je reserves 
ore body in northern A/ioen'c could result in the first substantkl 
Canadan sulphur production other than :oro sour nciJri:al c;s. 
Four I./bc'r?ci sulphur pros Cctinj peri!ts cseie;ing nsary 
81000 acres hove been issued in the ?ort Vermilion a:en, cnci 
an undisclosed major company has entered into an cjroernent 
v,ith /gcjdison Oils and a private Calc;ry syndicate to explore  
and develop three of those pennn's. be ro!!cw;ng pacer 
Imes some sone of the aspects involved in recove -jnj su!pJ;ur from 
ore bdi0s. 
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