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LIST OF PLATES 

Plate I - A - One of several sulphur sprin8s on the south bank of 
the Athabasca River valley, Sample Location 187-14, 
with marl deposits in meadow below. Twp. 86, Rge. 6, 
W. 4 II. 

- B - Sulphur springs emerging from porous dolomite at Sample 
Location 184-1 on north bank of Clearvater River. Tup. 
89, Rge. 3, W. 4 M. 

Plate II - A - Aerial view of marl deposit at Sample Location 191-3, 
with Athabasca River in background. The deposit covers 
an area of approximately 5 1/4 acres and is four feet 
or more in thickness. Lsd. 5, Sec. 2, Twp. 99, Rge. 10, 
W. 4M. 

- B - Outcrop of Precambrian gneiss at Sample Location R-l. 
T•7p. 100, F&ge. 5, W. 4 M. 

ILL1JSTRTION 

Figure 1 - 
Planimetric 1ap, Fort }1c1urray Area, Alberta, West of 
Fourth Neridian showing Sinclair Sulphur Permits and 
Sarnple Locations in Relation to Regional Geology 	In Pocket 

1. C. SIROLE .I Assocl•\TES LID. 
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RECONAISSANCE REPCT 

SULPIUR PROSPECTING P11ITS NOS. 184 TO 192 

BITUMINOUS SAND PERMITS NOS. 82 AND 93 

FORT McNURRAY AREA ALBERTA 

INTRODUCTION 

The following report presents the reu1ts of a field study that was 
undertaken by J. C. Sproule and Associates Ltd.. at the request of Mr.. W. P. Wilson, 
acting for Sinclair Canada Oil. Co. The field program included a reconnaissance 
geological study of certain permit areas in the general area of Fort 1-icflurray, 
Alberta, and the obtaining of samples from each permit to be analyzed for sulphur 
content. The subject permits are Sulphur Prospecting Permits Nos. 184 to 192 
inclusive and leases from Bituminous Sand Permits Nos. 82 and 93. These permits 
are located east, northeast, north, and northwest of the town of McMurray in the 
general vicinities of the Clearwater River, Firebag River, Athaba sca River and 
MacKay River, respectively. The holdings, which total approximately 900,000 acres, 
are distributed over a geographical area 85 miles in width by 110 miles in length. 

The field work was conducted by S. R. L. 1-larding during the period 
September 7 to October 5, 1968. Use was made of both helicopter and boat services, 
and the operations were carried out from bases at McMurray, Fort MacKay and a field 
camp establish ed at Lobstick Point on the Athabasca River about six miles upstream 
from the outlet of the Firebag River. The boat was very useful on the Athabasca 
River but was of limited ue on the Clearwater River because of seasonal low water. 
A car was hired for one day for reconnaissance and sampling of those areas that 
could be reached by road. Fuel caches were placed by truck, boat and fixed-wing 
aircraft. 

The prime purpose of the program was to locate and describe sulphur 
occurrences, and to obtain representative samples from each permit for subsequent 
analyses. The time assigned to the program did not allow for much to be achieved 
beyond this primary objective. It was agreed, however, in discussions with Mr. 
Stan Paskevitch of Sinclair Canada Oil Co. that, without atter-ting to summari z e 
the volt,-ruinous geological Literature for the area or to conduct any detailed field 
mapping, the consultant should take geological observations of a reconnaissance 
nature, which would add to the understanding of the regional geology of the area. 

This report is illusraLed by a planinetric m -ap of the Mc}lurray area 
showing Sinclair's sulphur permits and the sample locations in relation to 
regional geology. Analyses of 174 samples are attachd as Appendix I. 

J. C. SH IOULE AND AsocIA1'Es Lro.--- 
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REGIONAL CEOLOCY AND SULPHUR OCCUIRECE 

The subject permits are in the general area of the Athabasca Oil Sands. 
Over a period of many years, much geological work has bean conducted in this area 
and there are many published reports that are relevant. Various publications by 
the Geological Survey of Canada, the Alberta Research Council, the Oil and Gas 
Conservation Board of Alberta, and others include excellent bibliographies and 
lists of references so that they need not be included in this report. 

In summary, within the general area of the subject prospecting permits, 
the principal outcropping bedrock fonnations are of Cretaceous age, but, to the 
north and northeast, erosion has stripped off the Cretaceous beds exposing older 
Devonian rocks, and beyond that the Precambrian. Erosion has also exposed the 
Devonian beds in the valleys of the Athabasca and Clear'atcr rivers, and the 
tributary Streams, the Christina, the Muskeg, the MacKay, and the Ells. A major 
unconformity separates the Devonian and Cretaceous formations. The Devonian, as 
well as overlying Cretaceous rocks, is generally inclined gently westward toward 
the Alberta Syncline, and progressively younger rocks of both Paleozoic and 
Mesozoic ages are present in that direction. 

A number of reversals to the regional structure in th2 Cretaceous are 
known to occur in the subject area. One of the most striking is cvidnced by the 
occurrence of the basal Glauconitic sand of the Cretaceous Clearwater Foriation 
(the formation above the oil-rich Cretaceous McMurray Forrirition) at the level of 
the Athabasca River near the mouth of Tar River about 10 miles north of Fort 
MacKay. This indicates a reversal of some 200 feet in four miles on Cretaceous 
horizons and confirms other evidence of a structurally low area in the Cretaceous. 
Along the same line, there is a reversal of 300 feet on the eroded surface of the 
Devonian. 

A study of the Cretaceous NcMurray Formation, based on outcrop data and 
data from over two thousand tests drilled for oil sand exploration, shows that 
Cretaceous beds tend to fill In the lo -,es on the Devonian surface. Whether these 
low: on the Devonian surface result mainly from differential crosioi or from 
structure within the Devonian is controversial. The possibilities of collapse 
structure resulting from removal of the Elk Point Salt Formation prior to, during, 
or after Cretaceous deposition must also be considered. 

The considerable relief and lack of a regular drainage pattern on 
detailed maps of the Paleozoic surface suggest that collapse structure due to 
salt removal may be a contributing factor. The study of this subject is beyond 
the scope of this report. On Figure 1, we have, however, indicated the positions 
of a high axis and a couple of prominent lows on the eroded I)evenin surface. 

The bedrock, whether of Devonian or Cretaceous age, is largely overlain 
by a variable thiclness of glacial and related sediments. The thickness of these 
overlying sediments is generally at a minimum, in those areas where river valleys 
are dacply incised and greatest in the hilly portions of the area. 

0 
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Sulphur occurrences in the general region of northern Alberta and the 
Northwest Territories may be broken into three groups, as follows: 

(1) In muskeg or other poorly drained lacustrine or "dried 
lacustrinc" areas. The most important known apparent 
exairple of this type is the discovery occurrence on Sul-
phur Prospecting Permit No. 8, northeast of Fort Vermilion. 

(2) Deposits of elemental sulphur in connection with active 
springs with or without associated gas. 

(3) Cretaceus shales in the area frequently contain finely dis-
seminated sulphur. Although we know of no reported concen-
trations of significant size from the Cretaceous, the possi-
bility of such economic occurrences cannot be entirely 
eliminated. 

We are not prepared, at this time, to enter into detailed discussions of 
theories of the origin of the various sulphur occurrences because of the Large 
number of presently uncertain factors. Theories of origin from Palcozoic connate 
waters or from bedded Devonian and other gypsusn and anhydrite deposits are, how-
ever, of principal interest. 

It is of general interest to the overall sulphur problem in this region 
that continuous flowing sulphur springs have been known for many years within a 
broad area along the Mesozoic-Paleozoic geological contact that extends from 
western Saskatchewan, through the NcHurray oil sands area, across the present 
region of sulphur permits into the southern part of ths Northwest Territories near 
Pine Point and westward along the Liard River. It is of further possible signi-
ficance that there may be a genetic relationship between these sulphur occurrences 
and the NcNuray oil, which has an average four to five percent sulphur content. 
In addition to this, there is considerable free sulphur associated with the 
NcHurray oil sands, both within and outside of the oil saturated area. As a 
measure of the amount of sulphur already known to have been deposited, probably 
from the same type of connate waters that can be expctcd to have deposited the 
sulphur under study, we might refer to the "reserved of sulphur in the HcMurray 
oil sands. Recent estimates indicate that there is over 600 billion barrels of 
oil in place in the NcIurray oil sands. This oil contains four to five percent 
of sulphur amounting to approximately eight to ten billion long tons. 

The above and other evidence available would indicate that what is 
needed to produce an economic sulphur deposit in this area would be a favourable 
combination of faults and fractures for culphte spring exits, sulphur supply in 
the connate waters and poorly drained lacustrine or other flat basin areas 
immediately adjacent to the spring exits. All these individual circui.stances are 
known to exist but whether or not a proper ce!bination of circumstance:, has pro- 
duced cosnercial dcosits in some location remains to be seen. 

- - 	- - 	- 	 - J. C. SRouu AND ASSOCIATES LTD. - - 
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LOC.&L GEOLOGY AND SULPHUR OCCURRENCE 

Except for the leases from the two B ituminous Sand Permits, permits 
will be discussed in a clockwise sequence rather than in numerical sequence. 

Permit No. 184 

This permit, con-.prising approximately 99,840 acres, includes areas on 
both sides of the Clearwater River westward from the Alberta-Saskatchewan boundary 
for a distance of approximately  22 miles. The Clearwater River flows through a 
valley that is approximately 600 feet deep and two to three miles in width. High 
1(111 River and Edwin Creek are tributary streams from the north and south 
respectively. 

Devonian dolomite, limestone, and silty shale are exposed along the 
valley floor. Outcrops of dolomite of the Itathy Formation and limestone and 
silty shale of the Firebag Member of the Waterways Formation occur in the western 
half of the permit. Cretaceous sands and shales are exposed in the valley waits. 
The surface of the area on either side of the valley is one of low relief covered 
with a mantle of glacial drift and some poorly drained muskeg areas. 

Regional geological structure is indicated to be dipping very gently to 
the southwest, but this is modified by locally anomalous structures including 
faults. 

Norris, in C.S.C. 11cruoir 313, places the western boundary of the Nethy 
Formation about one mile east of the mouth of Edwin Creek. Salt casts, which we 
have observed in silty shale outcrops near the mouth of Edwin Creek, indicate the 
stratigraphic position of the Elk Point Salt Formation above tho Hethy Formation 
and might be considered to confirm the western limit of the Ilethy outcrops as 
mapped by Norris. On the other hand, evidence of faulting is present in the 
Devonian beds exposed in the valley of High 1-till River and, on the basis of 
photogeological study, faulting is suspected along Edwin Creek. It is, therefore, 
not unreasonable to believe that the 1-ethy Formation may be c:posed locally in the 
area between Edwin Creek and High Hill River and that the porous dolo:ites, which 
yield sulphur springs in this area, may be rocks of the Methy Forntion. 

On Figure 1, we have indicated possible fault directions in the area of 
Permit No. 184. Those are based on photo-interpretation related to field evidence 
and vary somewhat from the fault directions indicated by other authors. 

A number of sulphur springs ware observed in Permit No. 184 along the 
Clearwater River between high Hill River and the middle of Range 2, W. 4 U., some 
10 miles to the east. The most prcrainent of these springs were several located 
at Sample Location 184-1. These emerged from porous dolorite at scattered points 
over a distance of 250 yards along the north shore of the river. The picture in 
Plate I-D shows the best developed springs in the area, which happen to be about 
50 yards in from the river. Samples were taken of material in various positions 
with relation to the springs but only the crust deposited on the dolomite where 

J. C. SPRUVLE AM) AssocI..vrEs LTD - 
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the springs emerged showed a significant percentage of sulphur (Appendix I, 
Analysis 184-1-3: 10.73.). The area did not appear to have any suitable de-
pression that would allow for the accumulation of an appreciable volume of sulphur 
This statement also applies to the locations of other sulphur springs located 
along the Clearwater River in Pcrrnit 1o. 184. 

lo sulphur springs were observed at Simple Locations 184-10 and 134-101% 
WCsL of fligh lull River. Narl deposits on a flat area adjacent to the river 
were, however, sampled and analyses showed sulphur to be present from traces to 
a maximum of 2.50 percent. Similar marl deposits at Sample Locations 184-4 and 
184-lUk produced analyses shoving from traces to 1.05 percent sulphur. The maxi-
mum sulphur content of samples taken farther from the river was 1.40 percent at 
Sample Location 184-5. 

Permit lo. 187 

This permit, comprising approximately 96,334 acres, includes the area 
on both sides of the Clearwater River from the western boundary of Range 8, 
W. 4 N., eastward to approximately the east side of Range 6, W. 4 M., but ex-
eluding areas of about 1 3/4 square miles in the vicinity of the Ucl'Iurray airport 
and of about 3 1/2 square miles southeast of the junction of the Clearwater and 
Christina rivers. In the permit area the Clearwater River flows through a valley 
that is from 400 to 500 feet in depth and 1 1/2 to 2 miles in width. The tri-
butary Christina River flows through a valley that is about 500 feet deep and 
generally about one mile in width. Beyond the walls of the valleys, the area is 
one of low relief and poor drainage, sloping gently toward the valleys. 

Gently rolling limestone outcropping in the valley bottom and along the 
river has been assigned by Norris (C.S.C. Memoir 313) to the Calumet, Christina 
and Moberly members of the Devonian Waterways Formation (Figure 1). Above the 
Devonian are Cretaceous beds, including the oil sands of the NcUurray Formation. 

A number of sulphur springs were observed along the south bank of the 
Clearwater River valley immediately east of Permit No. 187 and ora group of 
springs at Sample Location 187-14 appear to be within the subject permit. The 
springs at this location are well, above the valley bottom and reveal sandy 
material at their outlets. They may, nevertheless, be emerging from the Devonian 
limestone or from the surface of the limestone. Sulphurous material is deposited 
around the spring outlets. Earl deposits are presc!nL in extensive meadows below 
the springs (Plate I-A). Analyses show maximum sulphur content in samples of 
material taken at the spring outlets to be 9.17 percent and in the mans of the 
meadow 2.00 percent. 

Sediment by a sulphur spring at Saiple Location 137-23 analyzed 2.04 
percent sulphur and marl deposits at Sample Location 187-22 in the same general 
area analyzed a maximum of 1.05 percent sulphur. 

At Sample Lotion 187-2, a section of river-laid deposits was exposed 
on the north bank of the Cleanatcr River for a distance of one-half mile. This 
Section may be summarized as presented on the following page. 

J. C, SPROULE AND Assocuvui•:s LTD. -- - 
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6' 	- bedded salt. 
- Organic material (Sample 187-2-1) 

ØT_5 	- Loose sand. 
0?_101± - Organic iaterial with yellow bloom (Sample 167-2-2). 

- Loose sand. 

Low 'water river level---------------------------- 

Samples 137-1 and 187-2 at this location analyzed 1.53 percent and 
2.23 percent sulphur respectively. Other samples taken from Permit No. 187 
recorded analyses of nil to only 0.63 percent sulphur. 

Permit 1o. 189 

This pertiit, which comprises approximately 73,069 acres, straddles the 
Athabaca River from a point about three miles north of lidlurray, northward to 
the general area of the Great Canadian Oil Sands plant and the mouth of the 

Stcepbank River. ACCCSS to Permit No. 169 is by river or by the all weather road 
on the west side of the Athabasca River, connecting McIurray with the Great 
Canadian Oil Sands plant, some IS miles to the north. 

The valley of the Athabasca River in this area is about two miles wide 
and 200 feet deep. Areas to either side of the valley are of generally low relief 
and poorly drained but sloping gently to'.iard the valley. 

Well bedded, fossiliferous limestones and silty limestones of the 
Moberly IJcmber of the Waterways Formstion are exposed semi-continuously along the 
Athabasca River throughout Permit No. 189. Although the structure within the 
Devonian tends to be gently rolling, essentially the same stratigraphic section 
is exposed and identifiable along the river from curray to Fort MacKay. it is, 
therefore, correct to say that in this area the Athabasca River approximately 
follows the strike of the De.ontan beds. In the same area, the complete NcUurray 
Formation with its variable oil content is semi-continuously exposed along the 
banks of the Athabasca River. 

Samples taken in Permit No. 184 include samples of oil sand. The 
highest sulphur values from this permit are either oil sands or concentrations of 
roidue from the oil sands. Those values vary from 6.02 to 21.36 percent. Other 
analyses show values up to a maximum of 7.94 percent but, in all cases, it is 
believed that the high sulphur readings can be directly related to th presence 
of oil sands. 

No sulphur springs, as such, were observed in Permit No. 189, but sul-
phur springs are associated with salt springs on the borders of Saline Lake, on 
the east side of the Athabasca River about three miles north of Permit No. 189. 

Permit No. 190 

This permit, which comprises appro:imately 99,137 acres, extends on 
. 	either side of the Athabaca River from Fort acKay northward to include two- 

thirds of Township 98. At its widest, the permit is about 10 miles across and 
eLends eastward almost to Ncclelland Lake. 

J. C. SPFOULE 	i ASSOCIATES LTD. 
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- 	 The Athabasca River valley continues to be close to 200 feet in depth 
in this permit area but widens out more gradually away from the river level. In 
the direction of McClelland Lahe, an area almost one township in size has very 
low relief and is very pooiy drained. 

Fossiliferous limestones of the Moberly and Christina members of the 
Devonian Waterways Forn1tion outcrop along the Athnbasca River as far as four 
miles deunstream from Fort ilacKay. Beyoad this, the Devonian beds occur well 
below river level, except for an isolated outcrop of fossiliferous Calumet lime-
stone in the N.W. 1/4 Section 30-97-40 N. 4 M. and three outcrops of fossiliferous 
Firebag limestone at the northcrn end of Permit No. 190. Outcrops of McMurray 
Formation oil sand are exposed intermittautly along the river throughout the 
permit. 

Two flowing wells are present in Permit No. 190. In 1907, A. Von 
Hammerstein drilled a well to a depth of 615 feet on the west sid of the 
Athabasca River at the north edge of Fort MacKay* This well, our Sample Location 
190-4, has been flowing continuously since that time. There is no area suitable 
for the accumulation of sulphurous sediments but samples taken close to the well 

analyzed 4.49 percent sulphur. 

40 
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The second 'f1owing we].1" was drilled by J. D. Taft in 1915 for 
AthabasLa Oils Ltd. This well was drilled on top of the east bank of the 
Athabasca River across from the mouth of the Ells River, our Sample Location 
190-2. This well was flowing strongly when we first visited it 12 years ago and 
was reported to be flowing last winter. This fall, however, there was no flow 
from the uouth of the well. It is possible that the water flow may have broken 
through to the Athabasca River at some lower level. A sample collected on the 
bank analyzed 75.45. percent sulphur but there is no suitable area for the accu-
mulation of any significant quantity of sulphur. 

Other samples in Permit No. 190, which show more than traces of sulphur 
are all samples of oil sand or are associated directly with oil sand. 

Permit No. 191 

This permit, which comprises approximately 98,560 acres, straddles the 
Athabasca River in portions of Townships 98 and 99, and ctends northwestward to 
include the southern part of Township 101, Range 11, N. 4 M., and the southwestern 
corner of Tcnrnship 101, Range 10, W. It  N. 

No bedrock outcrops were observed in this permit. Cretaceous beds are 
expected to generally underlie the drift but along the river Devonian Limestones 
could occur under the drift in places. 

The western margin of the permit rises to the top of the Birch hills, 
which are nearly 2,000 feet higher than the Athabasca River. 

The strongest sulphur showing reported for tha permit is an analysis 
of 6.74 percent for a silty sample  in a low-lying area in trees, about 20 feet 
above the river, at Sample Location 191-13. 

J. C. Sriour AN!) AssociATEs LTD.- 
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A lake covering about 5 1/4 acres and filled with soft marl to a depth 
of four feet or more is present a little over one-half mile west of the Athabasca 
River in Lsd. 5-2-9-10 W. 4 N., in Permit No. 191 (Plate 11-A). A sample taken 
from the surface of this lake deposit analyzed only a trace of sulphur but a 
sample acquired from a depth of 3 to 4 feet analyzed 6.64 percent sulphur. Repeat 
analyses of these samples by a second laboratory and an analysis of a third saraple 
taken later are being obtained. 

The remaining samples taken from Permit No. 191 yielded analyses 
varying from traces to 1.70 percent sulphur. 

Permit No. 192 

This most northerly permit of the Sinclair holdings along the Athabasca 
River is largely in Townships 101 and 102, extending westward from the river to 
the foot of the Birch Hills. The permit, which comprises approximately 98,906 
acres, is for the most part an extensive area of rauskeg. 

No outcrops were observed in Permit No. 192 but it is believed that the 
Pleistocene and Recent sediments are underlain by Devonian rocks in about half the 
area and by Cretaceous in the other half. 

The highest sulphur analysis, 8.99 percent, was obtained from a sample 
of organic material from a grassy meadow at the foot of the eastern slope of the 
Birch fills (Sarple Location 192-8). Another grassy meadow near the north edge 
of the permit (Ser:ple Location 192-10) yielded a sa'ple of organic material that 
analyzed 4.26 percent sulphur. The only other analysis for Permit No. 192, which 
cxcecdd 3 percent sulphur, was for a soil sample taken in an area of fir trees 
at Sample Location 192-6 on the east side of the Athabasca River. This sample 
analysed 6.95 percent sulphur. 

Permits Nos. 188, 186 and 185 

These permits, which comprise approximately 99,840 acres, 98,560 acres, 
and 97,280 acres, respectively, straddle the tipper reaches of the Firebag River 
arid extend from the southeast corner of Tomsh1p 99, Range 7, W. 4 Ii., southeast-
ward to the Saskatch;mn border. 

These three permits occupy an area of -  generally poor drainage with nu-
merous muskcgs. Elevations vary from + 1,000 feet at the northwest corner of 
Permit No. 188 to -- 1,700 feat on the Saskatcheian border. 

Sulphur springs, which emerge from the Methy dolomite, are present along 
the Firebog River to the northwest of Permit No. 188, but within the subject group 
of three Sinclair permits only Cretaceous beds are believed to underlie the 
glacial drift and no sulphur springs were observed. 

No outcrops of bedrock were observed in Permits Nos. 186 and 185 but 
outcrops of fcfurray oil sands are present along the Firebag River in the western 
part of Permit o. 183. Oil sands were also observed on the Upper lktrgueritc 
River in close pro::imity to outcrops of Precambrian gneisses (Plate Il-B), and 
southeast of observed carbonate outcrops of probable flavonian age. Cliffs alon 
the Firebag River in the eastern part of Permit No. 188 expose beds of bituminous 
boulder clay. 

-- - 	---J. C. SPROULE -wm AssocI\TEs LTL. - - 
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A rnuskcg sample at Sample Location 186-6, wlaich analyzed 3.93 percent 
sulphur, was the only sample in the three Permits Nos. 188, 186 and 185, to yield 
more than 3 percent sulphur on analysis. 

It was not possible to observe structural indications by flying over 
this area but phetogeological studies could be useful fo this purpose. 

Leases from BiturIncusSand Permits Nos. 82 and 93 

These leases, which together comprise approximately 48,640 acres, are 
located along the UacKay River approximately 12 to 24 miles west of the Great 
Canadian Oil Sands plant. Elevations in this area vary from about + 1,100 feet 
to about + 1,500 feet, and the area is generally poorly drained with numerous 
muskegs. 

Outcrops along the MacKay River reveal the bedrock to be Cretaceous 
shales with soma sands. 

Analyses of samples from these leases revealed no sulphur higher than 
0.64 percent. 

40 
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CONCLUSIONS 

Conclu5ions are as follows: 

(I) The highest sulphur analysis in the Sinclair holdings was 75.45 
percent, which was for Sample Locton 190-2. The sample was 
sediment from the abandoned Devonian well drilled in 1915 and 
which has, until recently, been flowing since that tine. rfhe 
site is on the Athabasca River bank across from the mouth of 
the Ells River. Unfortunately, th location is not suited for 
the accumulation of sulphur. This location has had a strong 
hydrogen sulphide smell and the sulphur is believed to originate 
from hydrogen sulphide. 

(2) Sulphur springs were observed in Permits Nos. 184, 187 and 191. 
With the exception of Permit 1o. 187, suitable catchment basins 
for the accumulation of sulphur were not associated ith the 
springs. At Sample Location 187.44, on the east side of Permit 
No. 187, sulphur springs occur on the hillside above a meadow. 
Analyzes of material around the springs showed a uaxinum 9.17 
percent sulphur. Analysis of marl deposits in the meadow below 
showed 2.00 percent sulphur. 

A second area of marl deposits with sulphur springs in the 
vicinity is at Sample Location 187-22 but the analyses showed a 
maximum 2.04 percent sulphur. 

Marl deposits with 2.50 percent sulphur were present at Sample 
Location 104-10, in Permit No. 186, but sulphur springs were 
not observed in the area. 

(3) Sulphur springs in the area of Sinclair holdings and in adjacent 
areas generally, if not always, originate in the Devonian car-
bonates. 

(4) The marl deposit in the lake at Sample Location 191-3, in Permit 
No. 191, over four feet thick for an area of 5 1/4 acres, with 
analyses showing a maximum of 6.64 percent sulphur, is an 
interesting feature but it is doubtful if it is of economic 
interest in this relatively isolated location as there are much 
more readily accessible lima deposits in western Canada. 

(5) Organic material from muskegs yield sulphur analyses in excess 
of 3 percent in Permits Nos. 189, 192, and 186. These should be 
indicators of sulphur in the soil and waters of the area. Sul-
phur springs, as such, were not in evidence in these muskeg areas. 

(6) Analyses of oil sands or associated oil sand residues give 
readings from 0.61 percent to 21.36 percL sulphur, but the 
samplcs with high values in each instarce were carefully selected 
from small showings. 

J. C. SPROULE AND AssocI.\T1s Liii 
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RECONNEflDT IONS 

It is recommended that consideration be given to: 

(1) Dropping Sulphur Prospecting Permits Nos. 185, 186 and 188. 
Generally low sulphur values were obtained from these permits, 
which are all in areas of Cretaceous bedrock. 

(2) Dropping Permits Nos. 189 and 190, unless Sinclair holds some 
interest in the oil sands of these areas, as all high sulphur 
values in these permits, except for the flowing well locations, 
appear to be related to the oil sands and no sulphur springs 
were observed along the Athabasca River within the permits. 

(3) Retaining Permit No. 187 and undertaking further auger testing 
this winter or ne:t summer at Sample Locations 187-14 and 
187-22. These two locations are mado;s with marl deposits in 
the vicinities of sulphur springs. A winter road from 
N6.urray comes vithin approximately one mile of each of these 
locations. 

(4) Retaining Permit flo. 184 pending further work on Permit No. 187. 

(5) Retaining Permit No. 191 with a view to possible further 
testing of the marl deposit area at Sample Location 191-3, 
especially if testing of the marl deposit areas in Permit 
No. 187 should encounter improved sulphur values. 

(6) Retaining Permit No. 192 for possible further investigation 
next suii'nr. Davonian beds are believed to underlie much of 
this permit and several encouraging sulphur values were 
obtained. 

(7) Retaining Bituminous Sand Permits Nos. 82 and 83, provided sul-
phur rights are related to the rights to the bituminous sand. 
The bedrock in these to permits consists of Cretaceous rocks 
stratigraphically higher than the oil sands and no high sulphur 
values we're obtained fro:a the sarples. 

This report has been prepared for the exclusive use of Sinclair Canada 
Oil Co. and is not to be reproduced in any form in whole or in part without the 
written permission of J. C. Sproule and Associates Ltd. 

1009 Fourth Avenue S.W., 
Calgary, Alberta. 
November 26, 1968. 
SRL}/fc 

S 

----j. C. SPUOULE AND ASSOC\TES LTD 
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APPENDIX I 

Laboratory Repor t _Number - Chciuical & Co1oica1 Laboratories Ltd. 

	

C68-4216-1 	Sample Fos. 82-2, 82-3, 82-4 

	

C68-4216-2 	Satçle Nos. 191-1, 191-2, 191-3-1, 191-3-2, 191-3A, 
191-4, 191-'.A, 191-5, 191-6, 191-7, 
191.-8, 1.91-9, 191-10, 191-11, 191-12, 
191-13. 

C68-4216-3 	Sample Nos. 186-1, 186-2, 185-3, 185-4, 186-5, 186-5, 
186-7, 186-8. 

~ 0 

	

C68-4216-4 	Sample Nos. 188-1-1, 188-1-2, 188-2, 183-3, 185-4, 
188-5-1, 168-5-2, 188-5-3, 188-5-4, 188-6, 
185-7, 188-6, 188-9, 188-10, 188-11, 188-12, 
188-13, 188-14, 183-15. 

	

C68-4216-5 	Sample Nos. 190-1, 190-2, 190-3-1, 190-3-2, 190-4, 
190-5, 190-6, 190-7, 190-8, 190-9-1, 
190-9-2, 190-10, 190-11, 190-12, 190-12A, 
190-13, 190-17, 190-18, 190-19, 190-20. 

	

C68-4216-7 	Smriple Nos. 187-1-1, 187-2.-1, 187-2-2, 187-3.-I, 157-4--1, 
187-5-1, 187-6, 187-7, 187-8, 187-9, 187-10, 
187-11, 187-12, 187-13, 187-14-1, 187-14-2, 
157-14-3, 187-14-4, 187-15, 187-16, 187-17, 
187-18, 187-19, 187-20, 187-21, 187-22-1, 
187-22-2, 187-22-3, 187-23. 

	

C58-4216-8 	Sample Nos. 93-1., 93-2, 93-3-1, 93-3-2, 93-4-1, 93-4-2, 
93-5, 93-6. 

	

C68-4216--9 	Sample Nos. 184-1-2, 184-1-3, 184-1-4, 184-1-5, 184-2-1, 
164- 2 - 2, 184-3-1, 184-3-2, 184-4-1, 184-4-2, 
184-&-1, 184-4A-2, 184-5, 184-6, 184-7, 
184-8, 184-9, 184-10A, 184-10-1, 184-10-2. 

	

C68-4216-12 	Sample Nos. 185-1, 185-2, 185-3, 185-4, 185-5, 185-6, 
185-7, 185-8. 

	

C68-4216-13 	Sample Nos. 1.89-1-1, 189-2-1, 189-2-2, 159-3-1, 189-4-1, 
189-4-2, 189-4-3, 189-5-1, 189-6-1, 189-7-1, 
189-8-1, 189-8-2, 189-9-1, 189-9-2, 189-10-1, 
189-11-1, 189-12-1, 169-13-1, 1.89-14-1, 
189-15-1, 189-15-A, 189-16, 189-17, 189-18, 
189-20, 3,89-21,169-22. 

. 

	

C68-4216-14 
	

Sample Nos. 192-1, 192-2, 192-3, 192-4, 192-5, 192-6, 
192-7, 192-8, 192-9, 192-10, 192-11, 
192-12, 192-13, 192-14, 192-15, 192-16 

j. C. S11OULL AND Assocl.\TES Lu. - 
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4605 	12th Q  Street s  NG t 	Caiçjary 67, Albert, 

Date eceivod; OctobC? 2Lh. 3960 	1.ortov 1eott NirThcr: CO'--42 ) -1 

Kind of Swp1e: Soil 	 Date Reported: 	oveibo 5h 	1960 
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j. C, 	& tSCCIATES LTDC 
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Kind of SpiC 	oii 	
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SPMPLE 	 Et.E12TAL SULPillY 
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FIELD ]\'OTES 

Sandy soil. 
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Soil  

O Oanic r tcial -  

Soil  
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14?4O.11 	/VF.NUE. 	 0NT0r1, ALDEI1IA 

4.605 - 12th. Str 	N i, Clay 67 A1b. 

I)atc eceivd: Octo1; 24th 	I9GE 	11c:atoV Ieot tr?: c(-2i6-) 

Kind of Sle: Soil 	 Date ieprted: 	ojer 5h 	19B 

Sunle 	 Eiemnta1 Sn1phir 

Ntuiher 	 (% by vleight on FIELD NOTES 
(By!. R. L. l4ardingj 

Q Surface sample by sulphur spring. 
<.-Sulphur crust on do1o.iLte. 
-' Sandy sediment in stream. 
'-'Sedimerit in stream. 

O Surface sample by veak sulphur spring. 
Sediment in weak sulphur spring. 

O Organic material - dry muskeg 1 1 . 

C) Organic material - dry muskeg 2 1 . 

L5 Surface mud - pond bottom. 
L-..Sample at 2' - pond bottom. 

(3 Surface mud - marl deposit. 
O Sample at 4' - marl deposit. 

0 Organic material - dry muskeg. 
O Organic material - muskeg. 
0 Sediment at sulphur spring. 
O Organic material - muskeg. 
O Organic material - musket. 

.Q Surface sample. 
-L Surface sample - pond bottom. 

Organic material - muskeg 4'. 

. 

10 - - 

184-1-3 

184-1-5 
134-2-1 
134-2-2 
184-3-1 
i34-3-2 
134-4-i 

•1 
i3'1-1[2 
184-5 

84-? 
184_U 
1.84-9 

13410). 
184-ID 2 
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1 O (3 
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1.05 
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'I.•a Ce 
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1 04 
Jv40 
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0 90 
Trcce 
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2 0 50 
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NOTE: Sample 184-1-1 is dolomite and was not analyzed. 

I. 
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Of 	r 1 C 	oi1 	 Date IepD:cted: P.0;er: 	5h 
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• 	SAMPLE 	BR 	ELEEAL SUItThfl 
(% by eijht on 	 FIELD VOTES 

yS'1e) 	 (IyS. R. L. Harding) 

185-I 	 Trace 	 Organic material - muskeg. 

185-2 	 Taco 	 o.Organtc material -spruce muskeg. 

• 	Trace 	 ü Organic material - muskeg. 

185-4 	 race 	 Organic uterial - at edge of lake. 

Sandy soil. 

W 15_ 	 Trace 	 Sandy soil - edge of muskeg. 

Trace 	 Organic material - muskeg. 

Tcc 	 , Organic material - muskeg. 

0 
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Kind of Saple: Sofl. 
	 Date P.epo.cth retC 50i 	19& 

	

J. C. POIFT 	ASO f '.TS L'D. 
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189-1--i 

139-2-2 

189-4--I 
139 -4--2 
189-4-3 
139-51 

i39-7-1 
189-3-1 
189-8-2 
189-9-1 

189-10-1 
189-11-1 
189-12-i 
189-13-1 
189-14-1 
139-15-1 
189-1 5-A 
189--16 
189--i_I 
189-18 
189--20 
189-21 
169-22  

ELE:;NTiL. SULPIU! 
by 1Teic"it oi 

Dry Smp1e) 

0.51 
12, 9A. 
2]. 36 
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rce 

Trace 
Trace 
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929 
Trace 
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5 33 
Trace 
5.60 
8, 0 -1 
JQ Y J 

Trace 
Trace 
3.12 
5.69 
150 
319 - 
3,2,3  

FIELD 1OTES 
S.  R. L. Harding) 

- -Silt on river bank. 
7 Deposit by water off oil sand. 
7Deposit by water off oil, sand. 
0 Iron springs near oil sand. 
'Organic clay - base McMurray Fm. 

Clay - Base NcMurray Fm-
C, Clay - Base McMurray Fm. 
ç silt. 
S Silt. 
T Oil sand float. 
- Sand on hilltop. 

)Oil sand. 
Soil sample. 

,_Oil sand. 
Soil sample. 
Soil sample - Low land. 
Soil sample - bush area. 

Soil sample - low land. 
-)Oil sand. 

.Soil sample - above McMurray Fm. 
Soil, sample - m2adow. 

cOrganic raterial - muskeg. 
SSOII sample - near muskeg. 
oOrganic material - uaIceg. 
0 Organic material - grassy swamp. 

Organic material - muskeg. 
-,cSjlt on river bank. 

0 
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4605 - 12th, St, N. E, 1  Calgary 67 Alberta, 

Date Received: October 24th., 1963 	LahoratypoortNt!ber:•c63.-4216--14 

Kind of Sample: Soil 	 Date Reported; November 5th 1968, 

J, C.SPROITLE & ASSOCIATES LTD. 

SAMPLE 
NU1BER 

192-1 
192)  -  " 

192-3 
192-4 
192-5 
192-6 
192-7 
192-3 
192-9 
192-10 
192-11 
192-12 
192-13 
192-14 
192-15 
192-16 

ELEUTl'AL SULPF1U 
(% by 11eight on 	 FIELD NOTES 

(by S .R. L. }arding) 

Trace 	OClacial drift. 
Trace 	Soil sa)lc 	treed area. 
Trace 	Soil sample - treed area. 
Trace 	fSediment from springs. 
Trace 	•2Sedir.'ent from iron springs. 
6.95 	 Soil samnie - in area of fir trees. 
Trace 	,Sample from creek bottom. 

(Organic material - grass meadow. 
255 	30ranic material - muskeg. 
4.26 	QOranic material - grassy muskeg. 
Trace 	Soil sample. 
Trace 	SSeil sample. 

Trace 	ssoil sample. 
Trace 	(Organic material - muskeg. 
Trace 	Soil sample. 
Trace 	'S&i sample 

I. 
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A. One of several sulphur springs 
on the south bank of the Athabasca 
River valley, Sample Location 
187-14, with marl deposits in 
meadow below. Np. 88, Rge. 6, 
W. 4 M. 

October 3, 1968 

. 

B. Sulphur springs emerging from porous dolomite at Sample Location 184-1 
on north bank of Clearwater River. Np. 89, Rge. 3, W. 4 M. 

October 2, 1968 

Photos by S. IL L. Harding 

J. C. SPROULK AND AOC1ATE LTD. 
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PLATE Ii 

A. Aerial view of marl, deposit at Sample Location 191-3, with Athabasca 
River in background. The deposit covers an area of approximately 
5 1/4 acres and is four feet or more in thickness. Lsd. 5, Sec. 2, 
Twp. 99, Rge. 10, W. 4 M. 

September 30, 1968 

B. Outcrop of Precambrian gneiss at Sample Location R-l. Twp. 100, a 	Rge. 5, W. 4 N. 

W 	 September 29, 1968 

I 

I 

Photos by S. R. L. Harding 

J. C. SPROULE AND ASSOCIATES LTD. 



SULPHUR PROSPECTING PERMIT No. 184 

R.4 	 R.3 	 R. 2 	 RI W.4 M. 
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SULPHUR PROSPECTING PERMIT No. 185 

I 

I 	 I 
SINCLAIR CANADA OIL COMPANY, 

1 	 1 	490 BENTALL BLDG., 

I 	
CALGARY ALBERTA 

I 	 I 	 DATE OF ISSUE - MARCH 29, 1968 

I 	 I 	AREA-97,280 ACRES 

I 	 I 

I 	 I 	 I 
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SULPHUR PROSPECTING PERMIT No.186 

R.5 	 R.4 	 R3 	 R.2 w.4M. 
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