
GAN ADA 

DEPARTMENT OF MINES AND RESOURCES 

MINES AND GEOLOGY BRANCH 

GEOLOGICAL SURVEY 

PAPER 45-16 

CANOL GEOLOGICAL INVESTIGATIONS 

IN THE MACKENZIE RIVER AREA, 

NORTHWEST TERRITORIES AND YUKON 

(Report and Three Maps) 

BY 

G. S. Hume and T.A. Link 

OTTAWA 

1945 

hcrites
black_geostamp



CANADA 

DEPARTMENT OF MINES AND RESOURCES 

MINES AND GEOLOGY BRANCH 

GEOLOGICAL SURVEY 

PAPER 45-16 

CANOL GEOLOGICAL INVESTIGATIONS IN THE 
MACKENZIE RIVER AREA, NORTHWEST 

TERRITORIES AND YUKON 

Price, 25 cents 

BY 

G. S. Hume and T. A. Link 

OTTAWA 
EDMOND CLOUTIER 

PRINTER TO THE KING 'S MOo;T EXCELLENT MAJESTY 

1945 



CONTENTS 

PAGE 

Preface ............ .... . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 

CHAPTER I 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
The Canol project. ............ . ..... ..... . . ... ... ... . ......... ....... .. .... . 1 
Locat,ion of, access to, and extent of the area. . . .................. .. .. .... ....... 4 

CHAPTER II 

Stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
T able of formations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Cambrian and/or older. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Katherine group. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Cambrian... .... .... ................. ... . . ...... .. . ... ....... . ... . . . . . ..... 7 

Macdougal group. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Ordovician. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Silurian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Ronning group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Bear Rock formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Middle Devonian.... . ........................ . .............................. 19 
Ramparts formation . .. ............... . ........ . .... .. ... ....... ... ... . ... 19 

Upper D evonian... . . . . . .. . . .. ... ... .. . ..... ..................... . ........... 29 
Fort Creek formation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Imperial formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

Cretaceous . .. ... ....... ....... ... . . ........... .... ... .. .. . ......... .... ... .. 39 
T ertiary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

CHAPTER III 

Structure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5 
Regional structural features. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Details of structural features. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 

Arca from Keele River north to the Arctic ... . ..... . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Kay Mounta ins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Bear Rock and vicinity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
Norman (Discovery) Range . . .. .. .... .... .... . . .. . . .... . . ............. 49 
V 0rmilion Gorge anticline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Halfway anticline ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Oscar basin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
U pper Hanna River ba in ....... ... ... . . .. ........................... 52 
Lower Hanna River basin and Donnelly River basin . . . . . . . . . . . . . . . . . . . . . 56 
Sans Sault anticline.... . ............................................. 56 
Sans Sault syncline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
Whirlpool anticline ... ...... . . .. .. ............... . ..... ... ........... 58 
Hume River anticline.......... . . ... . . . ... .... .... ......... ... .. . .... 58 
Ramparts River anticline......... .. ... . .. . ..... . ... ........ . ..... .... 58 
Arctic Red River anticline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
Lower Peel River ba in.. .. . .................................. .. ...... 61 
"C"pper Peel River area........... . ..... .. ...... . ... . . ... . .... . . ...... 62 

Wind and Bonnet Plume basin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Hw1gry Lake area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Area east of lower canyon of Peel River .. .. ... . . . . . . . . . . . . . . . . . . . . . 62 

Point Separation anticline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Richardson Mountains.... . .... .. ............................ . ....... 64 

Area from Keele River outh to Fort Simpson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
Redstone River area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Big Bend anticline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
Other structures crossing Redstone River . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Dahaclinni River area.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Crescent Ridge anticline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Other structures on Dahaclinni River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

Wrigley River area .. .... ......... ..... .. ... . ............ . ........... 66 
Structures south of Fort Wrigley. ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G9 

36894-H 



ll 

CONTENTS-Continued 

CHAPTER IV 

Economic geology . . . . . . . . . . . . . . . . . . ............... . . ... . ............ . 
Petroleum seepages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . .. . . 
Sulphur springs ... . .. ...... . . ....... . . . ......... . .................. . .. ..... . 
The Norman Wells field .............. . . .. . . . .. . . .... . .......... . ... . ... . . 

Drilling prior to Cano! project .............. . . . ............. . . . .. . ....... . 
Dri"lling under the Cano! project .... .. .......... .. .. . .... . ... . ... . . . .... . . . 
Surface geology of Norman Wells field .... .... . . . .. . ........ . .. . . ... . . .. .. . 
Subsurface geology of Norman Wells field . .. .. ............ . ............... . 

Imperial formation ....... . ... .. ..... . ............... . ........ . ..... . 
Fort Creek formation ...... . . .. ... . ..... .... . . ... . .................. . 

Upper non-bituminous member . ...... .. . . . . ........ ... . . .... . .... . 
Bituminous member . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . 
Reef limestones. . . . . . . . . . ..... . .................. . 
Lower shale member ......... . . ... . .. . . .. . 

Ramparts limestones.............. . ...... . ... . 
Bear Rock formation . . . . . . . . . . . . . . . . . . . . . . . .. ........ . 

Size and production of Iorman Wells field ... . ..... . . ..... .. ...... .. . ...... . 
Character of Norman Wells oil ... . .. . 
Wildcat wells and prospects .... 

Favourable oil structures ...... . 

Illustrations 

Map 45-16A. Lo1rnr Mackenzie River area (Sheet 1) 
45-16B. Lo11·er Mackenzie River area (Sheet 2) 
45-16C. Lower Mackenzie River area (Sheet 3) 

Plate I. Bear Rock at the junction of Great Bear and Mackenzie Rivers at Fort 

P AGE 

70 
70 
72 
72 
72 
77 
77 
78 
7 
79 
79 
79 
80 
82 
82 
83 
83 
83 
84 
87 

Korman... ... . . . .. ........... . .. ... .. .. .............. . ........... 16 
II. Rainbow Arch on Carcajou River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

III. Folded Middle Devonian rocks on North ~ahanni River, a fe 11· miles west of 
Mackenzie River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

IV. Rock-by-the-River's Side, near Wrigley......... . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
V. Dodo (Macdougal) Canyon in Carcajou Mountains on t he Norman Wells-

Whitehorse pipeline route. .. . .. . . . . . . ......... . . . . . . . . . . . 6 

Figure 1. Index map of Mackenzie River basin. .. .. .......... . . . . . . . . . . . . . . . . . 2 
2. Bear Rock and vicini ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
3. Structural trends, Iorman Wells area.. . . . . . . . . . . . . . . . . . . . . . . 51 
4. Vermilion and Halfway anticlines.. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
5. 0 car basin.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
6. Upper H anna River basin ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
7. Sans Sault and East Mountain area............. ... .. . . .. ..... ......... .. 57 
8. Whirlpool and Hume River anticlines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
9. Ramparts anticline......... . ........... . ............ . . . ... . . ........ . . 60 

10. Upper Peel River area................. . . . . . . . . . . . . . . . . . . . . . . . . 63 
11. Big Bend anticline, Red tone River area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
12. Structure section along Dahadinni River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
13. Wrigley area. . ............................ . ....... . ................. . . 68 
14. Norman Wells field ................ . .. .. .. ... . .......... . . . . .. . . . . .. . .. 73 
15. Cross-section A-A, Norman Wells field ... . . . . . . . . . . . . . . . . . 74 
16. Cross-section B-B, Iorman Wells field .. . . . . . . . . . . . . . . . . . . . . . . . . . 75 



]]] 

PREFACE 

This report is essentially a compilation of all geological surveys <that have 
been made in the vicinity of Norman Wells, Northwest Territories. The data 
have been taken mainly from the recent Canal reports submitted to the Govern
ment of Canada by agreement with the United States Army and Imperial Oil, 
Limited, and from earlier geological surveys carried out by Imperial Oil, 
Limited, and by the Geological Survey. 

The success of the Canal exploration · in 1942 and 1943 resulted from the 
organization •and supervision of the project by Dr. T. A. Link, who also directed 
the drilling of the discovery wells and carried out the detailed investigations in 
this area for Imperial Oil, Limited , in 1919, 1920, and 1921. 

The actual compilation of the report and aocompanying maps has been 
made by G. S. Hume, who iS on loan from the Geological Survey to the Oil 
Controller for Canada. Owing to Dr. Link's absence from Canada during the 
final preparation of <the report, the interpretations that have been made, and 
especially the evaluation of the oil prospects, have not been ·checked by him, and 
are mainly the conclusion15 of Mr. Hume, based on the available information. 

More detailed geographic information on the Norman Wells area may be 
obtained from the Norman sheet, Air Navigation edition, published on a scale 
of 8 miles to 1 inch by Hydrographic and Map Service, Ottawa. 

GEORGE HANSON, 
Chief Geologist, Geological Survey. 

OTTAWA. March 26. 1945. 





Canol Geological Investigations in the Mackenzie River 
Area, Northwest Territories and Yukon 

CHAPTER I 

INTRODUCTION 

THE CANOL PROJECT 

The Cano! deve lopment in the Northwest Territories and Yukon was the 
result of military necessity. Work began on the project in the early summer of 
1942, the object being threefold, namely: (1) to explore and drill wells for oil in 
the Fort orman and adjoining areas ( ee Figure 1); (2) to transport the oil by 
pipeline from Norman 'iV ells to \Vhitehorse in Yukon , a distance nf 598 miles; 
and (3) to build a refinery at Whitehorse, with a distribution sy tern for 
petroleum products. 

This report is concerned only with the first of these objectives, that i , the 
information obtained from the geological investigations and the results of 
drilling done under the Cano! agreement. This agreement concerned the 
Canadian and nited State Governments, and arrangements were made between 
Imperial Oil , Limited , and t he United States Army in regard to the e~plorntion 
and drilling, and between Imperial Oil, Limited, and the Government of Canada 
for the securing of the necessary rconcessions and leases of mineral rights. 
Considerable information on the Madcenzie area was available from Government 
and other sources prior to the beginning of the Canol project, but has been used 
in this report only in the corre}ation of the stratigraphy. The Canol project was 
undel'taken with little time for adequate preparation, and under great climatic 
and transportation difficulties. The compilation as here outlined is from Dr. 
Link's original reports and those made under his supervision, and submitted to 
the Government of Canada under the Canol agreement. The Oanol reports are 
as follows: 

R eports (listed from north to south) Geologist 

l l . Upper Peel River ....................................... C. R. Stelck 
2. Lower Peel River ....................................... E. J. Foley 
3. Lower Mackenzie River ................................. A. W . Nauss 
4. Arctic Red R iver ........................................ F. A. McKinnon 
5. Mackenzie River between Sans Sault Rapids and the 

Ramparts .......................................... J. M. Parker 
6. Hare Indirtn RiYer ...................................... Lt. J. W. Harrison 
7. Ramparts River Area . ................................... F . A. McKiunon 
8. Hume River ............................... .' ...... .. . ... C. G. Moon 
9. Moun fain River Area ... ........ . ....................... J . M. Parker 

10. Grav I Ri rnr. East Fork of Little Bear River, and Kay 
Mountains .. . ......... ......... ....... ... .......... Lt. R. M. Hart 

11. Redstone River ........................................ W. P. Han cock 
12. Dahadinni River ..... . ... .. ............ ... ............. Lt. G. D . Bath 
13. Wrigley River and Johnson River ....................... Lt. V. B. Monnett. 
14. Mackenzie River from Camsell Bend to Fort Norman .... Lt. G. D. Bath 
15. Nelson and Liard Rivers . . .............................. A. W. Nauss 

1 These numbers are u~cd in rrferring to the reports in the text. 
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In the vicinity of Norman Wells, the work was done in more detail, as 
outlined in the following reports: 

IA. Lower Carcajou River Area .. . ...... .... ...... . ........ Lt. G. D. Bath 
2A. Oscar Basin Area .......... . . . .... . ............. . ...... Louis Desjardins 
3A. Oscar (Morrow) Creek Gap Area........ . ...... J. M. Parker 
4A. Oscar (Morrow) Creek Area ........................... L. R. Laudon 
5A. Slater River and Boggs Creek... . ... . .. . . .. ..... E. J. Foley 
6A. Donnelly River .................... . .......... .. .. .... E. J. Foley 
7A. Mackenzie River from Norman vVells to Carcajou Rocle\\-. P . Hancock 
8A. Loon Creek ... ... ... ........ ... .. ....... . .. . ......... W. P. H ancock 
9A. H eadwaters of Vermilion, Prohibition, and Nota Creeks.\\'. P. H ancock 

lOA. Imperial River Area .. . . . .. ........ . ... ........ ....... . L. R. Laudon 
llA. Great Bear River Area .............................. . . L. R. Laudon 
I2A. Mackenzie River from Hoosier Ridge to Mountain 

River ............ . . . .... . . .... . .. ... ..... . ......... F. A. M r Kinnon 
I3A. Canyon Creek ..... . ................................. . F. A. J\1cKinnon 
I4A. Upper Little Bear River. .. ... .... . . . . . Lt. V. B. Monnett 
I5A. Upper Carcajou-Impcrial River .............. ....... ..... ~. W. Nauss 
16A. Carcajou Ridge-East Mountain Area ............. .. . . .. J. M. Parker 
17A. Carcajou and Little Bear River Divide Arca ....... .. ... C. R. Stelck 
18A. Schooner Creek .... . ......... ..... . .. ............ . .... C. R. Stelck 
19A. Bear Rock and Bluefish Creek ......................... C. R. SLelck 
20A. Hanna River Area ... ... .. ........ ..... ............. ... H. T. U. Smith 
21A. Miscellaneous Geological R eports ...... ......... . .. ... . Various authors 
22A. Fossil Accession Index. 

In ·addition, on the Norman \Yells field there are the following reports: 
lB. The Subsurface Geology of the Norman Wells Pool. ... . 0. D. Boggs 
2B. Recoverable Oil R eserves from Norman Wells Pool .. ... T. A. Link 
3B. Report on the Reflection Seismogi:aph Survey in Norman 

Wells Arca .......... . ... . ..... .. . . ................. Man·in Romberg 

The following is a list o.f reports and maps of the Geological Survey made 
prior to the Canol project: 

IC. McConnell, R. G.: Report on an Exploration in the Yukon and Mackenzie Basins, 
N.W.T. ; Geol. Surv., Canada, Ann. Rept. 1888-89, vol. IV, pt. D, 1890. 

2C. Camsell, C. : Peel River and Tributaries, Yukon and Mackenzie; Geol. Surv., Canada, 
Ann. R ept., vol. XVI, pt. CC, 1904. 

3C. Keele, Jose ph: A Reconnaissance Across Mackenzie Mountains on the Pelly, Ross, and 
Gravel Rivers; Geol. Surv., Canada, Pub. 1097, I910. 

4C. Camsell , Charles. and Malcolm, Wyatt: The Mackenzie River Basin (Revised Edition); 
Geol. Surv., Canada, Mem. I08, 1921. 

5C. Kindle, E. M., and Bosworth, .T. 0.: Oil-bearing Rocks of Lower M ackenzie River 
Area; Geol. Surv., Canada. Sum. Rept. 1920, pt. B (with maps Pub. 1872 and I873), 
pp. 37-58. 

6C. Cameron, A. E.: H ay and Buffalo Rivers, Great Slave Lake and Adj acent Country; 
Geol. Surv., Canada, Sum. 'Rept. 1921 , pt. B (with map I585) , pp. 1-44. 

7C. Whittaker, E. J.: Mackenzie River District Between Great Slave Lake and Simps(;m; 
Geol. Surv .. Canada, Sum. R ept. 1921 , pt. B (with map 1956) , pp. 45-55. 

SC. Williams. M. Y.: Exploration East of Mackenzie :fl,iver Between Simpson and Wrigl ey ; 
Geol. Surv., Canada. Sum. Rept. 1921, pt. B (with map 1957), pp. 56-66. 

9C. Hume, G. S.: :'forth Nahanni and Root Rivers Area, and Caribou I sland, Mackenzie 
River District; Geol. Surv., Canada, Sum. R ept. 1921, pt. B (with map 1957), pp. 
67-78. 

lOC. Dowling, D. B. : Geological Structure of the M ackenzie :!;liver Region ; Geol. Surv., 
Canada, Sum . R cpt. 1921 , pt. B, pp. 79-90. 

llC. Hurne, G. S.: Geology of the Norman Oil Fields and a Reconnaissance of a Part of 
L iard River; Gcol. Surv., Canada, Sum . R ept. 1922, pt. B (with map 1977) , pp. 47-64. 

I2C. Williams, M. Y.: Reconnaissance Across N ortheastern British Columbia and the 
Geology of the Northern Extension of Franklin Mountains, N.W.T .; Gcol. Surv., 
Canada, Sum. R ept. 1922, pt. B, pp. 65-87. 

13C. Whittaker. E. J.: Mackenzie District B etween Providence and Simpson, N.W.T.; Geol. 
Surv., Canada. Sum. Rept. 1922, pt. B , pp. 88-100. 

14C. Hume, G . S.: Mackenzie River Area, District of Mackenzie , Northwest T erritories; 
Geol. Surv., Canada, Sum. Rept. 1923, pt. B (with map 2022) , pp. I-15 . 

36894-2 
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LOCATION OF, ACCESS TO, AND EXTENT OF THE AREA 

The area described in this report centres around Norman Wells on 
Mackenzie River, 70 miles south of the Arctic CiDclc. Mackenzie River, from 
Great Slave Lake to the delta at the Arctic Ocean, is navigable by shallow 
draught steamer and motor boat throughout its length of about 1,000 miles. :from 
late June to October the area can be reached from Edmonton by rail 300 miles 
north to \Vaterways on Clearwater River, near its junction with the Athabaska, 
and thence by boat via Athabaska River, Athabaska Lake, Slave River, Great 
Slave Lake. and Mackenzie River, a distance of about 1,200 miles. The only 
interruption to navigation on this route is the 16-mile portage from Fitzgerald 
at the northern boundary of Alberta to Fmt Smith in the Northwest Territobes. 
This portage is caused by rapids in lave River, where, in a uccession of 
cataracts, the river de cends 125 feet in the ;t.6 miles of the portage. 

Access to the area is also by plane , for which there are established routes 
with beam stations. Travel from Edmonton may go via McMurray, Fort Smith, 
Hay River, and Fort Simpson to Norman Wells, or by Grande Prairie, Fort 
Nelson, and Fort Simpson, at all of which places there are landing strips with 
airfield facilities. Float planes have been used, and are still used extensively 
in the north country. In winter the-e can be converted t.o ski-landing pl'anes, 
and access may be had to any area where a suitable landing can be made. 
Owing to the prevalence of lakes and to the feasibility of utilizing watercourses 
for landing ,purposes there are few pla·ces not within easy reaich of a plane 
suitably equipped for travel under northern conditions. 

Although the entire ·country west of Athabaska and Slave Rivers ·and south 
and west of Great Slave Lake has petroleum prospects this report describes only 
a part of the Mackenzie basin area, principally from Fort Wrigley to Fort 
Good I:-IopE', where most of the Canol work has been concentrnted, and to a much 
less extent the area along Mackenzie River from Fort Good Hope to the 
Mackenzie clC'lt.a and the basins of Arct.ic Reel and Peel Rivers to the west. 
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CAMBRIAN AND/OR OLDER 

KATHERINE GROUP 

The name Katherine group was ·applied by Link in 1921 to a series of 
interbedded quartzites and black, platy shales exposed in the upper Oarcajou 
River ·area. The area is now accessible from the Canal pipeline route and was 
studied by Nauss (15A) 1

• The quartzites in the group are pink, buff, rusty, 
and white, and contain interbeds of blaick, platy, bituminous shales with some 
·chocol'Ute-coloured and green shales. The top of the group is placed at the base 
of a succession of ·chocolate-coloured shales. No fossi ls were found in these 
beds. but, as the overlying strata are Cambrian, their age is Cambrian or older. 
The base wa~ not seen. 

CAMBRIAN 

MACDOUGAL GROUP 

The name Macdougal was applied by Link in 1921 to rocks in the Macdougal 
Mountain area. The mountain received its name from that of the geologist 
James Clare Maicdougal who was drowned in Great Slave Lake in 1920 while 
in the employ of Imperial Oil, Limited. 

The type loc1ality for the Macdougal group is in Macdougal Creek Valley 
(Dodo Canyon). The group is divisible into seveml mapping units or forma
tions, the base being placed at the bottom of 130 feet of c·hocolate-coloured, 
nodular, calcareous shale, and the top above 50 feet of evenly bedded limestone 
with shale partings. The succession, according to Nauss (6A), is as follows•: 

Description Thickness 
Feet 

Dark grey limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Interbedded grey, greenish grey, and chocolate-coloured shale with 

some siltstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Gypsum beds-poorly exposed-reddish colour........ . . . . . . . . . . . . . . . 200 (up to 500) 
Interbedded black petroliferous shale, green silty shale, rust-coloured 

sandstone, -and slate-coloured limestone beds. . . . . . . . . . . . . . . . . . . . . 230 
Blocky, rusty weathering, hard sandstone with interbeds of black 

shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
Hard, scarp forming limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
Green shale and sandstone layers........ ... ..... .. .......... .. ...... 15 
R ed, calcareous, nodular shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Inte1,bedded, ·red a,nd green, calcareous, nodular shale.................. 20 
Chocolate-coloured, hard, smooth, calcareous shale with flattened 

ellipsoidal nodules on bedding planes; some green shale. . . . . . . . . . . 130 

T otal thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 997 

In general, this section is somewhat similar to one described by Hume 
(11C, p. 53) from Carcajou Canyon about 4 miles east of <the Dodo Canyon 
exposures. The section in Dodo Oanyon apparently exposes a few lower beds 
than those seen in Garcaj ou Canyon, a.nd the uppermost 50 feet of limestones 
described by Nauss were not included in it, but, on a lithology somewhat similar 
to other overlying limestones, were assigned to the Silurian. The only fossils 
found in Carcajou Canyon were in the lower part of the section, and these were 
identified by Walcott as Paterina sp. and Ptychoparia sp. T·heir age is believed 
to be Middle or Upper Cambrian. The beds in which the fossils occur are 
represented in the lower part of the Dodo Canyon section by the 130 feet of 
beds des·cribed by Nauss, and it is on the basis of these fossils that he assigns 
all his Macdougal group to the Cambrian. Though it is not probable, part of 
the Macdougal group could be of Ordovician age. 

2 The numbers refer to the reports listed in the "Intr~duction". 
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In the Cap Mountain area northeast of Fort Wrigley, and in the vicinity of 
Clark Mountain 20 miles east of the 1confluence of Keele (Gravel) River with 
the Mackenzie, Williams (12C, p. 73, 'and Map 2022; 14C, p. 4) mapped a thick 
section of Cambrian and possibly older strata, which he subdivided as follows: 

Formation Description Thickness 

Feet 
Saline River. . . . . . . . . . . Banded calcareous , hales ( Lingulella) with inter beds 

(Middle Cambrian) of red and green shale. . . . . . . . . . . . . . . . . . . . . . . . . . 300 ± 

Mount Cap ...... ..... . 
(Middle Cambrian) 

Mount Clark ... 
(Lower Cambrian) 

Rrd and grey shale containing salt, gypsum, and 
selenite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 ± 

Grey and green shales (Lingulella? ): red sandstone and 
shale (Lingulella, Bathyuriscus, Ptychoparia, Sara-
togia)... . . . . . . . . . ....... ....... . .. .... . 

Pink and reel quartzite (Scolithus) ... ... .. ... . .. .... . 

200± 

500+ 

Reel slwle and ferruginous sandstone... . . . . . . . . . . . . . . 50 

Hcmatite, red conglomerate, and sandstone. . . 70+ 

(Precambrian?) ..... ... . Dark shales.... . . . . . . . 150 

Grc~· and drab Rhales. 22S 

The areas in which Williams obtained his information are 100 miles or more 
southeast of the upper Carcajou River area, and hence any attempt ·at ·correlation 
on the basis of description should only be regarded as tentative. The presence 
in each area of a fossil zone containing Ptychoparia in beds that are similar 
lithologically and that occur below a gypsum zone at least 200 feet thick, does, 
however, suggest that the Mount Cap and Saline River formations of Williams 
should belong in the Macdougal grQup of Nau s, and that the Mount Clark 
formation of pink and red quartzites is of the same age as t[le pink, buff, rusty, 
and white quartzites described by Nauss as belonging to the Katherine group. 
Tf this is a correct interpretation, it is evid'ent that the red ferruginous sand
stones, hematite, and conglomerate beds of the Mount Clark formation are lower 
than any strata seen by auss in the upper Carcajou area. 

In the vicinity of Rouge Mountain, west of the headwaters of Little Bear 
River, Stelck (17 A) . has described a thick Oambrian ·section as follows: 

Description Thickness 
Feet 

(C5) Dal'k, very fine~grruined, iDon-bearing limestone, weathering orange-red .. 100 
Black, argillaceous limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Green and maroon shales, and argillaceous limestones with maroon 

nodules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(O 
Green, and thin bands of red, shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Maroon and green shales with limy nodules........................... 75 
":\1aroon and green shales............................................. 100 
Green shales and black limestone..................................... 30 

(C4) Black limestone and black shales..................................... 30 
Black shales and 1limestone with oolite bed at top. . . . . . . . . . . . . . . . . . . . . 15 
Oolitic limestone and argiUite......................................... 27 
Black shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
R ed and green hale; thin sandstone.................................. 1 
Pink to grey weathering sandstones and quartzites with conglomerate 

band at top; pebbles up to 8 inches in diameter. . . . . . . . . . . . . . . . . . . . 100 
(C3) Black shales and argillaceous limestone; weathers red; black chert 

at base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 
(('2) Hard, whitP to black weathering quartzites............................ 800 
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The C4 group of this subdivision has been correlated by Stelck with the 
Katherine group of Nauss and with the Mount Clark formation of Williams in 
the Franklin Mountains. U is thus possible that the C3 group of Stekk is the 
equivalent 'Of the beds ,assigned tentatively .by Williams to the Precambrian. In 
this case the C2 group of Stelck is older than •any s·trata hitherto reported from 
the Mackenzie basin. 

In Stelck's opinion his C5 group represents the lower part of Nauss' 
11acdougal group, but the age of about 500 feet of poorly exposed and gypsum
bearing beds lying aboYe the C5 group in the vicinity of Rouge Mountain are 
assumed to be Cambrian or Ordovician grading upwards in to Silurian. He 
suggests a correlation of these gypsum-bearing beds with the Saline River 
formation of Franklin ~fountains, which Williams on fossil evidence assigned 
to the Cambrian, and he also correlates them with the gypsum beds in the base 
of the section at Bear Rock1, near Fort Norman. 

On Imperial River, a branch of Carcajou River northwes,t of Dodo Canyon, 
Landon (lOA) observed 125 feet of quartzites at the base of the exposed 
Cambrian that he correlates, on lithologic ·ground only, with the Katherine 
group of Nauss. Above these quartzites is a succession of beds reported as 
1,839 feet thick ·correlated with the Macdougal gl'oup. Above this group again, 
and separated from it by a basal, hard, quartzitic, sandstone conglomerate, are 
415 feet of black, algal limestones with interbedded black shale that may be 
Cambrian or Orclo,·ician and that are said to have been includecl formerly in 
the Silurian. 

The Macdougal group is reported by Laudon to comprise the following beds, 
from top to bottom : 

Description Thickness 
Feet 

Green, red, black, tan. and grey shales, carrying in pal'L much gypsum and some 
algal limestone layrrs............................................. . .... . 146 

Green, red, and yellow, sandy shale with gypsum and shaly sandstone beds... 135 
Grey and greC'n sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Gi·C'en, sandy shale and slaty Lmestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Soft, black shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
Black, slaiy shale interbeddecl with sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Black and dark green shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Quartz sandstone with some black to dark green shale...... .. .. . ............. 24 
H ard, scarp-forming sandstone interbedded with green to red shales.... ... .. . . 350 
Red and green shales alternating with sandstones. . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 
Light-coloured quartz sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Reel and gre n shale with sand lenses....................................... 14 
Quartz sandstone, alternating with green, glauconitic shale... . . . . . . . . . . . . . . . . 625 
Red and green shales interbedded with grey to yellow quartz sandstones..... 83 

Total thickness.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,839 

No identifiable fossils were found in this succession. 
Rocks of probable Cambrian and Ordovician (?) ages were observed by 

Parker (9) on Mountain River in the Mackenzie Mountains, but no measure
ments were made or detailed descriptions given. 

In all these probable Oambrian rocks observed by Canol geologis,ts in the 
Mackenzie Mountains south and west of Norman Wells no identifiable fossils 
were found. The assignment to Cambrian age is on the collection of fossils 
made in Carcajou Canyon2 in 1922 by Hume (11C, p. 53) and on the identification 
'of Micromitra superba from a collection made by Link in Dodo Canyon in 1921, 
and identified for ·him by Professor Weller of the University of Chicago. As 

'Williams al.so suo;gestcd the correlation of these gypsiferous beds in the Bear Rock section with the Saline River 
formation. See Williams , :\1. Y.: Geol. Surv., Canada, Sum. Il.ept. 1922, pt. B, pp. 80. 

~For Fossil discussio!l See Kobayashi, Teii chi: Cambrian and Lower Ordovician Trilobites from Northwestern 
Canada; Jour. of Pal., Yol. 10, No. 3, pp. 157-167 (A pril 193G). 
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pointed out by Nauss, Micromitra i a subgenus of Paterina and hence this fossil 
as found by Link is probably the same as Paterina sp. collected by Hume and 
identified by Walcott. The Micromitra of Link c-ame from the 230 feet of 
interbedded, black, petroliferous shale, green, silty shale, rust-coloured sandstone, 
and slate-coloured limestone beds lying above the 88 feet of hard , ru ty 
weathering sands·tones, whereas the fossils collected by Hume were in beds 
correlated with the lower 130 feet of the Macdougal group as described by 
~Jauss. Thus, on the basis of these fossils it •appears that if any OrdoYician is 
present in Dodo Canyon it must be very thin; Link's fossils came from the upper 
part of the l\facdougal group, and those collected by Hume from the lower 
part. 

In the Upper Peel River area Stelck (1) observed 6,500 feet of slates and 
shales overlain by 500 feet of argillites with chert, occurring below beds identified 
as Ordovician because of the presence of the graptolite, Tetragraptus. H is thus 
assumed that the underlying beds are Ordovician and Cambrian, but the only 
fossils found in them were Tetractinellid remains (sponge spicules). No 
detailed study of them .was made. They occur at ithe head of the lower c'!lnyon 
of Peel River (approximate longitude 134° 45') and on Mountain River, which 
enters Peel River from the northwest a short distance above Bonnet Plume 
River (not the l\1fountain River thait enters Mackenzie River at Sans S•ault 
Rapids). On the lower part of Bonnet Plume River they are assumed to be 
present immediately under Tertiary strata, whereas farther up Peel River, 
toward the upper canyon, they -are overlain by Ordovician, SilUTian, and 
Devonian beds. At the head of the lower canyon of Peel River the alternate 
limy argillite bands weather white, giving a banding to the canyon wall aibove 
the whirlpool where the beds have a steep cast clip or vertical attitude (2C, Pl. I). 
Above the canyon, however, the dip is considerably more gentle for the short 
distance the beds are exposed. 

ORDOVICIAN 

No rocks of Ordovician age have been identified positively in the vicinity of 
Norman Wells nor in Franklin Mountains, but it has been suggested that some 
beds may be o.f this age. Ordovician strata, as determined by Stelck (1), do 
occur in the upper Peel River area. They consist of shales and argillites 1,500 
feet thick, in whi·ch two zones in the rrniddle part of the section contain graptolites 
of which Tetragraptits is· sufficient to indicate an Ordovician age. These beds 
outcrop in rthe lower canyon of Peel River, in an overturned section immediately 
above the n·hirlpool and in the upper canyon above the mouth of Wind River. 

Ordovician strata were reported by Keele (3C. p . 27) in Tigonanlrn·cinc 
Range below the confluence of Twitya River with Keele (Gravel) River. Here 
the strata are almost horizontal, and consist of 4,000 feet of alternating bed's of 
argillite, dolomite, and limestone. above which are about 1,500 feet of sand
stiones lying on a cliaba c sill 100 feet thick. The sandstones become thicker 
eastward~ , and opposite the mouth of Nainlin Brook Keele reports that they 
form, with only an occasional shaly parting, the entire mountain mass or about 
4,500 feet of horizontal stra<t:ia. The prevailing colour of the sandstone is 
reddish, but part of it is grey. 

The only place graptolites were found by Keele was on Ross River about 
7 miles below John Lake. They occu_r in black. induratccl shale interbedded 
with cherty argillites and cherts. 

SILURIAN 

Silurian trata arc widely distributed in the M·ackenzic River area. They 
outcrop along the west side of the north arm of Great Slave Lake, in Franklin 
:vlountains, as far north as and beyond Mount Charles on Great Bear River, in 
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Nahanni Butte. at the junction of South Nahanni and Liard Rivers, and north
ward at many places in 1\Iackenzie Mountains. In the Norman Wells area not 
only do they occur on Bear Rock at the mouth of Great Bear River, but they 
form the core of ~orman (Discovery) Range, and outcrop a,, well in the 
ridges north of Sans Sault Rapids and in various other places. It is proposed, 
for purposes of this report, to divide the Silurian rocks into a lower, Ronning 
group and an upper, Bear Rock formation1

. 

RONNIKG GROUP 

::.VIost of the Canol geologists used the name Mount Ronning formation for 
all Silurian beds below the brecciated and non-bedded dolomites and limestones 
that lie immediately below Middle Devonian limestones and above probable 
Cambrian strata. The name was originally applied by Link~ to a Silurian 
section on Mount Ronning named after the late Nelius Theodore Ronning .. who, 
with James Clare Macdougal, after whom Macdougal Mountain and the ::\la c~ 
dougal group are named, was drowned in Great Slave Lake in 1920 while in the 
employ of Imperial Oil, Limited. From the report -, howcnr, it is obvious 
that the various Canol geologists have included different beds in the Ronning 
formation in different localities without sufficient information being available 
for prncise correlations. In order to obYiate this difficulty, it is here proposed 
to usr the name Ronning group for the succession sf Silurian bed generally 
regarded as resting on Cambrian strata and overlain by the brecciated and 
non-bedded dolomites and limestones of the Bear Rock formation, a herein 
defined from the type section on Bear Rock at F'ort Norman. The upper limits 
of the Ronning group arc harply delineated b~- a marked disconformity easily 
traced in a rock face, such as in Carcajou River Canyon, but the lower limits 
are somewhat more indefinite. 

In the Dodo Canyon (Macdougal Creek) area, .r auss (15A) includes 50 
feet of limestone in the top of the Macdougal group. In the Imperial River area, 
a few miles to the northwest of Dodo Canyon, Laudon (lOA) not only separated 
the upper limestone from the 1\facdougal group, but he ·also separated the lower 
531 feet of chertY dolomites of Silurian age from the higher Silurian beds, 
whereas other geologists have included the entire assemblage in the one forma
tion . In the Carcajou-Little Bear River Divide area, Stelck ll7A) measured 
965 feet of Siluri·an beds above the red and green gypsiferous shales. which he 
correlated with the Saline River formation of Williams, and below 450 feet of 
Mirldle ilurian beds. In these 965 feet of beds there is chert in the upper part 
and possibly some gypsiferous hales in the lower part. Stelck thinks these beds 
rorrelate with Lauclon's cher'ty dolomite and with Williams' !12C, pp. 72-73) 
Franklin Mountain formation. He also thinks they represent all the Silurian 
bed that outcrop on Bear Rock below the brecciated and non-bedded limestones 
and dolomites. These 1correlations, however, can only be ,considered as tentative, 
as Stelck found no fo~t>ils, aside from a fmv poorly preserved gasteropods that 
he says are not diagnostic. In the '3-rea of the Carcajou-Little BPar Riwr Divicle , 
Stelck measured 450 feet of massive, thick-bedded, porous and cavernou lime
stones of Middle Silurian age lying below ty1pical Bear Rock brecciated becls. 
These strata are believed to be the equivalent of \Villiam's Mount Kindle 
formation, ·and contain Conchidium, Halysites, Dawsonoceras, Favosites, 
Zar>hrentis, Cyatho7Jhyllvm, and other corals definitely relating them to rocks 
of Niagaran age. No separate division is made for these Silurian beds by Nauss 
in the upper Garieajou River -area, or by most of the other Canol o-eologists 
elsewhere. This undivided assemblage of Silurian rocks is , therefore, included 
here in the Ronning group. 

1 Ao. indicated in the <li o.cuR3ion of the Rear Rock formation, the a.gf' i~ not rlcfinite. 
•See Stewart, .J. S.: Petroleum Pos~ibi lities of Clfackenzie River Vc;lley, N.W.T.; Trnus . Catl. Inst. Min. and 

Met., vol. XLVII, 1944. 
36894-3 
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In the Donnelly River area Foley (6A) included more than 1,000 feet of 
beds in the Silurian below the Bear Rock formation. He states that he found 
fossils within the upper 20 feet, and these ·are typic·al Niagara fauna. The 
upper part of the formafaon is said to contain beds from 3 inches to 2 feet thick 
of white. novaculite, but no mention is made of chert in the lower part, as 
observed by Laudon in the Imperial River area or by Stelck in the Carcajou
Little Bear River Divide area. A possible suggestion is that the equivalents of 
the Mount Kindle formation are very thin in this area, as Stelck (17A) regards 
them as wholly absent in the Bear Rock section. 

In G!lmbill ::\fountains near the soubhern headwaters of Little Bear River, 
Monnett (14A) has ·assigned a thickness of 1,800 feet to ilurian beds below 
brecciated Bear Rock limestones. Few fossils were seen, and no detailed 
description is giYen. It is assumed the entire assemblage is included in the 
Ronning group. 

Silurian beds have been described from various other areas by Canol 
geologists. With the exceRtion of the area of Dodo Canyon, on the orman 
Well-Whitehorse road and pipeline, the Bear Rock section near Fort Norman 
is the most easily accessible, and has been subdivided by Stelck (19A) as 
follows: 

Age Formation Description 

Devonian 01 Silurian . Bear Rock .... Brecciated dolomite ................ . .. . 

Dark grey, poorly bedded limestone 01' 
dolomite . .. .......... ............. .. 

N' on-bedded, gypsiferous, massive do lo-
mite or limestone . .. ........ .. ....... 

Disconformity 

Silurian... .. . . . . . . . . . . . . . . . . . . . . . Thin-bedded limestone and dolomite with 
shalcs becoming more prominent toward 

Thickness 

Feet 
175 

30 

40 to 60 

the base, and with gypsifcrous streaks. 600 

Silurian, Ordovician, 
or older .. . .. . . Red and green shales and gypsum .... .. . 190+ 

Kindle (5C) has described a composite section from the south and west 
slopes of Bear Rock, but it seems probable that he has duplicated at least part 
of the Silurian section below the Bear Rock formation, in which he included all 
strata below the Devonian. It is obvious from his table of formations (page 44) 
he intended to include the brecciated beds, but in his detailed section he makes 
no mention of them. The thickness of 1,600 feet as given by Kindle is so much 
more than that given by Stelck that it is obvious a mistake has been made. 
Bear Rock i intersected by a number of faults, and it seems possible that 
Kindle measured part of a section repeated by faulting. In 1922 Hume1 and 
Bain measured the Bear Rock exposures. Their section agrees with that of 
Stelck, except that they placed the divi ion between the thin-bedded lime tone 
with shaly partings and the gypsiferous beds somewhat higher. thus limiting the 
thickness of what Stelck calls Silurian to 470 feet. It ·can readily be appreciated, 

l Hume, G. S., and Bain, G. W.: Geol. Surv., Canadn, unpublished information. 
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however, that this division, not being sharp, might ea~ily be drawn at a slightly 
different place by different geologists, because, as pointed out by Stelck, thr: 
contact is chosen arbitrarily, and is conformable and transitional. In the light 
of this information, therefore, Stelck's section is accepted rather than that of 
Kindle, and, as later described, the Bear Mountain formation is discarded, as it 
obviously was intended by Kindle to include the brecciated lime tones and all 
beds herewith described as those of the Ronning group. 

Neither Kindle, Stelck, nor Hume found any Niagaran fossils in the beds 
assigned to the Silurian in Bear Rock. Their absence is strongly indicative 
that the Mount Kindle formation of the Franklin Mountain area, as described 
by Williams (12C, pp. 78-79) is not present. It is probable, therefore, that the 
Silurian represented in the Bear Rock section is to be correlated, as telck 
indicafos, with the Franklin Mountain formation of Lower Silurian age. 

Silurian strata similar to those found in Bear Rock occur along the east
facing e carpment of the Norman (Discovery) Range. Near the headwaters of 
Schooner Creek, 4 miles north of Norman Wells, Stelck (18A) reports that up 
to 100 feet of heavy, massive, crystalline, porous limestones containing a scant 
coralline fauna overlie the equivalents of the Silurian of the Bear Rock section 
beneath the brecciated beds. The upper contact of the limestone bed8 is 
erosional, and they are thought rto be higher Ronning group beds than any 
present at Bear Rock, and, in fact, <are ·corre1'ated by Stelck with the lower part 
of the Mount Kindle formation. At the headwaters of Vermilion, Prohibifaon, 
and .Jota Creeks, Hancock (9A) reported no Silurian beds equivalent to the 
Mount Kindle formation, but Lower Silurian beds are present. Farther nm'th
west along the Norman Range, in the Oscar (Morrow) Creek area, Laudon (4A) 
mapped the Silurian as a unit, corresponding to the Ronning group as used here, 
and reported Niagaran fossi ls from it. Thus, it is inferred beds of 1\Iount 
Kindle age are present. Also, as already indicated, Foley (6A) found Niagaran 
fo sils in the upper 20 feet of beds below the brecciated limestones in the 
Donnelly River area. Apparently these beds containing Niagaran fossil~ are 
much thicker in the Imperial River area, as Laudon (lOA) states that a fauna 
of Niagaran age was found in one limited zone near the centre of the upper 450 
feet of beds below the brecciated limestone. This included Favosites, Diphy
phyllum, Zaphrentis, Cyathophyllum, Syringopora, Halysites, Strombodes, 
H eliolites , Alveolites, Palaeocyclus, and D awsonoceras. As already indicated, in 
this area Laudon separated the Silurian into 531 feet of cherty limestones 
overlain by the 450 feet vf beds in the central part of which the Niagaran fauna 
occurs. A8 pointed out by Stelck (17 A) in his dis·cussion of the Silurian in the 
Carcajou-Little Bear River Divide area, i,t is probable that the 531 feet of 
cherty limestones described by Laudon from the Imperial River area are 
equivalents ,of the Franklin Mountain formation, and that the overlying 450 
feet represent the equivalents of the Mount Kindle formation . It is interesting 
to note thart in the ·wrigley-Mount Cap area Williams (12C. p. 73) inrludccl 
500 feet of beds in his Franklin Mountain formation and 560 feet in his Mount 
Kindle formation, but above these had a thickness of 1,600 feet of beds, some 
of which are brecciated, cavernous, and gypsiferous limestones, that he included 
in the Lone Mountain formation. On Hare Indian River, Harrison (6) mapped 
about 750 feet of limestones in the upper part of "·hich H alysites occurs. 
Neither rthe top nor bottom of these beds was seen, but the Bear Rock formation 
of brecciated limestones with gypsum overlies them. Similar limestones. under
lain by red and green gypsiferous shales·, were seen by Hume (llC, pp. 6-7) on 
the edges of Brackett and Kelly1 (Whitefish) Lakes; the latter 15 miles north east 
of Norman Wells. 

l Sec Norman Sheet, Air Navigation Edition, Hydro,crrnphic and Map Servire, OHa.wn. 

36894-3~ 
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Ko detailed clc:cription is given of the Silurian rocks obserYed by Parker 
r 9) on ::\lount:ain River, nor by l\Ioon (8) on Hume RiYer, but on Arctic Red 
River, l\lcKinnon ( 4) mapped 1,100 feet of limestones that would here be 
included in the Ronning group. He states they arc overlain by 500 feet of 
massiYc, light grey limestone and dolomite that he correlates questionably with 
the Bear Rock formation. The Ronning group is stated to have a l~)Wer unit at 
least 400 feet thick containing chert in dolomitic beds, whereas the upper part 
700 feet thick, with the top not exposed is composed of limestones carrying :1 

Niagaran fauna represented by Favosites, Syringopora, Haiysites, Orthoceras, 
etc . No correlations with sections elsewhere have been given, but the description 
is so like that of other sections as to suggest that the lower cherty beds at least 
are the same as those correlated by Stclck in the Carcajou-Littlc Bear River 
Divide area \Yith the Franklin :'.\fountain formation, and the upper Niagaran beds 
arc, in part, if not wholly, equivalents of the ::\Ioun t Kindle formation. 

Along Mackenzie Mountains south from Norman IY ells area the Ronning 
group of Silurian beds is not well known. In ·the Graw! River area, Hart (10) 
records 600 feet of Ronning dolomites below the Bear Rock brecciated beds. 
These dolomites, however, are not described in detail, nor 1Ycrc any foesils 
reported from them. In the Dahadinni River area south f)f Gravel River, BaLh 
( 12) observed 330 feet of grey to black dolomites and limestone inter bedded 
with thin black shale beds lying below the brecciated Bear Rock limestones and 
with the base not,. exposed. The description and information available is insuffi
cient to draw any conclusion" in regard to these beds other than that they arc 
Silurian. 

Hcfercnce is made by Bath (14) to the Silurian beds of Lone :'.\fountain at 
the mouth of ~ orth N ahanni Rinr. These beds were dcs·cribcd by Kindle 
( i>C, p. 44) as the Lone Mountain formation1

, \Yhich he ~tated \Yas 1,800 feet 
thick along the face of the escarpment to the west of Camscll Bend on :\fackenzie 
River. In the Wrigley-Cap Mountain area \Yilliarns (12C, p. 73) described 1,600 
feet of Silurian beds lying above the :\fount Kindle formation of Middle ilurian 
or Niagaran age, and below Devonian limestones. Excluding 50 feet of beds 
with corals at the base of Kindle's Lone Mountain formation Williams correlates 
his 1,600 feet of beds with the Lone Mountain formation, and so describes them. 
Re particularly emphasizes the brecciated charnctcr of ~ome of the bed , and 
makes reference to Kindle's Bear Mountain formation, under which the Lone 
::\.fountain formation is supposed to occur. From the Canal explorations it 
seems evident that this is a wrong conception. As has been pointed out, the 
Silurian limest-0nes below the brecciated beds, and above the red and green 
gypsiferous shales in the Bear Rock section, are probably Lower Silmian in 
age, and arc the equivalent of the Franklin Mountain formation. At Bear Rock 
there are no strata of l\Iount Kindle age, and strata de cribed as Lone l\Iountain 
by Williams are probably in part at least represented by the brecciated beds of 
the herein newly defined Bear Rock formation. On present information the 
correlation by Williams of the 1,600 feet of strata above the Mount Kindle 
formation in the ·wrigley-.Cap Mountain area with the upper 1,500 feet of beds 
in Kindle's Lone i\1ountain formation from Camsell Bend can neither be sub
stantiated nor disproved, but the correlation appears to have doubtful value, 
as Kindle's Lone Mountain formation (North Jahanni River dolomite) is poorly 
defined. and was meant to include all the Silurian beds in the North Nahanni
Camsell Bend area. 

'SPe Kindle, E. M.: Science, vol. R3, pp. 11-15 (1936) , in which the name Lone :.\fountain formation was replaceJ 
by t.~1e name Xorth Nahanni Rh·cr dolomite. 
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Lauclon (llA) studied the Mount Charles area on Great Bear Rinr about 
halfo·ay befo·een ~Iackenzie River and Great Bear Lake. :.fount Charles is in 
the Franklin ~fountain Range, which continues still farther northward. This 
area was also studied by ·williams (12C, p. 74) and his section is as follows: 

------

I AgP Formation 

I 
De5cription Thickness 

-- --1 F('Pt 
Upper I Lmw l\·lountain'. Thin-bedded, bro""n weathering dolomite. 190 

Silurian 

I 
Br01n1, C()a rseTgra i ncd, Rand>· dolomitr, 

brC'eciatcd in part. .... . . :310 

I -- ---

Mid<llP l\lount T\i ndlP . Hard , light grey dolomitr, thin beddrd. 
Silurian ehcrty in lowrr 70 fret. . . 180 

Chert. probably silicified dolomil<' . . . . . .. no 

r nfos .. ilifC'rou~ beds. . . . . .. . . . 10 

Cir<'y, map:1wsian li mestone containing >:ia-
gara cora ls . .. . . . . . . . . . . . . . . . ... . . 2JO 

- - ----

LowC'r Franklin l\lounhin .. Grey, rnag1wRian limrstone .. . . . . . . .... -no 
SiluriH11 

Limestone and chrrt pebhlrs an cl grit in 
limestone matrix. . . . . . . . . . . . . .. . . 7,j 

Grey limestonr ...... . . . . .. . . .. . ... . . . 120 

Cavernous limestone. . ' . .. . . . . . . . . . . . . 200 

Cambrian?. . . . Saline River ... . ..... Grey gypsum . . . .. . . . . . . . . . . . . . . . . . . .. J."lO+ 

1 Probably the Bear Rock formation as here defined. 

Landon' (llA) section differs from this in one important respect, namely, 
that he puts "brecciated" beds below the gypsum that Williams plarces in the 
Saline River formation, and states that these beds, 250 feet thick, rest directly 
on thin-bedded, hard, dense, black lime tone beds also 250 feet thick. Obviously 
these lower beds 'i\'ere not seen by Williams, but were seen by Hume and Bain1 

in 1922. Below the gypsum beds were 40 feet of conglomeratic limestones con
taining black, bituminous pebbles up to 4 inches· in diameter, and below these, 
but not seen in contact 'i\·ith them, were other dark, highly bituminous limestones 
dipping 12 degrees eastward and exposed in three cut banks about three-quarters 
mile from the mouth of a small stream that enters Great Bear River above, but 
close to. the Mount harles Range. In these beds a few oshacods ( ?) were found. 
Their age has not been determined. 

In his socbon Landon (llA) makes no mention of the cavernou;; bed 
described by Williams at the base of his Franklin Mount-ain formation, but 
these were seen by Hume and Bain with the gypsum beds immediately under 
them. The grey, magnesian limestones containing the abundant Niagara coral 
fauna (Hume. llC. p. 54) form the top of Mount Charles, which here, as 
measured by aneroid, rise in a cliff about 625 feet above the level of Great Bear 
River. 

The presence of t\YO zones of brecciation in the Mount Charles area was 
previously noted by Hume (llC, p . 53). The lower one i'3 associated \Yith the 

J Hume, G. S., and Bain, G. \l;'.: Geol. Surv., Cnm1da, 1P2Z. unpublished infnrmntion. 
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evaporites that Williams has mapped in the Saline River formation, antl the 
upper one is in the base of his "Lone Mountain" formation. The latter is 
considered to be the equivalent of the brecciated and non-bedded limestones 
and dolomites of the Bear Rock section. H is widely distributed in the orman 
Wells area, but the lower zone is only known to occur in the vi,cinity of Mount 
Charles . 

BEAR ROCK FORMATION 

All Cano! geologists used the name Bear Rock formation to de cribe the 
brecciated and non-bedded dolomites and limestones lying below Middle 
Devonian strata and above a sharp di conformity with well-bedded ilurian 
limestones below it. The type section for the Bear Rock formation is at Bear 
Rock, Fort Norman. Details of the Bear Rock section have already been given 
under Ronning group. Stelck (19A) particularly notes the di conformity at the 
base, and states that there are two di tinct division of the Bear Rock formation, 
a lower, lensing, gypsiferous divi ion lying ·above the di conformity and variable 
in thickness according to loc·ality, and an upper brecciated division. The basal 
division i a "white weathering massive tough gypsiferous dolomite that is 
absent on the south end of Bear Rock, but appears a hort distance back from 
the southern scarp edge and rapidly thickens to 60 feet on the noPth ide of 
Bear Rock. The hills north of Bear Rock are carved from this zone, and its 
total thirkncss there may be 100 fert. The basal division shows local bedding". 

PLATE I 

Bear Rock at the junction of Great Bear and :1Iackenzie Rivers at Fort Norman. 

Abo, according to SteJ.ck (19A), " the upper diYision of the Bear Rock forma
tion on Bear Rock consists of 175 feet of a brcccia of brown, dolomitic limestone 
boulders in a matrix of dolomitic limestone. This i separated from the under
lying white basal member by 30 feet of poorly bedded grey dolomite and lime
stone, and from the overlying Ramparts formation by 10 feet of bedded limestone 
and dolomitic breccia". 

On ~fount Charles the part of the section that presumably correlates with 
the Bear Rock formation ·consi ts, according to \Villiams (120, pp. 80-81), of 
340 feet, of saccharoidal, comse-grained, brown dolomites .. overlain by 1,000 
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feet of thin-bedded, brown dolomites, in part brecciated. The top of the section 
was not seen. Three mile farther north the chert beds of the Mount Kindle 
formation are overlain by 500 feet of grey gypsum, which in turn is overlain by 
Middle Devonian limes.tones. Thus, according to Williams, the entire forij}ation 
north of Mount Charles is composed of gypsum. The same condition was 
observed by Hume (11C, p. 54) on the eastward eJ\.i.ension of Carcajou Ridge 
where the Middle Devonian limestones were seen in contact with underlying 
gyp um beds, and below these were seen the hard, aren!l!ceous lime tones of the 
Silurian. 

On Canyon Creek, on the west flank of Norman (Discovery) Range, the 
cavernous limestone beds of the Bear Rock formation are underlain by sand- . 
stone and quartzitic sandstone1

. In the cavernous limestone are quartzitic 
sandstone cobbles up to 6 inches in diameter together with other pebbles and 
cobble of limestone. This is .further evidence of the disconformity at the base 
of the Bear Rock formation, and shows that the brcccia fragment in the Bear 
Rock formation are in part due to· erosion, although the close assoiei-ation with 
gyp um suggests that th.e volume change of anhydrite to gypsum may have had 
some part in the fragmentation. 

Stelck (19A) states that the Bear Rock formation is overlain conformably 
and transitionally by Middle Devonian limestones on Bear Rock. This condi
tion, if definitely established, would have a direct bearing on the age of the 
Bear Rock formation, as the overlying beds are undoubtedly Middle Devoni·an. 
It would be impossible on this basis, therefore, to escape the conclus·ion that the 
Bear Rock formation i Devonian. In describing the Bear Rock trata Kindle 
included all the beds from the Devonian down to the base of the exposed red 
and green gypsiferous shales in hi Bear Mountain formation of ilurian ·age, 
but did not record the disconformity at the base of the brecciated bed that 
arc now defined a~ constituting the Bear Rock formation. The age of the 
brecciated beds at the top of the so-called Bear Mountain formation wa con
sidered, therefore, to be the s•ame as lower beds of limestone from which Silurian 
fossils were obtained. In view of the erosional disconformitv at the base of 
the Bear Rock formation, it is quite po siblc the beds aboYe and below belong 
to different periods, and hence the Bear Rock formation may he Devonian. It 
is apparently regarded as Lower Devonian by omc of the Oanol geologists. 
The age has not been established by fossils and, in fact, the only known fossils 
found in this formation are reported by Laudon (lOA) from the Imperial River 
area, where he states that in "the easternmost canyon south of Lake Florence, 
one dark lime tone heel in the lower portion of the middle member carried large 
numbers of molds of a coral closely resembling Diph117JhyU11m. These were 
ob erv d near the mouth of the ·canyon on the right ·canyon wall about 250 feet 
up from the floor." Unfortunately, these fo ils have no diagnostic value as 
to the exact age. 

The reported transitional contact of the Bear Rock formation on Bear 
Rock with overlying Middle Devonian beds has not been demonstrated at all 
other pJa.ces where thi contact ha been observed. In Carcajou Canyon the 
contact is ~harp (Hume, llC, Pl. II). and the irregularitici:; alone; it were 
interpreted as indicative of a disconforrnit~·. A similar condition was observed 
by Monnett (14A) in Gambill Mountains in the upper Little Bear River area. 
The ·contart of the gypsum-bearing beds, where these rcplare the brecciated 
limestone, is also sharp with the overlving :\1iddlc Devonian limestones. It is, 
however, true that the <lisconformity at the base of the Bear Rork formation is 
everywhere very marked, and indicates a decided break in sedi.mentation. Thus, 
the ai:rP. of the Bear Rock formation may be Devonian. The , ilurian age, as 

1 Hume, G. S.: Ceol. Sun·. , Canada, 1922. unpubli ... hed information. 
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given by Kindle (5C. p. 45), is based on foss ils t hat occur below a marked 
erosional break at the base of the Bear Rock formation, and telck has reported 
a transition into D ev.onian beds at the top. 

In the Norman ·w ells area, t he Bear Rock formation is everywhere present, 
and except where it contains gyp um, it is rather uni form in thickness consider
ing th e character of the beds cornpo ing it. Landon (11A1 has described it as 
a fanglomerntc, but ~au s (15A) points out t hat t he variations in t hi ckness and 
charncter of materials are n ot those of a fanglomerate. In all place where it 
ha been described as consisting of brcociated and non-berided lime tones , it is 
porous. At cer tain places it is sufficiently porous to be described as cavernous 
and, in one place , on 'ammons Creek, a branch of the Carcajou entering near 
the Rainbow Arc·h, the water according to Ba th (IA) flows in "an underground 
channel for several miles in the fractures and other openings of t he Bear Rock 
and adjacent form at ions". In a number of places it is bituminous. 

The thickne s as given by t he various Canol geologists is as follows : 

Lor.:il it.v 

Stelck (19A) . . . . . . . . Type scction - U<'ar Hock . . .. 

Stelck ( 18A) .. .. Schooner Creek ar<'a ... . .. . . . 

McKinnon (13A) . . . . ( 'an yon Creek area . ........ . 

Smith (20A ) . 

Foley (6A) . ... . . . . . 

F oley (f\A ) ....... . . 

Ha rrison (6) . . ... . . . . 

Laudon (lOA 

P arker (16A ) . . . ... . 

Bath (lA) .. ....... . 

P arker (9) 

Naus · (1'3A) .. . . . . .. . 

Stelck (17A) . . ...... . 

Monnett (l 4A) .. . .. . 

Laudon (1 1 A) . . . .. . 

H ancock (ll ) .... . . . 

Bath (12) ... . . 

Hanna R iver a rea . .. ..... . .. . 

Donn<'lly R iver a rra ....... . . 

H anna River a rea . .. .. . . .. . . 

Ha rr Indian Ri v('f' area . . .... . 

lmpNia.l River a rPa .. . . . . . . . . 

[•;ast Moun tain area .... 

Lo1rnr Carcajou R iver area .. . 

Mountain R iver a rea .... . .. . . 

( ' pper C arc a j o u-Trt1p <' r ia l 
Riv<'r area 

Ca rca jou-Li t tle B e a r Ri ve r 
Divide area 

L ittle Bear River area . .. .... . 

Great Bea r RivC'r· are:-t .. . . .. . . 

Redstone Ri ver a rea . . .. .. . . . 

Dahndinni River area .. . ... . . 

Thick ness 

F eet 

215- 295 

219 

260 

750- 1,200 1 

720 

500- 800 

218 + 

406 

138 + 

300 

200+ 

400-42.~ 

315- 400 

4.00-500 

175 

100 

420 + 

('ha ractcr 

Limestone brrccia , gypsi
fC' rous beds. 

Brecciated limeston<'s. 

Brrcciakd limestones. 

Breccia trd limestones with 
gy psum. 

Breccia ted limestone and 
anhydrite. 

Gypsum heds. 

Brecciated limestone and 
gypsum. 

Brecciat ed limestones and 
dolomites. 

Brecciated dolomites. 

Brecciated dolomite 01'er
lain by interbedded dol
omite and anhydrite 
beds. 

Warm springs issue from 
a tightly compressr.d 
anticline in Mounta in 
River gorge. 

BrPcciatcd dolomite and 
limes tonC' . 

Breccia tccl dolomi t r and 
limesto11<' . 

Brccciatrd limestonp. 

Clwrt. 

Brecciated dolomite and 
limestone. 

Brccciatrcl dolomit.P . 

1 Part of thii-< , ar.co rrlin~ to Foley (GA ) , belon.~s in the overlyi ng Ramparts formation. 
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The most southerly outcrop of Bear Rock brecciated dolomite noted by 
Canal geologists \ms on Amos Creek in the Blackwater River area north of 
Wrigley (Bath, 14). These beds are, presumably, in the part of the section 
called Lone :\fountain formation by \Yilliams on his map of this area (14C, 
Maip 2022. opp. p. 4). 

The high porQsity of the brecciated dolomites and limestone;; of the Bear 
Hock formation makes them a fayourable reservoir rock wherever they occur 
without anhydrite or gypsum. 1n places, as noted by various geologists, they 
arc highly bituminous. 

:\UDDLE DEYONIA~ 

The middle Dernnian \Tas subdivided by Kindle athl Bo,'worth (SC) as 
follows: 

Bea Yertai 1 limestone 
Rampads lime tone 
Hare Indian River shalet:i 

As information has accumulated, il is apparent that these division are no 
longer appl icable, and a new classification is here proposed that places all these 
be!:;: in the Rarnpar{s1 formation, and divides it into: 

Upper Rampart limestone member 
Middle Ramparts shale member 
LmYer Ramparts limestone member 

The Upper Rampart limestone member includes the Rampart ' and Beaver
tail limestones of Kin dle and Bo_worth. These are placed in one member because 
ordinarily a division between them is not practicable. The Middle Ramparts 
shale member is the Hare Indian River shale of Kindle and Bosworth, but 
includes older beds that do not outcrop on :\ifa·ckenzie River. The Lower 
Ramparts limestone member has not been described previously. It is well 
exposed on the flank of Imperial Range on Mountain River and it is proposed 
to consider this the type area for both the :\1iddle Ramparts hale and Lower 
Ramparts limestone members. 

RA:.\IPARTS FOR:\1ATION 

Lower Ramparts Limestone 1lI ember. The Lower Ramparts limestone 
member ·has not been described previously as a unit. In many places in the 
vicinity of Norman Wells it i relatiYely thin, but it become:; more prominent tc 
the northwest, and in all the sections ::;tudied by Cano! geologists it is most 
prominent and best exposed in the area ctescribed by Parker (9) from the flank 
o·f the Imperial Range' on Mountain River , about 30 miles above the junction 
with 1\fackenzie Rinr. In this area the section of Middl e Devonian is much 
thicker than in the Norman Wells area. It consists of the following; succession 
(Parker, 9) : 

Description Thickness 
Feet 

Upper Ramparts limestone member: 
Limestone, gre~', buff weatheri'Ilg, massive, many small Cladopora.......... . . . . . . 80 
Limestone. dark grey beds 0·6 foot thick and separated by black sh,1lr partm11;:'; 

hm estone wpathers grey and con.tains many large Cladopora.......... . ... . . . . 17 
Limestone. dark grey. massive... .................... .. .............. .. . ........ 10 
Shale, black. earthy and limy, contain many large Stromatoporoicls anrl Clnrfopom 9 
Limestone, black. massive, petrnlifeJ'Olus........................... . . . . . . . . . . . . . . 6 
Limy ,;Jrnlc, black to grey-brown, .petrolife.rous; contains many large Clrulopom.. . . 58 

Total thickness................................... .. . . . . . 180 

1 The n:tme Ramparts as u~rd here ~hould not be <· onfu~('d with the Rampart t!:l"OllP of '.\1i:-:no1is'3ippiun strata of 
the Tanan~ region of Yukon and Alaska. See Spurr, J.E .: U.S. Geol. Surv., l~th Ann. Rcpt., pt. 3, pp. 155-169 
(18£8). 

36894-4 
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Middle Ramparts shale member: 
Grey to green shales and limy shales with many thin limestone beds. In the 

lower 100 feet these ·thin limestone beds are commonly coquinoid . 
Fossils present are: Relicularia, Productella, Proetus, Zaphrentis, Clado
pora, Atrypa (spinosa), Cystiphyllum, Euomphalus, Palaeocychrn, Favo
sites, Syringopora, Schtwherlella, H eliophyllum, Acervi.Zaria, Prismato-
phyllwn, Pachyphyllum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700 

Lower Ramparts limestone member: 
Limestone, dark grey to black, petroliferous beds 1 to 5 feet thick and with 

irregular and black shale partings; M artinia, Atrypa, Productella. . . . . . . . . . . . . . 100 
Limestone and shale; thin, platy, dark grey to black limestone beds up <to 

6 inche" thick with shale layer 3 inches thick; very fossiliferou , particularly 
corals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 

Limestone, dark grey lo black, ma iYe at top and bottom and rubbly in 
central 2·5 feet. Very fossiliferous (Acerv·ularia, Cladopora, Paracyclas, 
Pugnoides) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

L~mestone, dark grey, rubbly to platy and shaly; Cysliphyllum. . . . . . . . . . . . . . . . . 129 
Limestone, black, hard, brittle, very petroliferous, in beds t foot to 8 feet 

thick with black shale parbings .... .......................................... 75 

Total thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445 
Total thiclmess of Ramparts formation. . . . . . . . . . . . . . . . . . . . . . . . 1,325 

Jl1iddlc Ramparts Shale Member. The Middle Ramparts shale member, as 
indicated, is 700 feet thick in the type sections on the flank of Imperial Range 
in the Mountain River area. Formerly it was described by Kindle and Bosworth 
(5C) under the name Hare Indian River shales, with type sections at and in 
the vicinity of the mouth of Hare Indian River, below the Ramparts on 
Mackenzie River. At the Ramparts it occurs below the Upper Ramparts 
limestone member, and, owing to a southward dip , progre siYely more strata are 
exposed northward. At the mouth of Hare Indian River, however, the base is 
not een. In many places in the Norman Well area neither the middle shale 
nor the lower limestone member is sufficiently distinct to be mapped as a unit, 
and Kindle an,d Bosworth included bobh o.f them with the Ramparts limestones, 
whereas their Ramparts limestones at and below the Ramparts included only 
the upper limestone beds. Under these rconditions, therefore, the name Hare 
Indian River shales is here dropped, and the name Middle Ramparts shale 
member substituted for it. Where no division is possible into members, the 
entire assemblage of beds ·constitutes the Ramparts formation. 

Upper Rmnparts Limestone J11ember. The Upper Ramparts limestone 
member, as used here, includes the Beavertail lime tone of Kindle and Bosworth 
(5C) and ·all beds they called Rampart~ limestones at the Ramparts section on 
the Mackenzie. 

The type section of the Beavertail limestone as described by Kindle and 
Bosworth (5C) was at Beavertail Point, 12 miles below Sans Sault Rapids on 
the east side of Mackenzie River. A thickness of 300 to 400 feet was assigned 
to this formation, and the main exposures studied were on, and in the vicinity of, 
Oarcajou Ririge. The character of t he upper part of the limestone and its 
relation to the next higher shale formation was described from near the northern 
end of the exposures at Carcajou Ridge as follows: 

Description T hickness 

Sha!~, fissile, black. with interbedded Emestones becoming more calcareous 
m upper 16 feet, and splitting into sheets of bluish black, bituminous 

Feet 

limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65+ 
Limestone. grey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Shale, fissile, black. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Dark, magnesian limestone of saccharoidal texture and bituminous odour.. .. . 4 
Limestone. hard, dark blue; with one or two thin bands of black slate in 

lower hrtlf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
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According to Kindle and Bos1rnrth (5CJ "about one mile up :\Iackcnzic River 
from this section where the limestone stands vertical, about 260 feet of lime
stone is exposed. Stringocephaliis biirtini occurs abundantly in the innermost or 
lowermost 60 feet of these rocks, thus indicating the identi•ty of a part or the 
whole of the limestones on the river bank at this point with the Ramparts 
series, which forms the base of the Beavertail limestone". 

It is obvious that at Carcajou Ridge Kindle and Bosworth made the 
distinction between the Beavcrtail and Ramparts formations on the basis of 
fossi ls rather than on any differences in the lithology of the limestones. It was 
subsequently pointed out by Hume (11C, p. 55) in the Carcajou Ridge section 
that the diagnostic Stringocephalus biirtini of the Ramparts formation w::ts 
found 60 feet below the Fort Creek-Beavertail rcontad, and that there was no 
clear-cut distinction between the overlying, hard, dark Beavertail limestones 
and the buff to grey Ramparts beds. The thickness of the upper limestones in 
this area down to the occurrence of Stringocephalus burtini would limit the 
thickness of the Bcavertail beds to not more than 60 feet, and it is certain that 
in the 300 to 400 feet placed by Kindle and Bosworth in the Beavertail lime
stones some Ramparts beds are included. Parker (16A) restricts the Bcavertail 
formation on Carcajou Ridge to 10 feet . 

At Beavertail Point, from which the Beavertail limestone was namer!, only 
30 to 35 feet of these beds, according to Parker (5 and 16A), arc exposed. The 
limestones are .composed largely of coralline beds. Corals may comprise at least 
50 per cent of the rock, and al>ong bedding planes they may form all of it. 
Bitumen is associated with or makes up the matrix. 

Parker (16A) thinks that in their description of the Beavertail limestones 
Kindle and Bosworth included his Upper Ramparts limestone (i.e., the Ramparts 
formation of the Ramparts section), the Beavertail limestone, the Lower Fort 
Creek shale, and a reef limestone that, in the area of Bcavertail Point-the type 
section for the Beavertail formation-may rest on what has elsewhere been 
called the Beavertail limestone. He suggested that the use of the name 
Beavertail s·hou1d be restricted to ·those limestone beds below a bituminous, 
shaly, sedimentary phase that is characterized by the occurrence. of a brachiopod, 
Hypothyridina1 castanea, ·and above massive or shaly limestones that have the 
black, earthy, limy, and fossiliferous partings typical of the lower part of the 
Upper Ramparts limestone member. Hypothyridina castanea indicates an 
Upper D evonian age, and although in none of the Canal reports is this fossil 
listed as coming from Beavertail Point. yet it is apparent from Parker's 
description (16A) that he considers the Reef limestone at this place as resting 
on the true Beavertail limestone. From this it is inferred that the name 
Beavertail limestone is not applicable to t he exposures described as the type 
section for this formation. 

From the above statement it is obvious that if the Bcavcrtail formation is 
to be retained, it must be re-defined at a new type section. There is also the 
difficulty of separating Ll:.e limestones composing it from similar limestones on 
which it rests, and as tHese limestones are a lithologic uni·t , it seems preferable 
to include them in the same member, namely the Upper Ramparts limestone 
member. 

There is a further reason for discarding the name Beavcrtail and including 
all the upper limestones of Middle D evonian age in the Ramparts formation . 
Kindle and Bosworth (5C) described the section at t he Ramparts of the 
Mackenzie, a fc"· miles above Fort Good Hope, and included in the Ramparts 
limestones a 11 beds below the Cretaceous and above beds t.lrn t they named H are 
Indian River shales. The section as given by them at the Ramp~H1" is as 
follows (.5C, p. 46): 

1 This may be a Leiorhynch11s 
:168!!4-H 
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Description Thickness 
Feet 

Disconfurmity with Cretaceous above it. Ilard, cherty limestone crack ing freely 
into small pieces, and weathering to a Yery irregular surface. Numerous 
~phC' rical masses of Slromatoporoid coral gi,·es bedding an irregular appear
ance. Small branching corals and a large thick-shelled pelecypod are the 
onl~r other common fossils . ...... . ............ ... .. . .......... . ............ . 

Black, calrnrrous shale w:th a Cladopora of branching type ........ . . . .. . ....... . 
Hard. knobby limestone full of Slromatoporoid corals of spherical shale 2 to 3 

inchrs in diameter-Slrinooccphalus burlini common in some bed . A drab, 
argillaceous lime~tone of fine texture, and an occasional 4- to -inch band of 
blue-black shale occasionally interrupts the bed of Stromatoporoid liinestone. 
Slromatoporoids comprise 80 per cent of the latter. Certain beds have an 
abundance of crinoid stems ....... . .......... .. ............ . ........... . .. . 

Gre~·. hard limestone, mosL!y in 6- to 10-inch strata. Slromaloporoids abundant ; 
other corals much more varied and abundant than in the above 30 feet. 
R('l1S8clncria and Sltinooccphalus al o common . . ....... . ................... . 

Total ...... . ........ ....... ...... . ....... .. ........... . 

Ha re fodinn River shale 
Blui ~h !!:r<'y, calcareous shale, in slrata mosUy 1 inch to 3 inches lhiC' k, with 

120 
1-4 

30± 

95 

246-249 

('hmiclcs and Ma rlinia abundant. Base not exposocl........... . .... ..... . .. 95 

In describing the section in the Ramparts area, Parker (5) include& the 
upper beds in the Beavertail fo rmation. Thus, he considers that Kindle and 
Bos1rnrth han Beanrtail beds in the srction that they cle;::cribed a~ t he type 
for their Ramparts limestone. H e rliYides this upper part into two units, as 
follO\I'.:': 

B ea 1•crlail formation: 
Lim e$lOn<' . light to dark grey, mediu m-grained, fairly regular beds with b:tumen 

partings. All of thC' beds contain omc corals and Stromatoporoids. and ~onw 
of thf' upper beds are composed of coral fragments in a bituminous matrix 
M coa loden sp. i;; ,·cry abundant in some of thee beds, and also in the unit 
below th:s one. Rubbly biohcrmal beds a lternate with more regul arly bedded 
limr$lones that wPathN and break to . ha rp angular edges...... . .... ........ . 65 

Limestone, JiO'ht grey. medium-grained . contains coral fragmen ts that are usually 
larger than t he fragments in the aboYe uni t. The limestone is coarser grained 
lhan thP abo,·e beds, •and contains little bi tumen except al !tl1e pa r·h1g,. T·hr 
eoral fragment rontcnt of one bed may vary from 10 to 90 per cent wi thin 
n fc"· hundred feet. The bed thrm;;elves are !en ing and rangr from llw 
,·rrni. hing point to 25 feet in t hi ckness. Included in this unit are two or 
three lensing groups of dark grey. bituminous b eds '10+ feet thick........... 130 

Ramparts formation: 
LimPstone. dark grey, coar~c-graincd , pctroliferous. This is a Stromatroporoid 

li mestone that contains many coral . The corals are generally much larger 
than t hose found in the BcavC'rtail limestones. These beds contain dark grey, 
limy shales in irregular bands and a round the individual Stromatoporoid 
no.du lr;;" There are regular shale part:ngs 18 to 24 feet abo,•e the base of 
this umt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

Shrtlr" blark. earth~-. Th e upper con tact of this bed is an irregular biohermal 
zone . The shale contains abundant very large Cladopora ;tnd Cysliphyllum 
rornl;; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 ·5 

Belo11· this shale, Parker describes other limestones such as are indicated in the 
section described by Kindle and Bosworth. 

It iE obYious from Parker 's description that the 2 · 5 feet of black, earthy 
shale containing CLadopora described by him is the same bed as the black, 
calcareous shale with a CLadopora of a branching type described by Kindle and 
Dos11·orth as 1 to 4 feet thick. This shale is a prominent marker , and hence is 
easily r ecognized in any detailed study of the R amparts section. On the other 
hand , the division made by Parker between th e Rampart and Beavertail 
formations is so indefinite as to be o·f little or no value in mapping, for which 
purpose formations are commonly separa ted one from another. No evidence 



23 

is giwn why such a diYision has been made , and no correlations on the basis of 
fossils has been included io show why the upper limes tones of the Ramparts 
section -are considered to be Beavertail. 

Thus, as there is no real difference in the Ramparts section between the 
Beavertail and Ramparts limestones as described, and as the entire section was 
regarded as Ramparts in age by Kindle and Bosworth, it is here considered the 
type section for the Upper Ramparts limestone member. The Upper Ramparts 
limestone member, therefore, in t he Ramparts section includes all limestone 
beds of :!.\Iiddle DeYonian age below the Cretaceous, and above the Middle 
Ramparts shale member, the beds of which were former!~, called Hare Indian 
River shale by Kindle and Bos'>'wth (5C, p. 45). 

There are many areas in the Mackenzie RiYer region \\·here the Ramparts 
formation is exposed. As already indicated, in some of these it is cli\·ided 
into the three members, but in others it ,is more practicable to group all beds in 
one formation. In a few places where l\Iiddlc Devonian limestones arc overlain 
by Reef limestones, the division between t he two is not sharp, and in some 
instanc e& at least the Reef limestones were regarded by Cano! geologists as 
Upper D evonian. The Carcajou Ridge section, dcs·cribcd by P arker (16A), is 
an interesting example of the relationships of Reef limestone to the Upper 
Ramparts limestone member. The section is as fol lows : 

Description 'J'hickness · 
Frrt 

6-70 
0-21 

R eef limestone ....................................... . . ... . ... ..... .... .. . 
Lower Fort Creek shale ............ . . ... .............................. . ... . 
Upper Ramparts limestone member (Beavertail and upper Ramparts lime-

stone of Foley) ....... ... .. .... . ... .... . ....... . ..... .. .. ....... .. ..... 60 
::\fiddle Ramparts shale......................................... .. .......... 745 
Lower Ramparts limestone .. ................................... . ........... 96+ 

In the northeast part of Carcajou Ridge the Reef limestone, according to 
Foley (6A), rests on the limestones -0f the Upper Ramparts limcsitone member, 
whereas farther west there is a shale intervening between the twq, as indicated 
by Parker (16A). 

In the above section it will be noted that the thickness of 745 feet for the 
Middle Ramparts shale member compares favourably with the thickness of 
700 feet as measured by Parker (6) for the same beds· in the j\fountain River 
area, but the thickness of the Upper Ramparts limestone member is much 
greater in the Mountain River area. 

In the Donnelly River area, which lies north of Carcajou Ridge, Foley (6A) 
mapped lhc BcaYcrtail J\Iountain anticline extending eastward and slightly norti1 
from Beavcrtail P oint into the \Vest Virgina Hills and Mount Effie areas as 
well as the Bath1 Hills, and t heir east"-ard' ·continuation into the Mount Dellis 
and Gibson Range area. Complete sect~ons were not seen, but 220 feet of beds 
were ieons·iclered to be "Beavertail" in the Bath Hills and H anna River area and 
below this 1,171 feet were considered "Ramparts" in the Gibson Creek area. 
This would give a thickness of 1,391 feet for the Ramparts formation as here 
re-defined. 

In the East Mountain area, north of Carcajou Mountain, Parker (16A) 
has described the following section: 

Description T/1irk11,css 
Feet 

Limestone, dark grey, weathers grey to brown, petroliferous, mostly massive. 
Cladopora and stromatoporoids abundant. The upper 20 feet are very 
bituminous and petroliferous, and commonly these upper limestones are 
almost completely composed of i -inch diameter Cladopora fragments in a 
bituminous matrix. Black shale partings are common throughout this 
unit. Some of the beds are banded and have a sandy texture............ 325± 

1 Incorrectly called Bat Hills by Ii:indlc and Bosworth (5C, ::\lap 1872). 
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The above section is thought by Parker to include both the "Reef lime
stone" and the ''Beavertail" limestone. No distinct 10\Yer Fort Creek shale 
member is recognizable, and hence no division between the Reef limestone, 
which is considered Upper Devonian, and the "Beavertail" limestone of Middle 
Devonian age is possible. 

Limestone, dark grey, rubbly and coralline with shaly partings; uppe~ 
20 feet more massive. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

This is considered to be the Upper Ramparts limestone (exclusive of 
"Beavertail") by Parker. It may be that it represents the top of the l\Iiddle 
Devonian, and that the ·coral reef limestone above it is all Upper Devonian. 

The middle shale member is only partly exposed in the East Mountain 
nrea, according to Parker, and ·consists of the following: 

Description 

Covered interval ......................................................... . 

ThU:kncs.; 
Feet 
300 ( ?) 

Limestone and shale, beds of thin, platy limestone, shaly limestone, and limy 
shale. Atrypa relicularis is the common fossil. ............ ... ... ... .... . 

Covered interval ......................................................... . 
200 
65 (?) 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 565 ( ?) 

Lower Ramparts limestone: 
Limestone, dark grey, irregularly bedded to shaly; contains many stromato-

poroids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 

The division between the "Reef limestone" and the beds formerly considered 
as Beavertail is as indefinite in other areas as it is on East Mountain. 

In the Beavertail Point area the exposed part of the "Beavertail" consists 
only of reef limestone. Commonly the reef is a light grey, hard limestone that 
is made up almost entirely of Stromatoporoids and Cladopora. In the vicinity 
of Bath Hill~ it is bedded, but usually has a typical massive appearance. In 
many places the limestone is very dark when freshly broken, and in fractures 
and coral interstices there may be films and blebs of asphalt and asphaltite 
(Parker. 6A). 

In the Mountain River area, according to Parker (9), the "BeaYertail" 
limestone, consisting of massive grey or buff weathering beds, is 80 feet thick. 
It is overlain by 10 feet of black, slaty shale in which some fragments of a 
brachiopod that might be Hypothyridina occur. This, in turn, is overlain by 
380 to 585 feet of massive, buff weathering grey limestones that contain many 
Cladopora. This limestone is believed to be the equivalent of the Reef lime
stone, but no evidence is given for the belief that it is Upper Devonian other 
than the poorly preserved fossils seen in the black shale. 

In the Carcajou-Little Bear River Divide area Stelck (17 A) found no 
Reef limestone; the Upper Ramparts limestones are 139 feet thick and are 
underlain by 255 feet of Ramparts shale that lies directly and conformably on 
the Bear Rock formation. No mention is made of any Lower Ramparts lime
stones, which are obviously thin. 

In the Gambill Mountains, in the upper part of Little Bear River, Monnett 
(14A) found 300 feet of Upper Ramparts limestone and Ramparts shale above 
the Bear Rock formation. The section of the Fort Creek was poorly exposed, 
but no Reef limestone was seen. 

In the Upper Carcajou-Imperial River area, Nauss (15A) divided the 
Ramparts beds (including "Beavertail") into groups similar to those of Parker 
in the Carcajou Ridge-East Mountain (16A) area and in the Mountain River 
area (9). The generalized section is as follows: 
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Strata Description Thickness 
Feet 

Upper Ramparts 
limestones 

Middle Ramparts 
shales 

Lower Ramparts 
limestones 

{

Massive, hard, buff, petroliferous limestone with few 
shale breaks ...... .. ... . . . ... ...... ............ . 

Massive, very fossiliferous, grey limestone ........... . 
Soft, thinly bedded, rubbly limestone with interbeds 

of grey shale ; very fossiliferous ............ .. ... . 
Massive, buff limestones . ..... .............. . ...... . . 

50 
50 

310 
90 

Total.............................. 500 

The total thickness of the Ramparts formation in the Imperial River area 
is variable, decreasing toward the northwest from a maximum of 670 to 310 
feet. Proetus, a fossil (trilobite pygidium) according to Nauss (3) characteristic 
of the Middle Ramparts shale (Hare Indian River shale), and found particularly 
abundant in the upper part of it in and north of the Fort Good Hope area, 
occurs also in the 2-\fiddle Ramparts shale of the Upper Carcajou-Imperial River 
area. The correlation of this Middle Ramparts shale ·with the "Hare Indian 
River shale" in the area north of the Ramparts is well established. 

In the Imperial River area somewhat farther west than the sections seen by 
Nauss (15A) , Landon (lOA) used similar divisions to describe the Ramparts 
sequence: 

Ramparts form11tion 
Description 

Upper limestone { Har~, ~rey !imesloue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
member D.11 k-coloured hmc~tones. . . . . . . . . . . . . . . . . . . ...... . 

Middle shale member . . Soft f'haJC' and thin limestone beds. X-0t eompl<>tely 
exposed ............................ .. ........... . 

Lower limestone 
member ........... Thin-bedded, platy, dark-c-0loured limrslonrs .... . ... . 

Thickness 
Fret 

30 
80 

250+ 

90 

On Hume River, on what would appear to be the strike of the Middle 
Devonian from the exposures on Mountain River, Parker (9) and Moon (8) 
measured 320 feet of shalcs with thin limestones overlain by 20 feet of irregu
larly bedded limestone. Still farther west on the strike of the formations 
::\1cKinnon (7) observed limestones of Middle Devonian age on Ramparts River, 
but no detailed study was made of them. In the Arctic Red River area, however, 
1\1cKinnon ( 4) found no "Beavertail" limestones, but diYided the Ramparts 
formation as follo'n: 

Descrip tion 
Ramparts Jonna/ion 

Thickness 
Feet 

10 Limestone, thin-bedded, dark grey, fossiliferous ................. . ........ . . . 
Limestone, rubbly, dark grey, 6- to 10-inch beds with thin black shale breaks; 

very foss:Jiferous ..................................................... . 
Limestone, light grey to buff, 8- to 12-inch beds with grey, limy shale breaks .. 
Limestone, dark grey, 6- to 12-inch beds with 3-inch shale breaks .... . ...... . 

135 
65 
65 

Total..... ... .... .. ... .............. . .... .. . .. .. . . .. . .... 275 

This is a relatively thin section, but, as noted by Nauss (3) north of the 
Ramparts in the Lower Mackenzie River area, the Middle D evonian beds are 
bevelled off, and northward Upper D evonian progressively rests on older 
Middle D evonian beds. Thus, whereas, according to Parker (5), there are 195 
feet of limestones formerly classified as "Beavertail" in the Ramparts area, 
100 miles farther north at t he type section of the Fort Creek shale, on Thunder 
River, the Fort Creek shales rest on the middle part of the Ramparts shale. 
This same condition was found by Stelck (1) in the upper Peel River area. On 
Mount Deception, at the junction of Hungry Creek and Wind River, about 
500 feet of Middle Devonian beds occur. These consist of an upper part of hard 
massive limestones that resemble the Ramparts· limestone of the Bear Rock 
area, and a lower part of more argillaceous beds, but lacking the abundant 
fossils of the Middle Ramparts shale as found elsewhere in the Mackenzie 
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basin. Fifty miles northcast of Mount Deception, on Margery Creek, Stelck 
found Fort Creek shales resting on Middle Ramparts shalcs containing Proetus, 
Atrypa, Paracyclas, and the "Acervularia" fauna that tends to distinguish these 
beds. Margery Creek is about 15 miles east of the lower canyon on Peel River 
where, according to Stelck (1), a ·conglomerate carrying Ramparts fossils is 
overlain by Fort Creek shalcs, and underlain by Silurian strata. No Middle 
Ramparts shales were seen at this locality, and pebbles of Silurian limestone 
and shale occur in the basal Devonian conglomerate. 

As already pointed out, there is a much thicker section of :\fiddle D evonian 
in the vicinity of Carcajou Ridge than at the south end of Norman (Discovery) 
Range. At Bear Rock, according to SteJ.ck (19A), the Ramparts section is 
about 350 feet thirk. It outcrops along the south and west sides of Bear Rock 
and on the soutlrn·cst flank of Norman R ange. The upper massive limestones, 
heretofore called Beayertail, arc similar in lithology to the underlying Ramparts 
limestones, but more shale appears in the lower part of t he section. In a well 
drilled at Bluefish Creek the massive :'.\1icldle Devonian limestones were 115 
feet thick overlying 260 feet of shaly limestones of the lmYcr part of the 
Ramparts formation . In Canyon Creek, which enters Mackenzie River about 
10 miles southcast of Norman Wells , there are, according to McKinnon (13A), 
about 125 feet of massive, dense, crystalline limestones underlain by 255 feet 
of brown limestone \Tith shale breaks. The whole constitutes the Ramparts 
formation. In t he Scl10oncr Creek area, about 4 miles north o.f the Norman 
Wells area, Stelck (18A) states that the Middle D evonian is 341·5 feet thick, 
consisting of 102 feet of limestones and 239 · 5 feet of shale&. There are no 
essential lithological differences, although arbitrary divisions arc made on the 
basis of fauna. The '\Yl10le in reality constitutes one formation.. Stelck points 
out that the "Beavertail" is poorly defined, and that the Ramparts formation is 
based on a Stri:ngocephalus-N ewberri fauna that is of local occurrence. He 

. suggested one formation name-the Rampart&-for the whole of the Middle 
Devonian as nm\· defined in this report. 

The section of the Ramparts formation on lower Schooner Creek, with the 
Fort Creek contact zone described from Bosworth Creek, is given by Stelck 
(18A) as follmYs: 

Description 

Fort Creek 
Section from Bos,rnrth Creek 
Shale, black; with Tentaculites 

T hickne8s 
F eet 

Argillite, black . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2·0 
Shale. blark; with Leiorhynchus......... .. ... ........... ............. ..... 0·25 
Argillite, black; with Leiorhynchus caslanea.................. .. . . . . . . 0·25 
Contact of Middle and Upper Devonian 

Upper Ramparts limestone 
Limestone, rubbly, brown, nodular and marly........ . ........ .. . . . . . . . . . . 7·5 
Limestone, brown, with thin shale partings ..... . . . . ... ·" .. ..... . .. .. .. . .. . 11 
Limestone, brown, bedded........ . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Limestone, brown to grey... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Limestone, brown, massive....................... . . ........... .. ... .. . .... 4 
Limestone, brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Limestone. light grey, brown; with corals and porous zone at top........... 12 
Shales; contac.t of "Beavertail-Ramparts" arbitrarily drawn here........... 0·25 

Section below here from Schooner Creek 
Limestone, dark brown, massive, fine ........ .. .... .... .. .' . . . . . . . . . . . . . . . . 13 
Limestone, rnhbly \Yeathering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 · 5 
Limestone. dark brown, finely porous .......................... :........... 4 
Limestone. hard, buff-brown............................................... 1 
Limestonr , liii;ht bro\\'n, porous........................ . ....... . .......... 3·5 
Limestone. brown, bedded............ . . ... .................... . ... . . . . . . . 6 
Limestone, shaly, soft .................... ~............................... 2 
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Description 

Limestone, grey-buff, very fine ........................................... . 
Lime tone, brown, bedded ............................................... . 
Limestone, thin-bedded, hard ..... . . . .. . ....... .. . . ........... . .......... . 
Contact arbitrarily drawn between [;pper Ramparts limestone and Aliddle 

Ramparts shale 
Limestone, fine-grained ................................................. . 
Limestone, brown, rubbly weathering ............ . ....................... . 
Limestone, rubbly weathering; with interbedded marly shale .. .. .. . ....... . 
Limestone, heavier beds with very thin shales, large Prismatophyllum 

bioherms ........................................................... . 
Limestone and shale, interbedded ........................................ . 
Limestone and shale, nodular and marly ................................. . 

hales and limestones, nodular and marly, more shaly toward the base .... . 
Shale, dark grey, calcareous .............................................. . 
Limestone, shaly ........................................................ . 
Shale, dark grey ......................... . ............. . ........ . ........ . 
Limestone, light co:oured, shaly; with shales ........... . ..... . . . ........ . 
L:mestone, and shales, lenticular weathering .... . ......................... . 
Lime tone, shaly, and soft shale .............. . .......................... . 
Limestone, rubbly weathering, and soft, brown, marly shale ... . ........... . 
Limestone, shaly ...................................................... . . 
Limestone, soft weathering, brown, and marly shales ................ . ...... . 
Coquina, hard .......................................... . ...... . ........ . 
Shales, soft weathering, nodular, brown . . ................................. . 
Limestone, hard, dark brown .................. . .. . .... . ..... . ... . ....... . 
Shale and rubbly limestone, soft weathering . .... . .......... . ..... . .... . .. . 
Stromatoporoid limestone .................. . ................. . .......... . 
Shale and limestone, mainly covered ........... . ........ . . . .... . ........ . 
Shale and Lmestone, soft, marly, rubbly ..... . ...... . ......... . ... . ....... . 
Limestone, brown ........... . .......................................... . 
Limestone, soft, shaly ........................................ . . . ........ . 
Limestone, hard, dark, rusty ....... . ..... . .......... . ............ .. ... . .. . 
Lime tone, thin; even-bedded shale .. . .......... . ............ . ........... . 
Shale, limy, silty, crenulated bedding ....... . .......... . . .. ............. . . 
Limestone, blocky, dark ....................... . ......................... . 
Dolomite, dark grey, brown ......... . ....... . . .. ................ . ...... . . 
Limestone, shaly, thin-bedd d ....... . .......... . ..... . ....... . .......... . 
Limestone, massive, dark ... . .................. . .... . .. . ................. . 
Limestone and shale, brown .............. . .... . .. .. .............. . ...... . 
Limestone, massive, dark ........................ . ....................... . 
Limestone, black, argillitic ..... . ............ . .. . ................ . ... . .... . 
Shale, soft, brown; with limy bands .. . .. . . . .. . ............... . .......... . 
Shale, paper thin, brown .................. . ..... . ..... . .... . . . .......... . 
Shale, thin, brown; with limy bands . . ... . . .. .. . . .. . . .. . .. . .............. . 
Shale, soft, thin-bedded, brown . . ........... . . . . . ... . .................... . 
Lower Ramparts limestone 
Limestone, black, shaly, fossiliferous ........ . ..................... . ...... . 
Limestone, shaly to slaty; with some sofL grey shales ..................... . 
Fine conglomerate or breccia; usually absent ................. .. .......... . 
Disconformable ( ?) contact ·with Bear Rock formation 

Total thickness ..... . . . ...... . ....... . .......... . 

Thickness 
Feet 
4 
4 
1·5 

1 
5·5 
8·5 

12 
4 

15 
42 
4 
6 
2 
2 
2 
3 

18·5 
1 ·5 
4 
2 
5 
4 
6 
2 

31 
5 
1 
5 
3 
3 
2·5 
2·5 
7·5 
4 
5 
2 
3 
1 
2 
1 
1·5 
1 

5 
2·5 
1 

341·5 

In the erie of anticline on Carcajou River below its junction \Yith the 
Imperial, Bath (lA) measured 255 feet of Middle Devonian bed . The lower 
part is limestones alternating with shaly beds overlain by heavier limestones. 
The upper 80 feet is mas~ive, dark grey limestone overlain by Fort Creek bed 
containing Hypothyridina castanea (Plate II). 

South of Fort Iorman, and 20 to 25 mile west of Old Fort Point on 
Mackenzie River in Kay Mountain 1

, Hart (10) measured approximately 500 
feet of Middle Devonian trata. The lower part, 400 feet thick, con i t of thin 

'Called MacKay Mountains on some maps. 

36804-5 



28 

to medium beds of limestone separated by highly fossiliferous, calcareous shales, 
and the upper part of about 100 feet of massive, dense , fossiliferous, grey lime
stone. The upper part of the limestones is dark and petroliferous. 

Upper Middle D evonian limestones were seen by Hancock (11) in the 
Redstone River area, but were not described or mea ured. On Dahadinni River, 
Bath (12) included in the Middle D evonian 925 feet of grey to black limestone 
and dolomi·tic limestones with interbedded grey shale overlain by 100 feet of 
massive, dark grey limestone. 

Farther south, at Lone Mountain near the mouth of North Nahanni River, 
Bath (14) describes 125 feet of mas ive limestones underlain by 175 feet of 
greenish grny, dense limestones. These he includes in the Middle D evonian, and 
below them describes 500 feet of grey and dark limestones a the upper part of 
the "Lone Mountain formation" of Kindle. The lower beds are very unfossili
ferous, and the eparation was apparently made only on the basis of lithology. 
A similar diffiiculty in separating the Middle D evonian from the "Lo,ne Mountain 

PLATE lI 

R ainbow Arch on Carcajou River , showing the contact between Middle Devonian 
limestones and Upper Devonian hales. 

formation" in this area was encountered by Hume (9C, p. 70). Near the top 
of Mount Camsell there is a small succession of shales b2tween heavy-bedded 
limestones, and in t he-e shales SchucherteUa chernungensis occurs at t he top of 
an exposed thickness of 1,550 feet of limestones. The . ame fo sil occur on 
Wrigley Rock at Wrigley and on the first mountain to the southwest of \Vrigley. 
On Mount Camsell there is a coral zone about 20 feet above the shale zone, and 
this contains Cyathophyllurn, Favosite , Cladopora, Alveolites, and Strorna
toporoids. On other mountains to the south of Mount Cam ell about 500 more 
strata lie on top of the coral zone. Thi coral wne and the Schuchertella are 
probably Rampart in age. The tringocephalus fauna of the Ramparts forma
t ion of the Ramparts of the Mackenzie and the Presqu'ile formation of Great 
Bear Lake wa not found in the mountains in the vicinity of Camsell Bend, but 
the sections have been insufficiently studied. The Presqu'ile dolomite on Great 
Slave Lake is very porou , and the oil seepages on the north shore, as at Windy 
Point, issue from it. 

The Middle D evonian limestones of Franklin Mountains were not sub
divided ·by \Vil Iiams (12C, pp. 73 and 81). They consist of dark grey and in 
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part argillaceou limestone estimated to be 2,000 feet or more in thickness. 
This thickness eems very large, especially as Laudon (llA) in the Mount 
Charles area of Great Bear River reports only 150 feet of limestones and shales, 
which he correlates with the Ramparts, overlain by 100 feet of dense, hard, 
biohermal limestones ·capped by thin-bedded, grey, marly limestones of the 
so-called "Beavertail" formation. The whole is now iclassified as Ramparts· 
formation. 

UPPER DEVO IA.r 

FORT CREEK FORMATION 

The type section from which Kindle and Bosworth (5C, p. 47) named the 
Fort Creek formation is exposed on Thunder (Fort Creek) River not far from 
the site of old Fort Good Hope. This river joins the Mackenzie about 120 miles 
below the present site of Fort Good· Hope. The shales are dark with lime tone 
bands, and in places are o highly bituminous that they have been burnt to a 
brick-red colour. 

The Fort Creek shales rest on heavy, massive limestones of Middle Devonian 
age in the Norman Wells area, and the contact1 described by Stelck (18A) in 
the Bosworth and Schooner Creek areas is reasonably sharp. Stelck places the 
contact below beds containing Leiorhynchus castanea. On Outaratou River, 50 
miles northwest of Fort Good Hope, Nauss (3) found 2 to 5 feet of calcareous 
quartz sandstone at the base of the Fort Creek formation, and this carried 
abundant Hypothyridina2

• At Thunder River this lower andstone is 45 feet 
thick and ·consists of fine-grained, black, fiaggy, petroliferous sandstone with 
plant remains and a few brachiopods. On Vermilion Creek, in the Norman 
Wells area, a sandstone 50 to 70 feet thick occurs in the Fort Creek shales. 
Presumably this i a lenticular sand. It also occurs on the adjoining treams of 
this area (Heleva, Franci , Prohibition, and Canyon). 

Drilling in the Norman Wells area has revealed the presence of a reef 
limestone in the Fort Creek shales. Boggs· (llB) shows that the Fort Creek 
consists of the following: 

Description 

Upper Fort Creek shales .............................. . ............. . 
Bituminous zone .......... . .............. : .. ...... ... ............... . 
Reef limestones ..................................................... . 
Lower Fort Creek shales ... .... . ........... . ........... .... ........ . .. . 

Thickness 
Feet 

700-800 
100-400 

0-410 
385-540 

In the Bluefish Jo. lA well of Imperial Oil, Limited, located near Bear 
Rock, 1,385 feet (Stelck 19A) of Fort Creek shales were drilled below Cretaceous 
beds. As it is doubtful if the overlying Upper Devonian formation was present 
in this well, it is obvious the thickness may not be the maximum for the Fort 
Creek formation, as some of it may have been removed· by erosion prior to 
the deposition of ~he Cretaceous. The section as revealed by the well, according 
to Stelck (19A), is as follow : 

Depth in 
Description Blttefish well 

Feet 
andy, micaceous shales, greenish and limy. . . . . . . . . . . . . . 1,150- 1,618 

Limestone, silty and shaly (Jungle Ridge limestone)... . 1,618-1,780 
Shale, silty and micaceous ........... :.................. 1,780- 1,907 
Limestone. dark brown, shaly (Kee Scarp zone)....... .. 1,907~1 ,913 
Shale, dark grey (Kee Scarp zone).... . . . . . . . . . . . . . . . . . . 1,913-2,010 
Limestone, dark brown, shaly, and shales (Kee Scarp 

zone) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,010-2,060 
Shale, dark grey (lower Fort Creek shale). . . . . . . . . . . . . . . 2,060-2,535 

1 See section under Middle Devonian. 

Thickness 
Feet 
468 
162 
127 

6 
97 

50 
475 

2 There is some confusion as to whether this is a 1-lypothyridina or a Leiorhynchus. Both are assumed to be the 
eame fossil described by Stelck from the base of the Fort Creek. Fossils collected from this zone by Hume in 1922 
are Leiorhynchus, that is1 tbay have an internal septum. Some of them, however, in shape resemble Hypothyridina. 

36894-5! 



30 

The lower Fort Creek shales are hard, platy beds, which, in the Bluefish 
well, carried the fossil Bnchiola . The limestones and haly limestones between 
1,907 and 2,060 feet are correlatecd with the Reef limestones in the Norman 
Wells area, and are locally known as the Kee Scarp member because of their 
outcrops on the flank of Discovery Range on what is known as Kee1 Scarp. 
This zone in the Bluefish well, correlated with the Kee Scarp member, was not 
recognized by Stelck (19A) in outcrop. in the vicinity of Bear Rocle In the 
wells of the No1'man \Velis field, as s'hown by Boggs (lB), the Reef limestones 
consist of 75 to 125 feet of bedded limestones overlain by true reef materials 
composed of stromatoporoids, corallite , and •coral sand. It is the upper true 
reef part that is productive, wherea the lower bedded limestones are mostly 
barren. The basal part of bedded limestone is thought to outcrop on Bosworth 
Creek where it is 12 feet thick, but on Canyon Creek it was not recognized 
(McKinnon, 13A) and is believed to be replaced by a sandstone. 

As shown by Stelck (19A), another but higb.er limestone member than the 
Kee carp was recognized in the Bluefish well. This member, known as the 
Jungle Ridge limestone, can be traced from Bear Rock northeast to Norman 
(Discovery) Range. It i approximately 200 feet thick in the ouilcrops and, 
as shown in the section, 162 feet thick in the Bluefish well. 

These limestones are undoubtedly local member within the Fort Creek 
formation. It has been pointed out by Boggs (lB) that the coral reef is 
probably a growth on top of the Kee Scarp limestone member. In the cores 
from the wells in the productive area of the Norman Wells field there is an 
abundance of fossil remains in a groundmass of coral sand in the true reef 
above the -bedded limestone member. The fossils arc commonly corals, bryo
zoans, and stromatoporoids. In some of the wells there has been a considerable 
thickness, up to 50 feet in one known in tance, where the top of the reef wa 
composed of fairly soft and coarse coral sand with few fossil remains. In a 
well outside the proved area 100 feet of this coral sand was present, but in 
other wells in the field it may be ab ent. Thus the coral reef not only shows 
wide variation in composition, but it is als-o variable in thickness. These 
conditions are what would be anticipated from a coral reef growth. 

In various areas adjoining the Norman \Veils area the Kee Scarp member 
may or may not be present. Reference has already been made to Canyon 
Creek where the member is thought to be replaced by a sand tone. In the 
anticlines near the junction of Imperial and Car-cajou Rivers the Kee Scarp 
member may be repre ented by 5 feet of dark grey crystalline limestone con
taining many fossil fragment . This occur about 170 feet above the base of 
the Fort Creek formation (Bath lA). Reference has also been made to the 
presence of the Kee Scarp or Reef momber (Parker 16A) in the Fort Creek 
formation on Carcajou Ridge. In the central part of the south side of this 
ridge the Reef limestone is 70 feet thick, wherea at the west end it is only 
6 feet thick. Also, .according to Foley (6A), the reef lies directly on Middle 
Devonian limestone in the northeast part of the ridge, whereas farther west 
there are 21 feet of lower Fort Creek shales (Parker 16A). Some of the beds 
in the reef here are quite dense and imperviou , but the upper part is very 
bituminous and petroliferous. 

In the Mountain River area Parker (9) has placed only 10 feet of lower 
Fort Creek shales below the Reef limestone member, which is 380 up to 585 feet 
thick. It is overlain by 90 feet of upper Fmt Creek shalcs. This tremend.ous 
devcJ.opment of lime tone in the Fort Creek formation is unusual, as is also the 
comparative thinness of the whole formation. 

In the upper Fort Creek, in the Norman Wells field, Boggs (lB) has 
recognized a sharp differentiation, particularly in electrologs, between a lower, 
highly bituminous zone and higher grey shales. The thickness of the bituminous 

1 After the mythical Kee bird of the Cano! project. 
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zone varies with the thickness of the underlying Reef member , Where the reef 
is thin t he bituminous zone is t hick, and vice versa. There is also a decrease in 
t he combined thickness of the bituminous and Reef members away from the 
t rue reef (Boggs lB) , bu t this to a large extent is compensated for by an 
increase in th ickness of the upper non-bituminous zone. The total thickness 
within the orman \Velis field of the two zones of the upper Fort Creek shales 
plus the Reef member is 1,232 to 1,267 feet. \Vhere the bituminous zone of the 
upper Fort Creek shalcs is th ickest it becomes very dark in colour, almost 
coal-black in some places, and contains an abundance of pyrite and cherty 
materials that make the shale very hard (Boggs,· lB ). The thickness of the 
bituminous zone in t he Norman \Velis field varies from 118 to 294 feet, and the 
combined thickness of the bituminous zone and Reef limestone from 426 to 567 
feet (Boggs, lB). 

T he upper or non-bituminous zone in the upper Fort Creek shales contains 
many thin sandstone beds, and grades upward in to the overlying Imperial1 

sandstone. The thickness of this upper part in the \Yells in the Norman \Velis 
fie ld is 670 to 840 feet. 

The total thickness of the Fort Creek formation in the Norman Wells area 
is 1,600 to 1,800 feet. Near the mouth of Macdougal Creek, Nauss (15A) 
measured a section as follows: 

Descriplion Thickness 
Feet 

1,140 
185 

Soft, grey, flaky shales, some thin sandstone beds . ........ ...... . .... ... .... . 
Brown, platy shale ............. .... ................... ........ . ............ . 
Bluish grey shale with two beds of rusty weathering, grey, clay ironstone 

1 foot thick. This shale breaks into blocks 1 to 3 inches across. Sulphur 
stain .... . ................ . ...................................... . .... . 

Brown, rusty weathering, black, platy shal e; some concretions . ............. . 
Dark blui h grey, platy shale, petroliferous lime tone concretions ............. . 
Dark grey, platy shale; petroliferous limestone beds ................. .. ..... . 
Grey limestone with H ypolhyridina .. . . ................. .. ........ . ..... . .. . 
Disconformi ty 

150 
150 
90 
20 
5 

Total th:ckness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,740 

This section is about as thick as that in the Norman Wells field, but differs 
in that the bedded limestone member at the base of the true reef of the Jarman 
Wells field has not been recognized. T he reef itself is absent. The ection is 
thicker than some others of the same formation measured closer to Norman 
vVells. For example, on Canyon Creek McKinnon (13A) estimated that the 
whole of the Fort Creek formation was 900 feet thick , but did not include in this 
the sandstone member now thought to belong to it in the stratigraphic position 
of the Kee Scarp reef. On Schooner Creek much of the Fort Creek is concealed. 
H owever, according to Stelck (18A), a limestone member 100 feet thick overlain 
by 165 to 195 feet of coralline and browµ limestone occurs aboYe 450 feet of 
dark shales. The upper bituminous bed are covered. In the Hanna River 
area Smith (20A) estimated that t he Fort Creek formation was about 470 feet 
th ick , consisting of 270 feet of highly bituminous lower beds overlain by about 
200 feet of so.ft, poorly exposed, non-bituminous beds with some thin, fin e
grained sandstones. Reference has already been made to the presence of 5 feet 
of limestone of the Kee Scarp member in t he anticlines near the mouth of 
Imperial River (Bath lA). This limestone is underlain bv 170 feet of shales, 
and overlain by 625 feet of shales divisible into t"·o members, consisting of a 
lower 265 feet of dark grey to bl ack bituminous shales that in places have been 
burnt red and an upper 360 feet of soft grey shales \Yi th numerous ironstone 
lenses. Thus, in this, area the to,tal thickness of the F ort Creek is 800 feet. This 

I Formerly called nos,,·orth; See new defi nition in this report. 
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compares with a thickness of 850 feet reported by Hart (10) from Kay 
Mountains south of Bear Rock and west of Old Fort Point. The lower part here, 
also, is composed of black, hard, thin, slate-like beds that are strongly bitu
minous overlain by softer shales t hat weather greenish. 

In the Mountain River area attention has already been drawn to the 
unusual th ickness of 380 to 585 feet of limestone in t he Fort Creek fo rmat ion 
(Parker, 9), and the comparatively small thidrness of shales, amounting to 10 
feet below it and 90 feet above it, making a total th ickness of only 480 to 685 
feet. In the Ramparts River area McKinnon (7) also as igns only 250 feet 
of beds to the interval occupying a imilar stratigraphic position to t he Fort 
Creek shales. The beds are black, platy shales with thin sandstone beds. On 
Hume River the Fort Creek beds are concealed by muskeg, and no estimates o·f 
thickness were made by 1\Ioon (8). 

In the lower Mackenzie River area Nauss (3) reports that there arc 50 feet 
of black, platy shales, in places burnt red, overlying the ba:Sal sandstone member 
in the Thunder and Outaratou1 River areas. The maximum observed thickness 
of ·the upper part of the Fort Creek shale was 160 feet, but the top was not seen. 

In the upper Peel River area Stelck (1) has mapped beds believed to be the 
equivalents of the Fort Creek .formation of the Mackenzie River area. The 
Upper D evonian bed in t his area may be 2,.000 feet thick, and outcrops occur 
in the Hungry Lake area and on P eel River below the lower ·canyon to 8 miles 
below Snake River. At the base of the section at the lower canyon there is a 
conglomerate carrying Ramparts fossils. As pointed out by Stelck , this could 
be reworked material , and hence actually younger in age than Ramparts. The 
section is as follows.: 

Description Thickness 
Feet 
100 

15 
60 

Shales and sandy shales, -largely obscUTed . . ........ . ...... . . ......... . ...... , 
Limestones, thin, with Cladopora; interbedded with shale; contains tar ..... . 
Limestone, and limestone breccia,,_ and conglomerate, with Cladopora . ....... . 
Stromatoporoid reef, limestone conglomerates . . . . .. : ......... .. ............ . 
Shales wi th t hin coquina limestones containing Acervularia, Favosiles, 

Alveolites, Cladopora, Cystiphyllum, Stromatoporoid (Ramparts) ....... . 
Conglomerate of limestone and shale with boulders to 3 feet; Tenlaculites ... . 
Limestone with Favosiles ............ , .... .. ... , ......... ......... , .... , ... . 
Limestone, grey, bedded, petroliferous .. ...... , ..... . ........ . ............. . 
Shale with Tenlaculiles and }ji,ngula . .. .... .... . . .. ..... . .. ... ...... .... .... . 
Biohermal limestone lens, with thin shale at base; Acervularia, Stromaio-

poroid .. ......... . ..... .............. ............. ... ...... .. ......... . 
Biohermal limestone lens with thin shale at ba e . . ...... . ... . .... . ........ . . 
Biohermal lime tone lens ..... .. .. .. . .. ................ . . ... . . ........ .. . . .. . 
Limestone, grey, coarse, len ticular ................... . ... .. ............. . .. . 
Shale, hard , slaty, with Conularia ... .... . .......... . ....................... . 
Shales with graptolites, contact hard to determine 

3 

45 
15 
4 

20 
2-20 

0- 10 
10 
10 
8 
6 

Total. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303-331 

On the ba is of btack interbedded shales carrying T entaculites Stelck (1 ) 
places these beds in the Upper D evonian, and hence t he Middle D evonian fossils 
may be from transported materials. 

On Margery Creek , 15 miles east of the lower 1canyon, there are no con
glomerate beds, but there are 50 feet of shales below and 900 feet of shales above 
the Cladopora zone that are assigned to the F ort Creek formation, the top of 
which is at the base of a heavy sandstone bed considered the lowest bed of the 
overlying Imperial formation. The upper beds of the Fort Creek formation are 
platy, sil1ty shales that are in places burnt rose-red by the ·combustion of 
petroliferous materials in t hem. 

About 20 miles southwest of Fort McPherson, up Stony Creek in the Mount 
Toughenough area, Foley (2) found highly contorted black shales near a fault 
contact. It is sugges.ted rthat this shale may be the equivalent of the Fort 

1 This is spelled Cutaratou in Cano! reports. 
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Creek. The thickness is difficult to estimate, but may be about 500 feet. East 
of this shale and ea t of a fault that bounds it are more dark grey shales with 
interbedded, brownish grey sandstones in beds 3 inche to 2 feet thick. These 
beds are presumably above the other black shales, and their thickness also may 
be as much as 500 feet. No fas ils were found and, like the other hales, these 
are highly icontortecl. 

South or' the Norman Wells area the Fort Creek formation is easily recog
nized. In the Redstone River area Hancock (11) estimated that the Fort Creek 
shales may have a thickness of 1,500 feet. The part of the section observed 
by him, obviously from near the base of the formaition, wa composed of hard, 
black, platy, bituminous sh•ale that weathers rusty to yellowi h. In the Daha
dinni River area Bath (12) reported approximately 1,000 feet of Fort Creek 
shales made up of an upper part of soft grey .hales and a lower part of harder, 
more resistant, black, bituminous shales. In the Yicinity and north of 
Wrigley, on the east bank of Mackenzie River, Williams (12C, p. 81) mapped 
Fort Creek bed , and it was from these that Kinclle1 de cribecl a fauna con
taining Bitchiola retriostriata, Bitchiola dilata n.sp., and Tentaculites mackenzi
ensis n.sp., as well as other fossils. It was on the presence of Buchiola retri
ostriata that these beds were correlated with the Portage of New York. Attention 
was drawn by Monnett (13A) to the fact that the beds outh of Johnston River 
and opposite the trail to Blackwater Lake belong to the Imperial formation. 
This was indicated by Hume (•llC, pp. 81-82), but on Geological Survey Map 
2022 the beds are incorrectly hown as Fort Creek. 

In the upper non-bi·tuminous part of the Fort Creek shales in the Carcajou
Little Bear River Divide area, Stelck (17 A) collected Cyrtospirifers, and on the 
basis of these fossils makes a ·correlation of the upper Fort Creek with the Hay 
River shales of Great Slave Lake. Hitherto the Simpson shales of Great Slave 
Lake have been considered the equivalents of the Fort Creek shales of the Fort 
Norman area, clue io the presence of Buchiola retriostrata in the type section of 
the Simpson formation on the northeastern bank of Mackenzie River opposite Fort 
Simpson, where about 140 feet of shales are exposed, and 5 miles above Rabbit
skin River, where 65 feet of beds containing fossils occur. It i statecl 2 ithat beds 
immediately above these, in the Hay River section on the south side of Great 
laYe Lake, ·carry a Spirifer disjunctus fauna3. The Spirifer dis.iunctus fauna 

would be hi~her than the Fort Creek, that is, it would lie in the overlying Imperial 
formation of the orman Wells area, but on Hay River no Simpson shales are 
exposed, and there may be a considerable interval of unexposed beds between 
lf.ay River 4 and Simpson exposures. On Bouvier River, which enters the 
Mackenzie about 25 miles below Mills Lake, a fairly complete section of the 
lower part of the Hay River beds is exposed, according to Whittaker (13C, p. 98). 
Thes-e beds lie entirely within the Spirifer disjunctus zone. In view of this it is 
difficult to understand Stelck's correlation, as the Spirifer disjunctus fauna is 
considered higher than any part of the Fort Creek shale . In this connection it 
should be noted that Landon (lOA) in the Imperial River area drew the 
boundary between the Fort Creek and the overlying Imperial formation at the 
top of t he bituminous zone of the Fort Creek, and included the overlying, d•ark, 
non-bituminous and greenish shales with thin sandstone beds in the Imperial 
formation. o fossil evidence is given to support such a division. In the 
Schooner Creek area (18A) and in the Carcajou-Little Bear River Divide area 
(17A) Stelck ·also suggests that the Fort Creek formation should be terminated 
at the top of the bituminous zone, and that the name "Carcajou series" should 
be u eel to include the non-bi tuminous beds and the Imperial formation. In no 
case, however, was such a clivi ion followed for mapping purposes, and no type 
sections were indicated. It is quite •apparent that everywhere the upper non-

'Kindle, E. M. : Gcol. Surv., Canada, Mus. Bull. 29 , p. 3. 
'Kindle, E. M.: Gcol. Surv., Canada, Mus. Bull. 29 . p . 2. 
' The Spirifer disjimctus may be Spirifer whitneyi; See Geol. Surv., Canada, Sum. Rept. 1921, pt. B, p. 72. 
4 Tn the collections of the Geological Survey, Spirifer (disfu.nctus) wh1.tneyi occurs in the Hay River shales from 

Hay River. 
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bituminous beds grade upwards into the Imperial formation by the inclusion 
of more sandstones, so that the bound.ary between the two is drawn arbitrarily. 
If there is any change in formational boundaries, therefore, the Imperial should 
be re-defined to include the beds now included in the upper part of the Fort 
Creek. These non-bituminous upper Fmt Creek beds are those that Stelck 
(17A) in the Carcajou-Little Bear River area correlate with the Hay River 
shales. In the Imperial RiYer area Laudon considers them to be 361 feet thick, 
whereas in the wells of the Norman \"Vell field Boggs (lB ) logged them as the 
upper member of the Fort Creek formation, and shows that they have a thicknes 
of 687 to 800 feet. 

At present it is irnpo sible to settle the question raised by Stelck and Laudon 
as to where the non-bituminous beds now included in the upper Fort Creek 
formation shou ld be placed. B ecause for mapping purpose the Canal gcologd8 
have left these beds in the Fort Creek formation, thi::: seems for the present to 
be the preferable and more practical thing to do. 

The Fort Creek shale, by reason of its highly bituminou character, may 
have been an important source of oil. The wide clistribution, therefore. is a 
matter of great significance. 

Il\IPERIAL FORMATION 

The Imperial formation, also of Upper Dev1;mian age, "·as originally named 
Bosworth formation by Kindle and Bosworth (5C) in 1920. In 1921 Bosworth 
called these same beds Camp Creek serics1

. In 1936, Kindle2 renamed the 
formation "Carcajou Mountain Beds" because he discovered that the name 
Bosworth had previously been used as a formation name by W alcott3 for 
Cambrian strata in the Field area of British Columbia. In making this change 
Kindle suggested that the type section should be on the edge of Carcajou Ridge, 
43 miles below Bosworth Creek. At this locality only a fe\\· hundred feet of these 
beds are exposed, and it seems preferable, now that better sections are kno,rn, 
to make the type section on the northcast flank of Imperial Mountain Range 
on Imperial River, and, as suggested by Link, to call these beds the Imperial 
formation. The area i 10 miles outhwest of the junction of Imperial and 
Carcajou Rivers. The section has been ·described by Laudon (lOA) a 
follows: 

Description Thickness 

Cre>tareous sandstones anc! shales wit,h a conglomerate at the base . .. .... . 
Tmvcrial formation 
:=::ofl, fine-grained, dark-coloured shales in lower part interbeclclcd with thin, 

sandy and grey-brown limestone beds. The limestone b cls are very 
fd;;'>iliferous. and contain Atr11va, Cyrlospirifcr, Cyrtina, Camarotoechia, 
Hypothyridina, Bellerophon, Plciirotomaria, Actinopleria, and 111 egislo
crimrn. Rome. heels are almost completely composed of crinoid :;-terns. The 

Feet 

soft heds form mud slides. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450 
Dark. rnft, green shalC'IS alternating with green and shaly sandstones; some 

limy concretions in crntral and lower part. . . . . . . . . . . . . . . . . . . . . . . . . . . . 251 
Dark green shale and i:i:reen sandstones with intraformalional conglomerate 

zones with abundant fish teeth mostly in the upper and central part ; 
hro\l'n limestones with brachiopods and corals in the lower pa1't.......... 346 

GreC'n sandstones and shales with some ironstone concretions. . . . . . . . . . . . . . . . 354 
Green sandstones and shale with a brown. very hard, siliceous limestone at 

the top carrying a large gasteropod fauna.............................. 223 
Green, sandy shale with subordinate amounts of green sandstone>s; a brown, 

111ny sandstone bed a.t the top with brachiopocls (Atrypa, Spirifer, Cama-
rotoechia) and a large gasteropocl fauna. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 

Soft. green sandstone and green, sanely shale, with a hard grey limestone at 
the top filled with corals and bryozoa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262 

Total ................ . ......................................... 1,98 
1 Bosworth, T. 0.: The Mackenzie Oil-field of "ortbern Canada; Inst. of Pet. Teeb. London, vol. 7. p. 282 (1921 ) . 
'K_indle. E. l\L: Srienre, vol. 83, pp. 14-15 (1936). 
'l\ alcott, C. D .: Smithsonian Misc. Coll., vol. 53, No. 180~ . pp. 2-3 (190 ). 



In addition to the above beds Laudon included the upper non-bituminous 
part of the Fort Creek shales in the Imperial formation, because the division 
between these and the bituminous shales on which they rest is relatively sharp, 
whereas the non-bituminous shales of the Upper Fort Creek contain some sand
stones and grade upwards into the Imperial formation. As already explained, 
these non-bituminous beds have not been incorporated here in the Imperial 
formation, although further ·work may show that this should be done. 

In the Norman Wells area the Imperial formation consists of green and 
fi ne-graincd silty sandstones and shales. Some of these beds carry marine fossils, 
1Yhereas others carry plant fragments and carbonaceous materials. There is 
a gradat ional contact from the underlying Fort Creek shalcs. The upper part 
of these beds contains thin sandstones, and the contact of the Fort Creek and 
Imperial formations is usually placed at the base of the first heavy sandstone 
bed or in beds that carry the distinctive Spirifer disjunctus fauna. 

The Imperial formation comprises the youngest Palrnozoic rocks in the Nor
man Wells area, and an erosional interval separates it from the overlying 
Cretaceous strata. In small isolated outcrops in some localities the Imperial 
strata ·[tre not easily distinguished from Cretaceous beds, although usually the 
tlro arc sufficiently unlike to be recognized. 

The green and fine-grained sandstones and shalcs of the lower part of the 
Imperial formation are replaced up"·ards by darker hales. The section as 
given by Nauss (15A) for the upper Carcajou River area is as follows: 

Description Thickness 
Feet 
600 
200 

Bluish grey shale .............................................. . .... . ..... · · 
IntPrbcdcled, fine-grained, flaggy sandstone and grey shale ................... . 
Red and purple sandstone and grey shale .................................. . 
Interbcdded , fine-grain()d. flage;y sandstone and grey shale ...... . ........... . 
Massive, fine-grained, calcarrous sandstone 
Co,·cred-sandstonc and shale 
Fine, grey, micaccous sandstone 
Silty, grey shale and some siltstone layers 
Grey, laminated , micaceous sandstones 

75 
400 

190 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,465 

According to Nauss all measurements of the Imperial formation in this area 
were bet,Yeen 1,420 and 1,690 feet, or an average of approximately 1,500 feet. 

In the vicinity of the mouth of Carcajou Oanyon, Hume (UC, p. 58) 
measured a section of 1,600 feet of Imperial sand tones and shales with an 
unexposed interval of 600 feet above it and below a Cretaceous sandstone out
crop . The sections of Imperial beds measured by Laudon (lOA) in the Imperial 
River area at the edge of the mountains amounted to 1,988 feet, not including 
the upper non-bituminous zone 361 feet thick in this area ordinarily considered 
as Fort C reek, but thought by Laudon to be more clos ly related to the Imperial 
on account of the gradation upwards into it. These sections •of Imperial strata 
described from the Carcajou-Imperial River areas are thicker than any others 
known in the 1\Iackenzie basin . 

In the area near the mouth of Imperial River, Bath (lA) describes 265 
feet of fine-grained sandstone beds alternating with soft. grey shale and thin 
sandstone in the lower part of the Imperial formation. The total thickness 
here is believed to be oYer 1,000 feet, with thin sandstones interbedded with 
hales , but grey shales predominating in the upper part. 

In the Norman W ells field drilling begins in the Imperial formation, which 
outcrops on the delta of Bosworth Creek and in small expo ures on the banks 
of Mackenzie River. On Goose and Bear Islands and on the west bank of the 
Mackenzie in this area Cretaceous beds oover the Imperial beds unconformably, 

36894-6 



36 

so that the whole thickness of the Imperial formation has been penetrated by 
many wells . According to Boggs ( 1B) the thickness varies from 437 t;o 700 
feet. This is taken as an indication of the amount of differential erosion 
preceding Cretaceous deposition in this very local area. 

The Imperial beds outcrop between the Norman (Discovery) Range and 
Mackenzie River northward from Bear Rock to and beyond Norman Wells. 
In this area, however, only scattered outcrops occur, and no complete sections 
are exposed. The best sections are those already describod from Carcajou 
Mountains. In the Mountain River area Parker (9) describes the Imperial 
beds . The lower part, 80 feet thick, consists of slightly sandy, dark grey 
shales with a few shaly sandstone beds. Although Parker does not say so, 
the description suggests that this is the upper member o.f the Fort Creek forma
tion, concerning which there is some difference of opinion as to where it should 
be placed. Above this shale member is 'a sandstone member 630 feet thick 
containing an "intraformational, edgewise, limestone conglomerate" at the base. 
This is probably the lowest member of the Imperial formation in the Long 
Rea,ch1 area of the Mackenzie. It contains Atrypa reticularis and crinoid stems, 
but no other fossils are mentioned. It is overlain by 295 feet of massive, brown 
weathering, limy S'andstones that contain abundant Cyrtospirifers. The upper 
100 feet of this member is exposed at the Whirlpool anticline, about 20 miles 
above the mouth of the river. This sandstone member is in turn overlain by 
195 feet of black s,hale grading downward into a shaly sandstone in the basal 
35 feet of beds. Only 15 feet of this member is present in the Whirlpool anti
cline where the remainder has been removed by pre-Cretaceous erosion. Thus 
the total thickness of the formation in the Imperial Mountains of the Moul1'tain 
River area is 1,200 feet. 

In the Arctic Red River area on Houston River, a bmnch entering Arctic 
Red River at the moul1'tain front, beds assigned to the Imperial formation by 
McKinnon ( 4) were seen. The !owe t member of these beds is a sandstone in 
contact with dark shale, presumably of the Fort Creek formation. No fossils 
were found. The top of the Devonian was not seen and outcrops are scar,ce. 
On the basis of the covered interval the Imperial formation was thought to be 
about 1,000 feet thick. 

In the Upper Peel River area Stelck (1) mapped marine and non-marine 
beds, 1,050 feet thick, believed to be the equivalent of the Imperial formation. 
On J\tfargery Creek, 15 miles east of the lower canyon of Peel River, there is a 
20-foot sandstone bed, the base of which i consid~red to be the top of the Fort 
Creek formation. This sandstone is interesting also in that in an anticline, just 
below the mouth of "Calamites" Creek and 8 miles east of the lower canyon, it 
contains two · dykes of bituminous materials. The section above the 20-foot 
sandstone is exposed on "Calamite " Creek and consists of the following 
success10n: 

Description Thickness 
F eet 

Siltstones with thin, interbedded shales with Lepidodendron ................. . 
Marine shales with occasional thin, silty bands ............................... . 
iHy shales, ledge forming, petrolife.rous, burns red ................ ... .... . ... . 

Marine shales with ironstone bands .. . ........................... .. . . ...... . 
Limy, silty shales with plants; petroliferous . .... ........... . .. ... ... .. ..... . 
Shales with petrolifcrous dolomite nodules .................... . ........ . . . .. . 
Sandstone, crossbedded .......... . .............. . ...................... . .. . 
Silty shales with Calamites flora, and shaly sandstone . . . .......... : . .. .... . . . 

30 
340 
JO 

120 
50 

200 
20 

250 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,050 

1 The Long Reach is the com parativc- ly straight part of Maclrnnzie River, 80 miles !ong, between Bear Rock 
and Carcajou (Ridge) Mountain. Kindle, E. M., and Bosworth, T. 0.: Geol. Surv . , Canarla, Sum. Rept. 1920, 
pt. B, p. 42. 
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The 250 feet of beds below the 20-foot and tone are presumed to be the 
equivalent of the upper non-bituminous beds in the orman Wells area, so 
that the whole section here is described by Stelck as "Carcajou series". 

Beds found in the lower 50 miles of Arctic Red River are considered by 
McKinnon ( 4) to be Imperial in age. These beds consist "mainly of sand
stones, with less amounts of shales· and sanely shales. The sandstvnes are 
generally grey to brown in colour, evenly .fine-grained , well incluratecl and 
micaceous and contain va·riable amounts of oft coaly remains and impressions 
of primitive plant forms. Fragments of bmchiopods and crinoid columns were 
found in limy sandstones a·t two horizons near the base of the section". In the -
Appendix of this report, " ·hich includes the tentative identification of fossils by 
Stelck, the plant remain are referred to the Cretaceous, and the brachiopocl and 
crinoicl fragments to the Cretaceous or Upper Devonian. Apparently, therefore, 
there is still some doubt a to the age of these beds. The general opinion, 
however, is that they are Devonian. 

In the lower J\Iackenzie River area Nauss (3) map beds previously con
sidered Cretaceous as belonging to the Imperial formation. As pointed out by 
him, in an outcrop 10 miles above Tree River, which in turn is 40 miles above 
Arctic Red River, McConnell reported (lC, Map No. 7) Inocerami from what 
he iconsidered Cretaceous beds. McConnell first noticed t hese beds 20 miles 
below old Fort Good Hope, and in the next 15 miles earchecl the outcrops for 
fossils, but obtained (llC, p. 111) only "an almost unrecognizable fragment of 
an ammonite which was found at the base of one of the section ". In his notes 
made at the time of his traverse of Mackenzie River in 1888 McConnell men
tions having obtained a fossil in an ironstone nodule from the area mentioned by 
Nauss above Tree River. Evidently the idenitifica.tion of this fos il was made 
in Ottawa, and hence the name occ~rs on the map issued in 1891. Nauss states 
that he searched for fossil in this same area and found none, but at other places 
found o::;tracods, crinoicl stems, and brachiopods, which led him to the con
clusion that these beds are Devonian in age. In the Appendix to Nauss' report, 
where the fossils are tentatively identified by Stelck, t he ostracocls and crinoid 
stems are Ji ted, but no reference is made to the brachiopvds. The succession of 
beds for this area, placed in the Imperial formation by Nauss. is as follows: 

Description Thickness 
Feet 

Smooth, grey, crumbly, homogenous shale; some thin , fine-grained sand-
tone beds; crinoid stems. ostracoch'. Outcrop in Tree River area .... _._.. 350 

Interbedded, fine- and medium-grained, greeni h grey, blocky and fl aggy 
sandstone and gre~·. silty shale; exposed in the Lower R amparts of the 
Mackenzie just abO\-e Arctic R eel River and downstream to Point 
Separation; abundant plant remains, crinoicl stems. . . . . . . . . . . . . . . . . . . . . . . 500 

Grey, ilty shale and aJ'giilaceous sil tstone, some thin sandstone beds. Base 
not seen ..... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150+ 

It has been suggested by Link that, as in some areas the Imperial beds are not 
easily di tinguished from the Cretaceous, strata of both ages may be present 
in this section. · 

East of Fort McPherson up fony Creek near Moun t Tou()'henough, mention 
has already been made of 500 feet of hales, described by Foley (2) west of a 
fault, that are belieYed by him to represent the Fort Creek hales. East of the 
fault other beds, also perhaps as much a 500 feet thick and pre umably higher 
tratigraphically, have thin sandstones interbedded with them. The age vf 

these higher beds in the Devonian i uncertain. Along P eel RiYer the oldest 
Devonian rocks seen were 50 feet of grey andstones overlain by 10 feet of 
siand:sitone made up of subangular fragiments of feldspaJ·, ferromagnesian 
minerals, and a little quartz_ Both of these sandstones contain tiny transported 
fra!!mcntis of a phaltites. Fossil wood, Atrypas, and crinoicl stems were found 
at the mouth of T ailinejeh River. These sandstones do not occur on Stony 

36804-6~ 
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Creek and pre umably were eroded before the Cretaceous was deposited. Above 
them there are 100 feet of grey shalcs with hard, dmk grey sandstone . The lower 
sandstones, according to Foley (2), outcrop at Arctic Red River post, and thu 
must be the same as included by au s (3) in his intermediate member. The 
contact of the Upper DeYonian with the overlying Cretaceous beds, according 
to Foley, occurs 6 miles up Stony Creek. The D evonian beds dip 3 degrees to 
the south, whereas the Cretaceous beds are horizontal. 

South of the :Fort Norman area the Imperial formation outcrops in the 
Gambill Mountains area (Hart, 10) ea t of upper Little Bear River. The 
outcrops, hmYever, are poor and, although perhaps 700 feet of beds occur, the top 
is concealed. The 101Yer shale , 50 to 100 feet thick, arc soft, but overlying them 
is a sandstone approximately 50 feet thick containing an abundance of spiri.fers 
and other fossils. Abon the sandstone arc 500 to 600 feet of soft, grey, marine 
shales. 

In Redstone RiYer area , the full section of I mperial beds i not exposed, but 
Hancock (11) giYes the following section: 

Description Thickness 
Feet 

Shales, soft, grey, silty; sandstone beds up to 8 feet thick; contact with the 
ovt'rlying Cretaceous not exposed; pelecypods.......................... 90+ 

Shalcs, Randstoncs. and JimPsloncs; soft grey shales grading into fine-grained 
sand tones, interbeddcd with thin, dark grey lime tones; coral, Atrypa, 
Strophcodonla. Pugnoides. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140+ 

Uncxposcd-probaoly shalcs and sandstones. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120+ 
Shale, soft, dark grey, flaky; small ironstone nodules; becomes sandy toward 

top; crinoid . pe lecypod, Cyrtospirifcr, Atrypa . ......... .......... . .... .. 180+ 
Sandstone and shale; fine-grained sandstone and shaly sandstone with browni h 

grey, micaeous shale; th in, dark grey, dense limestone in middle part of 
s 0 ction; Paracyclas, coral, Atrypa, C honetes, Cyrtospirifer, coniati te. . . . . . 390 

Total. .. ........ ..... ..... ... , . . . . . . . . . . . . . . . . . .. .. . .. . . 920+ 

The lower contact of the Imperial is here gradational into Fort Creek shales. 
In Wrigl ey Rinr area, Monnett (13) mapped a large anticlinal arch on the 

north branch about 20 miles from Wrigley. Nin e hundred feet of beds 
exposed on this anticline are in the Imperial formation. The section is as 
follows: 

Description Thickness 
Feet 

Grey shales and green to buff siltstone with shales prominent in the upper, 
and siltstone making up 50 pet cent of the lower, part............. . ..... 650 

Hard, brittle. dark "rey, micaceous shale, with interbedded siltstone and fine-
grainecl sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 

The two sections given above, one from ·Wrigley Rive'.' , and the other from 
Redstone River, should be compared with the section from North Jahanni and 
Root River (9C, p. 72), whe·re the section is as follows: 

Description Thicknes.s 
Feet 
100 -Shale, dark. fissile ............ . ......... ........................... ... ..... . 

Athyris angelica zone-yellowish weathering limestone and interbedded grey 
hale, Athyiis angelica, L eiorhynchus, Spi1ifer whitneyi, Proditclella, Am-

bocoelia, Jlypothyris cuboides... . ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200± 
Shale and limestone 
R eel shale and interbeddecl limestone, Spi1ifer sp. 
H eavy bed of massive, unfossiliferous limestone. 
Thin, grey shales alternating with thin limestones. 
Fossils in the above section are Leiorhynchus, Athyris angelica, Spirifer 

disjunct us (?), Spirifer whitneyi, Eatonia, Productella, A mbocoelia, 
Hypothyris cuboides ....... , ............................... . ........... 1,000- 1,200 

L eiorhynchus zone 
Alternating beds of limestone and shale with limestones predominating 

tmrnrds the top; Leiorhynchus (abundant) , Camaroloechia, Schizophoria, 
Spirifer disjunctus, Alhy1is angelica, Rhynchonella... . . . . . . . . . . . . . . . . . . . 800-1,100 
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In the Leiorhynchus zone a coral reef was found on Root River, and in it 
were many crinoid heads1 as well as abund·ant corals and brachiopods. 

The Spirifer disjunctus 2 and other fossils indicate that these beds arc to be 
correlated "·ith the Imperial formation of the Norman ·w ells area. The absence 
of sand1Stone and the presence of limestone in this section in comparison with the 
sandstone in the Imperial formation is particularly importr.nt as indicative of 
the change in sedimentation southward. These beds ar correlated with the 
Hay River limestones of Great SJa,·e Lake area, but, as noted by Whittaker 
(7C, pp. 52-3) on Trout River, there arc higher bed there than in the Hay 
Ri\-er section. This same condition apparently prenil- in the North Iahanni
Root Rivers area where there are still higher Upper DeYonian beds than described 
from Trout River, and as interpreted by Hume (llC, p. 59) higher than any 
that occur in the Imperial formation of the Norman \Yells area. Link found 
a goniatite, 1l1anticoceras intumescens, in the Imperial formation, and this is 
regarded as in the lower half of the Upper Devonian. On Redknife River, a 
tributary from the south entering ~1ackcnzie RiYer 63 miles below Fort 
Providence, Whittaker (13C, p. 97) has de-cribed a coral reef similar to that· 
seen by Hume (9C, p. 71 ) in the Leiorhynchus zone in Roo t River area. These 
coral reefs are thus higher stratigraphically than the productive zone in the 
Norman Wells field, although all are Upper Devonian in age. 

CRETACEOUS 

The Cretaceous in the Norman Wells area disconformably overlies the 
older beds, and the erosion interval is very marked. Not only is the Imperial 
formation quite variable in thickness locally due to varying amounts of erosion, 
but at the Rampart of the 1\Iackenzie both it and the underlying Fort Creek 
shales have been entirely removed, and Cretaceous strata are in contact with 
Middle Devonian limestone . Similar conditions occur on the ridges in the 
vicinity of Sans Sault Rapids and in Kay Mountains, 12 to 15 miles directly 
south of Bear Rock at Fort Norman. 

In the Imperial syncline (Nauss, 15A) and in Mountain River area (Parker, 
9) the Cretaceous has been divided into three parts, each of which is described. 
These sections have not been definitely correlated with sections de cribed from 
other places, so that there is still some confusion in the use of formational names. 
For this reason, until more complete information is available, the use of forma
tional names is avoided in this report. The beds in the Imperial River area 
(Laudon, lOA) have been correlated with those on Slater River (Foley, 5A) 
and Little Bear River and are the same as described by Nauss (15A) in the 
same area as follows: 

Descriplion Thickness 
Feet 

Dfri •ion (' 
C:re:--. silt,v shal e and fine-grained sandstone . ...... . ..... . 
Hard. medium-grained sandstone forming persistent ridge; l 11occranws ...... . 

Divi•ion R 

600 
20 

Grey, flaky shale; some thin sandstone bed near the top ............. . ... ... 1,400 ~1 ,500 
Di11i•io11 A 

Fint>-graincd , white weath t> ring . blocky sandRlone; some thin shal e breaks; 
ironstone concretions; Be1ulanliceras, l noceramiis...... .. ..... . . . . . . . . . . . 130 

Soft grey shale, poorly expo~cd; fine-grained, glauconitic sandstone; fine
grained, crossbeclded sandstone-petroliferous; grey shale. sanely; coarse 
quartz sandstone with thin conglomerate layers . . . . . . . . . . . . . . . . . . . . . . . . . 860 

1 These crinJ:ds hn. .. c ~ccn J ~ ~!' il.:l ·· 1 '.Jy .'::>-in~ ~ r, Fra!'l'c Ge ) I. Surv . . Cana~I a, :\ ·[us. Bull. 4?, ?P· 127-132, Pl. XXIV 
:rn~6) . 

2 As has prcviou:::. l.v be!'n ;Jointed out t11ec><" fo~s: l s ar::- not P:-::t "'t b similar to the type Spirl]er disjunclus. 
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Division A was described by Parker (16A) from the west end of East 
Mountain and both sides of Mackenzie River at Sans Sault Rapids. It consists 
of a basal sand, in places conglomeratic, a middle shaly member, and an upper 
sandstone, which causes Sans Saul>t R•apids. The following fo sils indicating a 
Lower Cretaceous age were found in the upper sandstone of t he type section: 
Gastroplites, Pleuromya, B eudanticeras 1 , Inoceramus, Lima, Peet en (?), H oplites, 
Pinna. Part of the beds in the section are ·covered·, so that the thickness is not 
exactly known but is given as 1,411 feet. The thickness on Mountain River is 
about the same, and the basal member has a pebble conglomerate 1 to 2 feet 
thick with pebbles up to 1 inch in diameter. 

Division B was also described by Parker (9) from Mountain River in the 
area adjacent to Sperry Creek. This division consists of dark grey to black 
shales with a few ironstone concretion bands and a few thin beds of siltstone 
and sandstone. No fossils were :observed. The thickness in the Mountain River 
area is 2,150 feet. It is overlain by 355 feet of ·coarse-grained sandstones inter
bedded with dark grey to black shales of Division 'C. · 

Division C was described by Nauss (15A) from Link Bend on Imperial 
River, where 620 feet of beds of this age are exposed, but where the top of the 
division is not present. The Inoceramus present is similar to that from beds on 
Little Bear River (Hume, 14C, Plate I) where-a succession of sandstones with 
coal is overlain by dark, fissile shales. 

The Beudanticeras affine fauna occurs in the Clearwater shale of the 
Athabaska area and the Moosebar shale of western Peace River area. The 
Gastropolites, .according to Mc·Learn 2 , is a northern fauna and is known f.rom 
the catter formation3 of Liard River area and in the Hasler formation of P eace 
River. Both the Beudanticeras and Gastropolites faunas indicate Lower Cre
taceous age. 

On Slater River, which enters the Mackenzie from the west about 16 miles 
below Fort Norman, Foley (5A) mapped a succession of dark Cretaceou~ shales 
more than 200 feet thick. It appears as if this represents Division B o.f 
Parker and Nauss. There are some ooncretions and1 concretionary beds and 
many thin bands ·of bentonite. Fragments of a fossil, possibly Inoceramits, 
were seen. Overlying the grey shale is a grey, papery hale 5 to 20 feet thick 
with abundant fish scales. These form the surface at this locality. 

On Little Bear River, Link, according to Monnett (14A), divided the 
Cretaceous into three divisions. The two lower of these are prnba.bly Divi ions 
B and C. The uppermost is Division D. They are composed as follows: 

Description Thickness 
Feet 

Division D-grey shale .................................................... . 
Division C-shales, sandstone, and coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 780 
Division B-grey shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 900 

Division C is well exposed on Little Bear River on the south limb of a 
large syncl ine northwe ·t of Gambill Mountains. It can be divided into three 
members as follows: 

Description Thickness 
Feet 

Sandstone and highly carbonaceous shales with coal seams from a few inches 
to severa l feet thick........................ . . . . . . . . . . . . . . . . . . . . . . . . 100+ 

S::mdstone with conglomeratic streaks and brown to grey shale with thin 
seams of lignite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350 

Sandstone, greenish grey, with grey shale containing brown ironstone......... 200 

1 For correlati on, See l\{cLearn, F. H.: Revision of the Lower Cret.aceous of the Western Interior of Canada· 
Geol. Surv., Canada, P1tper 44-17, p. 4 (1944) . ' 

'McLearn, F. H.: Revision of the Lower Cretaceous of the Western Interior of Canada; Geol. Surv., Canada, 
Paper 44-17, p. 4 (1944). 

'Kindle, E. D.: Geol. Surv., Canada, Paper 44-16, pp. 4 and 11 (1944) . 
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Division D is exposed on the east fork and· along Little Bear River. It 
consists of 850 feet of shales, which , according to Hart (10), are similar m 
lithology to Division B shales. 

In the Imperial River area, from which auss (15A) described the rocks 
of Divi ion C and other Cretaceou beds, Laudon (lOA) mapped the same beds 
as Divisions B and C. Division B, estimated by Laudon to be 1,324 feet thick1, 
consists of the following succession: 

Description Thickness 

Soft, black and green shale, ironstone concretions ........................... . 
Green to grey, thin-bedded sandstone with soft, black, sandy shale ; concretions 
Soft, black, pyritic shales interbedded with a few shaly sandstone beds; a 

few limestone concretion beds .......................................... . 
Soft, dark, sandy shale interbedded with sandstone; ironstone concretions ... . 
Soft, black shales with many concretions and a few sandstone beds .. .. . . .... . 
Yellow to grey sandstone with large black flint nodules at top; underlain by 

soft, black shale and some sandstone with a coal bed; underlain in turn by 

Feet 
170 

55 

680 
137 
150 

shale and sandstone with a quartz pebble conglomerate at base..... .. . .. . 132 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,324 

This succession of beds is overlain by what Laudon (lOA) calls Division C, 
569 feet thick, consisting of the following beds : 

Description Thickness 
Feet 

Soft, green, brown, and tan sandstone beds interbedded wi th dark, sandy 
shales and containing a few limy concretions ........................... . 

Soft, black, pyritic, slightly sanely shales with minor sand beds and a few 
limestone concretion zone- . ...... ... .. ............ . ... ....... . ... . ..... . 

Grey, green, brown, and tan, porous, relatively fine-grained quartz andstone ; 
very persistent in this area . .... . ...... ... ..... . ..... . ................. . 

Total. ......... . ... ... .... .......... . .. ......... ... . 

295 

210 

64 

569 

No fossils are given by Laudon from these beds of Division C, but it is 
obvious from the de cription that they are the same beds as auss (15A) 
des·cribed a Division C. The thickne s of the basal sandstone as given by 
Nauss is somewhat less t han th at given by Laudon, whereas the total thickness 
of the division a given by Nauss is somewhat greater than that given by 
Laudon. The above description of Division B by Laudon in t he Imperial 
River area is similar to that for Divi ions A and B of Nauss. 

The total uccession of Cretaceous beds as understood at pre-ent appears to 
be as follows: 

Desc1iption Thickness 
Division D Feet 

Dark shales as on east fork of Little Bear River (Monnett, 14A, and Hart, 10) 850 
Division C 

Sandstone, shale, and conglomerate, with coal, in Li ttle Bear River area 
(Monnett, 14A, after Link). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 780 

Sandstone and shale with a 20-foot, hard , ridge-forming sandstone at base in 
Imperial River syncline (Nauss, 15A) ...... . .. . ....... . ........... ..... . 620 

Division B 
Grey, flaky bale with some thin sandstone beds near the top in Imperial 

R iver syncl ine (Nauss 15A) . .. . ..... . ..... . ... .... ...... ..... ..... . .... 1,400-1,500 
Dark shales with a few thin siltstone and sandstone beds in Mountain River 

area (Parker, 9) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,150 
Dark shales with thin, concretionary beds and many thin bands of bentonite 

on Slater River (Foley, 5A) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200+ 
Dark shales on Little Bear River (Monnett, 14A, after Link).... . .. .... ... ... 900 

Division A 
An upper sandstone, a middle shale, and a lower sandstone that may be 

conglomeratic, in the vicinity of Sans Sault Rapids (Parker , 6A)... .. . .. 1,411 
Sandstone. and .shale wit~ glauconite and conglomerates in the lower part in 

Impenal River synclme (Nauss, 15A) ................................... 990 
1 Division B as used here by Laudon probably includes Division A sandstones and sholes. 
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As already pointed out, Division A contains the Beudanlinceras and Gastro
polites faunas of Lower Cretaceous age, whereas in the vicinity of Bear Rock, 
according to Stelck (19A), the only fossils found were 1r atinoceras, Scaphites, 
Placenticeras, Inocerarnus labiatus, and fish remains. These arc l.ipper Cre
taceous, and are correlated by Stelck with the Kaskapau formation of the 
St. John group, and are to be correlated with the Alberta formation of the 
outhern foothills of Alberta. In the Bluefish No. L\. 1Yell of Imperial Oil 

Company, drilled near Bear Rock, the Cretaceous occurred, according to Stelck, 
bct\yecn 360 and 1,150 feet in depth. An arbitrary diYi~ion in well cuttings giYes 
a thickness of 550 feet t-0 DiYision C and 240 feet to the underlying Division B 
shales. At 1,100 feet in the ~Yell, that is in Division B shalcs, a considerable 
microfauna including Haplophragrnoides was foun·d. This genius of foraminifera 
has a long range, and unle s it can be identified specifically is of little strati
graphic value. The fact, howcYcr, that outcrop fossils are Upper Cretaceou 
fixes the age of at lea t part of the c beds. These arc the only definite "C"pper 
Cretaceous fossils reported by Cano] geologists in the 1\Iackrnzie River area. 

According to Bath (lA) the shalcs exposed along lo"·cr Carcajou River 
belong to Division B. In this area these oYcrlie 50 feet t)f sandstone. On the 
oppo~itc side of Mackenzie River, in the upper Donnelly Rinr area, Foley (6A) 
found the Cretaceous resting on Middle Devonian limestones. At the base of 
the Cretaceous there is 60 feet of andstone "·ith some conglomerate overlain by 
more than 300 feet of dark grey shale with concretions and bcntonite layers. 
Fossil ammonites found in thi shale included H oplite and Beudanticeras. 
These fossils indicate a Lower Cretaceous age, and presumably tihe shale repre
sent Division A. 

In the immediate vicinity of the Norman \Yells field Cretaceous beds are 
expo eel on Loon Creek (Hancock, 8A). There i a lmwr sandstone member 
from which a specimen of Pieuromya was obtained by Foley along the axis of 
the Loon Creek anticline. As in the lower part of the Crctaccou elsewhere, 
glauconite is present in these beds and serves in part to help distinguish them 
from the underlying Imperial sandstones. Only 20 feet of the lower sand is 
exposed on Loon Creek. Above tJhis sand is a shale member with bentonite. 
Large ironstone concretions and di continuous roncretionary bands arc present. 
A large Beudanticeras was collected from near the base of tJhc c ehales, which 
are thought to be about 500 feet thick. They are OYerlain by sandstones inter
beddcd with shales more than 400 feet thick. Small. discontinuous coal seams 
occur "·ith these beds. 

In Hume RiYer area, ~Ioon (8) made no attempt to mea ure the thickness 
of the Cretaceous, but states that it would doubtless run into thou ands of feet. 
To the west, in the Ramparts River area, McKinnon (7) shows the Cretaceous 
to be approximately 2,200 feet thick, and gives a composite section consisting 
of a lower member of 1,000 feet of dark grey shalcs with minor sandstones. 
Concretionary ironstone nodules arc present, and in the lower 200 feet Beudan
ticeras and H oplites occur, indicating a Lower Cretaceous age. The upper 
member of the Cretaceous here , 1,200 feet thick, consists of heavy sandstones 
and shale alternating with sandy shales. 

In the Arctic Red River area (McKinnon, 4) by far tihe greater part between 
Mackenzie Mountains and the mouth of Arctic Reel River is underlain bv 
Cretaceous sediments. The section consists of a lo"'er sandstone member, a 
middle shale member, and an upper sand tone member. The middle shale and 
the upper sandstone members are correlated with the l\Yo divisions seen on 
Ramp.arts River. 

The lower member on Arctic Red River is composed mainly of massive 
sandstones with some alternating shales. Some conglomeratic beds occur near 
the base. It is about 500 feet thick. 

The middle shale member contains some sandstone beds. I't may be about 
t.500 feet thick, but folding in it makes this estimate somewhat uncertain. In the 
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lower part of Peel River the lower 300 feet of this member contains considerable 
gypsum and sulphur, and in places the shales are burned reddish by chemical 
action. 

The upper member consists of a succes ion of hcaYy sandstones alternating 
with sandy shales. It is about 900 feet t·hick. A large Inoceramus wa found 
in it. · 

In the lower part of Peel River Foley (2) found an extensive area covered 
by Cretaceous beds, as follows: 

Thickness 
Description 

Grey shale, some concretionary layers with Beudanliceras and Gaslropoliles .. 
Shaly siltstone with sandstone containing Liopislha and Tellina ............... . 
Light grey sandstone and shale ............................................ . 
Dark grey hale ............ · ............................................... . 
Grrrn, thinly laminated sandstone with glauconite; Tellina ................. . 
Dark grey shale interbedded with light grey to greenish sandstone; Tellina . .. . 
Grey sandstone weathering brown, yellow, and light red-brick; much fine 

Feet 
soo+ 
60 
30 
10 
30 

200± 

conglomerate ......... ......... . ..... ............. .................... .40--200 

It is ob\'iou that all these bcd.s are of Lower Cretaceous age. 
On the higher part of Peel River, from near Snake River to some di tance 

below Trail River, Stelck (1) found about 1,250 feet of Lower Cretaceous beds. 
These consist of 400 feet of soft argillaceous sandstones and sandy shales grading 
upwards into shale with thin siltstones about 850 feet thick. Beudanticeras 
occurs about 300 feet above the base. 

It has already been pointed out that Nauss (3) considers the bed in the 
lower Mackenzie River area, including the lower Ramparts section, to be Upper 
Devonian rather than Cretaceous as formerly thought. The only beds reported 
as Cretaceou by Nauss in this area occur in an escarpment 12 miles north west 
of Fort Good Hope. At this place there arc 55 feet of crossbedded and tone 
with a few streak of conglomerate '.Yith angular black shale pebbles overlying 
the ~1iddle Rampart shales of Middle Devonian age. 

Five and a half miles up Stony Creek, we t of Fort McPherson, Foley (2) 
found a single belcmnite at the base of a bank. This was from the lowest beds 
of Cretaceous age in this area. which here consist of 105 feet of sandstones with 
conglomerate near the base. The sand stone is overlain by about 100 feet of 
clr.rk grey shale, and is, in turn, overlain by alternating sandstone and shales 
about 95 feet thick containing the fossil Corbula. These beds arc again overlain 
bv shales 180 feet or more in thickness. 

· As pointed out by Foley, O'Neill1 described the east face of Black Mountain 
''"est of Aklavik as consisting of 800 feet of interbeddecl sand tones and shales 
clipping west at about 12 degrees. Some of the sandstones are weathered reddi h 
brmYn, and one stratum contains concretionary nodules. Some layers contain 
abundant fossils. These were identified by T . W. Stanton as Pentacrinus, Peete~, 
Lima, AuceLLa (very abundant), Panopoea ?, 1Yatica , and Pseudomelania, and 
Stanton says that "the Aucella fixes the age as either Upner Jura sic or Lower 
Cretaceous, more probably the former". Naus (3) describes this same section 
from Black Mountain and Donna River as follows: 

Fine-grained. huff and rusty, blocky quartz sandstone containing glauconitc, some 
conglomerate layers. a few si lty shale beds, and Belemniles. 

Dnrk grey. crumbly, silty shale, with abundant ironstone concretions and layers. 

Camsell (2C, pp. 45-46) described a similar· section from Mount Goodenough 
20 to 30 miles farther south. 

On Firbh River, which enters the Arctic Ocean 35 mile east of the Alaska 
boundary. 0 ' Ieill also described shales, sand 'bones, conglomerates, and quart
zites, in the top of which Cadoceras, indicating a Juras ic age, was collected. It 
is certain from this information that Jurassic beds are present in the Arctic, but 
it i more questionable whether those on Black Mountain are of this age or are 
Cretaceous. 

1 O'Neill, J .. ).: Canadian Arotic Ex;icd ;tion 1913-1 . vol. X I. pt. B, p. 16. 
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South of Norman Wells area, Hart (10) has described the Cretaceous beds 
in the vicinity o.f Gravel River, east fork of Little Bear River, and Kay 
Mountains. On Gravel River 400 feet of Division B s-hales were seen, but 
neither the top nor bottom is exposed. Division C beds occur in the vicinity 
of Kay Mountains, but are best studied on the lower part of Little Bear River. 
Division D , 750 to 850 feet thick, is similar lithologically to the Slater River 
shales. 

In Red tone River area Hancock (11) found isolated ·outcrops of Cretaceous, 
but the complete section is not exposed. At the base, but not in contact with the 
underlying Upper Devonian beds, is an estimated thickness of 140 feet of sand- • 
stone with thin hale bands overlain by 90 feet of shale with crossbedded sand
stone and coal seam . Above this is a ·covered interval of possibly 240 feet 
followed by 60 feet of sands<tone overlain by 30 feet of shale. 

On the flanks of an anticline about 8 to 9 miles from the mouth of Redstone 
River, 60 feet of sandstones, with a conglomerate band 2 to 3 feet thick, occur 
above 150 to 175 feet of hales alternating with sanldstone beds up to 5 feet 
thick. The position of these beds in the Cretaceous section is not known. 

On Dahadinni River, near Mackenzie River, Baith (12) placed the ba e 
of the Cretaceous at 30 feet of coarse-grained, grey sands·tone with scattered 
pebbles ·and overl>ain by 40 feet of sandstones with some conglomeratic band . 

Cretaceous beds underlie the plateau surface of Horn Mountains, which 
rise to an elevation of about 2,000 feet south of Fort Providence. Only about 
80 feet of beds were observed by Whittaker (7C, p. 54), and all of these con
is·ted of brown-black, fissile &hales that weather yellow. The beds are fiat-lying 

and no fossils were found to determine their precise age. 

TERTIARY 

The Tertiary sediments of the Fort 1orman area were noted by the early 
explorers on account of the burning coal seam a few miles south of Fort Norman 
on the banks of Mackenzie River. Plants collected from these bed indicate a 
lower Eocene age (9C, p. 76) . These beds outcrop along Mackenzie River for 
several miles south from Great Bear River, and up that river to and beyond 
Brackett River. The rthickness, according to Stelck (19A), may be •as much a 
600 feet, with ·a partial section of 330 feet drilled in Imperial No. lA Bluefish 
well. The pebbles of the conglomerates are chert, quartzite , limestone, and 
sandstone, and interbedded with the soft clays are lignite seams. 

Further deposits of Tertiary occur on Mackenzie River near Old Fort Point. 
They con ist of soft sandstones and shales (Boath, 14). The exposed thickncs 
is 125 feet and some lignite seams are present. P•art of the deposit has been 
burnt red from the burning of the coal. 
· On Little Bear River and tributarri.es Hart (10) reports 1,600 feet of 
Tertiary beds. These con ist of s•oft, ·coarse, carbonaceous ands, gravels, con
glomerates, hales, 1and lignites. At the headwaters of East Fork River there are 
lignite . seams 8 to 10 feet thick. For 18 mile along East Fork , near it 
headwaters, the high hills on both sides of the valley are made up of Tertiary 
beds with a measured thicknes of over 1,200 feet. At the 'Outh end of K ay 
MountM.ns, the lignites 1and s:hales have been burnt red and dip 50 degrees to 
the northeast. Evidently these form a basin with ithe deposits at Old Fort Point, 
which dip toward the southwest. 

The Tertiary beds of Wind River •and Bonnet Plume areas were reported 
by Camsell (2C). According to Stelck (1), these are 1,050 feet thick and consist 
of gravels, sands, and shales with lignite beds. The Tertiary beds lie on the 
older deposits with a hiigh angular unconformity. On Peel River about a mile 
above the delta of Bonnet Plume River, ·a lignite seam is burning. The beds 
have a basal conglomemte, and the basal part of the section with thick gravels 
is all that is left in the Hungry Creek section. 
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CHAPTER III 

STRUCTURE 

REGIONAL STRUCTURAL FEATURES 

In the southern part of Western Canada the eastern Rocky Mountains trend 
northwest as far nortJh as Liard River, where they ·are much less pronounced than 
far.tJher south. To the east of them, and north of Liard River, Mackenzie 
Mounta1ins appear. The eastern or Nahanni Range first becomes prominent 
in Nahanni Butte at the junction of South Nahanni and Liard Rivers, and is 
marked by an eastward-facing escarpment 800 to 1,000 feet high. This is a 
fault scarp. To the we t of the main range the ridges are lower, •all trending 
northerly about parallel with the main range and plunging northward largely 
to disappear in the 1area south of Dahadinnii and Redstone Rivers. The eastern 
r.ange is apparently unbroken from Nahanni Butte to ithe mouth of North 
Nahanni River. Here it suddenly plungeB northward, but in a very short 
distance again rises into a dome-shaped knob called Lone Mountain. Lone 
Mountain is south of Mackenzie River, and no mountain ridge is apparent for 
40 miles farther north, to where the south-plunging end of Franklin Mountain 1 

appears close to the junction of Willow Lake and Mackenzie River. 
Wet of Lone Mountain, aero s the valley of North ahanni River, the 

Camsell Range may be the northwest continuation or extension of the Nahanni 
Range. The :trend is -changed to northwest, but, •as in the Nahanni Range 
farther south, the east side is a fault carp, presumably the result of overthrust
ing from the southwest. This is a limestone ridge of Middle Devonian and 
older strata. It continues northwest for 50 miles to Root River, beyond which 
the trend is more northerly to the south side of Mackenzie River e<.:'t t of 
Wrigley River, which , in its lower part, is parallel to the west side of the ridge. 
The course of the ridge is interrupted by Ma,ckenzie River Valley, but on the 
east side it is continued by Rock-by-the-River' - ide 2 Ridge and its northern 
extension. This ridge a·pparently dies out against the woot flank of Franklin 
Mountains. 

Fifteen miles west of Nahanni Range, in the area of North Nahanni River, 
another limestone ridge occm'S along the west side of the south-flowing river for 
20 miles. The river flows· across the ridge at its north-plunging end, where the 
limestone disappears under younger strata. Farther north the ridge is no 
longer di tinct. Unlike the Nahanni Range, however, this ridge is a fold, in 
places with very steeply tilted or vertical beds on its ea tern face. Faulbing is 
a minor feature in relration to the folding. The ridge illustrates the northward 
plunge of the regional structures in the country west of Nahanni mountains 
and is also typical of many of the Mackenzie Mountain where folding rather 
than faulting becomes the predominant tructural feature. This is in sharp 
contra: t with the character of the eastern Rocky Mountains of southern Canada 
where the dominant feature i faulting, with fault blocks thru t onto one 
another from the we t or southwest. Also, there are no foothill or disturbed 
belt in front of Mackenzie Mountains as in front of the Rocky Mountains. The 

'See Map No. 1957, Gcol. Surv., Canada, Sum. Rept. 192l, pt. B, opposite p. 58. 
2 The approved geographic name for this feature is Roche·qui-trempe-~-l'eau. 
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:'.\1ackenzic area north of Wrigley ,and south of Fort Good Hope is a basin 
between ::\1ackcnzie M ountains on the west and Franklin Mountains on the 
cast. In the basin there are many gentle fo ld'S and only minor faults. 

Franklin 1\Iountains begin north of Willow Lake River close to 1\Iackenzie 
RiYer. The outhcrn end i a plunging anticline, and the form northward is 
that of a gently rising arch. Along the trend to the north, however, the structure 
becomes more complex and fau lting is present. This mountain range continues 
150 miles to Great Bear River, where Mount Charles is a prominent feature on 
it. North of Great Bear River it swings to the wesit, thus becoming arcuate in 
outline, and di appears ~outh of Hare Indian River, "·hich enters the ::\fackenzic 
~ t F o't Goorl Hope. 

PL.\ TE III 

Folded ~lid,\lc DeYonian rocks on North Nahanni River, a few miles ''"est of :M:ackenzie River. 

In the area south of Great Bear River Franklin Mounta:ins have two high 
peaks, Cap M ountain, northeast of Wrigley, which ha ~. an cleYation (12C, p . 70 ) 
of perhaps 5,000 feet above the sea, and Mount Clark, "·hich rises to about 
4 . .500 feet 20 miles east of the mouth of K eele River. 

It has been pointed out by Dowling (lOC, p. 85) tha.t in the M ackenzie area 
the eastern mountains , including the Franklin R ange, project almost across 
what has been called the Rocky Mountain geosyncliinc of more southerly area . 
He al o points out that "the Alberta mountains are formed from the fractured 
and folded extra thick bed of the weSJterl'I. part of th is geo yncline" wherea 
"the northern mounfains, on the other hand, are formed from much thinner 
deposits that overlie the Precambrian and they present phenomena which suggest 
that in their formaJt.ion a ,comparat ively thin sheet of the stratified crust was 
crumpled by compressive sh'ailn". 

Ri chardson 1\Iountains west of the delta of .the; Mackenzie are said to trend 
almost north and south, and arc composed of anticlinal ridges parallel to one 
another. Stelck (1) is of the opinion that the southern end i an anticlinorium, 
the eroded centre of which has been C'alled Wind and Bonnet Plume River 
basins. H e believes the two flanks of this anticlinorium are represented by 
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the beds in the upper and lower canyons on Wind and P eel Rivers, with 
Cambrian and Ordovician rocks, in part unconformably onrlain by Tertiary 
strata, occupying the initervening area. 

M cConnell (l C, p. 119) has described the mountai'1s on Peel River as 
consisting "esserutiially of t~rn range , separated by a wide longitudinal valley, 
and flanked on either ide by high plateaus". On Rat River, west of Fort 
1cPherson, the pass has an elevaition of only 1,100 feet. The mounitains in 

th is area are lo\Y, with few prominent peaks. 
Plateau areas are a striking feature of Mackenzie ::\fountains. The area in 

the v icinity of Dodo (l\Iacdougal) Cianyon ha , in general, a nry tiat outline, 
but pC'aks rise aboYe it. T·he Plains of Abraham south of Little Keele River, 
where the N orman \Yells-\Yhitehorse pipeline reaches it highest elevation at 
.'..i,750 feet1, i a plateau area where the folding is Yery gentle. There is a lso a 
remarkably flat-•topped plaiteau area loping northward in rthe area south of 
N orth Nahanni River and west of the Camsell Range. Stream valleys are deeply 
cut into this plateau, but very little information is available on t.he struciture of 
the rock compo~ing it. 

\Yi.thin and north\\·cst of the Norman \Yell area the struotural trend i 
hown by two series ·of fo l-cl . The first of these begin in K ay Mountains2

, 

20 miles south of Bear R ock art Fort Norman. The -e trend lightly nol'thwest, 
but are ufficicntly irregular that it is taken for granted ·the folding ·continues 
either directly or en echelon with the fold ithat again becomes pronounced in 
Bear Rocle B ear Rock t rends nearly nor th, but the folding, wit;h some faul·ting, 
continue to the northwe t encl of the Norman or DiscoYery Range, where again 
the folding, •accompanied by fau lting, becomes irregular in Cleaver, Richard, 
Thomas, and P atige Mountains. A sharp turn to the we t in this vicinity is 
accompanied by four more or less parallel fo lds in a distance •of 25 miles, south 
to north , as follow : (1) Carcajou Ridge ( fountain); (2) East M ountain ; 
(3) BaH1 Hills, with their eas·tward extension into the l\Iount D ellis Range and 
its sourtheast continuation, t he Gibson R ange ; and ( 4) Beavertail i\Iountain, 
trending shghtly north ea t inito the West Virgina Hills a nd ea ·tward into t he 
Mount Effie R ange. These pa rallel fold all plunge westward and disappear at 
Mackenzie River , whid1 flow around t heir western ends. Slightly nor th of the 
west encl of Ea t Mountai'n Sans Saulit Rapid in the Ma ckenzie is caused by 
hard Cretaceou sancletone on the north flank of E ast Mountain rather t han by 
the core of the uplift. West of M ackenzi e River the trend change to t he 
southwest. and again appear in We t Mountain bet ween Carcajou and M ountain 
Rivers, where a prominent anticline occurs in :Middle D evonian straita. West 
Mountain is slightly oblique to either Ea t Mountain ior Carcajou Ridge, and 
lies bet ween them. It, as all previous moun tains herein cl·escribed. has been 
uplifted and erodf!d sufficiently to expose P almozoic rock , but southwe tward, 
as the folding continue into the Whirlpool anticliine on Mounbain River , t here 
is no longer the distinct topogiraphic expression of ,the folding, and the older 
Palroozoic rock are concealed by overlying Cretaceous beds. The folding, 
however , continues, and t he t rend is nor thwe t in Cretaceous beds aero Hume, 
Ramparts, and Arctic R ed Rivers. Farther north there is no precise informa
tion, but the folding may continue to and beyond Peel River. 

The 0concl series of folds roughly parallel the firsit to t he out;h and west. 
It begins as the Imperial anticline, trending northwes•t, and crosses Imperial 
RiveF close to it junction wi1th Carcajou River. F or about 10 miles it roughly 
parallels Carcajou River and there break into a succession of folds from south 
to north , as follows : possible exten ion of Imperiial anticline, Sammons anticline, 
Rainbow Arch anticline, and Shavetaii l anticline. The e anticline are in 
Palmozoic rock , but to t he east they plunge beneath Cretaceous beds. The fold 

t See Norman Sheet. Air Navigation edition (8 miles= l in r.h), Hydrograph ic a'l d Map Service, Ottawa. 
'Called Mackay Mount'1ins on some maps. 
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also diverge eastward away from the ·curvature of the morn s·outherly Imperial 
anticline, and are continued by further exposures of Palmozoic bed in Hoosier 
Ridge on the west bank of Mackenzie River. This i again continued slightly 
en echelon into the Morrow Creek anticline, which is· inferred to cross Mackenzie 
RiveT and shows on the ea t side. 

To the west of the Carcaj ou River folds the Imperial anticline swings in a 
broad arc to the south west and then to tJhe northea t, exposing Palmozoic rocks on 
Mountain, Hume, Ramparts (See Map 45-16A), and Arctic Red Rivers (See 
Map 45-16C). 

Folded mountain exposing Cambrian rock occur in the Carcajou Range, 
extending nQrthwest to cros Imperial and Mountain Rivers, but there i no 
exact information as to the1ir further e>..'icnsion, although they again appear on 
Arctic Red and P eel Rivers (See Map 45-16C). 

Gambill Mountain , trending northcasit at the headwaters of Little Bear 
River, seem to rep[·e ent an uplift connected with the northeast-trending Little 
Bear syncline. · They are thought to be continuous with the southeast end of 
OaJ.·cajou Mountain , and hence indicate a swing of these mountains to the 
northeast around the southern end of Little Bear River basin. · 

Thus the Mackenzie bas·in in the Norman Wells area is broken into more or 
less parallel but cm·ving arnticlinal ridges accompanied by a small ·amount of 
faulting, but with folding predominating. Between those uplifted ridges, which 
in the main expose Palrcozoic trata, there iare limited ba ins of l-owl1and· country 
largC'ly in Cretaceous strata but with Tel'tiary bods occupying them in part. 

DETAIL OF STRUCTURAL FEATURE 

AREA FROM KEELE RIVER NORTH 'TO THE ARCTIC 

Kay Mountains (H art, 10) 

Kay lVIountain rise abruptly 1,600 feet aboYe the 5urrounding country. 
To the east is a broad, flat up1and gently sloping toward the Mackenzie, and, as 
usual in this norithern country, it i covered by muskeg with stunted spmce trees 
and variou sized lake", ome of them fairly large. K·ay }\fountains form a hog
hark 15 mile long, with a steep, east-facing scarp and a teep west dip slope. 
Silurian rock occur on the ea t-facing escarpment, but in a basin between this 
and Old Fort Point all older rncks are overlain by Tertiary gravels and day 
with lignite seams. To the west of Kay Mournbains i a high pl1ateau, almos1t 
treeles , covered als·o by Tertiary deposits and ending at the edge of the rugged 
mountain front. In this western paTt there is another fold called Summit anti
cline with less steep dips than in Kay Mountains, but exposing a core of 
Bear Rock formation. The anticline ha been incompletely mapped, but 
apparently t rend northn·es·t oblique to the northea t trend Qf Gambill Moun
tains eas t of Little Bear River. 'I'he north encl may be cut off by a fault. 
Summit Creek flo"·s southcast to Keele River, and Summit anticline lies to the 
southwest of its head"·aters. The extent of the 1anticline to the outheas:t is 
unknon·n, and there is no information a to wihether a fold on the projected 
trend is present on Keele River, 15 to 20 miles dis.tant. 

Little Bear syncline ha been mapped crossing the East Fmk of Little Bear 
River in Cretaceous trata near its junction with the main stream, and e>..-tend'ing 
southwest across Little Bear River where the S·keam flows northward from the 
wes•t side of Gambill fountains. This is oblique to the more northerly trend 
of both Gambill and Kay Mountains. Four miles s:outheast, that is, 1at right 
angles to the trend of Little Bear syncline, the East Fork anticline parallels the 
syncline. Its east end may be cut off by a fault, and the entire anticline is in 
Cretaceous or younger beds. This appears to be the ()Illy pos ible oil prospect 
that has been observed in the vicini·ty Qf Kay Mountains (See Map, Sheet 1). 
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Bear Rock and Vicinity (&wlck, 19A) 
(See Figure 2) 

Bear Rock, according to t.elck, is 1an elongate half anticline with several 
minor faul1tis and fo lds. The half anticline is open to the east, where Tertiary 
beds come in contact wi.t;h Silurian or older formati•ons, and it is not known 
whether oir not a fault is present. On the top of Bear Rock, 5 miles north of 
Mackenzie River, an asymmetrical anticline parallels the trend of the Norman 
(Discovery) Range, and at the we~t side of Bear Rock thi •anticline is replaced 
by a fault with intense fracturing in the Middle Devonian limestones. Another 
fault in Bear Rock occurs on the northwest side beginning about 2! miles north 
of Mackenzie River and trending slightly oblique to the northwest trend of the 
mountain. The upthrow side of thi fault is to the ea t, in part thrusting strata 
of Bear Rock age against Ramparts lime tones. The attitude of the fault plane 
is, pre umably, steep. Some 'O•ther faults in the outheast end of Bear Rock, 
unlike the one described above, seem to show t•hrusting from southwest to 
nm t;hea t, but the throw on these i , apparently, small. 

To ithe west of Bear Rock, on a small cireek, there i an anticline in lower. 
Fort Creek shales. The trend of the anticline i northwest. Dips of 17 to 19 
degrees occur on the southwest flank, and of 29 degrees on the noritheast flank. 
On hi map (1 inch=t mile) shmYing this anticline, S.telck indicatoo a small 
area of BeavcPtail lime bone apparently in the river or low on the Mackenzie 
River bank on the s·outhwest flank. Thi i not mentioned in hi report. If such 
an outcrop i present, ithe structural relationships 1are uch that faulting would 
be probable. eepages of oil occur at the contad of the Fort Creek with the 
overlying Cretaceou beds. Stelck states this •anrticline would be id1eal for shallow 
te ting of Middle Devonian or Bear Rock trntia and a 1,000-foot test would 
encounter Silurian also. 

Norman (Discovery) Range 

(See Figure 3) 

The Nonnan Range lies east and north of the Norman \Yells field. It 
trends southeast , but in the vicinity of the headwaters of Vermilion Creek 
turns more southerly and is cparated by a fault from the northern end of Bear 
Rock. The s.trata on the Norman Range diip to the ourthwcst, normally at 10 
to 15 degree , but siteeper beds are present locally. There i •a northeastward
facing escarpment. It is unknown whether thi escarpment i a fault-line scarp 
or is wholly an eros.ional feature. To the nor·l:Jheast is a lowl•and, bu1t in the 
vicinity of the west side of Kelly (Whitefish) I1ake, hill composed of Siluri1an 
and possibly older rocks rise to as much as 1,800 feet above lake-level. No 
Devoman ha been reported at any place between the Norman Range and Kelly 
Lake, but the country is ·almost wholly unexplored. Thus, if the Norman Range 
is anticlinal, the position of the east flank is unknown. Exploration on tJhe 
noPthweSJt end of the onnan Range by Canol geologistis (Laud on; P.arker) in 
the vicinity of Morrow Creek, which flows between the northwes•t end of 
DiS'covery Range and Morrow and Cleaver Mountains still farther northwesit, 
show tlmt the northeast flank of Norman (Discovery) Range in this airea i 
faulted, wi·th ;the upthrow side to the southwest. 
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Figure 2. Bear Rock aud vicinity. 
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Vermilion Gorge Anticline (Hancock 9A) 

(See Figure 4) 

· Some minor folds occur on the southwoot flank of Norman Range. One 
of the larger of these i in Fort Creek shale on Vermilion Creek 5 mile from 
Mackenzie Riveir, and rapparently extend 6 miles northwest to appear on 
ProhibitJion Creek (Figme 4). Where this anticline 1occurs on Vermilion Creek 
a gorge has been cut, and the fold i thus named ithe Vermilion Gorge anticline. 
Another fold occurs on V em1ilion Creek about 1! miles above the first, but 
there is not ufficient information to uggest that it ha any considemble 
magnitude. 

Halfway Anticline ? (Hancock 9A; Fioley 5A) 

(See Figure 4) 

The north end of Halfway Islands in Mackenzie River is 3 miles soubh of 
the mouth of Vermilion Oreek. Between these p1'aces there are beds on the 
we t bank of the river showing -a reversal from the normal south west dip. There 
is 'a difference of 'Opinion, however, about .this supposed Halfway anticline in 
that the reversal, based on two ou•tcrops within a di tance of 100 feet, may be on 
beds that have been disturbed by ice action or ·lump. The •anticlrine, if present, 
is quite small (Foley). 

Oscar Basin (Laudon 4A) 

(See Figuire 5) 

Norman (Discovery) Range continues northwe t into Morrow and Cleaver 
Mountains, but wi•th a change in struoture. The noritheaS't edge of the Norman 
Range i"s faulted at the nort;hwest end with the Silurian beds on t·he southwest 
overthrusrt to ithe nor.thea t. Thus, the steep face of the Norman Range i to 
the northea t. The reverse is true for Morrow and Cleaver Mountains, where 
the faulted, steep face is to the southwest and• the thrrusrt is from the northea t. 
Laudon explains the e relationship by a hinge fault with ·pivot in the vicinity 
of Morrow Creek, but Parker (3A) considers that there are two faults. 

To the north of Cleaver ·and Morrow Mountains, but trend;ing eastward •and 
thus diverging from the outheast trend of these ridges, ·are Thomas and Richard 
Mounbarins. These also are faultied on the south ·and outhwesrt, •and the north 
si&e is thrust southward. To the south of these and northeast of Cleaver and 
Morrow Mountains· is Oscar basin, largely underlain by F o.i·t Creek shales. Few 
outcrops occur in this ba in, and no ·anticlines· have been observed· in it. 

Upper Hanna River Basin (SmitJh, 20A) 

(See Figure 6) 

To the north of Thoma and Richard Mountains in the upper Hanna River 
area is another basin ·open to the east, but bounded on the wesrt by Paige 
Mountain •and the east end of Oaroajou Ridge, and to the north by Brokenoff 
Mountain. The mountain ridges a•re fault€d, and apparently BQ·okenoff Moun
tain. like Richard and Thomas Mountain , is bounded by a fault ·along ;its 
southerly face. Silurian stmta outcrop in these mountains, but the ba in is 
underlain by Fort Creek shales in which there is an elongated, northwesrt
trending anticline, which, owing to ·a lack of outcrops, has raither obscme 
relationships on the southeasrt end. Thi •anticline has been outlined by •a 
limestone bed in the Fort Creek shale, but there rare relatively few outcrops and 
the amount of cloS1Ure, if any. and other features rure nQlt available from surface 
inform'ation. The greatest width of the •anticline is on Grrenhorn Creek, which 
drains out of Moon Lake. The fold is ·thus known aiS Greenhorn anticEne. 
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Lower Hanna River Basin (Parker 16A) and 
Donnelly River Basin (Foley 6A) 

Lower Hanna River flows north of Carcajou Ridge and East Mountain and 
south of Bath Hills, whereas Donnelly River is north of Bath Hills and south 
of Beavertail Mountain and its eastward continuation into West Virginia Hills 
and the Mount Effie Range. Chick Lake lies in the Donnelly River basin. 

All of these mountain are anticlinal, with considerable faulting. All expose 
Bear Rock or older trata, with Cretaceou unconformably overlying the higher 
Devonian formation in the intermontane area . All 1anticlines are 1at least in 
par.t trongly •asymmetrical, but unlike Carcajou Ridge, the continuaition of 
Bath Hills into Mount Dellis, the Gibson Range, and the eastward 1continuation 
of Beavertail anticline, whi0h aire steeply d;ipping on the outh Hank, East 
Mountain and the eastward part of Mount Effie Range .are asymmetrical to the 
novth. The eastward extension vf Beavevtail anticline with the fault on the 
south face i in contra t with the Mount Effie Range with a fault on the north 
face. The west end of Mvunt Effie Range is slightly to the nmith of the ea t 
end of the Beavertail anticline extension. There is also a slight change ~n 
trend, which is accompanied by faulting trending outheast, to cut off the 
nm,thwest end of the Gibs·on Range. 

rv theory has been advanced by Canal geologi ls to exp·liain the f01rces 
that -cau eel this inrtri<c·ate tructural pattern. It is obvious thait compressive 
stresses acted both from the north or northeast and from the south or southwest, 
but the age relationships of all faults have not been well established. 

In the lower Hanna River basin, occupied by Cretaceous trait.a, there are 
very few outcrops •and no 1anticlines have been mapped. In the Donnelly River 
basin many outicrops occur in the Creitaceous west of Chick Lake, but aside 
from the basin structure itself, no minor fold have been observed. That such 
folds may be pre ent in ome of the large areas where there are no outcrops 
would be inferred from the occurrence of minor folds on the east bank of 
Mackenzie River nmthwest of Bath Hills. Also, in the vicinity of Sans Sault 
Rapids there are several mall .folds and faults in the Cretaceou , on the north 
flank of Ea&t Mountain (Piarker). 

Sans Sault Anticline (P1arker, 16A) 

(See Figure 7) 

On the west ide of M1ackenzie River. two small anrticlin are present in 
Cretaceous strata. wherea the dip of the rocks up tream and down tream from 
these anticlines shows thait they are minor wrinkle on the top of a J.arger 
anticlinal structure (Parker). A well was drilled on this structure, but there 
was no oil production. The Bear Rock formation was reached. 

Sans Sault Syncline (Parker, 9) 

Included in this s<tructure is all of Mountain River below the Whirlpool 
anticline, which occurs 20 miles above the mouth. The yncline is bounded on 
the south ·and east by West Mountiain and the Whirlpool anticline, and on the 
eas·t side by the Sans Sault anticline on the west Slide of Mruckenzie River. 
Several small folds are pre ent within this Cretaceous basin, 1and of these the 
most prominent anticline is one about 5 miles down Mountain River f:rom the 
Whirlpool anticline. The tructura! relief of these small fold , according to 
Parker (9), is 50 feet or less, and little i known of the trend or e}.1,ent of any 
of them. 
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Whirlpool Anticline (Parker 9) 

(See Figure 8) 

This structme, locwted by Link, was mapped by Parker (9). It is a broad, 
gentle fold, and the ·oldoot beds exposed on i.t rare the Imperi•al sandstones and 
shales. Most of the outcrops on Mountain River are Cretaceous. The trend 
m1d form of the structure cannot be outlined 1ac·curately from t he few rnck 
exposures, but, according to Parker, the itrend of the anticlirual axis is about 
east and west with •a curviature to the northeast on the east •ide of Mounta,in 
River. Observations made in the vi1cinity ·of the anticline seem .to how 
(Piarker, 9) that the structural relief is about 1,000 feet, al-though regionial 
studies based on the thickness of Cretaceous beds point to this being much 
larger. As with many structures in this country, there is little information 
available away from the river banks where the outcrops occur. Eais·t dosure is 
indicated by the rarrangement of the Cretaceous formatiorus, but daita on west 
closure are ·indefinite. As Imperial sandstones ·are exposed on the west .ide 
'Of the 1river, and as the indicaited plunge i·s to the east, it may be the anticline 
opens up westward to expose more Imperial beds between Mountain and Hume 
Rivers. So far •a the regional tructure is· •concerned, it would 1appear ·as if the 
·critical closure would, in all probability, be between the Devoni•an exposures on 
East and West Mountains and the Whirlpool anticline. The plunge ea tward 
from the Whirlpool antidine, as indicated rby the Cretaceous outcrops, appears 
to ensure a ·closure in .this direction. The Whirlpool •anticline thus becomes a 
very promising oil prospect, as on the trend of the regi•onal &tructure . A 
Cretaceous ~ntidine is present on Hume and Arotic Red Rivers . 

Between the W·hfrlpool anticline and the Imperial Range i& a syncline with 
a width of •about 6 miles. Dips on the north side of the syncline in the Creta
ceous -are much steeper tq.an those on the south side, but the cenrtral P'al't is almo t 
flrat. 

Hurne River Anticline (Moon, 8) 

(See Figure 8) 

The anticline on Hume River is apparently the continuation of the Whirlpool 
anticline on Mountain River. Low dips occur in Cretaceous rocks and the 
anticline hru rel•atively small dosure. No information is available other than 
from exposures ·a1'ong the river. 

Ramparts River Anticline (McKinnon, 7) 

(See Figure 9) 

About 25 to 30 miles northwest o.f the Hume River anticline is a more 
pronounced fold on Ramparts River. In front of the mountains is a syncline 
with its axis some 8 or 10 miles north of them. The southern flank of this 
syncline is the steeper, and, consequently, shorter than the northern limb 
where the dips vary from 3 to 5 degrees, becoming flartter no11thward. About 15 
miles north of the synclinal axis is an ·anticlinal •axis south of a large U-bend 
in the river parnllel to the northwest trend of the structure. This anticline has 
at lea&t ·a 5-mile width to the s:outhwest, with dips of 4 to 6 degrees , but a 
shorter northeast flank, with dips of 2 degrees grading northward into flat-lying 
beds. Nothing is known of the extension of the anticline away from the river. 
The anticline is entirely within Cretaceous beds, which consi&t of d·ark gTey, 
fissile •shales wi·th thin sandstones overlain by sandstones alternating with 
s·hales. 
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Figure 9. Ramparts anticline. 
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Arctic Red River Anticline (McKinnon, 4) 

(See Map 45-16C) 

For 25 to 30 miles from the mountain front, Arctic Red River flows north
ward, •and then turns to the northwest. On MouTut Edith, at the junction of the 
Houston with Arctic Red River, there is some f1aulting, with Silurian strata 
thrust onto Devonian. In front of the fault the D evonian is overlain by 
Cretaceous beds, and this condition continues for many miles downstream. In 
front of the mountains is a shallow synclinal basin, itlhe axis of which is about 
12 miles di&tant. On the south limb of the syncline the beds dip 15 to 20 degrees 
northward, and on the north limb the dip i 2 to 4 degrees for about 6 miles, 
when flat beds, apparently on the crest of an anticline, occur. The reversal on 
the north flank is shown by only one exposure of shale, where the dip is 2 
degrees to the north. Thi outcrop is nearly a mile north of the supposed crest 
of the anticline. About 2 miles north of the crest southward dips again appear, 
and for 8 miles are up to 8 degrees. From this pliace north the south dip still 
continues, but at the rate of about 20 feet to the mile. Four miles above the 
mouth of Arctic Red River arc Upper Devonian non-marine beds, dipping south
we tward at 2 degrees. Similar beds occur on Mackenzie Hivor in the viicinity 
of Arctic Red RiYer post. 

From oblique aerial photographs it is considered it.hat the small anticline 
on Arctic Red· RiYcr is the cnntinuation northwestward of a similar fold on 
Ramparts River. 

The amount of closure in the Cretaceous on the north flank of this anticline 
is mall. 

Lower Peel River Basin (Foley, 2) 

(See Maps 45-16B and 45-16C) 

The basin comprising the lower part of Peel River also includes the lower 
parts of Arctic Red, Ramparts. Hume, 1and Mountain River . This is the 
Cretaccou basin extending westward from Mackenzie River north of the 
Rampart and east of the mountains to the Arctic coast. The anticlines already 
described from Arctic Red and Ramparts Rivers arc reasonably close to the 
mountain~ and are parts of a trend beginning south of Bear Rork and extending 
through the orman Range, East and \Ye t Mountains, to the Whirlpool anti
cline on ]\,fountain River. Apparently thi anticline be.comes less pronounced 
northwcstward. There are some antic ines on Peel River below the ]o\\·cr canyon. 
but it is not known if these arc connected wi1th the fo lds on Arctic Red and 
Ramparts Rivers close to the mountain front. 

The rocks on lower Peel River show a very gentle southward regional dip, 
so gentle in fact that in local areas the rocks ·appear to be horizontal. 

Along Stony Creek, west of Fort McPherson, 1Jhere are some minor undula
tions, but none of them is sufficiently large to be an oU structure. About 2 
miles east of Mount Toughenough there is a fault, with the downthrown side to 
the west. East o'f the fault the dip is eastward. About It miles west of this 
fault is a highly deformed zone bordering the mournbains. South of Mount 
Toughenough :tJhe D evonian shales are ver,tical or overturned southward, and in 
places are highly contorted and thrust-faulted. · 

In the valley of Vitrekewan (Road) River, about 3 miles above its junction 
with P eel River, a small fold in the Cretaceous is, overturned to ibhe northeast. 
The sha l•e beyond :the immediate vicinity of the fold is horizontal. 

The upper part of Trail River was not reached. 
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Upper Peel River Area (Stelck, 1) 

(See Figure 10) 

lVind and Bonnet Plmne Basin. According to Stclck, the upper part of 
Peel RiYer basin is a broad anticlinorium. The west limb exposes DeYonian 
strata on Mount Deception, and, in the upper canyon and .tJhe cast limb 30 
miles distant, includes the overturned Devonian bed of the lower canyon. The 
axis lies ome1>·hat eas.t of Mountain River, and Cambrian beds are exposed in 
the anticlinal crest on Wind River. It is these Cambrian heels that in the 
basin of \Yind 1and Bonneit Plume Rivers arc covered by non-marine Tertiary 
strata. Formerly the basin of Wind and Bonnet Plume RiYcrs was regarded as 
a prospective oil area. The facts of the s.tra.tigraphy ias ginn by Stelck com
ple<tcly destroy this conception. The axis of the anticlinorium plunges north
\Yard, ultimately to inYolve Cretaceous beds" Its trend is approximately north, 
and it is believed to be continuous with the Rat River anticline of Richardson 
}\fountains 1>·es.t of Fort McPherson. 

Hungry Lake Area. \Y est of Mount Deception (See Map 45-16C), at 
the mouth of Hungry Creek on Wind River, there is a syncline extending north
ward into a mountain area. Immediately west of this, on Hungry Creek, is a 
south-plunging anticline showing some faulting. The structure around Hungry 
Lake is not well under food. To •the south tlb.e structures appear to follow an 
east-we t trend, whereas the structures to the north appear to trend north
westerly. 

Area East of Lower Canyon of Peel River (See Figure 10). East of the 
lower canyon of Peel River there is a broad arch plunging northward. For 5 
miles east of the foot of the lower canyon the beds dip southwestcrly, and then 
change to a northeasterly clip for 7 miles. The •anfrclinal crest, which trends 
somewhat north of west, occurs in t·he vicinity of the mouth of Calamiites Creek, 
where fracturing ·has given rise to dykes of pyrobituminous material cutting 
sandstones. The beds on Calaornites Creek arc thought to be non-marine 
equivalent of the Imperial formation. At the crest of the 1anticline ;t.he beds 
are almost universally petroliferous. 

On Margery Creek, which enters Peel RiYcr about 10 miles below Calamites 
Creek, there i another anticline with ·axis trending slightly west •of north and 
quite oblique to the one farther west. This anticline is plunging northward, and 
the southern closure, i·f 1any, has not been determined. Middle Devonian rocks 
are exposed in the central par-t of. this a.nticlinc. 

East of the Margery Creek anticline the dip of rt;he DeYonian beds is gentle 
and to the southeast. About 10 miles down Peel River from the mouth of 
Snake River, Cretaceous rocks overlie the Devonian, and although the dips 
near the contact are as much •as 15 degrees, they Hatten eastward to only 'a few 
feet a mile. To the cast and north lie' the large Cretaceous basin of the lower 
Peel River. 

Point Separation Anticline (1 auss, 3) 

(See Map 45-16C) 

Fi·om Arctic Red River north toward Point Separation the dip of the beds 
exposed along Mackenzie River is southward. At about half a mile south of 
Point Separation a reversal or north dip occurs. The apparent closure along 
Mackenzie River is only 50 feet, but the northward dip may continue for some 
distance under the Mackenzie Delta. 
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Richardson Mountains (Nauss, 3) 

Very little informaition i available on Richardson l\fountains wcsit of the 
l\Iackenzie Delta. The top of the mountains forms a plateau that has an 
elevation of about 1,500 feet above sea-level. It is entirely above tree line, with 
only bushes and brush. 

Several mil nol'th of Black Mountain, we t ·of Ak1avik, an anticline 1 mile 
wide, trending north and south, forms tihe mountain front at the edge of the 
Mackenzie Delta. The dips do noit exceed 20 degrees, and are mostly gentle. 

'Vest of this first antidine the dip arc again eastward for 2 m 3 miles, and 
form the cast flank of ari·other parallel anticline. 

It thus appearn that Richard on Mountains consi t of a series of north
trending anticlines with gentle dips. 

The oldest beds observed by Tauss on the.se anticlines were Mesozoic, and 
at least one anticline had no older beds than l\1e ·ozoic exposed on it crest. The 
anticlinal conditions observed in Richardson Mountains extend over a wide area. 

AREA FROM KEELE RIVER SOUTH 'TO FORT SD1P$0N" 

Redstone River Area (Hancock, 11) 

( ee Figure 11) 

Big Bend Anticline. Redstone River has the appearame of having captured 
the headwater of Dahadinni River. It is a river with a wide valley cast of the 
mountains, and, except at the headwaters of Dahadinni River where it flows north, 
its main dl'ainage is eastward. From the mouth for 28 mile west, only Crc·
taceous strata occur, but it is evident that Vhe e are gently folded. One rather 
pronounced fold appears 7 miles above the mouth of the river at a large bend, 
anrl for this reason has been named the Big Bend anticline. On the riYer the 
plunge of the arnticline is to the south, and closure on the north end is assumed 
1but has not been observed. The dips of the Cretaceous beds on both flanks are 
5 to 7 degrees, and the anticline appears rto have a width of 1at least 2 miles with 
perhaps 250 feet of closure across the trend, tha.t is, in n. northeast-southwest 
direction. 

Othier Structures Crossing Redstone River (See Map 45-16AJ. \\·est of the 
Big Bend .anticline the dips of the Cretaceous beds appc•ar to be somewhat 
steeper, and at the contact with the Devonian bed , 28 miles ·we t of the mouth 
of the river, the dip is approximately 25 degrees. West of the Big Bend 
anticl ine, but within the Cretaceous beds, a second arnticline is suggested 
from a study of aerial photographs , although the anticline wa not observed on 
the surface. The width of the Cretaceous basin is such that as no Devonian beds 
outcrop through it, the dips must be relatively low or fold must occur. Outcrops 
are relatively scarce, so that folds other than those observed may be present. 

West of the Crefa.ceous basin several folds were observed in D evoni1an 
rocks, and some faulting occurs in the area ea t of the mountain front. The 
front fold in the Dahadinni area to the south i farther east than the mountain 
front on Redstone River, 1and it is thought that 'One anticline observed on 
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Redstone River is the plunging north end of this Dahadinni fold. This anti
cline on Redstone River expo es Devonian tratia flanked to the east by 
Cretaceous bed . The dip on the west flank in Devonian rocks are 40 to 60 
degrees, and the reversal ""here it occurs is harp. The anticline is 1assumed to 
open up outhwa1,d, due to the nor.th p1unge, so tihart it is unlikely that south 
closure occurs. 

'ii' est of this anticline there is a wide syncline in upper Devonian beds, and 
this also is plunging norlihward. To the wesrt of it there is ano tJher anticline 
with conditions suggesting faulting on the west flank. Still farther woot, 
another anticline shows dips up to 75 degrees on the we t flank and gentle dips 
of 12 degrees or less on the east fl1ank. There is •a tructural relief of a•t least 
500 feet on this anticline in an ea,st-west directi'On, burt closure to the north 
and s'Outh is unknown. Upper Devonian s·trata are exposed in this antidine, 
whereas the front fold of the mountains brings Midd·le Devonian strata to the 
surface. 

Dahadinni R iver A.rea (Biath , 12) 

(See Figure 12) 

Crescent Ridge Anticline. At th e mouth and for some distance from it, 
Dahadinni River Valley is coYered by recent deposits that hide all bedrock. 
The fir t Cretaceous outcrop that occur are dipping west at 1 to 3 degrees. 
About 10 miles from the mouth, however, Upper Devonian rock occur from 
beneath the Creta·ceous, ·and the dip is to the east •at about 9 d1egree . Thus the 
structure of the Oretaceous i ynclinal , and the Devonian occurs in a fold that, 
on account of a ridge that i't forms, i known as the Crescent Ridge an ticline . 
The trend of the anticline is apparently northwest, but very ]i.ttle information 
is available on the west flank other than that the Devonian again becomes 
overlain by Cretaceous and hence a we terly dip is indicated. The information, 
however, is insufficient to outline the tructure, and nothing is known of the 
plunge either to tihe north or the s:outh. 

Other Structures on Dahadinni River. About 30 miles above the mourth of 
the river, which in its lower part flow nortJhea t, tJhere is another large fold that 
has been called the Dahad~nni anticlinorium because of its composite narturc. 
On Dahadinni River this fold brings t'he Bear Rock dolorni•te to the urf.ace, and 
the plunge is to ·the north. A few miles west of the axis1 of the firnt fold of the 
anrticlinorium the course of the river i from the southeas•t for 30 miles, or 
roughly parallel to· the axi·al trend of the anticlinOTium. ln thi part of the 
river other anticlines 'have been observed, and the trend of these i apparently 
slightly oblique to the one just de cribed, with a divergence to the north. 

This Da'hadinni anticlinorium, as ha · been indicated', is plunging nortJhward 
and is apparent only on Red tone River to the norrth as a small fold. Obviously 
any oil pro peets on the fold on Red tone River would be dependent on closure 
between Dahadinni and Red tone River , •and concerning this there is no 
available information. 

Wrigley River Area (Monnett, 13) 

(See Figure 13) 

Rock-by-the-River's- ide, which rises to a heighrt of about 1,500 feet on 
the east side of M1ackenzie River about 1-2- mile belo\v Wrigley, is an 
anticline in Devonian strata. The anticline irt elf is somewhat faulted, and, 
along the trend of tihe structure to the norotheasit, the southea t flank is higihly 
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tilted in comparison with .the northwest side. On the west side of Mruckenzie 
River the ridge of Devonian limestones can be traced southward, with a scarp 
on the east face 1and a dip slope to the west. Wrigley River runs along i:lhe foot 
of the ridge for many miles on the west side, and 4 miles up the north branch, 
which flows from the west and j'Oin the main &tream about 20 miles from its 
mouth, there is a double-crested anticline in Upper Devonian beds. The trend 
of this anticline parall<:ls the maii:i ridge to tJhe east, but nothing is known of the 

PLATE IV 

Rock-by-the-1-tive r 's Side, near Wrigley, bowing folding in :Y.liddle Devonian rncks . 

c'haraciter of the anticline except on tJhe <Cross-section along the river valley. It 
is probable that very little information could be obtained from the interstream 
area , and the only satisfactory mei:lhod of completely outlining i:lhe anticline 
would be by geophysical means. 

Structures South of Wrigley 

( ee Geol. urv., Canada, Sum. Rept. 1921, pt. B, Map 1957) 

It is known that tructurcs occuT in the vicinity of Root and North Nahanni 
Rivers in Upper Devonian strata. These, 'however, were not studied by the 
Canal .geologists, and are, therefore, not included in thi repOT·t. Only a very 
limited amount of information on them has been obtained, and so far a is 
known, no at.tempt has ever been ma<le to outline them for the purpose of 
evaluating their oil prospecbs. 
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CHAPTER IV 

ECONOMIC GEOLOGY 

PETROLEU~1 SEEPAGE 

In many reports on the Ma·ckenzie River area irt is stated trlrnt Alexander 
Mackenzie observed oil cepage on his journey from Fort Chipewyan on Lake 
Athabaska to the Arctic Ocean and back, in the ~ummer of 1789, a trip that was 
accomplished in 102 days. At only one place, namely the lower Rampart , did 
Mackenzie record a substance that ·he called "petrol·ium". and i1t is extremely 
unlikely that this has any connection with either oil or oil seepages. i\Iackenzie's 
description1 of the lower Ramparts and the "petrolium" i as follows: "The bank 
i 1high, .teep and soft rnck, variegated with reel, green and yellon• hues. From 
the continual dripping of water parts of it frequently fall [ind break into small. 
sfony flakes like sl·arte , but not so hard. Among tihem 11re found pieces of 
petrolium which beal's a resemblance to yellow wax, but is more friab le". 

The age of these beds may be still somewhat doubtful. Formerly they were 
assigned by McConnell to the Cretaceou , and as uch t hey appear on Geological 

urvey maps. Nauss, however, considers them to be non-marine D evonian 
trata, and they are shown as sucih on maps with th is rC'port. The bed' are 

non-marine and contain many plant fragments. Bed pre mned to be of 
similar age carry fossil resin. 'Ilhis i a yellow substance that is quite friable, 
and hence is probably what Mackenzie referred to as "petrolium". No oil 
seepages or oil arc known in t hese non-marine beds in t his area. 

It is to be presumed that the presence 1of seepage along Mackenzie River at 
the mouth of Bosworth Creek and below Bear Rock were known to the Indians 
and ea.rly Hudson's Bay Company tmders. McConnell, ·however, seems to have 
been one of the firnt to recognize the importance of seepages and to record t heir 
presence, but apparently the only seepage , that came und1c.r hi observation were 
those on the north shore of Great Slave Lake, although he record (IC, p. 31') 
that "near Fort Good H ope seveml tar springs exisrt, and it i from these that 
t.he Hudson's Bay Company now obtain their principal supply nf pitc'h. The 
springs are sit uated •at s·ome dis-tance from t he river, and n·ere not examined". 
Petitot also records "asphalt in great qu·antity" in "several of foe marshes in the 
neighbourhood of Good H ope" 2 . M cConnell noted "bituminou:; limestones at 
Rock-by-the-River's-Side, at B0ar Rock, at the Rampa1its, and· •at numerous 
other places" and states that "in the vidnity 0f old F ort Good H ope t he river 
is bordered for several miles ·by evenly bedded dark slhalcs of D evonian age 
whi-ch are completely saturated with oil. The shales have been reddened in many 
places by t he burning of tJhe oi l which they ~ontain". 

On his map of the fower Mackenzie River, Nauss· hmYs the occurrence of 
Middrle Ramparts shale (Hare Indian River shale of Kind.Ie and Boswortih) 
almost to Thunder River, bel•ow which Mackenzie River wings to the west. 
At Thunder River t.ihe Fort Creek hale is exposed, and, according to Nauss, 
about 45 feet above its base includes 50 feet of "black, pl1arty ulphurous bitu
minous shale. In places it is burnt reel by fo.res·t fires. On Outa.rntou River 

i l\1ackenzie. Alexander: Voyngc from 1\.-l ontrenl on the lli vf'r St. Lawrence tl1rough the Continent of North 
America to the Frozen and Pacific Oceans in the yea rs 17 9 and 179~ . 

2 Petitot, Emile: The Gre<>t Jlfockenzie Basin; Reports of t he Select Committe<s of the Senate 1887-1888. 
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this member comains a ligiht oil in considerable quantity. Small droplets of oil 
occur at the outcrop and give it 1a brown color". It is, probable that these are 
the same S'trata to which McConnell refers as "completely saturated with oil". 

None of the early explorers of Mackenzie River was aware of the oil 
seepages at the site of the present Norman Wells 'Oil field. The discovery of the 
seepages was made in 1911 through J. K. Cornwall of the Northern Trading 
Oompany, who sent an Indian named Karkesee to search for them because of 
his knowledge that float ,containing oil had been found ,along tJhe river banks in 
t he area belm-r Fort Norman. From observaJtions that had been made, tJhe 
general area where the oil-stained rocks originated was suspected. The Indian 
found small pools of ,oil in the gravel and later guided Mr. Cornwall to the 
location. A sample of oil collected in a sealer at that time was submitted 
1.hrough the Roy,al Bank, Edmonton, to the Barber Asphalt Oompany uf 
Pittsburgh for analysis. The similarity to Pennsylvania oil was1 noted in the 
report made by this company. 

At the time of the interest in oil in Turner Valley in 1913 J. K. Cornwall, 
J. H. Woods of the Calgary Herald, ancL Fred Lowes of Lowes and Company, 
Real Estate, Calgary, acting as a syndicate consulted Dr. T. 0 . Hos1ivorth , 
Geologist, who happened to be in Calgary on his way ifJo England from South 
America where he had been employed by the Shell Oil Company. Dr. Born"orth 
agreed to return the following summer and to examine and stake the far 
northern oil prospect. This was done and the arrangements for transportation 
from \V atenrnys 11·ere nmde by Mr. Cornwall. 

F'Ollo"·ing the staking of t.he claims, attempts were made to i.nterest oil 
companies in the discoveries and the property was bought by Imperial Oil 
Company dming the FiPS<t Great \Var while Co1'onel Cornwall was overseas. 
Denloprncnt by Xortlrn·est Company, a subsidiary of Imperial Oil Company, 
followed in 1919 and 1920. 

The area staked included the seepages, although Bosworth sfates "it was 
the remarkable character of the Fort Creek s<hales and Beavertail limesfone, 
rather than the seepages, which led to a favourable view of the prospects of 
this field" . Bo worth pointed out the bituminous chamc"tcr of the Fort Creek 
shales, and noted the oil in the overlying sandstones of what is now called the 
Imperial formation . He states that ·"the principal seepages occur on the hores 
of the Long Reach where the river flows for seventy-five miles along the outcrop" 
of the Imperial formation. He also points out that near the mouth o.f Bosworth 
Creek "the seepages arc consipicuous for a distance of two and a half miles. On 
digging in the river gravel, the outcrops of the green oil-sands are exposed and 
tJhe oil could be col lected in considerable amount. Further ·out in tJhe river 
mucih oil rises to the surface of the water, and in winter it colleots forming pools 
on the ioe". 

Link studied these seepages in 1919. He noted that "about one mile up
stream along the shore of Mackenzie River, oil is seen tio come to the surface of 
the water in small, black globules, whic<h when reaching the surf.aice, break 11nd 
spreaid as thin irridescent films of oil. Gas bubbles are ,also found ris,ing to the 
surface of the water in great profusion wherever oil s,eepages are found". In 
order to get s'amp'1es of seepage ,oil, Link dug four pits, 2 by 3 feet, and lined them 
witJh clay. In 3 days 21;{; gallons of oil were ·collected from these four pits, or at 
the raite of 6 · 3 barrels a year. It is likely that several hundred barrels of oil 
are esoaping in this area in a year, as the number of vents from wihi0h oil 
is escaping is 1considerable. The seepages are s1aid by Link to ocwr 1 mile 
upstream from Bosworth Oreek and rubout 1,500 feet out into Mackenzie River. 

In 1920 a sec<md1 seepage area was found by Link at Seepage Lake, 1-!- miles 
iniand from Mackenzie River. This seepage is' believed to be coming from <fJhe 
Fort Creek shales from the ~one that gave the large flow of oil in Discovery No. 1 
well at 783 feet. 
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There are several oil seepage along the north side of Mackenzie River 
below Bear Rock (Stelck, 19A). These occur at or near tihe contact of the 
Fort Creek and Cretaceous bed and presumably come from the Fort Creek 
hales. The oil stains the mud and s1hale dark brown, but free oil isi not 

commonly present. Seepages are present within a !half mile downstream from 
the west side of Bear Rock, and are found· for some distance beyond this. 
Franklin1 described Bear Rock "composed of limestone 1and from the cliffs which 
front the river, a dark bituminousi liquid ·oozes and discolours the rock. There 
are likewise t"·o streams of sulp'hureous water that flow from its base into the 
Mackenzie". McConnell (l C, p. 102) mentions that Franklin saw the seepages, 
but apparently he, himself, did not observe them. 

Gas seepages also reported by Link 4 miles upstream from Discovery well 
near the mouth of J oes Greek. These occur in the lower part of the Imperial 
formation for a distance of about a mile along the river front. Another oil 
seepage was noted from the Imperial formatio~ upstream from Carcajou Ridge. 

SULPHUR SPRINGS 

In mariy places sulphur springs have been found, and ulphur deposits 
have been observed· particularly on the Fort Creek hales. On Bo ~vorth Creek, 
near the contact of the Fort Creek shales and the underlying Middle Devonian 
limestones, three sulphur springs were noted by Link. The sulphur deposits are 
on the rocks adjoining the spring. 

In the Vermilion Creek gorge, about 6t miles from Mackenzie River, several 
springs issue from the gorge face (UC, pp. 61-2). These spring iare al o from 
the Fort Creek hales. 

Slightly less than a mile below Bear Rock, sulphur water comes from the 
upper Middle Devonian limestones. These springs were repo-rted· by Franklin, 
and are seen at low water only. McConnell noted their occurrence, but did not 
see them. 

In many places tJhe Fort Oreek shales 1contain sulphur stains, and other 
rocks give off a fetid odour when struck by the hammer. These are probably 
due to the reduction of sulphates by the bitumi.nous materials contained in the 
rocks. This may be the e:>.."Planation why sulphur springs and sulphur stains 
are so widely associated with the highly bituminous Fort Creek sihales. 

THE NORMAN WELLS FIELD 
(See Figure 15) 

DRILLING PRIOR TO CANOL PROJECT 

The discovery well in what has now become known as the Norman Wells 
field was located in 1919 by T . A. Link for the No.rthwest Company, a subsidiary 
of the Imperial Oil Company, near rthe site of the seepages on the delta of 
Bo worth Creek. Drilling was d{)ne in 1920. A star cable-tool rig wa used. 
Bedrock was encountered under frozen glacial materials .at a depth of less 
than 20 feet, and consisted of sandstones and sihales of the Imperial formation. 
At a depth of 83 feet a flow of fresh water was encountered, 1and below this, in 
a sandstone, the first •how of oil occurred. Other shows of oil were found and 
oil taken from the well as follows: 112 ft., 132 ft. (15 gals.), 147 ft. (12 gals .. ), 
167 ft. (12 gals.), 183 ft. (8 gals.), 198 ft. (180 gal .) , 199 ft. (30 gals.), 202-215 

•Franklin, Sir John: Narrative of a 2nd Expedition to the Shores of the Polar Sea in the Years 1825, 1826, and 
1827, p. 19 (1828). 
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ft. (100 gals.), 212 ft. (80 gals.), 216 ft. (20 gals.), 220 ft. (15 gals.), 225 ft. (12 
gals.), 227 ft. (12 gals.), 231 ft. (12 gals.), 235 ft. (12 gals.), 249 ft. (12 gals.), 
and 255 ft. (gas). 

The Imperial formation was 255 feet thick, and from the above showings it 
is apparent that oil was everywhere present in the sands composing it. At 285 
feet, in the Fort Creek slhales, 40 gallons of oil, and at 317 feet, 150 gallons of 
oil, were obtained. At greater depths the Fort Creek shales became darker and 
somewhat harder, and below 400 feet oil again began to appear in the hole as 
follows: 400 ft. (36 gals. in 36 hrs.), 435 ft. (1 bbl.). 455 ft . (l bbl. oil and 
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Figure Hi. C.ro<&-sectwn A.,A, Norman \Yells fielil. 

gas), 475 ft. (1 bbl. oil and, gas), 530 ft. (more oi•l and g::i,s), 535 ft. (5 bailcrs 
of oil in 36 hrs.), 50 ft. (1 bbl. oil), 575 ft. (t bbl. oil), 606 ft. (36 gals.), 625 ft. 
(75 gals.), 669 ft. (55 gals.), 705 ft. (12 bbls. in 36 hrs.), 720 ft. (3 bbls.), 740 
ft. (100 gals.), 760 ft. (10 gals.), 783 ft. (well flowed by heads rising 75 feet in the 
air through 6-inch oa ing). 

Initially the well flowed through the 6-inch casing for 10 or 15 minute 
intervals, and after it was capped it was capable of flowing whenever it was 
released. This was surprising in view of the fact that the bottom of the well wa 
in black Fort Creek shales, where only frnctured zones were ·capable of producing 
the necessary reservoir conditions. 

In 1923 this well was deepened to 1,025. feet, and a further flow of oil was 
found, the former one 1having largely 1ceased because of ·cavings m the ex·haustion 
of tJhe oil -at tJhis level. Tlhe bottom of itJhe hole, at 1,025 feet, was still in the 
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Fort Creek shales. This well was abandoned in 1944, as it had gone largely to 
gas and the fractUl'ed character of the shales in it were likely to prove a source of 
dissipatiQn for any gas that was put back inrto the field by re-pressuring. 

In 1921 the Northwest Company drilled Bear Islanru No. 1 well on the west 
point of Bear I land. This weH obtained shows of oil at 1,948, 1,975, and 2,000 
to 2,010 feet, but encountered salt water 8lt 2,060 ·feet. 'Dhe well was drilled to 
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2,304 feet. It was thougiht fm:rnerly ·that thi well reached the top of the 
Middle Devonian limestones at 1,945 feet, but a re-interpretation of the samples 
by 0. D. Boggs, after considerable information had been derived from the Canol 
drilling, indicates that they came from the top of the Reef limestones in the Fort 
Creek shales, and that tJhe well at 2,304 feet wa still in this zone. The log Qf the 
well, as re-interpreted by Boggs, is ·as follows: 0 to 80 feet, surface sand; 80 to 
660 feet, Cretaceous beds; 660 to 1,140 feet, Imperial formation, of S'andstones 
and shales; 1,140 to 1,840 fee.t, Upper Fort Creek shales; 1,840 to 1,945 feet, 
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bituminous zone of Fort Creek sihales; 1,945 to 2,304 feet, Reef limestones. When 
this well wais opened at the time of the Canol activity in 1943, it was found to 
contain considerable oil. It is now known to be on the southwestern edge of 
the Norman Wells field. 

In 1921 the Fort Norman Qi,l Company drilled a well to a depth of 1,512 
feet about 8 miles up Mackenzie River from the Northwest (Discovery) No. 1 
well. Some gas was encountered, but no oil was1 obtained. 

In 1921-22 the Norlhwest Company drilled "C" location oh the southwest 
side of Mackenzie River ·oppos1ite the upper end of Bear Island. The fo'St well 
was 1abandoned because of mechanical troubles, and a second· well, drilled to 
3,057 feet, got only slig1ht shows of oil and was abandoned a a d1ry hole. 
Neither of these wells1 nor ·the Fort Norman Oil Company well can be ·C'on
side1red as part of the Norman Wells area, but like Bear Isbnd No. 1 well were 
drilled in an effort to determine how far the field· extended. 

The "C" location well samples have been examined and re-interpreted by 
0. D. Boggs, after ·consicJierable infornrntion became available from drilling 
under the Canol project, as follows: 0 to 60 feet, no samples; 60 to 650 feet, 
Cretaiceous beds; 650 to 1,350 feet, Imperial formati•on of ss.ndstones and shales; 
1,350 to 2,160 feet, upper Fort Creek shales; 2,160 to 2,570 feet, bituminous zone 
of Fort Creek formation; 2,570 to 2,605 feet, Reef limestone beds. The limes•tone 
had no oil saturation, and probably represent •only the basal beds with no 
true Reef limestones. No water was present; 2,605 to 2,990 feet, lower Fort 
Creek shales; 2,990 to 3,057 feet, Middle Devonian (Ramparts) lime&tones. 
These limestones were not porous, and contained no water. 

In 1924-25, 1:Jhe Northwest Oompany drilled No. 2 well, 150 feet from No. 1 
\\'ell, to a depth ·of 1,602 feet. The 1og, according to Bogg , is as follows: 
0 to 30 feet, surface deposits; 30 to 260 feet, Imperial formation, with a show 
of oil at 122 feet; 260 to 950 feet, Upper Fort Creeks.hales with gas at 272 and 
oil at 792 and 895 feet (estimated at 25 barrels a day); 950 to 1,086 feet, Fort 
Creek bituminous zone with oil and gas at 1,060 feet (flow es·timated at 50 
barrels a d1ay); 1,086 to 1,490 feet, Reef limestones with oil s·atui·ation to 1,310 
feet, lower part barn·en; 1,490 to 1,602 feet, lower Fort Creek shales. In 1944 
this well was re-worked. An attempt was made to pull the 8-t-inoh casing, but 
this wa"-51 found impossible; 5!-inch casing was run ins•ide to a depth of 1,329 
feet and cemented. The casing was finally gun perforated from 1,115 to 1,140, 
1,155 to 1,205, and 1,220 to 1,310 feet. T1he well was then aicidized. Initiail 
production was 140 barrels a day through a %2 -inch choke, with a gas-oil 
ratio of 686 cubic feet to the barrel. • 

Northwest No. 3 well was drilled in 1939 to 1,830 feet, •and was deepened 
in 1940 to 2,702 feet with no apparent change. It is up river approximaitely 
half -a mile from Nos. 1 and 2 wells. The log, acconding to Boggs•, is as follow : 
0 to 20 feet, surface deposits; 20 to 230 feet, Imperial sandstones', with an oil 
trace at 140 feet and' gas show at 155 feet; 230 to 1,020 feet, upper Fort Creek 
shales, with gas shows at 448 ·and 555 feet; 1,020 to 1,280 feet, bituminous zone 
of Fort Creek formation, witb oil show at 1,163; 1,280 to 1,475 .feet, Reef lime
stones with oil saturation to 1,310 feet, ·and from 1,340 tJo 1,360 feet; 1,475 to 
2,011 feet, Lower Fort Creek s'hales·; 2,011 to 2,180 feet, Middle Devonian 
(Ramparts) 'limestones; 2,180 to 2,370 feet, Middle Devonian (Ramparts) 
s•hales; 2,370 to 2,702 feet, Bear Rock dolomite. Water at 2,385 feet was said 
to be about 2 gallons ·an hour. 

Northwest No. 4 well was drilled in 1940, slightly less than ·a quarter mile 
down river from Nos. 1 ·and 2 wells, to ·a depth of 1,384 feet. The log is •as 
follows: 0 t;o 30 feet, surface materials; 30 to 250 feet, Imperial sandstones, with 
slight oil show at 150 .feet ·and a slight gas show ·at 190 feet; 25 tJo 940 feet, 
upper Fort Creek shale, with oil shows at 485, 510, and 710 feet, and gas s•hows 
at 270, 285, 335, 385, 1and 710 (l·arge flow) feet; 940 to 1,090 feet, bituminous 
zone Qf the Fort Creek s·ha·le; 1,090 to 1,215 feet, Reef limestone with ·oil and 
gas flow 1,092 to 1,150 feet. ' 
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The above wells were drilled with cable tools, and from the samples, without 
having any cores, the true ohara<Cter of t1he reservoir rock was not understood 
until dTilling with rotary rigs commenced under the Canal project in 1942, and 
cores were taken. It was then recognized that the producing zone was a reef 
limestone in the Fort Creek shales. 

DRILLING UNDER THE CANOL PROJECT 

Under the Canal project sixteen wells were drilled in 1942. Al.I of these 
wells were on the northeast side of the river, and are wells 5X to 23X inclusive, 
with the exception of 15X. N os. 13X and 17X wells proved to be outside the 
limits of the field, but the remaining wells all obtained oil in varying amounts. 
Because of the fact that the true character of tJhe reservoir rock was not recog
nized prior to this d1·illing, many of these wells did not ·penetrate the full 
thickness of the porous bed , and in 1943 twelve of them were deepened. 'I'hese 
included all of the wells d·rilled tJhe previous year excepting 5X, 13X, 16X, and 
17X. In •addition, twelve new wells were drilled in 1943. These included 
15X, 19X, 22X, and 24X on the norbheast bank of the river; Bear Island Nos. 
2, 3, 4, 5, and 8, on Bear Island; and Goose Island Nos. 1, 2, ·and 3. Bear Island 
No . 3 'rnll was directional, as shown on Figure' 14, and in a depth of 2,394 feet 
deviated 969 feet horizontally. In addition to these, Mac No. 1 well was drilled 
to a depth of 3,146 feet on the southwest side of the river. This proved to be a 
dry •hoi.e, as was also Bear I land No . . 4 well. In 1944, thirty wells were drilled 
as follows: 26X to 33X inclusive (25X was not drilled) on the nortJheas·t bank 
of the river, Bear Island Nos. 6 to 18, e~cept Nos. 8 (drilled in 1943) and 15, and 
Goose Island Nos. 4 to 14 inclusive. Water occurs in some of the wells on tihe 
edge of the field on Goose Island, but all wells· drilled are capable of producing 
oil. In 1944, No. 1 DiscoYery well was abandoned because it was not drilled 
to the resenoir rock, and was likely to <cause leakage from t~1e reservoir when 
re-pressuring was commenced. It bad •also laTgely gone to gas. Also No. 18X 
well, largely a gas well, was made into a gas intake well. Thus, in the Norman 
Wells field at the end ·of 1944 there ba<l been sixty-two "·ells drilled , and at 
the end of the year fifty-six of these were oil prodi.1cers. The dry holes were 
13X, 17X, and Bear Island N os. 1 and 4. Oil was put in the pipeline in 
December 1943. This pipeline, which goes to W1hitehorse across the Mackenzie 
Mountains, is 598 miles long, of which arll but 140 miles of 6-inch pipe on the 
W1hitehorse end is 4 inches in diameter. There are 10 pumping stations on the 
line. The capacity of the line was estimated at 3,000 barrels a day. but it has 
exceeded that amount. 

SURFACE GEOLOGY OF NORMAN WELLS FIELD 

Rock outcrops of Imperial s1andstone occur on the estuary of Bos•worth 
Creek and along Mackenzie River in the immediate vi•cinity. All outcrops ·are 
relatively small. No outcrops are known on Bear or Goose Islands, and on 
the southwest side of Mackenzie River Creta·ceous bed's occur. To the nortJheast 
of the Norman Wells field the Norman Range lies ·at •a distance of about 5 miles. 
Silurian limestones ·outcrop on rtJhe top and east side of this range, and the 
success~ve higher formations are found to tihe soutJhwest. These 1are the Bear 
Rock dolomites, the R:amparbs sihales and limestones. the Fort Creek s·hales, and 
Imperial shales. Along Bosworth Creek tJhe dip of the beds on the Imperial 
formation is 4 to 12 degrees, whereas on the Ramparts formation it is, locally 
higher, but the general dip is about the same. At tJhe mouth of Bosworth Creek 
the dip is v,ariable both in diirection and amount, and -although some <Crumpling 
seems to be indicated, there is no revernal on the gener·al southwest slope. It 
is possible, however, the <crumpling may have caused some local fracturing of 
the subsurface beds. allowing oil to escape as seepages over the area previously 
described. 
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Cretaceous strata completely cover 'all older rocks on the ::;uutl1\Yest side and 
in the vicinity of 1\Iackenzie River. They dip into a ba ' in in which, in paTt, 
Carcajou Rivor flows in a direction only slightly oblique to the ::O.Iackenzie for 
a very considerable distance. Beyond and along Ca1,cajou River the dip is in 
general to the northeast and the older beds emerge from the basin to form 
Carcaj ou Mountains. 

Thus the orman Wells oil field ·is on a monoclinal structure on tJhe south
west flank of the Discovery R·ange, and on the northea: t limb of 1:1he CBl!'Cajou 
basin. In the field itself, a revealed· by drilling, the dip is 4 tJo 5 degrees to the 
southwest. There is no reversal of dip to the northeast. 

SUBSURFACE GEOLOGY OF NORMAN WELLS FIELD (Boggs, lB) 

The youngest strata drilled within the Norman \Vells field are Cretaceous 
beds. Southwest of these, on the west bank of l\tiackenzie River, in the few 
wildcat well drilled to date, srtill thicker Cretaceous sections occur. The bas·al 
part of the Cretaceous· within tJhe field, accoroing to Bagge (lB), is a and.stone 
a•bout 100 feet thick that is easily recognized in tJhe electrologs of the weHs. 
Boggs gives ·t!he thickness of tJhe Cre.taceous, in wells drilled up to the end o.f 
1944, from 70 feet (Bear Island No. 11 well) ·to as much as 300 feet (Goose 
Island No. 3 well). The Cretaceou is overlain by glacial material and recent 
silts and sands. The depth to it is, ·consequently, variable, but in most wells it 
is 100 to 200 feet deep, and. in several wells is a muoh as, or even more than, 
300 feet (Bear Island• No. 13 well-310 feet). 

In Mac No. 1 well, <frilled on the soutJhwest bank of Mackenzie River, no 
s•amples are available down to 300 feet. Below this the beds are oft, platy, 
dark grey to black 1hales to 470 feet. From 470 to 520 feet tJhere is much 
bentonite, followed by 70 feet, that is, to 590 feet, of light grey sandstones with 
glauconite. Below this, for 120 feet, to 710 feet, the beds are shales with 
glauconite, and these in turn are underlain by 100 feet of sand tones and sandy 
shales, with muoh glauconite and witJh mall I'Ounded, quartz grains near the 
bottom. 

Imperial Formation 

As alreadiy indicated, andstones of the Imperial formation outcrop on the 
norbheast bank of Mackenzie River, but are covered by Cretaceous bed to the 
southwest. 'Dhe top 'Of the Imperial formation i ·an erosional unconformity, 
and hence the formation shows con ideraible variation in tJhidrness. The base of 
the Imperial formation is gradational from sandstones into the sha'1e of the 
Fort Creek formation, and hence the formation boundary is drawn arbitrarily. 
It may be that the upper sandy bed's of the upper Fort Creek forrnation should 
be included with the beds of the Imperial formation, as the d1ivision between 
them and the underlying bituminous S'hales is reasonably sharp. However, until · 
further infol'mation becomes available, the base of the Imperial formation has 
been pla•ced at the beginning of the predominantly sandy beds into which the 
shales grade upward. In several of the weHs Bogg noted that the lower 400 
feet of the Imperial formation is l·argely sand tone, whereas the higher beds 
are much more shaly. 

The wells on the northeast bank of Mackenzie River tihat commenced in the 
Imperial formation show a thickness for these bedis of approximately 150 to 225 
feet. No. 13X well, which was drilled outside the fie)d, at the northwest or down 
river end, showed a thickness of 320 feet. On Goo e ·and Bear Islands, where 
the Imperial formation is overlain by Cretaceous beds, Boggs shows the thickness 
to be 425 to 570 feet, whereas at Mac No. 1 well, on the soutJhwost bank of tihe 
river, it is 520 feet, and in the "C" location well it is 700 feet thick. T·his 
tbickness is relatively small in comparison with t.hat on Impcrinl Rinr from 
which the section has been described in this report. 
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Fort Creek Formation 

In the Korman \Velis field Boggs (lB) has divid~d this formation into 
fo ur members as follows: 

(1) Upper non-bituminous member. 
(2) Bituminous shale member. 
(3) Reef lirn e~tone member, divisible into two parts: (a) t he producing 

zone of true Reef limestones; and (b) a lower, bedded limestone on 
which the reef has been built. 

( 4) Lower shale member. 

Upper Non-bituminous Member. The upper non-bituminous member con
tains some sandstone toward the tO'.]J, and tihere appears to be a gradation into 
the heavier andstones of the overlying Imperial fonnation . For tJhis reason 
these non-bituminous beds may belong with the Imperial rather than with the 
Fort Creek formation. H owever, Spirif er disjimctus is tJhought to belong 
exclu ively in the Imperial formation, and so far as· known, it i not in these 
non-bituminous ·hales . In fact, its occurrence with tJhe sandy beds has been 
used as an aid in dividing the t'\\·o form ations. F or t he pre ent, therefore, it 
seems preferable to leave t his non-bi tuminous member ·as t he upper part of tJhe 
Fort Creek formation. Where t he R eef lim estone is not present the non
hi tuminous member is as much as 840 feet th ick (Bear Island. N o. 4 well ), and 
as little a 660 feet tJhick (No. 20X well), where the limestone is fully developed 
(Boggs lB) . 

Biturninous JI ember. Tlhi member is noticeably darker tlhan tJhe overlying 
non-bituminous beds, and in t he electrologs of t he wells there is an abrupt and 
large increa e in the impedance curve. According to Boggs, t hese beds are 
almo t ·coal-black where t hi . member is thick, and are hard, wit ih an abundance 
of pyrite. They overlap the reef and hence vary in thickness witJhin tJhe Norman 
'\Yell s. field from 100 feet, where the reef is fullv developed, to as much as 300 
to 400 feet, where ·only the basal limestones of the reef are present. This is 
illustrated by t•he fo llowing table (Boggs lB) for wells dTilled to the end of 
1943: 

R eef li mestones more than 400 feet t hi ck . ........ . 
R eef limestones from 200 to 400 feet thick ....... . 
R eef limestones less than 200 feet thick ........... . 

Number 
of 

wells 
17 
10 
7 

Average thickness 
of bit1lminous member 

F eet 
118 
197 
294 

At "C" location, based on samples only, Boggs gives t he thickn ess of the 
bituminous member as 410 feet. 

'llhe variation in t1he ·combined ·thickness of t he Reef limestone' and the 
bituminous member is given by Boggs for weHs drilled to t he end of 1943 ·as 
fo llows: 

Numb er 
of 

wells 

Reef li me. lone~ more than 400 feet thick.......... 7 
R eef limestones 200 to 400 feet l hi ck .. ... . . . . . . . . . . 5 
Reef JimesLont>s less than 200 feet thick............ 7 

Co·mbined thickness of 
R erf limestones and 
bituminous member 

FPC't 
567 
529 
4.26 

In a few of the above wells , where the complete thickness was not dri lled, 
Boggs made an estimate. He no tes ·uhat the combined t hickness of the R eef 
iime tones and bituminous member is about 140 feet greater where the reef is 
iully developed than it is where the t rue reef condition has d is.appeared. The 
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thinning -occurs outward from tJhe true reef and is, to a large extent , compensated 
by a thickening of t he upper non-bituminous member as previously des·cribed. 
That such is the case is shown by Boggs in the following table: 

N umber 
of 

wells 

Reef limeslones more than 400 feet thick.. . ........ 7 
Reefs limestones 200 to 400 feet thick . . . . . . . . . . . . . . 5 
R eef limeston s less than 200 feet thick...... . ... 7 

Com binecl thickness 
R eef limestones, 

bil uminous member, 
ond non-bit1tminous 

member 
Feet 
1,267 
1,264 
1,232 

This table also suggests that the net compadion effecr, of the shale above 
the Reef limestones may be some such figure as 30 feet, although , as Bogg states, 
t he number of wells is too few to draw any certain conclusion . 

R eef Limestones . ·when the early well \Yere being drilled it was thought 
that these limestones n'ere Middle Devonian, but later drilling reYealcd tJhat 
they were coralline limcs·tones wi·thin the Fort Creek formation, and, conse
quently , of Upper Devonian age. The hape and thickness of the reef can be 
seen from cross-section, shown in Figures 15 and 16. As already stated, the 
reef can be divided into an oil saturated, true reef, the upper part resting on a 
bedded limestone 70 to 160 feet thid:. Thi lower part is generally impermeable, 
but in a few wells, possibly clue to fracturing, it has some saturation. On 
Bosworth Creek, where the Fort Creek shales outcrop southwest of the Norman 
Range, the lower bedded· limestone is thought to be represented by only 12 feet 
of limestone strata. On Canyon Creek it was not recognized. This lower lime
stone, however, is believed to have a fairly n·ide di tribution in the vicinity of 
the Norman WeHs field, and Stclck suggested tha·t one of the lime tone members 
in the Bluefi h well may be the equivalent of the basal Reef limestone of this 
field. It is apparently tJhe foundation on which the true reef was built. Some 
wells, as 13X ·and 17X, outside the limits of the prod'llcing area on the northeast 
bank -of M ackenzie River, fo und only the lower bedded limestone and hence 
obtained no produdron. In Goose I sland No. 3 well, Boggs reports a definite 
division between the true reef and the underlying limes·tone . In this well a 
core wa5 taken about 85 feet above the base of the lower limestone, and s1howed 
congiomeratic Reef limestone grading into 2 or 3 feet of s1hale tJhat overlies the 
bedded limet>bones. At "C" loc·ation on the west bank of the river, the true 
reef was missing, and only 35 feet of basal limestones were present. 

According to Boggs, the true reef part of the limestone varies in -thickness 
from 0 to 350 feet in t he Norman '\Velis, fie ld, and may be as much as 400 feet 
thick on the south bank where it ·contains water. It is composed of heterogeneous 
materials, such as corals, bryozoans, and stromatoporoids, and where cores have 
been obtained they show an abundance of fossil remains in a groundmass of 
coral sand. In Goose Island No. 2 well the reef was ·composed of fairly soft 
and coarse coral sand with few fossi l remains. Lower in the section tilrnre was 
an abundance of fossil fragments. In Goose Island No. 3 well tJhi non-fossili
ferous ,coral sand was absent, and in Mac No. 1 well, drilled on the southwest 
bank of the river, a coral sand 100 feet thick was encountered, but was hard and 
evidently of low permeability. Boggs tJhinks that the character of the reef 
changes within s·hort distances, and illustrates tJhi by reference to No. 4 well , 
which found only traice of oil in the upperm,ost 50 feet of the reef, whereas 
No. 6X weill , drilled only 600 feet di tant, flowed strongly as soon as the top 
of the reef was iotwhed by the drill. Boggs also points out that the true reef 
is generally oil-bearing where it is structurally favourable, but within it there 
may be barren z·ones and also ·considerable variation in d€gree of the saturation. 
Porosity determinations maide from tlhe more porous parts of the reef show 
8·7 to 23·6 per cent, with ,an average of 17 per cent (eight, samples). 
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The wells drilled to the end ·of 1943 are listed by Boggs as follows: 

Depth to Overal l Am ount of 
Well top of th ickness of limestone Notes 

limestone limestone penetrated 

Feet F eet Feet 
D iscovery-

N o. 1. Limestone not reached. 
2 .. . 1 , 086 224 404 
3 . ...... . . .... . .. 1, 280 80 195 Not saturated 50 feet. 
1 . ' ''' '' '. ' ' . ... ' 1,092 236 (292 )1 

5X . .... .. .. .. . . . 1, 175 115 (155) 
6X . ............. 1, 065 '.l32+ (301 ) 
7X .. 1, 207 93 260 
8X . ..... . ..... J ,208 112 (258) Best sat.uration to 52 feet. 
9X . l ,265 45 158 Net saturation 20 feet. 

lOX . 1,050 320 (375) Best satura t ion to 260 feet. 
llX . 1, 170 230 (271) 
12X . 1, 088 302 (408) 
13X .. 1 , 505 () 75 
14X .. . . 1, 250 60 170 
15X . . . . . ..... . . 1, 186 179 (203 ) 
16X. . . . . . . . . . . . . 1, 208 82 (105 ) 
17X . ........... . . 1, 340 0 125 
18X . 1, 120 240 865 Slight saturat ion to 310 feet. 
19X . . . . . . . . . . . . 1, 135 285 395 B est saturation to 225 feet . 
20X . 1, 076 332 (343 ) 
21X . 1, 074 336 (351 ) 
22X . 1, 083 372 (383) Best saturation to 302 fee t. 
23X . .. 1,040 370 386 Best satura h on to 330 feet . 
24X .. . . . 1, 190 250 (284) 
26X . . . . .. 1, 285 160 (235 ) 
27X . .. . .. .. . ... 1, 133 232 (241) 
28X ... 1,230 130 (150 ) 
29X . 1, 194 136 (161 ) 
30X . . 1, 185 125 (155 ) 
31X. 1, 215 95 165 Basal limestone 70 feet thick. 
32X . 1,232 58 (138) 
33X . · · · · · ·· ···· 1, 245 55 (115 ) 

Bear Island-
No. 1 .. ' 1, 945 ;5 (3.59) Net satura t ion 15 feet . 

2. 1, 706 244 (329 ) 
3 . 1, 669 334 (422 ) Vertical n1easurements ; best 

saturation 290 feet. 
4 . 2, 110 0 170 
5 . l , 725 305 (331) Best saturation 300 feet. 
6 ... 1, 893 87 (202) 
7 . 1, 775 215 (354) 
8 . 1, 890 135 (275) Net saturation 115 feet . 
9 . 1,821 154 (152) 

10 .. 1,817 163 (183) 
11 . ·· ··· ··· ·· 1,640 340 495 B asal limestone 155 feet thick. 
12 .. 1, 700 260 (267) 
n . 1, 764 226 (236) 
14 . 1, 747 223 (228) B est saturation 193 feet. 
15 ' N ot drilled . 
16 ' 1,648 257 (327) 
17 ' .. . . . .. . . . . 1, 739 181 (227) 
18 . 1,879 61 (121) 

Goose I sland-
No. 1. 1, 663 312 (312) Net saturation 182 feet. 

2 .. 1 ,592 388 (432) 
3 . · ····· · · · ·· · 1, 785 195 381 Net saturation 145 feet. 
4 . ' ···· · · · ····· · · 1, 641 254 414 Basal limes tone 160 feet thick . 
5 .. 1,686 289 (296) 
6 . l , 665 265 (301 ) 
7 . 1,666 294 (334) 
8 . . . . . . . . . . . 1,560 320 (369) 
9. 1,555 335 (385) 

10 . 1, 668 (262 ) (262) 
11 . 1, 755 (1 70) (170 ) 
12 . · · · · ··· · ·· · ···· 1, 767 (168) (168 ) 
13 . 1, 783 165 (167 ) B est saturation 66 feet. 
14 . . . . . . . . . . . . . . . . 1, 610 290 (320) 

Mac No. 1. . . ... . ... ...... . 2, 097 3 492 

"C" location .. . .... .. .. .. . 2,570 0 35 

• (292) Figures in brackets indicate depth of penetration when not completely drilled . 
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From the above it is seen that the maximum reef thickness of 388 feet 
was found in Goose Island No. 2 well, al·though several other wells had a 
thickness of more than 300 feet. In Goo e foland No. 2 well tJhe upper 50 feet 
was coral sand with few fossils. In Mac No. 1 weill, coring showed the upper 
100 feet was coral sand, but only the upper 3 feet had any oil saturation. In 
this well the total thickness of tihe reef, including the lower bedded limestone, 
was drilled, and tihe thickness was approximately the ame as in Bear I sland 
No. 11 well, namely 490 to 495 feet, whereas on the norbheast bank of ).Iackenzie 
RiYer the maximum thickness exceeds 400 feet, and, according to Boggs, may be 
·about 450 feet. 

Lower Shale Jltf ember. The lower shale member of the Fort Creek forma
tion ha been reached in a number of wells in the Norman Wells field, but has 
been penetrated by only three in and on the edge of the field, a follows: 

Discovery No. 3 well 
Mac o. 1 well 
"C" location .. 

Well 
Depth to top of 

lower shale 
member 

Thickness of 
lower shale 

member 

Feet Feet 

1,475 
2,589 
2,605 

536 
541 
385 

Out ide the vicinity of the Jarman Wells field several well have drilled the 
complete Upper D evonian section. The thidrness of the lower shale member of 
the Fort Creek in these is given by Boggs as followg.: 

l<'r.t>L 
Bluefish No. IA well........ ....... . ..... ......................... 475 
Hoosier Ridge ~ o. 1 well. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 556 
Hoosier Ridge No. 2 well.... . . ......... .. ... .. . ... ............ ... . 780 

In tJhe Hoosier Ridge No. 2, however, t he shalcs may have been deformed, 
and hence the drilling thickness may considerably e~ceed the stratigraphic 
thickness. 

Coral reefs have been reported by various Cano! geologi ts from different 
areas. The tendency has been to •refer to these as tJhe Kee Scarp member, which 
is correlated with the producing reef of the Norman Wells field. It is unlikely 
that these all occur at the same tratigraphic horizon. At Beavertail Point, for 
example, the beds formerly assigned to the Beavertail formation, that is , 
Middle Devonian age, are 1composed mainly of coralline material , and although 
the age of this may be questionable, it is very doubtful if it is equivalent to tJhe 
Reef limestone of the Norman Wells field. The <lri'lling of the an Sault well 
on t he west bank of Mackenzie River might have been expected to solve this 
problem, as this well commence& in Cretaceous strata. Unfortunately, however, 
the well pa ed into Fort Creek shale under the Cretaceous without drilling 
either the equivalent of tJhe Kee Scarp reef or higher beds" If it is assumed· that 
the part of the Fort Creek beds drilled belong to the fower member, then the 
reefs at Beavertail Point and on East Mountain may not be equivalents of the 
Kee Scrap member, althougih they resemble it in character. 

Ramparts Limestones 

In the N orrnan 'Vells a.rea the Ra:mparts formation was reached in only 
three well , namely, Discovery o. 3. Mac No. 1, and "C" location, and of these 
only Discovery No. 3 well ·completely penetrated tJhc e beds. T1his well showed 
the Ramparts formation to be 359 feet thidc, of which 169 feet is Upper Ram
parts limestone. In the Bluefish and Hoo ier Ridge Nos" 1 and 2 wells the 
Ramparts formation was 295, 270, and 260 feet thick, respectively. 
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Bear Rock Formation 

Only one well in the Norman Wells field, namely Discovery No. 3, reached 
the Bear Rock formation. The top was reached at a depi:Jh of 2,385 feet. 
Water wa encountered 15 feet within tlhis formation. As tihe weH is on the 
monoclinal slope into Carcajou basin, and as highly p01,ous dolomites outcrop 
up-dip from the well on the southeast flank of the Norman Range, the presence 
of water serves only to emplhasize the porosity of tlhese beds. 

SIZE AND PRODUCTION OF NORMAN WELLS FIELD 

The No.rman Wells fi eld has now been outlined by drilling, and is calculated 
to contain approx~mately 4,325 acres, o.f whi10h 370 are on tihe northeast bank 
of Mackenzie River, 462 on Bear I sland, 1,473 on Goose Island, and 2,020 
under t he water of Mackenzie River . By d irectional drilling a part of this 
under-river area will be reac:hed, but it will be impracticable to drill from piers 
built in t he river because of t he severity of the ice shove during spring break-up. 
Link 1has estimated a n inac·cessible area of 1,180 acres beneath Mackenzie River. 

It is difficult to give an accurate figure for the potential production of t he 
wells drilled, as this is greatly altered by tJhe amount .of acidization. Boggs 
es1timated a potential of 215 barrels a day for the wells drilled in 1942. As 
reported by Stewart1 , one of the best wells, on being allowed to flow wide open, 
produced 1,000 barrels in 23 hours, wherea another well flowed 875 barrels in 
19 hours after acid t reatment. Some of the wel1s, however, previous to acidiza
tion, were capable of less than 50 barrels a day. The poros·ity and the i:Jhickness 
of the oil-saturated zone within the producing area also show considerable 
variation. In making calcul·ations of reserves Boggs uses an average porosity of 
17 1per ·cent for the saturated zone. There is, however, considerable connate 
water. Various estimates of the reserves in the Nmman Wells field have been 
made. Boggs, at the end of 1943, ·calculated· t he recoverable oil might be about 
57,000,000 barrels, a figure that approximately corresponds with tewart's 
estimate of 60,0D0,000 barrels. Link, ·however, gives •a much more conservative 
estimate, based on the same data , of 30,000,000 barrels. 

The reservoir pressures have been given by 8'tewart, and are considerably 
aboYc 'hydrostatic pressures. Bottom hole pressures in well shut in for a 
considerable time are given for various wells as follows: depth 1,330 ft.-693 lbs.; 
1,340 ft.-675 lbs.; 1,399 ft.-720 lbs.; 1,705 ft.-833 lb . ; 1,840 ft.-895 lbs. 

CHARACTER2 OF NORMAN WELLS OIL 

Rpcrifir gravity at 60°F . ..... . .... . . ....... .. ............. . . . 
Degrees A.PI ..... ... ........... .. . .. . .. .. .... . .... . .. . ... ....... . 
Pour point .. . . . .. . ..... . ................ . ......... . .... . . .. below 
Viscosity seconds 

Saybolt Universal at 70°F . .. ............. . .......... . ........ . 
" " 15°F .. . .. . . . ...... ... . ...... .. .. . .. . .. . . . 

0°F ... . .......... . .. ....... .. . .... . .... . 
- 15°F . . ............... .. ... . .... . ... ... . . 
-30°F .... . .... .. ....... .. .... . ... . ..... . . . 

Sulphur by weight 0 ·55 per cent, 
Water and sediment by volume, per cent-trace 
Base of crude-intermediate (wax bearing) 

O· 33 
38·4 
60°F . 

41·6 
88· 0 

142· 0 
239 ·0 
525·0 

Pre»ious to the Cano! project there was a small refinery at Norman Wells, 
capable of supplying local needs. The capacity of this refinery was about 850 
barrels a day, but it was1 operated only for a few months in the summer, and 
alkalate was taken to the refinery from other somces to provide 87 octane gas·o
line for aeroplane use. In 1943, when the need for products increased., certain 

1 Stewart. J. S.: Petroleum Possibi li ties in Mackenzie Riv C'r Valley, N.W.T.; Trans. Can. Inst. l\1Iin. and l\Iet., 
vol. 47, pp. 152-171 (1944). 

2 8tcwart, .T. S.: Petroleum Possibilities in the l\fac·kenzie River Valley, N."-1 .T.; Trans. Can. Jn..i::t. 1\'lin . n.nd 
Met. , vol. 47, 1944. 
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improvements in the refinery brought rt.he capacity up to 1,100 barrels and, 
according to Stewart, the amount of products obtained from the oil are as 
follows: 

(a) When the refinery is making aviation base stock: 

Aviation base gasoline .... .... .. ... . .. ..... ..... ...... ......... . 
Heavy naphtha ........ .. . ...... ......... . . .... . ........... .. . 
Light diesel fuel. ......... ... .............................. ... . 
Reduced crude ............ ........ ............................ . 
Loss ............ .......... ............... ..... ................ . 

(b) Wh en the refinery is making motor gasoline: 
Motor . gasoline ............ .... .. . . ........... .. ... .... ....... . 
Light diesel fuel ... · ............ . ....... ..... ....... ............ . 
Reduced crude ... ... . ........................... ......... . . .. . 
Loss .. . .................. ....... ....................... . ...... . 

Per cent 
18! 
14 
27! 
36t 

3:! 

30 
31 
37 
2 

A heavy diesel fuel is made by blending reduced crude, heavy na~htha, and 
crude oil. The products made are such as to meet the requirements of local 
needs in the Northwest Territories, where i:Jhere is consid•erable mining aictivity 
on Great Bear and Great Slave Lakes. 

WILDCAT WELLS AND PROSPECTS 

Up to the end of 1944, ten wells had been drilled outside the Nm~man Wells 
field on various locations from Bluefish Creek, 40 miles upstream, to Sans 
Sault Rapids, 70 mile downstream. 

In 1921-22 a hole to a depbh of 495 feet was drilled at the mouth of Bluefish 
Creek. 'Dhis i·s only a sihort distance below Bear Rock, and in an ·area where 
there are seepages. This well was abandoned because of mecihanical difficulties , 
and a new well to a depth of 3,539 feet was drilled under the Oanol proje.ct at 
approximately the same location. 'Dhe log of the well, ·according to Stekk (19A), 
is as follows: 30 to 360 feet, Tertiary sediments'; 360 to 1,150 feet, Cretaceous 
shales and· s•andstones; 1,150 to 2,535 feet, Fort ·Creek shales; 2,535 to 2,910 
feet, Middle Devonian (Ramparts) limestones; 2,910 to 3,340 feet, Bear Rock 
formation of dolomites, with some gypsum in the upper part an<l much anhydrite 
•and shale in the lower part; 3,340 to 3,539 feet, Silurian limestones. 

It will be noted that no strata of tJhe Imperial formation have been 
identified from this well, but Creta1ceous beds are tihou~ht to .rest on Fort Creek 
s1hales. Stelck pla,.ces the Jungle Ridge limestone member between depths of 
1,618 and 1,780 feet, the Kee Scarp limestone member between 1,907 and 1,913 
feet, and another limestone, probably also belonging to_ the Kee Scarp, between 
2,010 •and 2,060 feet. 'Dhere are shales carrying Buchiola between 1,913 and 2,010 
feet. In the drilling slight oil stains were found ·at 1,910 and 2,480 feet. W·ater, 
which flowed, was encountered at 2,927 feet in the upper part of the Bear Rock 
formation. 

The Bear Rock formation outcrops on the flank of Norman Range, and its 
occurrence in the well suggests no dosure. If the fault mapped about three
quarters of a mile down Mackenzie River from i:!he well persists to depth, it 
might ·cause an accumulation on the upthrow side of the fault. In view of the 
results ·at the Bluefish well, tJhis1 seems to be the only further prospect associated 
with this structure. 

Two wells were drilled on Hoosier Ridge on the west side of Mackenzie 
River about 20 miles below Norman Wells. These wells began drilling on the 
Kee Scarp limestone member of the Fort Creek formation, and' the fact that 
they got no oil in a supposedly closed structure was disappointing. On the 
trend of the structure, or en echelon with it, tJhe Bear Rock fo11mation outcrops 
in tJhe anticlines that occur in the vicinity of Carcajou River. The amount of 
closure between these anticlines and the Hoosier· Ridge structure is unknown. 
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The drilling of "C" location in 1921-22 and the drilling of Mac No. 1 well 
on the west s·ide of Mackenzie River down the dip from the Norman Wells 
field have already been referred' to. These wells gave definite information 
concerning the. extension of the producing Reef limestone, but are too far down 
the dip for this member to carry oil. . 

Within the Carcajou basin west of Mackenzie River there are probably 
other structures similar to that which appears in surface outcrops in the 
Creta·ceous crossing Loon Oreek, 4 miles west of the river. The basin, however, 
outside of the ridges that outline it, i largely muskeg covered, and· outcrops 
are scarce and difficult to locate. It is probable, therefore, tJhat simila.r strnc
tures will be found only by ome form of geophysical work. On the edges of 
the basin the tructures that are locally pre ent, a1s on Vermilion Creek, have a 
rather limited amount ·of closure on the urfa'ce and· hence are not entirely 
satisfactory as oil prnspects. The series of anticlines that oocurs along tJhe 
Imperial anticlinorium from its beginning, south of the junction of Imperial and 
Carcajou RiYers, extending into the area at the junction of ammons Creek and 
Carcajou River directly we t of Perry I land in Mackenzie River, and con
tinuing to Mountain RiYer and faJ·ther northwest, arc eroded too deeply to have 
good oil pros·pcct~ unless fayourable conditions a.re found in the old1er rocks. 
There js no reason, howevor, why -such basin as that of the Imperial syncline 
should not . have as good , prospects as tihe Carcajou basin, but again there is 
the diffhmlty of finding favourable conditions within it where oil accumulations 
mip:ht occur. Similarly, the Little Bear syncline and other basins may be 
favourable for prospecting, but very little is known of the details of the struc-
tures withi'n thcri1. . ' 

'The ~a:ct tliat the •oil in the Norman Wells field is found in a coral reef 
leads to the hope that oil will be found cl cwherc in ot1her coral reefs of a 
similar type. In this connection the seepages at the mouth of Bosworth Creek 
r>rovided the key to discovery, ai1d without them the presence of an oil field 
on the monoclinal slope of the east flank of the Carcajou basin would· not have 
been suspected. The Reef limestone,' however, is now known to give excellent 
reflections from seismic surveyS', so that the location and extent of further reefs 
may be dependent on the use of geophys·ical methods. It is apparent, too, that 
reefs, other than the Kee Scarp member, occur in the Devonian, and any of these 
under fayourable conditions might become an oil reservoir rock. 

The few anticlines that haYe been drilled in the Mackenzie River area have 
shown porous rocks, but so far have yielcled no production. There are s1and·
stones at the base ·of the Creta-ceous and in the Imperial formation that could 
act as reservoir rocks , although in general the Imperial sands seem to be rather 
fine-grained and silty. In t·he original wells <frilled in the Norman Wells field 
these sands contained oil that had seeped up into them under conditions of 
fracturing, and the fact that t!hey did not contain oil down tJhe dip under less 
favourable structural ·conditions has no significance. It has been pointed out in 
this report that the upper bed of the Middle Devonian, Ramparts formation 
arc commonly coralline, and that at Beavcrtail Point. in particular. as well as 
at other places, this zone is· highly netroliferous. Undoubtedly, by far t1he most 
porous rocks in the area are t.he Bear Rock dolomites. These are e:\"iremely 
porous. and have yieJct.ed f!.owing water in several wild·cat wells . In plac~s, 
however, the po ition· of the porous Bear Rock d1olomite i · oocupied by gypsum . 
and anhvdrite beds. ancl under t,hese conditions porosity mav be absent. as has 
already been proved to be the case in at least one wiMcat well. The Bear Rock 
formation is nedrnns the most· widespread porous rock in the Markcnzie Va1ley 
area., and is known to extend at lea ·t 11s far south as Wrigley. In places it is 
quit<' bituminous. and in other nlaces yields springs of water. 

In the Silurian below tJhe Bear Rock formation the uoner heels renresenting 
the NiaP-aran roral zone are in places quite porous. The Bear Rock formation 
rests with erosi·onal unconformity on the Ronning group of the Silurian. and ·as 
has ·already b en ipointed out. the Niagaran coral zone of the Silurian mitv have 
a varia•ble thi·rknc~s or be absent in certain localities. For example. it is not 
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known in the Bear Rock area, but at tihe headwaters of Schooner Creek, ·on the 
Norman Range, it has a thickn ess of 100 feet, according to Stclck , who states 
that the beds composing it are coarsely crystalline and wry rorous. and would 
serye as excellent reservnir strata. 

So far as known the remainder of the Silurian belo11· the Niagaran coral 
wne is fair ly dense lim estone, but in many places there is upwards of LOOO feet 
of beds, and detailed studies of this succession have not been made. The age of 
some of the beds below t he Silurian is open to question. In some areas, as at 
Bear R ock , red and green gypsiferous shalcs occur that haYe been regarded as 

Dodo (l\Iacdougal) Canyon in C.arcajou :Mountains on the ~orman 
Wells-Whitehorse pipeline route. 

PLA'l'E v 

equivalent to the Saline River ( -ppcr Cambrian) of the Cao and Olark 
Mountain areas of Fl'anklin Mountains. In Dodo Canyon, in Mackenzie 
Mountains west of Fort Norman, 1,000 feet of strata included in the Maicdougal 
group have been studied by Link anc1 Nauss, and in the upper Carcajou River 
area still older Cambrian beds belonging to the Mount Katherine group are 
reported to contain black, platy, bituminous shalcs. These are associated with 
chocolate ·and green shales and quartzites, a succession that does• not give rise 
to much optimism in regard to •oil prospects, in spite of the bituminous character 
of the dark interbedded shales. 

In summary, therefore, it appears tihat bhe best prospects for oil arc in the 
Devonian and Upper Silurian beds, with less favourable conditions in the older 
Si lurian and Cambrian strata. 
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FAVOURABLE OIL TRUCTURES 

As indicated on the geolog~cal maps, there are many anticlina1 folds in the 
:Y1ackenzie River area, and a number of large basins in which anticlines, not 
at present known, may be found. On the main trend of tJhe Norman (Discovery) 
Range through Carcajou Ridge, East Mountain, and beyond, there are anti
clines on Mountain, Hume, Ramparts, and Arctic Red Rivers, and on the 
Upper Peel River below iA.ie lower canyon. On sucih folds as Carcajou Ridge 
the Bear Rock formation is exposed in the core, but in the Whirlpool anticline 
on :Mountain River only the hig·hest Devonian beds of the Imperial formation 
outcrop from under the surround•ing Cretaceous strata, and oil prospects of 
this anticline appear to be related to closure along the trend of tJhe fold. The 
closure between Maickenzie River, east of whi0h tJhe Devonian beds and the 
Bear Rock formation outcrop, and the Whirlpool ·anticline appears to be effected 
by a decided eastward plunge to the W1hirlpool anticline, so that the prospects 
for oil in this structure seem excellent. Not only will the Fort Creek bed-s be 
present, with the possibility of Reef limestones, but tJhe top of the Midd·le 
Devonian in the Mackenzie area, only 25 miles from this anti•cline, is highly 
roralline .and contains oil and bituminous materials. Also, it i expected that the 
Bear Rock fo1,mation will be present and ·Contain porous dolomites. Very little 
is known of the prospect of sti ll deeper beds. 

On Hume, Ramparts, and Arctic Red Rivers, anticlines in the urface 
Creta·ceous strata occur on the trend of tJhe W1hirlpool anticline on fountain 
River. This whole t rend would undoubtedly come under intensive study ·hould 
t1he 'Vhirlpool anticline prove to be productive. 'Dhe area within tJhe Peel and 
Arctic Red RiYer basins is very large, and many tructure not yet outlined may 
be present. It i unknown, for example, to what ex-tent local folding occurred 
prior to Cretaceous sedimentation, and, consequently, whether or not DeYonian 
structures arc present where surface evidence in the Cretaceous hows only 
flat-lying beds, or if D evonian structures are mucih more pronounced where 
Cretaceous structures show only small relief. In certain structures, also, that 
involve Cretaceous beds there are various sandstone beds of this age that may 
offer favourable re ' ervoir conditions for oil. 'I'he wi lespread bituminous 
character, particularly of some of the D evonian bed·s, \Yit!h the evidences of 
oil in seepages a~ide from those connected with the J orman Wells field, 
together with the presence of pyrobituminous dykes in the P eel Rinr area, are 
proof that favourable conditions for the forrnation of oil extended over a 
t remendous area in which diverse conditions of stmcture give promise of com
mercial oil accumulations. 

South of Fort Norman, Cano! geologists have d.rawn attention to favourable 
structures in t he Redstone-Dalh-adinni-Wrigley Rivers area. The structure on 
Wrigley River exposes Upper Devonian beds, whereas the more easterly fold
on Redstone and Dahadinni Rivers shows in the surface Cretaceou:- beds. 
'Dhese structures could, perhaps, be defined further by seismic smTeys, because 
Yery little is known about their closure except in the cro s-section as exposed on 
the river bank . All of them, so far as now known, have considerable merit as 
oil prospects, but little precise information is available in regard to the occur
rence of favourable reservoir rocks within tJh.e various formations. 'I'he Bear 
Rock dolomite is reported as far south as the Wrigley area . if higher porous 
beds are not found (9C, Map No . 1957). Attention sihould also be d.rawn to a 
fold in the Root River area in Upper Devonian beds. This structure exposes 
shales believed to be the ·equivalents of the Simpson or Fort Creek formations, 
and a well <Jn it would test the Middle Devonian iand· Silurian beds. So far as 
known no seepages have been reported from this aTea, and the olosure along 
the trend of this anticline has not been studied• in relation to its value as a 
prospective oil structure. 




