
CANADA 

DEPARTMENT OF MINES 
HoN. CHARLES STEWART, 11rmsTER; CHARLEs CAMsELL, DEPUTY MINISTER 

GEOLOGICAL SURVEY 
W. H. CoLLINs, DIRECTOR 

Summary Report, 1922, Part B 

CONTENTS 

P£AC& RIVER C.<NYON CoAL AREA, B.C.: F. H. McLEARN . 

GEOLOGY or THE NoRMAN OIL FIELDS AND A RECONNAISSANce or A PART OF LIARD RIVER: 
G. S. HuM~ . 

RECoNNAISS,\NCE Acnoss NoRTHE.\STERN BRITISH CoLUMDIA AND THE GEOLOGY oF THE 
NonTHERN ExTENSION OF Fn.,NKLIN MouNTAINS , N.W.T.: M. Y. WILLIAMS . . . . . . .. . . 

MACKENZIE RIVER DISTRICT BETWEEN PROVIDENCE AND SIMPSON, N .W.T.: E. J. WHITTAKER 

lNVES'liGATTON OF ARTES1AN WATER, COALJ PETROLEt;M AND 
D. B. DowLIN'G. . ..... . .. . 

NATURA!. GAS IN ALBERTA: 

INDEX: .................. . . . ..... . 

OTTAWA 
F. A. ACLAND 

PRINTER. TO THE KING'S MOST EXCELLENT MAJESTY 
!923 

47 

65 

88 

101 

133 

No. 2001 

kimlove
black



SUMMARY REPORT, 1922, PART B 

PEACE RIVER CANYON COAL AREA, B.C. 
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INTRODUCTION 

Peace River canyon, or Rocky Mountain canyon, or Canyon of the 
Mountain of Rocks-as ]t has been called by various explorers-is in 
eastern British Columbia, in Peace River mining division and a few miles 
west of the Peace River block. The 56th parallel of latitude crosses near 
the head and near the lower end of the canyon. The 122nd meridian is 
near the lower end. The coal deposits described m this report are on 
either side of the canyon from a little below its head to Contact point. 

There is an earlier report on this area by C. F. J. Galloway. 1 Although 
it demonstrates the presence of coal of good grade, it is based on an examin­
ation of only some of the smaller seams. As thicker seams occur, a further 
study was advisable in order to work out the thickness, quality, and 
continuity of the more important coal beds and so determine the possi­
bilities and limitations of this coal area as a commercial producer. The 
conclusions reached in this preliminary report are based on the detailed 
measurement of strata exposed in the main and tributary canyons, and on 
an examination of all coal beds in natural exposures, pits, and prospect 
tunnels. The sections studied are: 

North shore section, from Fossil-.tree point to Milligan point (Bl-B2). 
North shore s~ction, from Fossil-tree point to Grant flat (Cl-C2). 
South shore at Earle narrows (D). 
Aylard Creek sect.ion (E1-E2--E3). 
Small sect.ion in draw west of Mogul creek (F). 
Mogul Creek section (lower part) (Gl-G2). 
Moosebar Creek section (upper part) (Hl-H2). 
Contact Point section (Jl-J2). 

---~ 

IAnn. Rept. Minister of Mines, B.C., 1912, pp. 118 to 136. 
63414-H 
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The above sections are shown in Figure 2 and are described in detail 
in the appendix. There was not time to measure the sections on Coal and 
Johnson creeks, on lower Moosebar creek, upper l\'logul creek and neigh­
bouring cliffs and ravines, Oethin~ creek, and the north shore from Millig:m 
point west. All Gething creek and parts of Johnson creek were seen, however, 

Figure 1. Diagram showing geology of P eace Rivet· Canyon coal area, Peace River district, 
B.C., and the location o( measured columnar sections Al- A2, BI- n2, et.c., 
shown on f'i.gu re 2 and desct·ibed in report. (Bn.se-mnp irom surveys by Gray 
and Milligan Brothers). 

and the important seams were measured (See Al-A2 and 11-12 in 
Figure 2). In all, thirty-five samples, of twelve seams, were taken. 
Enough work was done to determine the important structural features and 
t.he general areal extent of the coal-bearing strata (See Figure 1). 
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Two months were given to field work. Acknowledgment is made to 
:Messrs. Neil Gething and C. L. Aylard for assistance and many courtesies. 
Th(l,t part of the report relating to coal has been discussed with D. B. 
Dowling. 

CHARACTER OF COUNTRY 

Peace River canvon is on the eastern border of the foothills. The 
country is rugged. T.o the north rise the long slopes of Bullhead mountain, 
on the southern flank of which is Grant mountain, a minor eminence. 
To the west and south are irregular undulating plateaus and higher hills, 
but all are below the summit of Bullhead mountain. The canyon has 
steep slopes and in many places from the head of the canyon to Grant 
flat it has prl'cipitous walls. Below this and to Contact point there are 
gentler but fairly steep slopes and no precipitous walls. All the tributary 
creeks, Gething, Aylard, Mogul, IVIoosebar, and Johnson, have steep­
walled canyons in their lower courses. 

TRANSPORTATION 

The futme development of the Peace River Canyon coal area depends 
largely on transportation. It is at present about 125 miles from a railway; 
Spirit River, Alberta, is the nearest point on the Edmonton, Dunvegan, 
and British Columbia railway. Grading, however, has been done as far 
as the east boundary of the Peace River block, i.e. to within about 75 
miles of the canyon. An extension of any railway through the mountains 
by way of the Peace River pass would bring the head of steel to within a 
few miles of the coal. A route through the mountains via Pine pass and 
Pine river would bring transportation within 25 miles, but a spur line to 
the canyon would be longer. Until a railway is built any coal shipped out 
will have to be transported in the summer months 300 miles down stream 
to Peace River Crossing, a station on the Edmonton, Dunvegan, and 
British Columbia railway. There is no difficulty in the navigation of the 
Peace from Hudson Hope to Peace River Crossing. The problem is to 
convey the coal from the middle of the canyon to Hudson Hope (from 
Grant flat a distance of about 12 miles). This will have to be solved by 
navigation of the lower canyon or by building a narrow-gauge railway, 
or by some other mPthod. 

STRATIGRAPHY 

System Formation Member Thickness Lithology in feet 

Gates ... .... . .. ........ ... 50--80 Sandstone 

Cretaceous .. Moosebar .. ....... .... .. 800 Shale. cla.y ironstone concretions 

Bullhead Gething, or Upper .. +1,400 Sandstone, shale, clay ironstone, 
Mountain coal 

Lower ... . . . . . . . . . +3,000 Conglomern.te, grit, sandstone, 
shale 
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LOWER BULLHEAD MOUNTAIN 

The strata of the lower member of the Bullhead Mountain formation 
are exposed on Grant mountain and at the east end of Grant flat; they 
occur also in the upper part of the canyon. The thickness is known to be 
over 3,00() feet, but only the upper part is exposed in the canyon. The 
beds consist of conglomerates, grits, and coarse sandstones, ::dso smaller 
amounts of medium to fine sandstones and shale. Large-scale cross­
bedding is found in some of the grits and sandstones. Some layers are 
ripple-marked. The upper part of this member, including nJl exposed in 
the area, is probably of non-marine origin. A few thin coal seams have 
been found, but none is thick enough to be worked. Before, however, 
rejecting the lower member of the Bullhead Mountain as a productive 
unit, further exploration should be made for seams in it. A very careful 
examination of the beds exposed in the upper part of the canyon, and a 
bore-hole located at the head of the canyon would give a thorough test. 
Uncovering of the concealed parts of the section exposed on the south 
flank of Grant mountain, together with a bore-hole located on Grant 
flat, preferably near the axis of the anticline, would also furnisb a test. A 
study of the S-mile, 10-mile, and 12-mile creek sections would yield import­
ant information regarding this member. 

GETHING 

The contact between the lower and the upper or Gething member is 
drawn arbitrarily where conglomeratPs and grits disappear, coarse sand­
stone becomes rare, and medium to fine sandstone, shale, clay ironstone, 
and coal beds become common. 

The strata of the Gething member underlie both sides of the canyon 
from the bend above the mouth of Gething creek to Gmnt mountain on 
the north side and to Johnson mountain on the south side. They extend 
np main Gething creek as far as the upper falls, and up the north branch of 
Grthing cred< far beyond the boundary of the area studied. They are 
also found downstream, on both banks, from a little e2.st of Grant mountain 
to Contact point. The section exposed along the north bank westward 
from Grant flat and up Aylard cree;k may be considered the type one of this 
member. 

The thicknrss, as mrasurecl in columnar sections from the horizon of 
the Riverside seam to the contact with the ov;.;rlying Ylooscb::n shales, is 
1,250 feet. A deduction should be made for error of measurement, which 
is cumulative and t,,nds to be too high. About 1,125 feet is a fair estimate 
of the above thickness. The Riverside seam is not quite at the bottom of 
the Gethir.0; memb0r and about 300 feet of lower strata, chiefly concealed, 
should probably be placed in this member. The total thickness is some­
what over 1,400 feet. 

This is the caRl-bearing unit of the section and as such has been 
studied with much care. But a consideration of all the details of the 
sediments and their interpretation is not within the scope of this report. 
There are massive, medium to fine, rarely coarse, sandstones, also bedded 
or layered sandstones. Some of the layered sandstones have the surface 
of each layer covered with ripple-marks; the finer-grained and thinner 
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layers are crossbedded, having wavy, cut-off, fine bands of dark grains or 
films of shale. Large-scale crossbedding is very rare. A few sandstone 
beds have rootlets. There are a few beds of argillaceous sandstone, of 
carbonaceous sandstone, and of micaceous sandstone. .No coarse grits are 
present. An 18-inch bed of sandstone at the top of the formation contains 
small scattered pebbles and is the nearest approach to a conglomerate in 
the Gething member. The coarser sandstones are light in colour, white, 
cream, or pale yellow; finer sandstones are light grey or slightly brownish. 
The shales are grey to black in colour, in no place green or red, and are in 
beds 2 inches to 10 feet thick. They break in layers having curved surfaces, 
i.e., they have the shaly structure; these layers further break into smaller 
sizes as angular fragments. Some shales have rootlets. The black carbon­
aceous shales are thin, and mostly break in fiat planes parallel to the bed­
ding, i.e., they are somewhat fissile. The true shales grade into arenaceous 
shales. Banded shales and sandstones, having the shales mud-cracked 
and the sandstones ripple-marked, are common in parts of the section. 
Clay ironstone occurs in beds 5 inches to 5 feet thick. All ripple-marks, 
so far observed, are symmetrical. 

Driftwood fragments are found in some of the sandstones. A few 
short tree stumps have been observed; from one, roots appear to extend 
down into a shale below, carrying rootlets, etc. A number of silicified 
wood pieces occur in the coal seams. In no place is the wood attacked by 
boring molluscs. Bedded sandstones contain burrows and trails. Foot­
prints of dinosaurs are found east of Ferro point on the north bank; there 
appear to be impressions of claws, suggesting a carnivorous dinosaur. 
One or two small, rather faint, impressions may be of the fore limbs. 

The abundance of plant remains, the absence of marine fossils, presence 
of rootlets, absence of boring molluscs in the wood fragments, tracks of 
land animals- all these, taken together, suggest a non-marine origin for 
the strata of the Gething member. 

MOOSEBAR 

The ::Vloosebar formation outcrops in the southwestern part of the 
area between Gething and Coal creeks; good exposures are found on main 
Gething creek above the upper falls, on uppn Aylard creek, on :\1oosebar 
creek above the forks, and on upper Coal creek. Exposures arc also 
found east of Contact point on both banks of the river. The thickness 
has been estimated1 at 800 feet in the type exposure on the north side of 
the canyon opposite Contact point. 

Although at the lower contact (i.e. with the Gething member of the 
Bullhead :Mountain) the change from the top sandstone or conglomerate 
of the Gething to the shale of the Moosebar is abrupt, no evidence of an 
actual break has been observed. The Moosebar consists in this area of 
dark friable shale and thin bands and irregular concretions of clay ironstone. 
No fossils have as yet been found in surbce exposures, but in bore-hole 
No. 6 on Lynx creek north of Hudson Hope an ammonite occurs at an 
horizon that probably falls within this formation. The strata of this 
formation are, therefore, in part at least of marine origin. 

'Geol. Surv., Can., Sum. Rept. 19!7, p. 17 C. 
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GATES 

The Gates sandstone was called the middle sandstone member of the 
St. John in a former report! and is described there. It outcrops a little 
east of Contact point where it dips to the east. It has not so far been 
observed on upper Gething, Aylard creeks, etc., but the southwest dip may 
be too gentle there to bring the beds of this formation down to the cliffs 
at the creek sid('. The shales of the St. John follow this formation. The 
type locality of this formation is at "the Gates" on Peace river below 
Hudson Hope. 

CORRELATION 

Before attempting a correlation with southwestern Alberta, it will be 
well to review the stratigraphy of that region as exemplified in the Blair­
more area. The basal Mesozoic formation there is the Fernie, which 
contains a marine formation of about Callovian age2 (M etacephalitcs, 
Buckman, .etc.), i.e. about basal Upper Jurassic. It may be noted that 
the Fernie faunas are of unlike a.ge in different localities. Thus a Fernie 
fauna from the Fernie district is Argovian (Cardioceras) or Middle Upper 
Jurassic and one from the vicinity of Minnewanka lake is about Bajocian 
(near Witchellia) or Lower Middle Jurassic. The Kootenay is of Bar­
remian or Lower Cretaceous age. It contains an old flora of cycads, 
conifers, etc., and no dicotyledonous flowering plants have as yet been 
discovered in it. Collecting by the writer in 1915 revealed the presence 
of two floras in the Blairmore formation, which record two stages in the 
introduction of the angiosperms (dicotyledons) into this part of the Canad­
ian interior. The collections have been identified by Professor E. W. 
Berry. The lower flora contains a liverwort, ferns, cycads, conifers, and 
very rare dicotyledons. According to Berry the Kootenay flora can be 
distinguished from the lower Blairmore flora, not only by the absence of 
angiosperms (dicotyledons), but by the presence of Oleandra graminafoha 
and cladophlebis heterophylla. The upper flora contains nine species of 
dicotyledons as well as ferns, cycads, and conifers. Berry3 assigns an Aptian­
Albian or Albian age to the lower flora and a Cenomanian age to the upper 
flora. The upper flora is correlated with that of the Cheyenne sandstone of 
southern Kansas. There does not appear to be any Dakota, i.e. Turonian, 
flora in this part of southwestern Alberta. The Blairmore is succeeded 
above by the Crowsnest volcanics and Colorado shale. The Colorado 
shale has yielded in places traces of the Lower Colorado fauna (Turonian) 
with Prionotropis and a fairly abundant Upper Colorado fauna (Emscherian) 
with Scaphites vent1·icosus. 

In the Peace River Canyon coal area the Gething member contains a 
small flora, collected a few years ago and submitted to Professor Berry for 
examination. He correlates it with the flora of the Kootenay of the 
south, i.e. the age is Barremian. It contains Oleandra graminafolia, one of 
the species by means of which the Kootenay flora can be distinguished from 
the lower Blairmore flora. 

'Geol. Surv., Can .. Sum. Rept .. 1017, p. 17 C. 
• The age of this fauna and the range of the macrocephalitids are discussed by S. 8. Buckman 

in an unpublished report. 
3 Correlations discussed in unpublished manuscript. 
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The lower member of the Bullhead Mountain formation has not 
yielded any fossils, except near the base where a few marine bivalves have 
been found. These shells are not very diagnostic, but the possibility of 
their being Jurassic need not be rejected, although they may be of Creta­
ceous time. The upper part of the lower member is probably Cretaceous. 
The Moosebar formation is known to contain only one fossil and no correla­
tion can be offered at present. No fossils have been collected from the 
Gates formation. 

Comparing the Peace River Canyon section with that of southwestern 
Alberta it may be noted that the non-marine Blairmore formation of 
conglomerates, sandstones, and shales loses its identity northward and a 
shale (the Moosebar), partly marine at least, occupies its stratigraphic 
position . On the other hand the Kootenay formation of the Blairmore 
area of southwestern Alberta is not preceded by a series of conglomerates 
and coarse sands comparable with those of the lower Bullhead Mountain 
of the Peace River localities. 

It is not considered advisable at present to attempt a correlation of the 
formations of Peace River canyon with those of the eastern Peace River 
region. Not until the faunas of the Loon River shale and Peace River 
sandstone are studied in d~tail, will such a correlation be possible. 

Correlation Table 

System Europe Southwestern Alberta Pence River canyon 

Upper' \ enonHl.nia.n Upper Blairmore :' Gn t.es 

Albian 
Lower Blairmore ? Moosebar 

Cretaceous Lower 
Aptian 

Barremian K ootenay Bullhead Get.hing or 
upper 
mem ber 

-
Ncocom ian ~1ountain Lower 

member 
--

Kimmeridgian 

Jurassic Upper 
Argov ian 

Dive::;ia n 

Callovian Fernie 

1 Taking Cenomanian as the base of the Upper C1·etaceous, Upper and Lo"•er Cretaceous 
have little significance in southwestern Al berta, for the divis ion line m ust be d rawn within a 
formation (the Blairmore) which is a well-defined litho logical unit. 
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STRUCTURE 

On either side of the canyon from the west end of Grant flat to Milli~an 
point there is a simple structure, a southwest dip of 7 to 15 degrees, with 
minor changes in strike; the same simple structure obtains northward 
toward the head of the canyon except that the dip is more to the south. 
This structure also prrsists up Johnson, Moosebar, and the other tribu­
taries flowing in from the southwest and west. Within this structural area 
there are a few monoclines having the steep dip on the southwest side. 
In places these folds have a very short northeast limb and are not mono­
clines in the strict sense. Of the two larger and more important ones so 
far located, one extends along the north bank of the canyon from Ferro 
point almost to Fossil-tree point. The average direction of the axis is 
about northwest-southeast, i.e. about the trend of the general structure; 
the long southwest limb is steep and the very short northeast limb 
where present has a gentle dip or is flat. Another and greater fold, 
a monocline, is located on Gething creek below the fork with north Gething 
creek, and above Galloway falls; the steep dip is on the southwest side. 
Smaller folds or rolls are present on main Gething creek between the 
third and upper falls, and on Aylard creek below the upper falls. 

To the east of the structural area rl escribed above is a zone of steep 
southwest dip, from 35 to 45 degrees. This structural zone lies on the west 
slope of Grant mountain and on lower Johnson creek. The steeply dipping 
strata described above form the west limb of an anticline, the axis of which 
crosses Grant mountain. This anticline brings up the strata of the lower 
Bullhead which are exposed on Grant mountain. At the east end of Grant 
flat there is a fault, to the east of which ar~ exposed beds of the lower Bull­
head. Still farther to the east a second fault is inferred. Beyond this 
fault, and -extending to the eastern border uf the area studied, is a structural 
zone of eastward dip in which the strata of the Gething member are again 
expos"d at the surface. The structure on, and south of, Johnson mountain 
is not known. 

In the phmning of mines the monoclines, folds, or roUs wiH have to be 
considered. For instance, the larger folds would not be suitable for driving 
a slope through. As far as possible shafts, slopes, etc., should be located 
so as to leave the rolls and folds at the maximum distance mined from the 
shaft. In the western part of the field, dips from 7 to 9 degrees will be met 
with, but where seams enter the zone of high dip, steep slopes up to 45 
degrees must he counted on. It is unlikely that for some distance up Geth­
ing, Aylard, and other creeks the dips are steep enough to carry the seams 
below a workaule depth, and some of the area underlain by the Moosebar 
shale is likely to fall into the productive area for that reason . More field 
work, however, would strengthen this statement. 

COAL 

The north bank section from Grant fiat to Ferro point, and the whole 
of the Aylard Creek section, together give a complete column of the coal­
bearing Gething member, with the exception of a few concealed portions, 
from the horizon of the Riverside seam up to the Mooseba.r contact. .This 
represents a thickness, as measured, of 1,250 feet. In this combined 
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section there are fifty coal seams. The concealed parts in other sections 
are also known to carry coal seams, although they are thin; moreover the 
talus indicates that the lowest beds of the Gething member which lie 
below the horizon of the Riverside seam and are chiefly concealed, carry 
onr or more coal seams of unknown thickness. It is, therefore, safe to 
estimate the total number of coal seams in the Gething member as over 
sixty. Most of the seams are small. Of the measured fifty, referred to 
above, nineteen are 11 inches thick or less, fifteen vary from 1 foot to 1 
foot 11 inches, four vary from 2 feet to 2 feet 6 inches, eleven are from 
2 feet 7 inches to 4 feet, and one is over 4 feet thick; three of the eleven 
seams expand to more than 4 feet in at least one other section studied. 
Ten seams, chosen in accordance with an arbitrary standard, are described 
in detail. These ten are the Superior, Trojan, Titan, Falls, Little Mogul, 
Mogul, Castle Point, Milligan, Grant, and Riverside. In addition, several 
seams from the unmeasured Johnson and Gething Creek sections, which 
cannot at present be correlated with the above ten, are also described. 
Two of the ten better seams are well down in the lower half of the Gething 
member and the remaining eight are in the upper half. It is worth noting 
that some of the seams are paired in position; thus the Titan and the 
Falls, the Little Mogul and the Mogul, the Castle Point and the l\'Iilligan, 
and the Grant and the Riverside. For thicknesses and stratigraphic 
position of the undescribed seams, including all the thin seams, reference 
should be made to the diagram of columnar sections (Figure 2) and to the 
appendix. 

The arbitrary standard, in accordance with which the seams for 
detailed description have been chosen, is set forth below. It is by no 
means offered as a standard of commercial or workable seam; the definition 
of such a standard is not within the province of this report. Seams having 
a thickness of 2~ feet or over are accepted, but those from 2} feet to 3 fed 
are considered to meet the standard only where they are in proximity to 
ether and pref<>mbly thicker seams, with which they can be workr'cl, i.". 
in the devebpment and operation of which the same surface equipment 
can be used and to some extent the snme undrrground equipment. Seams 
having more than 1 foot of parting or continuous layer of conr'retions and 
at the same time less than 4 feet of coal a.re below the standard here used. 
Seams 3 to 3t feet thick must not have over4 inches of partings or con­
tinuous layers of concretions. Seams 2} to 3 feet should preferably be 
free of partings and have not more than scattered small concretions. 
Where concretions are rare or scattered a larger proportion is allowable 
at one place. The above r•.'quirements must not only be attained in 
isolated sections, but must be maintained ovrr sufficiently br~e areas 
to make mining profitah!e. It would be desirable to fix the minimum area 
at one square mile and call for a test every one-quarter mile. However, 
in the present stage of exploration th)s requirement of local continuity of 
seams can be applied only in rare instances. 

All the analys~s given in this report have been made in the Division 
of Fuels and Fuel Testing, :Ylines Branch, by R. E. Gilmore, chief engineer­
ing chemist. The analyses are reported by Harold Kohl, chemist. State­
ments in regard to coking quality are baRed on the laboratory t f:sts. In 
classification a.nd assie;nment of rank, M. R. Campbel\l is followed. Can-

' Campbell, i\J. R., Proi. F,.~cr; 100A, 1.;.3.G.S., 1922, pp. 3-9. 
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Figure 2. Columnar sections showing correlation of coal seams in Gething member of the Bullhead Mountain formation, Peace River Canyon coal-area, Peace River district, B.C. For location of sections 
Al-A2, Bl-B2, etc., see Figure 1. 
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neloid, as used in this report, refers to coals having the grain and fracture 
of cannel coal, but not the chemical characters. 

SUPERIOR SEAM 

The Superior seam is from 23 to 26 feet below the Moosebar contact. 
On Aylard creek it is rxposed at the upper falls, where it is 2 feet thick. 
On ::\1oosebar creek it is exposed at the upper falls, where the creek forks, 
and is 3 feet 8 inches thick thrre. A third known exposure is at Contact 
point where the Supnior seam is prrsent in a low cliff at the river side; 
the thickness is 2 feet 8 inches. At each of these localities it consists of 
clean-looking coal, but no samples \VCl'f' taken, s0 that nothing is known 
of the grade or ran!.::. On Moosebar creek and at Contact point this seam 
falls within the standard set. On Aylard creek it is below it. The test of 
continuity cannot be applied until further exploration is given to this seam. 
On main Gething creek, if present, it is in the high cliff at the upper falls; 
unfortunately, the position at which this seam would lie in this cliff is 
inaccessible, but the size of talus blocks in front of the cliff indicates that a seam 
at least 2 feet 6 inches thick is present. This may be the Superior seam. 
It should also be sought in th e higher cliffs of Island creek and near the 
top of the high cliff opposite Fossil-tree point. The highest cliffs on, and 
east and west of, Mogul creek should be examined and, if the contact 
with the Moosebar shale can be located, this seam may be just below it. 
In the eastern part of the area it should be prospected for on the north 
shore northeast of Contact point. 

TROJAN SEAM 

In the central and western part of the area the Trojan is from 115 to 
130 feet below the Moosebar contact and in the east, at Contact point, is 
93 feet below. H is exposed on the north branch of Gething creek, some 
distance above the forks; a short tunnel or drift, about 35 feet long, has 
been driven along the coal in the cliff on the north bank. On main Gething 
creek it is exposed above the forks between the third and upper falls. 
The outcrop runs to the northeast and exposures should be sought in the 
higher cliffs of Island creek and near the t op of the high cliff opposite 
Fossil-tree point. On Aylard creek th is s::am is exposed between the 
small third falls and the upper falls. From Aylard creek the outcrop is 
estimated to have a southeasterly course to l\1oosebB,r creek, where there 
is an exposure a short distance l>elow the upper falls. No intervening 
exposures are at present known, but the highest cliffs about :Mogul creek 
should be examined, and particular attention be t:>;iven to any exposure a 
little over 100 feet below the Moosebar contact, if thr latter can be located. 
The exact course of the outcrop to Johnson and Coal creeks is difficult to 
estimate, but the Trojan seam is exposed on the east ba.nk of Coal creek 
some distance above its junction with Johnson creek; a tunnel about 35 
feet long has been driven to the coal, and a drift about 65 feet long has 
been driven on the coal. In the east this seam is exposed at Contact 
point on the south bank of the river. 
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In the tunnel on the north branch of Gething creek this seam has the 
following section, including 5 feet 6 inches of coal and two partings aggre­
gating 6 inches: 

Coal.. 
Sandstone. 
Coal. ..... . 
Sandstone........ . ... . . . . ....... . ... . 
Coal ............... . . .. .... . .......... .. . . . .. .. . .. . . 

Feet 
2 
0 
2 
0 
1 

Inches 
1 
2 

4 
4 

On main Gething creek one-third mile to the south the Trojan has 
the following section and includes 8 feet 4 inches of coal and four partings 
of sn.ndstone, aggregating 10 inches: 

Shale .......... . . . 
Coal. ...... 
Sandstone.......... . ....................... . . ..... . . 
Coal...... . . . . . ......... . . .. .... .. .. . . . . .. . . . .. ... .. . . .. . . . .. . 
Sandstone ... 
Coal. ... 
SBndstone .. . . 
Coal . . 
Sandstone ..... 
Coal . 
Shale ..... . . . 

Feet Inches 

0 5 
0 2 
0 7 
0 2 
3 3 
0 3 

5 
0 3 

8 

Comparing the two above sections, it is probable that on north Gething 
creek the two thin top benches and a part of the third b~nch from the top 
of the seam in the main Gething Creek section are gone. To the south­
east, 2·1 miles, on Aylard creek, the section is as follows and includes only 
3 feet 8 inches of clean coal, 4 inches of bone coal, and two partings aggre­
gating 8 inches: 

Feet Inches 
Shale .................. . .................. . . . .. . 
Coal ..... . ...... ... ... . . . . 0 3 
Shaly sandstone ..................... . .......... . 0 
Coal. .... . 1 11 
Shale ..... .. 0 6 
Coal. .... . 1 6 
Bone coal ..... . 0 4 
Bl~tcl' carbonaceous shale ........ . 

On Moose bar creek, 2 · 5 miles to the southeast, there is 3 feet 7 inches 
of coal and a 4-inch parting. 

Shale ..... . .. .. .. . ... ... .. , . .. . ...... . 
Coal .......... . . ... . 
Sandstone ....... . 
Coal 
Carbonaceous shale . . · .. . .. .. . . . . . . ..... . . .. .... . . . . . .. . . . . . . ... . 

Feet Inches 

2 
0 

I 

4 
6 
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Two feet six inches above, and separated by shale and sandstone, is a 
6-inch layer of coal. This coal may be equivalent to the higher coal of 
this seam in other localities and the intervening clastic sediments may be 
lateral replacements or widening of partings or both. On Coal creek, a 
branch of Johnson creek, and 2·1 miles southeast from the Moosebar 
Creek exposure, the section is as follows, including 6 feet 8 inches of coal 
and two partings aggregating 6 inches of coal: 

Feet Inches 
Canneloid coal. .............. . ........... . .. . .. . . 0 4t 
Co~ ........................................... . 1 7t 
White argillaceous sandstone ............. . . . .... . 0 2 
Coal ...................................... . .. . .. . 2 2 
White argillaceous sandstone .......... . ..... . ... . 0 4 
Coal. .................................... . . . .... . 2 6 

The section here is more comparable with those of main Gething and 
north Gething creeks. At Contact point, 3 miles to the northeast, there 
is 3 feet 6 inches of coal, but a little above it there is another bed of coal; 
both beds may be equivalent to the whole seam in the west and the inter­
vening sediments may be due to the widening of a parting. The section 
is as follows: 

Feet Inches 
Coal.. ...................................... . .. . . . 2 B 
Arenaceous shale and sandstone bands .......... . 4 6 
Coal. ............................................ . 3 6 

The lower coal has two very thin sandstone partings. White sand­
stone partings are typical of this seam. The sections described above 
show that this seam is thickest in the vicinity of Gething creek and also 
on Coal creek. On Aylard and Moosebar creeks it is much thinner. On 
Moosebar creek this seam approaches very close to the minimum of the 
standard assumed. The fact that the thickness of coal between main 
and north Gething creeks-a distance of about one-half mile--changes 
only from 8 feet 3 inches to 5 feet 6 inches, gives promise, in the Gething 
locality at least, of this seam, conforming to the called-for standard of 
continuity. 



T
ro

ja
n 

Se
am

. 
A

na
ly

se
s 

-
-

M
oi

st
ur

e 
A

sh
 

V
ol

at
il

e 
F

ix
ed

 
m

at
te

r 
ca

rb
on

 
-
-

U
pp

er
 h

al
f 

se
am

, 
C

o
n

ta
ct

 p
oi

nt
 ..

..
 

0·
7 

16
 ·l

 
24

·8
 

58
·4

 

- L
o

w
er

 h
al

f 
se

am
, 

C
o

n
ta

ct
 p

oi
nt

 ..
. 

0
·6

 
11

·2
 

26
·7

 
61

·5
 

C
o

al
 c

re
ek

, 
to

p 
4!

 f
ee

t .
..

..
..

..
..

..
 

1·
1 

21
·5

 
18

·8
 

58
.6

 

C
o

al
 c

re
ek

, 
m

id
d

le
 1

 f
oo

t 
7 

in
ch

es
 

1·
2 

10
·6

 
24

·1
 

64
·1

 
an

d
 2

 f
ee

t 
2 

in
ch

es
 b

en
ch

es
 

C
oa

l 
cr

ee
k,

 
lo

w
es

t 
be

nc
h,

 
up

pe
r 

I 
0·

7 
6·

1 
2

8
·6

 
64

·6
 

fo
ot

 3
 i

nc
he

s 

M
ai

n 
G

et
h

in
g

 c
re

ek
 ..

..
..

.
..

.
..

..
..

 
1

·6
 

8
·4

 
26

 ·0
 

64
·0

 

N
o

rt
h

 b
ra

n
ch

 G
et

b
in

g
 c

re
ek

 ..
..

..
. 

1
·0

 
8

·6
 

24
·5

 
65

·9
 

F
ue

l 

I C
ok

in
g 

ra
ti

o
 

q
u

al
it

y
 

2·
35

 
A

gg
lo

m
er

-
at

es
 

2·
3 

G
o

o
d

 

3·
1 

N
on

 

2·
65

 
V

er
y 

po
or

 

2·
25

 
G

o
o

d
 

2·
45

 
N

on
 

2·
65

 
N

on
 

C
ol

ou
r 

as
h

 

G
re

y
 

C
re

am
 

W
h

it
e 

J<
le

sh
 

F
le

sh
 

L
ig

h
t 

b
ro

w
n

 

G
re

y
 

s 0·
5 

0·
7 

B
.T

.U
. 

13
,3

50
 

13
,8

20
 

,_.
 

w
 

tD
 



14B 

The grade is best in the Coal Creek and Gething Creek localities, 
where the ash is from 8 · 4 to 10 · 6 per cent; in the east at Contact point 
the ash is very high for this coal area. At Contact point and on Johnson 
creek the ash increases upwa.rd in the coal section. Th~ ash in the top 
4! inches is prohib\tive, and the coal from this bench should be rejected 
in mining; this top bench consists of canneloid coal and can be classified 
as a semi-bituminous meta-cannel. The coals of all other benches in all 
localities, from west to en.st, rank as bituminous having fuel ratios of from 
2 · 25 to 2 · 65. In the west it may be noted that this seam is non-coking, 
but on Coal creek the lower bench gives good coke and the upper benches 
make very poor coke or are non-coking. At Contact point t,he lower 
bench makes good coke and the coal of the upper bench merely agglomer­
ates. 

TITAN SEAM 

The Titan seam, in the western part of the area, is from 200 to 
255 feet below the Moosebar contact and, in the east, at Contact point, 
is about 160 feet below. The type locality is on Aylard creek, where the 
seam is exposed in the creek just above the small third falls. N orlh­
westward the outcrop is estimated to run towards the river and to be in 
the cliff on the south bank above Earle narrows, where it should be looked 
for. About one-quarter mile above Earle narrows and high in the cliff 
on the south bank is a seam locally known as the 11 ladder scam''; this may 
be the Titan. In the high cliff opposite Fossil-tree point this seam should 
be near the middle of the section there exposed. It should also be sought 
in the cliffs on Island creek. From there the outcrop is estimated roughly 
to run south from the main canyon towards the lower forks of Gething 
creek, for on main Gething creek above the third falls there is a thick 
seam exposed which is correlated with the Tjtan. 

Southeasterly from the type e>xposure on Aylard creek it is estimated 
that the outcrop runs a little back from the river. In the vicinity of upper 
Mogul creek, exposures should be sou~ht in the higher, but not the highest, 
cliffs. On lVIoosebar creek a seam exposed some distance above the Big 
or third falls is correlated with the Titan. The exact course of the outcrop 
southeast of Moosebar creek is difficult to estimate, and not sufficient 
work has been done on Johnson creek to locate this seam there. In the 
·east, a seam exposed on the south bank above Contact point is correlated 
with the Titan. 

On main Gething creek the seam correlated with the Titan is 5 feet 
thick, but includes a layer of thick concretions, over 1 foot thick, near the 
base. To the southeast 2 ·1 miles, at the type exposure on Aylard creek, 
the section is as follows: 

Bedded 5-inch \ayers of fine sandstone and 2-inch li!.yers of shale .. 
Coal ............................................................. . 
Concealed ....................................................... . 
Bedded 5-inch layers of fine sandstone and 2-inch layers of shale .. 

Feet Inches 

4 
2 

0 
0 
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To the southeast 2 · 5 miles, on Moosebar creek, the seam correlated 
with the Titan contains 4 feet 1 inch of coal and two partings aggregating 
11 inches: 

Dark shale ............................ . . 
Coal .................................... . 
Shale and argillaceous sandstone ........ . . . 
Coal. .................................. . . 
Sandstone ........................... . ...... . 
Co~ ........................ . ............. . .. . . 
Shale, having jet bands .................... . 

Feet Inches 

2 
0 
0 
0 
0 

11 
9 
7 
2 
7 

Three miles to the east, at Contact point, the seam correlated with 
the Titan contains 5 feet 2 inches of coal and a 1-foot parting. 

Shale .................................... . . . . 
Coni ............................. . ........ . . 
Clay ironstone ........... . .......... . ....... . 
Coal ....................... . .............. . 
Sandstone .................................. . 

One foot below is a 2-inch band of jet coal 

Feet Inches 

2 
1 
2 

8 
0 
6 

As regards thickness, this seam is best on Aylard creek, not so good 
on Gething creek and at Contact point, and poorest on Moosebar creek. 
All exposures meet the assumed standard, but the Gething Creek exposure 
is at the minimum set. It bas not been possible to test the local con­
tinuity, i.e. within any mile, but future work may correct this deficiency. 
In future exploration its extension northwest and southeast from Aylard 
creek should, in particular, be examined; the localities favourable for 
exposures are indicated above. Unfortunately neither the rank nor p;rade 
of the coal in this seam is known; the only sample taken was lost in transit. 

FALLS SEAM 

The Falls seam is about 250 feet below the Moosebar contact and 
40 feet below the Titan seam. The type exposure is on Aylard creek at 
the small third falls. From there the outcrop runs northwestward to 
the canyon and to the cliffs above Earle narrows; about one-third to one­
half mile above Earle narrows on the south bank, a seam exposed in the 
cliff comes nearly to river level and may be the Falls seam. West ward 
the exposure of this seam rises in the cliff, and in the high cliff opposite 
Fossil-tree point should be at about the middle of the section there revealed. 
This seam, also, should be sought in the cliffs up Island creek. Westward, 
the outcrop is estimated to run back from the river and to the third falls 
on Gething, where a seam exposed is correlated with the Falls seam. From 
the type exposure on Aylard creek the outcrop is estimated to run south­
easterly in the cliffs a little back from the river, and exposures should be 
sought in the higher, but not the highest, cliffs up Mogul creek and neigh­
bouring gullies. Continuing, the outcrop probably runs southeasterly 
back from the river, but no exposures are at present known for 2 miles; 
the next exposure is on Moosebar creek, where a seam between the third 
and upper falls is correlated with the Falls seam. It is not at present 
possible to estimate where this seam would come on Johnson creek. 

634!4---2 
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At the type exposure on Aylard creek the Falls seam has the following 
section, including 2 feet 7 jnches of coal and 1 foot of can~eloid coal. 

Feet Inches 
Massive sandstone .. . . .. . .. ... ... ... . . . ... .. . . .. . 
Con.! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . 0 8 
Canncloid coal.. .. 1 0 
Coal ..... ........................ ..... . . .. .. . . . .. .. l 11 

:~ 7 
s .lndstone n.nd shale in 1 to 5-inch bu.r.ds 

About one mile to the northwest on the cliff wall above Earle nanows 
the seam correlated with the Falls seam is 3 feet thick, but this measure­
ment 1ncludes large con cretions near the base. The upper part is of 
cannrloid coal. 

About 1 ·2 miles to the west, the seam on Gething creek correlated 
with the Falls has the following section and includes l foot 11 inches of 
coal and 11 inches of canneloid coal: 

Feet Inches 
('oal ... . . . . ...... ... . . ... .. . .. ... .. . . . . 0 8 
Canncloid coal. .. ..... . ... . . .. . .. . 0 11 
Coal . ..... .. . ......... ... ... . . . . .. ....... .. . ... . ....... ... .. . 1 3 

The bottom 1~ inches consists of jet coal. To the southeast~ 2 · 5 miles 
from the type exposure, the Moosebar Creek seam, correlated with the 
Falls, contains about 1 foot 8 inches of coal and has the following section: 

Fee~ Inches 
Clay ironstone . .. .... .. ..... .. . . ... ... .. .... .. ..... . .. ..... . ..... . 
CoaL. .......... ...... .. .. . ....... . . 
Shale . . . . . . . . . . . . . . . . . . ..... . ..... . ....... . ...... . . 
Coal nnd clay ironstone concretions I foo~ thick ...... . . .... .. ..... . 
Canneloid coa 1. .. . . . . . . . . . . . . . . . . . .............. . .......... . ... . 

The presence of canneloid coal is a characteristic of this seam. 
Only the exposure on Gething creek was sampled: 

I VolaWe 

1 

Fixed 
matter carbon 

Fuel Coking 
ratio quality Moisture Ash 

Top 8 inches . .. 1· 1 5·5 24 -0 69·4 2-1)0 Very poor 

Middle 11 inchf\s . . 1·0 3 ·3 2.3 -8 71 ·9 3 ·00 Non-coking 
-

Bott.om 15 inch es . 0 · 9 2 ·3 25 · 0 70-1} 2 ·75 Very poor 

0 
0 
1 
0 

8 
2 
4 
8 

Colour 
ash 

Light brown 

Grey 

Light brown 

The rank is bituminous in all three benches. The middle canneloid coal 
should be classified as lean cannel and is non-coking. It is to be noted 
that the canneloid coal has lost a little more volatile matter than the jet 
coal. The coal of the uppermost and bottom benches is poor coking. 
The grade depreciates upward, the percentage of ash increasing progressively 
frozn the bottom to the top bench. 

Although this seam is depreciated by the presence of large concretions 
in the exposures on Moosebar creek and above Earle narrows 1 and is in 
these localities below the set standard, it is described on account of its 
thickness on Aylard creek, its quality on Gething creek, its nearness to 
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the Titan seam, and the possibility that it may be of workable thickness 
and grade in exposures not yet explored. It should be looked for in all the 
localities suggested above from Moosebar to Gething creeks. 

LITTLE MOGUL SEAM 

The Little :\1ogul is a small seam, of only local importr.nce, but is 
dPscribed on account of its proximity to thf' Mogul seam. It lies about 
460 feet below the »Ioosebar contact and 10 feet above the Mogul seam. 
The type exposure is on Aylard creek a little above its mouth. From 
there the outcrop rises eastwardly and the seam is exposed in a draw 
west of :Vlogul creek, just above the trail on thr west side. It is also 
exposed on Mogul creek above the trail. Its extension to Moos<'bar creek 
is problematical, although a seam there ha.s been tentatively correlated 
with it. Northwestward from the type exposure on Aylard creek, a small 
seam in the south bank at Ea.rle narrows is without doubt the Little Mogul. 

On Aylard creek this sea.m is 3 fef't thick, but includes a 3-inch con­
cretion. About 0 · 28 miles to the northwest, n.t Earle narrows, this seam 
is only 8 inches thick, and below the assumed standard. It holds its thick­
ness better to the southea.st; 0·35 miles in that direction, in a draw west 
of Mogul creek, it contains 3 feet 3 inches of coal. On Mogul creek, 0 · 06 
miles to the southeast, it contains 2 fert 8 inches of coal. The seam 
tentatively correlated with it on ::Vloosebar creek is 11 inches thick and 
below the set standard. For a distance of about 0 · 4 miles, between 
Aylard and Mogul creeks, this seam appears to maintain a thickness of 
from 2 feet 8 inches to 3 feet 3 inehes, and may maintain this thickness 
over a large area, but is known to depreciate toward Earle narrows, in 
which direction not much can be expected of it. It would have to maintain 
the above thickness about 0 · 6 miles east of Mogul creek to meet the stand­
ard assumed. 

A sample was taken from the exposure on Mogul creek: 

Moisture I Ash I Volatile 

I 
Fixed Fuel Coking Colour . ma.tter carbon ratio quality ash 

l 2·7 10·5 24·3 I 62·5 2·55 Non Fawn 

The rank is bituminous and the grade is low, for 10 · 5 per cent ash is high 
for this area. 

MOGUL SEAM 

The Mogul seam lies about 475 feet below the Moosebar contact, and 
is separated from the overlying Little Mogul by about 10 feet of strata. 
The type exposure is on the south bank near river level at Earle narrows. 
From there the outcrop runs a little back from the shore to Aylard creek 
where there is an exposure in the bank on the east side a little above the 
mouth of the creek. Continuing, the outcrop rises somevvhat and the 
next known exposure is in a draw west of Mogul creek, above the trail and 
on the west side. On Mogul creek there is an exposure above the trail. 
From Mogul creek the outcrop is estimated to run southeasterly back from 
the river, and just above the third or High falls on Moosebar creek a seam 

63414-2} 
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exposed is correlated with the Mogul. West of the type exposure at Earle 
narrows the outcrop is estimated to run northwesterly below the river 
channel and either to the low cliffs at Fossil-tree point, or to below river 
level in front of Fossil-tree point. 

At the type exposure on the south bank at Earle narrows there are 
4 feet 8 inches of coal and a couple of small concretions. The bottom 5 
inches is of jet coal. To the southeast 0·28 miles, on Aylard creek, the 
section is as follows and includes 3 feet 6 inches of coal. 

Feet Inches 
C~. ..... . . . . 0 2 
roncrction..... . ... . ... . . . .. .. . ....... . . ..... . . . . . . ... . ... . ... . 0 4 
Coal. 3 4 

The concreti.on appears to be local. In the draw west of Mogul creek 
0 · 35 miles distant, there is 4 feet 4 inches of coal. On Mogul creek 0 · 06 
miles distant, there is 3 feet 2 inches of coal: 

Feet Inches 
Coal ........................................ . 0 6 
Concretion ....... . ......... . . ..... . .. . ...... . . ... . I 2 
Coal ................. . .................... .. . 2 8 

To the sou.thwest 2 ·1 miles, on Moose bar creek, the seam correlated 
with the Mogul has 3 feet 4 inches of coal. Thus, between Mogul creek 
and Earle narrows, a distance of about three-quarters of a mile, this seam 
is known in four places and maintains a thickness of from 3 feet 2 inches 
to 4 feet 8 inches. It, therefore, promises well to meet the assumed stand­
ard of local continuity. Whether this thickness is maintained all the 
way to Moosebar creek cannot be said, for it is not known to be exposed 
in that interval. 

Samples were taken at two localities: 

- I Mois- Ash !volatile Fixed Fuel ICokinr.: Colour s IB.T.U. 
~~ __ 

1 

mol~' M'b" ~ qooh" --'""-------

Mor.:ul creek ... . . .. 1·2 4·6 22·0 71·3 3·10 Non Dark 
I grey -,--·--------

Earle narrows . 1·4 4·2 22 ·7 71 ·7 3 · 15 
1 

N on Flesh 0·0 14,220 

The rank in both s::tmples is semi-bituminous, but not far above 
bituminous. 

CASTLE POINT SEAM 

The Castle Point seam is about 585 feet below the Moosebar contact. 
It is exposed on the north side of the river at Milligan point near the 
bottom of the cliff. From there the outcrop runs inland and comes to the 
river ap:ain on the north bank at Earle narrows, but there is no exposure 
there, the scam being concealed on the axis of the roll. From there the 
outcrop runs southeasterly and crosses the river to Aylard creek; there 
is an exposure just east of Aylard creek on the south bank. Downstream, 
the outcrop rises in the hip;h cliff on the south side of the canyon. In 
this cliff the exposure is for the most part inaccessible, but there is an 
exposure, easily reached at the top of the cliff at the mouth of Mogul creek. 
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From there the outcrop runs southeasterly back from the river and on 
Moosebar creek a seam below the third or high falls is tentatively correlated 
with the Castle Point. 

At Milligan point the section of the seam is as follows, including 2 
feet 1 inch of coal and two partings aggregating 2 feet: 

Sheeted carbonaceous •hale ... 
Coal 
(;Jay ironstone ... 
Coal......... . ... . . . . . .. . ... . 
Shale ............... . 
Coal. ............. . . . 

Bbck shale 

Feet Inches 

0 8 
I 0 
l 0 
l 0 
0 5 

4 

At the mouth of Aybrd creek, 1· 3 miles dist::>nt, the seam contains 
3 feet 5 inches of coal and a concretionary band 4 inches thick, or 3 feet 
9 inches ir all; the foot-wall- is black carbonaceous shale. To the southeast 
0 · 41 miles, :1t the month of :.'logu.l creek, there is 3 feet 2 inches of r.oal. 
Two miles southeast, the seam on l\ioosebar creek correlated with the 
Castle Point has 2 feet 3 inches of coal and partings aggregating 2 feet 1 
inch: 

Shale .. 
CoaL. 
Chy iror"lonc 
Coal.. . ........ . . 
~hale 
Coal .. 
Shale .... . 
Coal .......... . 

Carbonaceous shale 

Feet Inches 

0 6 
l 0 
0 6 
0 66 
0 10 
0 7 
0 5 

4 4 

This scam has been described on account of its fair thickness in the 
Aylarcl-Mogul Creeks locality and on account of its proximity to the Milligan 
seam. At Milligan point and on :Mooscbar creek it is below standard. 
The rank and grade of the Castle Point coal are not known, no samples 
having been taken. 

MILLIGAN S:C:AM 

The ::\.iillig::w seam is about 605 feet belo·w the Mooscbar contact and 
28 feet belo>v the Castle Point seam. It is exposed at Milligan point on 
the north shore near the base of the cliff. From there the outcrop runs 
inli'.itd and comes to the river again on the north shon~ a littb below 
Earle narrows, where the seam is exposed. The outcrop crosses the 
river, and the seam is exposed on the south bank near river level just 
below the mouth of Aylard creek. Downstreu,m, the outcrop rises g;;ntly 
in th~ cliff, and near the mouth of Mogul creek is exposed about halfway 
up the clifl. I•'rom there the outcrop runs inland back from the river, and 
a seam on Moosebar creek below the third or high falls is correlated with 
the Milligan. 

At Milligan point this seam is 2 feet 6 inches thick ::mel consists of 
coal and large concretions. One mile southeast, just below Earle narrows, 
on the north bank this seam is 2 feet 9 inches thick and has small scattered 
concretions. To the south 0 · 29 miles, on the south shore at the mouth of 
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Aylard rreek, it is 2 feet 10 inches thick. To thr southeast 2 ·52 miles, 
on Moosebar creek, below the third or high falls, the seam correlated 
with the Milligan is 2 feet 5 inches thick. In the wEst the large concretions 
are objectionable, and there the seam does not conform to the assumed 
standard, but in the Earle Narrows-Mogul Crrek part of the area the 
concretions, where present, are much smaller. On Moosebar creek the 
seam is slightly below the minimum of the standard assumed. 

Samples were taken in two localities: 

- Moisture Ash Voll1.tilc Fixed Fuel Coking Colour 
matter carbon ratio quality ash 

--- ------

North bank at Enrle narrows .. 2·0 3·.5 21·8 72·7 3·3 Non Brown 
--- - - -

Moose bar creek .. 2·3 3·5 21·2 73-0 3·45 Non Brown 

The rank IS semi-bituminous. 

GRANT SEAM 

The Grant seam 1s about 1,215 feet below the Moosebar contact. 

Coal 

Co<> I 

c c 

~Dip7' 

e 

Sc.,JeoFF~c 

"" 

Figure 3. Plan of No. l tunnel at west end of Grant flut. 

Tru8 No/"C.Ji 

It is known at present in only one locality, just above river level in a low 
cliff on the north bank at the west end of Grant fiat. There, the seam is 
exposed for a distance of about 680 feet. A tunnel, No. 1 Prospect tunnel/ 

'Technically a drift, as it is driven on the coal. 
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is driven in about 360 feet on the coal. There are also two crosscuts or 
rather crossdrifts from the river bank to the main tunnel driven en the 
coal; the east crosscut is 64 feet long and the west 123 feet long. The 
direction of the main tunnel is north 24 degrees west. Th<' outcrop is 
estimated to run up the west slope of Grant mountain and thence north­
westerly to the upper part of the canyon far beyond Milligan point. Coal 
seams are reported from that part of the upper canyon and when the 
measurement of the section from Fossil-tree point west is carried down 
far enough it may be possible to identify the Grant seam there. In the 
intervening area, i.e. between Grant fiat and the upper part of the canyon, 
the Grant seam can be tested by estimating the outcrop from structure 
and topography and placing shallow drill holes back, i.e. south, of the 
estimated position of the outcrop. Where the overburden is light, surface 
pits may be opened. The extension of No. 1 tunnel will also prove this 
seam. To the southeast of the exposure at the west end of Grant :flat the 
outcrop is estimated to cross the river and extend to the lower part of 
Johnson creek where, unfortunately, there are no exposures. In the creeks 
from .:Vloosebar creek west this seam is below creek level and, up the creeks, 
lies at increasing depths. In most of the area the dip of this seam is 
estimated to be from 7 to 15 degrees, but on the west slope of Grant 
mountain and o .1 Johnson creek dips up to 45 degrees may be anticipated. 

In the 680-foot exposure in the river bank at Grant flat, the seam, 
where measured, varies in thickness from 5 feet 5 inches to 5 feet 9 inches. 
In No. 1 Prospect tunnel at Grant flat the thickness, where measured, 
varied from 5 feet 3 inches to 5 feet 9 inches. The seam consists of three 
benches of coal: the lowest varies from 9 to 11 inches in thickness, the 
middle from l foot 9 inches to 1 foot 11 inches, and the uppermost from 2 
feet 8 inches to 3 feet 2 inches. The lowest bench is made up of a bright 
friable jet which with little handling is reduced to small fragments; the 
coal of this bench is mined separately and sold locally as a blacksmith coal. 
The upper two benches consist of grey, greasy, dull or matte coal with 
bands of jet. 
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The grade depreciates upward in the seam, the ash increasing in 
successive higher benches and the B.T.U. decreasing. The section in 
the tunnel 35 feet from the portal to some extent exhibits an exception to 
this rule; the ash in the bottom bench is abnormally high; the middle and 
upper benches, however, conform to the rule. The grade in the cliff 
section 300 feet west of the west crosscut is apparently uniform throughout. 
There is a striking contrast in the fuel ratio between the bottom and the 
two upper benches .• The fuel ratio in the bottom bench varies from 
2 · 90 to 3 · 25, i.e. the rank fluctuates on either side of the line between 
bituminous and semi-bituminous. In the two upper benches the fuel 
ratio is much higher and varies from 3 · 70 to 4 · 20; i.e. the rank is semi­
bituminous. The fuel ratio in these two hi~J;her benches is nearly the 
same, ar>.d if anything higher, on the average, in the middle bench. 
Another contrast is in coking quality. All samples of the bottom coal are 
reported as good coking; the coal of the higher benches is poor coking, or 
agglomerating to no1~-coking. 

RIVERSIDE SEAM 

The Riverside is 1,250 feet below the :vloosebar contact and 35 feet 
below the Grant seam. It is exposed at low water on the north bt\nk a 
little below No. 1 Prospect tunn el at the west end of Grant flat. Thf' seam 
is so close stratigraphically to the Grant coal that the statements regarding 
the outcrop and attitude of the Grant apply also to the Riverside. 

In the known exposure the thickness of this seam is 2 feet 10 inches. 
At the bottom is friable jet coal and above there is dark grey, shiny, but 
not briiliant, coal. The presence of a layer of friable, brilliant jet coal at 
the base of a seam is a common occurrence in this Cval area. A sample 
gave the following analysis: 

' ' I 
?IIoisture Ash Volatile Fi,:cd Fuel Coking ' Colour s B.T.U. matter c;..:.rbon ratio quality ash 

-

0·7 5·6 18·8 74·9 3·95 A::glo- Grey 0·8 14,400 
me rates 

The rank is semi-bituminous. 

In ad(iition to the above seams there are a few on Cething and Johnson 
creeks worthy of dfscription, which have not been correlated with seams in 
otbPr localities and may or may not be the equivalent of seams already 
descril>ed. 

GETHING SEAM 

At the junction of main Gething creek and its north branch th :;re is a 
seam containing 2 feet 4 inches of coal and a l-inch parting : 

Fe~t Inches 
Coal ......... . . . . . . . . . . 0 6 
Shale ..... . 0 I 
Cou.l. 1 10 

2 5 
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It lies below the seam correlated with the Falls seam. 

I I 

Moisture Ash I 
Volatile Fixed Fuel Coking Colour 
matter C1\rbon ro.tio quality ash 

1·0 3·5 I 2.). 2 70·3 2·80 I\" on Light brown 

The rank is bituminous. 

GALLOWAY SEAM 

The Galloway lies at some depth below the Gething and outcrops at 
the first or Galloway falls on Gething creek below the forks. It disappears 
below river level upstream above the falls, but downstream can be followed 
high in the cliffs almost to the mouth of Gething creek. It contains at the 
falls: 

Feet Inches 
Ce.nne\oid coo.\. .... _. . ......... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 6 
Coal ...... _.. . ......... . ..... . ............... _ . .... _............ 2 5 

4 0 

The thickness at this locality varies from 3 feet 7 inches to 4 feet 2 -
inches, but there is an almost continuous line of large concret-ions near 
the base at the falls. However, downstream tbese concretions become 
small or entirely disappear, for, in the cliffs below, the coal looks clean. 
The top is a canneloid coal with characteristic fracture and has a banding 
expressed by layers of finer and coarser granular texture. Analyses are 
as follows: 

I I 

[_s I - Moisture Ash Volatile Fixed Fuel Coking B.T.U. matter cur bon rat.io quality 

~I Upper bench .... _ . . . 0·8 3·i 18 · 9 76·6 '\Ton 0·8 14,590 

Lower bench .... . ...... 0·9 3·7 19·3 76·1 3·95 Non 0·9 14,550 

The rank is semi-bituminous on both benches. The coal of the 
upper bench may be classified as a semi-bituminous meta-cannel. This 
seam was described and analysed by Galloway1 and is named for him. 

SEAMS ON JOHNSON CREEK 

A seam on Johnson creek a little above where the first exposures bep;in 
is 2 feet 10 inches to 3 feet in thickness and includes a 2-inc:h parting of 
shale. The bottom 5 inches is of jet coal. The hanging-wall consists of 

1 Ann. Rept. Minister of Mines, B.C., 1912, pp. 130, 136. 
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6 inches of shale followed by arenaceous shale above. The foot-wall IS 

arenaceous shale. A sample gives the following analysis: 

:Moisture Ash Volatile Fixed Fuel Coking I Colour 
mat.ter carbon ratio quality ash 

0·6 4·1 19·0 76·3 4·0 :-Ton I Light brown 

The rank is semi-bituminous. 

Higher in the Johnson Creek section is a seam containing 4 feet 1 
inch of coal. There is friable shale on the hanging-wall and 1 foot of 
carbonaceous shale on the foot-wall. A sample taken -gives the following 
analysis: 

I 

I 
I 

Moisture Ash Volatile Fixed Fuel Coking Colour s B.T.U. matter carbon mtio quality ash 

0·8 7· 4 20 ·7 71·1 3 ·45 Non 

I 
Dark 0·07 13,820 

brown 

The rank is semi-bituminous. 

CANNELOID SEAM ON MOOSEBAR CREEl<. 

A small seam on Moosebar just below the second falls is well below 
the assumed standard in thickness, but is described on account of its 
canneloid character. It is 10 inches thick and consists entirely of canneloid 
coal with the characteristic texture and fracture. A sample gave the 
following analysis: 

Moisture Ash Volatile Fixed Fuel Coking Colour 
matter carbon ratio quality ash 

-
1·0 10·5 17·7 70·8 4 ·0 Non Cream 

The ash is high for this area, the grade, therefore, low. The fuel ratio is 
near the highest for the coals of this area, the coal ranking as a semi­
bituminous meta-cannel. 

VARIATIONS IN SEAMS 

In some coal sections where samples have been taken from separate 
benches the ash is found to increase progressively upward in successive 
benches. Examples are the Trojan seam on Coal creek and at Contact 
point, the Falls seam on Gething creek, and some of the sections sampled 
of the Grant seam. Other coal sections have the ash about equal in the 
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upper and lower benches. Examples arr-: one of the Grant coal sections 
at the west end of Grant fiat and the Galloway seam at Galloway falls on 
Gething creek. One of the sections of the Grant seam examined has the 
highest ash in the bottom bench. There is also some variation laterally 
in percentage of ash, but in most of the examples studied this is less than 
the vertical variation. The bottom bench of the Grant seam varies in 
percentage of ash from 2 · l to 3 · 4 in four sections and is 6 ·1 in a fifth 
section sampled. The middle bench in three sections varies from 2 · 6 to 
2 · 9 and the top bench in three sections varies from 4 · 1 to 6 · 1. The 
Trojan seam in three locaiities varies from 8·4 to 10·6 in percentage of 
ash, omitting the 6 ·1 ash content of the lowest bench on Coal creek. At 
Contact point this seam is very high in ash. The Trojan shows the highest 
lateral variation at presrnt known for any coal seam in this area. The 
following seams have a percentage of ash below 5 : the Grant, Milligan, 
Mogul, Gething, Galloway, 3-foot seam on Johnson creek, and the lower 
and middle benches of the Falls seam on Gething creek. The following 
seams vary in ash percentage from 5 · 5 to 7 · 4: the top bench of the Falls 
seam on Gething creek, Riverside, lowest bench of the Trojan seam on 
Coal creek, and the 4 foot seam on Johnson creek. The following vary in 
ash from 8 · 4 to ll· 2: Trojan seam on main Gething creek and on the north 
branch of Gething; creek, Little Mogul, upper benches of tbe Trojan on 
Coai crer.k, and the lower part of the Trojan seam at Ccntact point. The 
following; vary from 16 ·1 to 21· 5: the upper part of the Trojan seam at 
Conta('t point and the topmost 4}-inch bench of canneloic1. coal in the 
Trojan s~am on Johnson creek. 

The Peace River Canyon coals vary in rnnk from bituminous to sr>mi­
bituminous (lower ranks of srmi-bituminous) corr~sponcling to vari~tions 
in fuel ratio of from 2 · 25 to 4 · 25. The variation does not apprar to be 
related to geographir: position in the area or to proximity to rolls, or any 
other disturbance. H.ather the variation is with the seam and with the 
bench within the seam. Thus the coal of the bottom bench of the Grant 
seam has a fuel ratio of from 2 · 90 to 3 · 25, i.e. varying a little on eithPr 
side of the limit between bitumi;wus and semi-bituminous. The upper 
two benches consist of semi-bituminous coal with a range o; fuel ratio 
between 3·70 aJ.Jd 4 ·20. The following seams h::we bituminous coal: the 
lowest bench of the Grant, Little Mogul, Falls (on Gething crer-Jc), Trojan, 
and Gething. The following seams contain semi-bituminous coal: River­
side, the middle and top bench~'s of the Grant, Milligan, l\fogul, Galloway, 
the 3-foot seam on Johnson creek, and the 4-foot seam on .Johnson creek. 

Most of the coal in Peace River canyon is no>t-coking, poor coking, 
or merely agglomerating. Very little of it so far examined is 11;00d coking 
coal. (In spea.J<ing of coking coal it must be rememhred that statements 
regard iug coking quality are based on laboratory tests.) No entire seam 
studied is coking; throughout. This quality is confined to a bench within a 
seam, and, in all places so far studied in this area, to a lower bench. The 
lowrst 8 to ll-inch bench of thP. Grant se:'.m makes a {<Ood coke. On Coal 
creek the part of the lowest bench of the Trojan seam sampled yields a. 
good coke. At Contact point the LJwer part of the Trojan seam is good 
coking and the upper part ap.:glomerates. In the west, on Gething creek 
and on the north branch of Gething creek, this scam is non-coking. It 
was not, however, sampled in separate benches there. 
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The canneloid coal, cannel-like in grain and fracture but not in chemical 
character, varies in percentage of ash from 3 · 3 to 21· 5. In all samples 
it is non-coking. Canneloid coals sampled have a smaller range in fuel 
ratio than the ordinary coals. The fuel ratio varies between 3 · 0 and 
4 · 05. Where present as a bench in a seam the rank of the canneloid coal is 
as high as, or a little higher than, that of the ordinary coal in other benches. 
The canneloid coal occurs as thin seams or as benches in thicker seams. 

Variations in thickness have been described under each seam. It is 
important to extend the knowledge so far obtained of the regularity of coal 
beds. Under each seam, suggestions have been given for further explora­
tion. 

As compared with coals of similar age in the Kootenay formation of 
the south, those of the Peace River canyon are comparatively thin; eight 
of the ten seams described attain a thickness of from 2 feet 6 inches to 4 
feet 8 inches in parts of the area; one seam varies from 5 feet 5 inches to 
5 feet 9 inches and another, known over a larger area, varies in thickness 
of coal from 3 feet 7 inches to 8 feet 4 inches. Against the comparative 
thinness of the seams must be balanced the high grade of some of them. 

TONNAGE 

In an area like this, where the coal is known only in surface exposures 
. and in short prospect tunnels, an estimate of tonnage does not have the 

value that it will have when all surface exposures have been examined, pits 
opened up, drill holes put down, and mine development pushed. At the 
present stage only a preliminary tentative estimate is possible and its 
value varies in different parts of the area. 

The best estimate citn be given for that part of the area lying south­
west of the canyon, between Johnson and Gething creeks. Take a strip 
1 mile wide and 7 miles long. In this strip the seams are known in four 
sections approximately 2 to 2 · 5 miles apart, although some seams fLre 
known in sections closer together in the Aylard-:vlogul Creeks localities. 
An average is made for the Aylard creek, Mogul creek, and draw west of 
Mogul Creek sections and treated as the total of one section. This is 
averaged with the total coal of the Gething, Moosebar, and Johnson 
Creeks sections, representing four sections roughly equidistant throughout 
the length of the strip. For the most part only the seams meeting the 
adopted standard are included, but where seams come within a couple of 
inches of the standard, they are taken. The Gething section gives the 
following: 

-
Feet Inches Tons per Tons per 

acre square mile 

Bituminous coal ... ...... ..... . .. II 3 11,250 7' 200.000 
Semi-bituminous c0al ...... . . . . . . . . .. . . . . . 2 0 2,000 1 '280, 000 
Coni of unknown rank ........ . . . . . . .... 6 0 6,000 3,840,000 
Cnnneloid coal.. .... 2 5 2,417 1,546,880 

Total coni. ... . ... • • • • ' • • 0 .. . ....... 21 8 21' 667 13,866,880 
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The Aylard-Mogul Creeks section gives the following: 

- Feet Inches 
Tons per Tons per 

acre square mile 

Bituminous coal .. ... . . . ... 2 9 2,7.50 I, 760.000 
Semi-bituminous coal. ... . .. ... .. . ··· · · .. .... 6 4 6, 333 4,053,120 
Coal of unknown rank. . . . 13 8 13,666 8, 746.240 
Canneloid coal. .... .. ···· · 1 0 1,000 640,000 

Total .. . .. ... . . .. ·· · ··· . . . . ... 23 9 23,749 1.5,199,360 

The Moose bar section gives the following: the coal of the Grant seam, 
which is everywhere below creek level, is not included: 

Feet Inches 
Tons per Tons per 

ncre square mile 

Semi-bituminous ... 2 5 2,416 I. 546, 240 
Coal of unknown rank. 14 8 14,666 9, 386, 240 

Tot~l. 17 17,032 10,932.480 

The Johnson-Coal Creeks section gives the following: the coal of the 
Grant seam is not included : it should be exposed on the lower part, but is 
concealed by gravel and sand. 

- Feet Inches Tons per 
acre 

Bituminous coal (I foot 3 inches coking). ······ · 6 3 6, 250 
Semi-bituminous coal. .... . . . .. . . . . . 7 0 7,000 

Total.. .... ...... . . . . . . . . . . . . . . . . . . . . . 13 ~ 1~.250 

The average of the four above sections is as follows: 

Tons per 
squ11re mile 

---
4, 000,000 
4, 480.000 

8,480,000 

Tons per 
square mile 

---------------------------------------
Bituminous (a little is coking) coal. ... .. . . . . . . . 
Semi-bituminous coal ....... .... . 
Coal of unknown rank. 
Can neloid C03l . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . .. ... . 

Total . 

The tonnage for the area of 7 square miles is as follows: 

Bituminous coal (a very smnll part coking) 
Semi-bituminous coal .. 
Coal of unknown rank. 
Canneloid coal. 

Total. 

3, 240,000 
2,839,800 
5, 493, 100 

546,700 

12,119,600 

Tons 

22' 1\80' 000 
19,878,000 
38,451,800 

3. 827' 000 

84,837' 700 
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In placing a value on the above estimate for the 1 by 7-mile strip 
southwest of the canyon from Johnson to Gething creeks a number of 
things must be considered. On the one hand the sections are 2 · 1 and 
2 · 5 miles apart, except for some of the seams in the :VIogul-Ay lard Creeks 
part of the strip, and the assumption is made that the seams maintain their 
thickness and quality in the stretches between . On the other hand the 
Grant seam is not included in the ?vioosebar and Johnson Creeks e:stimates 
and there is the possibility that this seam maintains its standard below 
the creeks and is not at too great a depth tJ work. It must also be remem­
bered that all of Johnson creek is not yet studied. 

It may also be considered whether an estimate can be made of tonnage 
for another strip of 7 square miles lying southwest of the one for which the 
84 odd million tons has been estimated for, a strip in which the coal­
bearing strata are buried under the .Nioosebar shale. Can thr same 
estimate be l):iven to this strip, i.e. can another 84 odd million tons be 
added, making a total estimak of 169,675,500 tons? Before this can be 
done two facts must he ascertained: whether the seams are at a workable 
depth throughout the area of this second strip, and wh ether the seams 
maintain the thickness and quality which they havr in the first strip, 
adjoining the canyon. A detailed examination of the structure up Moose­
bar, Aylard, etc., creeks would make possible an estimate of depth to the 
seams, and bore-holes located up the same creeks would determine both 
the depth to seams and their quality and thickness. 

For that part of the area north of the canyon from Grant flat to the 
bend above the mouth of Gething creek it is probable that over 4 square 
miles are underlain by the Gething coal-bearing member. However, not 
much is known of the extension of seams through this area. At the west 
end of Grant flat the Grant seam is known for a distance of about 680 feet 
and the Riverside seam in one exposure. Should they maintain their 
grade and thickness the following estimate per acre and per square mile 
obtains: 

I ' 
-

Feet Inches 
I 

Tons per Tons per 
acre square mile 

-

Semi-bituminous .. ... • • • • • • 0 • . . . . . . 7 6 7,500 4, 800,000 
Coking bituminous ... .... ....... . . . . 0 10 833 533, 100 

Tot.al.. . . . . . . . . ... . . .. . . .. .. 8 4 8,333 5, 333, 100 

The coal seams, referred to under Grant seam as occurring in the 
upper part of the canyon and near the horizon of the Grant seam, have not 
been examined. Should exploration there, and by drill and mine develop­
ment in the stretches betwe('n that locality and Grant flat (as suggesteJ 
under Grant seam) demonstrate that the Grant and Riverside seams 
extend over 4 square miles and preserve the thickness and quality which they 
possess at the west end of Grant flat, then 21,332,000 tons can be estimated 
for the area north of the canyon. At the present stage of development, 
however, this estimate cannot be advanced without making unwarranted 
assumptions. 
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The number of square miles underlain by the coal-bearing member 
east of Johnson and Grant mountains is not known; only several of the 
top seams are exposed, and in only one locality, at Contact point. All 
that can be done is to estimate what tonnage these known seams would 
yield did they maintain their quality and thickness over 1 square mile. 

- Feet Inches Tons per Tons rer 
o.cre square mile 

-

Bituminous coal (in part coking) .... .. .... . ...... 6 0 6,000 3,840, 000 
Coal of unknown wade and rank .. . . . . . . . . . . . . . . . 7 10 7,833 5, 013,000 

Total. ..... ... ....... ........... . .. . .. . .. 13 10 13,833 8,853,000 

Most of the 3,840,000 tons is of low grade. Until more is known of 
this eastern part of the area little should be expected of it. 

It may be noted that in the above estimates no account has been 
taken of the tonnage above or below drainage level. This is very import­
ant, but such a calculation would require a topographic map and a more 
detailed study of the areal extent of the various seams than is possible in 
this preliminary examination. 

APPENDIX 

DETAILS OF COLUMNAR SECTIONS1 

11Thick" refers in general to layers over 6 inches thick; thin to those 
under 6 inches. "Shale'' refers to fine-grained argillaceous beds, having 
the structure of shale, i.e. breaking in layers that have curved surfaces; 
these layers further break clown into irregular and angular fragments. 
"Fissile shales" as so designated here are those which break into smooth 
sheets or pbtes parallel to bedding. "Flag," "flaggy," and "flagstone" 
refer to the nature of the bedding and not to the grain and composition of 
the rock; the rock weathers into layers parallel to the bedding, each layer 
being a natural stratum. 

North Shore, Fossil-tree Point to Milligan Point (B 1 to B 2) 

Con! .......... .................... . ............... . ........ . 
Sh:lle, carbonaceous, jet seam lets.. . ..... . . ... . 
Sandstone, argillaceous, some jet... . . ............ . .... . 
Sandstone, fine-gmined, massive .... ................ . 
Sho.lc. arenaceous.. . . . . . . . . . . . . . . . . . . . . . ............. .... . .. . . 
Clay ironstone, prostrate plants .. . ... . ..... . . . ....... ..... .. ... . . . 
Shale, co.rboonceous, somewhat fissile, prostro.te plants . 
Sandstone, medium grain, ripple-marked . 
C~. . . . . . . .. · · ·· ·· · ··· 
Shale, grey, frio.ble...... . . . . . . . . . . . . . . . ... . ... ... ..... . 
c~ ... . .. ···· ··· ······· · .. ... . 
Sandstone, carbonaceous, with jet. . . . .. . ..... . .. . .. . 
Coal...... . .. . .. ...... ....... . . . . . . .. . . . ..... . .. . 
Shale, gt·ey, arenaceous..... .............. . .. . ..... .. . . 
Sandstone and shale in irregular 8-inch beds. . ........ .. . . 
Coal...... . . .. . .......... .. ... . .............. . . . .... . .. . .. . 

1 All sections read from highest beds downward. 

Feet 
1 
0 
0 
1 
1 
6 
2 
1 
0 
1 
0 
0 
0 
0 
2 
0 

Inches 
3 
5 
8 
1 
6 
8 
0 
0 
7 
3 
7 
3 
3 
6 
0 
4 
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North Shore, Fossil-tree Point to Milligan Point (B 1 to B 2)-Continued 
Feet Inches 

Shale, carbonaceous, with jet ........ . ............................ . 0 10 
Coal ............................................................. . 0 7 
Shale, somewhat fissile .......................................... . 1 0 
Clay ironstone. . . ............................................... . 0 6 
Sandstone, lir;ht ~~rey, medium grain, in ripple-marked flags, brown 

wca.thcrin.!?: ................................................... . 3 6 
Sandstone, light grey, coarse-grained, massive .................... . 3 4 
Sandstone, films black shalo ..................................... . 1 5 
Shale, dark ...................................................... . 1 11 
Coal. 1-inch jet on bottom ........................................ . 1 6 
Jet coal and irre~lar clay ironstone concretions ................... . 0 5 
Shale, carbonaceous, micaceous ................................... . 0 6 
Sandstone, carbonaceous, micaceous .............................. . 1 3 
Sandstone, yellow and banded above, coarse and massive below .. 20 3 
Coal, hn.ving 8-inch concretions in places .......................... . 1 10 
Shale, fl.reno.ceous ................................................ . 0 1 
Sandstone, light grey, massive ................................... . 
Sandstone, massive .............................................. . 

1 10 
1 2 

So,ndstone, fine, yellow weathering ............................... . 1 4 
Sandstone, light ~rey, medium grain, fine lined; peculin.r unsolved 

plant remains? ........ _ ..................................... . 4 0 
Sandstone, whit.e, coarse; p~culiar unsolved plant remains? ........ . 5 3 
Sandstone, ripple-marked ........................................ . 
Shale ...................................................... - ..... . 

2 3 
0 3 

Coal ............................................................. . 0 2 
Sandstone, fine, argillaceous ...................................... . 
Sandstone, fine, in ripple-marked beds ............................ . 

1 4 
5 6 

Sandstone, fine, argillaceous in ripple-marked Aags ...... _ ......... . 
Sandstone, argillaceous, micaceous, fine lined ..................... . 

12 6 
4 10 

Jet coal .......................................................... . 0 3 
Shale ........................ - .. ··-··-···························· 0 7 
Coal ............................................................. . 0 7 
Shale, prostrate plants ............................................ . 1 0 
Sandstone, medium grain, light grey .............................. . 
Sandstone, medium. grain, we3.thers yellow ....................... . 

0 11 
1 6 

Sands tone, grey, some ripple-marked surfaces ..................... . 2 9 
Shale, having thin beds of clay ironstone ......................... . 
Sandstone, fine, some ripple-marked surfaces ..................... . 

10 0 
8 0 

Shale, grey .......................... , ................. . ......... . 0 8 
Coal ............................................................. . 0 4 
Shale, carbonaceous, fi ssilc ....... , ................ , .............. . 2 0 
Coal ........................................... _ ................. . 0 8 
Clay ironstone ................................................... . 1 0 
Coal ............................................................. . 1 0 
Shn.le ............ - ............... -. · · ·. ·- · · · · · · · · · · · · · · · · · · · · · · · · · 1 0 
Coal ............................................................. . 0 5 
Shale, bb .. ck ................................ , ............. . .. , ... . 2 0 
Shale, black, cc.trbonaceous ....................... . ............... . 2 0 
Shale, black, having bands of jet ................................. . 1 8 
Shale, grey, friable ............... , ................. . ............. . 
Sandstone, banded with shale .................................... . 

2 0 
2 8 

Sandstone, grey, massive ......................................... . 
Shale, dark, somewhat fissile .................................... . 
Coal-Mi!liga,n scam ............................. . ............. . 

2 3 
0 8 
2 6 

Shale, black, carbonaceous, micaceous ............................ . 0 2 

North Shore, Fossil-tree Point to Grant Flat (C 1-C 2) 
Banded dark shale, li~ht sandstone, and clay ironstone in about 

12-inch bands ......................................... , ...... . 
Sandstone, light grey, ripple-marked ... -.......................... . 
Sandstone, li.gh t grey, hard, ripple-marked ....................... . 
Shale, having sandstone lenses .................................... . 
Shale, fine discontinuous band of white sandstone ................. . 
Coal ............................................................. . 
Shale, somewhat friable .......................................... . 
Sandstone, medium grain ......................................... . 
Shale, dark, carbonaceous, jet bands .............................. . 
Clay ironstone ................................................... . 
Shale, carbonaceous, plant remains ............................... . 
Coal, 3-inch jet on bottom ........................................ . 
Shale, somewhat fissile, having jet bands ......................... . 
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10 
2 
1 
1 
5 
1 
0 
0 
1 
2 
0 
2 
1 

0 
0 
6 
6 

10 
2 
2 
8 
4 
0 
3 
0 
8 
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North Shore, Fossil-tree Point to Grant Flat (C 1-C 2)-Gontinued 

Coal and clay ironstone concretions ..... . . . ....... ....... . . 
Shale, arenaceous... . .. . . . . . .. . . 
Shale, arenaceous, clay ironstone .......... . . 
C lay ironstone ...................... . .. . ... . . ... .. . . . .. .. .. .. .... . 
Shale. somewhat fissile, jet bands ... . 
Sandstone ...................... .......... ........ . 
Shale, clay ironstone nodules .... . ....... ..... .... .. . . .. . . .. . . .. . . 
Shale, carbonaceous, somewhat fissile, jet bands .. . 
Shale, fissile.... . . . . ... ........ . 
Coal. ... . .. ... . ... . . . ... .. ...... . 
Shale, carbonaceous...... . . . ...... . . 
Shale...... . . ............. . .... . . . ..... . . . 
Sandstone, carbonaceous, medium grain .. ...... . .. .. . . .. . . 
Clay ironstone. . . . . . . . . . . . . . . . . . . . .. . .. . ... . 
Sandstone, ripple-marked ... . . . . . . . . . . . . . . .. 
Sandstone, coarse, massive ..... . ........ ........ . ... . ... ..... .. . . . 
Sandstone, medium gmin, micaceous ............ . . 
Shale.... ... ...... . .......................... . 
Coal. .. . .... ................. .... ....... . . . . . .. . .. .. . . .. ..... . ... . 
Clay ironstone..... . . . .... .. . .............. . ..... . ... . . ... . . 
Coal.............. . ....... . .. .. . 
Shale, coaly..... . . . . . . . . . . . . . . . . . . . ...... . 
Sandstone, dark, fine, a few ripple-marked layers, includes +-inch 

clay ironstone band.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Sandstone, fine\ some ripple-marked layers ....................... . 
Sandstone, meaium grain, massive, unsolved plant remains; good 

horizon marker .. 
Shale . ..... . 
Coal............ . .. . ....... . 
Shale, carbonaceous.......... . .. .... . 
Sandstone, medium-grain, argillaceous, rootlets ................ ... . 
Sandstone, coarse, white, in ripple-marked, thick-bedded , unsolved 

plant rem>~ins; good horizon marker . ............ . 
Sandstone, coarse, in flags, arenaceous shale beds ... . 
Coal. . ... . . .. .... .... .. .. . . . .. .. . . . . . 
Sandstone, argillaceous, rootlets .. . .... ... . .. ... . 
Shale, arenaceous in thin beds . ....... ...... .. . .. . . 
Sandstone, ripple-marked, in flags............ . . . . . . . 
Sandstone, fine, in ripple-marked flags, separated by very thin, sun-

cracked, arenaceous shale; clay ironstone bands . .... 
Coal........ . .......... . .. . 
Shale, coaly, and bands oi coal ..... . ............... . 
Shale, dark.. .... .. .. .. . 
Sandstone in ripple-marked flags 6 inches to 12 inches . ... . . . ...... . 
Sandstone flags, weathering brown. . . . . . . . . . . . . . . . . . . . . . . . 
Shale, arenaceous. . . ... .. .. .. .. . ...... . ......... . 
Shale , dark .............. . ... . . . ... . ... . . ......... .. . .. ......... . 
Sandstone, finely crossbedded ..... . .. . . . . . . . . .. .. . ..... . . . . .... . . . 
Sandstone, dark, argillaceous... . ..... . .. . .. ..... . . 
Coal .. . . . . . .. . . . . . .............................. . . .... . 
Concealed ...... . .. .. ... . .. . .. .... . ...... .. .. . . ... . . .. . . . ..... . . 
Sandstone, fine, brown weathering ...... ....... .... .. ... . ... . ..... . 
Milligan seam-

Coal +2 inches concretion ... ..................... 2'feet 1 inch 
Coal, jet.... . . . . . . . . . . . . . . . . . . . . . . . . 8 inches 

Shale, black, micaceous . .. ... .. ... .. .... .... . . 
Sandstone, massive, ripple-marked . . ... . .. .... .................. . . 
Sandstone, light grey, very fine dark bands ........... .. .. . ....... . 
Shale, dark........ . .. . . . .............. . ... . .... . .. . . .... . 
Sandstone, argillaceous, massive .... ... .. ••. ... . ........... .... . . . . 
Sandstone, massive, argillaceous, clay ironstone ..... .. .. .... ..... . . 
Shale, grey . . ..... ............. .. .•.. ....... .. . .. .. . . . . . . .. . . ... . . 
Coal................... . . .... .... . . . ..... . ..... ... . . . .. . ... . 
Shale, dark, somewhat fissile .... . ..... .. ...................... .. . 
Sandstone in thin flags .......... ..... .. ...... .. . ..... ......... ... . 
Concealed . ...... ................ . .......... ... ............. ..... . 
Sandstone, light grey, fine, in ripple-marked.ftags, roots ........... . 
Coal....... ... . ... . ........ . ... ............. .... 0 feet 8 inches 
Shale ... . . ....•... . ..... .. ....... .... .•..•. . ..•... . . 0 feet ! inch 

Feet Inches 
0 9 
1 0 
1 3 
2 0 
0 3 
I 0 
I 6 
0 6 
0 6 
0 7 
0 6 
0 3 
1 0 
2 0 
0 10 
2 8 
2 0 
2 0 
I 6 
0 1 
0 4 
0 5 

6 0 
3 0 

5 0 
0 3 
2 0 
0 3 
6 0 

6 6 
I 2 
0 3 
1 8 
1 8 
4 0 

8 6 
0 8 
1 0 
2 4 
2 5 
2 5 
3 0 
2 0 
3 6 
0 3 

.0 3 
25 0 
8 0 

2 9 
0 7 
4 0 
3 0 
1 0 
0 9 
5 6 
4 4 
1 0 
1 6 
3 6 

10 0 
5 0 
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North Shore, FossiJ-tree Point to Grant Flat (C 1-C 2)-Continued 

Feet Inches 
Coal and irregular concretions 7 inches thick ....... I {oot 11} inches 
Coal, jet .......................................... 0 feet 8 inches 3 4 
Shale, grey ...................................................... . 0 6 
Sandstone, dark, fine ............................................. . 2 0 
Sandstone, banded, argillaceous, in ripple-marked layers ........... . 7 0 
Shale, grey ...................................................... . 
Shale, fissile, having jet bands ................................ . 

3 0 
0 3 

Shale, grey, hllving jet bands ..................................... . 
Sn.ndstone, banded ............................................... . 

1 0 
2 R 

Shale, dnrlc ...................................................... . 2 3 
Sandstone, ma.ssi ve .............................................. . 2 0 
Clay ironstone ................................................... . 1 6 
Snndstone, rather coa.rsc, massive ................................ . 12 0 
Shu..le, black .................................................... . 1 8 
Shale, black, having; very thin sandstone lenses ................... . 3 6 
Shale, black ..................................................... . 1 8 
Co~tl and many chy ironstone concretions ......................... . 0 8 
Shale, fissile, having plant remains and jet bands ................. . 0 3 
ShtdE>, grey, arenaceous ........................................... . 
Shale, cnrbonaceous, fissile ....................................... . 

1 0 
0 6 

Shale, arenaceous, friable ......................................... . 0 6 
Shale, carbonaceous, fissile ....................................... . 0 5 
Shale, grey.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. . 0 3 
Sa ndst.one, fine ................................................... . 0 1l 
Shale, grey, having ironstone concretions ......................... . 
Sandsto11e, fine lined .............................................. . 

2 2 
1 0 

Shale. arenaceous, some clay ironstone ............................ : 0 2 
Sandstone, fine ................................................... . 1 0 
Shale, L!,rcy.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
Shale, fissile ...................... . .............................. . 

0 6 
0 6 

Coo. I, canneloid .................................................. . 0 10 
Shale, grey, somewhat fissile. . ............................... . 
Coal, ca.nneloid .................................................. . 
Shale ........................................................... ·· 

0 8 
0 1.~ 
0 4 

C()al, jet.......... . ............................................ . 0 4 
Shale, coaly.. . . . . ............................................. . 0 4 
Coal, jet ......................................................... . 0 z 
Shale, dark, carbonaceous, somewhat fissile ....................... . 
Sandstone, fine-grained, argillaceous .............................. . 
Sa.ndsrone in ripple-marked layers, a few bands arenaeeous shale .. . 

3 6 
1 0 
2 6 

Sandstone, fine, weathering brown ................. , .............. . 
Shale, grey, arenaceous ........................................... . 
Coal, irregular concretions 1 foot from bottom, bottom 12 inches 

chieny jet ................................................... . 
Shale, somewhat fissile, ca:rbono.ceous, seam jet ................... . 
Sandstone, ar,c:il\n.ceous ........................................... . 
Shale, grey, arenaceous, fri11.ble ................................... . 

2 0 
0 6 

3 1 
0 8 
0 6 
1 0 

Sandstone, medium gTain, fine crossbedding ....................... . 
f;andstone, fine, finely banded .................................... . 

6 s 
1 3 

Shale, arenaceous, having bn.nds of fine sandstone ... , ............. . 
Shall\ friable .................................................... . 

6 0 
3 0 

Coal, Ferro Point seam .......................................... . 2 2 
Sh.ale, carbonaceous, friable, jet seamlets ......................... . 
Coal, jet .................................. , .............. 0 •••••••• 

Shale, dark, fissile, jet ........................................... . 
Shale. arenaceous ................................................ . 
Sandstone, fi.l,e}y banded ......................................... . 

1 6 
0 3 
0 5 
0 11 
1 0 

Sandstone, medium grain, ripple-marked, yellow weathering ...... . 
Sandstone, fine-grained, argillaceous, fine-lined, in 6-inch beds ... . 
Sandstone, very thinly handed wjth dark shale ................... . 
Shale, grey, a.rennceou.s, 3-inch clay ironstone band ................ . 
Shale, fissile, jet bands ........................................... . 
Shale, dArk, arennceous .......................................... . 
Sandstone, finely lined, banded with shale ........................ . 

3 0 
5 4 
2 6 
2 0 
0 6 
0 8 
3 8 

Sandstone, dark, argillaceous., 0 ••••••••••••••••••••••••••••••••••• 

Shale, dark grey, arenaceou.g ..................................... . 
1 2 
2 0 

Shale, carbonaceous, fi.ssile ....................................... . 
Clay ironstone ................................................... . 

0 l) 

0 9 
63414-3! 
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North Shore, Fossil-tree Point to Grant Flat (C 1-C 2) -Continued 

Sandstone, medium grain, poorly sortoo in fta.gs, some ll'l.yers ripple-
marked ....................................................... . 

Shale, areno.ceous ................. . ........................... . .. . 
Coal, jet ........................................... . ..... . . . .. . . . . 
Shale, dark, carbonaceous ........................................ . 
Sandstone, dark, fine lined ....................................... . 
Sandstone, medium wain, interbedded with friable shale; clay 

ironstone bands above; middle beds are ripple-marked layers 
of sandstone with thin bccls sun-cracked shale; thin coo.\ scnm 
above ripple-marked layers........ . . . . . . . . . . . . . . . . . . . .. 

Shale, dA.rk, somewhat fissile, jet bands ..................... . .... . 
Concealed ....................................... . ....... . . . .. . . . . 
Shale, arenaceous, clay ironstone concretions ........... . .. . ... . 
ShD.le. friable, 1 jet band..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Sandstone, 5ne, argillaceous in ripple-marked la.yers .............. . . 
Sandstone, coarse, massive, rare ripple-marked surfaces ........ . .. . 
Shale, grey, prostratP. plants; nalTOW bands clay ironstone ......... . 
Shale, carbooa~eous, fil'1.~ile. jet bands, pro~trnte st.ems ............ . 
Coal, l-inch parting 4. inches from top, l-inch parting 1 inch h·om 

~Uom..... .. ....... . . .... . 
Sand.st.one, argillaceous, poorly sorted, upright stems ...... . .. . .... . 
ShA lc, grey ................................... - .•................. 
Clay ironst.one. bn.nded with shale ........................ . . . 
Sandstone. a.rgillw.eou.::;, burrows? ....... . 
Sha.le, dark, fl·iable .............................................. . 
Sandstone, fine, in ripple-mfi.Tked layers, separated by thin shale 

bands........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Clay ironstone, three thin bands friable shale ..................... . 
Shnle, grey, friable; thin bands clay ironstone, nne wood dehris .. 
Sandstone, fine banded, and cht~' ironstone ....... . 
Shale, dark, friable ...................................... . . . .. .. . . 
Coal, jet ......................................................... . 
Shale, Cllrbonaceous, fissile. prostrate fronds ...................... . 
Sandstone, fine, grey, in ~inch layers, ripple-marked, thin shale 

layers sun-<:rackcd, Dinosaur tracks ................... . 
Shale, dark ................................... . . . . . . : . . . . . . 
Sandstone, fine, massive ......... . . . . . .. . .. . . .. . . 
Shfl.le, black, somewhat fissile .......... . ....... . ... . 
Con!...... ... . ... ..... . .................. . ....... . .. . . .. . . 
Shale, arenaceous, fine, friable .................................... . 
Sandstone, fine, a.rgillaceous, f!aggy ............................... . 
Sandstone, medium grain, gTey, in ripple-marked layers 1 inch t.o 

4 inches thick, some thin sha lo bands and fi \ms, a few clay 
ironstone bands I inch to 3 bches ............................. . 

Shale, dark grey, aren!l{;eous, (riable, many 2-inch clay ironstone 
bands ........................................................ . 

Sandstone in ripple-marked layers_ ............................... . 
Sandstone, dark grey, poorly sorted, mottled, some vertical roots, 

stems, prostrate wood fra.gments ............................. . 
Sandstone, flaggy, much dri.ftwood ....... , ....................... . 
Sandstone, light; grey, in thick ripple-marked layers .............. . 
SA.Jldstone, fine, thin, ripple-mnrked layers, thin, dark shale bands 
Sandstone, fine, in flags .......................................... . 
Sho.!c, arenaceous, in very thin flo.gs, ripple-marked, thin bnnds, 

films bla.ck shale, sun-cracked, burrows, trails, some 2-ioch 
clay ironstone bands. . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 

Shale, grey .............................. . . . . . . .. . . 
Coal..................... . . . . . . ..................... . 
Shale, carbonaceous, micaceous, jet .............................. . 
Sandstone, medium grained, light grey in ·l-inch to 6-incb ripple-

marked layers ............. , ................................. . 
Concealed ....................................................... . 
Shale, arenaceous, prostrote plnnts....... . . . . . . . . . . . . ....... . 
Sandstone, fine, in ripple-marked layers; weathers brown, n. few 

Dinosaur tracks .............................................. . 
Shale, black, carbonaceous, fissile ................................ . 
Shale ...................................................... ······· 
Sandstone, fine, dark lined, irregularly platy ........ . ............. . 
Shale, carbonaceous, fissile, fronds ............................. . .. . . 

Feet Inches 

12 0 
2 3 
0 4 
0 8 
1 2 

40 0 
1 0 
8 0 
1 0 
0 7 
5 0 

35 0 
4 0 
0 11 

2 4 
2 s 
2 0 
1 8 
2 s 
1 3 

2 6 
4 3 
1 9 
1 0 
2 0 
1 0 
0 3 

2 6 
0 8 
0 6 
0 10 
0 3 
0 7 
0 7 

10 0 

11 0 
1 0 

3 0 
2 0 
3 9 
3 3 
3 0 

5 8 
0 8 
0 7 
0 6 

8 0 
20 0 
0 9 

3 0 
0 8 
1 0 
2 0 
1 0 
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North Shore, Fossil-tree Point to Grant Flat (C 1-C 2)-Continued 

Coal ............................... . 
Shale, friable.. . . . . . . ................. . 
Clay ironstone and thin layers of friable shale ........ . 
Shale, friable, beds of clay ironstone 2 feet thick .... . 
Shale, friable, l-inch clay ironstone bands ......... . 
c~.~········ ······················ 
Shale and jet.. . . . . . . .......... . 
Carbonaceous, somewhat fissile shale, jet ..... . 
Shale, dark, finely friable ................... . 
Sandstone, medium grain, finely cross bedded .. 
Sandstone, with arenaceous shale ............. . 
Sandstone, coarse, massive .............. . 
Shale, friable, clay ironstone bands .... . 
Sandstone, medium grain, massive .. . 
Shale, arenaceous, friable ....................... . 
Sandstone, medium grain, massive ... . 
Shale, friable, clay ironstone bands.... . .. . . . ... . 
Coal. ...... . 
~*··········· ········ · ····· · ··· 
Coal........... . .. . .. . .. . 
Shale, friable... . ... . ..... . 
C~....... . .......... . 
Shale, dark, friable..... . .......... . 
Sandstone, fine grained, shale bands ...... . 
Shale, friable, clay ironstone concretions .... . 
Clay ironstone .......................... . 
Shale, friable, clay ironstone concretions. 
Sandstone, fine, thin banded ........ . 
Shale, friable. . ..................... . 
Sandstone, fine, thin bands shale near bottom .. 
Shale, dark grey.. . .............. . 
Shale, black, friable ............................. .. . . . . 
Sandstone, fine, argillaceous, erect stellls .. . 
Shale, friable.. . ................. . 
.<Aal. ... 
Shale........ . ..... . 
Sandstone, fine; vertical stems? ............ . 
Shale, arenaceous, friable, clay ironstone nodules, vertical stems? .. 
Coal, 4 inches jet. at base... . . ..... 
Shale, friable, many roots and stems ... 
Sandstone, massive, weathers yellow .. 
Shale, a. few rootlets, etc... . . . . . . . . . . . . .... . . . . . 
Sandstone, massive, weathers yellow ................ . 
Sandstone, fine, dark grey, ironstone concretions ... . 
Shale, grey, friable ....... . 
Sandstone, fine, dark grey ... 
Shale, finely friable.... . . .. . .... . 
Clay ironstone ................. . ...... . 
Shale, grey ............................................ . 
Clay ironstone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 
Sandstone, fine, ripple-marked on some surfaces, weathers brown .. 
Sandstone, fine, argillaceous...... . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 
Shale, grey. . . . . . . . . . . . . . . . . . . . . . ............. . 
Shale, carbonaceous, much jet, plant remains .. . 
Coal, having thin parting ................... . 
Shale, carbonaceous, fissile ................. . 
Sandstone, coarse, grey ............ . 
Concealed .................................................... . 
Sandstone, fine, uneven fracture and in l-inch to 2-inch bands ... . 
Sandstone, co~rse ........................... . 
Sandstone, fine, slightly argillaceous ....... . 
Sandstone, coarse, massive ..... 
Index seam-

Coal. ..... . 
Shale ..... . 
Coal (3-inch jet on bottom). 

Shale ....... . 
Sandstone ........ . 
Shale ........ . 

Inches 
5 
6 

11 

Feet Inches 
0 8 
3 0 
4 0 
8 0 
4 6 
0 2 
2 0 
0 7 
4 8 
0 4 
1 0 
2 2 
3 10 
1 6 
0 5 
0 9 
6 6 
1 0 
0 7 
0 3 
0 11 
0 3 
0 5 
2 6 
4 0 
1 3 
3 3 
2 3 
0 7 
1 1 
1 0 
1 6 
1 2 
1 6 
0 9 
0 3 
2 0 
3 6 
1 0 
2 6 
2 0 
0 6 
0 5 
2 { 

1 2 
1 3' 
0 8 
0 z 
1 2 
0 3 
1 0 
2 8 
'1 9 
I 1 
1 7 
0 3 
4 6 

30 0 
6 0 
1 2 
I 4 
1 8 

1 10 
3 0 
2 6 
6 0 
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North Shore, Fossil-tree Point to Grant Flat (C 1-C 2)-Continued 

Sandstone ... .. . .. .. .. . .................................. . . ... . 
Shale, friable ..... .... .. .......... .. ................... ....... . .. . 
Sandstone, coarse, grey ............. . ................... . . .... . . .. . 
Shale ... . .... ..... . . ................................. .. . .. . 
Sha.le, ca.rbonnceous, and coal. ........................ .. . .. . 
Shale . .. .... . . .. . .. .. _ .. . .. . _ ..... _ .................. .... . 
Sandstone, course . ....... . . _ ...... _ ... . .. .. _. _ . . 
Shale, arennceous . ... . . .. .. . ... . .................... .. . ...... .. . 
Shale . . ... . . . ..... .... .. ............. . ... . ... . .......... ..... .. . . . 
Shalo, arenaceous, erect stems?, clay ironstone ... . .. . . 0 ••••••• • •• • • 

Sandstone, coarse, massive, thick bedded . . ...... . . . ... ...... .... . 
Con) .... . .. .... . ........ . ... .... ... ... . 
Shale . . ... ... ... . . . . . . ..... . ............. . ... .. . .... . . 
Coal . ... . . ..... . ... . ..... . . . . . . . _ ... .... ... ..... ... . .. ...... ... . . 
Sbnlc and clay ironstone . . ... . . ... .. ... . . . . _ . . .. . _ . . .. . _ . . . .. .. .. . 
Sandstone . . ... . .. . .... . .. . ... . ......... _ ... . .. __ .. __ .. . .. ... ... . . . 
Shale, carbonaceous, and coaL. . . . . . . ... . .. . ... . .. .. .. . .. .. ... .. . . . 
Saodstone . . .. . .... . . . . . ... . .. . ....... . . . .. .. .... . . . ....... ... .. .. . 
Clay ironstone . .. .. . ... . . . ..... . ..... ... . .. .............. .. . . . . 
Ra.ndstone, crossbedded on large scale, one or two ripple-marked 

layers .. 0 • • • • ••••• •• ••• • • • • ••• •• • •• •• ••••••• • ••••••••• ••• • •• ••• 

Clo.y ironst-one .. ... .. . . .. .. . .............. . .... .. ... . . . . . 0 • • 

Sandstone, coarse, massive .. ... ...... . . . ...... .. .. 0 •• • • ••• • •••• ••• 

Shale .. . . ..... .... . .. ...... . . . . ... .. . . ... . ... . .. .......... .. . 
Sandstone ...... . ...... .. . .... ... .. ......... .... ....... .. ..... .. .. . 
Cln.y ironstone .... . . . . . .. . . . ... . ..... . .. . . ..... . .. .. . .. . .. ... ... . . 
Coal -Gr-ant seam .. . . . ... . ............... . .......... .... ... .... . . 
Concealed .... . .. . . . .. ........................ .. . . . . . .... . . . .. . .. . 
Clay ironstone .. . .. ..... . ............................. ... . .. .. . . . . 
Shale . . . .. .. . ........ .... . .... . . ...... .. ..... . ... . . ........ . ... . . . 
Coal -Riverside seo.m .. . .......... ... .. ............... 0 •• • •• • •• • •• 

Aylard Creek Section (E 1-E 8) 

Shale of Mooseba.r rormailon 
Concealed .. .. .. .. . ... . ...... . ... . ..... . . . ....... . . .. ... . . . 0 ••• • •• 

Sa.ndst.one, massive .. . .... . .. . .......... . .. . ...... . ... . .. .. . . . . . . . 
Shale .... . .. .. . . . .......... . .............. ... . .. .. ... . .. . . ... . . . . . 
Sandstone, massive .. .. .... . ... 0 •••••••••••••• • •• • 0 •••• ••••••• •• • 

Shn.le. arenaceous ...... . .. .. . . . ... .. . . . .. . . . . ... .. . ..... . . . . 
Coal-Superior senm . ... .... .. .. . . ... . ...... ... ... . .. .. . . . ... .. . . . 
Shale , fissile, with iet bands .. . . . .... .. . . . . 
Sandstone, coarse, massive . . .... .... . ... . . . . 
Shnle .. . .. . . . .... . . . . __ ... . .. . . .. . .. .. . . 
Sandstooe, fine, massive .. .. .. .. ...... .. .... . . .. . .. . .. . . .. . . .. . .. . 
Shale , dark, fissile, many jet bands . .... . ... ..... .... . . . . . . .. . 
Shl\le, arenaceous . ..... . ...... .. _ . .. .. . . .. . . 
Concealed .... .. . . . .. ..... .. .. . ............... . . . ..... .. .. .. . . 
Shnle, arenaceous ... .. ... . . . .... . ....... 0 ••••••••••• •••••• •••• •• •• 

S:~.ndstone, fine, thin, irregular bands and films o( shale ..... . 
Shale . . ...... . . . . . . .... . _ __ ...... _ . ... .. ..... .. ... ...... .. . . ... . 
Coni. irregular 3-inch parting ...................... . . . . ... . . ... . .. . 
Shale, friable . . . . ... . ... .. ..................... . ... ...... ..... ... . 
Concealed ....... ................................. . . 
Sandstone, rua.ssive ...... . ..... . ... _ ... _ ........ .... . .... . .. . .... . 
Shale ........... . 00.. • • • .. .. ... .... 00 .. Trojo.n scam . . . . . . . . . . . . . . . . . . . . . . . . . . . Ft. In . 

Coal ... . .... ...................... 0 •• _ • • • • • • • • • • • • 0 3 
Sandstone . ... . ....... . ............. . .......... . . .. 0 2 
Coal . . . ... ... .. ...... . ........................ . . .. 1 ll 
Shnle ... ...... . . . .... . .............. . ...... . ... ... 0 6 
Coal.. .. . . ........ .... . .. ..... . . . . . . . . . . ........ .. 1 6 
Bone conl. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 4 

Shale, black, carbooaceous, fissile .............. . .. .... . .. . . .. .. .. . 
Shale, dark ............... .. ..... . .... . ........ . .. .. . . . . . . . . ..... . 
Sandstone, fine .. .. . .. .. _ .. .... ..... . ..... .. .... . ... . . . .. . .. . .. ... . 
Shale . ..•. . ... . .... ... ....... . ..... . . . ....... . .... . . ..... .. . . 
Concealed . .. . . . .... ... . _ . .. . . . . . ....... . ..... ... .... . .. . . ... .... . 

Feet 
1 
5 

10 
1 
0 
0 
0 
2 
2 
4 
4 
0 
0 
1 
2 
4 
1 
3 
0 

3 
1 
5 
5 
1 
1 
5 

30 
1 
1 
2 

Feet 

5 
15 
1 
4 
2 
2 
0 
2 
0 
2 
2 
2 
3 
1 
3 
0 
1 
2 

60 
0 
4 

4 
0 
0 
t 
l 

S2 

Inches 
8 
0 
0 
6 
8 
6 
6 
0 
0 
0 
6 
4 
4 
2 
0 
0 
0 
0 
6 

6 
0 
0 
0 
0 
0 
8 
0 
0 
0 

10 

Inches 

0 
0 
6 
0 
5 
0 
2 
3 
5 
4 
8 
0 
0 
0 
0 

10 
3 
0 
0 
6 
0 

8 
6 
g 
0 
0 
0 
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Aylard Creek·Section (E 1-E 3)-Gontinued 

Feet Inches 
Sandstone, brown weathering, fine, in 5-inch beds separated by 

2-inch shale beds ............................................. . 4 0 
Coal, Titan seam ................................................. . 4 0 
Concealed ....................................................... . 2 0 
Sandstone, brown weathering, fine, in 5-inch beds separated by 

2-inch shale beds ............................................. . 3 8 
Shale, jet above .................................................. . 2 10 
Clay ironstone and carbonaceous shale ............ . ....... . l 6 
Shale, arena~eous, clay ironstone concretions .................... . . . 1 6 
Clay ironstone ........................................ . .......... . 1 3 
Shale, arenaceous ................................ . .... . .. . .. . . . 0 3 
Clay ironstone... . ... . . . .. . ........ . ........ . .......... . 3 0 
Concealed..... . ........................ . ..... . ... . . . 5 0 
Shale...... . .......................................... . 3 4 
Shale, black, carbonaceous, fissile .......... . ..................... . l 6 
Shale, arenaceous .................... . ..............••............ 1 0 
~~ ............................... . ....... . ................... . 0 8 
Shale, carbonaceous .. ,. . ............................. . ..... . . . 0 8 
Shale...... . . . . .............• . .. . ..... . ................. 2 6 
Sandstone, medium grain, massive ............................... . 4 7 
Falls seam- Ft. In. 

Coal........ .......... . ............. 0 8 
Canneloid coal.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 
Coal.............................................. 1 11 3 7 

Sandstone and shale in l-inch to 5-inch beds .... .... .............. . 5 0 
Clay ironstone.... . ......................... , ............... . 0 5 
Shale ............................................................ . 0 4 
Shale, dark, carbonaceous ........................................ . 0 5 
Coal .................................................... . .. . .. • ... 0 2 
Shale, dark, carbonaceous ................ . .. . .. . ................. . 1 0 
Concealed ...................................................... . 3 0 
Sandstone, fine-grained.. . ............................. . 3 0 
Sandstone, massive, argillaceous, in·part altered to arenaceous clay 

ironstone ..................................................... . 3 2 
Sandstone ........................................................ . I 9 
Shale, arenaceous ................... , . ........................... . 5 0 
Shale, dark ............................ .. ........................ . 
Sn.ndstone, fine-grained .................................. . .. . ..... . 

10 0 
3 6 

Shale, arenaceous ................. . .... . .. • .. . .. . .. . .. . .. . .... . .. . 4 8 
Shale, clay ironstone bands ....................................... . 13 0 
Clay ironstone. . . . . ............................................. . 3 3 
Shale....................... . ............................... . 1 10 
Coal, large concretions, and 1 foot 3 inches canneloid coal. ......... . 2 8 
Sandstone, fine, massive, thick layered ........................... . 10 6 
Sandstone in thin flags, films of shale ............................. . 3 8 
Sandstone, fine, massive ........................ . .. . .............. . l 2 
Shale, dark..... . ........................... . ....... . .. . ..... . 3 2 
Shale, arenaceous..... . ........... . .....•.......... . .. . .. . . .. 1 2 
Shale, dark........ . ............... . ........ . ........... . 2 0 
Coal........ . . . . . .. . . . . . . .. . . . . . . . . . . . . ... . .... . . 0 2 
Shale........ . ..... . ..... . .. . .......... . .. . .. . .......... . ..... . 0 9 
Clay ironstone............. . ........ . ............. . .. . ........ . 2 8 
Shale ............... . .............................. . .. . I 4 
Clay ironstone ................. . ... .. .............. .. ...... . ..... . 0 10 
Sandstone, coarse..... . ..................... . .. . ....... . .. . ..... . 1 0 
Shale ............................... . .. . ................ . .. . ..... . 3 6 
Sandstone, massive.......... . .................. . .......... . . 1 3 
Coal, pyrites in bottom bench ..................... . .............. . 2 0 
Concealed ............................ . .......... . ........ . ..... . 9 0 
Sandstone, massive ................. . .. . ........................ . . 2 6 
Shale, arenaceous ................... . ............................ . 
Sandstone, £ne, massive ............ . ................... • ..... • ... 

0 3 
3 0 

Shale, friable, jet bands .......................................... . 1 11 
Coal, jet............................... . .................. . 1 11 
Shale, carbonaceous, above, plant remains .................. . ..... . 2 2 
Sandstone and shale, banded ................................. . ... . 2 0 
Shale, arenaceous .........................•.................•..... 7 6 
Shale, black, carbonaceous ........................................ . 0 4 
Coal. ....................................................•........ 0 5 
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Aylard Creek Section (E 1-E S)-Continued 

Feet Inche9 
Bone coal, granular ............................................... . 
Coal. ............. o ••••••••••••••••••••• o ••••••••••••••••••••••••• 

0 3 
0 6 

Shale, fissile, and coal ............................................ . 0 6 
Shnlc ................. 0 •••••••••• • • ••••••••••••••••••••••••••••••• 3 3 
Sandstone, fine, massive ... , ..................................... . 0 7 
Shale, friable .............................................. . ..... . 
Coal ...................................................... . ...... . 

2 4 
0 6 

Shale, carb()oaceous, fissi.lo ......................... 0 ••••••••• , •••• 0 8 
Sandstone, fine, with bands of shale ............................ . 
Sandst-one, medium grain ....................................... . 

3 0 
2 10 

Shale ........................ . ...................... o •••••••••• 9 0 
Goa.\ ....... ···· o···O· ·· o·.,.. .. . . .. . . · · ·o· .. · • o• .... ·· o· 9 0 
Shale ......................... . ............................ . .. . 0 2 
Cmll, jet......... . .. . .................... . .. . ......... . 0 2 
Sbn.le .................... ·. ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 6 
St~.ndstone, fine, having thin sho.\e films .............. .. ... . 
Shale, grey................. . ................................ . 
Coal .................... , ...... . ................. . ............. . 

3 9 
0 9 
0 6 

Shflle, fissile, prostrate fronds ............ . ................... . 
Coal.................... . ..................... ·· o .. . 

0 5 
0 6 

Sandstone, very fine, argillaceous ......................... . ... . 
Sand st.one, medium grain ......................................... . 

0 8 
3 0 

Shale, dark, micaceous, two thin bands jet at top ................. . 1 9 
S11.ndst.one, medium gr~ined, in thick ripple-marked layers ........ . 
Sandstone, fine, argillaceous, very thin bands and films shale ..... . 

3 0 
7 9 

Shale, black, finely friable. some jet bands ....................... . 0 10 
Coal .................................................... • o •••••• 0 8 
Sandstone, medium grain ......................................... . 
Shale, dark, friable, some plant remains ........................... . 

0 2 
1 3 

Sandstone, medium grain in poor flags; several ripple-marked 
surfaces .... 0 ••••••••••••••••••••••••• o ••••• , •••••••••••••••••• 7 0 

Sandstone, fine, argillaceous, coarsely friable in fracture ........... . 4 6 
Shale, grey, friable ........................... : ................... . 1 9 
Clay ironstone, massive ..... , ..... 0... . ..................... . 5 0 
Sandstone, medium g:ro.in, massive ............................... . 
Sa.odstone, fine, argillaceous, (riable; plant remains; thin clay 

8 0 

ironstone bands .............................................. . 1 6 
Shale, carbonaceous, fissile, many fine jet bands .............. 0 •••• 

Sandstone. fine, argillaceous. massive ............................. . 
Coal, sma.H concretions near top; Little Mogul seam ............... . 
Shale, black, arenaceous .......................................... . 

I 5 
2 3 
3 0 
0 2 

Sandst.one. fine, argillaceous, ripple-marked on some surfaces. 
Thin films shale .................. 0 ••••••••••••••••••••••••••• 10 0 

Coal, scattered large (4 inches) concretions near top; Mogul seam .. 
Sandstone, medium ~min, dark, argillaceous, micaceous ........... . 

3 10 
1 G 

Sandstone, grey, medium ........................................ . 
Sandstone, medium, mn.ssive, brown weathering .................. . 
Shale ...................................................... . ..... . 

9 0 
5 0 
2 3 

Shale, carbonaceous, sheeted; jet bands ........................... . 
Coal. ............................................................ . 

0 4 
0 7 

Shale ............................................................ . 0 7 
Coal ............................................................. . 0 5 
Shale with pyrites ................................... 0 0 •• , ••• 0 •••• 

Coal .......................... ··· .. ······················· 
0 6 
0 4 

Sandstone, fine, micRccous .................................... . .. . 0 6 
Sandst-one, fine, ripple-matked in thick to medium flags ........ .. . . 5 8 
Clay ironstone, massive ..................................... . 0 9 
Sandstone, coarse, wen.t.herin_g in knobs and ill-defined layers .. 2 0 
Sandstone, me~lium grain, in 2-inch fla.gs ................... . 
Sandstone, coarse, massive, unsolved plant remains ......... . 
Sandstone, coaN~e, thick layered .................................. . 

1 0 
l 0 
2 2 

Sandstone, coarse, me.ssive, unsolved plant remains; ~ood horizon 
marker. . . . . . . . . . . . . . . . . . . . ....... o ••••••••••••••••• 2 6 

Sandstone, fine, ripple-marked fiA.gs ............... . .............. . 
Coni, concretions near bottom ............................. . ..... . 
Sandstone, fine, dark, carbona.c.cous ... " . . . . . . . . . . . . ............. . 

0 10 
l 8 
0 3 

Sa.ndst.one, medium grain, brown weathering, mo.ssive ............ . 
Sandstone, fine, in ripple-marked flags ...................... . ..... . 

3 0 
4 0 
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Aylard Creek Section (E 1-E 3)-Continued 

Sandstone, coarse, thickly irregularly layered, unsolved plant 
remains; good horizon marker........ . ..... ............. . 

Sandstone, ripple-marked, thin beds films shale, thin flags below, 
thick flags above. . ................... ..... ..... . 

Coal ...... ...... .......... . 
Shale, dark, carbonaceous ............... . 
Sandstone, thick, irregularly bedded, some vert ical roots or stems 
Sandstone, fine, in thin ripple-marked flags ............ . 
Shale, dark, some thin sandstone bands.. . . .... .. ... . 
Coal...... .... . .. . . . . . . . . .. . . .. . ... . . ..... .. ......... . 
Sandstone, fine, ripple-marked flags; thin shale bands and films; 

sun-cracks. . ................... . 
Sandstone, fine ....................... . 
Shale, grey. . . . . . .. . 
Shale, dark, fissile, jet bands ...... . 
C'onl, hnvin!( two thin partings. 
Sandstone, thickly layered, clay ironstone 
Sandstone, fine, grey, argillaceous, prostrate pl:1.nt remains. 
Shale, dark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Coat, irregular, small concretions up to 4 inches, Castle Point seam 
Shale, bln.ck, carbonaceous, fissile, plant remains 
Sandstone, medium grain, tree trunks prostrate .... . 
Shale, arenaceous, irregular lenses clay ironstone .. . 
Sandstone, fin e, argillaceous ............... . 
Sandstone, fine, in thin ripple-marked flags. . . . . ... .. . . 
Shale, dark, somewhat fissile. . . . .. ...... . .. . . 
Coal, Milligan seam...... . . . . . . . .... . ............ . 

~~~~e;ti~~~kli::c~i~~~~;.;,~l:k~d·, · i~ · ft~g~; · thi~ · b;~ci~ · fir;.;,~ · ·d~~k 
shale; flags 2 inches to 3 1nchcs above, very thin below .... 

Shale, black, carbonaceous, Jet bands. . . . . . 
Sandstone, fine, dark........ . ....... . 
Sandstone, fine lined, brown weathering, in flags above. 
Shale, arenaceous , friable ...................... ...... ...... . 
Coal, small irregular parting .................... . . . ............... . 
Sandstone, fine, thin layers, dark shale; 100 feet to west changes to 

shale with fine sandstone bands, i.e. proportion shale greater 
than sands tone ......................................... . 

Sandstcne, fine, mottled, poorly sorted, finely friable ......... . 
Sandstone, massive, inclined beds lower strata on either side; esti-

mated ..................................... . 
Sandstore, in thick layers, a few thin beds shale. 
Coal, jet ............ .................... ..... · · · · · · · · · · · · · · · · 
Sandstone, dark, argillaceous ... . . . ....... . . . ... ...... ...... . 
Sandstone, white, fi.ne grain , thin flags; roots ... . .. ............... . 
Sandstone in ripple-marked thin flags; also films and very thin 

bands black shale ....... ......... ..... ... .................. . 
Coal, including concretions up to 2 feet 6 inches, 8 inches jet coal on 

bottom ....... · · · · · · · · · · 
Shale, arenaceous.. . . . . . . . . . . . . . . . . . . . . . . . . . ... 
Sandstone, medium grain, thickbcdded; some ripple-marks. 
Shale, arenaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... · · · 
Sandstone, dark, jet bands .......... . 
Sandstone, medium grain, massive .. . 
Coal, 4-inch partin~ in middle .............. . 
Shale, sandstone, li.ne banded and lens-like ... . 
Shale, dark, somewhat fissile ............ . 
Co~! and 2-inch parting .. 
Shale, dark, jet.... . . . . . . . 
Sandstone, fine, argillaceous, a few verticitl roots or stems ... 
Shn!e, grey. . · 
Sandstone, massive, weathering yellowish. . ............. . . . 
f>andstone, massive, +clay ironstone 
Shale, black . . . . 
Coal, cnnneloid ..................... . 
Shale, black, clay ironstone band ..... . . 

~~~~~.jb\~~k · .•••••••••• :. : ••••••••. : .. 
Shale, dark, thin sandstone ba)lds .... 

Feet Inches 

3 3 

3 2 
0 5 
l 3 
I 8 

12 8 
9 3 
0 9 

10 6 
1 6 
1 8 
0 10 
0 8 
3 0 

10 6 
0 6 
3 9 
1 6 
1 6 
4 6 
3 0 
4 8 
0 7 
2 10 
0 5 

7 4 
1 4 
3 6 

10 0 
3 11 
1 0 

8 0 
2 0 

10 0 
8 0 
0 3 
0 G 
4 0 

10 

3 11 
0 8 
8 9 
4 0 
0 6 
4 0 
0 9 
4 6 
I 4 
0 7 
0 I 
3 6 
0 10 
5 0 
8 9 
0 6 
0 10 
2 0 
0 3 
1 0 
1 0 



40B 

Aylard Creek Section (E 1-E 3)-Continued 

Coal, including in middle large concretions up to 2 feet ............. . 
Shale, dark, thin sandstone bands ............................... . 
Sandstone in thick flags, some ripple-marked surfaces; weathers 

brown... . ............................ : .............. . 
Sandstone, fine, in ripple-marked flags ........................ . 
Sandstone, fine, argillaceous, thin bands of clay ironstone .. 
Shale, arenaceous............. . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Shale, grey .................................................... . 
Coal, small concretions, Ferro Point seam ........ . ..... . .... . .. . . . 
Shale, grey, some jet; prostrate plant remains .................. .. . . 
Sandstone, films of shale .............................. . .......... . 
Sandstone, fine, films shale, weathers yellowish ....... • . . .. . . • .. • .. 

Section in Draw West of Mogul Creek (F) 

Coal, Little Mogul seam .......................................... . 
Shale, arenaceous ................................................ . 
Coal, Mogul seam ................................................ . 

Sections on Mogul Creek (G 1---G 2) 

Coal...... . ................ . .. . ....... . ........ . ........... . 
~~ ....................... . .............. . ............... . 
Sandstone, fine, argillaceous ............ . ............. . ........... . 
Concealed ........................................................ . 
Shale, arenaceous, friable ............................ . .. . ......... . 
Sandstone, fine, hat.d ............... . ........... . . . ............... . 
Coal...... . ................... . ....................... . 
Shale, dark........................ . ................. . ........ . 
Shale, arenaceous... . ............................. . 
Shale, carbonaceous..... . . . ....... . ........ . ....... . ... . 
Coal..... . . . . . . . . . . . . . . ........... . .. . ....... . ..... . 
Sandstone, medium grained.. . . . ................. . .. . ....... . ... . 
Sandstone, massive, medium P:ra;ined, coarse ...... .. .. . ........... . 
Coal ..................... . 
Shale......................... . .......... . 
Coal.................... . . ............. . . ... .. .... . .. .. . 
Shale, carbonaceous...... . ..... . .. . 
Sandstone .................... . 
Shale...... . . . . . .. . . .. . . .. . . . . . . . .. . . . ...... . ...... . 
Coal, canneloid abo'O'e ....... . .. . .. . . . .. . ..... . . 
Shale, dark.. .. .. . .. 
Sandst.one, fine ............... . . 
Shale, arenaceous. . . . . . . . . . . . . . . . ...... . . . . 
Coal....... .. .... . .. . .... . ............. . 
Shale, carbonaceous,, jet bands ........... . 
Shale, arenaceoUB ...................... . . 
Sandstone, medium grain........... . ..... . ........ . 
Shale...... . .. .. .. .. . .. ........ .... .... . 
Sandstone, medium grain....... .. .. .. ..... . .............. . 
Shale, dark..... . . .... . ............. . . . . .. . ....... . 
Concealed ................... . .......... . ..... . .. . . . ............. . 
Sandstone, massive ........ . ..... . ....... . .... . .. . .. • ..... . ....... 
Coal......... . ............. . .. . .......... . .............. . 
Shale ..................... . ..... . . . .. . ...................... . .... . 
Concealed ....................................................... . 
Sandstone ................................................ . ....... . 
Sandstone, fine, films dark shale ..... . ............. . ........... . . . 
Coal. ................................... . .. . .. . ........... .. ..... . 
Concealed ............................ . ........................ . . . 
Sandstone, fine ......... . .......... . ................ ·~ ......... . .. . 
Shale, arenaceous ......... . ................... . .... .': . ...... . .... . 
Shale, dark....... . ........ .. ........................... .. 
Clay ironstone ... : ... . .. . ............. . ..................... • .... 

Feet 
3 
3 

4 
3 
2 
1 
2 
2 
1 
1 
3 

Feet 
3 

10 
4 

Feet 
2 
1 

10 
8 
6 
6 
1 
2 
3 
0 
0 
5 
3 
0 
I 
I 
1 
5 
I 
1 
2 
1 
l 
0 
0 
1 
I 
I 
2 
3 
6 
8 
0 
0 
2 
6 

11 
1 
l 

10 
~ 
3 
4 

Inches 
0 
0 

10 
9 
0 
5 
1 
2 

10 
4 
8 

Inches 
3 
0 
4 

Inches 
4 
0 
0 
0 
0 
9 
0 

II 
9 
3 
4 
6 
9 
3 
6 

10 
0 
0 
6 
9 
7 
2 
6 
4 
9 
1 

II 
9 
2 
0 
0 
0 
7 
3 
0 
8 
0 
0 
0 
0 
6 
2 
3 
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Sections on Mogul Creek (G 1-G 2)-Continued 

Shale, arenaceous ............... . 
Sandstone, fine, thin, flaggy ..... . 
Shale, dark. . . . . . . . . . . ......... . 
Coal, Little Mogul seam ......... . 
Shale..... .. . .. 
Sandstone, fine .......... . 
Mogul seam-

Coal ............. . 
Conor,etion ...... . 
Coal. ............... . . .. . . .. . . . . . . 

Sandstone, fine ..... . .............. . 
Shale, dark .............. . .... . . 
Coal. .............. . ... . .. . . ..... . . 
Sandstone, fine .......... . 
Coal. ........ . 
Shale, carbonaceous, f1ssile .. 
Coal. ........... . 
Shale, dark ..... . 
Coal. ...... 
Shale, d11.rk ....... . 
Sandstone .......... .. 
Sandstone, massive .. 
Shale ........... . 
Coal. .......................... . 
Shale ................ . . . 
Sandstone, fine ......... . 

Ft. 
0 
1 
2 

In. 
6 
2 
8 

Coal. ............................. . .. .. . . . ............ . ....... . 
Shale, dark, carbonaceous. 
Concealed ................ . 
Sandstone, ma.ssive ...... . 

M oosebar Creek Section (H 1-H 2) 

Shale of Moose bar formation 
Sandstone having scattered pebbles ...... . .... .. .. .. .............. . 
Sandstone, thick bedded, estimated ........ . 
Shale, arenaceous, estimated ............ . . . 
Sandstone, grey, fine, estimated ....... . 
Shale, dark, arenaceous.. . ....... . ... . 
Sho.le, black, blocky ...................... . .. . . . 
Sh.nle, dark, somewhat fissile .................... . 
Coal, Superior seam.... . . . . . .................................... . 
Sandstone, argillaceous, in thick beds (1 foot to 2 feet), surfaces of 

some beds ripple-marked .................... . 
Sandstone, fine, argillaceous, thin bedded ........ . 
Shale, arenaceous, somewhat fissile ............... . 
Coal. ...................... . 
Shale, carbonaceous, fissile ............................... . 
Shale, shaly 3-inch clay ironstone band near base .. . 
Coal...... . . . . . . . ............... . 
Shale, carbonaceous, fissile ................ . 
Sandstone, medium ~>rain, massive .................. . 
Sandstone, fine .................................... . 
Shale, arenaceous, 3-inch clay ironstone band at top .. 
Shale, carbonaceous, fissile...... . . . . . . . . . .......... . 
Coal. ....... 
Shale, fissile. . . .... . ..... . 
Coal.............. . . . . . . . . . . . · · · · · · ·· · · · 
Shnle, arenaceous.. . . . ..... . .. . .... . 
Sandstone, massive............... . ....•................ 
Sandstone, fine ................................................... . 
Coal, l-inch parting 4 inches from top, }-inch parting 4 inches from 

bottom ...................................................... . 
Shale, carbonaceous, arenaceous .................................. . 
Sandstone and thin bands of arenaceous shale .................. . .. . 
Shale, dark, a few clay ironstone bands ............... . .. . ........ . 
Coal .............................................. . ........ . ..... . 
Sandstone .................................... • .... • ..... . .. . ...... 

Feet Inches 
1 7 
2 0 
1 10 
2 8 
2 0 
9 0 

4 2 
4 0 
0 9 
0 6 
2 3 
0 7 
0 5 
0 3 
0 3 
0 7 
1 5 
4 0 
3 1\ 
2 6 
0 1 
4 6 
3 1 
0 5 
0 4 
1 0 
6 0 

Feet Inches 

1 6 
9 0 
1 (l 

8 0 
1 0 
1 6 
0 3 
3 8 

15 0 
2 8 
0 6 
0 7 
0 5 
7 6 
0 8 
0 4 
3 2 
3 3 
2 5 
0 8 
0 3 
0 3 
0 3 
4 0 

11 0 
2 0 

r 5 
0 10 
9 6 

13 0 
1 0 
0 4 
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M oosebar Creek Section (H 1-H 2)-Continued 

Con.! . . ......... .. . .. ... .. , _ .. ... . . .... .... ........ ... . . .. .. ..... . 
Sandstone . . . ... . ..... . . .. . . . ....... .. . - - . . . . . . . . . . . . . - - - · - - - - · · 
Coal. . .. . . .. .. . . . ....... . ... . ............ .. ............ . . . . .. .. . . . 
Shale, carbonaceous, fissile, jet bands, prostrate fronds . . .. . . .. ... . 
Sandstone, fine, argi\la.ceous, rootlets .... .. . . ..... ... ....... . . .... . 
Rhale, dark, some clay ironstone . . . . . . . . .. ... .... ... . . .... . ..... . 
l:ia.ndstone, fine, mnssive, we,atbering brown .. . .. . ........ . ........ . 
Coal. .. . . ..... ... ... . . . .. . . .. . . . . . . . . . . .... .... . 
Shale . ....... . . .. ....... .. ..... . . .. ..... .. ... . . -. - . -- -.- · · 
Sandstone, argilli\Ceous .. . . .... .. . ... .. . .. . ........ ... ... . . 
Sandstone, massive, weathering brown .. .... .... .. ..... .. . 
Shale. . . ... . ... .. .. .. .... . ........ .. . . . 
Trojan seam-

Coal ..... .... ... . . .... .... _ ... ........ . .... . .. . . . 
Sandstone . . . . . . .. .. . . . .. .. . ... ... . . . . ... . 
Coal . .. . . . . . .. . . .. .. ..... ..... . . --- .. . -

Shale, black, carbonaceous, som~ jet, fissile .. .. . _ . . . 
Sfl.ndstone, fine ... ..... . . . ...... .... ............. ..... .. . 

Ft. 
2 
0 
1 

Shale, dark .... . . _ . .. . . .. ..... . . ... ...... ... . . . . . .. ... .. . ... . 
Sandstone, fine , massive, brown weathering .. .. .. . ...... . . . . . 
Shale ... .. . . ... .. . .. . .. . .... . .... . . ... . ....... . ... . . . . . ...... . 

In. 
1 
4 
6 

Sandstone, fine, massive, brown weathering ..... ..... ... . .. . . . 
Shale, anna.ceous ..... .. ........ ... ...... . .. . ... .. . .. . . . .. . .. . . . . . 
Sandstone, mo...<;s ive ... . . .. . . ...... .. ... .. .. .. ..... . ..... . .. . . .... . 
Shale .. .. . . . .. ...... .. .... .... .. .... ....... .. ... ... ............ . . 
Sandstone, massive, weathering brown.. .. ..... . . _ .... . . . .... . 
Shale . . . ..... .... . . ..... . ...... ... . _ .... . ... _ ... _ ... .... .. _ . .... . 
Shale, carbonaceous, fissile ...... .. ....... ... . . . . . ... . . ... ... ..... . 
Coal . . .. . ..... _ .. _ .... ... ....... .. . . . . __ . .. ...... _ .. __ , . . . ....... . 
Clay ironstone . ... ... . . . . . . . .... . ... .. . . . . ... . . . .. .. ... . .. ... ... . . 
Shale .. ....... ... _ .. ... ... ..... . . .. ...... . . . . _ .. ... . .. . . .. .. . . 
Shale, ha.rd ... ... . _ . ... .. . . ... .. ...... . ... _ . .... . .. . .. . ... .. .. . . . . 
Shale , arenaceous ... . . .. .. . .. . .. ... . ..... . . .... .. ...... . .... . .. .. . . 
Shale, hard, carbonaceous . . . . .. _ .... .. .. .... . . .... ....... . 
C:oa.l . .. ....... ..... .. _ .. . ....... .... ... .... ........ . ...... . . ..... . 
Shale .. . . ..... ..... . . . ... .... ... . . ..... .. .. . .... . . .. ..... .. . . .. _. 
Shale, hard ... ... . . . .. . .. .. ..... . .. .. ... .. ..... .... ... ... . . 
Shale . . ....... . . ... .. .......... ... . .. ... .. .... .. . .. ........ . ..... . 
Clay ironstone . .. ...... .. . . . . .. . . . ...... . .. . ... . .. .. . . . .. .. .. . 
Coal, l-inch parting in midrlle.... .. .... . . .. . ....... . 
Shale .. ...... .. . .. ..... ... . _ ... . . .. . . ... .. _ . .... .. . . . . .. ..... _ .. . . 
Coo.l ...... . . . ... .... .. .. . ... ... . . ...... __ . .. .. ... . . . . 
Shale, somewhat fissile .. . .. _ .... .. ...... . ... . ... .... . . . . . ... .... . 
Snndstone, fin e, in thin flags, shale films . . . ....... . . . ....... . ..... . 
Shale, dark . . . ... .... . . ... .... ... . .. .... .... ... . .. ... . .. . . . . . . . .. . 
Shale . somewhat, fissile, two jet bands . .... .. . . . .. . .. ... . ... . .. . .. . 
Sandstone, fine, massive . .. . .. .. . ... . ... . . . . . .... . .... . .. .. . . . . .. . 
Shale .. ....... .... .. _ . .. ........ ... .... ... .... . .. .. .. .. . 
Coal . .... ...... .. ...... . .. . .... ... .. . . . .. .... ... . .. . ..... .. . .. . .. . 
Sandstone, 6ne , shale lenses. . .. . . . . . . . . . . .... .... . . . . . . 
Shale A.nd clay irons tone . . . ... . . .. . . . . . . . . . . . . . . . . .. .. .. . 
Coal . ... .... . . ... .. ... _ ..... . . _ .. _ . . .. . .. .. _ . . . . .. . _ .... .. __ .. ... . 
ShA.Ie, some coal and canneloid coal ....... .... .... . . . ...... .... . . . . 
Sandstone, hard, a.rgiJIA.ceou .<~ . .... . .. . . .... . . ... . . ... . .. . . . . . ... . . . 
Shal~ . . . .. .......... . ........ . . . .. .. .. .... . .. ... . . . .. . ... ... .... . . 
Clay ironstone . .. .... .. . . .. . ........ . . . . . . ... . .. ...... .. .... ... . . . 
Shale ... ..... ..... . . ... . . . . . . . . . . . . . . . . . . . . . . . .. . 
Coal, c.-'l.nne\oid .. .... . .. . . . ... .. .. .. ........ . 
Shal~ .. .. ... . ... _. _. __ ... __ 
Sandstone, massive .. . . . . . . . . . . . . . . . . . .. ... . . ... . . 
Coal. . . . . . . . . . . .. . . . . . . . . . . . .. . . . ... .... . 
Sh:tlc ... . . ...... . ...... .. -.... - .·. -- ---.- -- --- ·- · · · ·-- · · · ·- -- · · · · · 
Cl:l.y ironstone . ... .... .. . .. .... .. ....... .. ... .. . . . . . . ... . . 
Shale and thick beds clay ironstone ...... . ... ... .. . ............... . 
Shale. carbonaceous, somewhat. fissile; has jet. bands ....... . 
CMI . .... ....... . ...... .. ...... . . .. .... _ .. . . ....... _ . ..... ... .... . 
Shale, ~omewha.t fissile, ancl having jet bands ... .. .. ... .... .. . . . . . . 
Clay ironstone .. . . .... ... ........ . ........ . ....... .. ....... . ... . . . 
Shnle , jet bands . ... ... . .. .. ...... . . . . . .. .. ·. . . . . . . . . . . . . . ... . . ... . 

- . 

Feet 
0 
0 
0 
3 
2 
6 
1 
0 
0 
0 
1 
0 

3 
0 
2 
6 
2 
6 
1 
.5 
0 
2 
7 
0 
1 
] 

3 
1 
l 
1 
0 
0 
2 
2 
1 
4 
0 
1 
0 
0 
3 
1 
1 
3 
l 
0 
1 
4 
0 
1 
0 
0 
l 
1 
0 
0 
1 
0 
0 
1 
6 
I 
0 
1 
3 
o--

Inches 
8 
3 
5 
0 
0 
6 
6 
8 
3 
g 
0 
6 

11 
9 
6 
0 
6 
0 
4 
6 
9 
0 
6 
5 
0 
8 
9 
6 
8 

10 
8 
3 
3 
0 
B 
3 
7 

10 
5 
2 
4 
0 
2 
6 
0 
4 
7 
0 
7 
8 
8 
8 
4 
0 

10 
6 
3 
5 

10 
1 
0 
0 
4 
0 
0 

11 
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M oosebar Creek Section (H 1·-H 2)-Continued 

Clay ironstone .................. . ............. . 
Sha~.................................... . ...... . . . 
Clay ironstone ....... . ...................... . .... . . 
Shale .................. . .. . .. . ..... . .... . ... . ........... . 
('lay ironstone .... . .. . .. . .......... . .. . ..... . ....... : .. . . 
Shale .............. . ................... . ................ .. . 
('lay ironstone .............................. . 
Shale ........................................ . 
Coa.l......................... . ...... . . 
Shale .......................................... . ...... . 
Shale and thin clay ironstone hands ....... . . 
Clay ironstone ............ . 
Shale, dark...... . .............. . 
Titan seam, correlated vcith-

~~..... .... . .. . ..... . . . 
Shale and argillaceous sandstone ....... . 
Coal. .... 
Sandstone........ . .......... . 
Coal....... . ........ . 

Shale, some jet. . . . . . . . . . . . . . . . . . . . . . . . ... 

Ft. 
2 
0 
0 
0 
0 

In. 
11 
g 
7 
2 
7 

Sandstone, fine-grained, argillaceous, altered in places to arenaceous 
clay ironstone ............ . 

Shale ......................... . 
Coal. ............................. . . 
Shale, arenaceous .................................... . 
Clay ironstone ............................ . 
Sandstone, fine-grained, thin beds of shale ... . 
Shale, arenaceous ...................................... . . .. . 
Sandstone, fine grained ........................ . .. . . . ........ . 
Shale, arenaceous.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . ... . .. . 
Shale....................... . ............... . ...... . .. . 
Coal. ............................................................ . 
Clay ironstone ................................ . 
Coal, 2-inch parting 8 inches from top, 8 inches dult coal on bottom; 

large concretions; correlated with Falls seam. 
Shale, coaly ............... . 
Clay ironstone and shale .................... . 
Shale...... . . . ......... . .. . .. . .. . .. . . . 
Coal, canneloid ............................. . 
Shale, arenaceous. . . . . . . . . . . . . ......... . 
Clay ironstone. 
Shale ..... . 
Clay ironstone ...................... . 
Shale, somewhat fissile, jet bands.... . . . .. . .. . . 
Shale, and a few clay ironstone bands .. 
Clay ironstone... . ........ . 
Shale, dark...... . .. . 
Shale, dark, a few jet bands. 
Coal. ..... 
Shale, fissile .. 
Shale, dark ..... . 
Clay ironstone .. . 
Shale ............ . 
Shale, dark, fissile. 
Coal. ...... . 
Shale ..... . 
Canneloid coal. .... 
Coal......... . . . . . . . . . . . . . . . . . . ............ . .. . 
Shale, carbonaceous, jet bands ......... . ..... . 
Sandstone, fine, argillaceous...... . . . . . .. . ...... . ....... . .... . 
Clay ironstone. . . . . . . . . . . . . . . . ........ . .......... . 
Shale, dark, somewhat fissile.. . ................ . 
Sandstone, fine-grained....... . ................ . 
Sandstone, ripple-marked in thin layers; very thin beds and films 

dark shale........... . . . . . . . . . . . . . .......... . 
Sandstone and shale, very thin bedded .............. . 
Coal....... . . . . . . . . . . . . . . .......... . .. . ..... . 
Shale, dark....... . . . . ............................... . 
Coal and 4-inch parting coaly shale ............. . ........... . ..... . 

Feet 
1 
0 
1 
6 
0 
1 
1 
1 
0 
1 
2 
3 
0 

9 
1 
0 
1 
1 
2 
2 
1 
3 
4 
0 
6 

2 
0 
3 
2 
0 
1 
1 
1 
0 
1 

19 
4 
1 
0 
1 
0 
0 
4 
0 
0 
0 
1 
1 
1 
1 
1 
0 
1 
2 

2 
0 
0 
2 
1 

Inches 
3 
2 
3 
G 
6 

10 
0 

10 
2 
0 
8 
3 
8 

0 
7 

G 
6 
7 
2 
5 
0 
0 
7 
G 
0 
3 
0 

10 
5 
4 
0 

10 
0 
2 
8 
8 
5 
4 
0 
0 
8 
0 
4 
3 
9 
7 
4 
3 
9 
0 
0 
0 
5 
4 
8 

10 

2 
9 
2 
0 
0 
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Moosebar Creek Section (H 1-H 2)-Continued 

Shale, coaly ......... ...... .... . .............. .. ..... .. ...... . ... . 
Shale, fissile ......... ........... . . ... .. .................. . 
Coal. ...................... . . ... ........... . ..... . . .............. . 
Shale ... . .... . ....... . ..................................... . ..... . 
Sandstone, argillaceous, brown weathering . . ... . .. . . . . . . . .... .... . . 
Sba.le . ............. . . ..... . . ..... . .... .... . .. ...... . . . ... . . 
Sandstone, ar~illaccous, brown weathering . .. .. . ... . . . ... . ....... . . 
Shale .. ..... . . . ................ .. . .. . ........ . ...... .. ... ....... . . 
Sandstone, argillaceous .......... .. . . .... ... ... ..... ... ..... . .. ... . 
Clay ironstone.. .. ... ........ . ..... ..... ... ...... . .. . . ... . 
Sandstone, ar~illaccous . ...... . .. ....... . .............. ... . ..... .. . 
Coal, lar:;e concretions ... . ................................ . . .. .. . 
Sh~tlt', j~t bands.... ................ .... . .............. . . . . ... .. . 
Sandstone, f. n.e gmi.ned and lined ................. . . . 
Shale and jet ba.nds .... ....... . .... .. ... . . ... . . 
Shale, dark, l'.arbonaceous . . . . . ............. . 
Coal, canneloid above ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
Shale .................... .. . .. .. ..... ......................... . 
Sandstone, fine grained ......... . ........ ........ . 
Shale.............. ....... .. . · · · · · · · · · · · · · · 
ConC"~aled. . . . . . . . . . . . . . . . . . . . . .......................... . 
Shale........... . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Sandstone, fine grained.. . ... .. ......... . ................ . 
Shale ........... ........... .... · · ... ·············· 
Coal........... . ....... ........... ......................... . . 
Shale........... . · . .. ·. · · · · · · · · · · · · · · · · · · · · · · · · · · 
Concea.\cd. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . . 
Sandstone in thin layers separated by thin shale bn.nds ..... . . . 
Shale. . ... .. . . ....... . . . ... ...... . ......... .... . . 
Coal. ..... .. . .. ......... .. .... ....... . . . . .. . .. ... ............. . 
Shnlc ..... .. ........... ... .... . . ........... · · · · · · · · . · · · · · · · · · · 
Sandstone .. .. .. . .. . . ....... .... . . ........ ..... .. ... . .. .... .. .. . 
Shn.le and lart;e clay ironstone concretions.. . .. .. . . . ... ......... . 
Colli.. .. .... . .. .. .. .... .... . .. . . ..... ..... . . . .......... . ..... . 
Sh::de....... .. . . .. . .. . . . . · · · · · · · ·· · · ·· · ·· · · · · · · ·· · ·· · · · · · · · · · 
Coal. .. . ............ .... . . ... . ...... .. .... . ........... . . 
Sandswne, fine gminerl, massive .. .. ............................. . 
Inaccessible at h~h third falls, estimated .. . ... .... .. . . ... . ...... . 
Coal inaccessible, estimat.ed ..... .. . . . ............................ . 
Inuccessible, estimated .......... ... .............................. . 
Coal inaccessible, est-imated . ..... . .. .. .. ..... ... ... . ............. . 
Inaccessible, estiroated ... ..... .. ....... . ... ...................... . 
Shale, carbonaceous, somewhat fissile, jet bands .............. .. . . . 
Shale, n.rcnaceous, ca.rbonnceous, somewhat fissile ................. . 
Sandstone, argilla.r.eous, massive, prostrate plant remains ........ . 
Sho.l~. at~naceous, partly altered to n.ronn.ceous cl&y ironstons ..... . 
Shale ............................. ... . . ............. ~· ........... . 
Castle Point seam, correlated with- . Ft. In. 

Coa.l. .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 0 6 
Clay ironstone............. . .. . . .. ................ 1 0 
Coal......................... .......... .... . ...... 0 6 
Shale ................ ..... ... ........... .......... 0 6 
Coal ................... . ..... .. . ...... ............ 0 10 
Shale......................... ......... ...... . . . .. 0 7 
Coal....................... . . . .. ...... ............ 0 5 

Shale, carbonaceous, fissile, jet bands .. .. . ... . . ................... . 
Sbal~ and clay ironstone ...... . ..... .......... .... . . . ....... . . . ... . 
Concealed . . ... . ............. . .... ... .. ..... ............ ...... .. . . 
Sandstone, fairly coarse, massive ..... . . ..... . ................... . . 
Shale . .. . ........ ..... ........ .. . ... .. .. . . ·· ·· ······ ·· ··· · · ···· · · · 
Coo.\, correlated with M ilUga.n scnm ....... .... . ...... ... . ........ . 
Sandstone, argillaceous, fine, th.in bedded or layered ... . ...... . . . . . 
Shalo ..... .. ..... ... .... .. ..... ......... . .. · · · · · · · · · · · · · · · · · · · · · ·· 
Sandstone, massive ...... . .... .... . ....... .... . ...... . ....... .. .. . 
Shale, arenaceous ... ................. ..... . . ..................... . 
Shale ... . . .. ..... ... .................. · ·.························· 
Cofil ............. . ........... ..... . ... .. ....... .................. . 
Sandstone and thin films black sbalc ... ..... ...... . .............. . 
Sandstone, fine, thick banded ........................ . ............ . 

Feet 
0 
0 
0 
2 
1 
1 
2 
8 
1 
0 
1 
1 
0 
1 
9 
0 
0 
1 
3 
6 
4 
3 

17 
1 
0 
0 
4 
6 
2 
3 
0 
2 
7 
0 
0 
1 
7 

44 
2 

16 
1 

26 
0 
0 
0 
2 
1 

4 
0 
4 
5 

10 
0 
2 
8 
1 
7 
2 
0 
0 
3 
3 

Inches 
5 
8 
5 
0 
2 
s 
0 
0 
0 
9 
8 
4-
5 
5 
0 
3 
6 
6 
8 
0 
0 
0 
0 
0 

11 
8 
0 
6 
6 
4 
8 
8 
0 
':1-
6 
1 
0 
0 
0 
0 
c 
0 
6 
6 

10 
11 
0 

4 
9 
6 
0 
0 
6 
5 
0 

11 
6 

10 
10 
10 
0 
0 
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Moosebar Creek Section (H 1-H 2)-Continued 

Feet Inches 
Sandst.one, thin-layered ........ ........................... . 
Shale, arenaceous, bedded; some clay ironstone and upright tree 

~un~... . ............. . 

2 6 

10 0 
Concealed ........... . . . ............................. . 10 0 
Sandstone, massive ..... .. .. . ....... . . . ...... . . 
Sandst.one.... ...... . . . ..... . ............. . .......... . 

3 0 
8 0 

Shale. . .... . . . . . . . . . . . . . . . . . , . . .. .. . . 2 6 
Coal............ . .. . . . ... . . . .. . . ................ . .. . .... . 1 1 
Shale, arenaceous . .. .. . . . ... . ..... , . 5 10 
Coal, canneloid ..................... . 0 2 
Coal, jet..... . . . . . . . . ................ . 0 5 
Shale, arenaceous, prostrate leaves ..... .. .. . 
Shale, jet .. ... .... . ... .................. . 

1 7 
0 6 

Sandst.one, medium-grain, massive ...... . 
Shale ...... . . . . . . . . . . . . ....... .. .. , 

5 5 
0 9 

Shale, black, carbonaceous ...... · .......... . .. , .. , . . .... . ... . 0 6 
Coal, canneloid.. . ..................... , . . . . . ... . .. . ..... . . 0 10 
Shale, black... . . . ...... . .... . . . . .. . . ..... . . . . . .. ....... . 0 7 
Coal, c:1nneloid.. . ..................... . ..... . . 0 2 
Shale .............. ... .... ................... ... ... . . ....... ..... . 0 3 
Sandst.one, fine, argillaceous ...... . .. . . . . ....... . . .. . . . .. . . ..... . . . 
Sh:1le....... .. .. .. .. .. .. .. . .. .. .. .... .. .. 

1 4 
0 3 

Coal .. .. ... . .... ......... . . ...... ...... . ........ . 0 4 
Shale, carbonaceous, prostrate plants ...... . ... . . . . . . . . . . .. .. . . . . . . 
Sandstone, fine, argillaceous, thin layered ..... ... . .. . .. , .. .. .. . . . . . 
Shale, dark..... . . . . . . . . . . . . . . .. . .. . .. . .. , . 
Coal....... . ... . . . ... . ............ . ..... . .. . .. . .. . .. . . 

1 0 
l 1 
0 8 
1 6 

Coal and shale ...... . . . . .. . .. . ... . .. . . . . ..... . .. . .... .. .. . .... .. . . 0 7 
Coal..... . ... . . . . . ... . . . 0 8 
Shale, black. . . . . . . . . . . . ................ . 0 11 
s,ndstone, fine, argillaceous, prostrate plants. . . . . .. . . .. . .. . . 
Sh,\le, arenaceous.. . . . . . . . . . . . . . . . .. .... .. .. . ... . 
Shale, dark................. . ... . .. . .. . ... . 

4 0 
5 0 
1 9 

Coal and l-inch parting....... . . ...... .. . . .. . .. . .. . .. . .. . . . 
Shale, dark................... . ......... . .... . . . 

I 2 
l 0 

Shale, arenaceous......... . . . . . . . . . . . ....... . 2 2 
Shale, carbonaceous, somewhat fissile, jet ..... . ............ . 
Sandstone, fine, ma;sive, prostr>J.te fronds ........ . .. . ... . . . . . 
Sandstone, fine, massive ....................... . . ..... . 

1 5 
0 l: 
7 6 

~ale~dcleyirouto~ ........ . 2 6 
Shale, dark, jet bands ................. . ...... . . . 
Sandstone, medium grain ............... . . . ... . .. 
Shale, arenaceous. . ......... . 

2 0 
9 0 
I 0 

Sandstone, medium grain, massive ............. . 
Shale................... . ....... - . . .. - . . . ..... . ----- · --. 

13 0 
2 0 

Coal.................... . ........ .. .. .. ......... . . .... . . l 1 
Shale ................................................. . .. . . 5 3 
Shale, arenaceous..... . . . ............. . . ........ . . . 2 0 
Sandstone, fine, massive, irregular bands of shale ......... . ... . . . . . 4 0 

South Bank of Peace River at Contact Point (J 1-J 2) 

Shale of the Moose bar formation 
Sandstone, having_ scattered small pebbles up to 3 inches ....... . 
Sandstone, very hne, argillaceous, and thin bands o£ sandstone. 
Shale...... . ............. - ...... - ...... · · · · · · · · · · · 
Clay ironstone.... . . . . . . . . . . . . . ............. . 
Sandstone, and shale, very thin banded ....... . . . ......... . 
Shale ....................................... . .. . .. . ....... . 
Coal, Superior seam.......... . .. .. . . ...... . 
Shale, black, carbonaceous ...................... ... ..... . .. . .... . 
Sandstone and shale in thick bands....... . . . . . . ....... . 
Sandstone and shale, thin banded ............ . .... . 
Coal................ . .............. . 
Shale ............................................. . 
Shale and sandstone in thin, discontinuous bands ..... . 

Feet Inches 

1 
11 
6 
3 
2 
0 
2 
0 
2 
1 
0 
1 
2 

B 
0 
6 
6 
0 

10 
8 
7 
8 
6 

11 
5 
3 
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South Bank of Peace River at Contact Point (J 1-J 2)-Continued 

Coal and irregular parting ............... . .. . .. . ........... . .... . 
Shale, fissile ................................................. . . 
Shale....... . ............................... . 
Sandstone, fine, carbonaceous, micaceous, argillaceous ........ . 
Sandstone, thin bedded above, thick below, ripple-marked, thin 

shale bands ............ . 
Shale, clay ironstone bands ........................ . 
Shale, fissile .................... . ................. . 
Shale, somewhat fissile ........................ . 
Coal.............. . . . . . . . . . . . . . . . . . . . . . . . ........ . 
Shale..................... ·. · ·. ·. · · · · · · · · · · · · · · · · · · · · 
Sandstone, fine, in thin layers; films of shale ............... . 
Sandstone, fine, in thin ripple-marked layers; films of shale .. 
Sandstone, fine, argillaceous .................... . 
Coal ............................................. . 
Shale, dark, carbonaceous, fissile, jet bands ....... . 
Sandstone, thick layered, a few ripple-marked surfaces ... . 
Sandstone, thick layered, thin shale bands ............... . 
Sandstone, fine, argillaceous, and shale, thin banded ..... . 
Shale, arenaceous, clay ironstone bands ............ . 
Concealed.............. . ................... . 
Shale n.nd 6-inch clay ironstone bands ....................... . . 
CoaJ........ . .......... · · · · · · · · · · · · · · · · 
Shale, arenaceous, and sandstone bands .............. . 
Coal, Trojan seam .............................. . . 
Shale, dark, carbonaceous, many jet bands ..... . . . 
Shale, grey .................................... . . 
Concealed ............................ . 
Sandstone and bands of arenaceous shale ....... . 
Coal ................................... ·· ..... . 
~~ ............................................... . . 
Con!............................................... . ...... . . . 
Shale, carbonaceous, fissile, jet bn.nds, prostrate plants ..... . 
Clay ironstone... . . . . . . . . . . . . ...................... . 
Shale, carbonaceous, fissile......... . . . . . . . . . . . . . . 
Sandstone, very fine, argillaceous, layered ........ . . . . . ... . . . . 
Shale, carbonaceous, jet bands .................. . . .. . 
Sandstone, argillaceous ............... . 
Shale, arenaceous ............................... . . 
Sandstone, fine, argillaceous.......... . ......... . 
Shale, clark ........... . 
Coal. ......... . 
Shale ........ .. 
Shale, dark, arenaceous ....... . 
Coal....... . . . . . . . . . . . ...... . 
Shale, dark, clay ironstone concretions ....... . . . .. . ... . . . .. . 
Coal....... . . .. . ......... . 
Shale, clay ironstone bands........ . . . . . . . . . . ..... 
Sandstone, fine, argillaceous, massive above, having shale bands 

below............... . ........... . 
Shale, dark, arenaceous, fine bands of sandstone .. 
Coal, canneloid ..... . 
Coal. ....................................................... . 
Sandstcne........... . . . . . . . . . . . . . . . . . . . . . . . .. . .. . ............. . 
Shale................. . .... . ...................... . 
Sandstone, fine, massive, a.rgillaceous ...... . . . . .. . .......... . .... . . 
Shale, plant remains. . . . . . . ................. . 
Shale, arenaceous, plant remains........ . ..... . .. . ...... . 
Shale ...................... . 
Shale, dark .......... .. 
Titan seam, correlated with-

Coal. .......... . 
Clay ironstone ... . 
Coal.. ............ . 

Sandstone, fine ........ . 
Coal, jet ............ . 
Shale, dark grey .... . 

Ft. 
2 
1 
2 

In. 
8 
0 
6 

Feet Inches 
0 9 
0 2 
0 6 
1 10 

5 4 
2 3 
0 7 
0 6 
0 1 
1 2 
4 0 
4 8 
0 6 
1 3 
0 6 
3 10 
3 0 
3 9 
3 G 
3 0 
4 0 
2 8 
4 6 
3 6 
0 9 
1 0 
9 6 

10 0 
0 7 
0 4 
0 9 
2 8 
4 0 
1 0 
1 7 
0 3 
1 8 
1 10 
0 10 
1 6 
0 5 
0 2 
2 0 
1 9 
2 8 
1 8 
3 8 

3 6 
1 6 
0 2 
0 5 
0 4 
0 2 
1 3 
1 6 
0 6 
1 6 
1 0 

6 2 
1 0 
0 2 
1 0 



47B 

GEOLOGY OF THE NORMAN OIL FIELDS AND A RECONNAIS­
SANCE OF A PART OF LIARD RIVER 

By G. S. Hume 1 
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INTRODUCTION 

During the summer of 1922 the writer was engaged in a geological 
investigation of the Norman area, continuing the stratigraphic studies of 
the previous year along Mackenzie river and tributaries. The tributary 
streams investigated were mapped by a micrometer traverse, sextant 
observations being taken where practicable. The base map of the Mac­
kenzie on a scale of 4 miles to 1 inch was supplied by the Topographical 
Survey, Department of the Interior, from their surveys of the previous 
year. The object of the work undertaken was to prepare a geological 
map and to determine the major structural features ar1d conditions of 
sedimentation which have a bearing on the oil situation. · 

G. W. Bain acted ably as assistant and the greater part of the micro­
meter surveys of the tributary streams was performed by him. The 
writer wishes to thank the officials and post-managers of the various 
Trading Companies, and the Imperial Oil Company for courtesies and 
assistance. He is also indebted to Dr. C. D. \-Valcott for identification of 
Cambrian fossils. 

1 Itinerary of Parties u12Mr G. S. Hv.me and M. Y. Williams. Through the co-operation of other 
departments with the Topographical Suniey, Department o( the Interior, a winter road was 
constructed from Fort St. John on Peace river northwest to Sikanni Chief river, a. distance of 
approximately 15.5 miles. This trail was constructed in the expects.tion that the open water of 
Mackenzie :river could be reached much earlier than by the usual water rout-e across Great Slave 
lake, and the brief working season in the north would be lengthened. Supplies of horse feed were 
cached along this roa.d and equipment for the various survey parties wus left at a cache on the 
Sikanni Chief hefore the snow had melted. This trail is of imports.nce to marty interested in the 
Mackenzie, and the trip will, therefore, be treated in detaiL 

Following the break-up in the spring, a topographical survey party under B. H. Segr~, D. L. S., 
and an astronomical party from the Dominion Observatory under A. H. Miller, crossed by pack 
train from Fort St. John to the cache on Sikanni. Chief river. Two geological parties, under- the 
direction of Dr. M. Y. Williams a.nd the writer, immediately followed the other parties. The 
route from Edmonton, Alberta, was by train to Peace River Crossing. and by motor boat up 
Peace river to Taylor flats 16 miles en.st of Fort St. Jobn, B.C. Here thirteen pack horses were 
procured, and the party started on May 16. A wagon accompa.niecl the pack train for 35 miles, 
or as far as Blueberry river, in order to save the horses for the more difficult journey beyond. 
This first 35 miles was partly through settled country in the vicinity of Fort. St. John n.nd for a. 
co.nsiderablc ps.rt of the distance over fine, open, rolling country, some of which has been taken 
up for ranching. Other parts were wooded, mostly with poplar and birch, and some spruce, but 
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AREA OF LIARD RIVER FROM NELSON RIVER TO 
SOUTH NAHANJ\"I RIVER 

At Fort Nelson the Liard is flowing through a country \Vhich at some 
distance back is elevated considerably above the level of the river. Steep 
cut banks occur along the river and in places consist of soft, Cretaceous, 
sandy, and dark, shales. No other exposures were found on the main river 
other than those described by TvicConnell1 and the fossil content, although 
showing the age, was poor and meagre, especially the Cretaceous. 

MOUNTAINS OF LJARD RIVER 

North of the 60th parallel, Liard moun tams begin to appear in the 
west. \Vhen they were about 11 miles distant, a trip wa.s made to them 
across a country densely wooded with poplar, birch, and spruce. Some 
muskeg was encountered, but it was not as prevalent as usual in this 
region. The topography is rolling, with some linear rlclges, one of \vhich-
1n front of the mountain-is particularly marked, and is composed of fine 
conglomerate and coarse sandstone, presumably Cretaceous, since it is 
similar to a sandstone that overlies Cretaceous shale on Fort Nelson river. 
The strike of this sandstone ridge is much the same as the formation, 
namely south 7 degrees west (astronomical) and the dip of the rocks is 
east 38 degrees. The pebbles of the conglomerate are all well rounded. 
A deep valley, slightly over 2 miles wide, separates the crest of this ridge 
from the base of the mountain. The rock on the edge of the mountain is 
for the most part shale, with some sandstone fine grained in comparison 
with the other. Inoceramus was the only fosf3il found and suggests a 
Cretaceous age. The strike of these Cretaceous beds varies somewhat, 
but is about south 2 degrees west (astronomical) ; the dip varies from 
30 degrees to 80 degrees to the east. A rough measurement showed not 
less than 800 feet exposed. Below this, forming the core of the mountain, 
Carboniferous rocks, much disturbed and tilted, carry a Brachiopod 
fauna. The contact between the two was not seen. 

1 GeoL Surv., Can., Ann. Rept., 1888-89, vol. IV, p. 53 D, etc. 

with long stretches of fairly open country between. Blueberry river is very subject to flood and 
had to be rafted. Beyond the Blueberry the country was not so open; muskeg was more prev11lent., 
and a. bush trail through some very mar~hy country greatly delayed progress. A considerable 
part of the country has been burnt over, the resultant brCl.le being most cliffieult to traverse. 

The North Pine was the larg0st river encountered, but it was found to be less difficult to cross 
than some of the smaller, f2Ster streams, where floating bridges had to be built. The time taken 
from Taylor flats to the cache on Sikanni Chief river, e.bout 155 mii0R, w:-ts 15 days. 

Wheu Peaee river was left on }lay lG the trees were beginning to leaf. As progre~s was made over 
the trail to the west the deciduous trees were bare and the country had the appearance of very 
early spring. The frost wn.s rapidly coming out of the ground and the water in the muskeg made 
travelling unpleasant and difficult. The only food for the horses other than what had been cached 
was the long, dry gra~ of the previous year that contain~d little sustenance. The young 
grass was already beginning to appear a.nd on sunny slopes had even made considern.ble growth. 
The change from the upland into the valley of Sikanni Chief river about 900 feet lower was very 
strikin{!. From a country of little growth, even at the end of May, spring growth in all its vigour 
was com0 upon. The trees were in leaf, green grass was plentiful, and early spring flowers were 
everywhere !1bundant. The view of Sikanni valley in all its spring be!mty wo.s really magnificent. 
On May 31, the day of arrival in the valley, the thermometer registered 110 degrees in the sun. 

Those contemplating this journey are advised to start still earlier in the spring. The frost 
in the muskeg gives solid footing for the horses, and the water is less troublesome. The rivers 
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Age of Mountain Building-Post-Cretaceous in both Liard and Mackenzie 
Areas 

The importance of the above section lies in the fact that it establishes 
the age of the mountain building as definitely later than the Cretaceous. 
At no other place either on the Liard or in Mackenzie mountains has any 
Cretaceous been found folded into the mountains, a-lthough the structure 
wouid indicate for the Mackenzie an age for mountain building the same 
as in the Liard area. In fact, from Nahanni butte, at the junction of 
South Nahanni and Liard rivers, to Lone mountain, at the junction of 
North Nahanni and Mackenzie rivers, there is a mou.atain range broken 
only by a few minor stream gaps. 

CRETACEOUS DOUNDARY IN LIARD AREA 

On McConnell's map1 the edge of the Cretaceous is approximately 
in accord with the present writer's observations, the mountain to the north 
of the 60th paralleL west of the Liard being the one in which Cretaceous 
beds were seen. At this point the boundary is slightly farther west than is 
indicated on the map and is between the Cretaceous and Carboniferous 
instead of between the Cretaceous and Devonian strata. 

OTHER LIARD MOUNTAlNS 

The arrangement of Liard mountains en echelon along Liard river is 
apparent from McConnell's map. There are no mountains to the east of 
the river so that the river flows around the end of the mountains rather 
than across them. At Fort Liard a long, sloping mountain comes almost 
to the river. This is composed of very hard, cherty limestone that was 
formerly designated as Middle Devonian. No fossils could be found and, 
because rock lithologically similar is known to occur in the Carboniferous, 
this limestone is tentatively assigned to that age. 

At outcrop 39 (McConnell's map) rock of Carboniferous age carries a 
Brachiopod fauna. The mountains to the west are also composed of 

1 Geo!. Surv., Ca.n. , Ann. Rept., 1888-9, vol. IV. 
are not dangerous, even in fl ood, and the swifter streams that have to be mft<Jd are merely trouble­
some. However, feed fo r the horses has to be considered. 

Si.kanni Chief river at the time of arrival was at a comparatively low water sLnge. Two 
scows had been built for the use of the parties, but the upper part of the river is much too shallow 
a.nd dangerous for scow navigation. The sharp bends of the river combined with swift water 
undercut the banks at every bend and into these phces trees had fallen from the banks and formed 
io.ms. From these log;; icl\ strips o.way the limbs , leaving jagged points, that are a real oanl?er 
to the scows which are forced into the io.ms by the st rong current. Sweepers, or ovcrhangmg 
trees not completely dislod~ed from the bank, were numcrou~ and difficult-in plnces impossible­
to avoid . Snndbars were abundant, the river at times splitting into seveml shallow channels, 
so that the scows frequently grounded and were floated only after grea t. trouble . Below Fontas 
river, navigation improved with deeper wo.ter , but was never satisfactory [or scows until Fort 
Nelson was reached. For canoes t.he whole river is easily Mvign.ble and would be so even were 
the water lower. The trip by canoe from the cache ou Sikanni Chief river to Norman on the 
Mackenzie is about 900 miles. The only large rapids are those of t.he Liard, abovo Simpson, and 
theM can be easily run by keepi!lg dose to the bank ou the southeast side of the river. 

The advantage of this route is that it enables the traveller to reach the Macken~ie about a 
month before navigation through Great Slave lake is possible. 

The month thus ~:ained in the spring increased the working season by one-third and that, 
too, when weather cond itions were more favourable than Inter . 

63414--4~ 



Carboniferous rocks, but with a different fauna.t These mountains rise 
to an elevation of 1,300 feet above the river 2 miles from it and with strata 
dipping away from the river. To the north, other mountains appear in 
front of this range, and the dip of these is toward the Liard . Both these 
ranges are, really, only part of the same fold, the axis of which is now eroded 
to form the deep vaHey which separates the two mountains. 

NORMAN OIL AREA-MACKENZIE RIVER DISTRICT, N.W.T. 

GENERAL STATEMENT 

On the east &ide of the lVIackenzie the Norman oil area is confined to 
the country north of Bear Rock at the mouth of Great Bear river and 
south of the sharp anticlinal ridges opposite the mouth of Carcajou river. 
On the same side of the river, the area is bounded by the Norman or Dis­
covery range of mountains on the east. On the west of the Mackenzie 
the northern and southern boundaries are not so sharply defined an<;l. the 
area is of considerably greater extent than on the east. It is sharply 
defined to the west, however, by mountains of Middle Devonian and 
older rocks. These mountains-called the Carcajou-are drained by 
various branches of Carcajou river. 

PROGRESS OF DRILLING OPERATIONS 

After the initial success at No. 1 well, on the east bank of the Mac­
kenzie, 53 miles north of Norman, the Imperial Oil Company began three 
other wells. One of these, the Bluefish Creek well, is situated at the 
mouth of Bluefish creek about 8 miles down the Mackenzie from Norman. 
Bear Island well is on an island about 2 miles from No. 1 well and "C" 
camp well is a little farther up on the west bank. In none of these wells 
has any oil been obtained. Owing to drilling difficulties operations ceased 
and no further work was done until the autumn. "C" camp is the deepest 
well-1,704 feet-but as it is down the dip of the rocks from No. 1 well, it is 
not certain that it has reached the horizon from which the last supply of 
oil was obtained in No. 1 well. 

During 1921 the Macken zie River Oil Company drilled to the depth 
of about 1,510 feet, 8 miles south of No. 1 Imperial well and on the same 
bank of the river. Gas was obtained in this hole and used in a cab in 
throughout the winter for heating purposes. N o attempt was made in 
1922 to complete this well. 

As is p;enerally known the flow of oil from N u. 1 well gradually decreased 
from a g;usher of great promise until production almost ceased. This was 
attributed by some to failure of the oil supply, but, as a fact, the bottom 
of the hole, which was in a shale formation, had caved in and effectively 
prevented the entrance of oil in any quantity. During the summer of 1922 
this hole was deepened to 951 feet and another flow of oil of 60 t o 70 barrels 
a day was obtained. Although such a flow is not such as to indicat e that 
any immense wells will be "brought in," it does demonstrate that oil is 
present in quantity and gives hopes that many such wells may be found. 

'The foe8ils from the rocks west of the river indicate that t he western part o( this moun lain 
mass is of Carboniferous age and represent.s a Kinderhook horizon equivalent to Cha.teau-Fern 
Glen time with possibly some o( Lower Bur\ingwn time. An account o( the correlation with 
fossil l ists is published in the American Journal of Science. 
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DEP.CRIPTJON OF RIVERS AND STREAMS lN THE NORMAN OJL AREA 

Carcajou River 

Ca.rcajou river has two main branches and a number of minor ones. 
The branch that drains farthest from the south issues from the mountains 
through a deep canyon with precipitous sides 1,000 feet above the bottom 
of the valley. For 10 miles in the mountains the river follows the strike 
of the rock formations and has cut down into the soft materials underlying 
the hard Silurian limestones. Where the river issues from the mountains 
it has had to cut across the harder Silurian and Devonian beJs so that, 
within the canyon, the river has become fairly well graded. It decreases 
in velocity on issuing from the canyon and drops much of its load, and a 
broad flat has been built up through which the rivrr flows by many intricate 
channels. Farther on, it again becomes one channel and has cut down 
300 to 400 feet below the surrounding country. About 50 miles from its 
mouth it passes through a minor fold which brings hard Middle Devonian 
rocks to the surface in a ridge extending eastward from a point opposite 
Ogilvie island. For the remainder of the distance to the Mackenzie the 
river flows over Cretaceous rocks and has cut deep into the banks, giving 
high exposures of shale up to 250 feet thl.ck in individual sections. N ear 
the mouth the banks arc all clay and the country is low. 

There is only one rapid-a small one--between the mountains and 
the Mackenzie. Throughout long distances the current is fairly rapid, 
but there are long stretches where the current does not exceed 2 to 3 miles, 
and is even less. The country along the river banks is densely woodecf; 
and there was plenty of evidence of game, although little was seen. Tb~ 
Canada goose nests along the river, and tracks of wolves and foxes were 
abundant. Other game consisted of moose and caribou; in the mountains 
there are sheep. 

CREEKS ENTEEING THE MACXENZIF. FROM THE NORMAN RANGE 

Three creeks-Vermilion, Canyon, and Bosworth-were traversed. 
All come from the Norman range and are of about the same character. 
Within the mountains are falls and canyons, the latter being exceptionally 
well developed on Canyon creek. In the fiat country west of the Norman 
range these creeks at low-water stage exhibit wide gravel beds with small 
streams flowing through. 

Vermilion creek is the largest of the three, but is not navigable for a 
~'anoe. It receives its name from many exposures of brick-red sh11le which 
has resulted from an alteration of the black Fort Creek shale. A peculiarity 
of this stream is that in low-water stage it receives about half its water 
from springs about 6~ miles from the mouth. These springs are situated 
on the crest of a very minor anticline in the Fort Creek shale and the water 
issuing from them smells strongly of hydrogen sulphide. 
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GENERAL GEOLOGY 

Table of Formations 

Sedimentation 

Imperfectly consolidated 

ETosil)1lolunconformity 

Blo.ck, soft, fissile shales 
Greenish sandstone 

E -rosional unconjo·rmity 

ll3o>worth Green sandstones and s hal es 

Fort Creek Black slwks, mos tly 

- - --
Beavertail and Limestones 

Ramparts 
Hn.re Indian River 

shales (not present 
in the Norman 
area) 

DisconjMmily 

13rccciated limestone 
Bear Mountain' Well-bedded limestone 

Red gypsiferous shales 

Red shales (no iossils) 

Red and greenish shales 11nd 
sandstone 

Bottom not seen 

I 

I 

I 

Thickness 

Sands, clays, etc. 

Marine fossils (Ammon­
ites), in part . Coal 
seams on Little Bear 
river 

!,GOO+ 

1,500+ 

650 to 700 feet 

400 to 450 
1,000+ 

770 

'SeB I<inclle, 8. M., and Bosworth, T. 0., Ceo!. Surv., Can., Sum. Rept., 1920, pt. B, p. 45. 
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Cambrian and Ordovician? 

Section in Carcajou mountains 
Hard, dense limestone of Silurian age ....................... . ... . .. ... . 
Thin. platy limestone with some shale ..................... . 
Heavy massive dolomitic limestone .. . ... . 
Very soft, green 'hale that crumbles easily.. . . . . . . . . . . . . . . . . . . . . . . . ... . 
Heavy, massive buff limestone, n.renaceous in some beds. . ...... . ...... . 
Soft shale deep brown in colour....... . ........ . 
Hard, buff limestone........... .. .. .. . .. .. ...... .. 
Greenish sha.ly limestone ............................................. . ... . 
Soft, red shale with some gypsum-forms a talus slope, in part no exposure-

mostly red beds ............................................... . 
1Bia.ck and grey shale with many hard limestone layers ................. . 
Black to g-reenish shale with limestone hands weathering to a yellow colour .. 
Band of dark coloured hard limestone that bren.lffi into platy layers ...... . 
Bla-ck shale with layers of dark limestone .............................. . . . 
Hard, dark coloured, sandstone, almost a quartzite in hardness, with fine 

needlesofbarit.e . ... . . . ..... ... .. ... . . . . . ....... . ...... . 
Shalt>, green on fresh exposure but weathers yellow or reddish . . .. .. .... . 
Heavy bed of limestone.......... . ....................... . . . .. . 
Shaly limestone ................................ . ................. , ... .. , . 
Arenaceous limestone breaking into layers 3 to 4 inches thick ....... . 
Heavy-bedded sandstone, greenish in co loW'., ... . . . 
Green shale, 3 inches......... . ....... . . . . 
Limc~tone bnnd, 4 inches.. . .. . . . . . . ........ .. . 
Green shale, 3 feet. Fossil 20ne 
Limestone band, 2 inches .................. . ... .... . 
Green shnle, 1 foot ................................. . 
Limestone band, 2 inches.. .. .... . . . . .. . .... . . 
Green shale, 1 foot.. . . . . . . . . . . . . . . • . . . . . Middle or Upper 
Black shale, 1 foot..... . . . . . . . . . . Co.mbria.n fossils 
Green shale, 3 feet ..... . ......................... . . . 
Green snndstone with fine quartz grains, I foot ....................... . .... . 
Green shale. I foot .................................... . ..... . . . .. . . . 
Red shale with layers of limestone........ . ...... . ... . . ....... . . . 
Platy, dark green, limy sha.les ................... . , ................... . .. 
Red sh:\le alternating with some layers of green shale ........... . .... . . .. . . 
Platy lim()stone breaking into slabs, 3 or 4 to the inch, dark ~reen in colour . . 
Red shale \lith hard, oval nodules 2 to 3 inches in diameter .. . .. ... . .... . . 
Rla~k. platy, shaly limestone or limy shale with thin bands of limestone .. . 
Red shale with 2-inch be-nds of red liroestone (lncl nodules 3.5 above a rran'(ed, 

o.long what has probably been bedding; pla:.es. Ln.yers of nodules 
bre11k shale exposure into bands, but otherwise the bedding is indistinct. 
Nodules hard and limy ........................................... . 

Bottom not exposed 

Feet 

3 
2 
3 
3 
6 

10 
2 

200+ 
250± 
50 

3 
65 

3 
10 

2 
2 

10 
8 

12 

4 
3 

20 
12± 

2 
12 

82 

769 

The fossils were identified by Dr. C. D. Walcott as Paterina sp. and 
Ptychoparia sp., indicating Middle or Upper Cambrian age. Other than 
these there is nothing by which to fix the age of this section below the hard, 
massive Silurian beds. In fact the Silurian is very unsatisfactorily separated 
from the sediments below and in no place could the writer unhesitatingly 
draw a dividing line. In the Bear ::v1ountain S(.)ction Kindle2 puts "red 
gypsiferous shale," etc., in the Bear Mountain series of Silurian age. In 
the Bear Mountajn section there are no fossils to indicate the age of these 
gypsiferous beds, although a Silurian fauna is found higher in the section. 
Williams3 includes possible Ordovician rocks in his section from the Wrigley 
area, but no Ordovician fossils have been definitely determined. 

1 In a section easL of the Maclcenzie and on mount Gharles, Great Bear river, the position of 
the 250 feet of blo.ck and grey shale is occupied by white gypsum beds and brecciated limestones. 
Another series of brecciated limestones occurs immediately above rocks ol undoubted Silurian 
a.ge. 

1Geol. Surv., Can., Sum. Rept., 1020, pt. B, p. 44, 
• Williams, l\L Y., Goo!. Surv., Co.n .. Sum. llilpts., 1921 and 1022. 
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The section is not all exposed at one place and several stratigraphic 
breaks probably occur between the Silurian and the Cambrian, but so far 
none has been revealed. The section thus measured may include beds 
from Cambrian into the Silurian and it is questionable if the Ordovician 
is represented at all. 

Silurian 

Rocks of undoubted Silurian age occur in Carcajou mountains; and 
in Norman range, where they form the top of the range and the cliffs, 800. 
feet or more in height, that face eastward. They are also prominent in 
the mountains to the north of Norman range but do not outcrop on the 
Wolverine anticline (Carcajou ridge). In the Bear Mountain formation 
Kindle placed some brecciated limestones in the Silurian (Plate II B). 
These brecciated limestones are not as thick on Bear mountain as else­
where, and are well exposed in the Carcajou Mountain section. In a 
section east of the Mackenzie, on a range of mountains north of the Norman 
range, it was found that this brecciated limestone did not occur as such, 
but in the same position stratigraphically were gypsum beds. This then 
seems to have some connexion with the breccia, which may possibly be due 
to the change of anhydrite to gypsum. Wherever the limestone was found 
the evidences of bedding were very slight, and rounded to angular pieces of 
limestone in a limestone matrix were abundant. The brecciated limestone 
in Carcajou River area was 450 feet thick and there was a distinct break in 
sedimentation separating it from rocks below containing Silurian fossils. 
This break in sedimentation could be traced along the cliffs of the canyon 
made by Carcajou river and is the most pronounced break seen in the 
whole section below the top of the Devonian. A somewhat less pronounced 
disconformity is evident at the top of the brecciated limestones, separating 
them from fossiliferous Devonian strata (Plate II A). 

The brecciated limestone was included by Kindle in the Bear Mountain 
formation, and overlies a series of hard, massive limestones that contain 
in most places a very meagre Silurian fauna. On parts of Norman range 
and in Carcajou mountains these limestones were nearly 1,000 feet thick, 
but on Bear mountain were somewhat less. 

In Carcajou mountains the following fossils were found: 

Halysites catenularia 
Favosites sp. 
Plasmopora sp. 

A much larger fauna came from the same series of rocks in the Mount 
Charles section, Great Bear river. The list is as follows: 

H alysites catenularia 
Halysites catenularia vo.r. microporus 
H alysites catenularia cf. nitidus 
Halysites catenularia var. In parts of this fossil the corallites are closely blUlcbed and 

packed together, but in other parts of the same species there are large meshes. 
Diphyphyllum sp. 
Plasmopora sp. 
Cyatlwphyllum, 2 species 
Favosites with corallites about same size as in F. nil!{]arensis 
Syrinaopora, 2 species 
A number of cephalopods all with mummuloid sephuncles 
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Some of the beds of this series are very arenaceous, especially thos~ 
directly under the brecciated limestone, and in places form a sandstone 
very indurated and unfossiliferous. In the Norman range all the Silurian 
was very unfossiliferous and only fragmentary Halysites and some poorly 
preserved Stromatoporoids were seen. 

Devonian 

Beavertail and Rarnparts Limestones. As originally defined by Kindle, 
the Ramparts limestone containing St.?·ingocephalus burtini was separated 
from the Beavertail limestone. This fossil is of very local occurrence and 
where absent it is impossible to divide the Beavertail from the Ramparts 
limestone for mapping purposes. It is true that the top of the Beaver­
tail is hard, dark limestone, whereas the Ramparts containing Stringo­
cephalus is buff to grey, but the hard, dark limestone grades downwards 
without break into limestone of similar character to the Ramparts. More­
over, in the Wolverine anticline (also called Carcajou ridge), in a section 
that can be readily measured, Stringocephalus was found 60 feet below the 
Fort Creek-Beavertail contact. The Beavertail limestone would then 
have to be confined to the upper 60 feet. On the basis of fossils, however, 
a distinction of horizons can be made within the limestones, at least two 
such distinct hor1zons being easily recognizable but not very closely confined 
in verti.cal range. The lower is easily identified by the profusion of corals 
both simple and compound. From the Ramparts limestone at the head 
of Canyon creek the following fossils were obtained: 

Cystiphyllum 1!Csiculosum 
Cysti phyllum a..mericanum 
Cyathophyllurn cf. spenceri 
Cyathophyllum sp. 
H eliophyllum cf. hal.li 
PhillipsaslrCBa verneuili 
Syrin{}opora sp. 
Za phnntis sp. 
Paracycla.s cf. elli plico 
Atrypa spinosa 
Proelus sp. 

From a small tributary of Carcajou nver about 50 miles from the 
mouth the following were obtained: 

Cysiiphullum sp. 
Cysliphyllum vesiculosum 
Cyallwphyllum cf. spcnceri 
Cyathophyllum quadrioemmn 
Cyathophyllum cmspitosum 
Cyalhophy/.lum auweoatum 
Heliophyllum cf. halli 
PhillipsMlrce ve·rneuil-i 
Phillipsastrre verrilli 
Atrypa Telicularis 
Al11Jpa spinosa 
Bryozoans in abundance 

From a lower horizon in the limestone series, presumably in what was 
originally included in the Ramparts, and from the south end of the Wolver­
ine anticline: 

Cyathophyllum sp. 
PaltEocyclas kirbyi 
Schuchertella sornewhn.t like chemunoensis but smaller 
Paracyclas cf. elliptica 
Atrypa reticularis 
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From Canyon creek on same horizon: 

Palreocyclas kirbyi 
Atrypa spinosa 
Alr>Jpa relicula·ris 
Sclzuchericlla same species n.s above 
Produc!ella sp. 

Of these fossils Palmocyclas kirbyi-a fiat coral-is very peculiar and 
has hitherto been reported only from Porcupine river, Alaska, from which 
place it was described by Meek. 

At the north end of the Wolverine anticline, in the 60 feet between 
the Fort Creek shale and the beds containing Stringocephalus burtini, was 
found the following fauna: 

Martinia cf. meristoides 
Cyrtina sp. 
Atrypa retiwlaris 
Reticularia sp., a large form-abundant 
Chonetes sp., very small 
Leiorhynchu.~ sp., a large form 
Prodw:;tella sp. 
Strinoocephalu.s burtini GO feet below the contact with the Fort Creek shales 

In this there were several beds completely filled with bryozoans. 

Of the fossils found in these beds, which must be taken as the Beaver­
tail beds at this place, Reticulan:a was especially abundant and character­
istic. Excepting Cyrtina the other fossils occurred elsewhere at approxi­
mately the same horizon, but in much less profusion. The rocks here are 
well-bedded limestones and just slightly shaly. At other places the same 
horizon is dense, hard, black limestones that are for the most part unfossili­
ferous. It is these latter that were described as the Beavertail limestones 
and indeed they are far more typical of the area as a whole than are the 
fossiliferous beds occupying the same stratigraphical position at the W ol­
verine anticline. 

Contact Beavertail and Fort Creek Shale. Along the southern end of 
the Wolverine anticline the contact between the Beavertail limestone and 
Fort Creek shale is sharp, although a few thin layers of limestone do occur 
in the shale towards the bottom. However, elsewhere the contact was 
seen in several places and not always so sharply divided. On Bosworth 
creek at the base of the mountains the following section occurs: 

Hard brittle shale of the Fort Creek. 
Limestone band of fine texture and very persistent in character and 

thickness ................................................. 18 inohes to 2 feet 
Limestone with irregular bedding 2 to 3 inches thick and with some 

shaly material. Abundant fossils, pll.rticularly Bryozoans. A 
few poor cup corals and Atrypa relic11laris abundant in some places 8 feet 

Hard, dark, bituminous limestone of the Beavertail formation. 

It is the 10 feet of intermediate beds that appear to represent a grada­
tion, although the contact with the brittle shale above as well as with 
the dark limestone below is very sharp. 

These beds seem to be more nearly related to the Beavertail forma­
tion and are, therefore, included with it rather than with the Fort Creek 
formation. 
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On the north end of Wolverine an tic line the section is as follows: 

Feet Inches 
Brittle shale-Goniatites and Leiorhynchus 
Limestone band.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Sha~............................................................. 27 

Probable contact between Fort Creek formation above and Beavertail 
limestone below 

1-.Iassive limestone-Bryozoans and Recticularia.................... 2 
Dark shaly limestone-thin bedded............................... l 
Dark limestone with small Chonetes.......................... . .... 2 
Hard limestone.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Dark limestone with small CJ:oneles.......... . .. . ................. 1 
Hard, blue limestone.............................................. 1 
Hard limcstone-Proc!u,·tello common.............................. l 
Hard, blue limestone-Recticullria, Alryp.1, and Leiorhynchus..... . 3 
Hard, blue limestone........ . . . . . . . . . . . . . . . . . l 
Hard, blue limestone-Productella.... . . . . . . . . . . . . . . . . . . . . . . . . 5 
Thin, shaly bed-Rccticularia.... . . . . . . . . . . . . . 2 
Bryozoan limestone...... . . . . . . . . .. . .. . . . . . . . . . . . 4 
Massive limestone.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Shale......... . . . . . . . . . . . .. . .. .. . .. .. . .. .. .. .. .. .. .. 1 
Limestone-AtnJP' and Bryozoans. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
~hale........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . 1 
Limestone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shaly limestone-Atrypa reclicularis common...................... 6 

On the south end of the Wolverine anticline about one-half mile up 
river from this other exposure, in beds with a very steep dip, Stringocephalus 
burtini occurs in beds 60 feet lower stratigraphically than an exposure of 
the typical Fort Creek shale which is exposed only at a low-water stage of 
the Mackenzie. 

Both of these SPctions indicate something of a transition from the 
limestones to the shales above, but elsewhere the contact was sharp. 
Even farther south, along the Wolverine anticline, the division is abrupt. 
The same may be said of the contact on Carcajou mountains and west 
side of Bear mountain. 

Fort Creek Shales. These are about 1,500 feet in thickness in the 
Norman area. The best exposures are found up Vermilion and Canyon 
creeks and on Carcajou river. The contact with the underlying Beaver­
tail has already been described; there is a gradual change upwards into 
the Bosworth sandstone and shale so that the exact division point is arbi­
trary. ThP formation is for the most part composed of black shales that 
contain a great deal of bituminous matter. 

Above the Beavertail limestone is a zone containing a great many 
Leiorhynchids and an occasional Stropheodonta, but fossils as a rule are 
rare in this formation. The basal part is composed of hard, brittle shale 
that in places has the resistance and appearance of slate without the slaty 
cleavage. It breaks irregularly into thin, hard layers that show some 
sulphur stain. This brittle shak gradually passes into softer shale that 
crumbles very readily and contains more sulphur in places, giving the 
whole surface of an exposure a yellow colour. Within this soft shale on 
Canyon and Vermilion creeks a sandstone horizon 50 to 70 feet thick was 
found about 800 feet above the base of the formation. This sandstone 
weathers to a buff colour and is significant as being a possible reservoir 
for oil in the Fort Creek formation itself. No definite information as to 
the extent of this sandstone member has been obtained. It was not seen 
on Carcajou river or on Bosworth creek, but being in soft shale which 
crumbles down readily over harder layers it may easily be concealed. 
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The shale above the sandstone is much softer than that near the base 
of the formation, but no fossils were found, except in a few beds at the 
bottom. 

A peculiarity of the shale is that in places it has turned to a bright 
red colour, giving Vermilion creek its name. Kindle ascribed this to slow 
combustion of the bituminous matter. On Carcajou river, at one point 
where red and yellow shale had been formed from the black shale, clinkers 
were observed. 

On Vermilion creek several small dykes were found cutting the Fort 
Creek formation. This was the only place where igneous rocks were 
discovered in the Norman area. 

Bosworth Sandstone and Shale. The most continuous section of the 
Bosworth sandstone was seen on a small tributary of Carcajou river. 
The Fort Creek shale grades upwards into the Bosworth shale, there being 
a gradual change from a black to a greenish colour and the introduction 
of sandstone layers with a minor amount of limestone layers. The thick­
ness in this section was 1,600 feet and the top was not seen. Between the 
top of the exposed part and the Cretaceous beds there is an unexposed 
interval of 600 feet. Part of this is probably Bosworth sandstone and 
shale, so that the thickness may be as much as 2,000 feet. 

Creta~eous sandstone............. . ....................... . 
Interval not exposed ............................................... . 
Green, sandy shale witll only a little sandstone ........................... . 
Green sandstone and shale with considerable &J.ndstone towards the top 

in beds never more than 1 foot thick and mucl1 more shale towards the 
bott.om-Spirifcr sp ............... . 

Heavy-bedded sandstone ................. . 
Green shale with a few small layers of sandstone .. 
Green sandstone that has irregular fracture .... 
Sandy, green shale. . . . . . . . . . . . . . . . ..... . 
Green shale with some limy layers-fossils occut~mostly Atrypa reticu-

laris... . . . . . . . . . . . . . . . . . . . . .. 
Greenish shale passing downwards into the black Fort C'reek shale without 

break ....... . 
Black Fort Creek shale ............... . 

Feet 

600 
435 

295 
30 
:\0 
20 

100 

350 

350 

On the Mackenzie about a mile west of Bluefish creek the following 
fossils were found: 

Streptelnsma cf. rec/um 
Diphyphyllum sp. 
Philli psa.strma vcrrilli 
Philli psasll·m" vcrncuili 
Acervularia davidsoni 
Atrypa rcticularis 
Stropheodonta cf. perplaoo 

About 2 miles south of Vermilion creek on the north shore of the Mac­
kenzie the following fossils were found: 

Diphyphyllum sp. 
SyriYI{}opora hisinueri? 
Acer1>ularia davidsoni 
A ulopora sp. 
Alrypa rclicularis 
Sh·oplteodonta cf. per plana 
Atrypa spinosa 
Schizophoria striatula 

This outcrop is about the same stratigraphic height as the one near 
Bosworth creek. 
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On Carcajou river one outcrop deserves special mention because it 
contains Spirifer disjuncl·us and Camarotoechia contracta. This outcrop 
was of beds very low down in the Bosworth formation. The fauna here 
is similar to that found in the Leiorhynchus zone of the North Nahanni­
Root Rivers section and is thought to represent a stratigraphical equivalent. 
On account of differences in the character of the sediments between the 
Norman and Nahanni-Root Rivers areas it is difficult at present to correlate 
the strata of the two areas. In the Norman area brachiopods are not 
abundant in the Bosworth formation and no Athyris angelica was found, 
which was so common along with various spirifers in the Athyris angelica 
zone of the Nahanni-Root Rivers area. A comparison of the thickness of 
the Upper Devonian from the two areas shows much thicker sediments in 
the Nahanni-Root Rivers area and it is the writer's opinion that there 
is Devonian in this section that is younger than any Devonian found in 
the Norman area. It is possible that the Athyris angelica zone and later 
Devonian of the Nahanni-Root sections is not represented at all in the 
Norman area. 

Cretaceous 

An erosional unconformity separates the Bosworth sandstone and 
shale from the overlying Cretaceous deposits. The contact is well exposed 
on the north bank of the Mackenzie north of the Wolverine anticline 
where the effect of the erosion prior to Cretaceous deposition is very marked. 
The basal beds of the Cretaceous are sandstones with very soft fissile 
shale higher up. There are large cliffs of this shale exposed along the 
lower part of Carcajou river, and on the Mackenzie itself south of the 
Wolverine anticline there are some thick exposures. On the Mackenzie, 
from nodules in the shale, a number of ammonites were found. 

In other localities Inoceramus sp. was abundant. 
The thickness of the Cretaceous is unknown, but is at least several 

hundred feet. 
STRUCTURAL GEOLOGY 

The mountains of the Norman oil area are for the most part gigantic 
folds, some of which are very sharp but with very little faulting. The 
Norman range rises to an elevation of 2,550 feet above the Mackenzie 
and is composed of a westward-dipping series of rocks of Silurian and 
Devonian il.f!:e. The range itself east of Imperial Oil well No. 1 is the 
west half of a huge anticline, the axis of which has been so eroded as to 
leave a deep valley to the east and very abrupt eastward-facing cliffs on 
the range itself. 

The next mountain to the north, separated from the Norman range 
by a gap through which drains Oscar creek, is just the reverse of the Norman 
range. It is the eastern half of an anticline, the western half of which 
has been complet ely eroded away. The rocks dip east, and in front of 
the westward-facing cliff is a country without rock exposure and covered 
with muskeg and almost innumerable lakes. On the northern end of the 
Norman range the evidence of faulting can be seen, and it seems probable 
a fault cuts through the gap now occupied by Oscar creek. 

The mountain indicated on the map to the north of Oscar mountain 
is different from either Oscar mountain or the :-.J'orman range. It repre-
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sents mainly the axis of an anticline of which both flanks have been partly 
eroded. On the north end on the west side the dip of the strata is very 
steep, and the highly tilted beds form in part the edge of the mountain. 
This is also true of part of the south end on the west face, but elsewhere 
erosion has removed the tilted beds leaving prominent cliffs, a feature 
which characterizes the eastern side of the mountain. At the south end, 
west of the main mountain, there is a small escarpment of Middle Devonian 
limestones dipping 50 degrees to the west, and with a cliff towards the main 
mountain from which this minor ridge is separated by a valley, the result 
of erosion of the brecciated beds of the top of Bear Mountain formation, 
which here consist mostly of gypsum. The Middle Devonian beds are in 
reality, therc•fore, only the western flank of the anticline of which the 
mountain forms the axis. These steeply tilted Middle Devonian rocks 
form a ridge slightly elevated above the muskeg fiat at the base of the 
mountain, the ridge being easily traced to the western edge of the Wolverine 
anticline or Carcajou ridge where it outcrops along the Mackenzie. 

The Wolverine anticline (Carcajou ridge) h::-.s been described by 
Kindle and Bosworth. 1 The dips along the Mackenzie are mainly steep, 
with the contact between the Beavertail and Fort Creek formations exposed 
at many places at low water. On both flanks of this anticline Cretaceous 
beds occur, and, at some little distance from the main line of disturbance, 
are almost horizontal. However, there is no reason to assume they did 
not originally cover the whole Devonian, for the folding dies out rapidly. 
As was shown for Liard mountains, the folding was later than the Cre­
taceous, so it is believed the mountain building in the Mackenzie is the 
same age. The Eocene deposits in the vicinity of Norman are only slightly 
tilted, and are clearly later than the mountain building. The age of the 
mountain building is thus fixed between the Cretaceous and the Eocene. 
The fossils of the Cretaceous have not yet been studied to determine the 
part of the Cretaceous to which these deposits belong. 

C arcajou River 

The rocks on the eastern face of Carcajou mountains dip to the east 
and although the folding on the eastern front of the mountains has been 
sufficient to give the rocks a steep dip, no evidence of faulting was seen at 
the point where the south branch of the Carcajou issues from the mount­
ains. To the east folding on a smaller scale occurs, although 50 miles 
from the mouth of the river there is a well-marked fold. This fold on the 
east side of the river is nearly symmetrical and is a striking example of 
physiography conforming to structure. Middle Devonian rocks are 
brought to the surface and appear in the photo (Plate I) as the "rainbow 
arch." Farther back along the anticlinal ridge the hard Middle Devonian 
rocks are covered by Upper Devonian shales, so that it seems probable 
the fold itself plunges slightly to the east, but reappears on the Mackenzie 
opposite Ogilvie island. 

To the west of the river the folding is much more complicated and the 
ridge becomes higher and-owing to the dissection by erosion-takes on a 
more rugged and mountain-like appearance. The intensity of the folding 

1 Gcol. SuJV., Can., Sum. Rept., 1920, pt. B, p. 51. 
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is shown in higher dips of the strata on the north face, and by faults of 
minor significance and small throw within the folded area. 

Between Carcajou mountains and the ridge described above there is 
another anticline almost at right angles to the major folds. The river 
has followed along the axis of this anticline for some distance and at numer­
ous places Fort Creek shale and the Bosworth formation are exposed on 
cut banks of the river. 

On the river north of the 11Rainbow arch" ridge there are many 
sections of Cretaceous exposed. The strata for the most part approach 
the horizontal, but, at the point where the riffle is marked on the map, 
sandstone is exposed and is lower stratigraphically than the exposures of 
shale to the north. This is not shown by the dips on the map. 

In the country west of Little Bear river and between Carcajou and 
Macken zie rivers no attempt can be made to show structure until Little 
Bear river is mapped. Viewed from Carcajou mountains this country is 
mostly muskeg with almost innumerable lakes, and the chances of rock 
exposures, except on streams, are very slight. It is probably almost 
wholly covered by Cretaceous rocks, for these strata occur for some distance 
up Little Bear river. 

ECONOMIC GEOJ,OGY 

Oil P rospects 

After the Imperial Oil well No. 1 had been deepened it gave a flow of 
60 to 70 barrels per day. It is on the flank of the anticlinal ridge forming 
the Norman range. The well was originally drilled on a seepage, and at 
a depth of 783 feet a gusher was "brought in ." As was stated under the 
heading "Progress of Drilling" the flow of this well gradually diminished 
to a negligible quantity and deepening has given a new supply. The well 
is now capped. 

No. 1 well has now reached such a depth that the drilling has either 
penetrated or approached very closely to a sandstone horizon known to 
be 50 to 70 feet thick a few miles distant. The shape of this sandstone 
horizon has not been determined. The absence of outcrops along the 
edge of theN orman range cannot be interpreted solely as due to the absence 
of the sandstone, because the shale weathers very rapidly, and except 
under rapid stream erosion, rarely gives rock exposures. If the sand­
stone is in the form of a sheet it ought to be encountered in the other wells, 
and an oil supply being present at No. 1 well the hope for a supply else­
where is justified. It must be remembered in this connexion that the 
Fort Creek shale is a marine formation, and the sandstone is on this account 
likely to be widespread. A sandstone horizon holding a relatively uniform 
thickness over a considerable area may differ widely from place to place 
in the amount of porosity due to a difference in the degree of cementation, 
and hence the oil in such an horizon might be concentrat ed into local pools. 
This would give the same effect as smaller independent lenses. From the 
pressure evident at No. 1 well (as high as 250 pounds) it would seem that 
the oil horizon is sealed, an d the oil cannot escape up the dip slope, for 
otherwise it would long ago have been dissipated at the surface, because 
the dip brings this horizon to the surface between the Mackenzie and 
the Norman range. No water has been encountered in No . 1 well, but it 
cannot be said there is non e below the oil horizon. On Vermilion creek 
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there is a small anticline in the Fort Creek shale about 6t miles from the 
Mackenzie. From this anticline several large springs arise, the water 
smelling strongly of sulphuretted hydrogen. This water is apparently 
surface water that has come in contact with the sulphur known to be 
present in considerable quantity in the shale from which the springs issue. 
In the vicinity of No. 1 well there appears to be no evidence from a study 
of the surface exposures of rock to assume a minor fold or undulation on 
the main fold. A part of the sandstone itself separated from the main 
body by differences in porosity, might give similar results as a fold. Drill­
ing will give the only satisfactory solution to these problems. A marine 
sandstone widely spread over this area, but differing locally in porosity 
to give oil pools within the sandstone itself, affords more hope of finding a 
larger productive field than could otherwise be expected, for the whole 
field must necessarily be on the flanks of the anticlines or in the syncline, 
erosion having removed the possible productive formations from the 
major anticlinal areas. 

Possible Oil Horizons. Below the Fort Creek shale there is a 10-foot 
section at the top of the Beavertail formation that might possibly in some 
places act as an oil horizon, although at best, from what has been seen, it 
would be considered poor. Below this the hard, dense, massive, slightly 
bituminous limestones of the typical Beavertail formation occur, and 
these are entirely unsuited to act as a reservoir. 

Below the Beavertail Ramparts formations in the brecciated limestones 
the porosity is sufficient to form a very favourable reservoir and in certain 
outcrops these beds had a highly bituminous odour. No seepages were 
found in them, and since they are nowhere in contact with the shales 
from which the oil is presumed to have been derived, it would be only 
under exceptional conditions that oil could reach them. 

Above the Fort Creek shales in the Bosworth sandstones and shales 
oil does occur, in fact the main seepages, including that on which No. 1 
well was drilled, come from this formation. It is by far the most favour­
able formation in which accumulations could occur, having more sandstone 
members than any other formation. So far, all the wells drilled have 
begun in this formation with the exception of Bluefish well where the 
Bosworth is overlain by Eocene deposits, and in no case is there a 
suitable cover that would retain the oil. In other words, in no well now 
drilling can production of any account be expected from this horizon. 
The geological map prepared in connexion with this report shows large 
stretches of country to the southwest of the Mackenzie where the Bosworth 
formation is covered by Cretaceous rocks. The Cretaceous rocks have 
been already described. There is a considerable thickness of sandstone 
at the base overlain by fine, impervious shales, a condition very favourable 
for the retention of oil in the Bosworth sandstone, and possibly in the 
Cretaceous sandstones as well. Drilling through the Cretaceous deposits 
into the Fort Creek formation at well-chosen locations would, it appears 
to the writer, greatly enhance the chances of oil discovery. It must not 
be forgotten in this connexion that the Cretaceous is separated from the 
Devonian by an erosional unconformity, and not in every locality does the 
Bosworth formation occur under the Cretaceous sediments. 
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Sumrnary of Conclusions, Norman Oil Area 

The rocks range in age from Cambrian to Eocene. 
The potential oil area is greater on the west side of the Mackenzie 

than on the east side. 
The mountains are anticlinal in origin. 
No. l well is on the flank of the major anticline ¥vhich forms the 

Norman range of mounta]ns. 
The top of the Norman range of mountains east of :-To. ! wrll is com­

posed of Silurian rocks. 
No. 1 well is situated on the outcrop of the Bosworth formation of 

Upper Devonian age. 
The prese:1t oil-producing horizon in ~ o. 1 well is from the Fort 

Creek formation underlying the Bosworth formation, and also of Upper 
Devonian age. 

The present oil production of No. 1 well is probably from a sandstone 
50 to 75 feet thick in the Fort Creek formation. 

The top of the BPavertail formation of lVIiddle Devonian age is a 
hard, dense limestone unsuitable for an oil reservoir. 

The sedimentation most favourable for oil accumulation occurs in 
the Bosworth formation of alternating sandstones and shales. 

The Bosworth formation on the east side of M_ackenzie river provides 
most of the oil seepages. 

The Bosworth formation on the west side of Iviackenzie river is over­
lain by Cretaceous sandstones and shales, the latter of which are suitable 
as a cover for an oil field. 

COPPER ORE FROl\1 THE NORTI-I SHORE OF GREAT 
BEAR LAKE 

Two specimens of copper ore were given to the writer at Norman by 
Mr. C. E. Sloan who had brought them from the outcrop on the north 
shore of Great Bear lake. A report on these, made by V. Dolmage of the 
Geological Survey, is as follows: 

uThese specimens consist chiefly of bornite and qu3,rtz, but smaU 
amounts of chalcopyrite, malachite, and chalcocite can also be seen in the 
hand specimens. 

Microscopically they are seen to consist of the following minerals 
named in their order of abundance: bornite, quartz, chalcocite, calcite, 
covellite, pyrite, chalcopyrite, malachite, a light grey mineral in too small 
amounts to determine. 

Pyrite and quartz were the first minerals deposited. Following 
these came the bornite, some of the chalcopyrite) chalcocite, and the 
undetermined grey mineral. Later than these were deposited the remainder 
of the chalcopyrite) the remajnder of the chalcocite, and still later the 
covellite, calcite, and malachite. 

63414-{i 
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The late chalcopyrite occurs as minute, almost submicroscopic, blades 
occupying cleavage cracks in the bornite and forming a reticulate pattern. 

This is very high-grade copper ore and has been to some extent 
enriched by surface solutions. The extent of this enrichment is difficult 
to determine, but it is probable that all the bornite and much of the chalco­
cite and chalcopyrite are primary and, therefore, that the primary ore 
was itself fairly high grade." 
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In 1922 the writer entered Mackenzie River valley in company with 
GeorgeS. Hume and party via Fort St. John and Sikanni Chief river.' 

The field work consisted of a geological traverse from Fort St. John 
to the junction of Fort Nelson and Liard rivers, and a study of Franklin 
Mountain area in Mackenzie district between Wrigley and Great Bear 
river. 

The writer was ably assisted by C. H. Crickmay of Vancouver, who 
made extensive collections of plants and insects in addition to his geological 
work. The writer wishes to express appreciation of the assistance so 
cordially given by Messrs. H. Philip, of Taylor Flats, and Birley of Fort 
St. John; by the Hudson's Bay, Alberta and Arctic, and Northern Trading 
Companies' officials at the various posts; and by Mr. J. A. Macdougall, 
Mining Recorder, who kindly furnished housing accommodation for the 
writer's party at Norman. 

The region from Fort St. John to Sikanni Chief river was traversed 
by pack train, which for about 150 miles follows an old trail used in part 
during the Yukon gold rush of 1898. The last 20 miles of the trail is new, 
having been cut during the winter by the Topographical Survey's party. 

The country is gently rolling and semi-prairie, with swampy lowlands 
and spruce and jackpine ridges. The lowlands are commonly covered 
with willow and alder, but many southern slopes are well carpeted with 
grass. For about 30 miles from Fort St. John, or to Blueberry creek, the 
land is leased by ranchers, who raise horses and cattle and put up hay for 
winter feed. 

The country is drained by tributaries of North Pine river, the main 
streams crossed being Blueberry river, Nig creek, Pine river, and Barker 
creek. These have developed wide valleys, 200 or 300 feet below the 
uplands, with clay banks that are here and there 100 feet high. The 
stream beds are well graded and the current is moderate during average 
water conditions. The height of land is probably 1,200 feet above Peace 
river at Fort St. J oh11, ot· about 3,600 feet above the sea. The descent to 
the Sikanni Chief is quite abrupt, the valley being about 1,000 feet below 
the height of land, and 700 to 800 feet below the top of the fiat-lying 

1 Sec footnote, p. 47. 
63414- s; 
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Cretaceous sandstone, which rises as precipitous cliffs about half a mile 
back from the stream bed. The spruce and black poplar of. Sikanni valley 
are large, thrifty trees up to 2 feet in diameter. South of the height of 
land much of the country has been burned to clear it for pasture, but 
north the country is rougher and less desirable for ranching, and is mostly 
covered with thrifty white spruce and balsam poplar, with isolated stands 
of white poplar, white birch, and jackpine on the ridges. 

The cache on Sikanni Chief river was located at the mouth of a stream, 
appropriately named Whipsaw. From Whipsaw creek down to the mouth 
of Conroy creek, a distance of 66 miles, the river averages 500 feet in 
width and flows swiftly through a crooked channel at the bottom of a 
valley less than one mile in avern,ge width. The current averages about 
4 miles an hour, and is remarkably uniform, being interrupted only by 
riffles over bars and one insignificant rapid. The shores are, however, in 
many places piled with logs, and submerged and anchored logs make 
travelling somewhat perilous. At bends in the river erosion exposes 
buried log jams over which mature trees are growing. Much of the drift 
timber from Sikanni Chief and Fort Nelson rivers reaches the Mackenzie 
by way 0f the Liard, and with the upper Liard timber forms the largest 
supply of driftwood to the lower Mackenzie valley. One spruce drift log 
on Fort Nelson river measured 7 · \.l feet in circumference at the butt and 
130 feet in length. 

At Conroy creek the survey of the river was discontinued, but the 
geology was investigated to the confluence of Fort Nelson and Liard 
rivers. The last 20 miles of Fort Nelson river were surveyed with compass 
and Rochon micrometer by G. S. Hume. 

Above Conroy creek, few signs of Indians appear and the weathered 
condition of the lean-to camp frames and the overgrown blazes along the 
river indicate that they have nearly abandoned this part of the Fort Nelson 
system. At the mouth of Conroy creek a large camping ground is marked 
out by paths, fresh tepee frames, and cached kettles and other utensils. 
Fontas river is about 200 feet wide at the mouth and appears to be navig­
able for some distance upstream. On its banks, a camp site is indicated 
by tepee frames. 

The main tributary of Fort Nelson river is Mosqua river, which 
empties into the Nelson about } mile above the post. The Mosqua is 
about two-thirds as large as the Fort Nelson above the confluence, and 
has as its main branch Prophet river which joins it about 5 miles above 
its mouth. The Indians are reported to go 70 miles or more up Prophet 
river to fish at a large lake west of the river. They go up on foot and come 
down in flimsy spruce-bark canoes. 

From the Fontas down, sand-bars are somewhat numerous between 
quiet stretches of water. Below Fort Nelson the water is slower and 
sand-bars occur, especially for some miles above the confluence with the 
Liard. 
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GENER.AL GEOLOGY 

Table of Rock Formations 

Description Tentative correlation• 

-----1--------- - ---1----- ------ --

Cretaceous 

500 feet of sn.ndstone containing thin With Dunvegan sandstone (fresh water) 
lignite se:1.ms and plant fragments of both east and west Pen.ce sections 
near base 

------------------------------
Contact appears conformable 

650 feet or more of dn.rk, pyritiferous With Fort St. John shale (marine) of 
sha.Jes containin.a: fish scn.lcs ncar base, en.st and, in the west, the St. John (or 
an<l including severn.! thin sa,ndstone possibly the St. John, Gates, a.nd 
beds iii cosebar formations) 

Contact not seen 

100 feet crossbedded, torrential sand- With Peace Riv0r sandstone of e:J.st, 
stones and grits, containing plant re-- with Gp.tes formn.tion of west.; or with 
mains in upper beds Dunvegan formation of west? 

Between Fort St. John and the divide, separating the Peace and 
Mackenzie basins, bedrock was seen at only three localities. N r.ar where 
the trail crosses Montagneuse creek, about 20 miles north of Fort St. 
John, crossbedded grit outcrops in a stream bank. On ~he trail just north 
of the divide between N ig creek and the main branch of North Pine river, 
fiat-lying; sandstone outcrops. This is crossbedded and fine grained, 
containing quart~ and mica, and some ironstone concretions. It weathers 
brownish yellow. Where the trail leaves the upper water of Barker 
creek, crossbeddecl arkosic grit outcrops. One bed is 3 feet thick and the 
pebbles-which are one-half inch or less in diameter- consist of polished 
black chert, rounded quartz, and fragments of ferromagnesian minerals. 

North of the divide the trail crosses several rock-rimmed gullies and 
fina1ly follows vVhipsaw valley between sandstone walls to Sikanni Chief 
river. The geological section at this locality is described below. 

De.~cri ption of S r.di ments 

lShnly, fr iable sandstone to top of cliff.. . . . . . . ... . .. .. .. .. .. . 
F orming 1\Iu.ss ive sandstone, gritty near lop and containing plant re-

cliffs mR.ins ............... ............. . ... .... .. ... . ....... .. ,, 

§!~~~~~;le. ~~d th~n .. fis.s.il.e ~~~~ite . .' .'::. : :: : :: :: :::: :: : : :: :: : : 
Outcrops obscured by swa.mp or talus ..... . 
C'rossbedded sandst<>ne in thin beds ........ . .. ... .. .. ................ . . 
Dark grey, fissile shale, contn.ining ironstone lenses 1 inch thir.k and 10 inches 

across. Fish scales occur in lower 20 feel, similar in geneml characters 
to those found in the shales 1\t Taylor llat.s below Fort St .. John. As­
tringent waters ooze from the shales leaving a white residue on the 
surface which otherwise wen.thers black . . .. .. .. . 

Thickness 
Feet 

100 

120 
25 
30 

460 
30 

75 

L 
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Shale exposures are common along the river to the vicinity of Etleh 
creek. All the exposures are the same kind of shale, bearing fish scales 
and exuding water charged with products of the oxidation of pyrite. Yel­
low residues suggesting sulphur remain in places on the erosion faces, and 
the river water tastes acrid and the shale banks have a strong smell. The 
mud along the river, · and especially along the shale exposures, is 
exceedingly soft and sticky. Even where extensive exposures of 
shale occur, a water-line indicates no departure from an horizontal 
attitude. The thickest exposure of shale noted was about 160 feet, 
in a cut bank below Dehacho creek. The sandscone bed resting 
upon the shale at ·whipsaw creek occurs at successively higher elevations 
downstream, the fall of the river exposing lower and lower beds. The 
following section was measured east of Sikanni Chief river about 4 miles 
north of Whipsaw camp: 

Description of Beds Thickness 

Soft weathering sandstone and grit at edge of dissected plain 
Massive sandstone and grit ................. . 
G~~~........ ············ 
Covered intervaL... . .... . ..... . .......... .... ........ .. .. . .. ... .. . 
Massive sandstone...... . .... ... . .. .. . ................ . ........ . . . 
Covered intervaL. ....... . . . . . . . . . . . . . . . . . . . . . ... ... .... .. . 
Massive, grey, crossbedded sandstone forming a small cliff. Fragments 

ot' pelecypods in talus...... .. . . . . . . . . . . . . . . . .. . ........ ... . 
Covered interval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Soit shale, containing thin sandstone · beds near top and nodules with plant 

remains near base... . ................. . ..................... . 
Thin, fissile shale....... . ................... . ......... . 
Micaceous sandstone, shaly in part ..... . . .. ... . .. .. . .... .... . .. . .. . ...... .. 
Grey shale.................. . .. . . . ...... . . . . . . . . . . . . . . . . . ....... . ... . 
Covered interval above river.. .. . . . . . . . . . . . . . ......... . 

Feet 
80 
30 
20 
80 
40 

180 

40 
25 

30 
30 
10 
20 

550 

About 6 miles below Etleh creek the following section is exposed in 
the west bank of the river: 

Dese1-i ption of Beds Thickness 
Feet 

A rgillaccous snndstone . . . . . .. ...... . 
Nodular sandstone, interbedded with friable, shaly sandstone containing 

some ironstone concretions .. 
i\Ii<:a.ceous o~ndstone, in thin beds with shaly partings and containing small, 

25 

20 

imperfect remains of plants .. . .. B 

Although no exact contact with the black shales of the upper river 
was observed, the above section appears to represent a formation lower 
than the shales. Similar exposures continue downstream as far as Klewie 
creek, where, in a 200-foot exposure, lower beds consist of: 50 feet of clark 
shale, with thin sandstone beds containing ironstone concretions, overlain 
by 50 feet of sandstone similar to that described just above. Similar 
beds outcrop to within about 10 miles of Fort Nelson, below which the 
country bordering the river is low. 

About 20 miles above the Liard, Fort Nelson river in its northward 
curve approaches the bordering upland, which is over 700 feet above the 
river. Three miles farther down river the rock escarpment is close to the 
northeast bank, a condition which is general for 9 miles. The lower cliffs 
commonly form a perpendicular wall dropping sheer below water level, 
and known as "Roche-qui-trempe-a-l'eau." These rocks are sandstones 
and grits and commonly exhibit remarkable crossbedding suggestive of 
strong current action. 
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The highest exposures occur in the cliff front between 560 and 700 
feet above the river. The lower beds of these consist of fine conglomerate 
and grit, the pebbles consisting of black polished argillite, rounded white 
quartz, and a little rounded calcite. Concretions also occur with radial 
structure. Lower beds seen along the water consist of greenish sandstone 
containing plant remains. Lower down, cliffs composed of 75 feet of 
sandstone and grit drop sheer below the water level. 

The lower 50 feet is composed of 1-foot beds, crossbedded within 
themselves; the upper 25 feet is tumultuously crossbedded. These grits 
appear to be still lower in the section than the exposures above Fort Nelson, 
their lower beds probably being continuous with some of the grits that 
occur high up in the sections along Liard river below the mouth of the 
Fort Nelson. 

The only fossils found in these formations are the fish scales already 
noted, and plant remains. About 18 miles above the mouth of Fort 
Nelson river, plant remains were collected from sandstone blocks which 
had evidently come from the upper sandstone formation . These are 
reported on by W. A. Bell as follows: "Micaceous, coarse sandstone, grey, 
weathering to a light buff yellow. All material too fragmentary for 
specific identification. The genera Protophyllum, Menispermites?, and 
A spidiophyllum identified." 

Although diagnostic fossils are lacking, a comparison with the Peace 
River sections leads to the following tentative conclusions: the crossbedded 
sandstones of lower Fort Nelson river may be equivalent to the Bullhead 
Mountain sandstone; the thick shale series, with fish scales in at least one 
member, may be a continuation of the marine Fort St. John shale; and the 
upper sandstones, containing lignite and plant remains, may be a northern 
equivalent of the Dunvegan sandstone. 

Following this correlation the lower sandstones would be of Lower 
Cretaceous age, and the shales and overlying sandstones would belong to 
the Colorado group of Upper Cretaceous age. 

FRANKLIN MOUNTAINS NORTH OF WRIGLEY 

General Features 

The western border of Franklin mountains, from the vicinity of 
Wrigley to Saline river, is from 6 to 8 miles east of Mackenzie river. Excep­
tions occur in the case of Roche-qui-trempe-a-l'eau; a small mountain ridge 
bordering the Macken zie 1! miles below Wrigley; and of low mountains 
situated 3 miles east of the Mackenzie in the vicinity of Blackwater river. 
For 40 miles south of Great Bear river, Franklin moW1taios are represented 
hy a chain of about six isolated knobs, none of which appears to rise more 
than 1,000 feet above Mackenzie river. Mount Charles, situated on the 
north bank of Great Bear river, is a continuation of this chain, and rises 
about 1,440 feet above Great Bear river and probably 1,500 feet above 
Mackenzie river. Mount Charles and its extensions to the north are 
about 10 miles in length, beyond which subdued knobs could be seen 
extending probably 20 miles farther. 

Cap mountain, east of Wrigley, was mentioned in the writer's last 
year's report,1 Further investigation has shown it to be a westerly-

' Geol. Surv., Can., Sum. Rept., 1921 , pt. B. 
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dipping fault block, bounded on the east and northeast by a curving fault 
scarp. It consists of a long, curved ridge of quartzite, with its maximum 
elevation near the centre of curvature. It rises here about 4,700 feet 
above the river or 5,000 feet above the sea. For 6 miles to the westward, 
successively higher formations have been eroded into successively lower 
mountain masses, and 6 miles farther west, beyond a nearly level plain, the 
Roche-qui-trempe-a-1' eau and its extension northeastward to mount 
Gaudett exhibit another eastward-facing scarp. 

The northeasterly scarp of Cap mountain is probably 1,000 feet high, 
and the descent is steep below for perhaps another 1,000 feet. To the 
northward the mountains are composed of soft, light grey limestones, 
which are eroded into rounded forms, or in many places into flat-topped 
buttes. These general conditions hold bryond Blackwater river, excepting 
that mountains on the eastern side of the range have westerly clips, and 
are probably bounded on the east by fault scarps. About 4 miles north of 
Blackwater river, at the eastern front of the range, is situated the southern­
most of three conspicuous, pyramidal peaks, the middle one of which is 
probably the mount Bompas of McConnell. 

Ochre river has cut through the low mountains north of Cap Mountain 
fault scarp and, below the rock outcrops, has excavated a somewhat deep 
channel through glacial and outwash materials. Blackwater river, 25 
miles farther north, rises in Blackwater lake east of the mountains, flows 
through what appears to be a somewhat wide canyon in the front ranges, 
and westward through a wider, mountain-flanked valley to the rolling 
muskeg and wooded country bordering Mackenzie river. 

North of the high peaks of the Mount Bompas group the mountains 
become lower, and flatten out toward the valley of Saline river which 
occupies a low pass and is eroded for the most part through gravel and 
till. Three miles east of the mouth of Blackwater river, a small mountain 
range has offset the river to the south, and extends northward as a ridge of 
decreasing elevation to within a short distance of the mouth of Saline 
river. North of Saline river the mountains are confined to a single ridge, 
which culminates at a distance of about 4 miles in mount Clark, second 
only to Cap mountain, in Franklin range. This mountain rises about 
4,500 feet above sea-level. Northward the Mount Clark ridge extends for 
4 or 5 miles as low mountains, beyond which are the isolated knobs extend­
ing to Great Bear river. 

Mount Clark is faulted from near its northern end past its southwest 
escarpment; the movement appears to have been that of an upthrust from 
the east, or an underthrust from the west. The faults were observed near 
Wrigley, on Blackwater river, and in mount Clark, and the probable fault 
bounding the eastern side of mount Charles is believed by the writer to 
exemplify a general block-faulted structure of Franklin mountains (com­
pare with that of the southern Rocky mountains). 

Physiography 

The main divide of Franklin range is situated near the eastern border, 
where the uplift has been greatest and the oldest rocks are exposed. Only 

'For the unnamed northern knob of the ridge known in its southern extension as "Roche­
qui-trempe-8.-l'eau", the writer proposes the name of the old Hudson's Bay family Gaudet, Mr. 
1. C. Gaudet being the present Hudson's Bay Company's post manager at Wrigley. 
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small streams, however, originate in the mountains themselves. The 
River-between-two-Mountains, Blackwater, and Great Bear rivers cross 
Franklin range, and Saline river probably rises east of the range, but this 
has not been determined. The channels through the range are filled in 
part by glacial till, outwash sand and gravel, and clearly belong to the 
same age of erosion as the valley of Mackenzie river. This system was 
developed before and during mountain building, and was completed before 
Eocene time as represented by the flat-lying deposits above Norman on 
both Mackenzie and Bear rivers. The Cretaceous sediments of Mackenzie 
and Bear rivers are only slightly tilted, and rest upon Devonian and 
possibly upon an older Palreuzoic. Uplift and erosion preceded Cretaceous 
sedimentation. 

Glaciation has rounded and subdued the topography and widened 
the rock-rimmed valleys into typical glacial forms. Glacial erratics lie on 
the very top of Cap mountain and within 400 feet of the top of mount 
Clark. The boulders are Precambrian and are evidently from the east. 
Glacial grooves on Cap mountain point 12 degrees to 17 degrees 
north of west, but were probably controlled by the local topography. On 
the west side of mount Clark, glacial strire run 20 degrees north of west. 

Post-Glacial erosion has incised stream channels in glacial till and 
outwash deposits, to the extent of 100 feet, or much more in the case of 
Mackenzie river. Frost and weath0ring have formed stacks and steep 
faces on some of the mountains and have produced very moderate amounts 
of talus material along the precipitous fault scarps. In a few cases streams 
have undercut their banks, causing rock slides, as for example along the 
north branch of Blackwater river; and elsewhere narrow channels are 
being eroded in solid limestone as described in last year's report. Gener­
ally speaking, post-Glacial erosio 1 has left only a minor record compared 
with either pre-Glacial or Glacial erosion. 

The terraces of Mackenzie river, and the deepening of its channel, 
have already been noted by Kindle ancl the writer. 

Geology 

Table of Formations 

Pleistocene 

E _,ocene 

.\' o erosion contact recoonized 

Cretaceous 

Till, out.,•u<h sands, and grnvcls 
about 200 icet 

-

Frosion surface 
~:itts and sem i-consol ida ted sand" 

Md gra.vels containing lignite 
beds 

About 200 feet 

I ::'hales and sandstone 
marine molluscs 

100 feet or more 

-

containing 



Devonian 

Silurian 

Cambrian 

Precambrian (?) 
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Table of Formations (Continued) 

Upper 

Middle 

Upper 

Middle 

Lower 

Middle 

Lower 

No emsion contact recoanized 

!Simpson shale \Dark grey shale conta.inin£! thl.n 
limestone beds about 1,000 feet 

Conformable ccmlact 

J>isr..onformily 

\

Grey limestones, containing fn.ir!y 
rich and varied (nuna about 
2,000 feet 

1 I
Breccia.ted, massive dolomite, con­

Lone 1\·Iountain forma.- taining interbedd-ed ~psum and 
tion chert 530 + feet to I ,600 feet. 

--------

Conformable colltact 

\
Mount Kindle 

(ormat.ion I
Wa.terlime and grey m~rrnesin.n 

limestone, with com\ fauna 
560 feet 

Disconjormahle contact 

I Franklin Mountain 
formation 

D iswnfo nnable con tnc t 

Pnline River 
formation 

I Buff 1 imestones. buff and red shales 
500 feet to 1.000 feet 

I
Buff and green shale, red shale, 

salt and gypsum, about 500 feet 

Covered inte?UJ.l of several hundreds of feet 

Mount Cap formation I Green shales, rusty shales, and 
sandstones about 200 feet 

Conformabk contact 

\

Mount Clark 
formation 

Di.>conformil!J 

I 
Pink quartzite, ferruginous grit, 

and conglomen:i.te 600 feet or 
more 

(Beltian?) 
\
Dark shn.\es, grey o.nd drab sha.l~~ 

375 feet 

The best and most comprehensive section seen in Franklin range is 
that from Wrigley through Cap mountain, described in last year's report. 
Further work, however, has made it possible to separate new formations 
and to add considerable detail in regard to the thickness and characters 
of the formations already recognized. Another Cambrian-Precambrian (?) 
section is to be seen at mount Clark and a fine Silurian section is seen at 
mount Charles. 
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The \Vrigley-Cap Mountain section 1s summarized m the following 
table: 

Up pet• 

Devonian 

iiiiddle 

Upper 

Silurian 
Middle 

Lower 

~liddlc 

Cambrian 

Lower 

I 

Disconformity 

I Lone Mountain form>'tion 
Thickness 1,600 feet 

Shale probo.bly covered by 
drift beiO\V Roche-qui-
trempe-a-l'eau 

Dark grey limestone charac-
terized by Phillipsastrrea 
rerneuili, Syrin{)opora perr-
legan.s, Productella spinuli-
costa, Paracyclas elliptica, 
and Callonema clarki 

Lower beds, 6ne-p:r11-ined 
p:rey limestone containing 
Schuchertella sp. 

/Massive, light, grey, CflVCl'­

nous, p;ypsifercus I ime­
stone, commonly brecciat­
ed on large scale. No 
fossils 

Mount Kindle formation Grey, magnesian limestone, 
560 feet Niagara corals 

Fmnklin Mount!lin forma- Buff dolomite, pea-green 
tion about 500 feet shale and sandy red shale 

containing in upper 20 feet 
o! beds, Rhipidomella hy­
brida, Rhipidomella circulus 

Di~conformity 

S"line River 
formation 

Cpper division 
about 300 feet 

Lower div ision 
about 200 feet 

Banded, calcareous shales 
(contnining Linoulella sp.) 
with interbeds of red and 
green sbale 

Red o.nd grey shale contain­
ing salt and gypsum and 
selenite 

Covered interval 
--- ------------------ ---------------------------

Mount Cap 
formation 

Mount Clark 
formation 

I About 200 feet 

About 620 feet 

Grey and green fissile shales 
containing Linoulella? and 
TPtradium-like forms. Red 
sandstone :1.nd shale con­
taining seaweeds, Li71f]u­
lc/w, B athvurisws, PlyciuJ­
paria, Saralooia 

Pink and red quo.rtzitc con­
taining Scolitlws 

500 ieet or more 
Red shale a nd ferruginous 

sandstone 50 feet 
Hematite, red conglomerate, 

and sandstone 70 feet or 
more 

-----1-------1--- - ----1 ------- - ----- -------
Precambrian (?) 375 feet or more Dark shales, 150 feet 

Grey and drab shales, 225 
feet 
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The section here consists of westerly-dipping beds west of the fault 
scarp that forms the eastern side of Cap mountain, in which is exposed the 
Cambrian-Precambrian (?) section. To the eastward, formations as high 
up as the Middle Silurian occur as easterly-dipping ~cds. 

The section from Mackenzie river at the mouth of Saline river, across 
mount Clark, includes only Precambrian (?) and Cambrian formations. 
The outcrops are disconnected and will be described under the formations. 

Siluri:1-n 

Cambt·ian (?) 

Mount Charles Section Taken Close to Great Bear River 

Middle 

Lower 

Lone Mountain 
fonn,l.tion 

Thin-bedded, brown-weathering 
dolomite, lGO feet 

Brown, course-gmi~ed, sandy dolo­
mit.e in 2 to ~~-ioot beds. Brec­
ciated in pa1-t, 340 feet 

Conformaule contact 

Mount I(indle 
forma.tion 

Hnrd, li;:;ht f!;rey dolot':'lite, thin 
bedded, cherty it> lower 70 feet, 
180 feet 

C hert., probably silicified dolo­
mite, 60 feet 

Unfossilifcrous beds, 30 feet 

Grey moti;ncsir.n limestone con­
tr.ining Niagara comls, 210 feet 

Conformable contact 

Frunldin Mountain 
for11tation 

Grey magnesi»n limestone, 470 feet 

Limestone and chert , pebbles and 
grit in limestone matrix, 75 feet 

Grey limestone, 120 feet 
Cavernous limestone, 200 feet 

lsaline River formation Grey gypsum, !50 feet or more 

Farther north the main peak of mount Charles consists of Middle 
Silurian limestone, full of Niagara corals. The section to the northwest is 
given below: 

Devonian I Middle 

Contact covered 

Upper Lone '\-! oun t3.in 
formation 

Silurian 

Middle Mount I<indle 
forma t-ion 

I DMk grey limestone containing 
SchuchertellM, about 30 feet 

Grey g~'psum, about 500 feet 

C hert beds, probably replacement 
of dolomite, about 300 feet 

Grey limestone with Niagara. 
corals, about 200 feet 
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GENERAL DISCUSSTON OF CAMBlUAN-PRECAMBRIAN? FORMATIONS 

Mount Cap formation, as described in the Summary Report for last 
year, consists of a lower member of 375 feet of grey and dark shales, seen 
in the fault scarp on the northeast of Cap mountain; a second member of 
120 feet of ferruginous conglomerate and sandstone approachinp; low-grade 
iron ore near the centre; a third member of more than 500 feet of pink 
quartzite which forms the crest of Cap mountain; and a fifth or upper 
member of grey and rusty phyllites, seen in gullies and on the flank of the 
southern extension of Cap Mountain ridge. The thickness of the phyllites 
is not known: Thin-bedded sandstone forms a transition from the quartz­
ite to the phyllite above, and contains trilobite remains, Saratogia being 
identified by Dr. Walcott in material colleded from these beds in 1921 as 
already noted. 1 

In this year's collection, Dr. Walcott2 recognizes seaweeds, Lingulella 
sp., Bathyuriscus (Poliella) cf. sylla Walcott, B. n.sp., "Plychoparia" sp. 
In the phyllite the following were found: Lingulella?, Tetradium-like form. 

Mount Clark consists of a faulted anticline of quartzite, with phyllites 
flanking the western side. The section starts in the red quartzite, with 
ferruginous beds, and this division with the overlying pink and white 
quartzite is 800 feet thick. On the western flank the section is about as 
follows: 

Arkose, eroded at top........ . . . . . . . . . ...................... . 
Fissile green shale containing Olcnellus canadensis...... . . . . . . . . . . . . . 

Thickness 
Feet 

Green arkosic grit........... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. about 

2 
15 
10 

500 Pink quartzite containing Salte-rella nea.r top................ . ........ . 
Green, sandy, fissile, micaceous shale ........... . .. . . .. .................. . ? 
Probably pink qua.rtzite ................................. . 

On the eastern slope of mount Clark, ridges of quartzite have an 
aggregate measurement of about 2,900 feet. It is possible, however, that 
faulting or concealed structure has caused repetition of the beds. 

To the north of mount Clark, two small mountains, extending about 
3 miles, have the appearance of quartzite. 

In the banks of Saline river, at the mouth of a tributary stream about 
8 miles above Mackenzie river, about 25 feet of phyllites occur. These 
contain Bathyuriscus n. sp. 

The above evidence shows that the sediments of Cap mountain 
described last year as the Mount Cap formation should be subdivided into 
three formations, the oldest of which may be Precambrian; the middle 
may be Lower Cambrian, and the upper Middle Cambrian in age. It is 
proposed to retain the name Mount Cap for the uppe'r thin sandstones and 
the overlying phyllites, for it was from fossils in the sandstones that the 
age of the beds was determined as Cambrian. The subdivisions are 
described below. 

Precambrian (?) 

The lower beds exposed in the eastern side of Cap mountain consist of 
shales which, according to Kindle, may be divided into a lower division of 
greyish to drab shale 225 feet thick, and an upper division of dark shales 

'Geol. Surv., Can., Sum. Rept., 1921, pt. B, p. 59. 
'All the Cambrian iossils referred to in this report were identified by Dr. C. D. Walcott and 

Dr. Resser. 
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150 feet thick. Above these shales are grits, conglomerates, and sand­
stones, highly impregnated with hematite. These beds resemble the 
basal beds of the Cambrian of the Cranbrook area as described by Schofield. 1 

Although no unconformity has been demonstrated, the conglomerates and 
grits resting upon the shales clearly indicate a period of renewed uplift 
and erosion, and on this ground the underlying shales are provisionally 
classed as Precambrian (Beltian?) in age, and the overlying formation is 
Lower Cambrian, as described above. 

In the western-facing escarpment of the southern end of mount 
Clark, ferruginous beds occur about 800 feet below the top of the mountain. 
It is probable that the underlying beds, here mostly covered by talus, are 
to be correlated in age with these shales. 

Mount Clark Formation 

In the Cap Mountain section, ferruginous grits and conglomerates 
overlie the dark shales here regarded as Precambrian. These and the 
overlying quartzite and sandstone make up the Mount Clark formation 
as here defined. The section, taking Kindle's figures, is as follows: 

Feet 
Red quartzite and sandstone...................................... 500 or more 
Red shale and ferruginous sandstone.. . . . . . . . . . . . . . . . . . . . . 50 
Low-grade hematite.................... . ...... . .................. 20 
Red ferruginous sandstone..... . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

From the upper beds of the quartzite, Crickmay collected Scolithus, 
as reported on by Dr. Walcott. 

In the Mount Clark section, ferruginous beds and green micaceous 
shale are overlain by pink and white quartzite 500 feet or more in thickness, 
above which is arkosic grit 10 feet thick, and 15 feet of fissile green shale, 
upon which rest eroded remnants of arkose. Near the top of the quartzite 
Salterella and Olenellus canadensis Walcott were found in the shale. On 
the evidence of these fossils, the age of the beds is fixed by Dr. C. D. Wal­
cott as Lower Cambrian and consequently the Mount Clark formation, as 
exposed in mounts Cap and Clark, is considered to be Lower Cambrian. 

Mount Cap Formation (Re-defined) 

In rusty, thin-bedded sandstone near the top of the beds exposed in 
Cap mountain, fragments of trilobites were found in 1921, which were 
identified by Walcott as Saratogia. On this evidence all the Cap Mountain 
beds were classed as Cambrian in age, with a suggestion of Upper Cambrian 
affinities. This year Lingnlella sp., Bathyuriscus (Poliella) cf. sylla Wal­
cott, Bathyuriscus n. sp., 11Ptychoparia" sp., and seaweeds were found in 
the same sandstones. In addition to tJbe 100 feet or more of green and 
rusty, thin-bedded sandstones, and overlying grey and rusty shales or 
phyllites, there were discovered, about one-half mile to the north, fissile 
green phyllites, probably belonging still higher in the section. The 
phyllites are down-faulted against quartzite and their real position is, 
therefore, in doubt. In these, as already stated, Lingulella? and Tetrad­
ium-like forms were found. 

I Schofield, S. J .. neol. Surv., Can., Dull. No. 35, p. 7. 
Specimens of these beus have been examined by Schofield who first recognized their resem­

blance to the conglomern.te n.t the base of his Burton formntion. 
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The thin sandstones, shales, and phyllites are included in the Mount 
Cap formation, the age of which is Middle Cambrian, according to W al­
cott's determination of the fossils found this year. 

Green phyllites of simila.r character occur at the forks of Saline river, 
about 8 miles above its mouth, and in these Walcott has recognized Bathy­
uriscus n. sp. of Middle Cambrian age. About 25 feet of beds are exposed 
at this locality, but, as at Cap mountain, the thickness of the formation 
cannot be determined. 

Saline River Formation 

In the banks of Saline river, from 1 t to 2 miles above its mouth, 100 
feet of beds are exposed as follows: 

Feet 
Soft, red, earthy shale, with interbeds of gypsum one inch thick, at base.. 15 
Green shale, with large salt hoppers, and running brine, from which salt 

forms in the creek bed during midsummer by evaporation............. 10 
Green shale, with occo.sional thin red beds................................. 30 
Sho.le beds, firm, dark and light alternating............................... 45 

In the talus from the upper shales Lingulella sp. and Micromitra were 
found. 

A distance of about 6 miles intervenes between the Middle Cambrian 
phyllites of Saline river and the red shales, but between these phyllites and 
mount Clark there are exposures of fine-grained, unfossiliferous limestones 
extending up the sides of a hill for about 400 feet. They are, probably, 
interbedded with shales. At various places on the hill are sink-holes 
that owe their origin to the solution of underlying gypsum or salt beds. 
Fine-grained, buff-weathering limestones, similar to those near the sink­
holes, form a ridge of hilfs east of mount Clark, and are separated from the 
Mount Clark quartzite by a fault. These limestones are thought to be 
included in the upper beds of the Saline River formation. 

West of Cap mountain, as described in last year's report, soft, red 
shales with interbeds of gypsum and selenite outcrop at the base of mount 
Kindle, and apparently are in sequence with the Mount Cap phyllite 
beds, although several hundred feet of covered interval intervenes. The 
red colour of the shales appears to be largely a result of weathering, for 
the centres of most red nodules are green. The red gypsiferous horizon 
also outcrops east of Cap Mountain fault in the easterly-dipping section. 
Although no complete section is visible, the soft shales probably are 200 
feet thick. Upwards the shales grade into green shales, with alternating 
soft and hard beds. Much of the section on mount Kindle is obscured by 
talus, but the formation probably extends upward from the red beds for 
300 feet, or to the base of firm calcareous shale which forms a cliff. This 
subdivision is arbitrary and the actual relationships with the overlying 
beds are unknown, although the strike and dip do not change noticeably. 
In the tal us from some of the upper beds Obolus mcconnelli Walcott was 
found. 

In the eastern face of mount Charles, as already outlined above, 
some 150 feet of grey gypsum is overlain by 200 feet of brecciated, porous, 
massive limestone in which Kindle probably found his fossils. The 
writer knows of no such gypsum beds elsewhere in the Lower Silurian 
formations, and they would appear to belong to the Saline River formation 
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which is essentially gypsum bearing. The age of the Saline River forma­
tion is based upon the meagre fossil collections noted above. Dr. W a1cot t 
considers the fossils as ).'Iiddle Cambrian. On this basis the Saline River 
formation is an upper division of the Middle Cambrian, the Mount Cap 
formation being the lower division. The contact and intervening beds are 
obscured. 

Evidently Upper Cambrian and all of Ordovician time are indicated by 
the contact between the Saline river and the Franklin Mountain forma­
tions. This contact was not observed, being generally talus covered. 

The gypsum and overlying 320 feet of limestone correspond in position 
with the Saline River formation, and the gypsum content increases the 
similarity. Kindle states, however, that he collected Lower Silurian 
fossils from the lowest beds of the sec.tion (presumably above the p;ypsum) 
and on this ground the writer includes all the beds above the gypsum, 
provisionally, in the Franklin Mountain formation. The conglomerate 
bed with limestone matrix may necessitate a separation out of the beds 
below it under a new formational name. 

Franklin J11 ountain Formation 

Above the talus-covered beds on mount Kindle assigned to the upper 
part of Saline River formation there are nearly 500 feet of grey, buff­
weathering, calcareous shales, with red interbeds, grading upward into 
buff limestones upon which rest the Mount Kindle coral-bearing limestones. 
The upper contact is well exposed in the second mountain south of mount 
Kindle, where yellow, thin-bedded, fine-grained limestone is overlain by 
grey limestone bearing Niagara corals. No angular unconformity is 
observable, but the change is abrupt, and although no fossils were found in 
the beds immediately below the contact, Rhipidomella circulus and R. 
hybrida were found about 15 feet lower down. These suggest affinities 
with the Nledina Cataract formation of Ontario, of Lower Silurian age. 
The contact is thus shown to represent a lost interval of sedimentation, 
and so is disconformable. The upper limestones of the formation are in 
part fine grained, and grey or pink, and elsewhere are nodular and buff 
coloured. It is thought that the buff limestones cast of mount Clark, and 
on the bill between Saline river and mount Clark, belong to this formation. 

The Mount Charles section, as already given, consists, from the base 
upward 1 of 150 feet ± of grey gypsum, 200 feet of cavernous limestone, 
120 feet of grey limestone, 75 feet of lim·estone containing pebbles and 
grains of quartzite or chert, and some worn fossils, and some 470 feet of 
grey limestone, apparently without fossils, which is overlain without 
apparent break by limestone bearing Niagara corals. In position in the 
section and in scarcity of fossils, the upper 520 feet of beds correspond 
with the Franklin l\IIountain formation of mount Kindle and vicinity. 

MOUNT KINDLE FORMATION 

As already described, the barren, or nearly barren limestone beds at 
the top of the Franklin l\11ountain formation, are overlain (apparently 
disconformably) throughout the Franklin mountains by grey limestones 
carrying a coral reef fauna, very similar to that of the Niagara limestone of 
the Great Lakes region. The lVIount Kindle section was described by 
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the writer last year. On the second mountain south of Kindle this for­
mation is about 560 feet thick and consists of the following units: 

Thickness 
Feet 

Thin-bedded waterlime, no fossils..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 
Grey limestone, containing near top Palmafavosiles aspera and Tremalonolis.? 

Near middle, Palmoj,wositcs aspira (d'Orbig;ny) and Rhynchone/la sp. 
About 20 feet above base, Zaphre.ntis sp., Favosiles sp., HallJsitrs caltnu­
laria var. micropcrrus (Whitfield). About 5 feet above base, Zaph­
rentis sp., Palmojavosites a.spern (d'Orbi;n.v), Platystrophia bi/utala 
Schlotheim, Rhipid<Jmclla circulus Hall? Homocospira aprinijormis 
Hall.' Total............. .. . . .. . .. .. . .. . . . .. .. . .. . .. .. . 260 

This is overlain by limestone breccia of the next higher formation. 
The coral limestone forms the peak of mount Kindle and several mountains 
in the vicinity. 

On the flank of Lookout mountain, about 16 milrs north of Cap 
mountain, the coral beds outcrop, but are mainly obscured by the over­
lying and unfossiliferous limestone. 

On mount Charles, as already described by Kindle, the coral beds 
form thr top of the peaks, and the west flank of the mountain at Bear 
river. Near the river, the section consists of 240 fert of coral-bearing, 
grey, magnesian limestone, 60 feet of chert (probably silicified limestone), 
and an upper member of 180 feet of light grey dolomite with thin, hard, 
even beds at the top. These are overlain by coarse dolomites of the next 
higher formation. About 3 miles to the north, the coral limestone that 
forms the main peak of mount Charles is over 200 feet thick and is overlain 
to the westward by 300 feet of fine-grained, white chert, which appears 
to be a replacement of dolomite. The chert is overlain by gypsum of the 
next higher formation. 

The coral beds contain: 
1Acervularia gracilis (Billings), Diphyphyll-um mullicaule Hall, Pal03o­

favosites aspera d'Orbigny, Halysites catenularia microporus (Whitfield), 
Halysites compacta Rominger, Plasmopora follis Edwards and Haime, 
Orthoceras sp. 

These fossils are closely related in age to the corals of the Niagara 
limestone of lake Huron and lake Timiskaming, and indicate a Middle 
Silurian age for the formation. The upper unfossiliferous water-limes, 
cherts, etc., may, with good reason, be considered as a separate formation; 
on the other hand, they may represent a shallowing condition of the seas 
at the close of Niagara time, as is the case with the Eraroosa water-limes of 
Ontario. In part the upper beds may represent Guelph time. It seems 
simpler at present to consider these beds as the upper division of the 
Mount Kindle formation. 

LONE MOUNTAIN FORMATION 

Kindle2 has described the Lone Mountain formation from Lone mount­
ain at the mouth of North Nahanni river, and includes in it the beds 
below the fossiliferous Devonian limestone, as follows: 

Feet 
(b) Light grey to dark, almost black dolomite and magnesian limestone 

mostly fine grained but with some beds of saccharoidal texture, about 1, 500 
(a) Massive, dark grey limestone, some beds mottled with dark-coloured 

dolomite. Corals present.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

1The coral from mount Kindle identified in Geol. Surv., Can., Sum. Rept., 1921, p. 60 B, as 
Columnaria ah"oiJ!Ia proves to be a specimen of Acerll>tlaria aracili8 with small, regular corallites. 

2 Kindle, E. M., Geol. Surv., Can., Sum. Rept., 1920, pt. B, p. 44. 
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Throughout the southern 50 miles of Franklin mountains, the Middle 
Devonian limestone rests upon massive, dolomitic limestone cut and 
impregnated by veins and stringers of calcite. No fossils were found in it, 
and the underlying fossiliferous beds have been placed by the \vriter in the 
Mount Kindle formation. With this slight modification of definition, 
that js, excluding such beds as Kindle's lower 50 feet of fossiliferous lime­
stones, the formations described below will fit into the Lone l\1ountain 
formation already established by Kindle on North Nahanni river, and on 
Discovery range north of N annan. As will be seen below, brecciation, 
gypsum content, and 1n genern.l, variable characters, mark this formaLion 
in Franklin mountains. 

KindJet has described the formation on Bear mountain underlying 
the fossihferous, Devonian limestone, as the Bear l\1ountain formation, 
and has included in it near the base the Red gypsiferous shale with bands 
of selenite, locally known as the "Beavers." He concludes: "It is not 
impossible that the Bear Mountain formation may rep resent a special 
facies of the Lone Mountain formation." Kindle fails to bring out in his 
section the brecciated character of much of the formation, which impressed 
the writer while studying it. Having seen a series of sections of limestones 
and dolomites, occupying stratigraphically the place of the Lone Mountain 
formation, and extending from Lone mountain to mount Charles, the 
writer is satisfied that all but the lower red gypsiferous beds of the Bear 
Mountain formation are to be correlated with the Lone 1v!ountain forma­
tion. 

The red gypsiferous shales are identical in lithological characters with 
the gypsiferous beds of the Saline River formation, and as the outcrops in 
Bear mountain have been clearly faulted, to form the three exposures 
known as the Beavers, the writer is not convinced that the red beds properly 
belong with the Bear 1viountain formation. In case the sequence is tmdis­
turbed, the red beds are to be correlated with the grey gypsiferous beds of 
the Lone Mountain formation as developed at mount Charles. 

On mount Kindle and in the vicinity, massive, brecciated, light grey 
dolomite containing gypsum overlies the Mount Kindle formation, and is 
overlain by Middle Devonian grey limestone. The thickness is about 
1,600 feet, which may be due in part to the thickening of this soft, incompe­
tent formation near the crests of the anticlines by the action of mountain­
building forces. The general characters clearly suggest an original gypsum 
member, as is the case in the Mount Charles section. Brecciation also 
involved the lower beds of the Middle Devonian limestone, fossiliferous 
fragments of which are included in the upper brecciated beds. Light 
coloured dolomite of the Lone Mounta)n formation forms the crests of 
low, rounded mountains over an area north of Cap mountain, which 
probably extends beyond Blackwater river. 

On the north branch of Blackwater river faulted brecciated dolomite 
is well exposed. Toward the top it exhibits· complicated crossbedding 
in unbrecciated beds. The contact with the overlying 1\lliddle Devonian 
limestone 1s clear and apparently disconformable. 

On mount Charles, near Great Bear l'iver, 340 feet of saccharo\dal, 
coarse-grained, brown dolomites overlie the firm beds of Mount Kindle 
formation, and are overlain by more than 100 feet of thin-bedded, brown 

!Jbid, p. 45 B. 
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dolomites, in part brecciated. The top of the section was not seen. Three 
miles farther north, the chert beds of the Mount Kindle formation are 
overlain by about 500 feet of grey gypsum, which in turn is overlain by 
Middle Devonian limestone. The sudden lateral change in gypsiferous 
formations is in accordance with occurrences elsewhere. Thickening and 
thinning due to mountain movements are altogether likely. 

The age of the Lone Mountain formation has been given as Silurian 
by Kindle and this is substantiated by its position in the section, and its 
characters, which are analagous to those of the Salina formation of Ontario, 
and New York, and the Upper Silurian gypsiferous and saline formations 
of Manitoba and northern Alberta. The contact with the Mount Kindle 
formation appears to be conformable, and that with the overlying Middle 
Devonian limestones disconformable. The age of the formation i:; conse­
quently thought to be Upper Silurian. 

MIDDLE DEVONIAN LIMESTONE 

The Middle Devonian limestone of Franklin mountains was described 
in last year's summary report, and but little new information has been 
gathered regarding it other than its areal extent. The formation consists 
of dark grey, semi-crystalline, and, in part, argillaceous limestones, estimated 
to be 2,000 feet or more in thickness. The lower 600 to 700 feet are most 
commonly exposed in Franklin mountains, where they form the western 
slopes. On the north branch of Blackwater river the Middle Devonian 
limestone overlies brecciated dolomite of the Lone Mountain formation. 
Brecciation ceases at the contact, the massive grey Devonian limestone 
being entirely unaffected. Black chert nodules occur in the brecciated 
beds. 

The following fossils were found to be the best guides to the Middle 
Devonian limestone: near the base-Schucherlella sp. nr. and higher up 
Phillipsastrcea verneuilli Edwards and Haime, Cladopora dispansa Davis; 
and Productella spimtlicosta Hall. 

SIMPSON AND HIGHER SHALE FORMATIONS 

Shale of Simpson age probably lies buried beneath the drift a short 
distance below Roche-que-trempe-a-l'eau as exposures of dark grey shale be­
longing higher in the section occur in the west bank of Mackenzie river about 
9 miles below Wrigley. This section is about 160 feet thick and contains 
fossils in a 2-inch bed of limestone about 70 feet up. The lower beds con­
tain discoid ironstone concretions from 2 inches to 1 foot in diameter and 
cone-in-cone concretions of calcite, formed around ironstone centres. 
These peculiar concretions are generally discoid and vary from 9 inches to 
2 feet in diametrr. 

Nearly opposite Ochre river, 5 or 6 feet of limestone with interbeds of 
shale overlie soft green shale. The beds dip to the south, but the fossils 
which they contain are thought by Hume who studied these exposures west 
of Mackenzie river to represent beds higher than Simpson shale. 

From 9~ to 11~ miles above Johnson river, jointed, fine-grained sand­
stone, and soft green and grey shales outcrop along both banks of the 
Mackenzie. About 30 feet of beds are PXposed in the east bank just below 

63414---U} 
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the upper trail to Blackwater lake. The beds dip gently to the west and 
consist of olive-green fissile shale, with interbecls of thin, sericitic, schistose 
sandstone. V\7 orm castings and concretions similar to those of the first 
exposure below Wrigley also occur in the sandstones. These shales and 
sandstones are probably higher than the Simpson shale division of the 
Upp~r DevGnian. 

CRETACEOUS S:\NDSTONES AND SHALES 

Outcrops of shales and interbedded sandstones occur in the west bank 
of the Mackenzie about 2 miles below the mouth of Dahadin ni river, and 
continue down.stren.m for about 3 miles. 1 Another outcrop occurs about 
3 milf~s farther down. The beds dip down river about 2 feet in 100 feet. 
The uppn section consists of soft, hackly, green shale, with 6 inches to 1 
foot of grey sandstone 3 feet up, and a 2-foot bed of hard sandstone 15 
feet up. The lower sandstone contains trail markings, and current ripples 
about 2 inches across . Fossils were found in the lower sar,dstone and shale 
beds and in cuneretions contained in the lower beds: but F. H. l\{cLearn 
recognizes only Pecten sp. and states that uu ntil faunas of Mackenzie 
River Cretaceous a.re studied systematically, only preliminary identifica­
tions ean be made." 

The beds may be classed as Cretaceous in age. 
On Great Bear river, on both sides of the rapids, about 2 to 3i mites 

above mount Charles, brown sandstones outcrop, dipping southeast about 
3 degrees2

• These beds contain the following fossils as identified by F . H. 
Me Learn: Inoceramus sp., large indeterminate starfish trails in sandstone 
and impression of soft-bodied coelenterate, a Medusre? These beds arc 
classed as Cretaceous. 

The Cretaceous beds of Great Bear river are separated from the 
east-facing escarpment of mount Cha-rles by a covered interval of nearly 
2 miles. The Silurian rocks of mount Charles appear to be terminated to 
the east by a fault, but the throw would, in all probability, not be great 
enough to bring higher beds than those of Silurian a.ge beneath the Cre­
taceous deposits. This conclusion is supported by observations made 
throughout the Franklin mountains. On Niackenzie river the subjacent 
strata are not exposed, but it is probable that either M1ddle Devonian 
limestones, or Upper Devonian shales underlie the Cretaceous deposits. 
A decided unconformity is suggested although not proved. 

EOCENE DEPOSITS 

As reported by McConnelP semi-consoltdated sandstones and shale 
of Eocene age outcrop at Norman and vicinity. These deposits outcrop 
on the west bank of Mackenzie river 1 18 to 22 miles above Norman 1 on the 
north ha.11k from 2 to 7 mites above Norman 1 and at :Norman extending 
around on to Great Bear river and along the southeast bank, upstream 
to the sma.ll point opposite the mouth of Brackett river. 

The beds 20 miles above Norman dip to the south at, about 10 to 15 
feet per thousand feet and are estimated to be about 300 feet thick. The 

1 :\1cConnel1, n. . G., G eo!. Surv., Can .. Ann. Rept., vol. IV, p. 21 D. 
2 B~ll. J. M .. CMI. Surv., C!l.n., Ann. Rept., vo\. xrr, p. 25 c. 
3 (; eol. Surv ., Can . , .\n n. Rept.., vol. IV, p. 22 D. 



outcrops are partly obscured by glacial till and gravel, but the lower 
outcrops are well exposed and represent a section as follcws: 

Thicknr~ss 
Feet InchC's 

Glacial silt .................................... . .... . . . .... . . . . . .. . . . 
Grey and brown sandsr.one, cros3bedded................... . . . . . . . . . . 10 
Gra.vel mixed with shale; pebbles of limestone, quartzite, a.nd dark 

chert ................................................................... . 
Grey, friable, crossbectcled sandstone................................ 50 
Brown concretionary s.ctndstone, containing silicified wood and leaves 

of deciduous trees.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

The section upstream, belonging just above, is as follows: 

Lignite in p!:1ces ... . . . ... . . . . . . .. . . . . . . .. . .. . . 
Covered interval..... .. .. .. . . ... . . .. . . . . ... . 
Pea-f!Tcer. shale.. . . . . . . . .................... . 
Lignite at water's edge ........................ . 

Feet 
4 

lZ 
8 

Still higher in the section is another upstrean) exposure as follows: 
feet 

Silt.................................... . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Lignite and shale, the uppor 20 feet containing fair lignite beds.... . . 30 
Grey, silty shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 . 

In the upper exposures much of the shale is burned brick red by the 
combustion of the lignite. Charcoal occurs in some of the thin upper 
lignrL8 beds in the vicinity of upright tree stumps. 

The section 2 to 6 miles above Norman consists of 80 feet of light grey, 
semi-consolidated sandstone, with lignite near the base, as seen in up-river 
exposures. Near the middle of the section is a 15-foo.t massive bed, with 
a thin lignite bed just above it. Another thin lignite seam occurs near the 
top of the section. As the lignite, where best developed, is now on fire, 
or has been. burned out, its actual tbickn0ss is problematical. Le~vcs from 
this locnlity and the exposures described above were colle::ted by G. S. 
Hun1e jn 1921 and re.ferred to \V. A. BelP who reported on thein a.s follows: 

11 Two miles ahove :-.ronna.n, Sequoia langsdorfi (Brongniert) B~eer; 
Corylus maqu.a!'ri (Forbes) Heer; Pterospennites dentatus Herr; P. spectab1:l'is 
Hecr; Popul11-s arctica Heer; P. hookeri? Heer; Quercus cf. olafseni Heer." 

nFrom west bank of Mackenzie 20 miles above N orman-·Acer cf. 
a-rcticurn Hcer." Bell assigns these beds to the Eocene and concludrs that 
the clilnate of the time was temperate. 

The deposits along the southeast side of Great Bear river may be 
illustratP-d by the section 1 ~ miles above the MackenziB, which )s as fol­
lows: 

Thickness 
Feet 

Cross bedded sand with some firm beds................................... 2S 
Fine, loose conglomerate, composed mostly of polished pehbles of black, 

cherty argillite, about 1 inch in diameter ............................. . 
Low-grade lignite ...................................... • .................. . 
Unconsolidated sand with thin conglomerate beds ................... . . 
Talus covered from river level up ............................ . ......... . 

40 
1 

30 
20 

The argillite pebbles litter the beach at Norman and are similar to 
pebbles in the Cretaceous on Ljard and Fort Nelson rivers. Keele2 describes 

1 Geol. Surv., Can., Sum. Rept., 1921, p. 76 B. 
2 Keele, J., "A Reconna.issn.nce Across the Mackenzie Mountains in the Pelly, Ross, o.nd Gravel 

Rivers, Yukon and North West Territories." Geol. Surv., Can., p. 40. 
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l:ilmilar pebbles as occurring in conglomerates referred to the Cretaceous, 
found by him on the north bank of Gravel river about 25 miles above its 
mouth. Black shale interbedded with cherty argillites, and cherts are 
mentioned by Keele (page 38) as occurring in beds of Upper Ordovician 
age; on the upper waters of Ross river. The Carboniferous formations of 
Yukon also contain chert, and Hume reports chert in Carboniferous rocks 
in Mackenzie mountains north of Liard river. As no Carboniferous 
formations are known immediately west of Gravel River-Fort Norman 
area, it seems probable that uplifted Ordovician strata were eroded to 
supply the gravels of Cretaceous time, although Carboniferous formations, 
since eroded away, may have been the source of the pebbles. The erosion 
of the Laramide mountains may have released these pebbles to be included 
in the Eocene conglomerates. 

PLEISTOCENE AND RECENT DEPOSITS 

As already stated, glacial erratics of Precambrian origin are found 
scattered over Franklin mountains right to the top of Cap mounta,in, and 
to within 200 feet of the top of mount Clark. Glaciated valleys are com­
mon, but glacial strire were seen only on the quartzite of Cap Mountain 
ridge where the direction of ice movement is indicated as 12 degrees and 
17 degrees north of west and on mount Clark where the direction is 20 
degrees north of west. These rather abnormal d·irections were probably 
due to the defl.exions caused by local topogTaphic features. The valleys 
of Mackenzie river and its tributaries are in general cut into till and out­
wash glacial material. At Oclne river the section of till is 150 feet deep. 
Limestone boulders here are mixed with Precambrian boulders, but are 
less worn. From Blackwater river down, the top of the glacial deposits is 
150 to 200 feet above the bed of the Mackenzie. At the mouth of rivers 
flowing from the west, much gravel and sand occur, as in the banks of 
Dahadinni river, where 30 feet of coarse gravel is overlain by 100 feet of 
evenly bedded clay, sand, and yellow silt. Saline river flows through rolling 
country, where the soil is well drained and gravelly. Evidently an unusual' 
amount of glacial morainic material was dropped on the lee side of mount 
Clark. Farther north, and especially along Great Bear river, the glacial 
debris is rather evenly and thinly spread out, and innumerable lakes occur, 
with muskeg intervening. 

STRUCTURE 

With steep escarpments to the east and gentle slopes to the west 
Franklin mountains as a range consist of westerly tilted fault blocks. 
Actual faults were observed at a number of localities and best of all in the 
vicinity of Wrigley. There Roche-qui-trempe-a-l'eau and mount Gaudet 
at the northern end of the ridge consist of a closely folded anticline with 
eastern face terminated by a strike fault. Branch faults occur at the 
southern end of the ridge and much calcite and selenite have penetrated 
crevices and fissures and some beds of limestone have been changed alm-ost 
entirely to chert. The fault line appears to pass to the north along the 
steep east face of a small mountain whic-h was not visited. As no rock 
is visible against the eastern side of the fault plane the throw of the fault 
cannot be determined. The nearest rock outcrops to the east are 4 miles 
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away and consist of Upper Devonian limestone, but it would appear that 
the formation underlying the intervening fiat land is probably Upper 
Devonian shale as is the case elsewhere in the vicinity. 

The fault scarp along the eastern face of Cap mountain is even more 
interesting in that it has been traced into a normal anticline at its southern 
extension and in that it curves like a drawn bow away to the northwest. 
The maximum downthrow was to the northeast and has not been measured. 
The escarpment is, however, about 1,000 feet high and the fault is probably 
not less than 2,000 feet. 

Between Ochre river and Blackwater river the formations clip gently 
to the west, but the topography along the eastern extension of the mountains 
gives even at a distance the suggestion of steeper dip. On lower Black­
water river gentle folds and minor faulting occur. 

In the vicinity of Saline river the folding is gentle, except in the case 
of mount Clark where the Precambrian-Cambrian? quartzite has been 
folded into a closed anticline which has faulted along its southeastern 
extension with upthrust from the eastward estimated at 2,000 feet . Another 
fault nearly parallel with this one passes east of the base of mount Clark, 
separating the Lower Cambrian quartzite from Upper Middle Cambrian 
limestone and thus having a probable downthrow of about 1,500 feet to 
the east. 

The eastern face of mount Charles, which is in strike with a similar 
escarpment on the east side of a small mountain 2 miles south of Great 
Bear river, is best explained as a fault scarp. The nearest rock outcrops to 
the east are of Cretaceous age and are about 2 miles away. The mountain 
stands, however, about 1,400 feet above the bed of the stream which flows 
along its eastern side, and the downfaulting on the east is probably of this 
amount. 

MOlJNTAIN BUILDING AND EARLIER UPLIFT 

Franklin mountains and the adjacent parts of Mackenzie and Bear 
rivers have not furnished complete evidence of the age of mountain build­
ing. The absence of Carboniferous, Triassic, and Jurassic sediments 
suggests that the region was above sea-level in Upper Palreozoic and 
early and middle Mesozoic time. The calcite and selenite veins, and the 
crystallization, silicification, and dynamic metamorphism of the Silurian 
and Devonian sediments indicate disturbances which did not affect the 
Cretaceous unmetamorphosed beds. Most conclusive of all is the evidence 
of the chert pebbles in the Cretaceous conglomerates. These pebbles 
evidently came from Palreozoics exposed by erosion in the Mackenzie­
Yukon mountains. The combined evidence points to uplift and deep 
erosion before Cretaceous time, at least in the region of the Yukon-Mac­
kenzie watershed which Keele1 recognized as of earlier origin than :vlackenzie 
mountains. 

A second uplift and the building of fault-block mountains occurred, 
however, after the Cretaceous sediments of the Mackenzie basin were 
deposited, as already stated by Kindle and others. The Cretaceous sedi­
ments are somewhat tilted in the vicinity of Franklin mountains and the 
drainage system, major and minor, was well established before the Eocene 
deposits were laid down. Not only are these deposits undisturbed, but 

' l(eelc, J., Ibid , p. 17. 



86B 

they contain, in conglomerate beds, large quantities of chert pebbles 
which were probably derived by destruction of the Cretaceous conglom­
erates. It may be argued that these pebbles and those of the Cretaceous 
have come from the same source, and this is possible. However, the finer 
polish and excessive wear of the pebbles, along with the finer character of 
the Eocene deposits as compared with the Cretaceous sediments, suggest 
that they have undergone two periods of erosion and deposition. The 
present mountains are doubtless a product of the Laramide revolution 
during which the Rocky mountains were built; there is good evidence, 
however, for believing that the Palreozoics were at least uplifted and 
differentially eroded in post-Devonian, pre-Cretaceous time. Other 
workers in the region may be expected to add conclusive evidence in this 
regard. 

ECONOMIC GEOLOGY 

PLACERS 

Small traces of placer gold were found in the gravel at the mouth of the 
River-between-Two-Mountains by Messrs. Adams and Malley early in 
the summer of 1922, and as a result the river was staked for about 8 
miles, or through the mountains, by local traders and trappers. There is 
a story that men on their way to Yukon in 1898 or 1899 discovered gold 
here. The writer, in 1921, studied the mountain on the south side of the 
canyon and also the river valley for about H miles up, and one of his 
party panned at the river mouth, but owing to high water did not find the 
gold-bearing beds. This year the writer panned again and found fine 
flake gold on the discovery claim. Similar gold is said to have been found 
through the mountain canyon, which is walled by dolomite of Upper 
Silurian age, capped by ::\1iddle Devonian limestone. The river flows 
along its lower course through a valley cut about 100 feet into glacial till 
and outwash gravel, and considerable material of the same kind occurs as 
far up as the mountains. The gold is clearly derived from the unconsoli­
dated glacial deposits, and large placers are not to be expected. 

GYPSUM 

Gypsum beds occur in the Saline River formation at the foot of mount 
Kindle and in adjoining mountains on Saline river about 1! miles above its 
mouth, and on mount Charles. In the Franklin Mountain formation in 
the eastern face of the mountain and near Great Bear river about 150 
feet of grey gypsum outcrops. In the Lone Mountain formation about 2 
miles north of Great Bear river, on the western slope of the mountain, 
white to grey gypsum outcrops with an estimated thickness of 500 feet. 
These Mount Charles deposits are within reach of water transportation 
on Great Bear river, should sufficient demand arise for gypsum in the 
lower Mackenzie valley. Specially constructed, shallow draft boats 
would be required, however, and the season of transportation would be 
limited to a few weeks in the latter part of the open season. 
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SALT 

Brines oozing from the salt beds of the Saline River formation, about 
H miles up Saline river, evaporate sufficiently during the low water of 
summer to form encrustations of salt on the gravel of the river bed. 'i'his 
salt has been long known to the Hudson's Bay Company, and has been 
used locally for table and preserving purposes. The 11uantity of salt 
produced is very small. 

LIGNITE 

Until stripping and sampling have been undertaken, the value of the 
Tertiary lignites above Norman will nut be knovm. The best-looking 
beds occur in the west bank of the river about 21 miles above Norman, 
and near the survey station P.M. 14 north. Here 20 feet of beds near the 
top of the section appear to be composed principally of lignite beds. Samples 
of coal burned in the camp fire and in a camp stove proved to be very high 
in ash; and silicified wood is commonly found in the lignite beds or in close 
association. 

PETROLEUM 

The region occupied by Franklin mountains is unfavourable for the 
occurrence of petroleum. From the vicinity of Wrigley to the mouth of 
Dahadinni river only a narrow belt of Upper Devonian shales borders the 
east bank of Mackenzie river, and the Middle Devonian limestones forming 
the west flank of the mountains are without protective covering and are 
deeply eroded. These limestones are the hope of the oil prospector, and 
it will be seen that they are not suitably protected to contain oil in this 
vicinity. North of Dahadinni river the Devonian formations cross to the 
west side of the M8ckenzie, leaving only Silurian and older formations on 
the east as far north as Great Bear river, and much farther in the hilly 
region extending northerly from mount Charles. 

Independent of the occurrence of formations, the sharp folds and 
extensive faults of the Franklins, together with metamorphism, silicifica­
tion, etc., are very unfavourable for oil accumulation. 

The Cretaceous and Eocene beds are much too isolated and eroded to 
offer any hope of oil deposits. 
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INTRODUCTION 

During the season of 1922 the writer completed the geological recon­
naissance, commenced in 1921, of the country along Mackenzie river 
between Providence and Simpson. The ordinary route 1nto the field was fol­
lowed, starting from Edmonton June 12, and arriving at Providence June 24. 
The Hudson's Bay Company has a fast new boat on the upper part of the 
route between Waterways and Fitzgerald.. The journey from Fort Smith 
to Providence was made in schooners bound for the Arctic, and Great 
Slave lake was crossed while a certain amount of ice was still present. 
On the return trip Edmonton was reached on September 29. 

Micrometer surveys were carried up Bouvier river for 17 m1les, Red­
knife river for 45 miles, Jean-Marie river for 110 miles, and R.abbitskin 
river for 25 miles, and in the case of the Redknife and Jean-Marie, were 
carried to their headwaters. Geological traverses were made back from 
the river, and one long traverse of 20 miles was made from Rabbitskin 
river to the north into Horn mountains. All the navigable streams in 
this area have now been examined. Trout, Horn, and Kakisa rivers were 
traversed in 1921. A. K. McGill acted again very efficiently as assistant. 

The writer wishes to r1.cknowleclge many kindnesses accorded him by 
people in the district, and more particularly the officers of the trading 
companies at Providence and Simpson, and especially Sergeant Thorne 
of the Royal Canadian Mounted Police, with whom the whole party stayed 
in Simpson while waiting for transportation to Rdmonton. 

GENERAL DESCRIPTION OF DISTRICT1 

As regards the streams entering the lVIackcnzie it must be remembered 
that dead water is at the mouth of every tributary, so that an accurate 
estimate of their volume cannot be made unless they are explored for some 
distance. 

1 Geol. Surv., Cu.n., Sum. RepL., 1921, pt. B, pp. 45-55, and Map 19.3G. 
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BOUVIER RIVER 

Bouvier river joins the Mackenzie from the south, about 25 miles 
below Mills lake. It is 100 to 200 feet wide for a distance of 3 miles above 
its mouth, but then becomes a rushing, turbulent brook, 15 to 25 feet 
wide, full of boulder rapids, obstructed by log jams, and almost impassable 
for canoes. 

For 6 miles the river flows over gravel and shingle bars between low 
banks of boulder clay. Going upstream, the banks rise and the river cuts 
down to bedrock, and flows in a low, wide gorge flanking shales with sand­
stone partings which belong to the Hay River formation. The lowest 
exposures occur 12 miles above the mouth. The valley maintains its 
southerly direction and widens to about 500 feet, with a depth of 75 feet. 
In this part of the river, rock exposures occur mostly just at the top of the 
banks, and only sections of a few feet are exposed. The river flows between 
grassy banks in the valley bottom. Back from the river on either side 
the country is an almost level plain and recently has been so thoroughly 
burned that one may walk for miles unhindered by bush. About 15 miles 
above its mouth the river abruptly turns to the west, for a quarter of a 
mile, leaving its former wide valley, and flows for about half a mile through 
a narrow gorge, 80 feet deep and only 40 feet wide, in which is exposed a 
continuous section of Hay River limestones. At the bottom of this gorge 
the river flows for over 400 yards along joint-planes. This gorge is post­
Glacial in age and is due to damming of the old channel. The river soon 
rejoins the old channel just above the gorge (Plate III A). 

For 3 miles above the gorge the river flows in a shallow, narrow valley, 
with low ramparts of limestone outcropping at frequent intervals. Above 
these exposures the general level of the country becomes less, resulting in 
the formation of a great muskeg extending east and west. It is at least 5 
miles wide and of unknown length. To the south, higher land could be 
seen, no doubt the continuation of the escarpment so prominent farther 
down the Mackenzie. This broad muskeg occupies the same flat plain 
in which lake Kakisa lies, 30 miles farther to the east. Bouvier river, 
which below this point runs in a generally north-south direction, traverses 
this muskeg in a general direction of north 60 degrees east for a short 
distance; but as its channel is not depressed at all, it wanders at will through 
the muskeg, and only a small part of the water is confined to one channel. 
The muskeg could not be traversed on foot and the survey was stopped at 
this point. 

A light canoe at high water might be brought down Bouvier river, but 
for practical purposes it is entirely unnavigable. A poorly defined Indian 
trap-line which parallels the lower, better wooded, part of the river at a 
distance of from 100 to 400 yards to the east is of some assistance to anyone 
exploring this valley. 

REDKNIFE RIVER 

Redknife river heads in Alberta plateau, in latitude 60° 55' and longi­
tude ll9° 45' and flows for about 50 miles in a general northeasterly direction 
until about 6 miles from the Mackenzie. Then it rather abruptly changes 
its course to slightly west of north, entering the Mackenzie 63 miles below 
Providence and 19 miles above the mouth of Trout river. For about a 
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mile upstream from its mouth the river is 600 feet wide, but thPn rapidly 
contracts to 50 feet and meanders among gravel bars in a valley about 
2,000 feet wide. As in the case of the other streams crossing the escarp­
ment bordering Alberta plateau, Redknife river is swift and full of shallow 
rapids and for long stretches spreads out over gravel bars to several times 
its normal width, in which places even a canoe channel is difficult to discover. 
The valley walls become higher and closer together as the escarpment is 
approached. About 10 miles from the mouth, measured by the river, the 
banks of boulder clay are abruptly replaced by sheer, vertical cliffs, and the 
river flows in a gorge 125 feet deep, whose scenic beauty is not surpassed 
by any of the canyons in this area. One quarter of a mile above the 
entrance to the gorge a small stream plunges precipitately over the eastern 
wall in a vertical cataract 70 feet high; and half a mile farther up, another 
stream enters the main river by a falls 33 feet high (Plate III B). The 
rock walls can be ascended at a few points only. Most of the rapids are too 
shallow to run, and seven portages altogether are required to pass various 
obstacles in the gorge. 

Immediately above the upper cataract mentioned above a short 
portage of 30 yards is required to pass a chute 4 feet high. Three-quarters 
of a mile farther up stream the whole volume of the river boils through a 
narrow gap 15 feet high-the Bi?; chute- -formed by enlargement along a 
joint-plane. The cliffs rise vertically for 100 feet on either side. Break­
neck portage, as this is called, is on the west side of the river. It ascends 
a vertical cliff 35 feet high, where all equipment must be hauled up by a 
windlass; it then climbs to the top of the steep cliff above the river; follows 
the cliff for 200 yards; and then descends 80 feet abruptly to the river. 
This portage leads past three chutes, is 400 yards long, and is by far the 
greatest obstacle to travel on this river. Above it in quick succession 
come four chutes, each passed by a short portage, and finally, just at the 
upper end of the gorge, a portage of 40 yards leads past a vertical fall 15 
feet high. The total length of the gorge is 3t miles. The falls are of 
very recent origin. Original.ly the river ran in a great oxbow one-third of a 
mile long, but recently the narrow neck of till has been pierced and the 
stream now falls over the old cut bank of the former channel. Since their 
inception the falls have retreated 20 feet. The old channel is readily 
recognizable by its boulders, cut banks, and sparse vegetation. One of 
these boulders showing the scouring action of the current is shown in 
Plate IV A. A small stream now occupies parts of this former channel. 

Above the falls the river turns to the southwest, and for 17 miles 
meanders in a shallow valley with grassy banks, and averages 75 feet in 
width. The cover of boulder clay is very thin, for limestone shows almost 
continuously in the bed of the stream but seldom rises more than 3 feet 
above the water. Short rapids occur with intervening stretches of quiet 
water, but become less common going up stream, and finally cease entirely. 
The river narrows to 30 feet and meanders in an exasperating manner 
through an almost level plain, 14 miles by river representing only 6 miles 
in a straight line. This is the most monotonous section of the whole 
river. The ban'ks seldom rise more than 5 feet above the water and are 
covered with fallen timber. The country was burnt over a few years ago 
and the dead trees along the river now form many log jams that within a 
few years will, probably, render this part of the river almost unnavigable. 



91B 

Above this level plain the country rises and the river once more becomes 
swift and broken by rapids which continue until lower Redknife lake is 
reached 40 miles above its mouth. This part of the river has not been 
burnt over and is a pleasant contrast to the previous section. Four miles 
below the lower lake an Indian camp site is located. The river enters 
lower Redknife lake near its northern end. Just northwest uf this point 
the outlet of the lake is very effectively masked by the thick growth of 
marsh grasses through which the canoe must be pushed. Two small 
tributaries, neither of them navigable, enter this lake. One mile above 
the lower lake a broad channe.l 100 yards long leads to the upper lake. 
For 4 miles above the upper lake, Redknife river remains about 40 feet 
wide with very little current; then it suddenly turns to the south, contracts 
to less than 10 feet wide, becomes very crooked, shallow, and swift, and is 
no lonp;er navigable. In fact, this point may be considered its head waters. 

Hay River beds 

m ~ 
Cti!dly pu,-e grt.J' 

/, tnes tone 
Spirifer d1sjunctus zone; 

tmpure lnnt:'-<.tone w1lh 
somt: ;.hale 

B EJ D [2J 
Glacial strice Geological bounddf.J Geologlc3/ lx!undary Hock outcrop 
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Sc~le of miles 
L--~~~0---------~'--------'~----__J 

Cco'OIJ;C.fi! Surv~y. C&t'lldd 

Figure 4. Redknife and Bouvier rivers, Mackenzie river, district or Mackenzie. 

Redknife lakes are less than 10 feet deep. On the southeastern side 
of both lakes a small beach has been developed. Elsewhere the shores are 
very low and marshy. A similar small, almost oval, lake occurs half a 
mile from the river about 8 miles farther north. The relationship of these 
rivers and lakes may be seen in Figure 4. Compared with the Mackenzie 
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lowlands on the opposite side of the river the Alberta plateau is surprisingly 
free from lakes, these three being the only ones seen. 

Fifteen to 20 miles south of, and easily visible from, Redknife lakes a 
group of gently sloping hills, known locally as Round mountain, reach an 
apparent elevation of 1,500 feet above the plain and are wooded to the top. 

The volume of water in Redknife river is less than one-quarter that 
of Trout river and although the Redknife may be, for canoes with light 
loads, a passable route into the area about its headwaters it cannot 
owing to shallowness and swiftness, be recommended. 

GtJLJiogical Survey. Canada 

Upper Devonian 

/ Hay . River beds 

. ~ w 
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Figure 5. Jean-Marie river, Mackenzie river, district of Mackenzie. 
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JEAN-MARIE RIVER 

J ean-1tlarie river rises within 15 miles of Trout river (Figure 5) and 
flows northwesterly for 45 miles, approaching within 12 miles of Liard 
river at the foot of the rapids. It then swings around rapidly and pursues 
a course slightly south of east until within 22 miles of the Mackenzie, 
where it turns once more to the left in a course of north 15 degrees west, 
roughly paralleling the Mackenzie for many miles and joining it 41 miles 
above Simpson. From headwater to mouth the distance is 110 miles, 
but in a straight line is only about 30 miles. The volume of water out­
ranks that of Redknife river and travelling was much easier than on 
either the Redknife or the Bouvier. 

Dead water is present for about half a mile up from its mouth, after 
which the river narrows to 50 feet and becomes swift and shallow. At 
one point there is a line of boulders lengthwise of the stream, to pass which 
a portage of 30 yards is necessary. However, about 3 miles above its 
mouth the river widens out, becomes broad and deep and nearly current­
less, broken by occasional boulder rapids. Such boulder rapids apparently 
act as dams holding back and deepening the water above. The river 
winds in a shallow valley about 600 yards wide. Twenty-one miles above 
its mouth the river passes through low exposures of grey shales and shaly 
limestones and sandstones. There the river widens to over 100 feet and is 
so swift and shallow-though without rapids-that canoes must be tracked 
up the middle of the stream. Above this point rapids once more com­
mence at intervals. The river flows in a shallow ill-defined valley and 
meanders through a plain characterized by an abundance of sandy drumlins 
which are much more pronounced here than in the areas hitherto described. 

The abrupt escarpment so prominent along the Mackenzie farther to 
the east is here represented by a very gradual rise in the Level of the country. 
Within this area of higher land the course of the river gradually swings 
from nearly east and west around to the southeast; and flows in a valley 
over 1,000 yards wide and about 100 feet deep. Within this valley the 
river is readily navigable, being wide, deep, and without current except 
rarely where blockaded by a boulder rapid. About 75 miles above its 
mouth the stream has cut down to bedrock and for 2 miles flows in the 
bottom of a shallow gorge with a maximum depth of 40 feet. In this 
gorge the stream is split by shingle bars into many channels and is very 
shallow. For 50 miles below this gorge and 20 miles above no rock 
exposures occur. 

Above the gorge easy water prevails for 8 miles up to a small lake, 
McGill lake,! 5 miles long and ~ to ~ mile wide. A barrier of boulder 
clay, represented in the river itself by a series of heavy boulder rapids just 
at the outlet, has dammed back the waters and flooded the entire valley 
floor. This lake is very shallow, and its shores are badly burned over. 
For 5 miles above the lake, similar flooded conditions occur; the river 
alternately dilates and contracts, and the valley floor is largely marsh. 
Most of this area of motionless water is thickly covered with pond lilies 
at its upper end. Jean-Marie river enters as a stream only 10 feet wide, 
very shallow and swift. This section is only three-quarters of a mile 
long and flows out of Deep lake, which is 5 miles long and one-quarter of a 

1 Named for the writers's student assistant during the seasons of 1021 and 1922. 
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mile wide. Deep lake is very picturesque and a great contrast to McGill 
lake. Its shores are high and rugged and the valley banks, which now 
approach each other closely, are more rugged, and sharply truncate thP 
level plain on either side. Rock exposures along their crests are almost 
continuous. A surprising feature of the lake is its depth-115 feet was 
obtained in the middle. About half of the lake only can be seen at once 
as its course turns more and more to the east. For about three-quarters 
of a mile above the upper end of the lake the river is wide and without 
perceptible current. At this point, which marks the limit of navigation, a 
ruined cabin and five old spruce and birch-bark canoes were observed. 
No Indians had camped here for some time pas!;. This upper body of 
water is also known locally as Fish lake. 

Above this navigable part the valley walls approach each other rapidly 
and increase in elevation; the river runs iu a much divided shingle channel. 
Ten miles above Deep lake the stream commences its wild dash through 
this gor~e, dropping 22.5 feet in 6 miles. No falls arc developed in this 
section, but the river drops rapidly from one ledge to another. At its 
upper end, it is completely above the plateau level. At ordinary stages 
of water in this upper gorge the river often disappears for hundreds of 
yards beneath great masses of shingle fallen from the overhanging cliffs. 
Four miles above Deep lake the river is dammed hack for half a mile. 
This stretch of dead water is in violent contrast with the swift points 
above and below. At the lower end of this dead water a small tributary 
comes in from the south. On this tributary there is a beautiful little 
fall 45 feet high (Plate IV B). 

From the above description, therefore, it is seen that Jean-Marie 
river may be roughly divided into lower, middle, and upper gorge sections, 
with intervening stretch"S of dead water or at any rate dead water with 
rapids. The origin and distribution of these rapids, and the somewhat 
peculiar phases uf the river valley, will be discussed later. Although 
some of the rapids are shallow, the long stretches of dead water make 
better canoeing than is usual in this part of the country. 

RABBITSKIN RIVER 

Rabbi.tskin river enters the iv1arken:oie from the north 22 miles above 
Simpson and through most of its course traverses the Mackenzie lowlands. 
Its headwaters are unknown, and questioning of the native inhabitants 
elicited no very satisfactory information. It is said to rise in Horn mount­
ains. It was examined by the writer for 25 miles only, but its general 
course could be observed from tall trees for 5 miles farther. For 16 miles 
above its mouth it is navigable with difficulty, flowing in rapids between 
steep, high banks of till, but above this point and as far as the traverse 
was carried, the river was wide and deep. Its general course is east 10 
degrees south and thus it almost parallels the Mackenzie. Between the 
two rivers, however, is a ridge of boulder clay nearly 200 feet high and it is 
in this ridge that the greatest rapids occur. Between the ridge and Horn 
mountains the land is lower and extremely flat, but it is not as swampy as 
the area traversed by the writer in 1921 from Horn river to the south­
eastern end of Horn mountains. 'The whole area has been burnt within 
the last twenty-five years and now is largely covered with a second growth 
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of scrub poplar. Along the watercourses only does any of the original 
timber remain. 

From Rabbitslcin river, at what seemed the most suitable point, a 
traverse of 20 miles was made into Horn mountains. This work was left 
until the beginning of September, and anyone contemplating a trip across 
muskeg country is strongly advised to wait as long as possible, until the 
ground gets a chance to dry. In fact, on the ingoing trip the party suffered 
because of lack of water, many hours' travel frequently elapsing between 
pools. But that the groundwater table is very close to the surface was 
shown by the fact that a slight rain filled all the pools and marshes. The 
greatest obstacle in such a traverse is brCtle. Horn mountains in this area 
rise rather abruptly from this level plain to a height of about 1,500 feet. 
The ascent is made in a gentle slope of about 300 feet in half a mile and an 
abrupt rise of 1,200 feet in about 300 yards. From the crest the land 
rises very slowly for about a mile, then merges into the plateau which 
forms the top of the mountain. The plateau at this point is covered with 
stunted spruce and, more rarely, poplar. 

From the summit a wonderful view is obtained if the weather be clear, 
as fortunately was the case at the time of the writer's visit. On the great 
level plain between the mountains and the ::.vlackenzie only five small 
bodies of water were observed, a great contrast with the country seen 
from Horn mountains at thP-ir southeast end. Nahanni butte, and the 
range of mountains extending north from it, were plainly visible, though 
over 100 miles away, and the detailed configuration of the escarpment to 
the south of the Mackenzie could be observed. Looking along the crest 
as far as the eye can reach, Horn mountain is seen descending to the plain 
with the same uniform, rather abrupt, slope as described above. . 

Habbitskin river is 50 to 75 feet wide and has a larger vulume thao 
any of the other rivers traversed in 1922, but is smaller than either the 
Hom or the Beaver, and is less than half the volume of the Trout. Its 
waters, fed from a muskeg country, are much browner than those of the 
streams leading from Alberta plateau. Rock exposures were not encount­
ered in the river, but were observed in HoJn mountains. 

TIMBER 

The area examined is most discouraging from a forester's point of 
view. Along Bouvier and Redknife rivers the whole country has been 
swept by fire within the last three years. Such fires, on account of the 
resulting brOle, render exploration of the country almost impossible, and 
the smaller streams become jammed with logs. Below Redknife lakes this 
was especially unfortunate, for some of the best timber of the country 
was located there. Spruce stubs were measured up to 2t feet in diameter. 
Locally, small areas of timber about the headwaters of Jean-Marie river 
have escaped and are covered with a fair growth of spruce up to 8 inches in 
diameter. Elsewhere along this river repeated burnings have laid the 
country bare. As noted above, in Horn Mountain area a fire, about 
twenty years ago, swept the country, which now is covered by scattered 
growths of poplar that have lately suffered again. These conflagrations 
are largely due to the Indians, partly through carelessness and partly 
through certain superstitions to which they give credence. 

63414-7 
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FISH AND GAMEt 

Marten is the most common fur-bearing animal in the area. The 
upper reaches of Jean-Marie and Trout rivers appear the best for trapping, 
but as a whole, and as the result of the fires, game is very scarce. 

Jackfish are abundant in Bouvier and Rabbitskin rivers, and in the 
Redknife as far as Big chute. Peculiarly, this species has never established 
itself in the upper part of the river, a fact to which the thousands of minnows 
present bear witness. Small bluefish, also, were observed in this part of 
the river. Indians state that whitefish and lake trout are present in Deep 
lake on J ean-Marie river, but none was observed by the writer. 

TABLE OF DISTANCES ALONG RIVERS 

Mackenzie River 
Miles 

Providence to Mills lake.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
" Bouvier river. . . ....... . . .. . . . . . . . . . .. . . . . . . .. . . . . . .53 

Redknife river.. . .. . ..... . . ............ . .............. .. .. .. 63 
Trout river...... ... ..... ... ..... . .. .. . .. . ....... . .. . ....... 82 
Head-of- the-Line .... . .. . ....... . ... .. .. . .... .. .... . .. .. 8~ 
Jean-Marie river... . . . . .. ...... . . . .. ..... . . .. .... .......... . 115 
Rabbits kin river.. . ... . . ........... . . 134 
Simpson....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 

Bouvier River 

From ouf.le t to head of dead wate r ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
" lowest rock exposu.re................ . . . . . . . . . . . . . . . . . . . . . . 12 

lower e nd of p;orge .. .. . . . . . . . . . . . . . . . . . . . . .. .. 15 
point wbere river emerges from muskep:. .... . . . ....... . . . . .. 17 

Redknif e River 

From ouUet to lower end of gorge........ . . . .. . .... .. . . ........... . 
" Bigchute ............ . . .. ....... . . . . .... . . . . . . . .......... . . 

falls. . . . . . . . . . . . . . . .. .. .. . ....... . 
lower Redknife la ke....... . .......... . ........ . 

II 
upper Red knife lake........ . . . .. . .. . .. . 
e nd of traverse ...... .... . . ...... . . . . . ... . . . . . .. . ... . .... . . . 

Jean-Marie River 

From outle t to lower gorge.. .. .. . . . . .. . . . . .... ... . ..... .. .. ..... . . 
" lowerBigBend . . . . ...... . .............. . .. .. .. . ... . . . . 

upper Big Bend . ... .......... . , ... .. ... . ....... . ..... . . 
lower end of middle gorge ......... .. ... . . 
upper end of middle gorge ........... . ... . . ........... . .. . . . 
:McGill lake ....... . . . . . . . . .. .... .. .. 
Deep lake . . .. .. ... . . . .... .. . . . .. .... . . .. .. . .... . ... ... .... . 
upper end of D eep la ke .... . .. .. . 
end of navigable river . .. .. . .. . . . ... . . .. . . .. . .... . . .. . . ... . . 
end of t raverse ....... . . .. . . . .. .. . . 

Rabbil.9kin River 

Outle t. to upper end of bad rapids . ....... . ........ . 
" end of traverse... . ... . .................... . 

'For general a ccount see Geol. Su.rv., Ca n., Sum. Rept., 192! , pt. B, p. 50. 
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40 
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GENERAL GEOLOGY 

Pleistocene, Cretaceous, and Upper Devonian formations were encount­
ered in the area explored. No Middle Devonian beds were observed east 
of the Mackenzie, but they might be revealed on further exploration at 
the headwaters of Rabbitskin river. The general section is as follows:1 

Table of Formations 

Pleistocene and Recent . . ................. Boulder clay, alluvial and lacustrine de-
posits. 

Cretaceous..... .. . .. . .. .... ... . . Rabbitskin sandstones..... . ... . . . . . . 
:Vlount>1in shales....... . .. .. . . . .. . 

Upper Devonian..... . ... ... Hay hiver beds........... . . .. .... . . . 
Simpson shales ............. . ....... .. . . .. . 

SIMPSON SHALES 

Thickness 

Feet 

10 to 100 

50 to 100 
100 to 500 

700 
150 

No additional information was obtained this summer in regard to the 
more exact mapping of the boundaries of this formation. Both Jean­
Marie and Rabbitsl<in rivers were favourably situated for such exposures, 

·but none was found. The drift is very thick in the lower parts of both 
rivers, especially the Rabbitskin, and as the shale weathers so very easily 
this may account for the lack of exposures. 

HAY RIVER BEDS 

Sections exposing Hay River beds were encountered and measured 
along the Bouvier, Redknife, and Jean-Marie. The most complete section 
occurs along the Redknife, but the highest beds were observed at the bead 
of Jean-Marie river. The sections correspond in general, though differing 
in detail, to the section described last year.2 

In Redknife River section about 125 feet of limestone is exposed above 
the falls, and about 225 feet of limestones in the gor~e below the falls. 
Above the falls, the river has cut little below the level of the surrounding 
country and only small sections of a few feet are exposed in any one spot, 
but exposures in the bed of the river are very common. The most con­
spicuous elements in the fauna are the large numbers of corals, which form 
reefs of great thickness, more especially in the vicinity of the falls. One 
specimen of Phillipsastrcea 26 inches in diameter was observed. The bed; 
which forms the top of the falls, is characterized by an unusual pelecypod 
fauna. This may be especially well observed on the west bank of the 
river immediately above the falls. Immediately below this pelecypod 
horizon is a bed of impure, buff-weathering limestone, 9 feet thick, which 
contains many well-preserved crinoids. This horizon can be correlated 

1 For more complete section see Geol. Surv., Can., Sum. Rept., 1921, pt. B, p. 51, 
2 Gcol. Surv., Ca.n., Sum. Rept., pt. B, 1921, pp. 52---53. 

63414-7~ 
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with bed K of the Trout River section, just below the top of the third 
falls. It may be said that this whole section contains a well-preserved 
crinoid fauna in which the genus M elocrinus is dominant. Spirifer dis­
junctus is the characteristic fossil of the section below the falls. 

Jean-Marie River section consists of three parts separated by long 
stretches of quiet river without rock exposures. These sections are !mown 
respectively as the lower, middle, and upper gorges. The lower gorge, 
however, is rather a wide, shallow canyon ~ mile wide and less than 100 
feet deep. Flanking the valley at intervals are sections of bluish grey, 
calcareous and sandy shales "\'.lith thin parting of calcareous sandstone, 
These beds resemble very much the beds exposed at the rapids of Liard 
river and are characterized by many Stropheodontas and Goniatites. The 
middle gorge exposes a section 60 feet thick of fairly pure, grey limestones 
weathering buff. This contains an abundant and characteristic fauna 
with Hypothyris cuboides, Conocardium, several species of Spin:jer, Schizo­
phoria slriatula, Cryptonella, and several specimens of a trilobite probably 
Bronteus. This fauna is exactly the same as that observed at the top of 
the escarpment south of Kakisa lake. The specimens of Conocardium are 
unusually well preserved and many show a great fi~Lre on the umbonal 
ridge. The upper part of this section is correlated with the beds exposed 
at the top of the falls on Redknife river. 

Between the bottom of this section and the top of the section in the 
lower gorge there is a vertical difference in level of at least 200 feet. Though 
the middle and upper gorges are 21 miles apart the vertical sections may 
be less than 100 feet. In this upper gorge there is a section of 165 feet of 
grey limestones with thin, sbaly partings underlain by a bed which varies in 
thickness considerably from place to place, but averages 20 feet of very 
fine-grained, nearly unfossiliferous, pure grey limestone. The former 
beds are sparingly fossiliferous and the characteristic fossil is a large, 
undescribed Rhynchotrema. The highest beds of this t;ection outcrop just 
at the general level of the surrounding country. 

On Bouvier river a fairly complete section of the lower part of the 
Hay River beds is shown. These lie entirely within the Spirifer disjunctus 
zone. In the gorge, and above, are exposed 95 feet of buff-weathering 
grey limestones which contain an abundant coral fauna in which Phillips­
astrrea predominates. In the section extending below the gorge for 5 miles 
along the river are beds 85 feet thick, which grade from impure, grey 
limestone, with thin shale partings at the top, down into bluish green shales 
with thin sandstone or limestone partings at the bottom. These lower 
beds have very few corals, but a large Atrypa, Goniatites, and many gastro­
pods are common, and fish plates occur in the sandy layers. 

The Hay River beds are all characterized by well-developed joint­
planes usually nearly vertical and this feature is responsible for the rugged 
and vertical canyon walls so common on all these rivers (See Plate III 
A). The major joint-planes run in two directions, as shown in the list of a 
few representative sets given below. 

Bouvier river-bend of gorge .............. . 
Redl•nife river, 4 miles below lower Redknife lakes. 
Redknife river at falls (poorly developed) .. 
Trout river at second falls ..... . .. . 
Jean-Marie river, head of upper gorge . . .. ... ..... .. .. . .. . 
Jean-Marie river, bead of middle gorge . .. ...... . ... .. .. . 

s.s9·w. 
s. 53° w. 
s. 6° w. 
s. sg• w. 
s. s3• w. 
s.os•w. 

S. 31• E. 

S. 30• E. 
S.~E. 
S. 32• E. 
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MOUNTAIN SHALES 

This formation was not observed in 1922. The streams ftowing 
down from the Horn Mountn,in esc1trpment are so very small that none 
of them bas succeeded in cutting do'WTl below the mantle of drift. How­
ever, judging from its position as determined last year, it seems entirely 
probable that the Mountain shales are present in this area and underlie 
the Rabbitskin sandstone. 

RABBITSI<IN SANDSTONE 

This formation caps Horn mountains. The bottom of the formation 
was not obsPrved. It consists of a rather coarse, white to rusty yellow, 
friable sandi'\tone. The beds are 6 inches to 10 inches thick, anrl partings 
of soft, black shale are common. The ~andstone beds frequently contain 
ironstone concretions up to 1 foot in diameter and 4 feet long. Fossils 
were not observed in this formation. Exposures are infrequent. Those 
observed by the writer had been exposed by a series of landslides which 
were located from Rahbitskin river with the aid of field glasses. 

Round mountain, observed from the upper part of Redknife river, in 
all probability is 'Composed of rocks of Cretaceous age, but direct observa­
tion was not possib1e. 

PLEISTOCENE AND RECENT 

Everywhere a mantle of till covers the bedrock, with the result that 
rock exposures in this area of flat-lying rocks oxe practically confined to 
the river valleys. Rfl.bbitskin river has not yet succeeded in cutting down 
to the bedrock in the area explored. It is improbable, owing to the lack 
of streams of any size, that rock exposures occur at all iu the large area 
bounded by Horn mountain!': and Horn, Mackenzie, and Rabbitskin rivers. 
In this area the land surface undulates gently with many lakes and ponds 
occupying the depressions, but toward the northwestern part, i.e., between 
Rabbitskin river and Horn mountains, these ponds are much less common. 
On the west side of the Mackenzie the surface of the drift is much more 
irregular and numerous drumlins occur. Ooe such drumlin, which is 
cut by Jean-Marie river about 50 miles above its mouth, is 125 feet high 
and affords a fine view of the surrounding country even to the Rocky 
mountains at Nahanni butte on Liard river. 

Glacial strire were observed at one point only-on Redknife river, 5 
miles above the falls. Two sets were observed running south 55 degrees 
west and south 45 degrees east. The latter appeared to be the older. 

Glaciation· is apparently responsible for the broad, deep valley of the 
upper part of Jean-Marie r iver, which is much too large for the present 
insignificant stream. :McGill lake is probably also caused by a dam of 
morainal material. Deep lake, however, seems to have been deepened by 
ice action. Its depth, 115 feet, is unique for this area, where most bodies 
of water such as Redknife lakes occupy only shallow depressions in the 
drift. 

Modern river ice action seems largely responsible for the mi\ny boulder 
rapids which are separated by stretches of quiet water. Such rapids 
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nearly always occur at a sharp bend in the stream, where an ice jam would 
occur and produce a blockade of boulders. Many of these walls of boulders 
have a difference of elevation on the two sides of the river of as much as 3 
feet. 

STRUCTURE 

The rock formations, where exposed, are nearly flat lying and fold 
structures are almost absent. A low dome on Jean-Marie river produces 
the middle gorge. Small, local dips of 2 degrees to 3 degrees occur in 
many localities, but they are never persistent or uniform and usually die 
out within a hundred yards. Oil possibilities are practically negligible, 
except perhaps at tbe dome at the middle gorge. This is, however, com­
mercially inaccessible. 



101B 
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INTRODUCTION 

Field work by the writer in 1922 included investigations into the 
development of the mineral resources of Alberta, principally coal mining 
in the foothills of Rocky mountains, placer mining on Red Deer river, 
.drilling for artesian water in southern Alberta, and, incidently, prospecting 
for gas and oil. 

RED DEER RIVER PLACER DEPOSITS 
The examination made of the placer mining operations on Red Deer 

river, townships 38 and 39, ranges 22, 23, and 24, west of the fourth merid­
ian, gave no indication of platinum in the gravels and rather small returns 
in gold. Gold values less than the cost of extraction were obtained from 
the gravels of the present stream bed and from bench gravels that represent 
river levels during earlier stages of the cutting of the channels, but no trace 
-of platinum was detected in any of the samples taken. The rush for claims 
on Red Deer river was based evidently upon an exaggerated expectation 
of values in the gravels. 

FOOTHILLS COAL AREA 
In the eastern part of the Alberta syncline the Upper Cretaceous coal 

horizons are in the Edmonton and Belly River formations . These sub­
-divisions merge together westward and determination of the exact age of 
the coal beds will depend largely on -the plant remains. The syncline 
continues west of the Canadian National Railway crossing of Pembina 
river and the longitude of Roclcy Mountains house on the Saskatchewan, 
but farther in this direction lower rocks reach the surface and then bend 
downward again. A long anticline is thus formed which is in evidence 
at Coalspur and on the Saskatchewan, west of Saunders creek. A coal­
bearing horizon is brought to the surface on this anticline and prospecting 
commenced there before the railway was completed to the mountains.l 

'Geol. Surv., Can., Suro. Repts., 1900 and 1016. 
Min. Resources of Alberta, Ann. Rept. , 1920. 



102B 

Observations from the train in 1922, while on a brief trip up each of 
the railway branches, confirm previous accounts of the structure. From 
Edson for 30 miles southwest there appears to be little disturbance, but no 
doubt the approach to the anticline is accompanied by an increase in the 
eastern dip of the beds. This is evident at mile 32, where the dip is appar­
ently 30 degrees. A coal seam appears in the valley of the Embarras, at 
mile 33, and although somewhat crushed, is mined there. The thickness is 
given variou~ly as between 9 and 12 feet. The shipping point for this 
coal is called Mine Head station. Farther west the crown of the anticline 
is passed, and a coal seam- presumably the one mined at Mine Head- is 
mined at Coalspur, by the Yellowhead Pass Coal Company. This seam 
is reported to be about 8 feet thick. About 3 miles nearer the mountains 
in direct line, a seam-presumably a repetition of the same seam- is 
mined by the McLeod Coal Company. Here it dips northeast at from 
35 to 40 degrees. Following the railway to the valley of McLeod river 
the dip steepens. There may be some faults along this stream since 
there are rather abrupt changes from high dips to stretches where the 
rocks appear horizontal or with low dips. As the outer range of the 
Rockies is approached the strata appear to be of a lower horizon, and dark 
shales are in evidence. Between the mouth of Lusker creek and the first 
limestone is a deep syncline pitching to the southeast. In the valley of 
McLeod river the strata in the west limb of the syncline are Kootenay and 
contain the coal seams mined at Cadomin. These are almost vertical and 
in places may be repeated by sharp folds. The eastern limb of the syncline 
does not expose the Kootenay rocks in this valley, but they arc found up 
Luslcer creek, where a mine is now being established. The seam, apparently 
the same as at Cadomin, is 35 feet thick and there is another, not yet 
mined, 22 feet thick. These coals belong to the steam coal class a.s mined 
in the mountains and are older than the foothills coals near Co::1lspur. 

From Coalspur southeastward a separate line of railway has been 
built to Lovett. Several mines have been opened on the coal seams out­
cropping along this spur, which runs just west of the crown of the anticline.1 

Other small mines or prospects were opened at intervals along the railway, 
but many of them were closed on account of the cheaply mined deposits 
at Basing now worked by the Sterling Collieries Company. 

Apparently a rather thick coal seam situated on the western side of 
the anticline has been buclded and has probably acted as a sliding plane 
for t he upper measures under the pressure from the west that caused the 
anticline. Several slips of this nature are observable in the vicinity of 
the mountains, and, where slaty partings occur in the coal seams, the 
result is genemlly detrimental to the coal moved. In the case of the seam 
at Basing very little earthy matter seems to have been included between 
the sandstones composing the roof and those composing the floor; and the 
material filling the enlarged space appears t o be mainly coal. The total 
dimensions of the deposit have not been proved, but the part that is known 
seems to indicate a very large reserve of coal. It appears to be several 
miles lo.ng, ta.pering in both directions from the mass shown in the pits at 
Basing. The upper part has been denuded by natural processes and 
afterwards covered by a mantle of boulder clay which is now being removed 
by steam shovel, exposing the mass of coal. The mass appears to be 

I Geol. Surv., Can., Sum, Rept., 1910, pp. 100-102. 
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aoou t 150 feet wide at the surface. On the east side the foot-wall i:; seen at 
one place, dipping west 80 dC'grees. Borings across the floor show that 
this steep dip continues for about 30 feet and then flattens to the general 
dip of the rest of the western part of the anticline. The roof, a small 
exposure of which appears on the edge of the pit and near the valley in 
which the railway runs, has also been found by drilling to have a moderate 
westward dip and its approRch to its normal relation to the floor is, prob­
ably, continued westward of the above-mentioned valley. A thickness of 
90 feet of coal was found by drilling ncar the railway, showing a large 
reserve beneath the level of the tr3.cks. 

At prrsent the mining is all above grade, ::;tripping and mining being 
done by steam shovel. Coal is mined by steam shovel and screened and 
hand-pick"d before loading on cars for shipmeni. 1 

SAUNDERS Clt'BEK 

Cod mmmg on the anticline that crosses North Saskatchewan rivrr 
east c.f the first or oute-r range is centred in three or four mines sittwt<>d 
along the Canadian NatioPal railway bEtween Saunders a.nd Hn.rlech, 
37 to 4 7 mill's from the crossing at Rocky Mountain House'. During the 
building of the railway a con.! se::1m was discovered in the gorge cut by 
Saunders creek, and shortly after the completion nf the road coal was wineJ 
fr~_,m this bcality.2 J. S. StewarV states that the seam dips about 5 de:.;re:-s 
t:.> the northeast, and that two seams had been discovered, an upper one of 
12 feet with clay partillgs and a 5-foot lower o11e of bright coal whirh had 
earned a good reputation as a domestic coal. The lower sea,m has since 
been traceJ over the anticline and mined n.t two other places. The Alrxo 
mine, ncar the summit of the anticline, works the lower seam 5 miles west 
of 8aundrrs <\nd thr Harlcch mine 5 miles farthrr away is situated on the 
Wfstern limb of the anticline, where the dip is 22 to 26 degrees to the 
southwest. The increased dip at Harlech brings a greater thickness of 
bf'cls containing coal s<'ams to t.he surface. A few notes relative te> thiE 
section are given here. 

HARLECH 

At the mouth of a small creek at mile 165t a coa.l seam was discovered 
dipping to the southwest. Farther up this creek three other seams are 
now known, all dipping in the snmc direction toward the railway. These 
arc numbered, in order from the railway: 

Seam .Vo. I 
Ser.lion ncar the iipple-

Top coal ..... . 
Shale...... . .............. . ........ . 
Bottom coal ..... . . ..... . . . . ...... .. . . .. . . . . . . .. . . . . . . . . . . 

Section on first creek west-

H. 
3 

2 

6 

Top coal...... .. ......... .. .. .. . .. . . ... . ... .. . . . . . . .. .. . .. . . .... 3 
Lower bench not seen 

In. 
6 
4 
3 

1 A review of severo,[ papers by Roland H. Brig~;s, Canadia.n Mining .Journa l, September 30, 
1921, includes one of a paper by Geor.o:e Sheppard on "Coal Mining by Steam S hovel in Alberta" 
in which the operations at Basing arc described. Adtlitional details are given in the issue of the 
sa.me pe1·iodicnl, September 15, 1922, and a general history of the opera.tions anti d~tails of equip­
ment appears in the Western Canada Coal Review of N ovem bel', 1921. 

'Geol. Surv .. Can., Sum. Rept., 1913, p. 152. 
'Geol. Surv., Can., Sum. Rcpt., 1916, p. 100. 
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Seam No.$ 

About 600 feet along tramway from No. 1, giving n distance ncross roensures 
below No. I of a.bout 260 feet. 

Sectitm at tramway-
Sandstone roof ....... . ....... . ....................... . . . .... . .. . 
Minin,;: . ................ . ......... . ... . . . . . ..... . . . . .. . .. . . . . . . . . 
Coal .... . ........ . .... .. . .......... . .. . . .. ........... .. .. . . .. . . 
Clay, contorted ................ . .... . ...... . ..... . ..... . ....... . 
Coal ............... . .... . ...... . ....................... . ...... . . 
Parting .................... . .... .. .......... . ..... . .. . ......... . 
Coal ....................... . ... .. .. . ......... _ .. .......... . .... . 

Section on fn·st creek west-

~~1.~~~-~ ~~:~f: .. : : ::: :::::: ::: :: : :: :::::::: : : : : ::::: .. : . : : :: : :: : 
Clay ....... ·:. :· ... : ............ ... ...... . . ... ........ ... . .... . .. . 
Coal ... . .. : .. . . : . . . . . .. . .. .. . . . . . . . . .. . . . ... . ... . ..... ... .. . . _ . . 
Parting .. . . . ................... . ............. . ......... . ....... . 
Coal. ....... . .. . ...................................... . ........ . 
Shale and sandy shale foot-wall 

Ft. 

0 
4 
3 
1 
0 
2 

0 
4 
1 
1 
0 
2 

In. 

6 
0 
0 
0 
2 
0 

6 
0 
6 
0 
2 
0 

Section on third creek west. On this creek a large opening on No.2 seam shows 
no clay pa.rting and about 6 feet of coal with small part ing in lower coal. 

Sution cn fourth creek u:esl. Along the strike of No.2 seam several openin~:s have 
been made on what appears to be a bulge in No. 2 seam. In this the top 
bench is seen with a contorted and folded lower part. In some of the cu t.s t.here 
appears to be 5 feet of coal in the folded po.rt, that is, the seam looks as if it 
conts.ins 9 feet of coal. 

In the slope at the tro.mway it i.s clearly seen that a movement botween 
the beds has baon localized in the clny parting of the middle of this seam 
and that to the northwestward the movement has also affected the lower 
bench. 

S eam No.~ 
A short distance below No. 2 seam, a 2-foot seam has been uncovered 

overlying about 2 feet of sandstone and shnle, with a little coal beneath. A 
smnll outcrop on one of the creeks west is taken as representing this seo.m. 

S eam N o.4 
It was considered thn t the seam mined near the top of the anticline should 

be about 50 feet from No. 3 across the meas ures. This position was located 
on the ground and when visited an excavation was made disclosing the scam 
beneath a sandstone roof: · 

MW~ ................................ . 
Coal with }-inch parting in middle .......... . ........... . 

Ft. 
1 
5 

In. 
0 
6 

As this coal appears to be in an unbroken state it promises to furnish a. 
greater percen tage of lump coal thun those being mined , nn advnntage in the 
domestic market. Mining of this seilm was contem pla ted at once , so thnt 
the coal marketed from the group of m ines in this locality will be largely 
from the same seam, which underlies an area about 10 miles wide. 

The coal from these mines bears the trade name "Saunders Creek" 
and is a bituminous variety of the non-coking type, a little lower in fixed 
carbon and still classed with the smokeless coals. The fuel value is over 
11,000 British thermal units. 

ARTESIAN AREA OF SOUTHERN ALBERTA 

The plains in Alberta south of Saskat chewan river slope gently from 
a.n elevated region near the International Boundary to the wide depression 
occupied by Oldman and South Saskatchewan 1·ivers. To the southwest 
of this plain rises Milk River ridge, part of an outlying series of hills in 
front of the foothills of the Rockies. To the south, and just across the 
boundary line, in l\'Iontana, rise the three intrusive masses known as the 
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Sweet Grass hills. To the east lies the remnant of a former elevated 
plateau, the Cypress hills. 

This plain, surrounded on three sides by higher country, is scored by 
valleys that at one time formed part of a drainage system that would be at 
variance with the present stJrface slope. These valleys are assumed to 
have been formed during the recession of the Glacial ice-sheet. They are 
now dry, whereas others flowing more nearly in conformity with the 
present slope, such as Milk River valley and the trench cut for Oldman and 
South Saskatchewan rivers, are still occupied by streams. There are 
evidences that northern streams were forced to flow to Milk river, although 
its valley is cut through land which is generally higher than that near the 
northern streams. This drainage could be accomplished only by a damming 
of the former tributary streams. Presumably the ice front caused this 
diversion of the waters and its retreat northeastward by meltin[!: seems to 
afford explanation for the features found. All the channels except parts 
of Milk River valley bear evidences of youth, and some of them were 
occupied only a short period before being abandoned. 

The diversion in some cases appears to have been uphill, as in the 
case of Fortymile coulee to join Chin coulee, or of Milk River valley where 
it is carved along the face of the north slope of Sweet Grass hills to a point 
at which drainage to the Missouri was obtained. As the underlying rocks 
were soft, a permanent channel was established by the scouring action of 
Milk river augmented for a period by the diversion from the St. Mary and 
Oldman. Milk river may thus be likened to an irrigation ditch from which 
water might bte piped over a rise of ground to a lower level, although on a 
scale too great for the action of the syphon. An examination of the rock 
through which the channel is cut shows that for a certain distance--roughly 
from near Milk River station to Dead Horse coulee through ranges 15, 
14, 13, and 12, west of the 4th meridian-this rock is a porous sandstone 
capable of carrying the water underground. If it came to the surface at a 
lower place, a series of very strong springs would result. This actually 
happens farther up the valley, where the water follows a sandstone bed 
northward through the Milk River ridge to the vicinity of Spring coulee, 
west of Magrath. In the area under discussion the porous sandstone 
does not reach the surface, but dips gently to the north, only a little more 
than the slope of the surface. Being covered by dark shales that are not 
porous, the contained water does not escape naturally, but remains under 
a slight pressure. If there were no retardation by the sandstone the 
pressure would be great enough to bring the water to the surface in all the 
area level with the water in Milk river from which it was derived. Friction 
and loss of head occasioned by many leaks near together lower the level of 
the artesian area, and the outer edge of the artesian area also lowers slightly 
with the distance from the source. 

A study of the surface as mapped by the Irrigation Branch of the 
Department of the Interior was used to outline approximately the probable 
artesian area on a small map published in the Summary Report for 1915. 
A study of the beds exposed in the district gave also an indication of the 
general even surface of the underlying water-bearing sandstone and thus an 
estimate of the average amount of boring required to reach the sand. 

Publication of this map and report brought an appeal from the Board 
of Trade at Lethbridge to the Federal Government to have test wells 
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bored by the department responsible for the survey. A small appropriation 
was granted the Geological Survey for the purpose of drilling three test 
wells to be located within the designated artesian area so as fairly t o test 
the geological conclusions. The decision to bore test wells was reached 
about August 1, 1916, and on August 6 a contract was arranged with the 
Youngren Drilling Company for two wells. "Of the two wells under con­
tract by thr Department in 1916, one was finish ed in 1917 and gave a 
A ow of 4,000 gallons a day; in addition a third well has hP-en completed 
with a flow of 3,000 gallons a day (typographical error for ::lO,OOO) . Wells 
Nos. 1 and 2 were to be cased with steel pipe 4t inches inside diameter. 
The difficulty of getting thiR material under war conditions and the in creased 
cost of labom are responsible for thr delfl.y with ~ o. 2 well. In order to 
demonstrate that flowing wells may be bored and the flow preserved by 
the use of small pipes that were still obtainable, No. 3 well was drilled by 
diamond drill by :\1r. J. H. ~orman and a packer above the water-bearing 
sand was inserted carrying a 2-in ch pipe to the surface." 1 

No. 2 well on which the d elay occurred was reported finish ed July 
22, 1918, with a fl.ow of 11,000 gallons per day. P r ivate enterprise resulted 
in the drilling of several other wells, but climatic conditions in the years 
following the good crop of 1915 were not favourable, and financial stringency 
retard ed the private development of th e area . The report of the Leth­
bridge J3 oarcl of Trade for 1918 refers t o the gp,neral improvement in the 
irrigatp,c\ areas and notes that the obtaining of water for domestic and 
stock purposes in outsiJe areas showed some improvemE'nt. The ~reat 
expensr- of boring and casing: a 4-inch well was lessened by using jetting 
m~tchines that bored a vertical hole from 2 to 3 inches in diameter, and by 
using a small pipe for casing. The above report contains the following 
statement under the heading " Well Wat er Supplies for Far ms." . 

"Very satisfadory progress has been made during the year in develop­
ing t he underground sources of water supply that were discovered by the 
officers of the Geological Survey in 1915. These discoveries were followed 
up by the drilling of three test holes, all of which gave practical evidence of 
the presence of the water; thl'se wells were put down by the Dominion 
Government upon the pressing request of this Board; and we have every 
reason to congratulate oursdves on the outcome of our efforts in helping 
our furr;1crs to secure water supplies. While the first wells put dowtl by 
the Government cost about ~5,000 each, a cheap er process which is quite 
effective bas since been developed; and the wells th a ~ are now being made 
produce s upplies of water that are ample for farm use and indeed for village 
and town use, at a cost of about $1,500 per well." 

Then follows a list of about thirty wells developed in the area. 
Attention was ap:r..in drawn to the !Lrea by t he Lethbridge Herald in 

its issue of March 12, 1920, in which additional wel is were noted. Chemi­
cal ana lyses of the water issuing from several of the wells were m ade by 
Dr. F. T . Shutt, chemist of the Department of Agricultu re, and it was found 
that the p roportion of soluble salts increased in proportion to the dist ance 
from the source of supply, Milk river. This increase appears largely 
in the sodium chloride and to a lesser extent in the sodium carbonate, the 
two salts present. These proportions, however, are not la.rge and make a 
very soft water with a taste of baking soda and common salt so slight that 

1 G eol. Surv., Can. , Sum. Rept., 1917, p. I C. 
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it is seldom detected. In the wells at the northern limit of the field, 
·where these salts are greatest, the water is still usable for stock and domestic 
purposes. 

Use of the Water. Visits to the field in 1920 and 1922 showed that 
many of the farmers were irrigating gardens, notwithstanding the car­
bonate of soda in the water, which is deleterious to gTowing crops. The 
first experimental use south of Bow Island of a large flow of water pro­
duced good crops for the first year, but the land was rendered very hard 
and almost useless for the next crop. Since the first visit the farmers have 
been using less water and in some cases leaving parts of their gardens fal­
low. The climate dminp; the summer is so equable n,nd generally warm 
that the n,ddition of water causes an abundant growth. In some of the 
gardens melons, cucumbers, and pumpkins were noted. 

Notwithstanding that the gardens irrigated show an abundant growth, 
there remains a danger of overloading the soil with carbonate of soda. In 
the stuclirs of alkali soils carried out by Dr. Shutt, near Strathmore,1 bare 
-spots were found on which growth was prevented by impregnation of 
-sodium carbonate, 0 · 2 per cent of this salt causing toxicity. 

Underdraining is recommended and it may here be mentioned that in 
.a large part of the area includecl iYI the artesian district the underlying 
rocks are quite lJOrous and may, by underdraining, absorb the soda from 
the surface soils to an appreciable extent. The following is the report 
from the Dominion Chemist, Dr. F. T. Shutt, on the examinations of the 
water from several of the wells: 

Report on Waters from A1·tesian lYells in Southern Alberta 

"Six samples of water from artesian wells in southern Alberta, col­
lected and forwarded to Ottawa in September, 1919, in accordance with 
instructions from the Director of the Reclamation Service, have been 
submitted to analysis, the examination being specially conducted with a 
view to ascertaining the suitability of the waters for irrigation purposes. 

The samples were received at the laboratories of the Experimental 
Farm in good order. The waters were all clear, bright, practically free 
from sediment or deposit, and possessed a marked though not strong 
saline (alkaline?) taste. 

The analytical clata have been tabulated for convenience of comparison 
and the hypothetical combination of the salts present, g-iven, as per attached 
sheet of results. 

Discussion of Results. All the waters are more or less saline 
in character. Those from the Beaver well, Government well No. 3, and 
the Foremost well fall into one group, possessing a saline content in the 
neighbourhood of 1,000 parts p-er million, the essential mineral constituent 
of which being sodium carbonate, amounting to approximately 860 p.p.m. 
or 60 grains per gallon. A small percentage of sodium sulphate is present 
in the water from the Beaver well; sodium chloride is present in only 
negligible amounts. Compounds of calcium and magnesium are practically 
absent. 

The water from Government well No. 2 is sli'ghtly more saline than 
the waters just discussed, the total saline content being 1,500 p.p.m., the 

1 "Alkali Content of Soils", Shutt and Smith, Trans. Roy. Soc. Can,, vol. Xll, sec. Ill, 
p. 83. 
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sodium carbonate being somewhat higher, and the sodium chloride dis­
tinctly higher, though perhaps not excessive for a "deep-seated" water. 

The water of the Taber we\1 is more strongly saline than those dis­
cussed, with a total saline content of approximately 2,700 p.p.m. It has. 
practically the same sodium carbonate content as the Government well 
No. 2, but contains much more sodium chloride. 

The water of the well "south of Retlaw" is markedly the most saline 
of the series, with a saline content of approximately 6,000 p.p.m. In 
sodium carbonate, however, it is vrry similar to the waters of the three 
wells first considered, the additional salinity being due to a much larger 
sodium chloride content. 

The outstancling characteristics of these waters considered as a series 
are their practical freedom from calcium and magnesium compounds and 
their essential uniformity as regards sodium carbonate. It is the latter 
constituent which marks the element of danger in cor,sidering these 
supplies as water for irrigation purpo::;es. 

Though in limited quantities, and occasionally applied, the first 
three waters might be used for a time on soils with good drainage without 
marked injurious results, we are of the opinion that they are not safe or 
suitable waters for irrigation purposes. Nos. 47008, 47009, and especially 
~~o. 47010, are undoubtedly too saline for use as irrigation waters." 

Analysis of Waters frorn Artesian Wells in Southern Alberta 

No. 1 Laboratory No. 4700~ Name: Beaver well Location: Sec.24 tp. 2 rA.nge 11 
2 47006 Govt. well No. 

3 19 4 B 
3 4"t007 Town of Fore- 20 6 11 

most 
4 47008 Govt. well No. 19 9 10 

2 
5 47009 Taber well 32 9 IG 
6 47010 South of Refr 28 11 17 

law 

-

I I - I No. No . N o. No . No . No . 
17005 47006 47007 i 17008 47009 47010 

p.p.m . p.p.m. p.p.m. p.p.m. p.p.m. p .p.m. 

Total solids at 105° C ............ 1140· 0 9GO·O 1040·0 1520·0 2692· 0 6030·0 
Loss on ig;n i tion .................. 200·0 210 0 160·0 240·0 1300 400·0 
Solids after ignition .............. 940·0 ',50·0 880·0 1280· 0 2b60 0 5080· 0 

Lime (Ca.O) ... . ................. free or tr. free or tr . free or tr free or tr. free or tt . traces 
M::r,nesia (MgO) ..... . .... . .. ... " " " " " " 
So a (Na,O) ..... ...... ... . .. . .. 570·0 400·0 400·0 600·0 1400 0 2400 · 0 
Sulphuric acid (SO,) .... .. .. . ... . 120· 0 50 0 free 10· 0 10 0 20-0 
C hlorine (C'l) ...... . ...... .. .. .. . 20 0 40 0 80·0 250-0 760 -0 3160-0 
Carbonic acid (CO,) .. .. . . ... . .. . 340·0 3GO·O 400·0 4',0·0 4RO·O 3900 

Reaction . . ............ .. ... . . . alkaline alkaline alkaline alkaline alkaline alkaline 

Hypotl1etical combination grains per grnins per grains per gnti.ns per grains per grains per 
gallon gallon gallon gallon gallon gallon 

Sodium sulphate (Na,SO,) ...... 14·7 ? J f ? r 
" carbonate (Na,CO,) . .• . 51H 69·9 63·7 78·4 - 80.· 5 63 0 
" chloride (NaCl) .. .... ... 2·8 4 ·9 8 ·4 28·0 88·2 317·8 



r---------------~~J~==~Ca~s~st~~~/~~.~~Br3a~o~hs~==~~ =-~-- r--==~==~==~==~~pij. ~~,8 
1
- I Z51 7~ ~ "' I Scale or Mtle s ~ , 'ti> 

1 . .. 9 1 19 'r zp a -'/ 

I 1 I I !\-z. } " h110:<>-> ,
5
d l 

lc 21 20 19 18 - ~M 16 15 14 ~{ I~ 11 10 9 a 1 6 » 

F igure 6. Part of southern Alberta showing underground contours of top of Milk R iver sandstone in relation 
to sea-level. Bored wells shown by heavy black dots . 
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During the examination of the geological structure it was determined 
that the sandstone series into which some of the water of Milk river is 
absorbed continues northeastward and forms the storage reservoir from 
which was obtained the gas used in the city of Medicine Hat. Loss of gas 
by seepage through the sandstone to the outlet in :vlilk River valley is 
stopped by the water. The pressure in the gas wells is thus equalized by 
the weight of water in the beds on the upward slope. As the measures are 
in places quite thick there can be no exact dividing line between the part 
containing gas only, and that saturated with water. Certain of the lower 
beds may convey water into the gas area and gas may invade the water 
area through the upper part of the sands. 

In many of the water wells a small flow of gas is obtained before the 
WJ.ter-bearing stratum is reached. In others a flow of gas sufficient for 
use for cooking comes to the surface with the water. As it is a methane 
gas and is odourless it leaves llO taste i.1 the water and both gas and water 
are uWized. The method is primitive. Gas a,nd watt<r are collected in a 
tank, often a gasoline drum, the gas is drawn by a small pipe from the top 
and the water from near the bottom. The gas pressure is maintained by 
control of the water outlet. Several examples of this combined use of 
water and gas were observed and will be found noted i'l the appended list 
of wells. 

The general lack of rain dur:ng the summer months rest!lted in poor 
crops of wheat, except in 191.1 and a fair crop in 1922. The dry weather 
caused gradual drying of the soil after the spring rains and a lack of moisture 
to the wheat plant during the filling stage of the grain's growt 1. Experi­
ments in growing rye seem to be more successful, the ripening stage being 
reached before the moisture in the soil has evaporated. Many of the 
farmers declare that with artesian wells giving gas for the kitchen stove, 
water for stock, water for gardens and shade trees, and a fairly sure crop of 
rye, there is liUle fear of the settlers migrating, since many of them have 
passed through more than one loog period of scarcity of rain. 

DEPTH OF DRILLING 

Several logs of wells were obtained from the drilling operator, but 
most of the records given below are statements from the farmers or others 
and in some cases at least are only estimates. An attempt was made to 
determine in all cases the depth to the water-bearing sand and, by com­
parison of barometer readings with the bench-marks on many of the 
township corners, to ascertain the elevation above sea-level of the top of the 
water-bearing formation in order to check the conformation of the under­
lying beds. The following tab~e summarizes the results of these readings 
and from it has been compiled two charts (Figure 6 and Map 1979): 
Figure 6 showing a series of contours on the top of the :Milk River sands 
(the artesian water-bearin6 strata) and thus showing the general subsurface 
structure; Map 1979 showing the limits of the artesian area and the depth 
to which boring should be conducted in the search for water. 
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LOGS OF PRINCIPAL WELLS IN DISTRICT 

Log No. 1 

Government Well No. 3, Near Lake Pakowki 

Bored by Geological Survey 

Location: between sees. 19 to 30, tp. 4, range 8, W. 4th mer. 

Depth of well: 643 feet. Flow 30,000 gallons water at surface; pre»­
sure, 32 pounds 

Log from samples of drill cores furnished by J. H. Norman 

Material Thickness Depth 

Feet Feet 

Surface material and shales ...... . ............ . GO 60 
Sandstone with oyster shells .. 7 67 
Calcareous sandstone ....... . 4 71 
Dark grey shale ... . 4 75 
Sandstone ..................... . 25 100 
Shale, slightly sandy .......... . 
Sandy shale ................. . 
Grey shale ..................... . 

20 120 
5 125 
5 I30 

Grey shale with lighter streaks. IO 140 
Dark shale ........ . 48 188 
Sandy shale ..... . 12 200 
Shale ........... . 35 235 
Gritty shale ................... .. 35 270 
Shale .................... . ..... . . 5 275 
Shale, slightly gritty ......... . 26 301 
Sandstone ................ . 9 310 
Gritty shale ............. . . 15 325 
Fine, grey sandstone ......... . 
Shale, gritty .............. . 

30 355 
25 380 

Sandy shale .... . 25 405 
Shale......... . . 72 477 
Colloidal clay, grey .......... . 
Shale............ . ...................... . 

1 478 
7 485 

Light-coloured mixture clay and mica scn.les ..... . 
Shale............ . ........ . 

1 486 
12 498 

Gritty shale .... 
Calcareous shale.... . . 

31 529 
1 .530 

Soft sand (small flow water). 25 555 
Soft shale ..... . 2 557 
Coal ...... .. 3 560 
Clay .............. . 
Sandstone ................ . 

7 567 
11 578 

Shale, very thin leaved .. . 
So.nd and sandstone ... 

14 592 
51 643 
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Log No. 2 

United Oils Well No. 3 

Etzikom, SW. t sec. 31, tp. 5, range 10, W. 4th mer. 

Material 

Surface deposits, brown clay ......... . .... . 

Foremost beds, 120 feet ...... Sand, fine, greenish grey ... .. ... . ........ . 
Shale, dark greenish .... .... . ... ....... . . . 
Sand, dark green ............... . . . ....... . 

Pakowki shales, 265 feet ..... Shale, greenish black ............... .. .... . 

Milk River sandstone, 
170 feet 

Coal . ... . . . . . .. . ........ . . 
Shale, soft ....... ... . .. ... . 
Coal and black shale . .. ..... . ............ . 
Sand with streaks of coal ............... . . . 
Sand, fine, top of water-bearing beds ..... . 
Sand, fine, bottom of water-bearing beds .. 
Sand, fine , light grey ..................... . 

Colorado shales, 1, 776 feet ... Shales, blue black ............ .. ..... .. ... . 
Sand, gas flow 10,000,000 c.r ... .. ..... ... . 
Shale, and shaly sand at 2, 250 feet , salt 

water 7,000 bbls. per day ............ . 
Shales . ...... . ........... ... .......... . .. . 

Dakota and Kootenay ..... .. Sand and shale .... ........ . ...... . . . . . . .. . 
Shale and sand, green and red ... . . . . . . ... . 
Sand and shale, grey ... . .. . 
Shale, pink . .... .... ... . .. .. .. . . . . 
Slate, sand, shale, and sand . .... .. .. .. . .. . 
Sand saturated with heavy oil. . . . . ... . ... . 
Sand, generally grey ...... .. ...... . .. .. .. . 
Shale, blue grey ..................... .. ... . 

Palreozoic . .. ... ... . ........ . Limestone, grey, cream, and buff ...... ... . 
Shale, greenish grey . ..... .. .. . . .... . . .. . . . 

Thickness Depth from 
surface 

Feet Feet 

130 

50 
20 
50 

265 

5 
6 
6 

11 
7 

75 
60 

I, 330 
s 

280 
161 

24 
50 

135 
!50 
85 
65 

145 
15 

410 
85 

130 

180 
200 
250 

515 

520 
52(\ 
.532 
543 
550 
62.5 
685 

2, 015 
2,020 

2,300 
2, 4fll 

2,485 
2,535 
2,750 
2,900 
2,985 
3,050 
3,195 
3,210 

3,620 
3, 705 
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Log No. 3 

Government Well No. 2 

Between sees. 19-30, tp. 9, range 10, W. 4th mer. 

Drilled by Youngren Drilling Company 

Material 

Sa ndy clay... . ............. .... .. . . .. ..... . . . ... . . . ... . . . 
Gravel ......................... . ......... . ..... . ....... . ........ . .... . 
Gravel, snnd, and boulders ........ . ... ... .... . . .. . . .... .. . . .. . 
Clay, blue ... .. . . ................ . ..... . ... . .............. . 
Sandy clay, water at 95 feet............. . . ................. . 
Gravel. ................... . ...... . ... . .. . ...... .. . .. . 
Quicksand ............................ . .......... . 
Sandy shale, brown..... . ... . .... .. ....................... . .... . . . 
Shell rock, hard ....... . . ... ... . . .... . ... . . . .. . ...... . . . . ... . . . .... . . . . 
Coal . . . . , , . ... ,, . . .. ,.,,,, ... , .. . .. . . .. ,, , ........... . ....... , . . ..... . . 
Clay and shale ...... . ..... . .. .. . .. .. . . .. . . .... .. . . .. .. . . . . . , . ..... . . . . . 
I ronstone, thin shells . . , , . .. . ..... . ......... .. . . ..... . . . ....... . ....... . 
Shale, brown . . , . ,,,.,,, .... , ........ , ......... ,,,,., . . ..... , .. . , .. .. . . 
Ironstone .... , ...... ,,,.,.,,, .. . ....... . ... , .. , . .. , ... ,, .. ,.,, . . . ,., ... . 
Sandy shale, solt .............. . . . .. .. .. . ..... . .... . .. .. .......... . .... . 
Sand rock, bard ....................... . ........ . ...... . ....... . ...... . 
Shale, soft .............. . ........... . . . ....................... . ..... . . . 
Sandstone ..................... . . . . .. . . . .. . .. . ....... . . . . ....... . ... . 
Shale, sole .. . .................................................. . .. . ... . 
Streaks ol hard sandstone ............... , ............ . ................ . 
Shale, soft .. ... . ... .. . ........ . .. ... .. ............ . ...... .. .. .. ...... . . 
Shale, brown and grey .. . . . .. .. ... .. . . . . .. . .. , . . . . . . . . . . . . . .. . . .. . 
Ironstone and sandy shale ...... . 
Sandstone . . . . .. ... . . .. . . . . .. . .. . .... . . . ... . . . . . .. . . ... . . . . . .. .. . . . . .. . 
Shale, dark, soft . .... .. ... . . . . . . . . ... . .. .. . . ... .. .. . . ... .. .. . . . . ... . . . . 
Shells, reddish ... , ..•. , , .................... , ....... .. ...... . .... . .... . 
Shale ......... . ........... . ... . .......... . ...... · · · · ·· · ·· ···· ·· · · · · · · · 
Sand, blue, hard ...... .. .............. , ........... , , ............. , , .. .. 
Hard layers ........................................... ... . 
Red rock, hard .................. . ............ , ......... . . ... , . . ...... . 
Shale .. .... . .. . . ...... . ........... . . ......... . ... , . . , . 
Shale with hard streaks ........... . ............. .. ....... . ........... .. 
Sand. grey. hard ........ . .......... . ....... ...... ... .. . . .. . ... . .. . .... . 
Shale, generally brown .. .... .... .. ... . . . .. ..... .. . ..... .. ..... .... .. .. . 
G etting rig used from 450 feet to 750 feet, no samples ..... . .... . . . ..... . . 
Sand and water struck a t . ................. . ... . ............ . . . . . .. .. .. . 

Total depth of well: 750 feet 
Measured flow: II, 000 gals. per day 

Thickness Depth !rom 
sur lace 

Feet Feet 

20 20 
50 70 
5 75 

15 90 
!0 100 
20 120 
30 150 
32 182 
1 183 
l 184 

10 194 
G 200 
7 207 
2 209 

13 222 
2 224. 
9 233 
3 236 
4 240 
2 242 
2 244 
5 249 
4 253 

17 270 
10 280 
2 282 
8 290 
3 293 
4 297 
2 299 
5 304 

37 340 
10 350 

100 450 

734 
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Lo~ No.4 

Dreamfield No. 2 

Log of well drilled on L.S.D. 12, sec. 28, tp. 3, range 11, W. 4th mer. 

By Thomas J. Jamieso:1, Medicine Hat, Alberta 

Red clay ..... 
Sand ... 
Grey clay .. 
Light shale ..... 

Formation 

Dark shale...... . ........... . 
Soft shale with fossils .... . 
Dark, fossil shale ................. . 
Sandstone with shale streaks. 
Pale, sticky shale ....... . 
Bastard lime, very hard. 
Streaky shale, full of slips .. 
Dark shale, lots of colours. 
Lighter shale .............. . 
Oil-shale. fossils. 
Blue shales ..... . 
Rock. hard ............... . 
Milk River sandstone .... . 
Soft rock.. . .......... . 
Sticky shale, sandy streaks, gas. 
Oil-bearing shales and rotten rock. 
Grey shale ................. . 
Dark shale .... . 
Harder shale ......... . 
Blue shale, very hard.... . ............. . 
Sand. . ....... . .. . . . . 
Dark shale ... 

Thickness Depth 

Feet Feet 

15 15 
1 16 

10 26 
24 50 
40 90 
20 110 
30 140 
40 180 
89 2o9 

I 270 
55 325 
45 370 
40 410 
42 4.'i2 
44 4Du 
14 510 

180 6DO 
7 697 
6 703 

14 717 
83 BOO 
40 840 
29 869 
23 892 

9 901 
99 1,000 
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Log No. 5 

Well Drilled on Yerkes Farm 

SW. ! sec. 8, tp. 4, range 11, W. 4th mer. 
Drilled by H. H. Conzet 

Material 

Surface material, gravel, sand, and clay about .... . 
Shale, gravel, sand, clay, soapstone ........... . 
roal. .. . . . ...... . 
Shales and sandstone .. 
Black shale ...... . . 
Coarse sandstone .. . 
Black shale.. ........ . . . . . . .... . .. . . 
Coarse sandstone... . . . . . . . ........ . 
Black shales and some sandstone ... . 

Sartt:lstone and water. .. . 
Brown shale.. .. . . .. . ...... . . . 
('oarse sandstone, water-bearing . . ..... . .. . ..... . 
f'andstone.. . . . . . . . . . .. . . 
Shales ..... 
Coarse sandstone .. . .. 
Hard, black shales 
Fine sand.. . . . . . . . . . . . . 
Yellow sand and clay . . . . 
Grey washed sand w1th water ...... . 

Log No. 6 

Artesian Well at Foremost 

flee. 16, tp. 6, range 11, W. 4th mer. 

Thickne·ss Depth 

Feet Feet 
2 2 

173 175 

178 357 
40 397 
10 407 
10 417 
28 445 
G3 508 

3 511 
2 513 
4 517 

42 559 
87 646 
2 648 

22 670 
37 707 

2 709 
9 718 

Driller's record, A. N. Duff, North Star Drilling Co., Regina, 612 feet, 
6~ casing in well, from records Ghief EnginePr, C.P.R., Winnipeg 

Formation Material 

Foremost beds . . . . .. . . . .. . . Clay and boulders . .. . . . . . ... . 
A coal seam at top has been Shale . ... 

denuded Sandstone. .. . . . . . .... . . . . .... . 
Rock ...... . . ... . . . . 
Clay and stones . ... . 
Rock ... 
f'hale , blue sand, and wal. 
Coal and hard shale ..... . . 
Shale, coal, and blue sand . 

359 feet Shale and coaL .... . . 

Pakowki shales . 

266 feet 

Shale and sandstone . . . . . . 
Shale, sandstone, and coal . 
Sh~e . .. .. .. .. ..... .... . . . . . . 
Shale, sandy... ... . . .. . .. . .. . 

. Hardpan . . .. .. . 
Shale, sandy . 
Hardpan ... . .. 
Shale . . . . . .... .... .. . 

Milk River sandstone . ... . . . . Sand (water at 625 feet) . 

Thickness Depth 

Feet Feet 
90 90 
8 98 

13 111 
2 113 
4 117 
I 118 

24 132 
12 144 
2 146 

14 160 
19 179 
17 196 
66 262 
97 359 

2 361 
80 441 

I 442 
183 625 

09 724 
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Lo~ No. 7 

Government Well No. 1, 13 Miles South of Grassy Lak 

Bored by the Geological Survey, 1917 

Location: between sees. 11 and 12, tp. 8, range 13, W. 4th mer. 

Depth of well: 633 feet, flow 4,000 gals. water per day at the surface 

Driller's log partly condensed 

Material Thi~kness Depth 

Feet Feet 

Surface deposits; clay, sand, and gravel. ............................... . 60 60 
Shale and clay ........................................................ . 7 67 
Streaks of coal and clay ............................................... . 
Sand rock .......................................... . ................. . 

7 74 
1 75 

Sandy clay ........................................................... . 
Sand rock ............................................................ . 

39 114 
2 116 

Sandy clay ........................................................... . 4 120 
Brown shale with streaks of coal. .......................... . ...... . ... . 7 127 
Sandy shale with some ironstone ...................................... . 
Hard, sa.nd rock ...................................................... . 

20 147 
3 1.50 

Sa.ndy shale .......................................................... . 12 162 
Hard, dark, sand rock ................................................ . 2 164 
Dark shale ........................................................... . 13 177 
Coal .................................................................. . 1 178 
Shale ................................................................. . 4 182 
Shale with some coal ...................................... . .......... . 7 189 
Sandy shale and clay .............................................. . ... . 39 228 
Coal and shale .................................................... . ... . 2 230 
Sandy shale .......................................................... . 20 250 
Coal, soft ............................................................. . 8 258 
Sand and clay, water at 270 feet rises 90 feet ........................... . 
Sandstone and sand ................................................... . 

30 288 
18 306 

Grey shale ............................................................ . 100 406 
Sandstone and hard shale ............................................ . 10 416 
Shale with very hard layers, probably ironstone ....................... . 
Sandstone .................................................... . 

103 519 
4 523 

Shale and sandy shale ........................ , ...... . ................. . 
Sandstone, very hard ....................................... .. ...... . . 
Shale ............................................................... . . . 

11 534 
3 537 

10 547 
Sandstone, dark grey ................................................. . 8 555 
Shale, generally very hard .......................................... . . 
Sandy shale (flow of water a.t 581 feet) ................................ . . 
Sandstone ............................................................ . 

26 581 
8 589 

12 601 
Sandy shale .................................................... . ..... . 4 605 
Sandstone ........................................................... . 6 611 
Shale and snndy cla.y ................................................ . 10 621 
Sandstone ............................................................ . 2 623 
Shale ................................................................. . 3 626 
Sandy shale (water strata at 630 feet) ......................... . ..... . . . 4 630 
Sandstone ............................................................ . 3 633 

This well is cased with 4\-inch steel pipe 
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Log, No. 8 

Flowing Well al Taber 

Condensed record from Mem. 116, p. 56 

Probable formation Material 

"Surface deposits 51 feet ...... Clay and gravel. ......................... . 

Thickness Depth from 
surface 

Feet Inches Feet Inches 

51 51 

Pale beds 20 feet ....... , .... Shale and sandstone ........... ,........... 20 71 

Taber coal seam 

:Foremost beds Sandstone and shale in beds 2 to 20 leet 
thick... . . . . . . . ......... . 

325 feet 10 inches Shale and some sandstone ................ . 
Shaly coal ..................... . .......... . 
Shale .................................... . 
Coal ........................ • .. . .... • ..... 
Shale and sandstone ...................... . 

Pakowki shale 211 leet 2 Shale, becoming sandy at base ........... . 
inches 

Light cqloured shales and sands o£ Verdigris 
coulile ................................ · 

Milk River sandstone Sands (artesian water) ................... . 
Fire-clay ............................ . .... . 
Coal .......................... . .......... . 
Sandstone ..... •.. •.......... . .... .. .. . .... 

Colorado shale ........ . ..... Sandstones in thin beds in shale ..... . ..... . 
No record ............................... . 
Shale .................................... . 
Sandstone, white ............ . .. .. ........ . 
Shales and sandstones .......... . ......... . 
Sandstone .............................•... 

200 
102 6 

0 6 
2 4 
0 8 

19 10 

211 

50 
12 
3 
0 

136 

120 
530 
620 

10 
150 
110 

2 

3 
9 

271 
373 6 
374 
374 4 
377 
396 10 

608 

658 
670 
673 
673 
810 

930 
1,460 
2,080 
2,090 
2,240 
2,350 

3 
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Log No.9 

Flowing Well, South of Retlaw 

Bored by J. H. Norman 
Location: sec. 28, tp. 11, range 17, W. 4th mer. 
Depth of well: 923 feet. Flow, 4,000 to 6,000 gallons per day 
Driller's record 

Material 

Surface material.... . . .. . ... . 
Sandstone ..................... . 
Shale with hard streaks ........ . 

Three small coal seams between 233 and 260 feet 
Shale ........... . 
Sandstone.. . ...................... . 
Shale ............... . ............ . . 
Coal....... . ............ . 
Sb~e ...................... . 
Soft, sticky, sandy shale .. . 
Sandstone................. . . 
Shale: 8 inches coal at 434 feet ..... 
Sandy shale....... . 
Layer of shells (probably oysters) .... . 
Shale...... · .............. . . . . 
Sandstone............ . ....... . .. . .. . 
Shale ............. . 
Green shale........ . ........ . 
Sandy shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale (3 small seams of coal between 609-622 feet). 
Sandstone ... . 
Sandy shale ................. . 
Shale (some gas at 813 feet).... . ........................ . . 
Shale with some grit (some gas at 840 feet) ......................... . . 
Shale ............................. . 
Sandstone with water .......... . 

Log No. 10 

Well at Neidpath Station, C.P.R. 

Drilled for the Bawden Farming Company 
Location: SE. !-sec. 27, tp. 9, range 18, W. 4th mer. 
Flow of water and gas, intermittent 
Driller's record incomplete 

Thickness 

Feet 
60 
78 

122 

20 
20 

4 
2 
6 

49 
29 
70 
13 
2 

41 
4 

40 
14 
3 

55 
15 
40 

126 
30 
27 
53 

Depth 

Feet 
60 

138 
250 

280 
~00 
304 
30& 
312 
3fi1 
390 
460 
473 
475 
516 
520 
560 
574 
577 
632 
647 
687 
813 
843 
870 
923 

The following log is furnished by J. H. Norman, the driller, as being 
nearly accurate. 

Material Thickness Depth 

Feet Feet 
Surface soil and clay ............ . 60 60 
Soft sandstone ................... . 20 80 
Shale (small seam of coal at 126 feet)...... . . . . 46 126 
Shale and sandstone (18 inches coal at 406 feet). . . ................. . . 280 406 
Shale and sandstone (some gas n,t 704 feet).. . . ............ . ... . 298 704 
Sandstone....................... . . . ........... . 46 750 
Shale......................... . . . . . . . . . . . . . ............. . . 34 784 
Water, sand ......... , ................................................. . 6 790 
Sandstone, very close grained ............ . ........................ . ... . 154 944 
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Log No. 11 

Well at Lethb1·idae 

Condensed from Mem. 116, p. 65 

Probable formntion ~~ ~tcrial 

'Surface deposits, 399 feet ..... Sane!, gravel, cln.y. ···· ·· ·· ··· ·········· · · 

Pale beds of Belly River Lethbridae coal scam eroded east of this 
formation, 651 feet Shales and sandstones generally light 

coloured .... ... .. . ... .... . 

Foremost beds, 350 feeL .. . · ISundstor.es and shales genemlly yellowish. 

Pakowki shnle, 215 feet .. . . .1Sbale, da,·k ··· ········· ·· · · . .... .... . .. 

- - - --

Milk River sandstone, 88 feet ~andst.onc and shale ······· ....... .. .... 
Sandstone (w:.>ter-bcaring) ........ .. . .. .... 

Colorado formation .... . . ... . Sh,.,lc, geMrally dark to botl.om of well .... 

-
Thickness Depth from 

surface 

Feet Feet 

299 2D9 

- - -

661 960 

350 1,310 

215 1' 525 

41 
47 1,613 

617 2, 230 

PROSPECTING FOR GAS AND OIL IN SOUTHERN ALBERTA 

The pressure in both the Bow Island ancl Medicine Hat gas fields is 
-diminishing owing to the great demand made upon the reserve. The 
closing of the leaking well of the Canada Cement Company in the Medicine 
Hat field by the engineers of the Department of the Interior seems to have 
checked the rapid fall of pressure there. In the Bow Island field there 
appear to be indications of the approach of water on all sides of the small 
dome in which the wells are situated, an intimation that other structures 
holding gas must be found to supplement the supply. Interest is thu~ 
renewed in the subject of natural gas and a few notes are given here relating 
t o the structure of the area, the probable occurrence of other fields, and the 
position of the gas-bearing beds in the section. 

These two gas fields draw their supplies from two different sand beds 
in the Cretaceous formations underlying the plains. These sands are 
separated by close-textured shales from 1,200 to 1,400 feet thick. The 
upper one, from which Medicine Hat derives its gas, is to the westward, 
and is exposed in the valley of Milk river. It is also the reservoir for the 
artesian water. The gas saud of the Bow Island field lies deeper and 
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docs r.ot reach the surface in the plains area of the south except, possibly, 
in the immediate vicinity of the Sweet Grass hills of Montana. The exact 
underground position of these sands is determinable only from the records 
of drilling. As few drillings outside the gas fields have penetrated the 
lower sm~d, study is necessarily confined to the records of drillings into the 
upper sand to determine its general shape, slope, and thickness. From 
this, however, some general predictions may be made of the slope or general 
structure of the lower sand. The oil in the Montana fields comes from 
beds lying beneath both of these gas sands. Indications of this horizon 
are found in three borings, which, although not successful in finding oil, 
show the presence of tarry matter at 2,500 feet below the upper or Medicine 
Hat gas sand (Milk River formation). Drillers in search of gas, may, 
therefore, when they locate the upper sand, look for another gas sand at a 
further depth of 1,200 to 1,400 feet. If intending to drill deep wells they 
may look for sands impregnated with tarry matter, and possibly oil, at a 
depth of 2,500 feet below the upper sands. 

A survey of this upper sand horizon from which to predict the under­
lying strata seemed desirable, and a preliminary attempt to do so was 
made this season as set forth below. In the chapter on artesian 
water supply a considerable num bcr of well logs are described and their 
elevations given. The elevation of the top of the Milk River sand in each 
well is also computed. These, when plotted on the map and combined 
with other data from field exposures and other wells, enables a preliminary 
subsurface contouring on these sands to be made which shows the structure. 
This contouring, which is shown on the accompanying Map No. 1979, 
may be taken as indicative of the general structure of the lower strata as 
well. Variations in the thickness of beds will change details, but for 
purposes of description the structure contours are indicative of the general 
structure of the lower gas sands. 

The sandstone from which the artesian supply of water is obtained 
forms a flat, conical structure truncated in its highest part so that it sur­
rounds the Sweet Grass hills of Montana, and slopes away from them to 
the north, east, and south. The northern slope is mainly in Canada, and 
the sandstone decreases gradually in thickness toward the east, showing 
that it was a shore deposit facing a sea to the east. As noted in the chapter 
on the artesian area a large part of the western section is saturated with 
water. A small flow of gas is found in the artesian wells, generally from 
the upper beds of the sand. Eastward, this gas increases in abundance; 
betwce11 Bow Island and :Medicine IIat the sands containing water become 
thinner, whereas the gas increases. The gas supply at Medicine Hat is 
draw,l from these same sands, which are also reached at Reclcliff, Suffield, 
and points to the northeast. The gas field is on th~ rim of the structure 
above alluded to, and the gas pressure is, very probably, maintained by the 
weight of the water in the sands of the artesiatl area. It is to be exprcted 
that failure i11 the supply at J\liedicine Hat will not be heralded by a fall in 
pressure to the same extent as at Bow Island, but by the appearance of 
water in the wells to the west. 

The sands from which the Bow Island supply is derived, lie, as men­
tioned above, from 1,200 to 1,400 feet below the Milk River sandstone. 
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Attempts have been made at Medicine Hat to tap this source of supply, 
but the drilling has demonstrated that in that vicinity the lower sand 
contains salt water under pressure. The reports of the Bow Island field 
show that at one time the upper limit of this watrr was on the slope between 
the two places. ReductiJn of the gas pressure has raised this limit, and 
water is encroaching on the Bow Island field. The edge of the water is 
probably parallel to the contour of the upper sand given on accompanying 
Map No. 1979, and if new gas fields are to be found they should be looked 
for in the area embraced by the higher contours, that is, up the slope. 
The attempts to find gas near Barnwell show that almost the same contour 
as at Bow Island has been followed with less success. 

Advice as to where other gas fields are to be found cannot be given 
without more detailed knowledge of the underground structure than is 
now available, but it seems certain that the same measures lower down the 
slope, that is, northward, will be found to contain more water than gas. 
In general the chances of finding gas in the Bow Island gas sands seem to be 
greater in a southerly direction. The highest point attained by the strata 
underlying this part of the plains is in the vicinity of the Sweet Grass hills, 
in Montana, where they are exposed in rings about each hill. vVestward 
of Sweet Grass hills the rocks form a small dome or enclosed structure in 
which gas and oil have been obtained. Drilling has shown that this dome 
is not symmetrical, being steeper on the east and south and elongated in a 
northwesterly direction. This northwesterly slope is quite irregular, 
corrugations, lumps, and small domes being indicated by the drilling. 
It is found also that the accumulation of oil is confined to a band between 
certain levels and also between two ridges running one toward the north and 
the other to the northwest. Although the oil has not been discovered on 
this slope nearer than 10 miles to the Canadian line it is not improbable 
that other structures on the lonp; slope into Canadian territory may yield 
either oil or gas, though there is insufficient information to locate these 
structures at the present time. 

The drillings in the Montana field show a similarity of strata to those 
exposed in the one deep well at Etzikom coulee, the log of which is given in 
the preceding tables. The red shales in this log below 2,485 feet, repeated 
at 2,900 feet, are the horizon-markers in the oil field. Oil is sometimes 
found in sands about 200 feet below the pink shales which seem to be 
equivalent to some of the sands in the Etzikom well at the 3,000-foot mark. 
In this well the deposits below 3,000 feet do not appear to correspond 
with many of the formations recognized in Wyoming overlying the Carbon­
iferous limestones. And in considering the section in the vicinity of the 
Montana line, comparisons must be m:1de with the sections obtained in the 
borings nearby. 

GEOLOGICAL SECTION NEAR COUTTS 

The section compiled from several of these records can be summed up 
as below. The sandstones which surround the Montana fidd in an escarp-
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ment and are estimated at 380 feet in thickness, are partly eroded at the 
boundary so that there the section would be: 

.Cretaceous 

Milk River sands Eagle sandstone ....... . . .. . .. .. . . 

(;olomdo shales ........... Shale with concretionary bed at base .. . 
Shale with two ~ands near base ........ . 

Kootenay of ~Iontana ..... Lll-kota of Wyoming . . 
'.-Ioni.son .. 
:-:iunburs t sand .. 

Jurassic ......... Ellis formation ...... . . . ... Sundance of Wyoming 
Ellis sand ........... .. ................. . 

Carboniferous? .. Madison limestone .. . 
Sand . ...... ..... . 

Feet 

175 

1, 000 
700 

350 

10 to r.o 

2;j0 
10-20 

1, 200 
100 

The Colorado shales contain a concretionary layer which is useful as 
an horizon marker. This is sometimes spoken of as the Mowry sands and 
outcrops at the crown of the dome :hear the Troy-Sweet Grass boring. In 
the lowrr part of the Colorado two gas sands occur which are probably 
near the same horizon as the gas sands of Bow Island. In Montana they 
carry a small amount of gas and water. 

BenPath the Colorado is the horizon which in Canada is subdivided 
Into the Blairmore and Kootenay. This is not subdivided in ::VIontana and 
is supposed to be the same as the Dakota and Morrison formations of 
Wyoming. The section contains pink, maroon, yellow, and greenish 
shales similar to those in the Etzikom record. At the base is a sandstone 
member from which the oil in the Sunburst well, the first productive well 
Df the district, was obtained. Locally it is rderred to as the Sunburst sand. 

Srveral members found in Wyoming beneath the Kootenay are 
absent, and a formation correlated with the Ellis, a lower part of the 
Jurassic, seems tu fill the section between the Carboniferous and the 
Cretaceous. It consists of about 250 feet of variegated shales and a few 
thin limestone bands. At the base is a sandy lime varying in thickness 
from 10 to 20 feet. The lar~er production of oil comes from this horizon. 
The Madison limestone, a lower member of the Carboniferous formation, 
is the credited horiwn forming the solid limestone mass beneath the softer 
beds through which the drill passes. Whether this correlation is definite 
is not certain, since one drilling was continued through 1,200 feet of beds 
and reached a sandy shale supposed to be Middle Devonian, as it is reported 
to have signs of petroleum in it. As this member was dry at the summit of 
the dome it is predicted tha.t on the flank at lower elevations oil mn.y yet 
be found in it. 
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Pun: II 

.-\ . Carcajou c~l\_\"l)l\ OilTi il>l\ . The dioron iorm it.l' oep:lrate' t he brecr·iated beds below 
from the ro,.<iliferoco Devonian limestone aboYe. (Page 5L) 

l3. l3reeciated becl.< on Bear H ock s howing the ell:. rae tel· o f the b reccia frfcg menls. (Page 54.) 
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J'L,\TE IV 

A. Boulder in ;;ncient ch~nnel of Redkniie river :\t tho fnll,, C urrent. t.mvc!led from 
le ft· to right undercutting boulder at upstream e nd and depositing male rinl in eddy 
at tlowllstream entl. (Pa.<;e 90.) 

B. Fnll s on small st.ream nca r head of Jean-i\fnric river. About one-quarter o f volume 
of wuler com es through joints in Hay RivN limcslonos. (Page 04.) 
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P!.:\TE v 

.\. Showing water Jmwn h~· wagon before ar(.<•si:ln wclh wer~ clril lerl. 

D. G o ,·ernment test well i'o. t, connecting pipe Jncl wnter tanl; for caLt-le. (P:1o:e J06.) 
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PLA1'E VI 

Apparatus u8cd for snving the gas which comes with the wnt-e.-. Farm of John Ell . (Page 109.) 
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Drumlin. 99 
Duff, A. N .. .. 119 
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Coal ... 
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Edmonton formation .. 
Ellis format.ion........ . . . .. 
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Et.leh ck .... 
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126 

.82, 8:3 
68 
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C1·etaceous, conPlation wit-h Alta. and 
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Falls coal seam­
Description 
Section showing .. . 

Ferro pt .......... . . ... . 
Ferro Point coal seam- · 

Section showing . . . . . 
Fish, Mackenzie R. dis t . 
Fish I. . ... 
Foothills coal area .. 
Foremost., Alta . 

PAOE 

15-17 
Facing 8 

8 

Pncino 8 
96 
94 

.. . . .. .. . . .. 101104 
108, 119 

Fort Creek formation. .51, 52, 56, 
Fort Liard, N.W.T. 

57, 61-6~ 
49 
48 
68 

Fort Nelson, B.C .. . 
Fort Nelson r . . 
Fort St. John, B.C .. 
Fossils-

Biairmore area .. . . 
Franklin range .. . . 
Linrd r . .... . .. . . 
Mackenzie hasin. 

Norm:.n area. 
Sikanni Chief r. 

Fossil-tree pt.-

.47, 65 

6 
7.5 83 

48 
.97, DB 

52 58 
08 

Coal........ .. .. . . 10, 14, JR. 21, 30 36 
Sections from, to Millig><n pt .. and 

Grant fiat........... . ... Paci>'IJ 8, 30 36 
Structure. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Franklin mt., rept. by M.Y. Williams.. 6.5-87 
Franklin i\Iountain formation ..... ... . 72-74, 78 
Galloway, C.F . .J. 1, 24 
Gallowny coal sen.m-

Description and a.nnl. 
Section showing .. 

Galloway fall s .... 
Game-­

Mackenzie R. dist. 
Gas, natural-

Alta., prospecting for . 

24 
. Facing 8 
.8, 24, 26 

96 

123 
From water, photo of appa.mtus for 

saving. 132 
50 

3, 6 
Mackenzie basin. 

Gates formation . .... . . . . . . . . . . . .... . . 
r:orrela tion with Upper Blairmore 

formation .. 
Gaudet, mt. 
Gething, Neil. 
Gething coal seam-

Description and anal. 
Gething ck.-

Character. 
Coal . 

anal .. ... . 
Columnar section . 
Rocks . 

Geth ing formation .. . 
Gilmore, R . E. 
Glacia tion-

:\1acken7.ie basin .. 

6, 7 
.. . 70, 84 

3 

. . 23, 24 

3 
.. 10-14, 17. 23-26, 29 

. .. 16, 24 
Facing 8 

4, 5 
..... . 4. 8, g 

9 

Franklin m t . .. ...... . 
09 

.. 71, 84 
Gold. See Alluvial golrl 
Grant coal seam. 

Description and ana l . 
Section showing 

Grant Aat-

29 
20-22 

Facino 8 

Coal. . 8, 20 . 29 , 32-36 
Section from to Fossil-tree pt. Facino 8, 32- 36 
Tunnel \V. of, pls,n .. .. 20 

G rant mt. . . .. . .. . 3, 4, 8, 21 
G ravel r. .. .. .. . 84 
Great Bear 1., copper. 63 
Great Bear r. . .84, 86 
Gypsum.. . . . . 77, 78, 86 

PAGF. 
Hare Indian River shales. 52 
Hnrlech, Alta. . 103 
Hny River fo•·mnt.ion.S~. 91, 92, 97, 98, 129, 130 
Head-of-the-Line...... Uti 
High falls , Moose bar ck. 17 
Ho-rn mt. . .95, 99 
Hudson Hope, B.C. 3 
Hume, G . S ., rept. hy. on :\'onnan Oil 

fi elds and part of Liard r . 47 63 
fm,)erial Oil C'o . . . . . . . 50 
Index coni seam , section showing:. Fac-ing 8 
Island ck. . .10, IS 
.Jamieson, T. J. .. . 118 
Jean-Mnrie 1·.. . .. . . 92 , 93, 95- 100, 130 
Johnson ck.-

(;haracter . . . . . . . 3 
ConJ..... .10, 14, 15. 23-26, 28, 29 
Columnn.r sedion.. . . Facing 8 

Johnson mt . 8 
Knkisa I .. . . . . 89, 98 
J<eele. J. . ... . 83, 84 
Kimmeridgian formation . 7 
J(indle,E.M. .75, 76, 79, 80 
Kindle mt. 80 
Klewie ck. 68 
Kohi,Hnro1d . 9 
Kootenay form!l.tion . 126 

Coal, charar t.er... ....... ... 27 
Correlation wit.h Bullhead :\iounl!tin 

formation . . . . f>, 7 
Lethbr idge, ndcsian water . . . 105, 101>. 123 
Liard mts...... .... . . . . . . .. .. 48, 49 
Liard r .. rept. by Hume on pa rt. of. . . 48- 50 
Lignite . Mackenzie r ...... .. 83, 87 
Little Mogul coal seam-

Description <1.ncl ann!. 
Section showing. 

. . . 17 

Log records, artesian water, Alta .. 
Lone mt ....... 

Foc'no 8 
. . 110 123 

79 
Lone Mountain fo•·mation. 
Lookout mt . . 
Lovett, Alta . 
Lusker ck . 

. .72-74, 70- 81 
79 

J02 
102 

Lynx ck .. .. 
McConnell. R . G . 
M acdougnll, .J. A . 
McGill, A. K . . .... .... .. . . 

!i 
48 
65 
88 

McGill!. . ... 93, 94, 06, 90 
Mackenzie r.-

Scc also Norman 
Glaciat.ion . . 
Sandstone and shales. 

M~tckenzie River basin­
See Frankl in m ts. 

Norman oil field 
Whit.t..ker, E . J. 

}[ackenzir River Oil \o. 
McLean1 , F. H ., rent. by, on Pel\cc River 

Can}'On aren, B.C . 
McLeod r .. 
McLeod Coal Co. 
Madison limes tone. 
Mall ey, Mr ... 
Maps-

Alberta, south ern , showing bore-holes 

84 
82 

50 

1-46 
102 
102 
126 

SG 

for ar tesian water . .. . Facing!(}~ 
Jean-Marie r. ....... . .. .. 
Macken~ie r . fro m Norm an to Beaver r . 
Peace River Canyon coa l a rea. 
Redknife and Bouvier rivers .. . 

Medicine Hat, Alta. . . .109, 123, 
Milk r... . IO.'i , 106, 
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