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SUMMARY REPORT, 1922, PART B

PEACE RIVER CANYON COAL AREA, B.C.
By F. H. McLearn
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INTRODUCTION

Peace River capyon, or Rocky Mountain canyon, or Canyon of the
Mountain of Rocks—as it 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 in 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.! 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 commereial 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 (B1-B2).
North shore section, from Fossil-tree point to Grant flat (C1-C2).
South shore at Earle narrows (D).
Aylard Creek section (E1-E2-E3).
Small section in draw west of Mogul creek (I).
Mogul Creek section (lower part) (G1-G2),
Moosebar Creek section (upper part) (H1-H2).
Contact Point section (J1-J2).
'Ann. Rept. Minister of Mines, B.C., 1912, pp. 118 to 136.
63414—13
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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 Mogul creek and neigh-
bouring cliffs and ravines, Gething creek, and the north shore from Milligan
point west. All Gething ereek and parts of Johnson creck were seen, however,
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TFigure 1. Diagram showing geology of Peace River Canyon coal area, Peace River district,
B.C., and the location of measured columnar sections AI-A2, B1-B2, etc.,
shown on Iigare 2 and described in report. (Base-map from surveys by Gray
and Milligan Brothers).

and the important seams were measured (See Al-A2 and I11-12 in
Figure 2). In all, thirty-five samples, of twelve seams, were taken.
Enough work was done to determine the important structural features and
the general areal extent of the coal-bearing strata (See Figure 1).

|Geolagical Surivgy. Convas.
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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.
That 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. To 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 precipitous 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, Moosebar, and Johnson, have steep-
walled canyons in their lower courses. .

TRANSPORTATION

The future 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, 1.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 method.

STRATIGRAPHY
System TFormation Member Thickness Lithology
in feet
GatesS. ..ot 50-80 |Sandstone
Cretaccous... Moosebar.......[.................... 800 |Shale, clay ironstone concretions
Bullhead Gething, or Upper.. +1,400 |Sandstone, shale, clay ironstone,
Mountain coal .
Lower.............. +3,000 |Conglomerate, 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 3,000 fect, but only the upper part is exposed in the canyon. The
beds consist of conglomerates, grits, and coarse sandstones, also 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 all 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 furnish a test. A
study of the 8-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 conglomerates 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 Grant mountain on
the north side and to Johnson mountain on the south side. They extend
up main Gething creek as far as the upper falls, and up the rorth branch of
Gething creck far beyond the boundary of the area studied. They are
also found downstream, on both banks, from a little east of Grant mountain
to Contact point. The section exposed along the north bank westward
from Grant flat and up Aylard ereck may be considered the type one of this
member.

The thickness, as measured in columnar sections from the horizon of
the Riverside seam to the contact with the overlying Moaosebar shales, is
1,250 fect. A deduction should be made for error of measurement, which
is cumulative and tends to be teco high.  About 1,125 feet is a fair estimate
of the above thickness. The Riverside seam is not quite at the bottom of
the Gething member 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 s the coal-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 flat 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 mollusecs. 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 molluses 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 Moosebar 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 upper Aylard creek, on Moosebar
creek above the forks, and on upper Coal creek. Exposures are also
found east of Contact point on both banks of the river. The thickness
has been estimated! 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 a3 yet been found in surface 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.

t Geol. Surv., Can., Sum. Rept. 1917, p. 17 C.



6B
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 side. 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 age® (Metacephalites,
Buckman, gtc.), i.e. about basal Upper Jurassic. It may be noted that
the Fernie faunas are of unlike age 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 graminafolia
and cladophlebis heterophylla. 'T'he upper flora contains nine species of
dicotyledons as well as ferns, cycads, and conifers. Berry?® 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 rentricosus.

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 Xootenay of the
south, i.e. the age is Barremian. It contains Oleandra graminefolia, one of
the species by means of which the Kootenay flora can be distinguished from
the lower Blairmore flora.

1 Geol. Surv., Can., Sum. Rept., 1917, p. 17 C.

2 The age of this fauna and the range of the macrocephalitids are discussed by S. S. Buckman
in an unpublished report.

3 Correlations discussed in unpublished manuseript.
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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 detail, will such a correlation be possible.

Correlation Table

System Lurope Southwestern Alberta) TPeace River canyon
Upper! Cenomanian Upper Blajrmore ? Gates
Albian
Lower Blairmore ? Moosebar
Aptian
Cretaceous TLower

Barremian Kootenay Bullhead |Gething or
Upper
member

Neocomian Mountain |Lower
member

Kimmeridgian

Argovian

Jurassic Upper

Divesian

Callovian Fernie

' Taking Cenomanian as the base of the Upper Cretaceous, Upper and Lower Cretaceous
have little sxgmﬁc_n.nce in southwestern Alberta, for the division line must be drawn within a
formation (the Blairmore) which is 2 well-defined lithological unit.
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STRUCTURE

On either side of the canyon from the west end of Grant flat to Milligan
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 persists 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-
chines 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 Jimb
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 described 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 deseribed 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 are 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 of the area studied, is a structural
zone of eastward dip in which the strata of the Gething member are again
exposid at the surface. The structure on, and south of, Johnson mountain
is not known.

In the planning of mines the monoclines, folds, or rolls will 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 slepes up to 45
degrees must be 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 workable depth, and some of the area underlain by the Moosebar
shale 1s 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 flat to I'erro 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 porticns,
from the horizon of the Riverside seam up to the Moosebar contact. This
represents a thickness, as measured, of 1,250 feet. In this combined



9B

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
onc or more coal seams of unknown thickness. 1t 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
Talls, the Little Mogul and the Mogul, the Castle Point and the Milligan,
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 23 feet or over are accepted, but those from 2% feet to 3 fect
are considered to meet the standard only where they are in proximity to
cther and preferably thicker seams, with which they can be worked, i.r.
in the development and operation of which the same surface equipment
can be used and to some extent the saine underground equipment. Seams
having more than 1 foot of parting or continuocus layer of coneretions and
at the same time less than 4 feet of coal are below the standard here used.
Seams 3 to 3% feet thick must not have over4 inches of partings or con-
tinuous layers of concretions. Seams 21 to 3 feet should preferably be
free of partings and have not more than scattered small coneretions.
Where concretions are rare or scattered a larger proportion is allowable
at one place. The above roquirements must not only be attained
isolated sections, but must be maintained over sufficiently large areas
to make mining profitable. 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 this requirement of local continuity of
seams can be applied only in rare instances. '

All the analyses given in this report have been made in the Division
of Fuels and Fuel Testing, Mines Branch, by R. I&. Gilmore, chief engineer-
ing chemist. The analyses are reported by Harold Kohl, chemist. State-
raents in regard to coking quality are based on the laboratory tests. In
classification and assignment of rank, M. R. Campbell' is followed. Can-

i Campbell, M. R., T'rof. Fager, 1004, U.3.G.S., 1922, pp. 3-9.
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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 exposed at the upper falls, where it is 2 feet thick.
On Moosebar creek it is exposed at the upper falls, where the creek forks,
and i1s 3 feet 8 inches thick there. A third known exposure is at Contact
point where the Superior seam is present in a 'low cliff at the river side;
the thickness is 2 feet 8 inches. At cach of these localities it consists of
clean-looking coal, but no samples were taken, so that nothing s known
of the grade or rank. On Moosebar creek and at Contact point this seam
falls within the standard set. On Aylard ereek 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 thesize of talusblocksin front of the cliff indicates thataseam
at least 2 feet 6 inches thick is present. This may be the Superior sean.
It should also be sought in the higher c¢liffs 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. It 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 top of the high cliff opposite
Fossil-tree point. On Aylard creek this szam 1s exposed between the
small third falls and the upper falls. Irom Aylard creek the outcrop is
estimated to have a southeasterly course to Moosebar creek, where there
is an exposure a short distance below the upper falls. No intervening
exposures are at present known, but the highest cliffs about Mogul creek
should be examined, and particular attention be given to any exposure a
little over 100 feet below the Moosebar contact, if the 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 bank of Coal creek
some distance above 1ts 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:

Feet Inches

Conl. 2 1
SANAS ODE. o v e 0 2
{77 Y 2 1
SaNdStONe. ..o vt e 0 4
[ 7oY Y A PP 1 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 sandstone, aggregating 10 inches:

Feet Inches

Bhale. ... - -
Coal. i e e s 0 5
SandSbONe. ..ot 0 2
Coal. o e 0 7
SaNdStONE. ... oo e 0 2
Coal e 3 3
SN S oM. .o ot s 0 3
Coal. o 2 5
SANAS ONe .ot e 0 3
Coal. . 1. 8
Shale. ... - -

Comparing the two above sections, itis probable that on north Gething
creek the two thin top benches and a part of the third bench 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:

Teet Inches
Shale. ..o - -

—
| » oy = o W

0
0
1
Shale. 0
1
0

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

Feet, Inches
1S 2 -

2 1
BANASLOME . . Lt e 0 4
1 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:

Canneloid coal. ... ... ... e 0 43
C0al. o e 1 7%
White argillaceous sandstone. .............. ... ... -0 2
Coal. i e 2 2
White argillaceous sandstone. ..ottt 0 4
Coal. o 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

(7Y S 2 8
Arenaceous shale and sandstone bands............................. 4 6
G0l it 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.
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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 upward in the coal section. The ash in the top
4% inches is prohibitive, 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 east, 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 the 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, North-
westward the outerop is estimated to run towards the river and to be in
the cliff on the south bank above Farle 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 ‘‘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 zalso be sought
in the cliffs on Island creek. From there the outerop 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 Titan.

Southeasterly from the type exposure 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 sought in the higher, but not the highest,
cliffs. On Moosebar creek a seam exposed some distance above the Big
or third falls is correlated with the Titan. The exact course of the outerop
southeast of Moosebar creek is difficult to estimate, and not sufficient
work hag 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:

Feet Inches
Bedded 5-inch layers of fine sandstone and 2-inch layers of shate. . - -
[0 1R 4 0
Concealed. .. ... . . 2 0

Bedded 5-inch layers of fine sandstone and 2-inch layers of shale. .
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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:

Teet Inches

Dark shale.. ... e -

Conl .
Shale and argillaceous sandstone...............c...coo it
Conl. o
SANASONE. ..t e
ool e
Shale, havingjet bands.............co i

11

| coocow
I NN

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.

Feet Inches

Shale...... e e e -

07 ) O P 2 8

Clay ITONStONe. .. . ottt e 1 0
1 7 O A P 2 6

AN S OME. .. it e - -

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

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 has 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. TUnfortunately neither the rank nor grade
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. Trom 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. Westward
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 outerop 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.

63414—2
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At the type exposure on Aylard creek the Falls seam has the following

section, including 2 feet 7 inches of coal and 1 foot of canneloid coal.

Teet Inches
Massive sandstone. .. ....... .. ... . L e -

CoOnL. .. o e 0 8
Canncloid coal....... e e e e 1 0
Coal............... A 1 11

3 7

Sandstone and shale in 1 to 5-inch bards

About one mile to the northwest on the cliff wall above Earle narrows
the seam correlated with the Falls seam 1s 3 feet thick, but this measure-
ment includes large concretions near the base. The upper part is of
canncloid coal.

About 1-2 miles to the west, the seam on Gething creek correlated
with the Falls bas the following section and includes 1 foot 11 inches of

coal and 11 inches of canneloid coal:

Teet Inches
Coal ... R B 0 8
Canncloid coal............. P 0 11
Coal........... e 1 3

The bottom 13 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:

IFeet Inches

OBl o e o 0 8

SRAIS. .o e e 0 2

Coal and clay ironstonc concretions 1 foot thick...... AU 1 4

Canneloid coal....... ..., ...... . P 0 8
The presence of canneloid coal is a characteristic of this seam.

Only the exposure on Gething creek was sampled:
. ) ' . |
— . Volatile TFixed ‘ TFuel ‘ Coking Colour
Moisture | Ash matter carbon rotio | quality ash
|

Top 8 inches. . ... ‘ 1-1 55 24-0 69-4 200 |Very poor  |Light browyn
Middle 11 inches.. 1-0 | 3.3 23-8 | 71-9 3:00 [Non-coking |Grey
Bottom 15 inches. 0-9 2:3 25-9 70-9 2-75 |Very poor 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
from 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, 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 Mogul i§ a small seam, of only local importance, but is
described on account of its proximity to the Mogul seam. It lies about
460 feet below the Moosebar contact and 10 feet above the Mogul seam.
The type exposure is on Aylard creek a little above its mouth. Irom
there the outcrop rises eastwardly and the seam is exposed in a draw
west of Mogul creek, just above the trail on the west side. It is also
exposed on Mogul creek above the trail. Its extension to Moosebar creek
1s problematical, although a seam there has been tentatively correlated
with it. Northwestward from the type expcsure on Aylard creek, a small
seam in the south bank at Earle narrows is without doubt the Little Mogul.

On Aylard creek this seam is 3 feet thick, but includes a 3-inch con-
cretion. About 0-28 miles to the northwest, at Earle narrows, this seam
is only 8 inches thick, and below the assumed standard. It holds its thick-
ness better to the southeast; 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 fect 8 inches of coal. The seam
tentatively correlated with it on Moosebar 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 inches, 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:

. ‘ ‘ Volatile ‘ Tived Tuel Coking Colour
Moisture ' Ash ! matter ‘ carbon ratio quality ash
‘ |
2.7 105 | 2%.3 ‘ 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 outerop 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 somewhat 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 outerop 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

sectlon 1s as follows and includes 3 feet 6 inches of coal.
TFeet Inches
0 2

C0aL. e
COmErebiOD . o e 0 4
(7 L 3 4

The concretion 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:
F%eb Inc}ées

L7
L0703 Y 2T ) T 1 2
771 2 8

To the southwest 2-1 miles, on Moosebar 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
1s 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:

— Mois- Volatile| Tixed | TFuel |Coking | Colour
' ture Ash matter | carbon | ratio |quality ash 5 |B.T.U.
Mogul creek........... 1:2 | 4-6 229 71-3 3:10 Non Dark
grey ‘
Earle narrows.......... 1-4| 4-2 22-7 71-7 3-15 ' Non TFlesh 0-9 14,220
|

The rank in both samples is scmi-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. TFrom there the outcrop runs inland and comes to the
river again on the north bank at Earle narrows, but there is no exposure
there, the secam being concealed on the axis of the roll. IFrom 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 high 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 tentatlvely 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:

Feet Inches

> S —C
)—l‘ coooo |

Black shale

At the mouth of Aylard creek, 1-3 miles distant, the seam coutains
3 feet 5 inches of coal and a concretivnary band 4 inches thick, or 3 feet
9 inchcs ir all; the foot-wall is black carbonaceous shale. To the southeast
0-41 miles, a1t the mouth of Mogul creek, there is 3 feet 2 inches of coal.
Two miles southeast, the seam on Moosebar creck correlated with the
Castle Point has 2 feet 3 inches of coal and partings aggregating 2 feet 1

inch:
Teet Inches

Shale. .o - -
Conl 0 6
Cloy BORSIOMB. c .t ittt e e 1 0
C0al. o 0 6
Shale o 0 66
Conl 0 10
S ). i 0 7
{77 0 5

4 4

Carbonaccous shale

This scam has been deseribed on account of its fair thickness in the
Aylard-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 SEAM

The Milligan seam is about 605 feet below the Moosebar contact and
28 feet below the Castle Point seam. It is exposed at Milligan point on
the north shore near the base of the cliffl. From there the outcrop runs
inlaud and comes to the river agair on the north shore a little below
Farle narrows, where the seam is exposed. The outerop crosses the
river, and the seam is exposed on the south bank near river level just
below the mouth of Aylard creek. Downstresm, the outerop rises gently
in the cliff, and near the mouth of Mogul creek is exposed about halfway
up the clifi. I'rom there the outerop runs inland back from the river, and
a seam on Mooscbar creek below the third or high falls is correlated with
the Milligan.

At Milligan point this seam is 2 feet 6 inches thick and 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 smail scattered
concretions. To the south 0-29 miles, on the south shore at the mouth of



20B

Aylard creek, it is 2 feet 10 inches thick. To the 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 Creek part of the area the
concretions, where present, are much smaller. On Moosebar creek the
seam 1s slwhtly below the minimum of the standard assumed.
Samples were taken in two localities:

—_— . Volatile | Iixed Tuel | Coking| Colour
Moisture | Ash | [ Phver | carbon | ratio quality| ash

North bank at Earle narrows. . ... 2.0 35 21-8 72-7 33 Non | Brown

Moosebar creek................... 23| 35 21-2 73-0 345 | WNon | Brown

The rank is semi-bituminous.

GRANT SEAM
The Grant seam is about 1,215 feet below the Moosebar contact.

Portal

FacelSept. 200 /922)

Cosa/

True Noreh

Cos/

8

7/
y Scole of Faer
- [’ heid 4 i

59,
Thicknass of Seams showr thus: 89"

GeologHce! Sury sy, Conads

TFigure 3. Plan of No. 1 tunnel at west end of Grant flut.
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 flat. There, the seam is
exposed for a distance of about 680 feet. A tunnel, No. 1 Prospect tunnel,!

1 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 cn 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. The 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, 1.e. between Grant flat 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
outerop 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 Moosebar 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 o1 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 1 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 1s 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 bottorn 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 i1s much higher and varies from 3-70 to 4-20; i.e. the rank is semi-
bituminous. The fuel ratio in these two higher benches is nearly the
same, ard 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 non-coking.

RIVERSIDE SEAM

The Riverside is 1,250 feet below the Moosebar contact and 35 feet
below the Grant seam. It is exposed at low water on the north bank a
little below No. 1 Prospect tunnel at the west end of Grant flat.  The seam
1s 80 close stratigraphically to the Grant coal that the statements regarding
the outerop 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 brilliant, coal. The presence of a layer of friable, brilliant jet coal at
the base of a seam is a common occurrence in this coal area. A sample
gave the following analysis:

e Volatile Fived Fuel Coking | Colour . |
Moisture Ash matter carbon ratio ’ quality | ash 8 ‘ B.T.U.
0-7 56 18-8 74-9 3-95 |Arglo- Grey 0-8 14,400
merates

The rank is semi-bituminous.

In addition to the above seams there are a few on Cething and Johnson
creeks worthy of description, which have not been correlated with seams in
other localities and may or may not be the equivalent of seams already
described.

GETHING SEAM

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

Tcet Inches
0 6

0B o
S 7 P 0 1
GOl e 1 10
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Tt lics below the seam correlated with the Falls seam.

T i
. Volatile Fixed Fuel Coking Colour
Moisture | Ash 1 otrer ‘ carbon ratio ’ quality ‘ ash
1-0 | 3-5 ‘ 25-2 ‘ 70-3 l 2-80 ‘ Non Light brown

The rank is bituminous.
GALLOWAY SEAM

The Galloway lies at some depth below the Gething and outerops 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
Pigh in the cliffs almost to the mouth of Gething creck. It contains at the

alls:

Feet Inches
Canneloid conl.. ... .o 1 6
Coal...... JE N e AU 2 6

4 1]

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 concretions near
the base at the falls. However, downstream these 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:

| | |
— . | Volatile | Fixed | TFuel Coking
Moisture | Ash | [P 4¢er | carbon | ratio quality s | BT.U.

Upper bench, ... . ... 0-8 3-7 18-9 76-6 4-05‘ Non |0-8 14,590

Lowerbench...........‘ 0-9( 3.7 19-3 76-1 395 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 Galloway! and is named for him.

SEAMS ON JOHNSON CREBEK

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

! 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:

f
oo Volatile |  Fixed Tuel Coking \ Colour
Moisture . Ash \ matter ‘ carbon ‘ ratio ‘ quality ash
0-6 ‘ 41 ‘ 19-0 ] 76-3 ’ 4-0 } Non ‘ 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: '

| |
. Volatile | Tised Fuel | Coking Colour |
Moisture Ash matter carbon ratio ‘ quality ash ‘ S B.T.U.
0-8 7-4 20-7 714 345 Non Dark 0-07 13,820
brown

The rank is semi-bituminous.
CANNELOID SEAM ON MOOSEBAR CREEX

A small seam on Moosebar just below the second falls is well below
the assumed standard in thickness, but i1s 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:

[
. Volatile Fixed Fuel Coking Colour
Moisture Ash 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 Ialls 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 Jower benches. Lxamples are: one of the Grant coal sections
at the west end of Grant flat 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 2-1 to 34 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 localities 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 present 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 crecls, and the 4 foot seam on Johnson creek. The following vary in
ash from 8-4 to 11-2: Trojan seam on main Gething creek and on the north
branch of Gething creek, Little Mogul, upper benches of the Trojan on
Coal creek, and the lower part of the Trojan seam at Centact point. The
following vary from 16-1 to 21-5: the upper part of the Trojan seam at
Contact point and the topmoest 43-inch bench of canneloid coal in the
Trojan scam on Johnson creek.

The Peace River Canyon coals vary in rank from bituminous to semi-
bituminous (lower ranks of semi-bituminous) corresponding to variztions
in fuel ratio of from 2-25 to 4-25. The variation does not appear to be
related to geographic position in the area or to proximity to rolls, or any
other disturbance. Rather 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 either
side of the limit between bitumiuous and semi-bituminous. The upper
two benches consist of semi-bituminous ccal with a range o fucl ratio
between 3-70 aud 4-20. The following seams have bituminous coal: the
lowest bench of the Grant, Little Mogul, Falls (on Gething creck), Trojan,
and Gething. The following seams contain semi-bituminous coal: River-
side, the middle and top benches of the Grant, Milligan, Mogul, 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 non-coking, poor coking,
or merely agglomerating. Very little of it so far examined is good coking
coal. (In speaking of coking coal it must be remembcred that statements
regarding coking quality are based on laboratory tests.) No entire seam
studicd 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
lowest 8 to 11-inch bench of the Grant seam malkes a good coke. On Coal
creek the part of the lowest bench of the Trojan seam sampled yields a
good coke. At Contact point the lower part of the Trojan seam is good
coking and the upper part agglomerates. In the west, on Gething creek
and on the north branch of Gething ereek, this scam is non-coking. It
was not, however, sampled in separate benches there.



278

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 canpeloid 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 Xootenay 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 can 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 are
known in sections closer together in the Aylard-Mogul 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. Tor 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:

— - Tons per Tons per
Feet Inches acre square mile
Bituminouscoal............ ... .. ... ... .. ... 11 3 11,250 7,200,000
Semi-bituminous eoal............. ... ... .. 2 0 2,000 1,280,000
Coal of unknownrank........................ 6 0 6,000 3,840,000
Canncloid coal............... ... ... .......... 2 5 2,417 1,546,880
Totalcoal............................ 21 8 21,667 13,866,880
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The Aylard-Mogul Creeks section gives the following:

—_— - Tons per Tons per
Feet TInches acre square mile
DBituminouscoal...... ... ... . ... 2 9 2,750 1,760,000
Semi-bituminouscoal......... ... . ... ... ... .. 6 4 6,333 4,053,120
Coal of unknownrank.. ... .. ... ... ... ... 13 8 13,666 8,746,240
Canneloid coal. ....... ... ... . ... ... ... ... 1 0 1,000 640, 000
Total.. oo 23 9 23,749 15,199,360

|

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

e Tons per Tons per
Teet Inches acre square mile
Semi-bituminous............. . 2 5 2,416 1,546,240
Coal of unknownrank............................. .. 14 8 14,666 9,386, 240
Total.. ... 17 1 17,082 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
concealed by gravel and sand.

part, but is

|
B - | Tons per Tons per
Feet Inches | acre square mile
Bituminous coal (1 foot 3 inches coking)............ .. 6 3 6,250 4,000, 000
Semi-bituminous coal................. ..o 7 0 7,000 4,480.000
Total.. ... 13 3 13,250 8,480,000
The average of the four above sections is as follows:
_ Tons per

square mile

Bituminous (a little is coking) coal....... ... .. ... . . 3,240,000
Semi-bituminous coal 2,839,800
Coal of unknown rank 5,493,100
Canneloid eoal. ... .. . 546,700
Ot . oo 12,119, 600
The tonnage for the area of 7 square miles is as follows:
Tons
Bituminous coal (a very small part coking).......... ... ... 22,680, 000
Semi-bituminous CORL. ... .. . 19,878,900
Coalof unknown rank. . ... .. e 38,451,800
Cannelotd conl. .. ... .. o e 3,827,000
FOtal. . e 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 Mogul-Aylard 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 Moosebar and Johnson Creeks estimates
and there is the possibility that this seam maintains its standard below
the creeks and is not at too great a depth to 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 Moosebar shale. Can the same
estimate be given to this strip, i.e. can another 84 odd million tons be
added, making a total estimate of 169,675,500 tons? Before this can be
done two facts must be ascertained: whether the seams are at a workable
depth throughout the area of this second strip, and whether the seams
maintain the thickness and quality which they have 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.

TFor 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:

— ‘ ; Tons per Tons per
Feet Inches acre | square mile
Semi-bituminous... ... .. ..o 7 6 7,500 ‘ 4,800,000
Coking bituminous...................... ... ... .. 0 10 833 533, 100
TOtal. oo | 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 between that locality and Grant flat (as suggested
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.

— - Tons per Tons per
Feet Inches acre square mile
Bituminous coal (in part coking)..................... 6 0 6,000 3,840, 000
Coal of unknown grade and ranle..................... 7 10 7,833 5,013,000
TOCA. oo 1 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 SECTIONS!

“Thick” 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 down into irregular and angular fragments.
“Fissile shales” as so designated here are those which break into smooth
sheets or plutes 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 {o Milligan Point (B 110 B 2)

Teet Inches
Conl. .
Shale, carbonaceous, jet seamlets. ..
Sandstone, argillaceous, some jet
Sandstone, fine-grained, massive
Shale, arenaceous...............
Clay ironstone, prostrate plants............ ... .. ... ... .. .c.....
Shale, carbooaceous, somewhut fissile, prostrate plants............
Sandstone, medium grain, ripple-marked..................coii....
Coal
Shale, grey, friable......... ... ... .. . .. ..
Coal......... oo
Sandstone, carbonaceous, with jet.
Coal

CNOCOCO=OFHNDDIR OO
BORWWIWNOO®m =L

Coal

"t All sections read from highest beds downward.
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North Shore, Fossil-tree Point to Malligan Point (B I to B 2)—Continued

TFeet Inches
Shale, carbonaceous, with jet 0

Shale, somewhat fissite
Clay wronstone.. ...............
Sandstone, light xrey, medium grain, in ripple-marked flags, brown
wea.thcnn" ...................................................
Sandstone, light grey, coarse-grained, massive.....................
Sandstone, films black shale..........o.........o
Shale, dark. . ... ..
Coal, +inch jet on bottom . ... i
Jet coal and irtegular clay ironstone concretions....................
Shale, carbonaceous, MicaCEOUS. .. .oovvriii it i
Sandstone, carbonacecus, MiCACEOUS. - v v v vt iee it iaee e
Sandstone, yellow and banded above, coarse and massive below. .
Coal, having 8-inch concretions in places
Shale, arenaceous. ...,
Sandstone, light grey, massive .
Sandstone, MAaSSIVE. . . ... ..
Sandstone, fine, yellow weathering. .............. . ... .. .. ... ... ..
Sandstone, light grey, medium grain, fine lined; peculiar unsolved
plant 1em‘nns? ..............................................
Sandstone, white, coarse; peculiar unsolvcd plant remains?.. .
Sandstone, ripple-marked.......... .. ... . o
Shale. .o

—_

>
—

—_

Sandstone, fine, in ripple-marked beds.................. ... ..
Sandstone, fine, argillaceous in ripple-marked flags
Sandstone, argillaceous, micaceous, fine lined... ...

—_

—

Shale, prostrate planta. . ... ... . .. i
San(lﬁbnne medivm grain, light grey ..
Sandstone, medium grain, weathers ye1l0w ........................
Sandstone, grey, some ripple-marked surfaces.. e
Shale, hmn‘ng thin beds of clay ironstone. .........................
Sandstone, fine, some ripple-marked surfaces ............. ... ... ...
Shale, grey

— —
WHRWHOOROONODIODORORANOOCOLDR~ONIWOSIDEAENWWWS OO WWerT® — b oOONOC

—
COLOPNDRNOHHMHORNCORONHOHOOOANDOIHOONWI HHERROHOHOOHEHFHWW OO

Conl........... O

qhale DlaCK . . ..
Shale blaclk, earbonaceous. . ..o i
Shale, black. having bands of jet.......... ... ... ... ... .. ...
Shale, grey, friable.......... o
Sandstone, banded with shale........................ ... ........
Sandstone, grey, Massive. .. ..oee o in e
Shale, dark, somewhat fissile..................... e
Coal —Milligan seam. ... .. ... i
Shale, black, carbonaceous, micaceous.

North Shore, Fossil-tree Pom& lo Gmnt Flat (C 1—C 2)

Banded dark shale, light sandstone, and clay ironstone in about
12-inch bands. . ... e e

Sandstone, light grey, ripple-marked. ... ... ... ...

Sandstone, light grey, hard, ripple-marked........................

Shale, ]mvmg sandstone lenses. . .

Shale, fine discontinuous band of white’ sa.ndst,one

—

MO OOHUHAH DO
—

ROWORDBRONODISOO

Shale, somewhat friable...........c..... i
Sandstone, medium grain....... .. .o e
Shale, dark, carbonaceouns, jebbands........... ... i
Clay IPODSEONE. .. ottt e e s
Shale, carbonaceous, plant remains. .
Coal, 3inch jet on bottom . .

Shale somewhat fissile, having jet ‘bands.,

63414—3
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North Shore, Fossil-iree Point to Grant Flai (C 1—C 2)—Continued

Ieet Inches

Coa) and clay ironstone concretions. .......o.ovovevivvn oo 0 [
Shale, ATEDACEOUS. . -+« e\t ettt eat e ettt e e it 1 0
Shale, arenaceous, clay ironstone. .......c.. oo o 1 3
Gl TTONSEOMB . L« vt vttt ettt et et e et ee e e et 2 0
Shale, somewhat fissile, jet bands................ ... ... ... 0 3
ST (16 1] 7 11 1 0
Shale, clay ironstone nodules....................... .. 1 6
Shale, carbonaceous, somewhat fissile, jet bands.. . 0 6
Shale, f8SI18. cu ettt et 0 [
(72 U A 0 7
Shale, carbonaceous. ... oo e 0 6
S Y- 1 0 3
Sandstone, carbonaceous, medium grain 1 0
Clay IrONSEONE. ..« o\t ettt e e 2 0
Sandstone, ripple-marked. . 0 10
Sandstone, coarse, massive.. 2 8
Savpdstone, medium ETAIN, TICACEOUB. .\t vttt e e 2 0
Shale 2 0
Coal............ 1 [}
Clay ironstone.. 0 1
(07X P 0 4
Shale, Coaly. ..o 0 5
Sa.ndstone dark, fine, a few ripple-marked layers, includes 4inch

clayironstoneband...... ... ... .. 6 0
Sandstone, fine, some npple marked layers........................ 3 0
Sandstone, medium grain, massive, unsolved plant remains; good

T 5 0
£ 37 1= PP 0 3
C0al. et 2 0
Shale, carbonaceous. ....... ... 0 3
Sandstone, medium-grain, argillaceous, rootlets.................... 6 0
Sandstone, coarse, white, in ripple-marked, thick-bedded, unsolved

plant remains; good horizon marker................oo 6 6
Sandstone, coarse, in flags, arenaceous shale beds.................. 1 2
oAl e 0 3
Sandstone, arglllaoeous, yootlets.......... ... . 1 8
Shale, arenaceous inthinbeds.................. .. ... ... ..., 1 8
Sandstone, ripple-marked, in flags.............. ... oL 4 0
Sandstone, fine, in ripple-marked flags, separated by very thin, sun-

cracked, arenaceous shale; clay ironstone bands 8 6
Coal. o 0 8
Shale, coaly, and bandsofcoal.......... ... ... ... 1 0
Shale, dark.. ...t i 2 4
Sandstone in ripple-marked flags 6 inches to 12 inches 2 5
Sandstone flags, weathering brown. .................. 2 5
Shale, AreNACEOUS. .. .\ttt ittt ettt e e 3 0
Shale, dark. ... oo e 2 0
Sandstone, finely crossbedded................... e 3 6
Sandstone dark, argillaceous................ .. 0 3
Coal. e .0 3
ConCRRIEA . . o\t 25 0
Sandstone, fine, brown weathering................................. 8 0
Milligan seam—

Coal 42 inches coneretion........ ...t 2feet 1 inch

Conl, Jeb. .ot 8inches 2 9
Shale, black, MiCaCEOUS. ... vt et it 0 7
Sandstone, massive, ripple-marked................... 4 0
Sandstone, ligcht grey, very fine dark bands... .. 3 0
Shale, dark. ... i 1 0
Sandstone, argillaceous, massive.........oaviiiiiiiii i 0 9
Sandstone, massive, argillaceous, clay 1ronstone .................... 5 6
Shale, Erey ... oo s 4 4
1077 U 1 0
Shale, dark, somewhat fissile. ... 1 6
Sandstone in thin S, . e 3 6
Concealed. ... 10 0
Sandstone, light grey, fine, in ripple-marked flags, roots.. 5 0
(@7 O 0 feet 8 inches

[ % T O OO 0 feet  inch
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North Shore, Fossil-iree Point to Grant Flat (C 1—C 2)—Continued

Teet Inches

Coal and irregular concretions 7 1ncL\es thick....... 1 {oot 11} inches
Coal,jet. i .....0leet 8 inches
Shale, Erey . o e
Sandswne, dark, Ane.. . oiv e e
Sandstone, banded, argillaceous, in ripple-marked layers............
SBAle, TCY .. o et s
Sha]e fissile, having jet bands............ ... ... ol
Shale, grey, havmg jetbands... ... .
Snnd:tone N Y. B P
Shale, darke. ...
S:mdstone TNASSIVE .« o ettt ettt e e e e e e
Clay ironstone. .. .. e
Sandstone, rather coarse, massive. ..
Shale, black...... O P
Shale black, having very thin sandstone lenses.. R
Shale black ......................................................
Coal and many clay ironstone coneretions. ...
Shale, fissile, having plant remains and jet bands..................
Shale, grey, ATEDACEOUS. ...ttt t it v e
Shale, carbonraceous, iSSIe. ... covtit i
Shale, arenaceous, friable.......o.. ... oo i
Shale, carbonaceocus, B8S1Je. . ... oo e
Sbale, Brey ... oot e
Sandstone, ine....coo i e
Shale, grey, having ironstone concretions.
Sandstone, finelined....................... ..
Shale, arenaceous, some clay irongtone.co.ovoveooooo. ... e :
Sandstone, fiNe. ... ot
Shale, ErCY . . et e e .
Shale, ASS11e. .. o
Coal, canneloid. ... .. e
Shale grey, somewhat fissile. ... ol
Conl, CANBEIOI . . . novosne e
SBAE. oo
Coal, Jet. . i
Shale, coaly..... ........ e
Coal, JOt. e ..
Shale, dark, carbonaceous, somewhat fissile........................
Sandstone, fine-grained, argillaceous....................... ...
Sandstone in ripple-marked layers, a few bands arenaceous shale. ..
Sandstone, fine, weathering Brown......co.ovoiivi e nnnnean..
Shale, grey, OTENACEOUS . .. cr ottt ittt vt e
Coal, irregular concretions 1 foot from bottom, bottom 12 inches
chleﬂy JBE e o
Shale, somewhat fissile, catbonaceous, seam jebt....................
Sandstone, ATEIACEOUS. o et e
Shale, grey, areraceous, frinble. . ... ... .o i
Sandstone, medium grain, fine crossbedding........................
Sandstone, fine, finely [ P S
Shale, arenaceous, having bands of fine sandstone...,..............
Shale, [Hable....... ... o e
Coal, Ferro Point seam
Shale carbonaceous, friable, jet seamlets
(73 BT S
Shale dark, fissile, jet
Shale, ATCTIACROUS. « -« vt oottt e ta s et e e
Sandstone, finely banded......... ..
Sandstone, medium grain, ripple-marked, yellow weathering.......
Szmdsbone, fine-grained, argillaceous, fine-] incd, in 6-inch beds, ...
Sandstone, very thinly banded with dark shale....................
Shale, grey, arenaceous, 3-inch ¢lay ironstone band.. AP,
Shale, ﬁsslle et bands. ..
Shale, dark, arenaceous.................
Sandstone, ﬁnely lined, banded with shale...................... ...
Sandstone, dark, arglllaceous ......................................
Shale, dark grey, arenaceous
Shale, carbonaceous, issile........viuiiii i
Clay BRONStONe. - ... oo

83414—3%
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North Shore, Fossil-tree Point lo Grant Flat (C 1—C 2)—Continued

TFeet Inchea
Sandstone, madium graia, poorly sorted in flags, some lnyers ripple-
MATKEd . o e
Shale, ATENRCEOUS. . . ..ottt e e
Coml, Jot et e
Shale, dark, CarbDONACEOUS. v eue vt v iirre it i iaeaeias
Snndstone, dark, finelined............. . i
Sandstone, medium grain, interbedded with friable shale; clay
srongtone bands above; middle beds are ripple-raarked layers
of sandstone with thin beds aun«cracked shalo thm coal scam
above ripple-marked layers. . e . .
Shale, dark, somecwhat fissile, jet ‘bands. ..o
CONCORLEA . -+ v s meeees e
Shale, arenaceous, clay ironstone coneretionsa. ............... ... ..
Shale, friable, 1 jet band.. e
Sandstone, ﬁne arglllaceous in npplc-marl\ed l’),yers ......
Sundstone coarse, magsive, rare ripple-marked surfaces
Shele, grey, prostratp plants parrow bands elay ironstone. ... AP
Shale, carbonaceous, fissile, jot bands, prostrate stems.............
Coal, L-inch parting 'y inches [rom top, I-inch parmng 1 inch Irom
bottom.. . . .
Sandstone, arglllaceous poorly smt,ed upnght. stems. .
Shale, grey. ... ..o e PO
Clay ironstone, banded withghale...........................
Sandstone, argillaceous, burrows?. .. e e e
Shale, darl, friable.... ...
Sandstoge fine. in ripple-marked layers, &epnmbed by thin shale
BANA S, i e e e e e
Clay ironatone, three thin bands friableshale......................
Shale, grey, fnab]e thin bands clay ironstone, fine wood debris, .
Sundatone, fine banded and clay ironstone. . e
Shale, dark frinble. . . ... .
Coal, jet ....................................................... .
Shale, carbonaceous, figsile, prostrate fronds............... .......
Sandstone, fine, grey, in '“ln(‘b layers, ripple-marked, t¢bin shale
layers sun-cracked, Dinogaur tracks .
Shale, dark,........co o
Sandswne. iNe, TOASSIVE. .o oot e e
Shale, blaclk, somewhal fissile.........c.....oo0 o

oo
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Shale, arenaceous, fine, friable.............................
S&ndswne fine, nrgllla,ceous flaggy
Sandstone, medinm grain, grey, in ripple-marked layers 1 mch to
4 inches thick, some thin shale bands 2nd films, & few clay
ironstono bands 1inch 60 3 31CHeS.. .o . v vt s 10
Sbale, dark grey, arenaceous, friable, many 2-inch clay ironstone

COOOTDN COHRENHHPBRN HNRNDW

Sandstone in ripple-marked Jayers....... ... oo i, 1
Sandstone, dark grey, poorly sorted, mottled, some vertical roots,
stoms, prostrate wood fragments. .............. ... .. L.
Sandstone, Aaggy, much driftwood............vei i
Sandstone, light grey, in thick ripple-marked layers,. .
Sandstone, fine, thin, ripple-marked layers, thin, dark shale bands
Sandstone, fine, in ﬁags ..........................................
Shale, arenaceous, in very thin flags, ripple-marked, thin bands,
films black shale, sun-cracked, burrows, trails, some 2-inch
clay ironstone bands. ... ... i
F S0 1TY LT £ 02 O P
Coal. . e
Shale, carbonaceous, micaceous, jet... ... ool
Sandstone, roedium grained, l\ghb grey in ‘Hinch to 6-inch ripple-
marked P o T O U
Concealed. . ... s
Shale, arenaceous, prostrate plants.........c... .o L
Sandswne, fine, jn ripple-marked layers; weathers brawn, a few
DINORAUT BFACKS. L. ottt ettt e e

W oo
Cwooo [=X=l [=3

Sandstone, fine, dark lived, irregularly platy...................v.
Shale, carbonaceous, A93ile, ITONA, - - verrrrrss e,

~v~Oo® oB® coow
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North Shore, Fossil-tree Point to Grant Flat (C 1—C 2)—Continued

Fect Inches
C0Al. o e
Shale, friable.... ... ...
Clay ironstone and thin layers of friable shale......................
Shale, friable, beds of clay ironstone 2 feet thick................. ..
Shale, friable, i-inch clay ironstone bands............. ... .........
C0al, Jeb. et
Shale and jJeb.. ... o
Carbonaceous, somewhat fissile shale, jet..........................
Shale, dark, finely friable....................... .. ...,
Sandst,one medivm grain, finely crossbedded
Sandstone, with arenaceous shale......
Sandst,one coarse, massive.........
Shale, fnab]e cla.y ironstone bands
Sandstone, medium orain, massive
Shale, arenaceous, friable. .................. .. ... .. ... ...
Sandstone, medium grain, Massive. ... .......... .. .....oieais
Shale, friable, clay ironstone bands

—_
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oal..

Shale dark, friable.............. ... ... ..o
Sand:.t,one fine grained, shale bands............... ...
Shale, friable, clay ironstone concretions
Clay ITONSEONE. .. . v ot vttt ettt e e e
Shale, friable, clay ironstone concretions
Sandstone, fine, thin banded
Shale, friable.. ... . .
Sandstone, fine, thin bands shale near bottom.....................
Shale, dark grey...... ... .o
Shale, black, friable................... ... ...
Sandstone, fine, argillaceous, erect stems.................. .. ... ..
Shale, friable
Coal

Shale, arenaceous friable, clay ironstone nodules, vertical stems?. .
Coal, 4 INChES JBE Ab DASE. ...\ ven s e s e
Shale, friable, many rootsand stems..............................
Sandstone, massive, weathers yellow
Shale, a few rootlets, etc............ . .. ...
Sandstone, massive, weathers yellow............... .. ... ........
Sandstone, fine, dark grey, ironstone concretions
Shale, grey, friable......... ... ... ... . ... .
Sandstone, five, dark grey........... . o
Shale, finely friable........
Clay ironstone.......
Shale, Erey. .. oot e
Clay IONSEONE. .. . oottt et e e
Sandstone, fine, ripple-marked on some surfaces, weathers brown..
Sandstone, fine, argillaceous
Shale, grey .. ...
Shule carbonaceous, much jet, plant remains
Coal, having thinparting. ... .. .
Shale, carbonaceous, fissile.
Sandstone coarse, grey
Concealed. ... ...
Sandstone, fine, uneven fracture and in 1-inch to 2-inch bands
Sundst,one, CORISE . .\ ettt e ettt e e e e
Sandstone, fine, slightly argillaceous
Sandstone, coarse, massive

W~ W OO = ==~ —~ONWHARNOOCOOO~OOOHWNHORONOR AW
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Index seam— Inches
DL
Shale. ... 6
Coal (3-mch Jet on bottom)....... e 11 1 10
Shale 3 0
Sandstone 2 6
Shale 6 0
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North Shore, Fossil-tree Point to Grant Flat (C 1—C 2)—Continued

Feet Inches
[

[
=}
=)
a
w
@
S
=2

i
[«]
S
il
&

‘fD

0"
R
(e

'<

—

Shale

Rale. e
Shale, arenaceous, erect stems" c]ay ironstone
Sandstone coarse, massive, thick bedded

Shale and clay ironstone. . .........oov v
SANAStONG. L .o e it s e
Shale, carbonaceous, a.nd coal
Sandstone. . P
Clay ironstone. .
Sandstone, crossbedded on large scale, one or two ripple-raarked
A TS, i e
ClaY TEONSEONE . .. .o e ettt et et e et e e e
Sandstone, coarse, massive
ale

CIY TEONSEONG. ..\ vt o ettty e et ettt e e s e
Coal -Grant seam
Concealed

©w
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Aylard Creek Section (E 1—E 3)

Shale of Moosebar farmation
Concealed. .. ... e 5
Sandstone, MASSIVE. . ...ttt ettt e e e 15
1S3 11 U PN
Sandstone, TIASSIVE. .« v v ettt e
Shale, ArenaACBOUS. . .\ .. ot e
Coal—SUPeTior SEAM . ... ... ottt e
Shale, fissile, with jet bands.............. ... ... i
Sandstone, coarse, maasive
Shale..
Sandstone ﬁne ma.ssne ................................
Shale, dark ﬁssde many jet bands
Shale, arenaceous
Concealed. ........
Shale, arenaceous .
gandswne, fine, thin, irregular bands and flms of shale.............
Nale.
Conl, rregular 3-inch parting... ... i i
S}nle friable
ConeeRled . .. ...
Sandstone, rmassive.................... e
] 7 U P
Trojan seam - I't.

Feet Inches

SO I =
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Bone coml. ..o e 0 4
Shale, black, carbovaceaous, fissile.............coviiii i, 0
Shale, ark. .. ... e (l)
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Aylard Creek Section (E 1—E 3)—Continued

Feet Inches

Sandstone, brown weathering, fine, in 5-inch beds separated by
Zinchshalebeds......... .. o i
Conl, Tiba0 SCAIM . ..ottt ettt e e e et
Concealed. . ... e e e
Sandstone, brown weathering, fine, in 5-inch beds separated by
2-inch shalebeds......... ... ... . . o
Shale, jet above. .. ..o e e
Clay ironstone and carbonaceousshale,............................
Shale, arenaceous, clay ironstone concretions.......................
L@ 0 oY (1 7 ) T
Shale, arenfaceous. . ... ... e e
Clay ironstone
Concealed . ................ ..
Shale. . ... e s

—

NOGEOXODIHROOWWRIRO® CcoOo

SRALE . o ves s
Shale, carbonaceous. ... . e
Shale.............o.. i PN
Sandstone, medium grain, massive
TFalls seamn—

Coal. ...

AN P WNWO =~ W bR

CONCEAIEd . . . oo eeeeee e,
Sandstone, fine-grained
Sandstone, massive, argillaceous, in'part altered to arenaceous clay
b0 111 e - SN
Yo 1T 7o - PN
Shale, AICNACEOUB. . ...\ttt et e e
Shale,dark................ ... il
Sandstone, fine-grained. . R
Shale, ArenaceOuS. . .. vttt e i e
Shale clay ironstone bands.....ovvi i
[0 PN AT o3 11370 1 Y-
Shale. . ... e e
Coal, large concretions, and 1 foot 3 inches canneloid coal...........
Sandstone, fine, massive, thick layered............................
Sandstone in thin flags, films of shale...
Sandstone, fine, massive.................
Shale, dark. ... .. ... e

—
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Shale. ...
Clay ITOBSEONE. .. o ottt e e e
SandsStone, CORTSB. ... . .ttt e e e
Shale. ... e
Sandstone, MASSIVe. ... ... .. i e
Coal, pyritesin bottom bench.............. ... .. ... .. ... ool
Comncealed. .. ... .. e e
Sandstone, MASSIVE. ... ... i i e
Shale, ATENACEOUS. . ..\ttt ettt i i i
Sandstone, fine, massive. ..

Shale, friable, jet bands.. .
CoRl, Jeb. o e e
Shale, carbonaceous, above, plant remains...................iva.
Sandstone and shale, banded............... ... ...l
Shale, AreNACEOUS. .« vt ieee it e tsrancarrerneasnssnnssassaans
Shale, black, CArbONACEOUS. ... .cov i ittt e e
(@703 Y O [N
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Aylard Creek Section (F 1—FE 8)—Continued

Teet Inches

che CORL, BIanMUIAY. .o o e 8 (é
Shale fissile, and coal, ... e o e 0 6
Shale. ... 3 3
Sandstone, fine, MAaSSIVe. ... ..ottt 0 7
Shale, friable. . ... ..o e 2 4
0Bl 0 8
Shﬂ.le carbouaceous fsie. . .. 0 8
Sandstone, fine, with bands of shale............ooooveinoiii. 3 0
Sandst,one,mediumgmin..ﬂ.....,”.....,,,.......,....,.......,.. 2 10
[ 70 L 9 0
oAl e 9 0
Shale 0 2
Coal, jet 0 2
[0 70 1 6
Sandstone, fire, having thin shale ﬁ!ms 3 9
Shale, grey ... oo 0 9
(73 I 0 6
S}mle, ﬁssnle prostmte flonds ..................................... 0 5
CoRk. o e 0 6
Sandstone, very fine, arglllaoeous .................................. 0 8
Sandstone, medium grain......... ..o R, 3 0
Shale, dark micaceous, {wo thm Lands jet at tOp .................. 1 9
Sandstone, medium c:rmned in thick ripple-marked layers......... 3 0
Sandstone, fine, argillaceous, very thin bands and filma shale. .. ... 7 9
Shale, black, finely [riable, some jet bands.................. .. .... 0 10
C0a) . e e 0 8
Sandstone, medium Erain.. ..o 0 2
Shale, dark, iriable, some plant reraina.. 1 3
Szmdstone, medmm grain jn poor ﬂa.gs, several rlpple-marked

BUI B RS, . oo e e 7 0
Sandstone, fine, argillaceous, coarsely friable m fracture.. 4 6
Shale, grey, friable. ......c.cco i 1 ]
Clay )ronstone TOBSEIVE . Lttt e e 5 0
Sandstone, medium Eroin, Massive. ... ... 8 0
S&udstone, fine, argillaceous, {riable; plant remains; thin clay

jronstone bands.. . ... Lo . 1 [}
Shale, carbonaceous, fissile, many fine jet bands................... 1 5
Sandstone, fine, argilla,ceous‘ MASSIVe. . oottt e 2 3
Coal, small concretions near top; Little Mogul seam................ 3 1]
Shale, DIACK, AFENACCOUS. ..\t e e ettt et i e s 0 2
Sandstone, fine, argillaceous, ripple-marked on some surfaces.

Thin AIMS 8hAle ... .« v. e eones e 10 0
Coal, scattered large (4 mches) concretions near top; Mogul seam 3 10
Sandstone, medium grain, dark, argillaceous, micaceous. . 1 G
Sandstone, grey, medium. . ... e 9 0
Sandstone, medium, magsive, brown weathering................... 5 0
Shale. ..o 2 3
Shale, carbonaceous, sheeted; jet bands............................ 0 4
(75 R 0 7
Shake. . e 0 7
C0al. L e 0 5
Shale with pyrites. .. ... 0 6

OB L e 0 4
Sandstone, fine, MICACEOUS. « « . vvvoter e o 0 6
Sandstone, fine, ripple-marked in thick to medivm flags......... ... 5 8
Clay 1ronstone, MAasSSIVe .. ...ttt et 0 9
Sandstone, coarse, weathering in knobs and ill-defined layers....... 2 0
Sﬂndst.one medium grain, in 2-inch flags....... ... 1 0
Sandstone, coarse, massive, unsolved plant remains. 1 0
Sfm(lstone coarse, thick layered 2 2
Sandstone, coarse, messive, unsolved p]ant remams r:ood “horizon

N L O 2 6
Sandstone, fine, ripple-marked Aags.. ............. ... ... 0 10
Coal, concretions nearbottom............... ... o i 1 8
Sandstone, fine, dark, carbonaceous................ .. 1} 3
Sandstone, medium grain, brown weathering, massive............. 3 0

4 0

Sandstone, fine, in ripple-marked flags................ ... ... ......
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Aylard Creek Section (E 1—E 8)—Continued

Feet Inches
Sandstone, coarse, thickly irregularly layered, unsolved plant

remaios; good horizon marker........... ... ... oo 3 3
Sandstone, ripple-marked, thin beds films shale, thin flags below,
thick flags above. .. ...
(72 O
Shale, dark, carbongeeous. ... ..ot
Sandstone, thick, irregularly bedded, some vertical roots or stems
Sandstone, fine, in thin ripple-marked flags........................ 1
(S:halle, dark, some thin sandstone bands...........................
OBl e e
Sandstone, fine, ripple-marked flags; thin shale bands and films;
SUN-CEACKS. - e et e 1
Sandstone, fine.. e e
Shale, grey.................
Shale, dark, fissile, je 1
Coal, having two thin partings. ................. P
Sandstone, thickly layered, clay ironstone............... e
Sandstone, fine, grey, argillaceous, prostrate plant remains........ 1
Shale, dark. ...

Coal, irregular, small concretions up to 4 inches, Castle Point seam
Shale, black, carbonaceous, fissile, plant remains...................
Sandstone, medium grain, tree trunks prostrate....................
Shale, arenaceous, irregular lenses clay ironstone...................
Sandstone, fine, 2rgillaceous. ... ... ot
Sandstone, fine, in thin ripple-marked fags........................
Shale, dark, somewhat fissile. . ............c.iviiiiiiiii
Coal, Miligan Seam ... ...
Shale, black, MICACEOUS. . ... .ottt it e
Sandstone, fine, ripple-marked, in flags; thin bands films dark
shale; flags 2 inches to 3 inches above, very thin below.........
Shale, black, carbonaceous, jet bands..............................
Sandstone, fine, dark........... ...
Sandstone, fine lined, brown weathering, in flags above...... ... ...
Shale, arenaceous, friable
Coal, smoall irregular purting.................... ...
Sandstone, fine, thin layers, dark shale; 100 feet to west changes to
shale with fine sandstone bands, i.e. proportion shale greater
than sandstone......................... ...l
Sandstcne, fine, mottled, poorly sorted, finely friable
Sandstone, massive, inclined beds lower strata on either side; esti-

_
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mate
Sandstore, in thick layers, a few thin bedsshale...................
Coal, Jetu ettt
Sandstone, dark, argillaceous. .........ovvvitiiiei i
Sandstone, white, fine grain, thin fags; roots.................... .
Sandstone in ripple-marked thin flags; also films and very thin

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

bottom............. S
Shale, ArenaceouS. . . ...\ oot
Sandstone, medium grain, thickbedded; some ripple-marks.......
Shale, IENACCOUS. . . . . ..ot et et
Sandstone, dark, jet bands...............co e
Sandstone, medium grain, Massive. .. ........ooviuiii
Coal, 4-inch parting in middle........................
Shale, sandstone, fine banded and lens-like........................
Shale, dark, somewhat fissile.......................c..o .
Coaland 2-inch PATLINg. ...ov vt
Shale, dark, jet
Sandstone, fine, argillaceous, a few vertical roots or stems
Shale, grey.......covvviiii s )
Sandstone, massive, weathering yellowish.........................
Sandstone, massive, +clay ironstone. ...............oiiiiiiiii....
Shale, black. .. ..o
Coal, canneloid. ... ...
Shale, black, clay ironstone band..................................
Coal, jet.................... e
Shale, black......... ...
Shale, dark, thin sandstone bands.......... ... ... ..............
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Aylard Creek Section (E 1—E 3)—Continued

Feet Inches
0

0

10

Coal, including in middle large concretions up to 2 feet..............
Shale, dark, thin sandstonebands.................................
Sanc{)stone in thick flags, some ripple-marked surfaces; weathers
TOWID L .« v ettt et e e e e et e e e et e e e e e e
Sandstone, fine, in ripple-marked flags............... ...l
Sandstone, fine, argillaceous, thin bands of clay ironstone........
Shale, ArenaceOUS, .. oert vt vttt it e et
. Shale, grey....cvvviii i
Coal, small concretions, I'erro Point seamn
Shale grey, some jet; prostrﬂ.te plant remains......................
Sa,ndstone AIMS Of BRALE. .. v veenerrses s
Sandstone, fine, films shale, weathers yellowish....................

Lo

Ul S VR SRR
—
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Section in Draw West of Mogul Creek (F)
Feet Inches
3 3

Coal, Little Mogul seam. ..ottt an s
Shale, arenaceous 10 0
Coal, Mogul seam 4 4

Sections on Mogul Creek (G 1—G 2)
Feet Inches

Shale. . oo
Sandstone, fine, argillaceous.............ooveeiiiieiviiiiiees
Coneealed .. ouuue e e
Shale, arenaceous, friable........ ...t
Sa.nds(',one, fine, hard........... .. i

—
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Sandstone, medium graived... .. e
Sandstone, massive, medium grajned, coarse.......................

—
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SaNAS b OME. o s

Shale, carbonaceous, jet bands. ...
Shale ATEMACEOUS. « .+« ..ottt et et et

—

Sandstone, medium grain. . ... ... e
Shale, dark. ... ... e
ConCeAlEd . . . .t s
SanAStODE, TMIASSIVE . . . oot e vttt et ettt e et
{075 Y S
1] 1
Concealed. ... ... i e
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Shale, dark....... O
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Sections on Mogul Creek (G 1—G 2)—Continued
F?et. Inc?es

Shale, ATeNACEOUS. .« ..o o it ettt et e e e
Sandstone, fine, thin, flagay............ ... .. ... 2 0
Shale, dark. ... e 1 10
Coal, Little Mogul 8€am . ...t 2 8
Bl 2 0
Sandstone, fine. ... .t 9 0

Mogul seam— Ft.  In.

Coal. .o 0 6

Coneretion. oo e 1 2
OBl 2 8 4 2
Sandstone, fine........o. i 4 0
hale, dark...... 0 9
OR L. 0 6
Sandst,one 8 2 3
0l L 0 7
Shalle carbonaceous flasile. ... 8 g
Sha.le dark. . o e 0 3
.............................................................. 0 7
Shale ALK o 1 5
SANASEONE. . vvrror oo 4 0
Sandstone, MASSIVE. . ..o\ttt e 3 [}
Shale. it 2 6
C0al. 0 1
Shale. . o 4 [
Sandstone DB e e g é
Shale dark, carbonaceous. ... ... 0 4
CODCRRIRA. .o\ oses e 1 0
Sandstone, MASSIVE. . ... ..t e e 6 0

Moosebar Creek Section (H 1—H 2)

Shale of Moosebar formation
Sandstone having scattered pebbles.................. ... ... ...
Sandstone, thickbedded, estimated................................
Shale, arennceous, eSLMRLEa. ... ........ooss
Sandstone, grey, fine, eSLimMated. ......... oo
Shale, dark, BLENACEOUS. . ...« .vrnnr oo
Shale, black blocky ..o
Shale, dark, someshat fssile. ... ..owrien
Coal, Supenor LT ¢+ U
Sandst,one argillaceous, in thick beds (1 foot to 2 feet), surfaces of
some beds ripple- e 1,
Sandstone, fine, argillaceous, thin bedded..........................
Shale, arenaceous, SOmMewhat ASSile. ................oooiiriiiin,

Teet Inches

OO e 0O 4 O

—

Shale, carbonaceous, Assile....... ..ot
%halle shaly 3-inch c]ay ironstone band near base..................

08l . PR
Shale, carbonaceous, fissile.................oo
Sandst,one medium grain, MASSIVe.....c.ovi i
Sn.ndstone D e e
Shale, arenaceous, 3-inch clay ironstone band at top................
Sha]e CATDONACEOUS, ASSIE. o+ . v vrersnaersnsrns

Shale ATENACCOUS .. ot ietti ittt e
Sand stone TNASSIVO. . vttt et e e
SANASLONE, AN, ...\ .v oo
Coal, 1-inch parting 4 inches from top, »inch parting 4 inches from

BOLEOM . .+ v e eee e e e e e

—
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Sandstone and thin bands of arenaceous shale......................
8ha]le, dark, a few clay ironstone bands................ccciiiii.
OBl e s

—
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Moosebar Creek Section (H 1—H 2)—Continued

Feet Inches
Coal....oovveeii i e
Sandstone..

Shale, carbonaceous, fissile, jet bands, prostrate fronds

Sandstone, fine, argillaceous, rootlets.................... ... ...
Shale, dark, some clay ironstone. ..., ... ... e
Sandstone, fine, massive, weathering brown..,.,...................

Sandstone, argllIMeous ...........................................
Sandstone, massive, we:u.henng brown
Shale. . .. e
Trojan seam— Ft.  In.
Coal.. 2
Sandst,One e
Coal. L 1
Shale, black carbonaceous, some _;et; fissile..
Sandstone, fine
Shale, AATK. ..ot
Sandstone, fine, massive, brown weathering................ ..
Shale. ..ot
Sandstone, fine, massive, brown weathering
Shale, ALenaceouS. . ...\ttt
Sandstone, massive
Shale. . o
Sandstone, masswe weathering brown
Shale

O~MOODOHINRWOO
DODWORODPNPOO L™

—

Shale Arenaceous
Sha.le, hard, carbonaceous
Conl

—

Shale..............
Clay ironstone
Con] I-inch parting in middle
Shale

—
CNAORIWOBRNUNONIWHOWW OO OXONIOOREPOHROD© —

Sandstone, fine, in thin flags, shale films
Shale, QarK. ... .o e
Shale, somewhat figsile, two jet bands
gan?swne ﬁne massive

hale .

Sandstone, fine, shale lcnses
Shale and clay ironstone. .
Coal. .
Shale, some coal and canneloid coal
Sandstone, hard, argi)laceous..... ..., e e
Shale. ..o
Clay ironstone

—_
—~OOROOMOUMWBHOOR WM

ale.. ..o e e e

—

Clay ironstone... ..... .............

Shale and thick beds clay ironstone

%h'tl]e carbonaceous, soroewhat fissile; has jet bands...............
OB e e

Shale, somewhat fissile, and having jet bands. .

Cloy ITrONMSEONE. .. ..ottt

Shale, jet bands....................

CR— O~ A= OO OO = OOHOBR RO W~ WO OO HNNOCH ~ MW= R OO N~ OW

b
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Moosebar Creek Section (H 1-—H 2)—Continued

Teet Inches
.................................................... 1

Shale

Shale. . ..o
Shale. o
Clay ITONSbOME. .. ottt e
Shale. ..o e
Coal.
Shale........coo i

Shale and thin clay ironstone bands
Clay romstone. ... ..o
Shale, dark...... ... ... i
Titan seam, correlated with— rt. In.

CLNHOHH—~O® O
—_
DLWOONOOO T LN

Shale, SOMe Jeb. . .. oo
Sandstone, fine-grained, argillaceous, altered in places to arenaceous

clayironstone..........co o
1S3 11 1

—
NS ~No

Clay IrONSbONE. . ottt
Sandstone, fine-grained, thin bedsof shale.........................
Shale, BrenaCeOUS. . - . .ot i e e
Sandstone, fine grained
Shale, arenaceous...........
Shale. .
Coal....
Clay IromSbOne. .. . o
Coal, 2-inch parting 8 inches from top, 8 inches dull coal on bottom;
large concretions; correlated with Fallsseam...................
Shale, coaly. ...
Clay ironstoneand shale........... ... ..o i
Shale. .o
Coal, canneloid ... ...
Shale, arenaceous. ... ..o
Clay 1ronstone
Shale. ...
Clay ironstone
Shale, somewhat fissile, jet bands.................................
Shale, and a few clay ironstone bands. .............................
Clay ironstone
Shale, dark. . ... o e
Shale, dark, afewijetbands.................. . ... ... ... . ...
Coal.
Shale, fissile...
Shale, dark
Clay ITONSEONe. . ..t e e e
Shale

—

—

—
HNOON NHOR— H =~ OO0 ROO O ROHO— L —~ONWON DOWRLIHNIN——O O

Coal. ...
Shale, carbonaceous, jet bands............... X
Sandstone, fine, argillaceous............. . ... ..o
Clay IrONStONE. . . .. ot
Shale, dark, somewhat fissile................. ...l
Sandstone, fine-grained.......... .. ...
Sandstone, ripple-marked in thin layers; very thin beds and films

dark shale.. ... ... . e

ooy Sw»moooww,&qmwpomoo»uwwwooo.&-mo ocowoooNooLiNn

Shale, dark. ... ... e
Coal and 4-inch parting coaly shale.......... ...t
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Moosebar Creek Section (H 1—H 2)—Continued

Feet Inches

Shale, COBIY. .. 0 5
Shale, fissile................. e 0 8
Coal. o e 0 5
£ o -1 = R 2 0
Sandstone, arg)llaceous brown weathering.. e 1 2
1] Y% L= DI 1 8
Sandstove, arpillaceous, brown weathermg ......................... 2 0
Shale . 8 0
Sandstone, argillaceous 1 0
Clay iton8tone.........o.ooveonnn. e e e 0 9
Sandstone, argillaceous 1 8
Coal, large concretions. 1 4
Shn]x‘ ]P(‘, bands.. 0 5
Sandstone, fine gmmed and lined. . 1 5
Shaleand jet bands...c......... . 9 0
Shale, dark, carbonaceous. ...l L 0 3
Coal, canneloid above..... ...... O 1] 6
£ S 1 1 6
Sandstone, fine grained........... ... ..l e 3 8
Shale.................. e U 8 o]
Coneealed. ..o oe i e 4 0
SRAJE. oot e 3 0
Sandstone, fine grained. . ... 17 0
Shale.......................... R AP 1 0
Coal.......ooovi i 0 11
Shale........................ 0 8
Concesled 4 0
Sandstone in thin Jayers separated by thin shale bands............. 6 [
FSL LYY - 2 6
oA e e e 3 4
F3 1Y 1 P e 0 8
Sandstone. .. ..o PR 2 8
Shale and large clay ironstone concretions. . 7 0
Con e e 0 4
Shale. .o 0 6
Coal.ooe T 1 1
Sandstone, fine grained, massive.......... 7 0
Inzccessible at high third falls cstlmated 44 0
Coal inaccessible, estimated.. 2 0
Inaccessible, estimated............ . 16 0
Coal inaccessible, estimated. . 1 ¢
Tnaccessible, estimated .. 28 0
Shale, ca.rbonaceous‘ somewhat ﬁssﬂc )et ‘bands.. 0 6
Shale, arcnaceous, carbonnceous, somewhat fissile. . PPN 0 6
Sandstone, argillar}eous. massive. prostrate plant remains. . ....... 0 10
Shale, arenaceous, partly altered to arepaceous clay ironstone. ... .. 2 11
1 0

6

0

6

6

Coal. .o 0 10

SRR, oot e 0 7
COa). . 0 5 4 4
Shale, carbonaceous, fissile, jetbands...............o i )} 9
Shale and clay T 4 6
L Y7 ) - S O 5 0
Sandstone, {airly COATSE, MASSIVE. ...\ v et 10 0
[ Y G 0 8
Cosl), correlated with Milligan SORTA ... L 2 5
Sandstone argillaceous, fine, thin bedded or layered.. 8 0
Shalo. . e .. 1 11
SANASEONE, TNABSIVE .« . vttt st e e ettt i aan 7 (]
Shale, ATENACEOUS. . .« -« e et et et et et ettt e e e 2 10
§ 022 L N 0 10
07X S 0 10
Sandstone and thin ilms black shale.................. ... 3 0
Sandstone, fine, thick banded..............ccoiiv it 3 0
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Moosebar Creek Section (H 1—H 2)—Continued

Feet Inches
Sandstone, thin-layered .. ... ... ... . . 2
Shale, arenaceous, bedded; some clay ironstone and upright tree
BTUN K. L
Concealed. .. oo
Sandstone, MASSIVE. . ...t
SANAS ODE. .ottt e

bt

Shale, arenaceous
Coal, canneloid
Coal,jet ...
Shale, arenaceous, prostrate leaves...
Shale, Jet. ..ot
Sandstone, medium-grain, massive.............. . ... i

—_

Shale, black, carbonaceous...... N
Coal, cannelold ... ...
Shale, black. .. ..o
Coal, canneloid. .. ... ... ..

oy

COoOWROOOOOCOMUNOINOOOHRIOE—HORWAWNNIOROUIDIUMNOHIOOOO

Coal. e e
Shale, carbonaceous, prostrate plants..............
Sandstone, fine, argillaceous, thin layered
Shalle, & B3 0
oal............. S P

st

Sandstone, fine, argillaceous, prostrate plants. .....................
Shale, aTenaceoUs. . ..o vt
Shale, dark....o.. i
Coal and l-inch parting........ ... ... .. .. . i
Shale, dark. ... ..o i
Shale, arenaceous............. ... ... ... ...
Shale, carbonaceous, somewhat fissile, jet. ..
Sandstone, fioe, roassive, prostrate fronds..........................
Sandstone, fine, MAaSSIVe. . ... .ottt
Shale and clay 1onstone. ...t
Shale, dark, jet bands.......... .. .. .
Sandstone, medium grain. ...
Shale, arenaceOUS. . .. ..ttt Ve
Sandstone, medium grain, massive.. ... i
1) Y Y

»::-L\:on—'wa'»-zoww\lo»—w.—.-.—ncms:-ooo»—-ouwoo»—‘oocooomo.—-oomuwwwoo

Shale, arenaceous. ... ..o iiiiin.
Sandstone, fine, massive, irregular bands of shale

South Bank of Peace River ot Conlact Point (J 1—J 2)

. Feet Inches
Shale of the Moosebar formation

Sandstone, having scattered small pebbles up to 3 inches........... 1 i}
Sandstone, very %nc, argillaceous, and thin bands of sandstone. ... 11 0
Shale. oo e 6 ]
Clay ITOMS oM.« ottt et e s 3 6
Sandstone, and shale, very thinbanded............................ 2 0
Shale. . oo e 0 10
Conl, SUPETIOT S8AM . ..\ttt ettt ettt 2 8
Shale, black, carbonaceous. .......ovvviiri i e 0 7
Sandstone and shale in thick bands.. 2 8
Sandstone and shale, thin banded. . .. 1 6
L0753 S 0 11
[ -7 1 5
Shale and sandstone in thin, discontinuous bands................... 2 3
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South Bank of Peace River at Conlact Point (J 1—J 2)—Continued

Feet Inches
Coal and irregular parting. ...
Shale, fissile. ... ot
1) 1 L P
Sandstone, fine, carbonaceous, micaceous, argillaceous. .
Sandstone, thin bedded above thick be]ow ripple- marked "thin
shale Bands. ... ....oooveee T
Shale, clay ironstone bands..............oo
Shale, fissile..........cooiiii
Shale, somewhat fissile.. ...t
070 3
Shale.. ...
Sandstone, fine, in thin layers; films of shale................... ...
Sandstone, fine, in thin ripple-marked layers; films of shale.......
Sandstone fine, argillaceous. .. .o vt

—ooo
—

Shale dark, carbonaceous, fissile, jet bands........................
Sandst,one thick layered, a few rxpple marked surfaces............
Sandstone, thick layered, thinshalebands.........................
Sandstone, fine, argillaceous, and shale, thin banded...............
Shale, arenaceous, clay ironstone bands............................
Concealed. ... o

—

Coal, Trojan Seam . .. ...t e e
Shale, dark, carbonaceous, many jet bands........................
Shale, mrey. . o
Concealed.............coviiiiiii i )

Sandstone and bands of arenaceous shale
Coal. i
Shale.
0 T
Shale, carbonaceous, fissile, jet bands, prostrate plants........... .
Clay IrONStONE. .. . .ottt
Shale, carbonaceous, fissile............c.cooiii i
Sandstone, very fine, argillaceous, layered.........................
Shale, carbonaceous, jet bands.................oo oo
Sandstone, argillaceous. .. ..ot
Shale, ArenaeeOUS. . .. .o\ v ettt e
Sandstone, fine, argillaceous....... ...t i
Shale, dark. ...

—_

PO OOoOOoOO—~W W= INNOOHOHHOHHPINOODOOOHOWRINDERLDWWWWO—OR PR ~OOONWM

—
OO WR U OV LCONNNNOOPWNOOXROCHJOPOLOWOOIOLOOHNLWROON O~k =N ) o]

Shale, clay ironstone bands......... ...
Sandstone, fine, argillaceous, massive above, having shale bands

below. ...
Shale, dark, arenaceous, fine bands of sandstone...................
Coal, cannelold. . ... ..o

Sandstone, fine, massive, argillaceous. ........c..oi i
Shale, plnnt FEODMAINS .« - o oeeeo e e
Shale arenaceous, plant remains. ....... ..ot
Shale. o
Shale, dark. ... ..o
Titan seam, correlated with— Ft. In.

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

— e
crwoN
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GEOLOGY OF THE NORMAN OIL FIELDS AND A RECONNAIS-
SANCE OF A PART OF LIARD RIVER

By G. S. Hume!
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below from the [ossiliferous Devonian limestone above..................... 128
B. Brececiated beds ou Bear Rock showing the character of the breccia frng-
ments.......... e e e e e e 128
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 and 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. Walcott for identification of
Cambrian fossils.

Y Itinerary of Parties under G. S. Hume and M. Y. Williams. Through the co-operation of other
departments with the Topographical Survey, Department of the Interior, a winter road was
constructed from Fort St. John on Peace river northwest to Sikanni Chief river, a distance of
ppproximately 155 miles. This trail was constructed in the expectation that the open water of
Mackenzie river could be reached much earlier than by the usual water route across Great Slave
lake, and the brief working season in the north would be lengthened. Supplies of horse feed wers
cached along this road ang equipment, for the various survey parties was left at a cache on the
Sikanni Chief before the snow had melted. This trail is of importance to many 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. Segré, D.L.S.,
and an astronomical party from the Dominjon Observatory under A. H. Miller, crossed by pack
train from Fort St. John to the eache on Sikanni Chief river. Two geological parties, under the
direction of Dr. M. Y. Williams and the writer, immediately followed the other partics. The
route {rom Edmonton, Alberta, was by train to Peace River Crossing, and by motor bost up
Pecace river to Taylor flats 16 miles east of Fort St. John, B.C. Here thirteen pack horses were
procured, and the party started on May 16. A wagon accompanied the pack train for 35 miles,
or as far ag 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 and for a
considerable part 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

63414—4
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AREA OF LIARD RIVER FROM NELSON RIVER TO
SOUTH NAHANNI RIVER

At Fort Nelson the Liard is flowing through a country which 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 McConnellt and the fossil content, although
showing the age, was poor and meagre, especially the Cretaceous.

MOUNTAINS OF LIARD RIVER

North of the 60th parallel, Liard mountains begin to appear in the
west. When they were about 11 miles distant, a trip was 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 ridges, one of which—
in front of the mountain—is particularly marked, and 1s 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 fossil 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, ete.

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 prevalent,
and a bush trail through some very marshy country greatly delayed progress. A considerable
part of the country has been burnt over, the resultant brQilé being most difficult to traverse.

The North Pine was the largest river encountered, but it was found to be less difficult to cross
than some of the smaller, faster streams, wheve floating bridges had to be built. The time taken
from Taylor flats to the cache on Sikanni Chicef river, about 155 miles, was 15 days.

When Peace river was left on May 16 the trecs were beginning to leafl. Asprogress 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 was 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 grass of the previous year that contained little sustenance. The young
grass was already beginning to appear and on sunny slopes had even made considerable growth.
The change from the upland into the valley of Sikanni Chief viver about 900 feet lower was very
striking. TFrom a country of little growth, even at the end of May, spring growth in all its vigour
was come upop. The trees were in leaf, green grass was plentiful, and early spring flowers were
everywhere abundant. The view of Silcanni valley in all its spring benuty was 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, although the structure
would 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 mouatain range broken
only by a few minor stream gaps.

CRETACEOUS BOUNDARY IN LIARD AREA

On McConnell’s map! the edge of the Cretaceous is approximately
in aecord 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 MOUNTAINS

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 oceur in the Carboniferous,
this limestone 18 tentatively assigned to that age.

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

t Geol. Surv., Can., Ann. Rept., 1888-9, vol. IV,
are not dangerous, even in flood, and the swifter streams that have to be rafted are merely trouble-
some. However, feed for the horses has to be considered.

Sikanni Chief river at the time of arrival was at a comparatively low water siage. Two
scows had been built for the use of the parties, but the upper part of the river is much too shallow
and dangerous for scow navigation. The sharp bends of the river combined with swift water
undercut the banks at every bend and into these places trees had fallen from the banks and formed
jams. Trom these logs ice strips away the limbs, leaving jagged points, that are a real danger
to the scows which are forced into the jams by the strong current. Sweepers, or overhanging
trees not completely dislodred from the bank, were numerous and difficult—in places impossible—
to avoid. Sandbars were abundant, the river at times splitting into several shallow channels,
30 that the scows frequently grounded and were floated only after great trouble. Below Fontas
river, navigation improved with deeper water, but was never satisiactory {or scows until Fort
Nelson was reached. Tor canoes the whole river is easily navigable and would be so cven were
the water lower. The trip by canoe from the cache ou Sikanui Chief river to Norman on the
Mackenzie is about 900 miles. The only large rapids are those of the Liard, abovo Simpson, and
these can be easily run by keeping close to the bank on the southeast side of the river.

The advantage of this route is that it enables the traveller to reach the Mackenzie about a
month before pavigation through Great Slave lake is possible.

The month thus gained in the spring increased the working season by one-third and that,
too, when weather conditions were more favourable than later.

63414—44%
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Carboniferous rocks, but with a different fauna.! 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 valley which separates the two mountains.

NORMAN OIL AREA—MACKENZIE RIVER DISTRICT, N.W.T.
GENERAL STATEMENT

On the east side of the Mackenzie 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 and 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 opcrations 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, 1t 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 Mackenzie River Qil 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 cabin
throughout the winter for heating purposes. No attempt was made in
1922 to complete this well.

Asis generally known the flow of oil from No. 1 well gradually decreased
from a gusher 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 aad effectively
prevented the entrance of oil in any quantity. During the surmmmer of 1922
this hole was deepened to 951 feet and another flow of 01l of 60 to 70 barrels
a day was obtained. Although such a flow is not such as to indicate 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.

t The fossils from the rocks west of the river indicate that the western part of this mountain
massz i8 of Carboniferous age and represents a Kinderhook horizon equivalent to Chateau-I'ern

Glen time with possibly some of Lower Burlington time. An account of the correlation with
fossil lists is published in the American Journal of Science.
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DESCRIPTION OF RIVERS AND STREAMS IN THE NORMAN OJL AREA
Carcajou River

Carcajou 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. TFor 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
1t has had to cut across the harder Silurian and Devonian beds 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 river flows by many mtricate
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 thick in individual sections. Near
the mouth the banks are 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 wooded:
and there was plenty of evidence of game, although little was seen. The
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.

CREEKXS ENTERING THE MACKENZIE 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 flat 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
egnoe. It receives its name from many exposures of brick-red shale 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 63 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

Age

Name of

Sedimentation Thickness
formation ‘
Eocene ’[mper{ectly consolidated Sands, clays, ete.
Lrosional unconformily
Black, soft, fissile shales Marine fossils (Ammon-
Cretaceous Greenish sandstone ites), in part. Coal
seams on Little Bear
river
Erosional unconformity
: _
[Bosworth Green sandstones and shales 1,600+
Upper
Devobnian Fort Creek Blaclk shules, mostly 1,500+
Beavertail and Limestones 650 to 700 feet
Middle Ramparts
Devonian Hare Indian River
shales (not present
in the Norman
area)
Disconformily
Brecciated limestone * 400 to 450
Silurian Bear Mountgin! Well-bedded limestone 1,000+
Red gypsiierous shales ‘
i
Ordovician? Red shales (no {ossils) ‘ 770
Red and greenish shales and
Cambrian sandstone

Bottom not seen

1 See Kindle, 2. M., and Bosworth, T. O., Geol. Surv., Can., Sum. Rept., 1920, pt. B, p. 45.
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Cambrian and Ordovician?

Section in Carcajou mountains Feot
Hard, dense limestone of Silurian age...... ..ot i,

Thin, platy limestone with some shale..................................... 3
Heavy massive dolomitic limestone............. ... .. ... o, 2
Very soft, green shale that erumbles easnly ................................ 3
Heavy, massive buff limestone, arenaceous in some beds................ .. 3
Soft shale deep Brown In cOlOUr. ...\ v i s 6
Hard, buff limestone. . ... ot e 10
Greenish shaly limestone............ ... i i i 2

Soft, red shale with some gypsum—{orms a talus slope, in part no exposure—

MOstly red Deds, . ...ovuni i e e s 200+
1Black and grey sbale with many hard limestone layers.................... 250+
Black to greenish shale with limestone bands weathering to a yellow colour. . 50
Band of dark coloured hard limestone that breaks into platy layers........ 3
Black shale with layers of dark limestone................................. 65
Hard, dark coloured, sandstone, almost a quartzite in hardness, with fine

needles of barite. ... ... . 3
Shale, green on fresh exposure but weathers yellow or reddish,............. 10
Heavy bed of limestone....... ... e i i 2
Shaly limestone. ... i e 2
Arenaceous limeatone breaking into layers 3 to 4 inches thick............... 10
Heavy-bedded sandstone, greenish in colour,..........c...oviiiininon, 8
Green shale, 3inches.............. .o iiiiiiiienni.ns
Limestone band, 4 inches
Green shale, 3feet.............coi it s Tossil zone
Limestone band, 2 inches
Green shale, 1 €00t .......coovvii e,

Limestone band, 2 inches............................ 12
Greenshale, 1f00t. ... ... iiiiiii .. Middle or Upper

Black shale, 1f00t. .. ..ot Cambrian {ossils

Green shale, 3feeb........ccooviiiiiiiiiinnininnn..

Green sandstone with fine quartz grains, I foot......... ... ..ol

Green shale, 1100b. ... .. e e

Red shale with layers of limestone. ........... ..o 4
Platy, dark green, limy shales............ i i s 3
Red shale alternating with some layers of green shalo 20
Platy limestone breaking into slabs, 3 or 4 to the inch, dark green in colour.. 12+
Red shale with hard, oval nodules 2 to 3 inches in diameter. . 2
Black, platy, shaly limestone or limy shale with thin bands of limestone. . 12

Red shale with 2-inch bands of red limestone and nodules as above arran"ed
along what has probably been beddinz planes. Layers of nod ules
brenk shale exposure into bands, but otherwise the bedding is indistinct.
Nodules hard and Himy. ..o oo i e e e e e 82

Bottom not esposed

789

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 Mountain scction Kindle? puts “red
gypsiferous shale,” etc., in the Bear Mountain series of Silurian age. In
the Bear Mountain section there are no fossils to indicate the age of these
gypsiferous beds, although a Silurian fauna is found higher in the section.
Williams® includes possible Ordovician rocks in his section from the Wrigley
area, but no Ordovician fossils have been definitely determined.

1 In a section east of the Mackenzie and op mount Charles, Great Bear river, the position of
the 250 feet, of black and grey shale is occupied by white gypsum beds and brecciated limestones.
Anot,her series of brecciated limestoncs occurs immediately above rocks of undoubted Silurian

’Geol Surv., Can., Sum. Rept., 1920, pt. B,
s Williams, M. Y., Gool. Surv., Cnn Sum. Rept,s ;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.

Selurian

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 distinet 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 calenularie
Favosiles 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:

Halysiles catenularia

Halysiles catenuloria var. microporus

Halysites calenularia cf. nitidus

Halysites catenularia var. In parts of this fossil the corallites are closely bunched and
packed together, but in other parts of the same species there are large meshes.

Diphyphyllum sp.

Plasmopora sp.

Cyathophyllum, 2 species

Favosiles with corallites about same size as in FF. niagarensis

Syringopora, 2 species

A pumber of cephalopods all with mummuloid sephuncles
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Some of the beds of this series are very arenaceous, especially those
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 Ramparts Limestones.  As originally defined by Kindle,
the Ramparts limestone containing Stringocephalus burizni 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 asection
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 horizons being easily recognizable but not very closely confined
in vertical 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 vesiculosum
Cystiphyllum americanum
Cyathophyllum cf. spenceri
Cyathophyllum sp.
Heliophyllum cf. halli
Phillipsastrea verneuili
Syringopora sp.
Zaphrentis sp.

Paracyclas cf. elliplica
Atrypa spinosa

Proelus sp.

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

Cystiphyllum sp.
Cystiphyllum vesiculosum
Cyathophyllum cf. spenceri
Cyathophyllum guadrigemum
Cyathophyllum cespilosum
Cyathophyllum aggregatum
Heliophyllum cf. halli
Phillipsasiree vernewili
Phillipsastree verrilli
Altrypa reticularis

Abrypa 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.

Pal@ocyclas kirbyi

Schuchertella somewhat like chemungensis but smaller
Paracyclas cf. elliptica

Atrypa reticularis
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From Canyon creek on same horizon:

Paleocyclas kirby:

Alrypa spinosa

Altrypa reticularis

Schuchertella same species as above
Produclella sp.

Of these fossils Pal@ocyclas kirbyi—a flat 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 ¢f. meristoides

Cyrlina sp.

Alrypa reticularis

Reticulario sp., a large form—abundant

Chonetes sp., very small

Leiorhynchus sp., a large form

Productella sp.

Stringocephalus burtini G0 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, Reticularia 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 Wol-
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 inches to 2 feet
Limestone with irregular bedding 2 to 3 inches thick and with some

shaly material. Abundant fossils, particularly Bryozoana. A

few poor cup corals and Alrypa reticularis 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 anticline the section is as follows:

Teet Inches
Brittle shale—Goniatites and Leiorhynchus
Limestone band
Shale. .o 27

Probable contact between Fort Creek formation above and Beavertail

limestone below
Massive limestone—Bryozoans and Recticularia
Dark shaly limestone—thin bedded
Dark limestone with small Choneles...............................
Hard Hmestone. ... . oot et 3

D~ D

Hard, blue limestone. .............. . i i
Hard limestone—Proluctello common...........cvieieiiiieinn...
Hard, blue limestone— Recticularia, Atrypa, and Letorhynchus. . .. ..
Hard, blue limestone............... ... .. ... ... i
Hard, blue limestone—Productella.................................
Thin, shaly bed—Rcclicularia........... ... ... ... ... .. 2

Ut Q0 bk et

Bryozoan limestone.............. ... . 4
Massive Hmestone. ... i e 4
hale. . 1
Limestone—Atryp> and Bryozoans. ... ...t 2
1S 08 - 1
Limestone 2
6

Shaly limestone— Atrypa reclicularis COMMON. ... ..o\ eveerinean...

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
burtint 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 sections 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. The 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 Stropheodonia, 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 shale 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 Ifort 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.

Cretaceous sandstone
Interval not exposed......................o....
Green, sandy shale with only a little sandstone
Green sandstone and shale with considerable sandstone towards the top

in beds never more than 1 foot thick and much more shale towards the

BOLEOIO— ST er SP. vt 295
Heavy-bedded sandstone................ ... o P 30
Green shale with a few small layers of sandstone........................... 30
Green sandstone that has irregular fracture................................ 20
Sandy, green shale. ... ... ... . e 100
Gmin shale with some limy layers—fossils occur—mostly Airypae relicu-

T 350

Greemsh shale passing downwards into the black TFort Creek shale without

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

Streptelasma cf. reclum
Diphyphyllum sp.
Phillipsastreea verrilli
Phillipsastrea verneuili
Acervularia davidsoni
Alrypa relicularis
Stropheodonta cf. perplana

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

Diphyphyllum sp.
Syringopora hisingeri?
Acervularia davidsoni
Aulopora sp.

Alrypa reticularis
Stropheodonta cf. perplana
Alrypa spinosa
Schizophoria strietula

This outerop is about the same stratlgraphlc height as the one near
Bosworth creek.
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On Carcajou river one outerop deserves special mention because it
contains Spirifer disjunctus and Camarotoechia contracta. This outerop
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.

Crelaceous

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 age. 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 completely croded 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 evideace 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 Norman 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, thercfore, 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 flat at the base of the
mountain, the ridge being easily traced to the western edge of the Wolverine
anticline or Carcajou ridge where it outerops along the Mackenzie.

The Wolverine anticline (Carcajou ridge) has been described by
Kindle and Bosworth.! 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 Cretaceocus to which these deposits belong.

Carcajou Ruver

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

$Geol. Surv., 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 “Rainbow 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
Mackenzie 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 GEOLOGY

Oil Prospects

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 decpening 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 the Norman range cannot be interpreted solely 2s 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 concentrated 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, and 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 none below the oil horizon. On Vermilion creek
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there is a small anticline in the Fort Creek shale about 63 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 0il 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 18 covered by Cretaceous rocks. The Cretaceous rocks have
been already deseribed. 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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Summary of Conclusions, Norman Oil Area

The rocks range in age from Cambrian to Focene.

The potential oil area is greater on the west side of the Mackenzie
than on the east side.

The mountalns are anticlinal in origin.
No. 1 well is on the flank of the major anticline which forms the
Norman range of mountains.

The top of the Norman range of mountains east of No. 1 well is com-
posed of Silurian rocks.

No. 1 well is situated on the outcrop of the Busworth formation of
Upper Devonian age.

The preseat oil-producing horizon in No. 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 Beavertail formation of Middle 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 Mackenzie river provides
most of the oil seepages.

The Bosworth formation on the west side of Mackenzie river is over-

lain by Cretaceous sandstones and shales, the latter of which are suitable
as a cover for an oil field.

COPPER ORE FROM THE NORTH 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 outerop on the north
shore of Great Bear lake. A report on these, made by V. Dolmage of the
Geological Survey, is as follows:

““These specimens counsist chiefly of bornite and quartz, but small
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, caleite,
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. TLater than these were deposited the remainder
of the chalcopyrite, the remainder of the chalcocite, and still later the
covellite, calcite, and malachite.

63414—5
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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 éxtent 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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RECONNAISSANCE ACROSS NORTHEASTERN BRITISH COL-
UMBIA AND THE GEOLOGY OF THE NORTHERN EXTEN-
SION OF FRANKLIN MOUNTAINS, NORTHWEST TERRI-

TORIES
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INTRODUCTION

In 1922 the writer entered Mackenzie River valley in company with
George S. 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 ap 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 ecreek, 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. John, or 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 flat-lying

1 See footnote, p. 47.
63414 5}
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Cretaceous sandstone, which rises as precipttous 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 average width. The current averages about
4 miles an hour, and is remarkably uniform, being mterlupted only by
riffles over bars and one insignificant rapid. The shores are, however, in
many places piled with logs, and submerged and anchmed 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 IFort Nelson rivers reaches the Mackenzie
by way of 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 Nclson river measured 7-9 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 fect 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 I'ort Nelson river is Mosqua river, which
empties into the Nelson about 7} 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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GENERAL GEOLOGY
Table of Rock Formations

— Description \ Tentative correlations
500 feet of sandstone containing thin|With Dunvegan sandstone (fresh water)

lignite seams and plant fragments| of both east and west Peace sections
near base

Conlacl appears conformable

650 feet or more of dark, pyritiferous|With Fort St. John shale (marine) of

shales containing fish scales near base,| east and, in the west, the St. John (or
Cretaceous and including scveral thin sandstone possibly the St. John Gates, and
beds Mcosebar formations)

Contact not secn

100 feet crossbedded, torrential sand-|With Peace River sandstone of east,
stones and grits, containing plant re-| with Gates formation of west; or wzth
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. Near where
the trail crosses Montagneuse creek, about 20 miles north of Fort St.
John, crossbedded grit outcrops in a stream bank. On the trail just north
of the divide between Nig creek and the main branch of North Pine river,
flat-lying sandstone outcrops. This is crossbedded and fine grained,
containing quartz and mica, and some ironstone concretions. It weathers
brownish yellow. Where the trail leaves the upper water of Barker
creek, crossbedded 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
finally follows Whipsaw valley between sandstone walls to Sikanni Chief
river. The geological section at this locality is described below.

Description of Sediments Thickness
Feet
Shaly, friable sandstone to topof ¢liff....... ... .............. 100
Forming |Massive sandstone, gritty near top and containing plant re-
cliffs LT PN .o 120
Sandy shale and thin, fissile lignite............................. 25
Sandstone. . ... 30
Outerops obscured by swamp or talus. ......ooov et 460
Crossbedded sandstone in thinbeds....................................... 30

Dark grey, fissile shale, containing ironstone lenses 1 inch thick and 10 inches
across. Tish scales occur in lower 20 feet, similar in general characters
to those found in the shales at Taylor flats below Fort St. John. As-
tringent waters ooze from the shales leaving a white residue on the
surface which otherwise weathers black
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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 creck. The sandstone 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
Feet
Soft weathering sandstone and grit at edge of dissected plain.............. 80
Massive sandstone and grit 30
Grey shale... ..o e 20
Covered interval. . ... 80
Massive sandstone. ...................... . 40
Covered Inberval. ..., ... 180
Massive, grey, crossbedded sandstone forming a small cliff. Fragments
of pelecypodsintalus. ... ... e
Covered INterval. ..o 25
Solt shale, containing thin sandstone beds near top and nodules with plant
TEMAINS NEAT DASE. ..o\ttt it it e 0
Thin, fissile shale..... ... .. e 30
Micaceous sandstone, shaly in part..........o. i 10
Grey Shale. ... s 20
Covered interval abOVe TiVer........co i 550

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

Teet

Argillaceous sandstone. .. ... ... 25

Nodular sandstone, interbedded with iriable, shaly sandstone containing
SOome Ironstone ConeretionS. .. ... .. .o 20

Micaceous sandstone, in thin beds with shaly partings and containing small,
imperfect remains of plants........... ... i

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 dark
shale, with thin sandstone beds containing ironstone concretions, overlain
by 50 feet of sandstone similar to that described just above. Similar
beds outerop 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 1o be still lower in the section than the exposures above Fort Nelson,
their lower beds probably being continuous with some of the grits that
oceur 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 Prolophyllum, Menispermiles?, and
Aspidiophyllum identified.”

Although diagnostic fossils are lacking, a comparison with the Peace
River sections leads to the following tentative conclusions: the crosshedded
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-’eau; a small mountain ridge
bordering the Mackenzie 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 mountaias are represented
by 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,! Further investigation has shown it to be a westerly-

1 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
mountaic masses, and 6 miles farther west, beyond a nearly level plain, the
Roche-qui-trempe-a-'eau and its extension northeastward to mount
Gaudet! 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 beyond Blackwater river, excepting
that mountains on the eastern side of the range have westerly dips, and
are probably bounded on the east by fault secarps. 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).

Phystography

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
t For the unonamed northern knob of the ridge known in its southern extension as ‘‘Roche-

qui-trempe-a-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 (ompany'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
Focene 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 Pal@ozoic. 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 striz 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 weathering have formed stacks and steep
faces on some of the mountains and have preduced 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 limestene as described in last year's report. Gener-
ally speaking, post-Glacial ercsioa 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 and the writer.

Geology

Toble of Formations

Pleistocene : Till, outwash sands, and gravels
about 200 fect

Frosion surface )
Focene Silts and semi-consolidated sands
and gravels containing lignite

beds
About 200 feet,

No rrosion contact recognized

Cretaceous =hales and sandstone containing
marine molluscs
100 feet or more
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Table of Formations (Continued)

No erosion contact recognized

Upper Simpson shale Dark grey shale containing thin

limestone beds about 1,000 fect

Devonian Conformable conlact
Middte ‘
i 1

Grey limestones, containing fairly
rich ard varied {auna about
2,000 feet,

Disconformily

Brecciated, massive dolomite, con-
taining interbedded gypsum and

chert, 330 + feet to 1,600 feet

Uppet Lone Mountain forma-
tion

Conformable contact

Waterlime and grev magnesian
Silurian Middle Mount, Kindle limestone, with coral {auna
formation 580 feet
Disconformable contact
Lower |Franklin Mountain Buff limestones, buff and red shales
formation 500 feet to 1.000 feet
Disconformable conlact
i
! Buff and green shale, red shale,
Saline River salt and gypsum, about 500 feet
formation
Middle Covered interval of scoeral hundreds of feel
Cambrian Mount Cap formation Green shsales, rusty shales, and
sandstones about 200 {eet
Conformable conlact
Lower Mount Clark Pink quartzite, ferruginous grit,
formation and conglomerite 600 feet or
more
Disconformity
Precambrian (?) (Beltian?) Dark shales, grey and drab shales
375 fect

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 Wrigley-Cap Mountain section is summarized in the following

table:

Devonian

Upper

Shale probably covered by
drift  below Roche-qui-

| trempe-a-l'ean

Middle

Dark grey limestone charac-
terized by Phillipsastrea
verneuili, Syringopora pere-
legans, Productella spinuli-
costa, Paracyclas elliplica,
and Callonema clorki

Lower beds, fine-grained
grey limestone containing
Schuchertella sp.

Disconformity

Silurian

Upper

|
h,one Mountain formnation Massive, light, grey, caver-

Thickness 1,600 feet

stone, commonly brecciat-
| ed on large scale. No
fossils .

‘ nous, gypsifercus lime-

Mount Kindle formation

560 feet

Grey, magnesian limestone,
Niagara corals

Lower

Franklin Mountain forma-
tion about 500 feet

Buff dolomite, pea-green
shale and sandy red shale
containing in upper 20 feet
of beds, Rhipidomella hy-
brida, Rhipidomella circulus

Cambrian

Middle

Disconformity

Saline River
formation

Upper division
about 300 feet

Lower division
about 200 feet

Banded, calcareous shales
(contnining Lingulella sp.)
with interbeds of red and
preen shale

Red and grey shale contain-
ing salt and gypsum and
selenite

Covered interval

Mount Cap
formation

About 200 feet

Grey and green fissile shales
containing Lingulelle? and
Tetradium-like forms. Red
sandstone and shale con-
taining seaweeds, Lingu-
lella, Bathyuriscus, Plycho-
paria, Saratogic

Lower

Mount Clark

formation

‘Aboul, 620 feet

Pink and red quartzite con-
taining  Scolithus
500 feet or more
Red shale and ferruginous
sandstone 50 feet
Hematite, red conglomerate,
and sandstone 70 fect or
more

Precambrian (?)

375 feet or more

Dark shales, 150 (eet
GFey and drab shales, 225
cet
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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. 7To the eastward, formations as high
up as the Middle Silurian occur as easterly-dipping heds.

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

Mouni Charles Section Taken Close to Greal Bear River

Thin-bedded, brown-weathering
dolomite, 190 {eet

Upper Lone Mountain

formation Brown, coarse-grained, sandy dolo-

mite in 2 to 3-ioot beds. Brec-

ciated in part, 340 feet

Conformable conlact

Hard, lizht grey dolomite, thin
bedded, cherty in lower 70 feet,

180 feet
Silurian Middle Mount Xindle Chert, probably silicified dolo-
formation mite, 60 feet

Unfossiliferous beds, 30 feet

Grey magnesian limestone con-
taining Niagara corals, 210 feet

C'onformable conlact

Grey magnesian limestone, 470 feet

T.ower Franklin Mountain
formation Timestone and chert, pebbles;md
grit in limestone matrix, 75 feet
Grey limestone, 120 feet, .
Cavernous limestone, 200 jeet
Cambrian (?) Saline River formation |Grey gypsum, 150 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 Middle Dark grey limestone containing
Schuchertellas, about 30 feet

Contact covered

Upper Lone Mountain Grey gypsum, about 500 feet
o formation
Silurian

Chert beds, probably replacement

of dolomite, about 300 feet
Middle Mount Kindle
formation Grey limestone with Niagara
corals, about 200 feet
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GENERAL DISCUSSION OF CAMBRIAN-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 approaching 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 collected from these beds in 1921 as
already noted.!

In this year’s collection, Dr. Walcott? recognizes seaweeds, Lengulella
sp., Bathyuriscus (Poliella) cf. sylle 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:

Thickness

Ieet
Arkose, eroded ab top...... .. 2
Fissile green shale containing Olenellus canadensis. .......................... 15
Green arkosic grit. .. ...t about 10
Pink quartzite containing Sallerella near top................ .. oo 500
Green, sandy, fissile, micaceous shale.................. ...t ?
Probably pink quartzite.............o it s ?

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 upper 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. 39.

2 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.!
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............... .. oo 500 or more
Red shale and ferruginous sandstone..................c.covviiuin, 50
Low-grade hematite. ...t e 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 Lingulella sp., Bathyuriscus (Poliella) cf. sylla Wal-
cott, Bathyuriscus n. sp., “Plychoparia” sp., and seaweeds were found in
the same sandstones. In addition to the 100 feet or more of green and
rusty, thin-bedded sandstones, and overlying grey and rusty shales or
phyllites, there were dlscovered about one-half mile to the north, fissile
green phyllites, probably belonomcr still higher in the section. The
phyllites are down-faulted against quartzite and their real position is,
therefore, in doubt. In these, as aready stated, Lingulella? and Tetrad-
ium-like forms were found.

! Schofield, S. J., Geol. Surv., Can., Bull. No. 35,

Specimens of bhese beds havc been examined by Schoﬁe]d who first recognized their resem-
blance to the conglomerate ot the base of his Burton formation.
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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 Wal-
cott’s determination of the fossils found this year.

Green phyllites of similar character occur at the forks of Saline river,
.about 8 miles above its mouth, and in these Walcott has recognized Bathy-
urtscus 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 rivei', from 13 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, froma which salt

forms in the creek bed during midsummer by evaporation............. 10

Green shale, with occasional thinred beds..............c....oooiiiiinL. 30

Shale beds, firm, dark and light alternating...............coovieiion... 45

. én the talus from the upper shales Lingulella sp. and Micromitra were
ound.

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 hills 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 outerop 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 talus 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, poreus,
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 bearmg. The age of the Saline River forma-
tion is based upon the meagre fossil collections noted above. Dr. Walcott
considers the fossils as Middle 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 section (presumably above the gypsum)
and on this ground the writer mncludes 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 Mouniain Formaizon

Above the talus-covered beds on mount Kindle assigned to the upper
part of Saline River formation there are nearly 500 feet of grey, bufi-
weathering, calcareous shales, with red interbeds, grading upward into
buff limestones upon which rest the Mount Kindle coral-bearing limestoaes.
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 1s 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 Medina Cataract formation of Ontario, of Lower Silurian age.
The contact is thus shown to represent a lost interval of sedimentation,
and so is discovformable. 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 east of mount Clark, and
on the hill between Saline river and mount Clark, belong to this formation.

The Mount Charles section, as already given, counsists, from the base
upward, of 150 feet + of grey gypsum, 200 feet of cavernous limestone,
120 feet of grey limestone, 75 feet of limestone containing pebbles and
grains of quartzite or chert. and some worn fossils, and some 470 feet of
grey limestone, a,ppa,rently 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 Mountain 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 Mountain formation, are overlain (apparently
disconformably) throughout the Franklin mountains by grey limestones
earrying a coral reef fauna, very similar to that of the Niagara limestone of
the Great Lakes region. The Mount Kindle section was described by
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the writer last year. On the second mountain south of Xindle this for-
mation is about 560 feet thick and consists of the following units:
Thickness
Feet
Thin-bedded waterlime, no fosSilS. ..ot 300
Grey limestone, containing near top Pal@sofavosiles aspera and Tremalonotis?
Near middle, Palesfevosites aspiva (d'Orbigny) and Rhynchonella sp.
About 20 feet above base, Zaphrentis sp., Favosites sp., Halysites catenu-
laria var. microporus (Whitfield), About 5 feet above base, Zaph-
rentis sp., Pal@ofavosites aspera (d’Orbizny), Platystrophia bifurala
Schlotheim, Rhipidomella circulus Hall? Homocospire apriniformis
Hall? Total e 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 miles north of Cap
mountain, the coral beds outerop, but are mainly obscured by the over-
lying and unfossiliferous limestone.

On mount Charles, as already described by Kindle, the coral beds
form the top of the peaks, and the west flank of the mountain at Bear
river. Near the river, the section consists of 240 fect 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:

1A cervularia gracilis (Billings), Diphyphyllum mullicaule Hall, Paleo-
favosites aspera d’Orbigny, Halysites catenularia microporus (Whitfield),
Halysttes 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 Eramosa 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 TORMATION

Kindle? 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..................... e 50

IThe coral from mount Xindle identified in Geol, Surv., Can., Sum. Rept., 1921, p. 80 B, aa
Columnaria alv-olata proves to be a specimen of Acervularia gracilis with small, regular corallites.
2 Kindle, E. M., Geol. Surv., Can., Sum. Rept., 1920, pt. B, p. 44.

63414—6
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Throughout the southern 50 miles of Franklin mountains, the Middle
Devonjan limestone rests upon massive, dolomitic limestone cut and
impregnated by veins and stringers of caleite. No fossils were found in it,
and the underlying fossiliferous beds have been placed by the writer in the
Mount Kipdle formation. With this slight modification of definition,
that s, excluding such beds as Kindle’s lower 50 feet of fossiliferous lime-
stones, the formations described below will fit into the Lone Mountain
formation already established by Kindle on North Nahanni river, and on
Discovery range north of Norman. As will be seen below, brecciation,
gypsum content, and in general, variable characters, mark this formation
in Franklin mountains.

Kindle! has described the formation on Bear mountain underlying
the fossiliferous, Devonian limestone, as the Bear Mountain 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 represent 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 Mountain 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 Mountain formation. In case the sequence is undis-
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 1s
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 Mountain 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 Middle Devonian
limestone 1s clear and apparently disconformable.

On mount Charles, near Great Bear river, 340 feet of saccharoidal,
coarse-grained, brown dolomites overlie the firm beds of Mount Kindle
formation, and are overlain by more than 100 feet of thin-bedded, brown

1Tbid, 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 is 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
Eei&lg entirely unaffected. Black chert nodules occur in the brecciated

eds.

The following fossils were found to be the best guides to the Middle
Devonian limestone: near the base—Schuchertella sp. nr. and higher up
Phillipsastrea vernewilli Edwards and Haime, Cladopora dispansa Davis;
and Productella spinulicosta Hall.

SIMPSON AND HIGHER SHALE FORMATIONS

Shale of Simpson age probably lies buried beneath the drift a short
distance below Roche-que-trempe-a-1’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 diameter.

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 114 miles above Johnson river, jointed, ine-grained sand-
stone.and soft green and grey shales outcrop along both banks of the
Mackenzie. About 30 feet of beds are exposed in the east bank just below

63414—63
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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 interbeds of thin, sericitic, schistose
sandstone. Worm 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
Uppcer Devonian. :

CRETACEQUS SANDSTONES AND SHALES

Outcrops of shales and interbedded sandstones occur in the west bank
of the Mackenzie about 2 miles below the mouth of Dahadinni river, and
continue downstream for about 3 miles.! Another outcrop occurs about
3 miles farther down. The beds dip down river about 2 feet in 100 feet.
The upper 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. IFossils were found in the lower sandstone and shale
beds and in cuncretions contained in the lower beds: but ¥. H. McLearn
recognizes only Peclen sp. and states that “Until faunas of Mackenzie
River Cretaceous arve studied systematically, only preliminary identifica-
tions can be made.”

The beds may be classed as Cretaceous in age.

On Great Bear river, on both sides of the rapids, about 2 to 3% miles
above mount Charles, brown sandstones outerop, dipping southeast about
3 degrees®. These beds contain the following fossils as identified by I, H.
MecLearn: Inoceramus sp., large indeterminate starfish trails in sandstone
and impression of soft-bodied coelenterate, a Meduse? These beds are
classed as Cretaccous.

The Cretaceous beds of Great Bear river are separated from the
east-facing escarpment of mount Charles 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 age beneath the Cre-
taceous deposits. This conclusion is supported by observations made
throughout the Franklin mountains. On Mackenzie river the subjacent
strata are not exposed, but it is probable that either Middle Devonian
limestones, or Upper Devonian shales underlic the Cretaceous deposits.
A decided unconformity is suggested although not proved.

LEOCENE DEPOSITS

As reported by McConnell? semi-consolidated sandstones and shale
of Eocene age outcrop at Norman and vicinity. These deposits outerop
on the west bank of Mackenzie river, 18 to 22 miles above Norman, on the
north hauk from 2 to 7 miles above Norman, and at Norman extending
around on to Great Bear river and along the southeast bank, upstream
to the small 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

tMeConnell, R. G., Geal. Surv., Can,, Ann. Rept., vol. IV, p. 21 D,

2 Beti, J. M., Geol. Surv., Can., Ann. Rept., vol. XII, p. 25 C.
31 Geol. Surv., Can., Ann. Rept., vol. TV, p, 22 D.
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outcrops are partly obscured by glacial till and gravel, but the lower
outcrops are well exposed and represent a section as follows: Thid
ckness
Feet1 Inches
Glacial silt

Grey and brown sandstane, crogsbedded ... 10

Gravel mived with shale; pebbles of limestone, quartzite, and dark 6
13 33 o 75 T

Grey, (riable, crossbedded sandstone............... ... ....cocoo... 50

Brown concretionary sandstone, containing silicified wood and leaves
of deciduous trees

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

Feet,
Lignite in places........ ... . .. e
Coverved interval......... .. ... e e 12
Pea-mreenshale........ .. .. 8

Lignite at water's edge

Still higher in the section is another upstream exposure as follows:

Teet
LS A 10
Lignite and shale, the upper 20 feat containing fair lignite beds...... 30
Grey, silby Shale. .. ... ..o e 25

In the upper exposures much of the shale is burned brick red hy the
combustion of the lignite. Charcoal occurs in some of the thin upper
ligmite beds in the vieinity 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-foot massive bed, with
a thin lignite bed just above it. Another thin lignite seam cccurs near the
top of the section. As the lignite, where best developed, is now on fire,
or has been burned out, its actual thickiness is problematical. Leaves from
this locality and the exposures described above were collested by G. S.
Hume in 1921 and referred to W. A. Bell' who reported on them as follows:

“Two miles above Norman, Sequoia langsdorfi (Brongniert) Heer;
Corylus magquarrs (Forbes) Heer; Plerospermites dentatus Heer; P. spectabilis
Heer; Populus arctica Heer; P. hookeri? Heer; Quercus cf. olafsen: Heer.”

“From west bauk of Mackenzie 20 miles above Norman—Acer cf.
arclicum Heer.”” Bell assigns these beds to the Focene and concludes that
the climate of the time was temperate.

The deposits along the southeast side of Great Bear river may be
illustrated by the section 13 miles above the Mackenzie, which is as fol-
lows:

Thickness

Feet
Crossbedded sand with some firm beds..................... ... .......... 28

Fine, loose conglomerate, composed mostly of polished pebbles of black,
cherby argillite, about 1 inch in diameter

Low-gradellgmte' 1
Unconsolidated sand with thin connlomerate beds ......................... 30
Talus covered from river level up.. e 20

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

t Geol. Surv., Can., Sum. Rept., 1921, p. 76 B.

2Keele, J., “A Reconnaissance Across the Mackenzie Mountains in the Pelly, Ross, and Gravel
Rivers, Yukon and North West Territories.” Geol. Surv,, Can., p. 40.
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similar 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 cccurring 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 mountain, and
to within 200 feet of the top of mount Clark. Glaciated valleys are com-
mon, but glacial striee 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 directions were probably
due to the deflexions caused by local topographic features. The valleys
of Mackenzie river and its tributaries are in general cut into till and out-
wash glacial material. At Ochre 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-'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 almost
entirely to chert. The fault line appears to pass to the north along the
steep east face of a small mountain which 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



85R

away and consist of Upper Devonian limestone, but it would appear that
the formation underlying the intervening flat land is prebably 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 2 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 dip 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.

MOUNTAIN 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 Paleozoic 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 Palzozoics 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 Keele! recognized as of earlier origin than Mackenzie
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

1 Keele, J., Ibid, p. 17.
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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 Palzozoics 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
niles, 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 1% 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 Middle 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 outerops. 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
13 miles up Saline river, evaporate sufficiently during the low water of
summer to form encrustations of salt on the gravel of the river bed. "This
salt has been long known to the Hudson’s Bay Company, and has been
used locally for table and preserving purposes. The quantity of salt
produced is very small.

LIGNITE

Until stripping and sampling have been undertaken, the value of the
Tertiary lignites above Norman will not be known. 7The 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.

FETROLEUM

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 Maclkenzie, 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 into 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 miles, Red-
knife river for 45 roiles, Jean-Marie river for 110 miles, and Rabbitskin
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 acknowledge 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 Kdmonton.

GENERAL DESCRIPTION OF DISTRICT!

As regards the streams entering the Mackenzie 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.

! Geol. Surv., Can., Sum. Rept., 1921, pt. B, pp. 45-53, and Map 1936.
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BOUVIER RIVER

Bouvier river joing 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 I1I 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, 80 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.

REDENIFE RIVER

Redknife river heads in Alberta plateau, in latitude 60° 55’ and longi-
tude 119° 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 then 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 Big 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. 1t 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 3% miles. The falls are of
very recent origin.  Originally the river ran in a great oxbow one-third of a
mile long, but recently the narrow neck of tili has been pierced and the
stream row 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 banks 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.
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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 of this point
the outlet of the lake is very effectively masked by the thick growth of
marsh grasses through which the cance must be pushed. Two small
tributaries, neither of them navigable, enter this lake. One mile above
the lower lake a broad channel 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 longer navigable. In fact, this point may be considered its headwaters.
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TFigure 4. Redknife and Bouvier rivers, Mackenzie river, district of 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 pldin 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.
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JEAN-MARIE RIVER

Jean-Marie 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. Irom 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 deseribed.

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
€Xposures OCCUr.

Above the gorge easy water prevails for 8 miles up to a small lake,
McGill lake,! 5 miles long and 3 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

! Named for the writers's student assistast during the seasons of 1021 and 1922.
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raile 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 the
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 past. 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 In a much divided shingle channel.
Ten miles above Deep lake the stream commences its wild dash through
this gorge, dropping 225 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 back 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 desecription, therefore, it is seen that Jean-Marie
river may be roughly divided into lower, middle, and upper gorge sections,
with intervening stretches of dead water or at any rate dead water with
rapids. The origin and distribution of these rapids, and the somewhat
peculiar phases of 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

Rabbitskin river enters the Mackenzie from the north 22 miles above
Simpson and through most of its course traverses the Mackenzie lowlands.
Tts 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 writcr 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.

Irom Rabbitskin 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 brlé. 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 Mackenzie only five small
bodies of water were observed, a great contrast with the country seen
from Horn mountains at their southeast end. Nahauni 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.

Rabbitskin river is 50 to 75 feet wide and has a larger volume than
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 Horn mountains.

TIMBLER

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 br1é, 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 2% 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 throuob carelessness and partly
through certain superstitions to which they give credence.

63414—7
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FISH AND GAME!

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 Jean-Marie river, but none was observed by the writer.

TABLE OF DISTANCES ALONG RIVERS

Mackenzie River

Miles

Provndcnce to Mills lake. ... . v e 16
BoOUVIET TIVeT .ottt et ettt e 53

e Redknife river... ...t e 63

“ TrOUL TIVeY . L.t e e s 82

“ Head-of-the-Line....... oot e e 89

e Jean-Marie FIVer. .. ... i e e 115

“ Rabbitskin river.......... o 134

“ S8 18T 1 J 156

Bouvier River

From outlet tohead of dead water.......... . ... ... 3
lowest rock exposure 12

“ Jower end Of OTEe. ..o vi ittt e e 15

“ point where river emerges from muskeg............... ..., 17

Redknife River

From outlet tolowerend of EOT@E. ... i e e 10
Bigchubte. .. .o e 113
“ SB1S. . oo SR 133

i lower Redknife lake............c.oocii i o 40

N upper Redknifelake....... ... o i 41

“ end Of bPAVEISe. vttt e 45

From outlet to ]ower Fq0) ¢ PP P 21
lower Big Bend 22

“ upper Blg Bend 63

“ lower end of middle gorge........... oo o 75

“ upper end of middle gorge. ... oo 97

“ MeGilllake. ..o o 82

e Deep 12Ke. .. ove e 92

“ upper end of Deep lake..............ooo i i 97

“ end of navigablexiver........ ... ... i 98

“ end Of bLRVEISE. ..ottt e 108

Rabbitskin River

OutleL toupper end of bad rapids.. ... e 16
eNnd Of LEAVETSE. .. ...ttt e e e 25

1 For general account see Geol. Surv., Can., Sum. Rept., 1921, pt. B, p. 50.
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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:!

Table of Formatrons

— — Thickness
Feet,
Pleistocene and Recent...................|Boulder clay, alluvial and lacustrine de-| 10 to 100
posits.
Cretaceous. .....ooveevieeia Rabbitskin sandstones.................... 50 to 100
Mountain shales 100 to 500
Upper Devonian......................... Hay River beds 700
Simpsonshales............................ 150

SIMPSON SHALES

No additional information was obtained this summer in regard to the
more exact mapping of the boundaries of this formation. Both Jean-
Marie and Rabbitskin 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 head
of Jean-Marie river. The sections correspond in general, though differing
in detail, to the section deseribed last year.?

In Redknife River section about 125 feet of limestone is exposed above
the falls, and about 225 feet of limestones in the gorge 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 Phillipsastrea 26 inches in diameter was observed. The bed,
which forms the top of the falls, is characterized by an unusual pelecvpod
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 erinoids. This borizon can be correlated

! For more complete section see Geol. Surv., Can., Sum, Rept., 1921, pt. B, p. 51.
2 Geol. Surv., Can., Sum. Rept., pt. B, 1921, pp. 52-53.
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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 Melocrinus 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 known
respectively as the lower, middle, and upper gorges. The lower gorge,
however, is rather a wide, shallow canyon 3 mile wide and less than 100
feet deep. Ilanking the valley at intervals are sections of bluish grey,
calcareous and sandy shales with 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 Gonialites. 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 Spirifer, Schizo-
phoria shriatula, 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 flare 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, shaly 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 section outerop 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 Spirefer disjunclus
zone. In the gorge, and above, are exposed 95 feet of buff-weathering
grey limestones which contain an abundant coral fauna in which Phillips-
astrea 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—head of gorge.....oovieiiaiii i S.59°W. S.31°L.
Redknife river, 4 miles below lower Redknife lakes...... S.53° W.

Redknife river at {alls (poorly developed)............... S. 6W. S.30°L,
Trout river at second falls......................... ... S.50°W, S.58 L.
Jean-Marie river, head of upper gorge.................... S.83°W. S.32°E.

Jean-Marie river, bead of middle gorge.................. S. 68° W.
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MOUNTAIN SHALES

This formation was not observed in 1922. The streams flowing
down from the Horn Mountain escarpment are so very small that none
of them has succeeded in cutting down below the mantle of drift. How-
ever, judging from its positicn as determined last year, it seems entirely
probable that the Mountain shales are present in this area and underlie
the Rabbitskin sandstone.

RABBITSKIN SANDSTONE

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

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

PLEISTOCENE AND RECENT

Everywhere a mantle of till covers the bedrocl, with the result that
rock exposures in this area of flat-lying rocks are practically confined to
the river valleys. Rabbitskin 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 in the large area
bounded by Horn mountains 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. Onpe 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 striz 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 river, which is much too large for the present
insignificant stream. MoeGill 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 many boulder
rapids which are separated by stretches of quiet water. Such rapids
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nearly always occur at & sharp bend in the stream, where an ice jam would
occur and produce & blockade of boulders. Many of these walls of boulders
have g 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 the dome at the middle gorge. This is, however, com-
mercially inaccessible.
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INVESTIGATION OF ARTESIAN WATER, COAL, PETROLEUM,
AND NATURAL GAS IN ALBERTA

By D. B. Dowling
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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 Rocky 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.!

t Geol. Surv., Can., Sum. Repts., 1909 and 1016.
Min. Resources of Alberta, Ann, Rept., 1920.
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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 variously 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
Lusker 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 as mined
in the mountains and are older than the foothills coals near Coalspur.

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.!
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 séam situated on the western side of
the anticline has been buckled and has probably acted as a sliding plane
for the 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 generally 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 to 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 long, tapering 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

1 Geol. Surv., Can., Surmn, Rept., 1916, pp. 100-102,
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about 150 feet wide at the surface. On the east side the foot-wall is seen at
one place, dipping west 80 degrees. 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 approach 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 near the railway, showing a large
reserve beneath the level of the tracks.

At present the mining is all above grade, stripping and mining heing
done by steam shovel. Coal is mined by steam shovel and screened and
hand-picked before leading on cars for shipment.!

SAUNDERS CRLEK

Cozl mining on the anticline that crosses North Saskatchewan river
east of the first or outer range is centred in three or four mines situated
along the Canadian National railway between Saunders and Harlech,
37 to 47 miles from the crossing at Rocky Mountain House. During the
building of the railway a coal seam was discovered in the gorge cut by
Saunders creel, and shortly after the completion of the road coal was mined
from this locality.? J. S. Stewart? states that the seam dips about 5 degrers
to the northeast, and that two seams had been discovercd, an upper one of
12 fect with clay partiugs and a 5-foot lower one of hright coal which had
carned a good reputation as a domestic coal. The lower seam has since
been traced over the anticline and mined at two other places. The Alexo
mine, ncar the summit of the anticline, works the lower seam 5 miles west
of Saunders and the Harlech mine 5 miles farther away is situated on the
western 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
beds containing coal scams to the surface. A few notes relative to this
section are given here.

HARLECH

At the mouth of a small creek at mile 1653 a coal seam was discovered
dipping to the southwest. Ifarther up this creek three other seams are
now known, all dipping in the same direction toward the railway. These
arc numbered, in order from the railway:

Seam No. !

Section near the tipple— Ft. In.
Top coal. ... o e e 3 6
Al o e e 4
Botlom coal... ... . . e 2 3

6 1

Section on first creck wesl—
Top coal. ... o e e 3 3
Lower bench not seen

1 A review of several papers by Roland H. Brizgs, Canadian Mining Journal, September 30,
1921, includes one of a paper by George Sheppard on ‘‘Coal Mjning by Stearn Shovel in Alberta’’
in which the operations at Basing arc deseribed. Additional details are given in the issue of the
same periodical, September 15, 1922, and a general history of the operations and details of equip-
ment appears in the Western Canada Coal Review of November, 1921.

2 Geol. Surv., Can., Sum. Rept., 1913, p. 152.

3 Geol. Surv., Can., Sum. Rept., 1916, p. 100.
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Seam No. 2

About 600 feet along tramway from No. 1, giving a distance across measures
below No. 1 of about 260 feet.

Section at tremway— Ft. In.
Sandstone To0f. .. ...
B 575 Y- 0 8
Coal. .. ... . 4 0
Clay, contorted. ... ... 3 0
OBL. . . o e e e e 1 0
Parting ......................................................... 0 2
{757 2 0
Section on first creek wesl—

Sandstoneroof................. e

0 8
4 0
1 6
1 0
0 2
2 0

Shale and sandy shale foot~wall

Section on third creek west, Op this creek a large opening on I\_Io. 2 seam shows
no clay parting and about 6 feet of coal with small parting in lower coal.

Section on fourth creek weat. Along the strike of No. 2 seam several openings 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. Insome of the cuts there
appears to be § [eet of cozl in the folded part, that is, the seam looks as if it
containg 9 feet of coal.

In the slope at the tramway it is clearly seen that a movement botween
the beds has been localized in the clay parting of the middle of this seam
%nd iclha,t to the northwestward the movement has also affected the lower

ench.
) Seam No. 8

A short distance below No. 2 seam, a 2-foot seam has been uncovered
overlying about 2 feet of sandstone and shale, with a little coal beneath. A
small outerop on one of the creeks west is taken as representing this seam.

Seam No. 4
It was considered that the seam mined near the top of the anticline should
be about 50 feet from No. 3 across the measures. This position was located
on the ground and when visited an excavation was made disclosing the scam
beneath a sandstone roof:

It. In
Mining. ..o 1
Coal with }-inch parting inmiddle........................... 5 6

As this coal appears to be in an unbroken state it promises to furnish a
cater percentage of lump coal than those being mined, an advantage in the
omestic market. Mining of this seam was contemplated at once, so that

the coal marketed {rom the group of mines in this locality will be largely
from the same seam, which underlies an ares, 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 Saskatchewan river slope gently from
an elevated region near the International Boundary to the wide depression
occupled by Oldman and South Saskatchewan rivers. 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 Montana, 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 surface 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 occupled 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 melting 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 coulée to join Chin coulée, 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 be 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 coulée 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 coulée,
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 1t 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 to 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 the Department in 1916, one was finished in 1917 and gave a
Aow of 4,000 gallons a day; in addition a third well has been completed
with a flow of 3,000 gallons a day (lypographical error for 30,000). Wells
Nos. 1 and 2 were to be cased with steel pipe 4} inches inside diameter.
The difficulty of getting this material under war conditions and the increased
cost of labour are responsible for the delay with No. 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 Mr. J. H. Norman and a packer above the water-bearing
sand was inserted carrying a 2-inch pipe to the surface.” !

No. 2 well on which the delay occurred was reported finished July
22, 1918, with a flow of 11,000 gallons per day. Private enterprise resulted
m the drilling of several other wells, but climatic conditions in the years
following the good crop of 1915 were not favourable, and financial stringency
retarded the private development of the area. The report of the Leth-
bridge Board of Trade for 1918 refers to the general improvement in the
irrigated areas and notes that the obtaining of water for domestic and
stock purposes in outside areas showed some improvement. The great
expense of boring and casing a 4-inch well was lessened by using jetting
machines 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 Water Supplies for Farms.”

“Very satisfactory progress has been made during the year in develop-
ing the 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; these wells were put down by the Dominion
Government upon the pressing request of this Board; and we have every
reason to congratulate oursclves on the outcome of our efforts in helping
our farmers to secure water supplies. While the first wells put down by
the Government cost about $5,000 each, a cheaper process which is quite
effective has since been developed; and the wells that are now being made
produce supplies 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 again drawn to the area by the Lethbridge Herald in
its issue of March 12, 1920, in which additional welis were noted. Chemi-
cal analyses of the water issuing from several of the wells were made by
Dr. F. T. Shutt, chemist of the Department of Agriculture, and it was found
that the proportion of soluble salts increased in proportion to the distance
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 large and make a
very soft water with a taste of baking soda and common salt so slight that

1 Geol. Surv., Can., Sum. Rept., 1917, p. 1 C.
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1t 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 growing 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 during the summer is so equable and generally warm
that the addition of water causes an abundant growth. In some of the
gardens melors, cucumbers, and pumpkins were noted.

Notwithstarding that the gardens irrigated show an abundant growth,
there remains a danger of overloading the soil with carbonate of soda. In
the studics of alkali soils carried out by Dr. Shutt, near Strathmore,! 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 included in the artesian district the underlying
rocks are quite porous 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 sevcral of the wells:

Report on Waters from Ariesian Wells in Southern Alberla

“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 data have been tabulated for convenience of comparison
and the hypothetical combination of the salts present, given, as per attached
sheet of results.

Discussion of Resulis. 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 per 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
nggligible amounts. Compounds of calcium and magnesium are practically
absent.

The water from Government well No. 2 is slightly more saline than
the waters just discussed, the total saline content being 1,500 p.p.m., the

831 “Alkali Content of Soils”, Shutt and Smith, Trans. Roy. Soc. Can., vol. XII, sec. IlI,
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 well 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 very similar to the waters of the three
wells first considered, the additional salinity being due to a much larger
sodium chloride content.

The outstanding 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 considering these
supplies as water for irrigation purposes.

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
No. 47010, are undoubtedly too saline for use as irrigation waters.”

Analysis of Walers from Artesian Wells in Southern Alberla

No. 1 | Laboratory No. 47005 | Name: Beaver well Location: Sec.24 tp. 2 range 11
2 47006 Govt. well No.
3 19 4 8
3 47007 Town of Fore- 20 0 11
most
4 47008 Govt. well No. 19 9 10
2
5 47009 Taber well 32 9 16
6 47010 South of Ret~ 28 11 17
lavs
!
—_— No. No. No.  No. No. No.
47005 47006 47007 | 47008 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............ 1140-0 960-0 1040-0 1520-0 2692-0 6080-0
Loss on ignition...... 200-0 210-0 160-0 240-0 1300 4000
Solids after ignition.............. 940-0 150-0 880-0 1280-0 2560-0 | 50630-0
Lime (CaO)...........coo..... ..| free or tr.|free or tr.|free or tr.| {ree or tr.|free or tr.| traces
Magnesia MgO)................. “ “ i “ u “
Soda (Na0)......ooii el 570-0 400-0 400-0 600:0 1400-0 2400-0
Sulphuric acid (SOa)............. 120-0 50-0 free 10-0 10-0 20-0
Chlorine (C1).......... 20 0 40-0 80-0 250-0 760-0 3160-0
Carbonic acid (CO2)e.vvuvinnnn.. 3400 360-0 400-0 4:0-0 480-0 390-0
Reaction...........ooeie. ... ..| alkaline | alkaline | alkaline | alkaline | alkaline | alkaline
Hypothetical combination crains per|grains per|grains per|grains per|graing per|grains per
gallon gallon gallon gallon gallon gallon
Sodium sulphate (N2.S04)...... 147 ? 2 ? ? ?
“ carbonate (Na.COs) .. .. 56-4 69-9 63-7 78-4 |~ 805 63 0
“ chloride (NaCl)......... 2-8 4.9 84 28-0 88-2 317-8
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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 Milk 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
water-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 no taste ia the water and both gas and water
are utilized. The method is primitive. Gas and water 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
“}aterla,nd gas were observed and will be found noted in the appended list
of wells. .

The general lack of rain during the summer months resulted in poor
crops of wheat, except in 1915 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 graia’s growt). 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 1s little fear of the settlers migrating, since many of them have
passed through more than one loag period of scarcity of rain.

DEPTH OF DRILLING

Several logs of wells were cobtained 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 table 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-bearing 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. 8, Near Lake Pakowki
Bored by Geological Survey

Location: between secs. 19 to 30, tp. 4, range 8, W. 4th mer.

Depth of well: 643 feet. Flow 30,000 gallons water at surface; pres-
sure, 32 pounds

Log from samples of drill cores furnished by J. H. Norman

Material Thickness Depth
Feet, Feet

Surface material and shales. ....... ... ... ... ... ... .. ... ... ... 60 60
Sandstone with oyster shells. . 7 67
Calcareous sandstone. ... 4 71
Dark grey shale....... 4 75
Sandstone. . ... ... 25 100
Shale, slightly sandy . .......... o 20 120
Sandy shale...... ... ... .. . 5 125
Grey ShBIe. .ot e 5 130
Grey shale with lighter streaks. ........................ ............... 10 140
Dark shale. ... 48 188
Bandy shale..... ... i 12 200
Shale. .. o 35 235
Gritty shale.......cooooui i 35 270
Shale. . oo 5 275
Shale, slightly gritty............c 26 301
SaANASEONE . . . vttt 9 310
Gritty shale........... 15 325
Tine, grey sandStOne. ... ..o it e 30 355
Shale, gritty . ... 25 380
Sandy shale.. ... 25 405
Shale. .. ... 72 477
Colloidal ¢lay, grey...o..ooov i e 1 478

Ble. 7 485
Light-coloured mixture clay and mica scales............................ 1 486

BB e 12 498
Gritty shale. ... .. . 31 529
Calcareous shale............... . 1 530
Soft sand (small flow water).. ... .. .. .. .. 25 555
Soft shale e 2 557
Coal................ e 3 560
Clay........ 7 567
Sandstone 11 578
Shale, very thinleaved.... ... .. ... ... ... . .. 14 592
Sand and sandstone. ... ... .. 51 643




Etzikom, SW. % sec. 31, tp. 5, range 10, W.
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Log No. 2
Unated Oils Well No. 3

4th mer.

Material

Thickness

Depth from

surface
Feet Feet
Surface deposits, brown ¢lay............... 130 130
Toremost beds, 120 feet...... Sand, fine, greenish grey .................. 50 180
hale dark greenish............ ... ... ... 20 200
Sand, darkgreen................. i, 50 250
Pakowki shales, 265 feet..... Shale, greenish black...................... 265 515
Milk River sandstone, Coal......o 5 520
170 feet Shale, soft.. . 6 526
Coal and black shale. . . 8 532
Sand with streaks of CORl.................. 11 543
Sand, fine, top of water-bearing beds... 7 550
Sand, fine, bottom of water-bearing beds. . 75 625
Sand ﬁne lightgrey....cooviviviiiiin., 60 685
Colorado ghales, 1,776 feet...|Shales, blue black......................... 1,330 2,015
Sand, gas flow 10,000,000 c.f. ............. 5 2,020
Shale, and shaly sand at 2,250 feet, salt
water 7,000 bbls. perday............. 280 2,300
Shales. ..o 161 2,461
Dakote and Kootenay....... Sand and shale.. . e 24 2,485
Shale and sand, green andred.. ...l 50 2,535
Sand and shale, grey...................... 135 2,750
Shale, pink........ ... 150 2,800
Slate, sand, shale,and sand............... 85 2,98:)
Sand saturated with heavy oil 65 3,050
Sand, generally grey .. 145 3,195
Shale, bluegrey...............cooovivaen. 15 3,210
Palgozoie...........oeen.n. Limestone, grey, cream, and buff.......... 410 3,620
Shale, greenish groy........ooovvviininnnn. 85 3,705
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Log No. 3
Government Well No. 2

Between secs. 19-30, tp. 9, range 10, W. 4th mer.
Drilled by Youngren Drilling Company

Material Thickness | Depth from
surface
Teet Feet
Sandy Clay . . 20 20
TAVE] . L s 50 70
Gravel, sand, and boulders 5 75
Clay, blue. ... e e 15 90
Sandy clay, waterat 95 feet...... ... i 10 100
Gravel. . 20 120
Quicksand. ... ... 30 150
Sandy shale, brown..... ... ... . .. e 32 182
Shell rock, hard 1 183
Coal................. 1 184
Clay and shale 10 194
Tronstone, thin shellg. .. oovo.vie i i e 6 200
Shale, brown....... . 7 207
Tronstone......ocovveiin i 2 209
Sandy shale, soft. ...t 13 222
Sand rock, hard.. . ... 2 224
Shale, S0lt. . ouue it e 9 233
Sandstone.. ... 3 236
Shale, soft...........c...oivi i 4 240
Streaks of hard sandstone..................... 2 242
Shale, 800t. .o 2 244
Shale, brownandgrey........................ 5 249
Ironstone and sandy shale..................... 4 253
BN StONe . . o 17 270
Shale, dark, soft.......c.... i 10 280
Shellg, reddish....cooieet i e 2 282
Shale. i 8 200
Sand, blue, hard... ..o i 3 293
Hard Jayers. . ... e e 4 297
Redrock, hard...................... ... 2 299
Shale.......... 5 304
Shale with hard streaks 37 340
Sand, grey, Dard. ... 10 350
Shale, generally browmn. ... .ovvoe. ' oo i e 100 450
Getting rig used from 450 feet to 750 feet, no samples....................
Sand and water SETUCK Ab....uuiver ettt e 734

Total depth of well: 750 feet
Measured flow: 11,000 gals. per day
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Log 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. Jamieson, Medicine Hat, Alberta

Formation Thickness Depth
Feet Feet

Red clay. ... oo 15 15
Sand. .. 1 16
Grey clay . ... 10 26
Light shale......... . 24 50
Dark shale. ... .o 40 90
Soft shale with fossils............o o o i 20 110
Dark, fossil shale.......... ... . i i 30 140
Sandstone with shale streaks................. ... . ... ... o 40 180
Pale, sticky shale....... ... .. 39 269
Bastard lime, very hard............... ... .. .. 1 270
Streaky shale, full of slips............... ... .. ... ... ... ... ... ... . ..... 55 325
Dark shale, lotsof colours.......... oo 45 370
Lighter shale..... ..o i i 40 410
Oil-shale, fossils. ... ... i 42 452
Blue shales. .. ... 44 496
Rock, hard. ... . .o 14 510
Milk River 8andstODe. .. ..o\ttt 180 690
SOfb TOCK. oo 7 697
Sticky shale, sandy streaks, gas................... i 6 703
Oil-bearing shalesand rotten rock................... ... ... . ... 14 717
Grey shale. ... ooivr o 83 800
Dark shale. .. .o 40 840
Harder shale........oco i A 29 869
Blue shale, very hard......... ... .. ... ... .. 23 892

AN L L 9 901
Dark shale. ... oo 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 Thickness Depth
Feet Teet
Surface material, gravel, sand, and clay about.......................... 2 2
%hallc gravel, sand clay, soapstone...... 173 175
oal.... ... ...... ... ...
Shales and sandstone.. .. 178 357
Black shale........... . 40 397
Coarse sandstone 10 407
Black shale............ 10 417
Coarse sandstone 28 445
Black shales and some sandstone 63 508
Samdstone and Water. ... ... .. 3 511
Brown shale.... ... 2 513
(C'oarse sandstone, water-bearing.._....... ... ... .. ... . .. ... .. 4 517
Sandstone. . ... ... 42 558
Shales. ... oo 87 646
Coarse Sandstone. ... ... 2 648
Hard, black shales.............. 22 670
TIne SANA. . ..o o 37 707
Yellowsand and clay........c.. . 2 709
Grey washed sand with water........... ... ... ... ... ... ... .. .. ... ... 9 718

Log No. 6
Artestan Well at Foremost

Sec. 16, tp. 6, range 11, W. 4th mer.

Driller’s record, A. N. Duff, North Star Drilling Co., Regina, 612 feet,
63 casing in well, from records Chief Engineer, C.P.R., Winnipeg

Formation Material Thickness Depth

Feet Feet
Foremost beds.............. Clay and boulders. ....................... 90 90
A coal seam at top has been|Shale........... ... ... .. ... oo 8 98
denuded Sandstone. ..o 13 111
Rock............... 2 113
Clay andstones.................cc.covvnnn. 4 117
Rock. ..o 1 118
Shale, blue sand, and coal................. 24 132
Coal and hard shale....................... 12 144
Shale, coal, and blue sand................. 2 146
359 feet Shaleand coal........................... 14 160
Shale and sandstone. . e 19 179
Shale, sandstone, and coal.... ..o 17 196
Shale...........o 66 262
Shale,sandy............... ... 97 359
Pakowkishales............. Hardpan............... . ... ............ 2 361
Shale, sandy .. . 80 441
266 feet Hardpan................... ... ... . 1 442
Shale.......... ... 183 625
Milk River sandstone........ Sand (water at 625 fcet)................... 99 724
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Log No. 7

Government Well No. 1, 18 Miles South of Grassy Lak

Bored by the Geological Survey, 1917

Location: between secs. 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 | Thickness Depth
Feet Teet

Surface deposits; clay, sapd, and gravel................ ... ... oo, 80 60
Shaleand clay....... .. 7 67
Strealcs of coal and clay... 7 74
Sand rock.. ... ... . 1 75
Bandy ClaY . ..o e 39 114
Band TOCK ... .ot et 2 116
Bandy clay. ..o [ 4 120 .
Brown shale with streaksofcoal.......... ... . ... ... ... ... ... 7 127
Sandy shale with some fronstone. ... ...t 20 147
Hard, sand roek. . ... 3 150
Sepdy shale............. 12 162
Hard, dark, sand rock 2 164
Dark shale.............. 13 177
COBL. .o e e 1 178
£ 1Y 4 182
Shale with some coal 7 189
Sandy shale and clay 39 228
Coaland shale. ... ... . .. . 2 230
Sandy shale............... 20 250
Coal, 80 . . o 8 258
Sand and clay, water at 270 feet rises 90 feet. . 30 288
Sandstone and sand.... 18 308
Grey shale................. 100 406
Sandstone and hard shale 10 418
Shale with very hard layers, probably ironstone........................ 103 519
BandStOne. . .. e e 4 523
Shale and sandy shale 11 534
Sandstone, very hard.... ... 3 537

ale ..o 10 547
Qandstone [ 8 o« T .. 8 555
Shale, generally veryhard..... ... ... 26 581
Sandy shale (low of waterat 581 fest)............. ....cooviian .. 8 589
SANAS ONG . . oottt 12 601
Bandy shale.. ... 4 605
[T Y 1375 - P 6 811
Shale and sandy clay 10 821
SaNAStONe. . . e e e 2 623
ShAle. vt 3 626
Sandy shele (water strata at 630 feet).............c.cooevi ... 4 630
SANASIONE . . .. 3 633

This well is cased with 4}-inch steel pipe
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Log No. 8
Flowing Well at Taber

Condensed record from Mem. 116, p. 56

Probable formation Material Thickness |Depth from
surface
Feet Inches|Feet Inches
Surface depoasita 51 feet...... Clayandgravel,..............cviviivnnn. 51 51
Pale beds 20 feet............ Shale and sandstone..... s [P 20 71
Taber coal seam
Toremost beds Sandstone and shale in beds 2 to 20 feet
thick..........ooo 200 271
325 feet 10 inches Shale and some sandstone. 102 6 373 6
Shalycoal.............. 0 6 374
Shale.....o.ooiiiii 2 4 374 4
Coal.... e 0 8 377
Shale and sandstone....................... 19 10 396 10
Pakowki shale 211 feet 2 |Shale, becoming sandy at base............ 211 2 608
inches
Light coloured shales and sands of Verdigris
. coulée.. ..o 50 658
Milk River sandstone Sands (artesian water).................... 12 670
TFire-clay.....coooo i 3 673
Cotl... ..o 0 3 673 3
Sandstone......c.cooiiii i 136 9 810
Colorado shale.............. Sandstones in thin beds in shale............ 120 930
Norecord........oooiiiiiiviiiiaennnnann, 530 1,460
Shale.......ooo i e 620 2,080
Sandstone, white.... 10 2,080
Shales and sandstone: . 150 2,240
Sandstone. . oooie i e 110 2,350
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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 Thickness Depth

Feet Teet
Surface material. .. ... 0. . 60 60
Sandstone.................... 78 138
Shale with hard streaks 122 260

Three small coal seams between 233 and 260 feet

20 280
20 300
4 304
2 306
6 312
Soft, sticky, sandy shale........................... ... .. S 49 361
SaNAStONe. . .. .o 29 390
Shale: 8 inches coal at 434 feet.................. ... i, 70 460
Sandy shale. . ... 13 473
Layer of shells (probably oysters).....................oooi 2 475
Shale. . o 41 516
SaNASEONE . . . ..o\t 4 520
Shale.. S 40 560
Green shale. .. ...... ... ... 14 574
Sandy shale...... ... . 3 577
Shale (3 small seams of coal between 609622 feet). ..................... 55 632
SandStone. . . ... 15 647
Sandy shale................. 40 687
Shale (some gas at 813 feet) 126 813
Shale with some grit (some gasat 840 feet)..............coovvreinino. .. 30 843
Ale. 27 870
Sandstone With Water. ....... ... 53 923

Log No. 10

Well at Neidpath Station, C.P.R.

Drilled for the Bawden Farming Company

Locatioa: SE. 1 sec. 27, tp. 9, range 18, W. 4th mer.

Flow of water and gas, intermittent

Driller’s record incomplete

The following log is furnished by J. H. Norman, the driller, as being
nearly accurate.

Material Thickness Depth

Feet TFeet
Surface soil and clay ... o 60 60
Soft SANASLONE. ... o\ttt e 20 80
Shale (small seam of coal at 126 feet)........ ... iiivieiinennn. 46 126
Shale and sandstone (18 inches coal at 406 feet). ........................ 280 406
Shale and sandstone (some gas at 704 feet)................ccoiiuiiiinn. 298 704
SN ONE. L\ vttt e 46 750
1) 171 - 34 784
Water, 880G, .. oot e e 6 790
' Sandstone very close grained. . ... ... i e 154 944
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Log No. 11
Well at Lethbridge
Condensed from Mem. 116, p. 65

. ; : Depth from
Probable formation Afaterial Thickness surface
Feet Feet,
Surface deposits, 299 feet.....[Sand, pravel, clay........................ 299 209
Pale beds of Belly River|Lethbridge coal scam croded east of this
formation, 651 feet Shales and sandstones generally light
coloured........... .. ...l 661 960
Toremost beds, 350 feet......|Sundstores and shales generally yellowish. 350 1,310
Pakowki shale, 215 feet...... Shale, dark......... ... ... ... ... 215 1,525
| _
Milk River sandstone, 88 feeliga.ndsfonc and shale ..................... 41
|Sandstone (water-bearing).......... ... ... 47 1,613
|
Colorado formation.......... Shale, generaliy dark to bottom of well.... 617 2,230

PROSPECTING FOR GAS AND OIL IN SOUTHERN ALBERTA

The pressure in both the Bow Island and 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 thus
renewed in the subject of natural gas and a few notes are given here relating
to 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 ore, from which Medicine Hat derives its gas, is to the westward,
and is exposed in the valley of Milk river. Tt is also the reservoir for the
artesian water. The gas sand of the Bow Island field lies deeper and
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docs not 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 sand, study is necessarily confined to the records of drillings into the
upper sand to determine its general shape, slope, and thickness. TFrom
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 gassands. 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
Fat 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 number 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. Fastward, this gas increases in abundance;
between Bow Island and Medicine ilat the sands containing water become
thinner, whereas the gas increases. The gas supply at Medicine Hat is
draww from these same sands, which are also reached at Redecliff, Suffield,
and points to the northeast. The gas field is on the 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 artesian area. It is to be expected
that failure in the supply at Medicine 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 vieinity 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 water was on the slope between
the two places. Reduction 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. Westward
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 long 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 Iitzikom coulée, 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 made 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 ficld 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:

Feet
Milk Riversands......... Eagle sandstone......................... 175
Colorado shales........... Shale with concretionary bed at base.. .. 1,000
Cretaceous Shale with two sands near base.......... 700
|
Kooteray of Montana..... Lakota of Wyoming..................... I 350
MoOrriSon. ... o f
Sunburstsand. ..o 10 to 60
Jurassic......... Ellis formation............ Sundance of Wyoming................... 250
Ellissand. ..o e 10-20
Carboniferous?. . [Madison limestone. .......| oottt 1,200
Sand. ... 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 near the Troy-Sweet Grass boring. In
the lower 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.

Beneath the Colorado is the horizon which in Canada is subdivided
into the Blairmore and Kootenay. This is not subdivided in Montana and
1s 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
of the district, was obtained. Locally it is referred to as the Sunburst sand.

Several members found in Wyoming beneath the Kootenay are
absent, and a formation correlated with the Ellis, a lower part of the
Jurassic, seems to fill the section between the Carboniferous and the
Cretaceous. [t 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 larger production of oil comes from this horizon.
The Madison limestone, a lower member of the Carboniferous formation,
is the credited horizon 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 that on the flank at lower elevations oil may yet
be found in it.
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Prare 11

A, Careajou Canyon scction. The disconiormity sepavates the brecciated beds below
from the fossiliferous Devonian limestone above. (Page 54¢.)

B. Breceiated beds on Bear Rock showing the character of the breccia fragments.  (Page 54.)
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(Page 90.)

all 33 feet.

above canyvon, 1 mile above lower entrance
I

Small tributary entering Redknife river from
to gorge.

B.

Redknife river just
(Page 89.)

above lower entrance to gorge.

A. Joint-plane developed in Hay Riverlimestone, 110
feet high by 175 feet long.
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PuLate IV

A. Boulder in ancient channel of Redknife viver at the falls. Current travelled from
left to right undervcutting boulder at upstream end and depositing material in eddy
at downstream end. (Page 90.)

B. Talls on small stream ncar head of Jean-Maric river. About one-quarter of volume
of water comes through joints in Hay River limestones,  (Page 94.)



1318

Prate V

AL Showing water drawn by wagon before artesian wells were drilled.

B. Government test well No. [, connecting pipe and water tank for cattle. (Page 106.)
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Prate VI

Apparatus used for saving the gas which comes with the water. Farm of John Lll. (Page 109.)
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Rocks.. . 4,08
Gething forma.tlon ...................... 4, 8, 9
Gilmore, R.E.......................... 9
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