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REPORT 

BY 

ALFRED R. C. SELWYN, LL.D., F.R.S., 

DIRECTOR OF THE GEOLOGH'AI, AND NATUHA I, llI RTOilY RURYEYR Of' CANADA. 

ON BORING OPERATIONS I THE 

SOURIS RIVER VALLEY. 
1 8 8 0. 

L eaving Montreal on t he 13th of May, I roached Winnipeg on the 
l8th at 12.30 a,m. The following foul' days were employed in 
procuring the ncceR1:>ary onUit, horses, carti<, &c., and C11gaging men. 
Left Winnipeg aL noon on the 2Brcl by steamer for WesLLynnc, arriving 
there early the following morning. Here we found the contrnctorR, 
Mes,,; rs. l\ic(hu·vcy & Highman, :rncl their party encamped. 'l'h ey were 
ondeavoring Lo engage teamK Lo LransporL eng ine and bo l'i ng plant, 
&c., to the pL'oposed si Le of ope1·aLions nea1· Roche P crrcc, i 11 Lhe SouriK 
Rivc1· i.-a ll ey. r lcfL vVeRt Lynne !he same day, and procccrled WOBLwanl 
partly by the old Mit>souri , and partly by the Boundary Commi :;i< ion 
trail. Bad roads a nd high wate1· in the creeks and riven; caused eonsid
erable delay, especially at Lhe Lwo Cl'Ost1 ings of the Souris Ri ver , where 
neither boa(, nor raft was found, no1· avttilablc timber to construct one. 
The crossings were, howc,·cr, accomplished wi thout accidcnL, and on 
the 17th of June we reached Lhe Riviern des Lacs, 229 miles west from 
the Red River. This curious sheet of watel' ii; described by Dr. G. M. 
Dawson* as fol lows :-

" The i;o-called Riviere des L acs, which crosses t he Line at the 227 Riviere des 

mile point, seems to occt1py the bed of a former stream. This sheet Lacs. 

of water where it is intersected by the L ine, must be nearly three-
quarte1·s of a, mil e wi<lc, and is not fo rdable. It occupi es the bottom of 

• Report on the Geology and Resources of the l!'orty-ninth Parallel, 1875. 
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2 A GEOLOGICAL SURVEY OF CANADA. 

a valley, and is over fifty feet below the prairie level. Northward it 
extends about four miles, becoming gradually narrower, and ending in 
a broad coulee, which shallows and dies away in a sLrip of buuldor
covered ground, which sLrelchos northwesLwarcl toward the Souris 
River five miles distanL, and is somewhat lower than Lho general surface 
of Lhe plain. Southward iL is said to extend about seventy miles, and 
finally to join the southern bend of the Souris River, where it gives 
issue Lo a small running stream." 

The examinalion for fixing the sites of the proposed boeing;, com-
menced at this poinL. The afternoon of the 17th was spenL examining 
the banks of the Riviere des Lacs, and the prominonL hill which rises aL 
iLs upper encl. This Hill is unnamed on the maps, buL is known by Lhe 
traders and half-breeds as the Hill of Lhe Murdered ·scout. Though only 
about 100 feet above the general level of the plain it is, especially from 
the eastward, a conspicuous object, and affords from its summit a very 
extended view over the surrounding country. On the 18th an exam
ination was made in a southel'ly direction from Riviere dos Lacs to the 
Souris River, and for sevornl miles up the valley of the latter, including 
a number of the adjacenL dry couleos. Over considerable areas the 
surface presents a bed of closely-packed ice-borne boulders of Lanrentian 
rocks, and fossiliferous Silurian white or cream colored limestone, some 
of the latter being of gigantic size. Three of those boulders gave the 
following dimensions: 6 x 13 x 14 feet; 4 x 11x11 feeL, and 6 x 5 x 3, 
The largesLwou lcl contain 1092 cubic feet and weigh more than 85 tons. 
These all lay within an half mile radius. There were m::my others 
in Lho vicinity presenLing flat surfaces of nine feet by i:;ix feoL, the 
thiclrnoss of which was not ascorLainod, as they were more or loss 
imbedded in the soil. 

The dry couleos, which arc one of Lho most remarkable features 
of this part of the Souris River valley, nearly all have courses 
more or less parallel with that of the main valley, and appear Lo 
be the ancient flood channels of Lhe Souris when its main channel 
was at a much higher level. ~!'ho intervening ridges must then 
have formed loug boulder-covered reefs or islands in a broad river. 

Topographical These peculiar couleos or side valleys wore noL observed on the right 
~~~i~t~~~ of the bank of the river west of St. Petor's spring, ot· on the left bank west 

of Roche Porceo. They appear Lo be limited to about two miles on 
either side, and to extend from the vicinity of Roche Percee eastward to 
where the river makes its grnat northern bend. In some instances they 
open into the main valley, gradually rising till they run out on the level 
of the plain 100 or 150 feet above the rive1-. While the tops and sides 
of the intervening ridges are a mass of boulders, the bottoms of the 
coul6es are comparatively free, and are often occupied by water-holes 
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and grassy swamps, in which ducks and other wild fowl abound, and 
along tbe margins of which wheeled vehicles can pass from the river 
valley to the plain . 

.A.s the whole of the country traversed on this occasion has been fully 
described by Dr. Dawson in the volume already referred to, it is pro
posed to confine those remarks chiefly to a bi·ief statement of the work 
in connection with the boring operations, which, unfortunately, the 
limit oftbe funds available prevented from being carried to a satisfactory 
conclusion, a sufficient depth not having been reached to decide the 
question for which the work was undertaken when it bad to be 
suspended. 

• No outcrops of the lignite formation could be found in the country 
around the Riviere des Lacs, nor any evidence of the probable thickness 
of the drift. I therefore on the 2lst J nne proceeded westwal'd 24 mileR 
and camped at Roche Percee to await the arrivai of the boring party, 
of whom no tidings had been received since leaving the Pembina River 
on the lst of June. 

On the following morning, 22nd Juno, one of tlie contractors arrived 
at Roche Pcrcee, and reported that the teamsters bad refused to bring 
the engine, &c. beyond the second c1·ossing of the Sonris, and had loft 
them to return east. Thi!:! obliged the contractors to bring the boring 
plant on by instalments, with their own four horses and two wagons. 
In the meantime the men wern CID]Jloy·od o·etting out the timber Prepar.ations 

b for bormg. 
req nired for don·ick, engine-bod, &c., much hunting up and clown the river 
being required before suitable trees could be found. The next few days 
till the 30th June we romai1111d encamped at Roche Percee, the time being 
occupied in making a careful examination of the valleys of the Souris 
River and of Short Creek, also of the adjacent country southward to the 
International Boundary. The site for the fir t bore was fixed, photo-
graphs taken, and a section measured from the loft bank of the Souris 
south to where the easL bank of Short Creek intor•ects the Line, a 
disLance of about folll' and a half miles. On the 30th June we moved 
camp six miles down the river, close to the site selected for the first bore 
hole. The next nine days were occupied in ful'ther examinations of 
the small valleys on either side of the river, searching for outcrops of 
the lignite, in making a plan of the neighborhood of the bore, and in 
collecting fossils. 

It now became necessary to consider the best site for the second boring. 
Immediately opposite this camp the sandstone with associated lignites 
appeared to pass beneath the plain. These being the most easterly visi blo 
outcrops in the Souris Valley, it was hoped the same strata might be 
again found cropping out in the valley of l\1oose Mountain Creek, where 
it meets the apex of the great northern bend of the Som·is, some twenty 
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miles distant to the north· east, and thus demonstrate the extension of 
the lignite-bearing formation in this direction. On the lOth of July I 
proceeded across t be plain to Moose Mountain Creek, and struck it at 
about one and a half miles above its confluence with t he Souris. It lies 
here abo ut 130 feet below the level of the plain, and has a shallow, stony 
bed with deep pools one quarter to half a mile in length, connected by 
rapid s. Some of the bills have a very steep slope to the creek, but show 
nothit g but gravel and brown silt and clay mixed with boulders. Up some 
of the side gullies, which a i·e also steep and narrow, rising rapidly to the 
plain, there are patches of willow and brush indicating moisture, which 
may be at the bottom of the drift, or only at the outcrop of impermeable 
beds of clay associated with it. Surface evidence by which the choice 
of a site for the boring could be determined being wanting, it was 
decided to fix it on the plain at a point about two miles west of the 
confluence of the creek and river. 

Returning to the site of No. 1 bore on the 12th, we found the work 
had commenced that afternoon . The details of the boring are given 
on. pages 8 to 11 A . 

The examination made extended south to the Line, a,nd west to the 
W·>Od End depot, and embraced all the principal northern side gulliet;. 
These are for the most part short, running :;tceply up to the plain , 
which stretches northward as an almost unbroken trcelesi; expanse for 
more than fifty miles towards the valley of the Qu' A.ppelle River. The 
greater part of the area indicated, west of No. 1 bore, and south of the 
Souris River, except where affected by the denudation of the va lley,;, 
may be regarded as a coal-field. There is no evidence to show the 
extent of the field to the north of the river. It is probably large, bul 
there can be no doubt that the area to the south of it is underlaid by 
the same seams that are well exposed in t he bank of Short Creek, im
mediately above its c'onfluence with tho Souris, and which arc also 
seen at intervals both east and west along the main vall ey, and 
in many of the smaller g ullie:s that descend from the plain on either 
side. 

Jn many places the outcropping edges of the lignite seams are eilher 
burnt, and now only indicated by lines of r ed shale, or they are 
concealed by land slides, making it exceedingly difficult to connect 
such outcrops as are still well exposed . Sufficient of these, however , 
are seen to prove that at least two workable seams occm· over 
an area north of the 49th Parallel, in the Souris Valley, east and west 
of Roche Percee, which may be safe ly estimated at about 120 square 
miles. 

The section of the strata exposed at the jLrnction of Short Creek and 
the Souris River measures 145 feet on the angle of the cliff, and is as 
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follows, in descending sequence. The cliff slopes at 75° to 80°, and is 
in some parts vertical :-

Feet in. 
1. Soil and superficial drift .................... 5-6 O 

2. Sand rock, or sandy clay .... ................. . 10 o 
3. Lignite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 

4 . Clay shales, dark drab p lastic... . . . . . . . . . . . . . . 6 

5. Lignite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 O 

6. Whitish soft sand roC'k .......•........•...... . 50 o 
7. Lignite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 O 

8. Soft brown sandstone .... . ......... . ......... 17 O 

9. Ironstone, nodular aud lenticular .......... 6 to 7 o 
10. Whitey brown sand rock, wi th bands and concre-

tions of ironstone .................... ...... 49 6 

145 0 

The bands and layers of ironstone hern contain fine specimens of foesil 
leaves, a large collection of which was made. Principal Dawson has 
kindly examined these, and furnished the notes appended. The speci
mens are now exhibited in the Geological Museum, Ottawa. 

In the 5 feet seam, a level 78 feet in leng th and 3 feet wide, has been 
driven by W. D. Sutherland , of Winnipeg, and in the spring of 1880 
several tons of t he lig nite taken out were floated in barges down 1.he 
Souris and Assiniboine Rivers to Winnipeg, and a large heap still 
r emained on the bank at the time of our visit. On the surface it bad 
nil crumbled by the action of the weather, but on digging into the 
heap large sized solid blocks were found. 

In the tunnel t he lignite appeared to be solid , and of good quality. 
The upper seam is only between 15 and 20 feet below the prairie level, 
and thus slight depressions in the surface would suffice to have 
caused its removal. 

In the foregoing section Nos. 2 to 5 are clearly the same beds, as Nos. Compari~on of 

8 to 11 in Dr. Dawson 's section No. 7, which was measured by him the sections. 

in 1873, not a mile distant, on the opposite side of Short Cr eek (See 
page 17 A, Appendix II.) Rast 0f the Sutherland mine section, and 
extending for a distance of about seven miles along the valley to the 
site of No. 1 Bore, there are numerous sections on both sides of the ri•er 
in which the same seams oflignite are exposed. The most perfect sec-
tion occurs on the south side, near the mouth of a gully which 
takes its rise on the plain, below and a little west of St. Peter's 
spring, and is probably the channel by which its waters reach the 
Souris River. 
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ST. PETElt'S GULLY SECTION. 

Feet in. 
l. Soil and sau<ly clay . .............. .......... 10 6 

2. Lignite ....................•...... 2 ft .. G in.-3 0 

3. Soft drab sand rock ........ ... ..•.... · · · · . . . . 9 O 

4. Ironstone band. ..... . . . . . . . . . . . . . . . . . . . . . . . . 0 8 

5. Soft drab sand rock . . . . . . . . . . . . . . . . . . . . . . . . . . 8 4 

6. Lignite • . . • . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 0 8 

7. Sandy clay shale............ .. .. . .. . .. .. .. .. 8 o 

8. Ironstone with clay shale. . . . . . . . . . . . l foot to l 6 

9. Sandy shale .................. · · · · . . . . . . . . . . 8 4 

10. Do. with carbonaceous streaks . . . . . . . . 2 0 

11. Sandstone and concretionary sand rnck . . . . . . . . 0 O 

with fcrrnginous bands and concretions . . . . . 9 O 

12. Clay shales . . .. .. .. .. . .. .. .. .. .. .. .. .. .. . .. 5 O 

13. Carbonaceouo streak. . . . . . . . . . . . . . . . . . . . . . . . O 6 

14. Clay shales, sandy . . . . . . . . . . . . . . . . . . . . . . . . . . 5 O 

15. Ironstone and shale.... . . . . . . . . . . . . . . . . . . . . . . 2 O 

16. Lignite (underlaid by stiff clay shale) . . . . . . . . . . 3 0 

76 6 

In the above section No. 16 i:s probably the equivalent of No. 7 in the 
Sutherland mine section, and No. 2 represents No. 5, notwithstanding 
that the intervening measureR differ considerably in character, and 
about ten feet in thickness. 

Short Creek. To the south, a few yards north of where the Boundary Line crosses 
the east branch of Short Creek, a seam is exposed in the bank sevm: 
feet thick, with a shaly parting of three inches, at about two feet from 
the top. It is not more than fifteen feet beneath the surface of the 
plain, and the drift covering is thin. Eight or ten feet below the seam 
is the water level of the creek. On the north side of the river, and a 
little above the St. Peter's gully section, a very interesting exposure 
occurs, in which the whole cliff has slid down into the valley. At 25 
feet below the prairie level, which is here about 140 feet above the river, 
the six feet seam crops out, and is well exposed, resting on 30 feet of 
clay shales and sand rock, underlaid by lignite eighteen inches thick. 

· Below this the ground is broken, and the measures concealed in a depres
sion. On passing across this and over the rise there is a cliff about 40 feet 
in height, rising abruptly from the river flat, in which both seams 
are again exposed. The six feet seam can be seen here for. nearly 
200 feet in length, beyond which on either side it appears to have been 
completely burnt away, t he position of it being indicated by irregular 
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heaps of hardened red shale, the whole surroundings being not unlike 
those of an old brick yard. 

A section across this ground from the prairie level to the river is 
represented in the figure below:-

The lower 3 feet seam seen on the opposite side of the river in the 
St. Peter's Gully section was not observed here, its outcrop being pro
bably concealed by the slides. 

It may be assumed that there are in this region, above the level of 
the Souris River, at least eight feet of available lignite coal over an area Q,u11.ntity of 

of not less than 120 square miles. This would give 7,136,864 tons to~~~~~.: ~iie. 
the square mile, calculating the cubic foot at only 64 lbs. 

From the vicinity of St. Peter's spring eastward there appears to be 
a gradual fall in the country amounting to about 2i or 3 feet pe1· mile. 
The strata are apparently horizontal, but probably have a slight westerly 
dip which, together with the fall in the ground, would cause them to 
crop out rapidly beneath the drift-covered plain to the east, and per
haps explains theil' not being found in the bore-holes at Moose .Mt. and 
South Antler Creeks, the details of which are given on pages 8-9 A. 
The same cause does not, however, affect the Turtle Mountain bore-hole, 
as the countl'y there again rises to an elevation, on the Line, six miles 
to the south, of 2,000 feet, and from the evidence afforded by the creek, 
which runs through Sections 32, 33 and 34, Township 2, Range 19, West, 
it seems that, though no lignite was struck in the bore-hole situated 
six miles to th~ south, the country here is nevertheless underlaid by 
the sandstones, clays, and ironstone of the lignite Tertiary formation, 
and therefore an available seam oflignite may at any time be discovered. 

The details of the Turtle Mountain bore-hole are given on page 
10 A. 
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No. 1. 

SOURIS RIVER BORE. 

IN THE VAT,LEY oF ·rnE Sou1us, 6r MrLEs BELOW RocHE PERo:tE. 

295 feet dee7J ; lGlO feet above sea level. 

The work here was commenced on the 8th of July, by sinking a pit 
about ten feet deep, showing :-

Soil .................. . ...... ................. 3 ft. O in . 
Stiff g rt·y c hiy, like ch•y below lif!'nite ............ 6 " 6 " 

No.1 bore-hole. On the 12th of July the boring commenced, and reached a depth of 
seventeen feet, all in stiff, dark clay. .At eighteen feet the rock, a soft, 
friable, brown sandstone which crops out at the river immediately below 
the bore-bole, and about 77 yards distant, was struck, and continued 
almost without change to 154 feet, where it l'ested on a very tenaciou·s 
blue clay. At-68 feet some small fragments of lignite came up in the sand 
pump, and from 48 to 73 feet frag ments of ironstone and lig nite in 
powder. 

On the 15th the water which up to that time had stood in the hole 
at about five and a half feet from the surface, sudden ly sank to within 
38 feet from the bottom, and shortly after the rods dropped one foot. 
This occurred between the 68th and 73rd foot. On the 22nd, when a 
depth of 273 feet had been reached without change, through 119 feet of 
clay, a seam of lignite was struck, and the next 23 feet gave a ~action 

as under :-

Lignite. . . . . . . . . . . . . . . ........ . ... . .......... 6 ft. 1 in. 
Clay .. ..... ......... . ... ......... . ......... . l o 
Soft s11nuston". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l o 
ClfLy, sanw as above li g- uiLe ............... . .... l5 0 

makiug a total depth of 295 feet from the surface, or about 575 feet 
below the plain at St. Peter's spring. 

No. 2. 

MOOSE MOUNTAIN CREEK BORE. 

20f MrLES FROM No. 1. 

155 feet deep; 1590 feet above sea level. 

No. 2 bore-hole. This bore was situated on the leve l of the plain, about 128 feet above 
the river, 2i miles west 10° south from the confluence of Moose Moun-
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tain Creek and the SoUl'is River; and 2o;y. miles distant in a direct line 
from Bore No. 1. 

Boring was commenced he1·e on the 7th August, with a ten-inch 
auger, from the surface, giving the following section: 

Feet 
l. Black loam.... . . . . . . . . . . . . . . . . . . . . l 

2. Yellow brown sandy loam ............ ..... .. 3 

3. Grave l .................................... 2 

4. Hti ff sandy clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

5. Stiff dark blue clay. . . . . . . . . . . . . . . . . . . . . . . . 5 

6 . Quicksand . ..... . ........... ... .. .. ... .. . . 

7. Stiff dark blnr c lay . . . . . . . . . . . . . ... ........ l 0 

8. Gravel, same as 3, but. conrsrr ............... . 

9. Dark blue clay ............................ 23 

10. Cemented gravel, passing down into soft gravel 2 

11. Loose gravel, mixed with some d1irk g rey clay 4 

12. Clay mixed with fin e gravel and boulders .... 79 

13. Dftrk grey clay, ............ . .............. 1 G 

in. 
6 

0 

0 

6 

0 

9 

3 

9 

0 

I) 

0 

(I 

155 ll 

On the 16tb August, in a depth of 18 feet, fi\'e boulders were passed, 
supposed. to be granite, At 83 feet a small sample of lignite was brought 
up, apparently a drifted fragment. 

From the foregoing record, and from a careful examination of the 
,;amples, it would seem that the lignite-bearing Tertiary formation 
was not reached in this boring, only the superficial deposits and boulder 
drift having been penetrated. 

No. 3. 

SOUTH ANTLER CREEK BORE. 

37 MILES FROM No. 2. 

155 feet deep ; 1595 feet above sea level. 

This boring was made at a spot 700 yards east ofwhere the Boundary No. :i bore-hole. 

Commission trail crosses the North Antler Creek. The elevation here, 
according to the Boundary Survey, is about 1645 feet. 'l'he site of the 
bore would be about 50 feet below this, or 1595 feet, nearly the same 
elevation as the Moose Mountain Creek bore. This bore, like No. 2, 
did not penetrate the drift, which consisted of sand, clay and gravel, 
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with some boulders, chiefly made up of the white or cream colored 
Palreozoic limestone. 

The boring commenced here on the lst of September, and finished 
on the 5th, giving the following section:-

Dry sand and gravel. • . . . . . . . . . . . . . . . ... ... .. . 

Yellow sandy clay ............ ...............• 

Feet 
3 

7 

in. 
0 

0 

Dark blue clay, mixed with fine ~ravel ...... . . . . 15 O 

Limestone boulder .... ...•.•. ................. 

Clay and grnvel mixed...... . . . • . • • • . . . . . . . . . . 2 O 

Boulder drilled through . . . . . . . . . . . . . . . . . . . . . . 2 0 

Grey clay and sandy clay. . . . . . . . . • . . . . . . . . . . . . ::19 O 

Sandy clay and gravel... ... . . . . . . . . . . • • . • . . . • 6 O 

Sand, with sandy clay and gravel . . . • . . . . . • . . . . 9 O 

Fine dry sandy clay and sand, with small pieces 

of white limestone (silt) ......••.•.•......•• 20 o 
Do., with water coming in slowly ...•....•.... 19 O 

Do., with clay, passing into the next ....... ....• 18 O 

Sand ... ..................................... 15 O 

155 0 

The absence of water in this bore till a depth of 122 feet was reached is 
singular. When the work ended the water stood at 95 feet from the 
sur~ce. Owing to the constant falling in of the sides of the holes, it is 
impossible from the samples brought up to give a very accurate 
description of the different strata bored through. 

NO 4. 

TURTLE MOUNTAIN BORE. 

63 MILES EAST OF No. 3. 200 FEET DEEP. 

No. 4 bore-hole. This bore was made in the south-east corner of Section 6, Township 
1, Range 19, West. Commenced on the 20th September, and finished. 
on the 6th October. 

No lignite was met with, and as in the case of the other bores, and 
from the same cause, there is considerable uncertainty as to whether 
the Tertiary lignite-bearing formation was reached. 

At 43 feet, and again at 103 feet, beds of well-rounded gravel were 
found, but from about 160 to 200 feet, nothing but dark blue or 
grey clay was met with, which cannot be d'istinguisbed from that 
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passed through both above and below the lignite seam in No. 1 
bore. 

The elevation of the country at this point is nearly the same as at St. 
Pete1"s spring, viz., about 1,900 feet, and inasmuch as the beds 
are, as already stated, nearly, if not quite horizontal, it was con
sidered not unlikely that they might be found here, even if absent 
in the intervening lower country. After the boring had com
menced it was found that sandstones similar to those associated 
with the lignite seams of Roche Perc~e cropped out in ledges 
for a considerable distance along the creek which traverses the north 
part of Sections 33 and 34, Township 2, Range 19 West, and are accom
panied by ironstone and the peculiar r ed (burnt) shales, indicative 
of the combustion of lignite seams. The relative level of this locality 
and the No. 4 bore hole is not known exactly. It is presumably consider
ably lower, and it is quite probable that seams of lignite occur here, 
which might have been discover ed had there been funds available to 
continue the boring to greater depth. 

• 
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APPENDIX I. 

ON THE 

LIGNITE 1'ERTIARY FORMATIO 

_!!'ROM THE Sou Rrs HrVER TO THE 108Trr :JiERJDIAN, 

RV 

GEORGE l\'1. DAWSON, D.S., A.R.S.M:., F .G.S. 

[NoTE.-The introductory page::; of' the subjoined account of the Terti
ary Lignite Gt·oup of a portion of th e N orth-\Vest Territol'y, are based 
on an article on" 'l' he Lignite Formations orthe \Vest," (Canadian Natu
ralist, Vol. vii., No. 5). The descriptions of localities and analyses of 
ligni tes and ironstones is reprinted, with littl e alteration, from the 
" Report on the Geology and ResourceB of the 49th Parallel," publi>ihed 
in connection with the Boundary Commis8ion Expedition. Th e name 
L ignite T ertiary having been userl in the r eporL above referred to, 
is here retained for this northern extension of the F'ort Union Group.] 

The true Carboniferous system with which the gr eater part of the 
valuable coalR of the world are as01ociated, and which i8 so largely 
developed in the eastern half of the American continent, from Nova 
Scotia southward, is not the coal-bearing formation of the western 
prairie region. Rocks of Carboniferous age are, it is true, found in the 
eastern part of Nebraska and in Iowa, where the thickly-wooded 
country of the East has already passed into the prairie land of the 
West. Here, however , the formation depended on for fuel in so many 
parts of the world has to a great extent lost its coal-bearing character, 
and where it is last seen in Nebraska, though now pretty thoroughly 
explored, both by surface examination and boring, has y ielded coal in 
very sparing quantity. This reg ion, in fact, appears to he upon the 
western lip or margin of the true coal formation , and the sandstones 
and mud rocks usually associated with coals are being r eplaced by 
limestones, indicating deeper waters and the absence of the terrestrial 
conditions necessary to the growth of the coal-producing plants. 
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Poor as these western Carboniferous rocks are in coal, they labour 
under the additional disadvantage of being in great part covered by a 
newer formation,' the Cretaceous; and where the Carboniferous system 
again comes to the surface in the Rocky :i\Iountain region of 
uplift, to the west of the Great Plains, it has not been found to contain 
so much as a single seam of coal, but it is represented chiefly by 
massive limestones, implying deposit in deep ocean water, and so far 
removed from land that it is rare to find in them even a fragment of 
any of the plan Lt:! which wore growing so ltucuriantly in the swamps 
and dclta8 of the eastern half of the continent at the same time. Just'.f'reele'" 

countrv. 
where the coal of Palrnozoic ago fails, the luxuriant forest growth of Lhe · 
·East also comes to an end, and the country assumes that prairie 
character which, Lo the south of the Saskatchewan, persists with 
scarcely a break lo the foot-hills of the Rocky 1fouutainR. The bare 
rollir:ig plains and grassy hill s, though over extensive areas eminently 
suited for agriculture, seldom yield woorl in 1:;ufficient_quantity to ensure 
a permanent supply of fuel. Trees in the tl'ue plain country are found 
only fringing the deep river valleys and in steep-edged gullies, where 
they are proloctcd from the sweep of the i)fairie fire :>, and ·find a 
pcnnancnt :suply of moiHLurc. 

Jn Lhe ea:-;tcrn ])Ortion of out· ~ ortb-wcst Tonitory- including :Jiani- No P°'looozoic 
' co1ds m the 

toba, the C'<trbonif'crons ;;y:;tem i;; not found al all, but the Cretaceous North-West. 

roeks already alluded to overlap the limestones of the older Silurian 
and Devo nian poriodt>. 'fhc tnw coal formation can, therefore, in this 
region , only bo ;; upposcd Lo exi10t below a groat thickness of' Cretaceotl3 
rocks, and e\en if acceR:siblo, Lho probability of coal of any value being 
fouud in iL is- from analogy with the portion or the We::;tern States 
already mcnLioncd-oxccediugly ,.;mall. 

:>Tei thel' do the Cretaceous rock;; (iucluding u11rlcr lb at J1amc Lhc bods ~:.'~f!~~ou• 
to Lhe Lop of Division No. 5 of Mock and H:tyclen 's sec Lion) of the ~~~f.swilhout 
eastern portion of the plains yield, so fat· as known, any fuel of economic 
va.lue, in their g reat str elch from the border<> of Mexico to the northern 
part of the ~orth-wesL Territo1·y. They co11sist almosL entirely of 
clay rocl<R <tncl s~mcltltoncs, ·with one interm;ling zone of limestone and 
marl, which foL"ms part of the ~iobrara Division, or ~o. 3 of the classi-
fication above referred Lo, and which appears io be recognizable in 
Pembina Mountain and the highlands west of the great lakes of 
:Manitoba. 

The lower part of the Cretaceous system, however, in Nebraska Unimportant 

and elsewhere on the :M:issolU'i Rivel', seems to show an at-tempt at the),~1:in~t~1~fy. 
production of bcclR of fuel. _Beds of " impure lignite" and "carbon-
aceous clays" of small thicknesi; are there met with, especially in 
Hayden's lowest or Dakota Group. Fossil leaves and stems are also 
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found associated with these beds, and I find one lignite mentioned as 
occurring in bedR believed to be transitional between the Dakota 
Groull and the Benton Group, immediately above it, which is even 
stated to have been worked to a small extent,. 

Small and irregular seams of lignite have also been found in western 
Minnesota in outliers of beds supposed to be of lower Cretaceous age, 
and it is probably from local deposits of this nature that the pieces of 
lignite sometimes found in the superficial drift deposits of Minnesota 
and Manitoba are derived. -While there is, therefore, a possibility o.f 
the occui-rence of fuels of some economic importance in the lower 
Cretaceous of Manitoba, such an event is by no means probable. The 
outcrop of these lower beds is, however, everywhere concealed by 
drift deposits and ~he alluvium of the Red River Valley, and they could 
be examined only by boring. In the western portion of the plains, in 
the vicinity of the Rocky Mountains, lignites and coals are now known 
to occur at several different stages in the Cretaceous rocks, but the 
series is there different lithologically, aucl the actual distance between 
the outcrops of the beds and t,hose of the vicinity of the Red River, here 
referred to, is so great, as probably to imply quite different conditions of 
deposition. Overlying the Cretaceous propqr, however, are the repre
sentatives of the Foi-t Union beds of the United St,at,es geologists, and 
in these t,he exLensive and numerot1s beds of lignite of Lhe Somis River 
region occur, and constitute the nearest, available source of supply of 
mineral foel , so far as known, for Lhe province of ManiLoba. 

The charader and t,hiekness of the different members of the CreLa-
~:~~~~r~n t~e ceous in i,he Manitoba region have not, been worked OL1t in letail, owing 
diesouri. to the exLent of the drift, covering and scarcit,y of sections. The fol-

lowing tabt1lar arr::mgement,of the sub-divisions on the :Missotu·i, accord
ing to Meek and Hayden, probably represenls the Manitoba regions also, 
with some approach to accllt'acy. An examinat,ion of it will r ender Urn 
relations of the Fort Union or " Lignite Tediary" beds quite clear. 

Feet. 
Fort Union Group.-(" Lignite •rcrtiary.'')-Hard and soft sandstones, 

clays and shales, with lignite coal ....................... 2,000• 
No. 5.-Fox Hitt (J-roup.-Grey, ferruginous and yellowiRh sandstones 

and arenaceous clays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 500 
No. 4.-Fort Pierre Group.-Dark grey and bluish shales or clays .. . 700 
No. 3.-Niobrara Gro11p.-Calcareous marls...... . . . . . . . . . . . . . . . . . 200 
No. 2.-Fort B enton Group.-Dark grey laminated clays or shaleR, 

with some limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 
No. 1.-Dakota Group.-Yellowish, l'eddish and whitish sandstones 

anrl clays .•••........ .... ... .. ..... .... ....... ... - 400 

4,600 
•Or more. 



NORTH-WEST TERRITORY. 15 A 

In the flat country of the Red River Valley no exposures of the~iobra~aGroup 
' m Manitoba. 

Cretaceous rocks arc found, and it is below the alluvium of this region 
that the older sub-divisions probably occur. The weslcrn margin of 
the Yalley is formed by the e8carpment of the second prail'ie sLeppe, 
and here, in the so-called P embina Mountain , and in its eontinuation to 
the nol'th-westwarcl, the Cretaceous beds 11,re fi t·sL met with. About 
twenty-five milc8 north of the forty-ninLh parallel, wher e the Boyne 
River cul:; through Lhc P embina escarpment, beds clear ly r eferable to 
the Niobrara Group arc known to occur, and precisely r esemble both 
liLhologically, and in their included fossils those of the conesponding 
Nebraska cli,·ision. The rock is generall y a cream-coloured limestone, 
chiefly composed of Hhells of Inoceramus and Ostrea congesta, but in 
places a white, chalky material, which under the microscope is reso lved 
into a masf: of foraminiforal shells, coccoliths, and allied minute organ_ 
isms. This ex_l.Josure, though prob11,bly ;;mall in extent, enables the 
ouLcrop of the Niobnira to be defined aL a point nearly fo ur hunclrnd 
miles beyond the furthefl t northern locality knmvn previous to its 
discovery. SLi ll further north , along the outcrop of the Cretaceous, at 
Swan River and 'l'hunder llill , west of Lake Winnipcgosis, limestones 
and marls containing fossi ls like those of Lho lasL-menLioned locali ty, 
and evidently of }l iobrara age, are :igain found, and oLher outcrops of 
these, and po:;sibly of older bods, may probab ly be discovered in this 
vicinity. 

·with Lli eso excep tiorn~, however, the CreLacoom; rocks known Lo occur 
between Lhe Rod H,ivor Valley and the Lignite Group of the Souris 
region be long exclusively Lo Lho Piel'rO Group of the CreLaceous, while 
the Fox Hill Group, whieh shonld intervene between Lhis and the 
ligniLo-boaring series, has 11ot in this district boon recognized, and is, 
not improbably, but feebly developed. 

The Pierro rocks found in occasional exposures in this districL Pierre Group. 
rnsemblo those described in Lho Lable above quoLed, consisting of dark-
colored greyish', bluish or blackish shales, generally homogeneous in 
characLer through g roat thicknossos, and seldom conlaining fossils of 
any kind,~Lhough fr equontly charged with selenite crystals and holding 
nodular layers of poor ironstone. Exposures of these beds arc found in 
the Pombina escarpment, on the Pombina River and its tributaries, 
and on the Assiniboine, where the thick drift deposits have been 
cnt through. The clays or shales are generally quite characteristic in 
appearance, and whore they are found it may be taken for granted 
Lhat th e lignite-bearing formation has either boon removed by denuda-
tion or ha8 from the first boon wanting. Though usually in appearance 
quiLc horizontal, these beds must have ii general light westerly dip, 
which carries them beneath the lignite group of the Som·is River. 
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In the vicinity of the forty-ninth parallel, the furthest western 
observed exposures of these Pierre shales occur on Cypress Creek,* 

Drift-covered 
country. about forty miles from the base of the Pembina escarpment. From 

North-east 
edge of 
Lignite 
Tcrti!try. 

t his point for a bout 150 mil es, t he countt·y is so thickly covered by 
drift deposits that none of the i; treams cut through to the underlying 
strata, or if the great valley of the Souris does so, the rocks are 
concealed by its gently sloping and grassy banks. Wh en the rocks 
underlying the drift are again seen, near the Roche P ercee, they 
belong to the overlying lignite-bearing series. 

In my preliminary r eport on the LigniLe TerLiaryt it was stated 
that th e north-eastern edge of the Lignite Tertiary formation, probably 
crossed the Souris about five miles cast of the Roche P crcee, and was 
connected with a genLle rise which runs south-eastward across the 
plains from this point. In 1874, however, a thin seam of lignite was 
found in clays below the Roche P ercee, and on the map accompanying 
the Geowgy and Resources of the 49th Parallel, the boundary was 
marked so as to include these furthest east exposures. As staled in Dr. 
Selwyn's report, howev'3r, the r esult of the late borings has been lo show a 
great depth of rocks of the lig nite-bearing seri es below those i:ieeu 
furth est down the Souris in natural cx:po:;u rcs, anrl the line r epresenting 
the edge of the formation must, therefore, b<.' moved ;;t ill further norlh
eaistwa]'(l, though to an undetermined diistance. 

North-eastward from its i nte n;cction of the Som ii;, the line i n<licaling 
the margin of· the formation, as :; hown on the map just rcforr<.'d to, i:; 
not founded on dirnct observation , the country hci11g heavi ly drift
covered, bnt is drawn with reference 1o idl known expo ures of the 
rocks- joi ning with 1Jl'. Bell's obHe1·vations 1101·Lhwarrl-and is proba.hly 
not in any pal'L of i ts eour;..c very far f'rom lli t' lrnth. 

~ortjon of the From i,110 poiu t where the L ig nite 'l'el'ti;u·y bNhi ar<.' Ji1·:;L i:;ccn i11 the 
Souns, showrng . i • • • · • 

outcrops. valley of Lhc Souns, at a pomt 250 nulc::i wrnit of lho Red R1 vcr, and 

Lowest beds 
seen. 

about six miles east of the tl'ibutary from the ::Jouth known a::i Shol't 
Creek, cxposUl'oS occur at freq nent intervals in the bank!l of the Souri:; 
Valley, we::itward, to the position occupied in Lhc summer of 1873 by 
Wood Encl Depot Camp, a disLauce of a.Lout twelve miles from cati t to 
west and considerably more by the river. 

'l'hc bard sandstonc8 uf the Rocho .Percce series :fringe the Somis 
Valley, near the mouth of Short Creek, and give it a picLul'esq ue appear
ance. These are uot, however , the very lowest, visible beds of the 
formation, as some miles cast of this point, and underlying the sallll
stones, whitish and purplish clays, and arenaceou::i clays occnl'; anrl in 

'Citlled Long River in my reporl" in con nection with the Bounditry Commission Expedition. 
t Report on the Tertiary Lignite Formation in the vicinity of Lhe Forty-ninth Parallel. 

North American Boundary Commission, 1874, p. l~. 
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one place, as above stated, a small bed of lignite was found, with 
specimens of Viviparus .Leai in the associated strata. 

On the south side of the Souris Valley, and a short distance to the Roche Perooe 
east of the valley of Short Creek, the Roche Percee group of rocks is sandstones. 
situated. This locality has already been described by Dr. Hector, who 
made a branch expedition to it from the north, in August, 1857, being 
induced to do so by the reports of Indians and half-breeds.* These 
remarkable rocks, which have long been objects of superstition to the 
Indians inhabiting the surrounding country, owe their cmfous forms to 
the weathering away of a soft, grey sandstone from below a bed of similar 
rock which weathers yellow, and is rendered durable by an abundant cal-
careous cement. Both the upper and lower sandstones show false-bedded 
structUl'e in great perfection; though that in the upper hard portion is 
on a smaller scale, owing to the thinner divisional planes of the rock. 
The capping sandstone is not hardened in a perfectly uniform manner, 
but in belts several yards in width, lying parallel in a north-west and 
south-east direction, and separated by spaces more easy of disintegra-
tion. There is also a system of cross-jointing nearly at right angles to 
this main direction. 

This combination of structure8 has g iven riRe, under the long con
tinued action of the weather, to the remarkably castellated, fantastic 
and picturesque rock scenery of this part of the Souris Valley. The 
hard belts form tongues projecting diagonally from the grass-covered 
bank, and the erosion of the underlying soft sandstone, parallel to the 
croi:;s joints, has, in several places, produced window-like openings 
through them. The soft rock bears in many places rude Indian caevings, 
represon ting variom; animals and birds, strings of beads, &c. 

Sbort Creek, all'oady mentioned as an afflnont from tho south, 8howsshorlCreek. 
mauy Rectious of the lignite strata. The banks of the stream hnve 
assnmcd the moRt picturesque formH from i; uccessivo landt:1lip,,;, and are 
ofton quite red in cololll' from the alteration of the clays by the burning 
of lignites. One of the most perfect sections is on the left bank, near the 
crossing place of the Commission Trail, and extends from the level of 
the prairie almost to tbc water of tbe str eam. (Plate TI. A., Fig. 2.) 

Section 7.* 
Feet in. 

1. Soil........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
2. Yellowish coherent sand, grey externally, and hold-

ing some much broken Unio-like shells at its base. 12 6 

3. Grev clay. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 10 

*Exploration of British North America, pp. '!9 ancl 225. 
•The sections are numbered here as they appeared in tho first report on the lignite deposits 

above referred lo. The same numbers are attached to the analysis on a succeeding page. 
2 

Section at 
Short Creek. 



Souri s Valley 
west of 
Short Creek. 
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Feet in. 
·J. Yellowish and greyish thin-bedded sands and sandy 

clays, with several rnry thin ironstone layers, 
weatherin~ orange-red externally ........ .. .... . 

5. Grey clay ..................................... . 
6. i'iimilar to No. 4, with decayed fragm ents of gastero· 

poclus shell s ................................ .. 
7. Also similar to No. 4, lrnt with a great uumher of 

thin ironstolle sheets ......................... . 
8. Hard yellowish sandy clay, a few inches at the top 

carbonaceous ........... . .................... . 
D. Good hard lignite .......................... . ... . 

10. Hard yellowish sandy clfl.y . .... ........... .. . .. . 
11. Good lignite ......................•............ 
12 . Greyi sh sand and sanely c lay, showing lines of strati

fication-in some places soft and incoherent, in 
others with large concretions, and sometimes form-
ing rt nearly solid sandstone ................... . 

1 3. Hard grey clay ................................ . 

6 0 
2 4 

12 0 

3 0 

J 0 0 

2 2 
2 7 

<1 9 

9 0 
2 0 

14. Greyish-yellow clay, with many thin layers of orange
weatherin g ironstone.. .. . . . . . . . . . . . . . . . . . . . . . . 3 O 

15. Lignite. ........................................ 2 6 

16. Greyi sh and yellowish hard sand and sandy clay .. . 11 O 

i::iection concealed by slope of detritus to water 
level, about .... ..... ........... ............... 12 O 

99 2 

Small spheri cal fcnugi nous nodules, resembling bullcLR, occur in 
considerable number aL the foot of i.hc bank. They have a calcareous 
cement, and arc derived from oac or other of Lhc sandy Jayors. 'l'his 
exposure ii-; remarkable for the very gradual pas1:3age of one bed into 
Lho next, making iL almoi:;L imposi:;iblc Lo draw line;; between them in a 
mcaslU·ccl Hection. 

Sections more or lcl:ll:l pcrfocL arc exhibited in many places in Lhe 
Souris Valley, a iui le or Lwo west of the entrance in Lo iL, from the sou Lb, 
of Short Creek, but more especially on the norLh side of the valley. 
They i:;how a great similarity, though not abHolutcly the same in any 
Lwo place;;. One of the most perfect cxposlll·cs <icon (Section 6) was' in 
the face of a bank from sixty to scv011ty foot high , and consists of sand, 
sandy clays, and hard, fine clays, very regularly and perfectly strati
fied , and coloured in various shades of yellow-grey, grey and light drab. 
At two different levels harder sandstone layers of small thickness were 
seen, and also three distinct beds of lignite. The lowest is a hard 
compact lignite, resembling canncl coal in aspecL, and two feet i.hrce 
inches thick. A few feet above this a second scam, eighteen inches 
tbick,~occurs; and still higher in the series, and about half-way up the 
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bank, a third, of the same thickness. At the top of the bank, some 
large nearly spherical sandstone nodules rest, and have cvidcnLly 
been derived from a superior bed which has been removed by denuda
t ion. The clays ~tnd arenaceous cla.ys aL several diifcrcnL levels include 
remains of mollusca, but t hose arc very fragmonLaJ"y, having been 
crushed by the compression of the conLaining material. A sp ecies of 
Unio is abundanL, n.nd romaius of gasLoropoda also ocClll', though rarely, 
and in poor preservation. 

On the opposite side of Lho S0tu·i,.; Valley- which is hero of consider
able width-and not far from Lho lasL-mcntioncd section, sofL sandsLono 
beds capped by a harder layer of sandstone, weaLhor into Lable-like 
forms. These beds are doubtless the representatives of those which a 
few miles eastward produce tho Rocho Percec. 

Six miles north from the former position of Wood End DepoL, at the 
bend of the river where Rough Bark Creek enters, the following section 
OCClll'S :-

Section 1. 

1. Fallen bank, no section, (about) ... . ........ . 
2. Finely stratified, g reyish sandy clay ............. . 
3. Lignite ...................... . ...•............ 
4. Sandy clay, greyish, laminated, including two "leaf

beds," each a few inches thick . ••.. . .... ... . . . .. 
5. Yellowish fine SR ndy clny, passing below to grey 

soft sandstone ........ .... ..... .. ....... . .... . 
6. Ironstone, a nodul ar layer. .. .. .. . ............. . 
7. Grnyclay. . . . . . . . . . . . . . . . . . . . . ................ . 
8. Whiti sh clay. .. . .. . . . . . .......... .. .... . ..... . 
9. Carbonaceous shale .. .. .......... .. ........... . 

10. Grey clay ............................. . ....... . 
11. Ironstone . . . . . . . . . . . . . . . ..... .... ... ..... ... . 

F eet in. 
8 0 
7 0 

0 7 

11 5 

0 3 
1 0 
1 0 
3 3 
3 6 

0 2 

43 9 

The beds appear lo be perfectly horizonLal. Those of s::md and 
arenaceous clay, though having the appearance of well characterized 
layers at a JitLle disLancc, and giving tho banks a ribboned aspect, arc 
found, on closer examinat ion, to pass almost imperceptibly in Lo each 
oLhcr. This peculiariLy is often to be observed in almosL all localit ies 
wh ere Lhosc rocks are fom1d . The so-called " loaf beds" arc of a grcyish
purplc tint, and conLain many impressions of flag-like, parallel-veined 
leaves, which, though distinct enough when frc i:;hly taken from tho bank, 
it is impossible to preserve, on account of the crumbling natlll'o of tho 
matrix. The ironsLone, though generally forming extensive sheets, is 
nodular in s tructure, and va,riei:; much in thickness. It weathers 
a bright, brownish red, is hard, compact, and very heavy, and on fresh 
fracture is bluish to yellowish-grey. 

Section on 
Sou ris at mouth 
of Rough Bark 
Creek. 
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~~f;,i~~~ Hough A short dislanco south of this localiLy the bank shows the following 
~f,~:i\[;~(f~nd. tiecLion vel'y perfectly (PlaLo I. A., .Fig. 2) :-

, 

Section 2. 
Feet in. 

Prairie sod. 

1. l\1ixed shale and drift ......... . 7 0 
2. Lignite........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 6 
3. Greyish sandy shale (abonL) . . . . . . . . . . . . . . . . . . . . 4 O 
4. Lignite........ .. .. . • . . .. .. .. . . .. .. ... . .. .. .. 6 
5. Greyish and yellowish well-strat ified fine sandy and 

shaly c lays.... .. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 14 0 
6. Iro11,(one (nodular).... . . . . . . . . . . . . . . . . . . • . • • . . 0 '1 
7. Greyi8h and whiti ~h clay.... . . . . . . . . . . .. . . .. .. . . 2 O 
8. Carbonaceou~ shale................... . . . . . . . . . . O 
9. Grey fiOft sandKtonc...... . . . . . . . . . • . . . . . . . . . . . . 8 

10. Lignite...... . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . l O 
11. Grey and yellowish laminated sandy clay. . . . . . . . . 5 O 
12. Ironstone (nodular)........ .. .. .. . .. . .. . .. .. .. . O 3 
l 3. Lignite ............... , . . . . . . . . . . . . . . . . . . . . . . . 7 
14. Carbonaceous shale.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
15. Lignite...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 
l6. Grey Randy clay. ... . . . . . . . . . . . . . . . . . . . . . . • . . . . . 2 O 
17. J,ignite...... . .. . .. . .. . . . .. . . .. .. . . . . . . . . . . .. 5 
18. Sandy underclay with large and small roots badly 

preserved. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
19. Lignite................ .. .. . . . .... ... . ... .... 3 2 
20. GrtJyish sandy clay . . . . . . . .................... . 

57 7 

The lower lignile beds at'e of excellenL qualiLy, fit·m and compact, 
and in some places show spots of fossil resin. 'rhe structure of the 
component wood is also in mm1y insLa11ces very plai.nly appa
rclll. The upper lig niLc, lying immediately below Lhe surface, 
is HOH and decomposed where shown, bei11g in many places pene
t ralcd by roots from iLbovc. It might, however, prove cqt~ally 

compact with the lower beds where undisturbed. Layer 18 is one of 
the few instances in which liguitc was actually obsc1·vcd to lie on an 
evidcnL undcrclay, with roots. The irorn;toncs arc specially good and 
compact in this section. Owing to the wearing away of the softer strata 
a large qnanLiLy ofthis material strews the surface of the hil !side. 

This section docs not correspond at all with the last, though situated 
only a few hundred yards from it, and if no fault or break in the strata 
intervenes-and there is no appearance of any Ruch-the horizontal 
uncertain Ly of Lho deposit must be very grcaL. Fmgmonts of a vesicular 
maLcrial, resembling sco t·iaceot1s lava, al'C abundant in this locality. 
'rbis substance is produced by the combustion of the lignite beds. 
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Nearly three miles southward from the last mentioned locality, in 
following up the valley, another very good section occurs ou the cast 
side of the stream, where in one of its many devious windings it has 
undermined the bank. This section is specially interesting, as affording 
one of the best localities for the collection of she I Is of mollusca charae-
teristic of the formation. 
estimated :-

The section is as below, measurement:; being 

Section 3. 
Feet in. 

Sand and sandy clay, stratified, and yellowish in general 
Section with 
shell bed. 

colour ........................................ 40 0 
Lenticular mass of poor ciay ironstone, running out 

rapidly in both directions.. . . . . . . . . . . . . . . . . . . . . . . ~ G 

Grey sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 O 

Shell bed...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Lignite ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Sand and clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 O 

58 6 

The shell bed is of hard grey sandy clay, and in some places is \-ery 
full of shells, which are also less crushed, and in a better state of preser
vation than is usual in this formation. 'rhe most common mollusc is Fossils. 

Goniobasis Nebrascensis M. & H., which ocourl:l in all stages of growth, 
and several varietal forms. Fragments of Unio and Viviparus ; and a 
few examples of Corbula ( Azara) mactriformis M. & H . The latter must 
be considered a brackish-water type, but with this exception no brack-
ish or salt-water forms have been found in these sections ot the 
Souris Valley. The mollusca exactly resemble those of the Fort Union or 
Great Lignite Group, of the Missouri , and fi x with certainty the stratigra
phical position of the beds here represented. 

In the water of the stream, at this place, are several large spheroidal 
sandstone concretions which have a tenuency Lo split into layers parallel 
to their flattened smfaces-one of them measuring four or five feet in dia
meter. These do not appear in the bank, but probably have been washed 
out of the lower part of the section, which was not so clearly shown. 

South of the last section, and about one mile nearly due north of the 
position occupied by ·wood End Depot, is situated an exposme showing 
the most valuable lignite bed I have seen in the Souris Valley. The 
beds are arranged thus:- (Plate I. A, Fig. 1.) 

Section 4. 
Feet in. 

1. Drift material (about) . . . . . . . . . . . . . . . . . . . . . . . . . . 8 0 
2. Yellowish and gray stratified sandy clays, obscured 

in most places by slips of the bank...... . . . . . . . . 52 O 
3. Lignite. . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3 
4. Grey soft arenaceous clay. . . . . . . . . . . . . . . . . . . . . . . . 1 01· more. 

Section near 
Wood End. 
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The base of the lignite is about twenty-five feet above the level 
of the river below, and this part of the section, though apparently con
sisting of yellowish sandy clays like those overlaying it, is obscure. 
The lignite is continuously visible for at least two hundred feet along 
the face of the bank, and seems to preserve uniformity of character and 
thickness. Externally it is often crumbling, and mixed with clay which 
bas penetrnted its joints from above; but where newly exposed, it is 
hard and compact. It is quite black on freshly fractures surfaces, but 
has a brown streak, and in many places the structure of the original 
wood is quite discernable. Some surfaces are strewn with fragments 
of mineral charcoal like that found in many true coals. Other speci
mens are apparently structureless, and resemble cannel coal in appear
ance, though not in composition. The upper beds of arenaceous clay 
yield a few poorly preserved shells ( Viviparus). 

On the opposite side of the river valley, near this place, the upper 
part of the bank shows a good section of arenaceous clay, below which, 
and some fifteen or twenty feet below the prairie level, is a seam of 
lignite of good quality, four fee(, in thickness. This lignite bed would 
seem to occupy a position stratigraphically superior to the last,. 

Somewhat further up the stream, and on the same side of the valley, 
about sixty feet below the prairie level, and sixteen feet above the 
river, a bed of lignite occurs, of which the upper three feet only are 
visible (Section 5). The bank above it is not well exposed, but appears 
to consist of sandy clays. The lignite is of good quality, but much 
weathered at the outcrop. It may very probably repl'esent a continua
tion of that of the last section. 

The whole of these deposit,s, though in some places 8howing a dip 
amounting to a few degrees in one direction or other, appear to have 
no determinate direction of inclination, but over large areas are as 
nearly as possible horizontal. 

Gap in the Section on the Boundary Line. 

West of Wood End, the Souris Valley run8 north westward along the 
the base of the Coteau, diverging rapidly from the Boundary-line. lL 
loseti, at the same ti1 e, its abrnpt character, and no sections either of 
Tertiary or Cretrceot s rocks occm· on it for a long distance. In following 
the forty-ninth -parallel, the escarpment of the third great prairie steppe is 
first overcome, and it is not until after having passed through the broken 
Coteau belt, and l'eached the G L"eat Valley, that, exposures of the under
lying rocki:; are again found. 'rhis valley is the most eastern great 
e1·osion which crosses the Line southward, toward the Missouri, and in 
it the peds of the Lignite Tertiary are exhibited on a grand scale. 
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There is thus a space of eighty-two miles from the 263 to the 
345 mile point, measured westwal'd along the Boundary-line from the 
Red River, completely shrouded by drift deposits. There is evel"y 
l'eaRon to believe, however, that the Lig nite Tertiary beds, tretch unin
termptedly between the two locali ties, and an exposure of these r ocks 
som e distance north of the Line helps to sustain this view. 

'rhiR Arnall exposure was di scovered at a locality on the m eridian of~:;'1_!;ad~~~~ure 
the 309 mil e point, but nearly twenty mil cR north of the Line; where Road. 
in going westward by the 'l'rader'H Road to Wood Mountain, the Souris 
is crossed for the second time. Of the rocks at this place a ve1·y small 
section is Reen, but sufficient to correlate them with those to the east 
and west. At the water'H edge about eighteen inchef'l of a bed of lignite 
appears, th e bottom of the bed being concealed. ft is overlain by 
several feet of greyish sandy clay, of rather fine texture. Th e lignite 
exactly r esemblesthose desoribed as occurring near 'Vood Encl , and in 
som e places shows spots of amber. 

Between WoodBnd and\VoodMountain,-[Long . 103° 10' to 106° 30'] Country 
h 

. d 1. h fi l . . ,, . exammed on -t e oountl'y was examme on two mes; t e rst neaT y com c1urng two lines. 

with the Forty-ninth parallel, the Reco nd following th e 'rraders' Road 
above-mentioned, and at its furthest point beillg thirty-eight miles from 
the Line. r n deHcribing the geology of thi;; r egion, the general plan 
of taking localities in succession westward will be in ;io far departed 
from as to allow the description of these in the immediate vicinity of 
the Line befor e m ention of those furth er to the north. 

Lignite Tertiary Rocks of the Great Valley and Pyramid Creek. 

Jn the go l'ge already referred to as the Great Valley, the bods oxpoKed 
a1·e at an elevation of about seven hundred feet groaiol' than that of 
those last Koon on the Souri R, near 'Vood l!ind ; and pl'obably at leasL six 
hund t'ed feeL above those of i.ho north orn local i Ly above m entioned. 
Theil" exact stratigraphical re la Lion io ei Lhol' of theKe it i1-1, ltoweYol', 
impossible to determine. The lowest bedR seen are curiou;ily banded 
clays and sbales. Clay beds charged with p lant remains and carbona
ceous matte l', and having quite a purple tint when viewed from a li ttle 
distance, altemate with clays n early white, an cl yellowish Rtmd1:1tonoH. 

Great \ 'itll ey. 

Above these is a sandstone layer which thoug h of no great thicknoHs, Peculi"r. 
b · l l .1 d ] bi · l d b . we11tl1cr1 ng. as rn sevol'a p aces prouuce remar •a e co111c~1 mo1m H y aeLrng as 
a protecting capping for the softel' strata below, the latte!' forming 
slopes or nearly perpendicular steps, according to thei1· r elative hn.rd-
ne::is, which, taken together with the diti tinctive colouring of the beds, 
gives a very striking aspect to the scenery. Above th e sandstone 
capping of this lower part of the section, is a great deposit of sandy clays 
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and concretionary sandstones, among which three beds of lignite of 
various thicknesses are intercalated. The beds are almost horizontal, 
but undulate at low angles, and the valley of the stream appears to 
occupy, in the main, the centre of a shallow synclinal fold. 

'l'he upper part of the section in this valley consists of at least 100, 
and probably 150 feet of clays and argillaceous fine sands of greyish 
and yellowish-grey colours, well stratified. They contain thin leaf
beds at several different levels, which arc prominent from their grey
purple tint, but though containing very many dicotyledonous and 
flag-like leaves, from their soft and crumbling nature they do not yield 
determinable specimens. 

This part of the section also includes at least three lignite beds. The 
highest of these is about 140 feet above the base of the section, and 
three feet or more in thickness. It would appear to be of fair quality, 
though mucl; decomposed and quite crumbling at the outcrop, from the 
action of the weather. The next is about 120 feetabove the same datum, 
and can be traced a very considerable distance along the face of the 
bank. It is five feet in thicknesH, but includes, where examined, :several 
thin layers of carbonaceous shale; and lhough of good quality in 
places, does not appear to have the same uniformity in the various 
layers that is generally found in the coals of this l'egion. The lowest 
lignite is some seventy-five feet above the base of the section, and is 
only a few inches in thickness. 

The complete section may be thus represented:-

Section 8. 

Feet in. 
1. Yellowish sands and clays, lignites, &c ....... ..... 150 O 
2. Hard grey and yellowish, somewhat falBe-bedded 

sandstone, forming a " capping rock " to beds 
below (about).... ... . . . . . . . . . . . . . . . . . . . . . . . 3 O 

3. Greenish-yellow, thin ly bedded fine sand.... . . . . . . 15 O 
4. Soft yellowish sandy clay. . . . . . . . . . . . . . . . . . . . . . . . 2 4 
5. Greyish and yellowish hard-bedded clay. . . . . . . . . . 2 6 
6. Blackish thin-bedded clay or shale, with plant 

remains.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 O 
7. Greyish thin-bedded clay, becoming darker toward 

the top (plant remains) graduating into next bed 10 O 
8. Hard, pale brown, compact clay, with very few plant 

remains.... • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
9. Hard, whitish clay, with some plant remains, and a 

scattered layer of heavy ironstone balls, about a 
foot from the top . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 O 

10. 'rhin-bedded grayish and blackish hard clay, with 
lea>es, and some small groups of selenite crystals.. 7 O 
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Feet in. 
ll. Fine-bedded clay fill ed with leaves and plant re-

mains, hard and rusty in the upper portion. . . . . . . 8 
12. Grey hard sand, with charcoal-like fragments in 

some places. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 3 O 
13. Ironstone with many plant remains, mostly sedge-

like blades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 3 
14. Soft grey clay. . . . . . . . . . . . . . . . . • . . . ........... . 

210 
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In certain parts of the upper portion of thiH section, the remains ofFos•il Shell s. 

mollusca occur in some abundance, but in a very bad Htate of preRerva-
tion. By dilligent search, howeve l', Home specimens of Goniobasis Ne
brascensis, and large examples of Yiviparus trochiformis were obtained. 
No shells, other than thoRe of purely fresh waters, were found. 

The lower part of the section forms a g roup well distinguished by its 
colour and the perfection of its stratification from the uppel', and ofLen 
endures, protected by its hard sandstone (No. ?t, when the more crum-
bling upper division ha;, been l'Crnoved. Th e plant remains, though Plant remains. 

occurring mol'e or less throughout the whole section, are best preserved 
in the lower purplish layer;,. They consist chi efly of leaves of dicoty-
ledonous trees, which appear to have fallen when mature in the course 
of nature, and with the change of the seasons, and .floated without 
violence to the great lake in the fine silty deposits of which they have 
been preserved. P opulus, Cinnamomum, Quercus, and other forms, are 
represented. Leaves and small branches of coniferous trees, r eferable 
to Sequoia Langsdorfii, and Glyptostrobus Europeus, are particularly 
abundant at this place. 

Many of the crumbling hill-tops in this valley have a brick-red colour 
resembling that seen in parts of the Souris Valley, and due, as there, to 
the combustion in situ of the deposits of lignite. The slag or clinker 
produced by this action is also found here, though it was not observed 
actually in place. 

The next stream crosses the Line at the 351 mile point. It also flows pyramid Creek. 

through a deep valley of erosion, and may be called Pyramid Creek, 
from a r emarkable pyramidal hill formed of the usual clayR and sands, 
capped by a portion of a layer of hard grey t1andstone, the cement of 
which is calcareous. It has a tendency to break into large quad-
rangular masses, along intersecting jointage planes, and shows conspi-
cuous false-bedded structure. Below this is a thickness of about fifty 
feet of rather incoherent fin e yellowish sand, sometimes argillaceous. 
This, producing a sloping bank, is not very well seen, but constitutes 
about one-third of the thickness of the beds exposed in the valley. The 
middle third consists of soft crumbling sandstone, or compact sand 
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without any apparent cementing matter, and of which the constituent 
particles are rather coarse, and contrast strikingly in this respect with 
the overlying material. It shows evidence of having been deposited by 
water in rather rapid motion , through its entire thicknesR, but the 
fal se-bedding is very definitely cut off at many di ffercnt hol'izons by 
perfectly horizontal planes, above whi ch it again comm ences. Th e 
weather acting on these beds causes the hillsides composed of them to 
al:lsume a well-marked tel'l'raccd appearance, on a l:lmall scale, each 

Fossil Shells. horizontal break producing a terrace leve l. The san<ll:ltone contains 
h ere and there a few poorly presel'ved sh ells, among which can be 
r ecognized two species of Goniobasis, frag ments of Vivipa.rus, anu of Unio. 
In one place a layer of ironstone, about three inches thick, is seen to 
run for some distance, The most notabl e feature, however, of th ii; part 
of the section, is the r emarkable concretionary character of i;ome layers 

Concretions. of the sandstone. The concretions arc hard , and of all shapes and sizes. 
They are generally spherical or spheroidal, and two or more of them 
are often confluent, forn 1g dumb-bell-like masses, or more or less con
tinuous sheets of a lumpy character. Many ar e long and root-like, and 
project in a singular way from the bank. 

The lowet· third of the section in this valley is-as seems often to be 
the catie with the lower layers of these r ocks--much more clearly defined, 
and divided into thinner beds, in which dark colors preponderate. Alto
gether the section here much resembles that seen in the last great 
valley. The lower beds of this, probably correspond with tbe purplish 
leaf-beds there, and the g reat thickness of sands and sandstones above, 
correspond in a general way; though in this place they diffo1· in the 
absence, so far as could be ascel'tained, of beds of lignite. Th e layers 
of hardened sandstone muRt also in this rase occupy different horizons 
in the two sections, but this is not to ho wondered aL, when the extrnmely 
local, and often nodular ohal'actcr of the induration is corniidered, and 
the fact that it mo1·oly depends L1pon the introduction of a small pro
portion of calcareomi cement among the particles already compacted 
by prel:!stu·e. 

Section in The whole section in Pyramid Valley may be r epresented thus :-
Pyramid Creek. 

Section 10. 
Feet in. 

L IJard capping sandstone (several feet) .•••..... . .• 
2. Soft yellowish sandy beds, forming a sloping bank 

(about) ..••.••. .. ... ... . .. ...••..... ... .... . . 
3. Soft sandstone, grey, false-bedded (about) ...••. . .. 
4. Stratified sandy clay ..........•......•.......•.• 
5. Purplish plant beds with thin layers of lignite and 

much sel enite in thin sheets, isolated crystals and 
stellar groups . . . . . . . . . . . . . . . . . . . . . . . ........ . 

50 0 
50 0 

3 0 

3 0 
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Feet in. 
6. Lignite, with many spots of amber . . . . . . . . . . . . . . . 6 
7. Purplish bed, with a few plants.. .. ..... . ....... . 2 0 
8. Grey slightly coherent sand, with nodules of aren

aceous selenite crystals.... ... .. .... . ...... .... 4 0 

9. Purplish Led, with obscure remains of leavPs....... 1 o 
10. Incoherent arenaceous clay and sand . . . . . . . . . . . . . 7 0 

11. Purpli sh-grey arenaceous clay, with obsc11re plant 
remains and some fossil wood .... . . . . . . . . . . . . . . 3 O 

12. Brownish clay with ferruginous layers. .. . . . . . . . . . G O 

13. Lignite.. .. .... . . . ............ . .. . ....... . . . . . O 

14. Brown eartl.Jy bed . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . 0 6 

15. Grey somewhat coh erent coarne san<1 , with argilla-
ceous matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 0 

About .... .. .............. 144 O 
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The rocks show no well marked dip, but appear to undulate slightly 
at very low angles. 

The occul'l'ence of gypsum, as selenite, was observed here and else-Association of 

h b 1 l . . . . h l b d d 11 Sele111te. w ere, to e near y a ways m a::;sociat1on wit p ant- e s, an genera y 
with those holding many half-obliterated vegetable remains, and of a 
purplish shade. This association i::l not accidental, but brought about 
by the action of the included vegetable matter, which, while still under-
going decomposition, would facilitate the deposition of iron pyrites by 
the deoxiclation of iron compounds in presence of organic sulphur com
pounds. The porous character of the plant-bedti, at a subsequent 
period, would allow the pas age of surface waters containing oxygen; 
leading to the decomposition of the pyrites, the formation of sulphuric 
acid , and by its action on the clays, of sele1iite or calci c sulphate. 

li. few miles west of Pyramid Creek several bills are capped with 
heavy and bard andRione beds, a feature quite exceptional in a country 
so gently undulating. These do not appear Lo be perfectly horizontal, 
but have a slight clip to the west. They may be equivalent to the 
capping i;andl:ltone of the Pyramid Hill, but more probably are yet 
higher in the series. 

Ten miles wel:l t of Pyramid Valley, in the upper part of the valley of 
another l:ltream, yellowish and grey stratified Handy clays are again 
seen, but are not perfectly exposed. 

With the exception of this exposure, the unuerlying rocks are Concealed 

nowhere clearly visible in the vicinity of the Liue from Pyramid inten,a l. 

Valley to Porcupine 01'eek, a distance of about thirty-five miles. One 
very considerable stream is crossed about midway, but its valley is 
wide, and with gently sloping banks. Highlands appear to the north, 
and may possibly show sections of strata overlying those seen in the 
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banks of the stTeams, but I was unable to reach them, the ground, 
especially in the vicinity of these highland i;, being covered with snow, 
and the time at my disposal limited. 

Lignite Tertiary Rocks of Porcupine Creek. 

In Porcupine Creek and its tributary valleys, many partial sections 
occur. Lignite is seen in three places uea1· the foety-ninth parallel, 
and just above the level of the brook in each instance. The exposures 
seem to belong to a singl e bed, and if so, nearly a mile of its horizontal 
extenL can be traced. 'J'he lignite and associated beds undulaLe :;lightly 
in all the sections, the former decreasing from four feeL in thickneSl:l in 
the most northern bank to one foot in that farthest south . Th e over
lying rocks coni;ist of yellowish and grey sands and clayH, well stratified, 
and much r esembling those foerning the upper pal't of the section in 
the Great Valley. 

The bei;L exhibition of these i;trata was obtained in a bank about 
forty feet in height, on removing th~ decomposed mater.ial from the 
surface. The section was carefully measw·ed as follows:-

Section 11. 
Feet in. 

1. Soil. 
2. Quartzite drift, several feet. 
3. ::loft greenish sandy clay, 2 feet or more. 
4. Soft blackish clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
5. Rusty crumbling sandy clay.. . . . . . . . . . . . . . . . . . . . 0 6 
6. Grey clay, with some plant remains.. . . . . . . . . . . . . . 9 0 
7. Grey clay, with well preserved dicotyledonous leaves. 1 8 
8. Impure ironstone in concretions...... . . . . . . . . . . . . O 3 
9. Yellowish sand and sandy clay, with obscure plant 

remains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 0 
10. Greyish and yellowish fine sandy clay... .... . . . . . . 3 
11. Scattered layer of small ironstone balls ... ... .... . 
12. Grey fine sandy clay...... . . . . . . . . . . . . . . . . . . . . . . 0 
13. Rusty layer, with crumbling plants.. .. .. . . . . . . . . . 0 3 

14. Grny sand..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 4 

15. Detached masses of lignite, showing the form of flat-
tened tree trunks, about. . . . . . . . . . . . . . . . . . . . . . . . O 4 

16. Yellowish-grey fine sand...... . . . . . . . . . . . . . . . . . . 0 6 

17. Greyclay,withplant1·ernains .................... 0 4 
18. Lignite, not of best quality. The grain and form of 

component wood generally clearly perceptible. 
Bed undulating slightly. 3 to 4 feet. 

19. Soft grey arenaceous clay, I to 2 feet. 

About .•........•......•............• 31 O 
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The vegetatable remaim; imbedded in the rocks overlying the lignite 
are mostly those of decidLwus trees, and in certain beds are very per
fectly preserved. LigniLe from this section was used for camp fires, in 
the absence of wood, but did not burn very freely, as it was taken damp 
from the bed, and piled on the ground without any provision for draught 
from below. 

The mosL inLcretiting and imporLant section however in this r egion Sectio!l with 18 
' ' ' foot L1gmte. 

is that which occurs in a valley joining that of Pol'cupinc Creek from 
the west, exhibiLing a bed of ligniLc eighteen fceL in Lhickncss, and 
yielding also i;omc of the mosL perfect and inLercsting remains of 
plants. The bank in which this out-crop is ti ituaLed ia over half a mile 
south of the Line. The beds are arranged thus:- (Plate II. A, Fig. 4.) 

Section 12. 
Feet. in. 

1. Surface Soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 O 
2. Quartzite drift.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
3. Yellowish and grey sandy clays, well stratified, but 

somewhat soft (about) . . . . . . . . . . . . . . . . . . . . . . . . 9 O 
4. Lignite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • O 9 
5. Banded c lays, yellowish, grey and purple, with well

preserved remains of plants, and in some layers 
much crystalline gypsu m . . . . . . . . . . . . . . . . . . . . . . 5 O 

6. Lignite, weathering soft, some layers laminated, 
others rotten and brnwnish ; forms a steep slope .. 10 O 

7. Lignite, hard, compact., horizontally laminated, but 
also breaking into large cubical blocks along ver-
tical planes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 0 

8. Soft grey sandstone much jointed, and breaking out 
in pieees bounded by plane faces, some vertical 
and others oblique; holds root.like remains and 
g ives issue to springs of water.... . . . . . . . . . . . . . . 5 0 

40 3 

Though undulating a Jittlo, Lhe strata have no true dip, and are as 
nearly as possible horizontal on Lhe large scale. 

The lower part of the li(}'niLc bed is very com1)aCL and Lough under C\rn.r.acterof 
b L1gn1to. 

the pick, and holds in some ln.yers many drops of amber. The join Lage 
planes form a conspicuous feature, and were not noticed in anything 
like the same perfection in other lignite beds examined. They cause 
the coal to b1·eak off in large cubical pieces which lie in the stream at 
iLs base. Some of them show thin seams of white gypsum, and in one 
case a thin film of iron pyriles ·was detected, being the first appearnnce 
of this mineral in connccLion wiLh these lignite deposits. 

This sec Lion also ex hi bi Ls the first instance of dislocation observed to Dislocation 
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affect th e Lignite Tertiary formation. The eighteen-foot lignite and 
associated strata, are seen to have been brought to their present posi
Lion by a downthrow faulL, on the other side of which Lhcir place is 
taken by underlying sandy clays. 

The souLhcru side of t he valley, oppo;;itc Lhis greaL lignite bed, is 
broken down, and fol'ms a gentle Lhough inegula1· slope, which is 
encumbered by many large, strangely shaped and coloured blocks of 
1;Lonc, much harder than any rocki; occurring in the neighbourhood, 
:tnd in pieces larger thn,u Lhc erratics fo und in the region. They 
proved on inspecLion Lo com;ist of masses of beds such as those asso
ciated wiLh the lignite, but inclumted by its combustion, which has 
a lso caused the intcrrupLioJJ iu the edge of Lhe valley. About a 
fourLh of a mile cast on Lhe same valley Lhc greaL lig nite is again 
exposed, and apparent,Jy in much the same dcvclopmcnL and association. 

The plants in layer 5, arc in a beautiful state of presen ·aLiou, and 
when Lhc clay is firsL split open, show every vein-mark in perfection , 
not only in the larger and coal'ser leaves b uL in delicate forns, which are 
here unusually common. The matrix is, however, unfortunately sofL. 
lt crumbles easily, and tends Lo crack on drying. A considerable 
number of specimens of fossil plants from the vicinity of Porcupine 
Creek have been preserved, Lhough all in a more or less shattered con
dition. They arc in the main identical with Lhosc of the Fort Union 
Group, and include Glyptostrobus Europeus, Sequoia Langsd01:tfii, Tlrnja 
interrupta, Onoclea sensibilis, and oLhcr spccief< of ferm;; and examples of 
the leaves of many deciduom; treci:;. For Lhe icl enLificati on of these 
fossils, and the notes on Lhem which appear in my report on Lhe 
Geology and Resources of the P'orty-ninth Parallel, I am indebted to Prin
cipal Dawson. 

No molluscous remains were found in any of the Porcupine Creek 
sections. 

L ignite T ertiary Rocks on the Traders' Road to Wood Mountain. 

Traders' Road. The furth est west of Lhe section in Lhe vicini Ly of P orcupine Creek 
-that in which the eighteen-foot lignite occurs-ii:; siLuaLed near Lhc 
393 mile point on Lhe Line, and lies about thirty miles south-east of the 
trading seLLlement of half-breeds known as Montagne de Bois, Wood, or 
Woody Mountain. The point above indicated was th e tc1·minal one of 
the geological work of the season of 1873 . Reverting now to Wood 
End, on the Souris River, Lhc exposures of Lignite 'fertiary rocks on 
the Traders' Road Lo Wood Mountain-which runs nearly parallel wiLh, 
but to the north of the Boundary line-require a brief notice. 

The section first met with is that already described as filling a gap in 
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the sequence on the Line. Westward for about ninety miles, no beds 
underlying Lhe drifL and surface deposiLs arc seen in Lhc vicinity of 
the Traders' 1-Wad. Beyond this poinL, however, for Lhe remainder of 
Lhc way to \Vood JHounLain-abouL Lhirty milrn;-many more or less 
perfect cxposurci; of Lhc rocks of the LigniLe TcrLiary occur . .. 

Tbe road hero follows along the norLhern slope of Lhe waLcr-shed 
plateau, or occasionally crosses over one of iLs projccLing Hpun;. The 
whole region appears Lo be formed of rocks of Tertiary age, against 
which the drifL deposits of the norLhcrn cxLcnsion of the CoLcau, else
where more fully described, arc found to lie. 

The north-casLcrn exposure of this series is found in a sLccp wooded Genoral 
hill, which forms the salicnL angle bcLwcen two of the broad fiat-boL-~~~k':.cterof 
Lomccl vallcyR, so common in Lhis reg ion . The section comiists of 
alLcrnaLious of sand and arc11aceomi clay of light-grey and drab culours, 
the differcu L layers not well defined. No hard sandstone layers crop 
out, and the whole of the beds arc of a very soft and unconsolidated 
nature. A i:;cam of impure lignilc two focL in thiclrnei:;s occurs. It is 
sofL, brown in colour, and holds much sanely matter. Selenite crystals 
are abundant, and some thin layers of ironstone arc also found. The 
whole appcarti Lo be quite horizontal, and Lhe thickness more or less 
perfocLly dir;playccl, must be over 150 foeL. 

The remainder oi' Lhe secLions from Lhis poinL to ·wood Mountain do 
noL prcsen L any foaturei:; of much interest, and resemble pretLy closely 
that just described. Yellowish-gl'cy, gl'cyish, wbiLish, and drab, soft 
arenaceouR clay,; and RandsLoncs, appear wit,h unvarying monotony in 
all Lhe scarped vallc;pi, which hero ramify in every direction. No 
fossils, exce_pl ll10 badly prcl:lcrvcd remains of plants, wore found, nor 
were lignites of any imporLance obocrved, Lhough some of the men on a 
bun Ling excursioll, some miles souLh of Lhc road, brought back samplea 
of a fair quality. 

Rocks near liVood J.llountain. * 
In the i mmed i~tLe neighbourhood of the halfbreed settlement of Wood General 

Monnlain 110 good exposures wore observed Where l'Ocks are seen character of ' ' · beds near Wood 
they arc generally hard greyish sandstones, which protrude here and Mountain. 
there in the sides of Lhe hill s, and banks of valleys, the softer intervcn_ 
ing bods being concealed. These sandstones no doubL belong to the 
uigniLc Tertiary, and probably occur at several different horizons. 
They have much Lo do with the definite shape of the watershed plateau, 
which buL fol' Lhcm would probably have been but a diffuse ridge. 

•The name 'Vood, or Woody Mountain, is sometimes used to designate the whole, or an indefi
nito part, of tho Tertiary watershed plateau. It is here restricted to the half-breed settlement 
and its immediate vioinity. 
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South-west of Wood Mountain, on the trails used by the half-breeds 
of that place in going io Fort N. J. Turney-a small trading past south 
of the Line-ravines cut in the southern edge of the watershed plaLeau 
show occasional sections of the Lignite Tertiary rocks. At nineteen 
mile;; from Wood Mountain, by odomeLer, the edge of the plateau is 
reached, and a few miles further on, the trail crosses the junction of the 
Tertiary and Cretaceous, and passes out on a lower level plain based 
on the latter formation. Near this place, an exposure shows several 
seams of lignite, one of which appeared to be of good quality and 
considerable thickness, though not sufficiently well exposed for meas
urement. This bed turns out from the bank in which it occurs, a copi
ous spring of cold water, with a very slight ferruginous taste. 'fhe 
associated beds are thick arenaceous clays of purplish-brown colour; 
sofL, and containing some selenite in crystals. 

Sections in the Bad Lands South of Wood Mountain. 

The most instructive section, however, in the Wood Mountain region, 
lies twenty miles south of the settlement of that name, on tho forty
ninth parallel near the 425 mi le point from Red River. Here beds un
doubtedly belonging to the Lignite Terfo1ry formation-which, east 
of this locality has covered so great ttu area of country-are found 
clearly superposed on indubitable CreLaceous rocks. The exposures are 
numerous, and are produced by Lhe sLreams flowing from the southern 
escarpment of the water-shed plateau above referred to, which has here 
been gashed by their action in Lo most rngged Bad Lands. 

This term has attached Lo iL in the western reg ion !:! of America, a 
peculiar significance, and is applied io t.lte rugged and de1:>obte country 
formed whore the 1:>ofl., clayey Tertiary formations are uudergoing rapid 
wasLe. Steep irregular hill s of clay, on which scarcely a Lraco of 
vegetation exists, are found, separated by deep, nearly perpendicular
sided, and often well nigh impassn.blo valleys; or, when denndation has 
advanced to a furLhcr stage-and especially when some more resisting 
stratum forms a naLural base to the clayey bods-an arid flaL, paved 
with the washed-down clays, almost as hard as stone when dry, is 
produced, and supports irregular cones a11d bntte:; of clay, the remnants 
of a former high-level plateau. .Denudation in these regions, proceeds 
with extreme rapidiLy during the short period of each year, in which 
the soil is saturated with water. The term first and typically applied 
to the newer White River Tertiaries of Nf 'n·aska, has been extended to 
cover country of similar natlll'e in the Lignite Tertiary regions of tho 
Upper Missouri, and other TerLiary areas of tho west. In the Bad 
Lands south of Wood Mountain, the hills assume the form of broken 
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plateaux, degenerating g1·adually inLo conical peaks, when a harde1· 
layer of sands Lone, or material imluralcd by ihc combu>iLion of I ignite 
beds, form!:! a resistant capping. When no imch protccLion is afforded, 
rounded mud-lwnps arc produced from ihe homogcneoui; arcnaccoui; 
cl::tyH. vVai;Lc proceeds cnLircly by the power of falling rain and the 
s liding down of' the httlf-liquid clayH in the period of the melting 1-mow 
in i;pring. 'l'hc clay hills arc con>icque11Lly farrowed from top to ba;;c, 
by innumerable runnel,.; converging inLo larger forrowi; below. 'l'hc 
small l:!trcams nipiclly CLLlti ng back among thc8c hill;;, hn.vc formed many 
narrow HLccp-wn.llcd gullimi, while Lhc larger brooki; ha\'c pr·othicod 
wide flaL-boitomcd valleyi.; aL a lower Jewel, in which the streams pur'SLlC 
very SCl'pc11Linc com·sc8. Denudation is even here, however, still 
going on, as from Lhc frequent change in the channel of ihc sll'oam, it 
is constanLly encroaching on Lhc bankt-i of Lbe main Yallcy, nndercnLting 
them and causing landslips. The mcLhod of' the immense dculldaLion 
of'Teriiary bods, which iH proved to have taken place ove1· the area of 
the wofoltcrn plains, is c:xpl~Lincd by that still in progl'CHH in this way 
along their prnscn i bor dcrs. 

The gcncr·al ,;eciion at thii:; place, which though noi c:xprnscd as a 
whole at any one spot is remal'kably clear, is naturally divided into 
four parts. 

Taking firnL ihc hig·bc;;L bed seen, Lhc order ii:; as followF:. (Plate IlI. r.~neral 
~CCllOn. 

A., F'ig. 2.) 
a. Yellowish sand and al'cnaccous clay, somewhat induraLcd in certain 

layeri:; and ((mning a soft sandstone. [L prndnccs the flaL plateau
l i kc tops of Lhc highest hilli; Sl'Cll. About 50 feet. 

(3. Clays and al'cnaceons-clayi.;. with a general purpli,;h-gecy colour· 
when viewed from a distance. About 150 feet. 

y. Yellowish and rusLy i.;andH, in some places approaching arenaceous 
clayi:;, often nodulal'. About 80 feet. 

cl. Greyish-black clayi:;, rather hard and very homogeneous, breaking 
into !:!mall angular fragments on weathering, and forming 
earthy banks. .A bout -10 feet seen. 

The whole of the beds appear· Lo be confo1·mable, and disregarding 
minor irrcgularitic::;, arc quiLc horizontal to the eye. 

The clays and arcnaccou::; clay:; of the u ppcr part of D.vision (3 . are Lign~te 
I I b d l d d l <l l

. . b . T 1'ertiary. 
very rcgu ar y c t c au i nc u c :L 1gn1 le canng zone. hrec 
ligniLc bcdA, of from one Lo two foci each in thickness, were observed, 
buL they arc separated from each otlrnr by rather wide chy partings, 
and arc not pure or of good q nality. A bed rich in Lhc remains of plants 
immediately o\·erlies ihc upper lignite. Ii is compo;;cd of' a ,·c1·y fine 
and ncal'ly whiLc induratcd clay, in which ihc most delicaLe sLrnciuros 
are perfoctly p1·ei:;ervecl. l~rom iLs soft and crumbling character, ii is 

3 
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almo:>t impossible to obtain or keep good Rpecimcns; but, in the frag
ments which were preserved, a fow vct·y intcrcsLingplanL:; appear. Of 
these, some arc chai·acterislic of Lhc l?ort Uuion Group, and idenLical 
wiLh Lho:-;c of Porcupine Crook. The m;sociaLion o(' remain:; is tbaL of a 
fresh-water pond or lake, and a fine new 1;pccics of Lemna occcurn 
abundantly. 

Plfrnt remains. In Lhe lower portion of Lhi:; di\'i:;ion, the bcdi-; arc more ::iombt·c in tint, 
and liLLlc diffcrcnLiatcd by co lour, which olscwhcro ofLon renders Lbo 
i:;L rntiticaLion apparcuL. They contai n i:;o mc layers of sand and sancl
:;Lonc, which t0 how much falsc-bc!ldin~ and CULTcnL i-;Lrueturc, and some
time"' tcrminalc i-;uddcn ly with abrupt undulationi-;. In some places, 
sufficie nt calcar comi cement ha i-; been inLroduccd among Lhc grains to 
form hard Handtitonc:;, but their t hickness is never great., not· do they 
cxlcud fa1-. Much iron::; Lone occurs in thin uodular layers, and som e 
selcni le. AbouL one-Lb ird from Lhc ba,;c of this diviHion a bed waH found, 
in wlticb ouriou:; fruitR have been prci;crvcd, rcfcrabl() to an _/fj)sculttlJ. 
which ha:-; been named E. antiquus. (Geology & Resource:; of the Forty
ninth Parallel, p. 330.) 

Bones of The mo:;t in Lct'eRt ing feaL ul'c of !.hiH part of the i:;ecLion, however, is 
Vertebrates. !.he occur renee of the remain:; ofverlcbrnto animals. These are found 

QX(J I u:;i vcly i It the low Cl' pol'Lion or Uii:; cl ivitiion, ;\nd lllOKL of !.hem below 
tile frniL-bcd ju:;t mculioncd. They arc gcnct"ally cloHcly connccLcd with 
the iron:;Lone layer:;, and ;we ollcn LhcmHolvos imprcgnnlocl with !.haL 
:;ubslallcc. 'l'hoy arc ali:;o, uufortun:itcly, apL Lo be attached Lo Lhc iron
stone noclulo:;, 01' i11corporaLcd with them, ancl tnwcr:;od. by crack-li11e1::1, 
in :-;uch a way :tK to rcndct· it ditl'icult to obtain good ;.:pccimoni;. A more 
prolonged 8Cat'c li amo11g Lho::io hill:; Llian 1 wa:; able to make, would, 
however, no doubt i·cHulL in Lhc cli:;covcl'y of localilic:; whore the 
remains ::no more abu 11danL and in bcLtot· pt'cKcrvaLion. 

Cretaceous No. 
5. or .Fox Ilill 
Group. 

Prof'ci-;sor Cope kindly examined Lho VCl'LcbraLo fossil1:> obtained in 
connection with the cxpedit.ion. Tho:-;o from thiH place i1w lucl e 1i:ag
mc11L:-; of ::;cvcral ;;pocio:; of t.urtlcH, :-;calc;; ofa gaL"-pike, and broken bones 
ofdino:;aut"ian rcptiloi:;. Of the Lul'Llc8, two are now species, Lo which 
Profoi:;Hor Cope lrns given the 11amotJ-Plastomenus costatus, aud P. 
coalescens-and there arc po rtion:; of 8pccios of TrionyJ; and Compsemys. 
The gar-pikc belong:; to Lhc genus Clastes, and of the dinosaul'ian 
remains, though mostly too fragmentary for doLcrminaLion, a CaLlclal 
vertebra rosombleH t haL of Jfadrosaurus. 

Division y ., the lower se ries of yellow sand::i and arenaceous clays, ii; a 
much bcLLcr defined member of the i;ocLion than cliviHion a. lL iH 
exposed chiefly in the banks of Lhc smaller ravincH, but also in the 
upper parts of Lhoso of the main brooks. The nodules which it contains 
are largo and irregular, but of'Lon approach more or less closely to a 
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spherical form. They arc arranged in horizontal lines in the cxposul'Os. 
No fossils were follncl in this parL of the secLion. 

The line of Rcpamtion bcLwecn divisions ). and rl., ii; q Lti Le well-marked 
by the change in the colour. Divii;ion ,5 shows scarce ly a Lracc of stra
tification lines. 1 was very anxious i.o oh Lain fossils from i L but 
succeeded in collecting a few small fragments only. They, however, 
indicate purely mal'inc conditions, and one of Lhcm is rcforab lc to the 
genus Leda or Yotdia. The idcnLificaLion of the horir.on of Lhis bed docs 
not, however, dcpcml on 1mch slighL grounds as Lhcsc, as iL was afto1·
warcls traced westward, and found to be co11Li1111ous wiLh well-marked 
fossiliferous Cretaceous rocks. 

Division a. and /i. of Lhi:-; HccLio11 clearly bclon<,. Lo Lhc JJi•rniLc Portion of 
' b t:> l....1g-111to 

'rcrtiary. '['hey probably r C])l'CSe 11L however merely Lhc lowei· laycn; Tertiary 
· ' ' ' l'OJll'C8Cntcd. 

and diffcl' somewhat in liLhological characLcr and arrangement, from 
those seen aL Porcupine Creek, l hil'L.)' miles caHL of thiH place, and a t 
other localiLies sW l f'nrther casLward. Those bods, no doubL, belong to 
a lower part ofLhc Rc ries than it> cxpmiod in ~Lny of Lhc sccLions examined 
between this localiLy and the l\lissouri C'ofcau, and arc probably also 
older than any of Lhosc found in Lhc Souris Vailcy. The beds described 
as occuning on Lbc !.rail souLh of Wood Mount.nin, belong !o abonL Lbe 
s:tmc horizon , and iL is probable ibat. Lhose Reen in Home placcR on Urn 
Traders' road, may noL be mnch higher np in t he sc ric8. lt would appear 
that the co.ndiiions mo~L f;wourable lo Lhe proclucLion of doposiLs of 
lignite, did not occur frcqncntly or continue long in the earlier stages 
of the formation in this loca lity. 

Division rl. being certainly Cretaceous, it only remainR to classify 
division r., which is Ro markedly difforeuL in cha1·actet· from tbe beds 
above and below it. This beJ, I believe, rcprescnl;.< group No. 5, of the 
Cretaceous, or Lhc Fox Hill Group of Meek and Hayden. IL was 
frequenLly obRcrvcd at 0Lhe1· places furLhcr wosL, and iLs r claLion ·will 
be more folly discuRsed in the scq ncl. 

The lig 11i Le beds occurring in divi;;ion / ~., have been burned away Combustion of 

over grcaL areas in Lhis region. N umerons red-topped hills are seen, Lignite beds. 

the capping being composed of i nrl Ul'aLcd clays and sands Lones often 
with much the colour and appearance of red brick. The Lops of Lhcse 
hills arc nearly on the same plane, and this, if Lraced back inlo some 
of the largc1· hills and cJgcs of the platc~rn, cxaclly coincides with 
the zone Lhere sLill coulaining Lhc ligniLc. The beds, ::tH lhcre exposed, 
however, seem hardly of sufficient, Lhickncs8 or importance lo cause an 
altcrnt.ion of the straLa so cxLensive a;;; has taken place. It is possible, 
from tho incgL1lar irnLurc o{ these dcposi ts, thaL over the areas dcsLroyed 
by combustion, Lhc lignite has been thicker and of bet.Lor quality, and 
that the fire may have been unable Lo extend iLsclf into the thinner por-
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tions of the bed, where iL is sq)arated by clay partings and covered by 
such a great thickness of other <lcpositi:;. 'l'hc combustion must have 
taken place ages ngo, as on ly iso laLcd red-Lopped buLLcs now remain Lo 
mark wbaL mnsL have been Lhc Jovel of Lhc plain at tbaL Lime. (PlaLe 
III. A.., l•'ig. 1.) 

Cretaceous and Tertiary Roclcs south of ·wood Mountain Plateau, 
and between the Bad Lands and White lllud .River. 

On proceeding westward along the Line from the sccLions above 
clcscribccl, one pa:s.·cs over CrcLaccoui:; beds, while the souLhem edge of 
the Wood :Mouu Lain watcr-i:;hcd plateau-which is here coextensive 
with the edge of the Tertiary-follows a more or less nearly parallel 
dircc lion aL a dii:;tanco of Len Lo fifLccn miles to Lhc norLb. 

Great SjJrCRd of The somurc CroLaccon::; ehiys of divii:;ion o., may be i.L'aced almost 
Pierro Uroup. . l f' J' f' b · 1 L b 

J,ithologicn l 
charnclcr. 

cont111uou:; y or a 1i:;Lance o a ouL Len nu cs. owc1· eds arc, how-
ever, cxpm;cc\, by the general slighL casLcrly di]) or the rocki:;. 'l'his is 
proved by Lhc foci LhaL Lhc sombre clayi:;, Lho11gh firsL seen in Lhc bot
tomi:; of the vallcyl:l, :;oon form Lhc whole ma,s:; or Lhe hilli;. They 
alLain this poi:;iLion much more mpidly Lhan the slighL westward slope 
of the i;urface of Lhc country aL Lhi::; place, will accounL for. A.bouL ten 
milci:; wcsLward, near tbc crossing of Lhc forLy-ninLh parallel aud trail 
to l~orL N. J. Turney, whcl'C Lho ·wood Mountain Astronomical SLaLion 
was c::;Lablishccl, good exposure::; of Lhmm rocks a1·0 again found in the 
banks of Lhe valley of a large brook. On careful cxaminaLion Lhcy 
were found Lo contain foi:;i:;ils, and specimen::; of Baculites compressus, 
B. ovalus, and oLhcr forms charn.cLerisLic of Meck and liayclon'i:; 4Lh, or 
ForL Pierre Group, were obtained. This horizon is also indicated by 
their po;;iLion rclaLivcly Lo Lho Tct·Liary and their lithological 
character. 

The rock ii:; a sofL clay-i;hale, which Lhough fine ancl regula,rly straL-
iticcl, from iL::; homogcncomi character hardly shows traces of i Li; bedding. 
It crumble:; down inLo earthy banks, which, however, in some places, 
exhibit promincnL nodular bands of ironstone, and in connccLion wiLh 
those the fossils arc, for the most pai·t, preserved. They are ustially 
completely imbcddcd in the ironstone and filled wiLh it, though Lhe 
concretions musL have been formed some time after the doposiL of the 
clay, as the larger shells arc completely crut1hcd. 'rhe Baculites sLill 
retain to a great cxLcnt, their original nacreous lustre and play of 
colour. The ironsLonc nodules are often septarian, and from Lhc rapid 
removal of the cla,ys by dcnndaLion, Lhc fragments strew the surface in 
abundance. Selenite is di ffuscd in small qtrnnLity through all parLs of 
the beds. 
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Taking into account the difference of level between this locality and 
that of the section of the Bad Lands, the clays here seen must be at least 
200 feet below the base of division y. The sombre Cretaceous clays of 
tbeRe localities much resemble in lithological charactei·s the beds 
of the Pcmbina Mountain Group, and they also hold the same relation 
to the overlying Lignite Tertiary series as that assigned to thmie 
deposita. They differ chiefly in being less consolidated and <larker in 
colotu", and in forming when weaLhcred a crnmbling bank of earthy 
appearance, rather than one of somewhat sharp-angled shaly fragments. 
The scarcity of fossi ls in the Pcmbi11a Mountain Rcctions, prevents any 
palreontological comparison of these beds with them. IL must be 
remembered, too, that at lcaHt 8Cvcral hundred fecL of the uppei· part of 
the Pcmbina Mountain Group,on the ea8Lern margin or the basin, waR C(_lmpnrison 

with l'e111b111a 
not seen, and it is this very part of the series which must be ropre-i\lountnin 

T l . . l h <l" senes. sented here. a rn1g mLo accounL, 10wever, t c great 1stance Hepa-
rating the exposures on the eastern and western margins of the region 
covered by Tertiary, the Ii thological and sirucLural resemblance of" Lhe 
deposits is quite as close as could be looked for, even in an area charac
terized by 1:mch wide-spread flimila 1· conditions, a8 the interior plaLcau 
of the continent. 

v'V estwar<l from these sections, the continuity of the Cretaceous clayH Fossils. 
in the vicinity of the Boundary Line, iH indicated by occasional small 
exposures, and ~tt a <liKtancc of thil'tccll miles, a tolerably good exhi
bition of the t·ock8 again occurs. They are now found to resemble 
very closely the clay-shalcs of the uppe1· part of the Pembioa Moun-
tain series, and to differ Lo a corresponding extent from thoHc 1aRt 
cleHoribcd. They arc firmer in texture, and lighter in colout", and are 
traversed in all clirection8 by rusty-faced cracks. The pcculiat· 
Rmall rusty fucoiclal mat·ki ngs, already more than once referred Lo, 
arc also abundant, though other fosKils are extrnmely scarce. A few 
imprcHRions resembling fish-scalmi, but very obscure, were found; also 
a single specimen of Baculites compressus, being a cast of the intet·ior of 
the shell in soft ironstone, with the impressions of two gastcropodous 
shell s, which bad fal Jen into its outer chamber. One of the latter iR of 
naticoid type, with a short Hpil'e, and few volutions rapidly increasing 
in Rize. Not a trace of the calcareous substance of any of these fossil1> 
remains; and the clay-shale show8, in many placcR, obscure impres
sions, which apparently mark the former positions of oilier calcareon1> 
fossils, as in the shalcs of the Pcmbina Mountain series. Taken in con
nection with the indications j11st mentioned, the fact that two shells 
of different species were caught up in the body-chamber of the single 
Baculite, which owed its preservation to an ironstone concretion, would 
tend to show that organic remains were originally somewhat abundant, 
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but that they have been r emoyed by chemical action in the way alrnady 
11oticed. 

Bleachedelays. Selenite in small crystals abounds, and is generally found fillin g the 
lines of foisure. Well-marked white bands indi cate the stratification 
lines in some places. They are occasionally several inches in thickn ess, 
and have eYid ently been bleached subsequently to the deposition of the 
clays, by the pel'colation of water charged with sulphuric acid, pro
duced by the decomposition of pyriLcA, along the moee permeable 

Division Y 
at While Mucl 
.River. 

P<erre · shales. 

J'ossils. 

laye l'S. 
·whcl'e the Line c1·osses White 1\'[ud River,* or Prenchma11 's Creek, 

numerous and ve l"y fine exposures of t he CrctaceouH rocks occur. The 
stream flows in the bottom of a g reat trough, cut out of the soft Creta
ceous strata, over three hundred feet deep, and in some places fully 
three miles wide. Many ravines enter this valley from the sides, and 
numerous land-slips have brought down the upper beds to vari ous 
levels in its banks, and have produced a rugged mass of conical hills 
and ridges. The tops of the banks on both sides of the valley arc 
formed of yellowish ferrug inous sands, referablo to division h of the 
Bad Land section. They are, in many places, ba1·dened into layers of 
s:tndHtone, and arc nowhere very soft. Land-slips have confused the 
section, but they can be traced in their original position as far up and 
down t he Yalley as cau be seen. I could find no foss ils in t hese beds, 
t hough sixty to seventy feet of them must be visible in some places. 

Below t hese are sombre Cretaceous clayR of di vision cl., and they 
extend downward to the water level of the river ; showing a t hickness 
of 273 feet, the base not being seen. The portion of these clay-shales 
most closely resembling those last described, and those of the Pembina 
Mountain scl'ies, li es immediately below the yellow Rand i:;. Below thii:;, 
to t he bottom of the vn,ll ey, they show rather the crumbling eartl1y 
chal'acter and more sombre color of the Bad T1ands and ·w ood Mountain 
A::;tronomical Station exposures. This would teud to prove that rocks 
like those of the uppce part of the typical Pembina Mountain series, 
are not confined to any particular horizon in the wel:!tern representa
tives of that g L"oup. About 100 feet below the base of the yellow sands, 
a bed characteeized by the g L"eat abundance of the remains of a :fine 
species of Ostrea occur:-:. It is r eferable to Ostrea patina of l\feek and 
Ilayden ; and fragments of a thick Inocerwnus appeal' in the same 
stratum. 'l'hc OHtr ca:>, foe the most parL, arc quite perfect, and have 
been intombed where they grew, the valves being 01.ill atLached. They 
are frequently eoughcned externally, and crusted with selenite crystals, 

•There are probably half-a-dozen streams of th is name iu different parts of the North-west. 
'fhe best known is that at the south end of Mnnitobtt Lake, with which this must not be con
founded. 
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produced apparenLly by the action of acidulous waters on the shell 
i isel f. 

A Rh::>rt ditiLancc below this oRtrea bed is a zone containing many~~11~~~~~n 
la1·ge scptarian il'onsLone nodules. In some places a horizontal surface 
of thi8 bed h::tH been exposed, forming an arid wind .blown expanse of 
cnunblecl fragments of the shnle, which here and there supportR an 
Artemisia, and from which the nodular masRes 1:1tand np at iutervnls, as 
they haYe been expo;:;eJ. by weathet'ing. The concretions ::ire ofLen as 
much as twel\Te or fifteen foeL in diameter, and lenticul::tr in form, but 
at·e genel'ally broken into fragment8 by the action of the frm;t. They 
hold remains of Ammonites and Baculites, the former at timeR two feet 
in diameter, and rcfel'ablc to A. placenta, a form, like Ostrea patina, 
charncterisiic of' the 4th group of the MiA:-iouri B,iyer section. The 
fossils are unfortunately intc1·,.;ecLcd by Lhc cracks which traverRe the 
mass of the noduleH, in Ruch a way as to rendc1· their pre. e rvation Yery 
difficult. Some of them retain their nacreous lustre in all its original 
perfection. Bleached bane.Ii; like those already <lescri bed, occur in many 
parts of these clayH. 

The beds hc1·c ::ippem· to. be pet'foc tly horizontal, and the incrc::i:>cd Di1>0f the beds. 

elevation of the gcncrnl Rm·f:ice of the countl'y will more than suffice 
to account for the 1·eappcaran cc of the yellow samly <lepositR last Reen 
in the Bad Lan<l;;-wi thou L suppOi'iing the existence of any gen Uc 
anticlinal bcLween Lhc two localities. Our camp, Kituatcd a short way 
down Lhe easLc1·n slope of' Lhc .. WhiLe Mud Valley, and corn;cquently 
somewhat l.Jclow the general lcrnl of the prairie, was 4±5 feel alioYc the 
Wood Monntai n A1:1t1'onomical StaLion, nineteen · miles cast, b.f com-
parison of seven baromeLl'ic readings aL each place. The bm.;e of the 
yellow sands being about 30 focL below the camp, iH 409 fi.JcL al.Jove the . 
Astronomical SLation; and :tfl the bm;e of the same slratum (diYision 
y.) in the Bad Land SecLion was found to be aliouL 170 feet aboYc the 
Astronomical StaLion, a diJfol'cnce of 239 feet between the same horizon 
in Lbe B::id Lands and at, ·White Mud Hivcr, would remain in frwour of 
the latter. The distance being about Lhirty miles, gives an eastward 
slope of about eighL feet in the mile. 

Cretaceous. and Tertiary Roclcs-1Voocl .llfountain Settlement to the 
Crossing Place on White Mud River. 

The main trail going wcrit from Wood Mountain scLLlemenL, passcRnocbwestof 
for some distance along the northern edge of the water-Hhcd plai.cau, Wood Mt. 

and then going oYer it where it turns nol'Lh-weRtward, crosReR the 
valley of the White l\focl River, sixteen miles north of the forLy-ninth 
parallel, and twenty-three miles north-west of the exposures Jas t, 
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described. Between Wood Mountain and the While Mud River the 
water-shed plateau is formed, as befol'e, of the lowc1· beds of Lhe Lignite 
Tertiary, and project"> like the promincnL partH of a cameo, while the 
lower ground, and the deeper pol'iions of the va 1 lcys of the Atr eam::; , 
arc formed of the underlying Cretaceous clays. On the Lrail, near 
Wood Mountain, small exposures of the TcrLiary rocks frequently 
appear. AbouL thirLy-four miles west of that place, scctio1rn of clrnrac
tcristic sombre Cretaceous clay-shale occm·, and a deep bay of thc&e 
lower rocks, pcnetrntes the edge of the Tertiary plateau from the 11orLh, 
in this viciniLy. Ou ascending the plateau forming Lhc wesL side of 
this bay, Lignite Tertiary rocks are again seen aL intervals, Lo withi11 
about fifteen miles of White Mud River, when the road descends the 
western edge of the plateau, and again paRses over the Cretaceous clays. 

In the absence of othel' informaLion for the district north-west of 
Wood Mountain, 1 woL1ld have followed Dr. Hector in ])l'Ovisionally 
indicating the bo1·dcr of the Tertiary as running from the 
Cypress Lo the Thunder Breeding llills. The occurreuce of a 
bay of Cretaceous rocks on the north s ide of the Tertiary plateau, 
however, Lhrows doubL on Dr. Rector's supposiLion of the conLinuity 
of the edge of the TerLiary between the two Ja;.;L menLioned 
localities. Judging from analogy, Lhere is reason to belie-ve that 
the bay of Cretaceous rocks must extend continuously from the north 
side of the plateau i.o the South Saskatchewan Hiver. The straLa are 
as nearly as poAsible horizontal, and throughout thiR region it is found 
that a valley once cut down through the harder Tertiary rocks to the 
CretaccouR, does not in the lower parL of its course again pass over the 
former. Dr. llcctor did not reach the northern edge of the Tertiary 
bcLwcen the Cypress and Thunder Breeding Hills, and it is by no means 
cer tain that lherc i;.; even a conLinuouR csearpment uniting them, as 
shown on the map. 

Twelve mile;.; ea:;;t of the White Mud Ri-ver, in Lhe banlrn of a deep 
coulec tributary to it, good exposures of the Cretaceous rocks occur, 
and yield in greaL abundance the chm·acteristic fo:sRils of Meck and 
Hayden's 4th group. Raculites c01npressus is the most common form, 
and iR a8sociatcd wi Lh several species of Inoceramus and other molluscs. 
Specimens of Avicula (Pteria) linguiformis and Acteon concinnus, 
arc included in the col lection, and a.re especially inLcl'esting, as 
having been prcYiously recognised by Prof. Ilind, in localities further 
to the north,-the former aL the elbow of the SouLh SaskaLchewan, the 
laLLer at Two Crcelrn on the Assiniboinc. 

The fossils resemble very closely, both in thcil' general appearance 
and mode of preservation, those brought by Dr. Hayden's expeditions 
from the Upper Missouri. They are included in nodule:; of ferruginous 
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limestone, which, like th e enclosing days, arc of dark-grey colour. 
The conceetions occur only in certain beds of the clay, and are gener
ally mor e ot· less septarian in cbaracte l', Lhc cracks being filled with 
amber-coloured calcile. In other parts of the section, beds with large 
ironstone conct·ctions occu l', and Lh eKe usually haye the same septarian 
character, but were not ol.iservecl to contain many fossi ls. Selenite Ferro-culcite. 
Cl'ystalH abound in the clayi:i, and a fibl'ons mineral, which may best be 
calleu a fe1To-calcilc, occnl's in di scontinuous layers parallel Lo the 
sLt·aLifi cation ; one of whi ch was observed to be nearly a foot in thick-
nes,;. This substance was· also found in connecLion with t he sombre 
clay8 of the Wood Moun lain Astronomical Slation exposures, and with 
those of the Bad Lands. It is mi11ulely prismatic, the prisms in some 
cases, radiating from a cenLl'e, but more usually nearly parallel, and at 
rig hL angles to the beds. It is peal'ly-g l'ey within, but weathers 
yellowish-grey, and in that state much resembles, at first sig ht, silicifi.ecl 
wood. 

The valley of the White Mncl River, where cros:-;ed on thi s northern 
route, is very broad, but the banks a!'e much r educed in height, as 
compared with those on the Line, and al'e not of the same precipitous 
characte r. The bottom of the valley is flat, and the so il being based on 
the Ct'etaceous clays without the intermediation of drift material, is 
barren in the ex treme, and supports a scattered growth of .Arternisia, 
and some sal!rloving plants. The Cretaceous clays are seen in the 
banks, but are not well exposed. 

·11'rom the Souris River r egion to thi s point near the 108th meridian, Note 
0 11 

the Lignile Tertiary bcdR exist as a conformable deposit overlying~~~~(;':i'~~• tion of 
the Cretaceous, properly i;o-called. 'l'hcy are generally nearly hori- the rocks. 
zontal, and where they arc cut away the lowest beds exposed are these 
of t he Pienc Group, or Cretaceous No. 4. A portion of the northern 
extension of the same lign ite-bearing formation is described by Dr. 
Bell in the Report of progl'css for 1873-4, p. GG, and analyses of lig-
nites g iven. West of this point lig nite-coals are now known to occur on 
several hol'i zons in the Cretaceous series, a circumstance not ascertained 
at the time of publication of my report on the the Geology and Resources 
of the R egion in the Vicinity of the 49th Parallel. Th e struclure of 
this we:;tcrn region will form the subject of a forthcoming report. 

CJOMPOSITION AND PRACTICAL VALUE OF '.L'IIE LIGNITES AND IRONSTONES. 

'l'he coaly material of tbo beds above described is, for the most part Qomposilion of 
l ' d' · · h d f b l b ltgmtes. true igmte, as 1strngms e rorn rown coa , eing composed of 

flatten ed and carbonized tree-trunks. The fossil woods associated with 
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the plant s, nnd which c::tn be l'ecognized in the mass of the lignites 
themselveR, al'e all coniferous, and may, from their stl'ucLu l'e, have 
belonged to the species of T huja and S equioa r epresented by the le:i,ves 
found in the accompa nying ('lays \See Geology ::tnd Reilo u1·ceR of the 
49th Paral lel. Appendix A). I h::wc made so me as15ay;i of the lignites, 
for the p111·p0Be of ascertaining as fa1· a<:> possible their economic value, 
and in doing so h::tve not thought it ncce<:>i;al'y to confi ne my examina
t ion to thoBe Lcds only which al'e of workaulc tbicknc::18, a:; a gene ral 
compari l:lon of the \'al'i om; ::ieams, thick 01· thin, is or more value in g iv
ing an idea of the average quality of the lignites of Urn formation now 
known and those which forthe1· exploration may bring Lo light over 
the same r egion. T he analyses, therefore, include a selection from t he 
various scutions, and several beds of good quality and thickness are 
unrepresented. 

The lignites all contain , wli en in the bed, a very comiideraLle per
centage of hygl'oscopic water, and even those which arc ve1-y hard and 
tough under the pick at first, when cxpm;ed to the air tend from the 
loss of water to crack into angul:i,r fragments or split up along the 
layers of dcpoKition, r endering it difficult to transporL tl1em lo any di::i
tance without consid erable loss and deterioration. 'l'hc lignites gener
ally present a rather unpromi sing appe:u·ance in the banlrn where they 
Cl'Op out, from the fact of their having undergone supcl'ficially a 
certain amount of fissuring :i,nd the inten;tices being filled with clay 
from above. Wh en followed inward a few feet, howc-vcl', they usual ly 
become quite solid and compact; They -va1-y a good deal in appearance, 
some beds having a dull lrnitrc ::t lmost like that of cam1 el coal ; others, 
and this is perhaps the rnoHt common form, ha-ve the same black colour 
on faces of fracture, but tend rather to .ipli t parallel to planes of deposit 
and show on eareful examination distinct traces of the med ullary ray::i 
and rings of g rowth of the componc11t wood. Other sampl es have 
almost a shaly appear:.tncc, caused by numerous layers of mineral 
cbarcoal , which i::i present in small quantiticK in nearly al l the beds. 
Amber spots ::tre common but generally quite small, The lign ites do 
not soil the fingers like ordinary bituminous coal. Their })Owder is 
generally a dal'k shade of brown but sometim es quite black. 

They all yield easily a dark brown solution when treated with caus
tic potash. The lig nites from various beds might be designated by 
::1uch names as pitch coal, brown coal, lamellar brown coal, &c., but it 
seems better, as they pass by easy g radations from one variety to 
another, to class t hem under the generic term lignite. 

Though g iving below the actual amount of hygroscopic and combined 
water as found by analysil:l, it must be premised that it depends to a 
large extent on the conditions to which t he lignites have previously 
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been subjected, and that by prolonged exposure to dry air, it might 
in many cases have been very considerably reduced. I have, therefore, 
thought it advisable in another place to reduce the results of all analyses 
to eorrespond to a certain pel'centage of moisture, that they may be 
better compared with each other and with foreign lignites. The high 
percentage of volatile corn bustible matters renders the difference due to 
slow and rapid coking in some cases ve1-y marked. 

Souris Valley. Section 6. Lowest lignite, two feet three inches thick. Analyses. 

Conchoidal fractme with rather dull surfaces and resembliug canncl coal. 
Ash reddish-white. 

By rapid coking. 
Water. .....•.. 12.07 
Fixed carbon . . . . . . . . . . . . . . . . . • . . . • . . . . . . 45.44 38.90 

Volatile matter . • • • . . . . . . . . . . . . . . . . . . . . .. . . . . 39.74 

Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.75 

l 00.00 

Souris Valley. Section 2. Layer 19. A weathered specimen separating 
into lami nre horizontal ly. Clay from ovedyi ng bed filling fis1rn1·es. 
Ash yellowiRh-brown. 

'\Valer ............ . .. , ...................... . 
Fixed carbon ...................•............ 
Volatil e matter ................ , .•............ 
Ash ................. .. .................... . 

13.94 

45.27 

35.00 
5. 79 

100.00 

By rapid coking. 

38.35 

S?uris Valley. Section 2. Layer 17. Weathered specimen. Black, 
compact, with shining faces. Ash yellowish. 

By rapid coking. 
Water . ...................................... 12.67 

Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.39 28.01 

Volatile matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49.52 

Ash . ........ ..... ......... ........... ....... 6.42 

100.00 

Souris Valley. Section 2. Layer 10. 
horizontal planes. Ash light yellowish. 

Lustre dull, separating along 

By nipid coking. 
'\Vater. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.90 

Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36.94 36.68 

Volatile matter.... . . . . . . . . . . . . . . . . . . . . . . . . . . . 42.98 

Ash............... . . . . . . . . . . . . . . . . . . . . . . . . . . 5.18 

100.00 
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Souris Valley. Section 2. Layer 2. A weathered specimen soft and 
crumbling. Ash greyish-white. 

By rapid coking. 
Water............ .... ........ .. ...... 17.97 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . 32.86 30 .10 
Volatile matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44.56 
Ash . .............. ... ..... .. ....... : . . . . . . . 4.61 

100.0') 

Souris Valley. Section 5. Black compact lig nite with much woouy 
structure appar1:1nt. Ash yellow. 

Water ......................... .. . . . 
Fixed carbon ......•.......................... 
Volatile matter ...... .. ... .. . .. .............. . 

14.73 
42.48 
39 .99 

Ash ....... ........ ......................... . 2.80 

100.000 

By rapid coking. 

34.07 

Souris Valley. Section 4. 7 feet seam. Hard compact black lignite, 
breaking with p eudo-conchoidal fracture,and showing !,races of structure 
of wood. Ash yellowish-white,)ight. 

Water .....•...... . .......................... 
Fixed carbon ................................ . 
Volatile matter . . . . . . . . . . . . . . . . . . . . . ....... . 
Ash ...........................•.• •. ........ 

15.11 
47.57 
32.76 
4.56 

100.00 

By rapid coking. 

41.67 

Section 8. Lowest Lignite. Weathered specimen, crumbling. Ash grey. 

Water ... .... ............. .. ........ ....... . 
Fixed carbon .........................••..... 
Volatile matter ....... .•.• .................... 
Ash ..........................••••.......... 

18.74 
35.69 
40.54 

5.03 

100.00 

By rapid coking. 

30.04 

Section 8. Middle Lignite. Weathered specimen. Soft, breaking 
into layers along deposition surfaces. Largely composed of corn minuted 
charcoal-like fragments. 

By rapid cok ing. 
Water... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.28 
Fixed Carbon...... . . . . . . . . . . . . . . . . . . . . . . . . . . 46.25 29.18 
Volatile matti>r....... . . . .. . . . .. . . . . . . .. . . .. . . 33.19 
Ash.... . . • • • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 4.28 

100.00 
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S ection 8. Upper L ignite. Out-crop specimen . Crumbling. Tends to 
break in to byers parallel io deposiLion planes. 

By rapid coking. 
Water.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 15.20 
F ixed Carbon . ... . ... . . . . . . . . . . . . . . . . . . . . . . . . 34.45 27.61 
Volatile matter...... . . . . . . . . . . . . . . . . . . . . . . . . . 44 .43 
Ash.. ... ... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.92 

100.00 

Section 9. Oui-crop specimen. Brown is b. Fracture almostconchoidal. 
Ash yel lowi. h-white. 

By rapid coking. 
\Vat.er. ...... . ... ..... ... .......... .. .. .. . . .. 15.51 
Fixed earl.Jun ...... ... .. ............ . .... , . , . 37.12 28.44 
Volat.ile matter .... ............. , . . . . . . . . . . . . . 42.65 
A~h.... . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.72 

100.00 

Section 12. Lower part of 18 feet seam. Toug h, compact lig nite, 
separating into horizontal layers. i\Iuch amber in small spots, a good 
deal of woody structure apparent and some mineral charcoal. Ash 
light-grey. 

Water ........... . 
Fixed carbon ......... ....... _ ........... ... . 
Volatile mat.tei· .. ................... .... ..... . 
Ash ....... .... .... ......... ... ............ . 

12.05 
46.18 
35.12 
6.65 

100.00 

By rapid coking. 

41.03 

S ection 12. Upper part of 18 feet seam. Out-crop specimen. Crumb
ling . Ash while. 

By rnpid coking. 
\Yater ......... . . . ........ ... . 16.87 
Fixed cru·l.Jon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34.32 24.30 
Volatile matter ... . .. . . . . . . . . . . . . . . . . . . . . . . . . . :i7.51 
Ash...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.30 

100.00 

The lignites, it will be obse1·ved, arc on the whole uniform in corn- Average 

position and con lain an average amount of over ,_w per cent. fixed car- composition. 

boo, when the water conicnL is esLimated at 12 per cent. They arc 
thus inferior to the lignite coals in the vicinity of the Rocky :Mountains. 
The lig nites horn described, however, gain some advantage in a prac-
tical point of view from occurring in a horizontal position and 
out-cropping in the sides of valleys in such a way that they might be 
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worked by simple adits, n,voiding the expense and trouble necessary 
when vcrtic<Ll sinking has to be rcso l'Lcd to in tbo fil'st instance. 

Nono of the lignites in this region yield a Lrnc coke, but merely 
shrink somewhat in size dLtring the cxpitlsion of the volatile combust
ible maLLcr, and turn out of" the crnciblc in a dry incoherent powder. 
The volaLile m~iUcr iH, as might be cxpccLcd, comparatively poor in 
luminous gases, and Lbo lignites would, co.nsoqucntly, be of little use in 
the manufacture of illuminating gai:;. 

The ash is generally of palo co lours; gl'cy and while, passing into 
yellowish-while, being the prevailing shades. One or Lwo ouly yield a 
deep ly-coloured a1:>h, which is then brick-red. 1L is small in amount in 
most, of the specimens, and doc:; not wmal ly appeal' of a nature io form 
troublesome clinker. 'fhc lignites when burning yield a peculial' 
cmpyl'cnmaLic odour but no smel l of sulpbul', and indeed, as mig ht be 
foreseen from the naLut·c of tho ash, the q uanlity of sulphnr pL'esent is 
vory sma ll. 

In the table opposite, ·the analyses of all the lignites are calculated to 
correspond with a quantity of waLe1", combiued or hygl'Oscopic, equal 
to twelve pcl' ccnL., which may, I tliink, be accepted for Lhc samples 
examined as the practical l imiL of desiccation in dl'y air at ordinal'y 
temperatures. This will allow of a more accumlc comparison of the 
v~tluc of those from different pal'Ls o(' the series. 

It should be sla ted that, with Lbc exception of two ot· three Rpec imcns, 
all those analysed were mere out-crop samples, and from the faci li1y 
with which Lhei:;e lignite coals dcteri<m1Lc under atmoF<pboric influences, 
show a result much iofe1-iol' Lo tbat which would be obtained fl'om the 
same beds a t som e dcptlt. Nos. 1 and 12 with one or two others were 
obtained from portiont; of t he beds recent ly exposed by slips of the 
bank, and probably reprcscut more fairly the quality of the belt.er claes 
of lig nites. The Lola! amonn t of carbon, ine lusivc of that which 
passes off with Lho volatile matLcrs, varie:o probably boLwcen GO and 70 
per cent. The lignites do 11 ot appeal' to be suited fol' smithy purposes, 
and Lbo smitlis wl10 tried t bcm reported iL difficult to obtain a welding 
boat. Tbe same fault has been found, I believe, wiLh c\•en luo best 
classes of similar fuels fonnu in the •iciniLy of the Union Pacifi c Rai l
way, and arises, no doubt, from the great proportion of volatile combus
tible maLter Lo fixed carbon, and the quantity of hygroscopic and 
combined water. As the lignites do no t coke, they would appear Lo be 
unsuited for the smelLi ng of iron in the blast furnace. They arc per
fectly sui ted for puddling iron, and the metallurgical Lroatmont of 
various ores, if bul'llcd i 11 gas furnacct>. Similar alld even inferior 1 igu itcs 
are extensively used for s team pm·poses in variot1s pat·ts of the world, 
and may even be employed on railways, though locomotives intended 
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to burn these fuels, in order Lo give satisfactory results, must have, 
compared Lo tbosc worked on biLuminons coal, larger gralcs and fire 
boxc:;, a11d 1011gcr boi I er-Lubes, g iving a gl'CaLcr hc[Ltiug :;urfacc com
pared with Lhc hor:;c-powcr. 'rho value of Lhc lignites of' tltis rcg wn 
Jiei-; rnLber in the abnn<laoL supply tbcy offer of fuel of foil' qrtality for 
local use in a counLry which, though aclapLod for 8toek-mising and 
agricnllurc, ii; prad ically wiLhouL wood. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Rl!:t>UI,'l'S OF A88AYtl OF LIGNITES, WA'l'ER Bl~ING E8TIJllATED 

A'l' JIN AVlmAGE OJ~ 12 PER CENT. 

I -d 

I 

., 
._ 

"' ,;; ~ 10 .· .0 
0 

~ ~ ._ .::> "' "' ., 0 
~ 

.£:) ~ ..ci Remarks 1'1> :,... 88 Locality. ?::~ 
,, 

(.) "' "' 0...., <t1 "' c -c (.)" on 1\ sh . "' -c "' .s s "'"' ..:<: >I 
~p:; .::: ~ :;; ..::< 

E--< 0 
p. 

---- - ------------ --

Souris Valley. Sect. 6 .. 255 21 3" 45 . 48 39.77 2 .76 Reddish-white. 

" " " 2 .. 263 31 2" 46 .18 35.90 5 .92 Ye!low-urown. 

" " " 2 .. 263 ll 5" 31 . 51 G0.0 2 6 .41 Y cllowish. 

" II II 3 .. I 263 11 O" 38 .08 44 . 57 5.35 Light yellowi sh. 

" " " 2 .. 263 6' 6" 34.82 48.30 4.88 Greyish-wl;.ite. 

" " " 5 .. 262 
~ 

<J.:l. 72 42AO 2.88 Yellow. ., 
(.) 

.... 

" " " 4 .. 263 71 3" 
., 

49.31 33.98 4.71 Yellowish-white. "" 
I a few "' Great \'alley. " 8 .. 344 

..-< 
38 .65 43.92 5.43 Grey. inches .., 

" 
" " " 8 .. 344 51 -0 48.6 1 34.90 4.49 Grey. .s 

"' 
" " " 8 .. 344 31 ~ 36.92 44.95 6 .1 3 White. 

"' Yellowish-whit e. " " " 9. ·1 34G 41 ,.. 38.63 H.48 4 . 89 
1:! 
" Porcupine Vall ey ~ 

Lower parL .. . . " 12 .. 300 181 46.20 35.14 6 .66 Light g rey. 

Upper pa rt . . . . " 12 .. 390 " 36 . 33 39.97 ll. 70 White. 

--------
Average ................ 41. 10 41 .41 5.55 
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The ironstones of this formation, though occmring very frequently in 
the same sections, and in close proximity to the coals, have not been 
observed in any place to a(,Laiu a conRidcrablc Lh ickucss. They gener
ally run in noclnlal' RhcclR of ouly a few iuchel' t,hick, thl'ough the clays 
ancl al'gillaccous saudf!. Ex!,crnally l hey wca!,hcl' to various shad es of 
chocoht!,c brnwu and reddish brown, LuL arc hal'd and compad in 
structm·c and wit,hin prcsc l'vc !,heir Ol'iginal bluish or yellowish g rey 
co loul'. They ring bcnca(,h !,he hammer, and break off in conchoidal 
chips. Considerable quantit,ics of !,his maLcl'ial might, be gaLhcl'cd from 
the smfacc in some locali(,ics, and i(, if> possible Urn!, f"ul'Lh cl' seal'ch 
mighL bring to light localitim; in which so many ln.ycrs oC irontiLonc 
occut' in the same scaLion as (,o render i(, profikible to work over the 
cnilirc bank. 

Glay Ironstones, Souris Valley. Section 2. 

Protoxidc of iron .. .. , . ...... ...... ... .... ... . , . .. , 49.00 

Water lost at 11 5° C...... . . . . . . . . . . . . . . . . . . . . . . . . . 1.21 

Carbonic acid, lost on ignition ... . .................. 28.57 

Silir:eous matter i nsol. in HCl . . . . . . . . . . . . . . . . . . . . . . 1 7 .04 

Sulphuric acid.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.26 

Pbosphorus... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace 

Metallic iron per cent., in raw ore..... . . . . . . • . . . . . . . . 38 .l l 

1\Ieta!lic iron per cent., in calcined ore. . . . . . . . . . . . . . . 54.2 7 

Glay Ironstone, Great Valley. Section 9. 

Protoxide of iron. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46. 72 

Water lo~ t at 115° C.... . . . . . . . . . . . . . . . . . . . . . . . . . . 3.57 

Carbonic Acid lost on ignition ... . .. ..... . .......... 21.23 

Siliceous matler insol. in IICL .... . . . . . . . . . . . . . . . . . . 8.72 

Sulphuric acid.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.30 

Pbotipborus...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.03 

Metallic iron per cent., in raw ore. . . . . . . . . . . . . . . . . . . 37 .53 

l\Ietallic iron per cent., in calcined ore ... .. ..... .... . 49.90 

A small q uan(,iLy of iron ir; present, as ])Croxide in each ore, but I 
have noL though!, it necess~iry (,o make a Ncpamte etiLimation of this . 

.A. third l'pccimcn from Lhc Grca.L Valley, Sect.ion 8, exam ined for 
iron, gave a pcrccn(,a.gc in (,be raw ore of only 3'7.fl5. 

The pcrccn!,agc of iron in the specimen,; examined iti very goorl Jor 
the class of ores to which they belong. The average percentage of iron 



NORTH-WES'!' TERRITORY. 49 A 

of several good English clay-ironstones amounts to 33.84; of several 
samples of black-band ironsLones to 35.39. Where these ironstone8 are 
unweatbered, tl1e whole of the iron appears to be in combination with 
caTbonie acid. The quanLity of 8ulphur psetient iri i;mall , and it is 
entirely as sulphul'iC acid and in combination with lime. Phosphorus 
is also present in very small quanLity. 

The clays and argillaceous sands accompanying tbe lignites are in Fire-clays. 

many places of the uaLurn of fire-clays, and contain buL very small 
quantities of iron ot· lime. It ii; probable that many of them would 
make very refracLory fire bricks. Clay of sufficiently good quality for 
the manufacture of ordinary brickti and pottery is prei;ent everywhere 
in close CQllllection with the lignites. 

4 





APPENDIX II. 

NOTE BY PRINCIPAL DAWSON, C.M.G., LL.D., F.R.S., ON FOSSIL PJ,ANTS 

COLLECTED BY DR. SELWYN, IN THE LIGNITE TERTIA,RY FORMATION 

OF RocHE PERCEE, Soums RlVErt. 

PLATANUS NOBILIS.-Newberry. 

This magnificent leaf, of which several very good specimens have 
been obtained, was first described by Dr. Newberry in the Annals 
of the Lyceum of N cw York for 1868. His specimens were 
from near Fort Clarke, on the Upper Missouri, and were found in 
beds then regarded as Miocene Tertiary, though now known to be much 
older, and which are on the horizon of the Lignite Tertiary Series of 
the Souris River. A figure of the leaf is given in Dr. Newberry's later 
work, "Illustrations of Cretaceous and Tertiary Plants," Geological 
Survey of the Territories, 1878. There can be little doubt that this 
plant is Lhe same with th~it named by Lcsquereux, Platanus dubia, in 
1878, and subseq uently described in his Report on the Tertiary Flora of 
the Western Territories/as Aratia notata. _Frngmcuts of this leaf were 
obtain ed by Dr. G. M. Dawson in Lhc region of the Somis River in 
1874, bt1t they were too imperfect for description. The prct:icnt speci
mens are in some respects the most perfect ever obtained. Some of 
them arc a foot in diameter, and they show some points of structure 
noL before noticed. 

I may, before refcni11g to these, quote New berry's description, which 
is very full and accurate. 

" Lcavct:i large, one an<l a half feet in length and breadth, petioled, 3 
lobed, or sub-5 lobed, lobes acute, margins of lobes and base entire or 
near the summits of the lobes delicate simiatc-toothcd; nervation 
strongly marked, generally parallel; medial nerve straight, two basilar 
nerves of nearly cq ual length and strength diverge from it at an angle 
of 30° -35°, are straight throughout and term in a Le in the apices of the 
principal lateral lobes. Above the basilar nerves about 16 pairs of 
lateral nerves arc given off from the mid-rib at about the tmme angle; 
these are nearly straight and parallel, tcrminuLing in the teeth of the 
margin. From each of the basilar D\'!rves di verge about the same number 
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of pairs of branches as from the mid-rib, and these are also nearly 
straight and parallel and terminate directly in the margin. Of these 
the second and third e1l:terior, one on each side, is often much the 
strongest of the series, and is then prolonged into a small bL1t distinct 
lateral, triangL1lar acute lobe, giving the leaf a somewhat pentagonal 
form. From this basilar branch of the lateral nerves, 12 or more short, 
generally simp le bnmchlots, spring on the lower side, and 4-5 on the 
upper side, near the summit, all of which terminate in the margins. 
The tertiary nerves connect the acljaccn t secondary nerves nearly at 
right angles. Sometimes they arc straight and parallel, but oftener 
more or less ~rokon and branching whore they moot, near the middle of 
the intcrspaces. Where the systems of nervation of the lateral and 
middle lobes come into contact, Lho tertiary nerves arc stronger and 
form a somewhat inegular network, of which the arcolm arc large and 
snb-quadratc." 

The above description col'J'csponcls perfcctiy with Dr. Sclwyn's speci
mens, xccpt that only the right basilar nerve sends off a large branch 
terminating in a lobe; that on the left side having somewhat equal 
branches. 

As to the affinities of the leaf, Newberry remarks that the texture is 
thicker and the surface smoother than most sycamores, resembling in 
this some tropical leaves; but as the radical stnicturn is that of a 
Platanus, and the associated plants indicate a temperate climate, he 
refers the plant to Platanus. 

Lesqucreux, in describing bis Aralia notata, gives nearly the same 
characters, except that he characterizes the secondary nerves as camp
todromo, or bending before they roach the margin. Ho admits that he 
would consider it identical wiLh,N ewbel'l'y's species but for this feature, 
and farther admits that in one of his specimen · the outer veins appear 
to be craspedoclromo and terminating in small teeth, and ho refers to 
other cases in which such charactorn arc inconstant. In Dr. Solwyn's 
Rpecimons, while in the basal part of the loaf the veins bond somewhat 
toward the margin, which is entire, in the upper pa,rt they run straight 
to the margin, and terminate in short teeth, separated by broad, 
shallow sinuses. T bus those specimens satitifactorily unite Now berry's 
and Losquereu.'C's species. 

Dr. Selwyn's specimens, however, exhibit a peculiarity which seems 
to have been absent from the specimens studied by Newberry and 
Lesquoreux, in the presence of two short basal lobes, extending back
ward on the petiole. Each of those is about an inch in length, pointed, 
and with one strong exterior tooth and two delicate nerves, one 
extending to the point and the other to the tooth. It docs not certainly 
appear whet.her those basilar lobes arc separate_ or united in the 
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middle. If the latter, they would present some resemblance in mode 
of attachment to the Cretaceous leaves known as Protophyllum, and to 
the terLiary :;pecies of Pterospermites, from which, however, this leaf 
differs materially in other respects. These peculiar basal lobes arc pre
served only in one of the specimens, and they have been wanting or 
concealed in those figured in the United States ReporLs. 

In Dr. Solwyn's specimens the poLiolc is four inches long in a Rpeci
men about a fooL in diameter. It is channelled, woody in toxtme and 
wiLh an arLiculating sutfaco at the proximal end. This and its groat 
abundance on corLain surfaces, shows that the leaf belonged to a decid
uous troo, wnich, from the localities cited by the aulhors already named, 
must have Mon widely distribuLcd, though as Lesquoronx i·omat·ks, 
especially abundanL to the northward. 

It is to be hoped that forLher research will disclose the fruit of this 
romadrn,ble tree, and thu:-; make its affinities more certainly known. In 
the meantime, I think iL well to rotain Newberry's name, as having 
prioriLy, and quiLo as likely to be correct as any other. If a Platanus, 
the tree must, as Newberry remarks, have borne somewhat the same 
relation to our sycamores which Acer lllacrophyllum of the vVest Coast 
bears Lo the other maples. 'rhis species would seem to be specially abun
dant in the Second Group (Evanston, Mount Brosse, &c.,) of Lesquercux's 
arrangement of the Lignite flora. 

SASSAFRAS SELWYN!, S. N. 

Leaf somewhaL rough on Lhe under side; three lobed, three ribbed, 
-with the central lobe longest; ribs and nerves strong and woody; 
margin entire and slightly waved; breadth, <.1.5 cenLimoLros; lengLh, 5 
centimeLl'es. The two lateral nerves diverge at an angle of 40° from 
the mid-rib. Ea ·h lateral rib gives off three small curved veins aL its 
base, and Lhese six strong curved veins which bond round and become 
parallel wiLh the margin. Slender parallel veins aro given off from 
the inner sides of lhe lateral ribs, and join those of the mid-rib up to a 
height of 1.5 centimetres, when Lho mid-rib gives off 6 strong slightly 
curved parallel lateral veins on each side, at angles of about 40°. 

This species is represented by only one well-preserved example in 
Dr. Solwyn's collections. Its form and venation arc very peculiar, and I 
Lhink entitle it to be referred to Sassafras wii;h quite as much proba
bility as many of Lhc leaves from the Cretaceous referred to that genus, 
IL is indeed vel'y near to S. Cretaceum Newberry, especially the variety 
obtusuin of Lesquoreux. It is to bo observed, however, that this com
mon Cretaceous species has also been referred to Araliopsis. If a 
Sassafras, it is of interest as being the first representative of that genus 
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from the Lignite Tertiary, and as connecting a generic form of the 
Cretaceous and modern floras of America with tho Tertiary as well. 

QuERcus. Sp. 

An oak with leaves about 1.5 inch broad, and probably 4 or 
5 inches long, having strong mid-rib and numerous straight veins, 
terminating at the apiccs of abrnpLly-pointcd teeth pointing upward. 
This leaf seems different from any 1 can :find :figured. Its nearest 
American ally seems to bo Q. antiqua of New berry, from the Cretaceous 
of Nebraska. It is probably a new species, buL the specimens are 
scarcely sufficien Lly perfect, to warrant its description. 

Associated with these leaves arc those of a Populus, referable to the 
widely-diRtriblttcd P. arctica, of Heer, another which seems to be P. 
cuneata, Newbeuy, from the JforL Union group, and one which may be 
P. acerifolia, of Newbeny, while a fo urLh resemblo;i P. Hooke1·ii, of 
Heer, found in the .lVlcKcnzic .River Tertiary beds by Richardson 
There are also leaveR probably of a Corylus not unlike our modern 
species, and a fragmental leaf which may belong to the genus Ptero
spermites. 

'l'AXITES 0LRIKI.-Heer. 

There are some leaves and branch lets of Conijene and Taxinece on the 
same slabs with the 0Ll10r leaves. The most :tbtrndanL and striking of 
Lhese is a, largc- lcavcJ Taxites, apparently T. Olrik.j, of Heer, a Rpecios 
found in Alaska, Green land and Spitzbcrgcn. IL i;i Llic mosL luxuriant 
in iLs foliage of the tcrLi::wy species of Ta,xite;;, but Dr. Sol wyo's speci
mens are even larger allLl bcLtcr developed Lhau Lhose :figured by Heer. 

TAXCTES OccrnENTALIS.-Newberry. 

Ta.xites Occidentalis of Newberry is r cprcscnLcd by a few small frag
ments, and there is a well-preserved leafy branch of a Sequoia, 
apparcuLly S. Larigsdor.{jii, Lhough larger and richer in foliage than most 
of the specimens figured by Heer and oLhcrs. This species also occurs 
aL Porcupine Creek (G. M. Dawson), at Dirt llills (R Bell), at 
McKenzie River (Richardson), aL Atla11ta (Heer), and very extensively 
in the Tertiary of N orLh America and Europe. 

The above plants arc conLaincd in slabs of a forrnginous sandstone, 
which retains gooJ impressions of their forms and venation, and is 
sufficiently hard to allow large specimens to be obLaincd. 

The fossils above noticed would l'Cfol' the beds containing them to the 
.Eocene or Paleocene g roup designated, in the .Reports of tho Canadian 
Geological Survey and Boundary Commission, the Lignite Tertiary 



GEOLOGICAL SURVEY OF CANADA. 55 A 

series, a11d in Hayde11 's ancl other reports of the U.S. Survey of the 
Territol'ies, the Fort Union, or Lignitic, 01· Upper Laramie group. 

The l<'lo1·a of the Roche Percee thus proves to be similar to that of 
the Pol'c11pine Cl'eek Series of Dr. G. M. D.awson's ReporL on the 49th 
parallel, to that of the Lignite Sel'ies of the Lower Mackm1zie River 
and to that of the Port Union group and Lesquereux's Carbon group, 
or third and highe8t fmb-divisiou of the Laramie gl'oup of the Rocky 
Mountain Region. It belongs to the great Lignite Tertiary series of 
the Nort.h-West, which rests on well characterized upper Cretaceous 
rocks; and though undoubtedly similar to that of the Miocene of Europe, 
really characLet·ize8 the beds which in the West constitute the transi
tion from the Cretaceous into the Tertiary, and which form one great 
co11tinuous series, pr~bably on Lhe horizon of the EoceBe of Europe, 
though with local differences which are liable to be mistaken for differ
ences of age. 
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