1

BRITISH NORTH AMERICAN BOUNDARY COMMISSION.

' GEOLOGICAL .REPORT OF PROGRESS FOR THE YEAR 1873,

NS PART

REPORT

TERTIARY LIGNITE FORMATION,

IN THE VICINITY OF THE FORTY NINTIl -PARALLEL;

BY

- GEORGE M. DAWSON, Assoe: R.8. M.
ADDRESSED TO

OAPT. DR CAMBERON, R A H. M Bouspany CovuisstoNne.

e R 7
, ST, JAMES STREET.













BRITISH NORTH AMERICAN BOUNDARY COMMISSION.

GEOLOGICAL REPORT OF PROGRESS FOR THE YEAR 1873.

[IN PART.]

REPORT

ON THE

TERTIARY LIGNITE FORMATION,

IN THE VICINITY OF THE FORTY-NINTH PARALLEL,

BY

GEORGE M. DAWSON, Assoc. R.S. M.

ADDRESSED TO

CAPT. D. R. CAMERON, R.A,, H. M. BouNnpARY COMMISSIONER.

Dontrenl ;
PRINTED BY JOHN LOVELL, 23 ST, NICHOLAS STREET.
1874.







To CAPT. D. R. CAMERON, R.A.

HM. N.A. Boundary Commissioner :—

Sir,—The geological work of the past summer embraced, First, an ex-
amination of the Lake ofthe Woods region,dealing chiefly with the Lauren-
tian and Huronian formations : Secondly, an examination of the Creta-
ceous formations westward of Red River : Thirdly, a survey of the Lignite
Tertiary formation overlapping the last and extending as far as the ter-
minus of the season’s work on the line. As the lignites, &c., obtained from
the Tertiary rocks required a more careful examination than most of the
other specimens, and appeared to be of economic importance, I have pre-
pared in the first instance the Report on that formation, which will pro-
perly constitute the third part of the general Report of Progress, and
have the honour to forward the same herewith.

Your obedient servant,

GEORGE M. DAWSON.

Montreal, Feb. 10th, 1874,
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TERTIARY LIGNITE FORMATION,

IN THE VICINITY OF THE

FORTY-NINTH -PARALLEL,

— et

By G. M. DAWSON,

Associate R. S. M., Geologist to the Commission.

CoNTENTS :—
Details of Sections on West Souris River.
Sections on Missouri Coteau, west of 263 Mile Point
Beds exposed in Porcupine Creek and tributary valleys.
General Remarks on the Lignite Formation.
Composition and Practical value of the Lignites and Ironstones

The exposures of these rocks in the vicinity of the 49th parallel, first
appear in the valley of the Souris River at a point 250 miles W. of Red River,
about four miles E. of the tributary from the south known as Short
Creek ; near the debouchure of which the remarkable collection of
grotesquely shaped rocks, known collectively as the ¢ Roche Percé” is
situated. These beds may underlie the prairie country still further
eastward, as no sections are to be found for a long distance. The banks
of the river valley, however, undergo about this place a remarkable change,
becoming gently sloping and grassed from top to bottom, and it seems to
me probable that this change coincides with the eastern edge of the Ter-
tiary basin.

Sections are to be seen at frequent intervals on the banks of the river
valley, from the point indicated, westward t> the position occupied in the
summer of 1873 by Wood End Depot Camp, a distance of about twelve
miles by the line and considerably more by the river.
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Details of Sections on the West Souris Riwer.
Section 1.—(Six miles north from Wood End Depot on the bend of the
river.)

1. Fallen bank, no gection, about.....c.icieiusuivrinsees srvvoranasorrons 8
2. Finely stratified greyish sandy clay.........ccoviveeniiiiiriiniciennn. iff
L D o st veus ben nenshev b vau e wiaunssns CoovoRessamam Wawe 7 T
4. Sandy clay, greyish laminated, including two ‘“leaf beds,”
each 8 few incheég Thicksl, .. i iices dasiicmvimnasennsvecesins (e
5. Yellowish fine sandy clay passing below to grey soft sand-
BUOIC. oo isevcenianraveannincernsonsantrossssssacanindssnnsvanerornnssanssnnsonse 11" 5
6. Ironstene, -natodular-layer. . oirmatiimarmniindhtivinvnmn 3
(IR 7. A e ) o P P AN T o PTN e JE y Sp e O L 1
8 AWHILIBIICIAY .10 1. sk savershiidtns dvavinaneasd dostnsvatavivinhors baresvann 1
9. Carbonaceous shale.... 3.3
L0 GIBY ClaY v vovevis idiosiioniss S
11. Ironstone... 2
43 7

The beds appear to be perfectly horizontal. Those of sand and sandy
clay, though having the appearance of well characterized layers at a little
distance, and giving the banks an almost ribboned aspect, are found, on
closer examination, to pass almost imperceptibly into each other. This
peculiarity is often to be observed, in almost all localities where these
rocks are found. The so-called “leafbeds” are of a greyish purple
tint, and contain many impressions of flag-like parallel-veined leaves, which,
though distinct enough when freshly taken from the bank, it is impossible to
preserve on account of the crumblingnature of the matrix. The ironstone,
though generally forming extensive sheets, is nodular in structure, and
varies a good deal in thickness. It weathers a bright brownish-red, is hard,
compact and very heavy, and on fresh fracture is bluish to yellowish-grey.

A short distance 8. of this locality the bank shows the following section
very perfectly :—[Plate I, Sec. 2.]

Section 2.—

Prairie sod.

1o~ Mixed shale and drift., ... cc.ccseveiosyacs 7
L L e L RS S R o M e AR S B 6 g ST
g Sdeyieh santdy pRaloW BB 560 GlimGiin. nanilavalal s 4
S b R el SR S e T S A . R N %
5. Greyish and yellowish well-stratified fine sandy and shaly

A e B e T O R S AL 14
6. Ironstone (NOAUIAL) .. ....- coseiiaeieiias 4

7. -Greyish and whitish Clay......cvesuececsicinerssivins 2
8. Carbonaceous shale... i
9. =2 Groay SO S AR ORC . A U AT A JeEmy
U U e R R e e el ) R g A RN DGOy 17, 1
11. Grey and yellowist laminated sandy clay.........cccvvvreevionenn 5

12. Ironstone (nodular)... 3
13. Lignite | gl
14, Carbonaceous shs 1 6
BRI G B oo e o P s v s o dog DO et s Rt R 2’




16. Grey Sandy ClaY..cocovicveiriisiiuiniiirenssnsriensinine cosininaentiea. i
17 LIgRRE A v S R R R e T S e 1 EREA
18. Sandy underclay with large and smallroots badly preserved. 1" 6"
19 e {4
20. Greyish sandy clay............

e

The lower lignite beds are of excellent quality, firm and compact, and in
some a ¢ es shew spots of fossil resin. The structure of the component
wood is also in many instances very plainly apparent. The upper lignite
lying immediately below the surface, is soft and decomposed where exposed,
being in many places penetrated by roots from above. It might, however,
prove equally compact with the lower beds where undisturbed. Layer 18
is almost the only case observed in which lignite is seen to lie upon a
pretty evident underclay with roots, The ironstones are specially good
and compact in this section. Owing to the wearing away of the softer strata
a large quantity of this material strews the surface of the hillside.

This section does not seem to correspond at all with the last, though
situated only a few hundred yardsfrom it: and if no fault or break in the
strata intervenes (and there is no appearance of any such), the horizontal
uncertainty of the deposit must be very great.

Fragments of a material resembling scoriaceous lava and vesicular in
structure are very plentiful in this locality, as elsewhere in the region of
country occupied by these lignite strata. On examination, however, it is
seen that this is really a sort of clinker produced by the combustion of
parts of the lignite beds in situ, and the consequent fusion of their proper
ash and portions of the surrounding shales, Such fires may either be
caused by the ignition of the beds by prairie fires,and fires of Indians’ or
traders’ camps, or by the spontaneous combustion of the lignite where
undergoing decomposition at the out-crop. The latter, however, seems
improbable, asiron pyrites, the usual cause of such spontaneous combustion,
is almost entirely absent from the lignites which I have examined chemi-
cally. [Plate II, Fig. 1.]

In one place the top of the bank shews an amphitheatrical depression
a few feet below the general prairie level. In front of this the bank was
Strewn with many and large fragments of lignite clinker, and it was appa-
rent that the upper lignite bed (already mentioned as being almost at the
surface,) had been over this area entirely. consumed. Fires similar to
these have been mentioned as existing in coal and lignite beds in the
western partof America, from near the Arctic Sea to the frontier of Mexico,
by McKenzie, Richardson, Johnston, Lewis and Clark, Hayden and other
travellers, and appear to have been common in the Tertiary and Cretaceou
strata alor;1:  eastern flank of the Rocky Mo un
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Nearly three miles south of the last mentioned locality, another very good
section is exhibited on the right-hand. side of the valley, and where the
Souris, in one of its many deyious windings, has undermined the foot of the
bank. . This section is specially interesting, as affording one of the best
localities for the collection of the shells of Mollusca characteristic of the for-
mation. ' The section is as below,; measurements being estimated :

Section 3.—

Sand and sandy clay, stratified, and yellowish in general

colour
Lenticularmass of poor clay ironstone, running out rapidly in

both directions - 6
Grey sand..i. . i v e il LY straivin ¢ {52
'Shell T et (L ey L A e JENG
LAgNite. viiveeiivesis vonise i
ST G (S e e R R S PR R e B R AR

The shell bed is of hard grey sandy clay, and in some places is very full
of shells, which are also less: crushed and in a better state of preservation
than i3 usual in this formation. A species of Melania is the predominent
molluse. A second species of the same genus also occurs, with fragments of
a Paludinaand Unio, and a Corbula, closely resembling if notidentical with
Corbula (Potamomya) mactriformis, M. and H., which mustbe considered
a brackish-water type, and occurs in the lignite formation of the Missouri.

In the water of the stream at this place are several large spheroidal
sandstone concretions which have a tendency to split into layers parallel
to_their flattened surfaces—one of them measuring four or five feet in diame-
ter. These do not appear in the bank, but possibly may 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 milenearly due north of the posi-
tion occupied by Wood End Depot, an exposure, showing the most valuable
lignite bed I have seen in the Souris Valley, is situated. The beds are
arranged thus :—[Plate I, Sec. 4.]

Section 4.~

1. ‘Drift'material about......ivl i St ea iR o 8
2. - Yellowish and grey stratified sandy cla
most places by slips of the bank....

igel 17 i e S et S e e b e
4; Grey-soft- unctuots sandy clay.... i dui il 1’ or more

The bottom of the lignite is about twenty-five feet above the level of the river
below, and this part of the section, though apparently consisting of yellow-
ish sandy clays like those overlying it, is obscure. The lignite is contin-
uously 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
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often crumbling, and mixed with clay which has penetrated its joints from
above ; but where freshly exposed, itis hard and compact. It is quite black
on freshly fractured surfaces, but has a brown streak, and in many places
the structure of the original wood isstill quite discernible. Some surfaces
are strewn with fragments of mineral charcoallike that found in some true
coals. - Other specimens are apparently structureless, and resemble cannel
coal in appearance though not in composition. - The upper beds of sandy
clay yield a few poorly preserved shells.

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

Section. 5.—Somewhat farther 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 visi-
ble. The bank above it is not wellexposed, but appears to consist of sandy
clays. The lignite is of good (juality but much weathered at the out-crop.
From this place lignite was obtained and taken to the smithy while the
Depot was established at Wood End. It was, however, found difficult to
obtain a welding heat with it, which may have been due, atleast in part, to
the damp condition in which the lignite wasused. The same difficulty has,
however, been found almost fatal to the use of similar fuel for smithy
purposes, further south, and in the line of the Union Pacific Railway,
(Hodge’s Report). This seam may very probably represent the continu-
ation of that included in Section 4.

The whole of these deposits, though in some places showinga dip amount-
ing to a few degrees in one direction or other, appear to have no determi-
nate direction of inclination, but to be over large areas as nearly as possi-
ble horizontal.

Section 6.---Sections more or less perfect are exhibited in many places in
the Souris Valley,a mile or two west of the entrance into it, from the south,
of Short Creek, and more especially on the north side of the valley. They
show a great similarity, though not absolutely the same in any two places.
One of the most perfect exposures seen was the face of a bank from sixty to
seventy feet high, and consisted of sand, sandy clays, and hard fine clays,
very regularly and perfectly stratified, 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 cannel coal in aspect, and
two feet three inches thick. <A few feet above this a second seam,
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cighteen inches thick, occurs,andstill higher in the series, and about half-way
up the bank, a third, of the same thickness. At the top of the bank some
large nearly spherical sandstone nodules rest, and have evidently been
derived from a superior bed which has been removed by denudation. The
clays and sandy clays at several different levels.include remains of mol-
luscs, but these are very fragmentary, having been crushed by the com-
pression of the containing material. A unio-like bivalve preponderates,
and gasteropods are comparatively rare.

On the opposite side of the Souris Valley, which is here of considerable
width, and not far from the last mentioned section, soft sandstone beds;
capped by a harder layer also of sandstone, weather into table-like forms.
These beds are doubtless the representatives of those which, a few miles
eastward, produce the Roche Percé. Short Creck, already mentioned as
an affluent from the south, shows many sections of the lignite strata. The
banks of the stream have assumed the most picturesque forms from suc-
cessive landslips, and are often quite red in colour 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 waggon trail, and extends from nearly the level of the prairie
almost to the water of the stream. [Plate II, Sec. 7.]

Section T.—

G R S R RO T SR SO AN I 6
2. Yellowish col

sand, grey externally, and hold

much broken Unio-like shells at its DaSE.......oerrvrvrorirns.. 12° 6

. Grey clay 2

- Yellowish and greyish thin bedded sands and sandy claj
with several very thin ironstone layers

S

weathering orange-

TecteRbe R T B s 6
ey Chlg Uy el SRR s T VS S R wn a4
6. Similar to No.4.,with decayed fragments of gasteropodous shells 12
7. Also similar to No. 4, but with a great number of thin iron-

B0 OO e e et oris h srens e oot T e o o .
8. Hard yellowish sandy clay, a few inches at the top carbon-

T LAV e T RS R L Sesreaenerinncunaenss 10
b T B B b e R 2" =%
10. Hard yellowish sandy clay AERT
11. Good lignite............... 4.9

12. Greyishsand and sandy clay, showing lines of stratification.
In some places soft and incoherent, in others with large
concretions, and sometimes forming a nearly solid sandstone 9

d Bis ol elapenci o iiat Kinne. o 55 06 e dsine A2 2
14. Greyish yellow clay with many thin layers of orange-weather-
B T IR R e S e el g
15. Lignite........ 2 6
16. Greyish and yellowish hard sand and sandy clay. Jiks
Section concealed by slope of detritus, about 12




e

11

Small spherical ferruginous nodules, resembling bullets, occur in consi-
derable numbers at the foot of the bank. They have a calcareous cement,
and are derived from one or ‘other of the sandy layers. This exposure is
remarkable for the very gentle graduation of one bed into the next,
making it almost impossible to draw lines between them in a measured
section.

On the south side of the Souris Valley, and a short distance to the
east of the valley of Short Creek, the Roche Percé group of rocks is situ-
ated. This locality has already been described by Hector and Palliser,
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. (Palliser
Expl. N. America, pp. 49 and 225.) Dr. Hector did not obtain any
fossils from the rocks of this neighbourhood but sedge-like leaves, and
doubtfully connects them with the Missouri Lignite basin or transition beds
between this and the Cretaceous. The former supposition may now, I think,
be considered as fully confirmed by their resemblance to and connection
with undoubted Lignite Tertiary rocks of the regions further west, and
also by the nature of the molluscous forms of associated beds. The rocks
themselves, which have long been objects of superstition to the Indians in-
habiting the surrounding country, owe their curious forms to the weather-
ing away of a soft grey sandstone from below a bed of similar rock which
weathers yellow, and is rendered durable by an abundant calcareous ce-
ment. Both the upper and lower sandstones show false bedded structure in
great perfection, though that jin 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 N.W. and S.E.
direction, and separated by spaces more easy of disintegration. There is
also a system of cross-jointing nearly at right angles.

This combination of structures has given rise, under the long continued
action of the weather, to the remarkably castellated, fantastic and pictu-
resque 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 cross joiuts, has in several
places produced window-like openings through them. The soft rock bears
in many places rude Indian carvings representing various animals and birds,
strings of beads, &c. -

The north side of the river valley, for some way up and’down, is fringed
with weathered sandstone rocks, similar to, though not so striking as the
Roche Percé. The whole formation would seem to have a slight dip
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toward the south, and in this case the section in Short Creek, previous-
ly given, would overlie the Roche Percé sandstones.

The Souris Valley, for about four miles E. of this place, continues to show
numerous sections of the usual clays and sands, and hardened sandstone
beds,—the  latter in one place nearly three miles east from Roche Percé
forming a group almost equally picturesque with it. Rather hard sands
and sandy clays are seen in several places to underlie the sandstone beds,
and one of these was found to be filled with well-preserved specimens of a
peculiar Paludina. ~About a mile farther east the valley changes its cha-
racter considerably ; the banks formerly scarped and clayey are replaced by
regular grassy slopes, and, though followed for a distance of ten or fifteen
miles beyond this point, yielded no further sections. This change Iam at
present disposed, in the absence of more certain data, to consider as indi-
cating the passage from the Lower Tertiary beds to the Cretaceous. The
eastern edge of the out-crop of the harder beds connected with the Roche
Percé also appears to be indicated by a slight, though pretty well defined
step in the level of the prairie, which may be considered as the first gentle
rise of the Missouri Coteau,and runs about S.E. to the boundary line, which
it erosses near the 240 mile point. The spring known among the Half
breeds as St. Peter’s Spring lies at the foot of this step not far north of the
line, and is probably connected with the junction of the more permeable
sandstone beds with the underlying impervious clays. It is possible that
lignite coals of importance may exist on a lower horizon than this, and in
beds showing a more decided approximation to marine deposition and cre-
taceous forms of life, in which case their out-crop would occur still further
to the east. It is not, however, very prcbab'e that thisis the case, as the
Investigations of Hayden and others sou'h o the line seem to show that in
the eastern region the deposition of lignite did not commence till the
conditions of the Cretaceous formation had distinctly passed away.

Sections on Missouri Coteau, west of 263 Mile Point

Westward from the 263 mile point, no sections of either Cretaceous or
Tertiary rocks, so far as I have been able to examine, occur in the vici-
nity of the boundary line for nearly 80 miles. The valley of the Souris,
when followed in this direction, rapidly becomes more open and shallower.
Scarped banks are rare, and such as do oceur seem only to exhibit a great
thickness of dyift material. It would seem that the absence of the
harder beds associated with the strata already described had allowed
the erosion of the beds to a great depth. The country also rises some-
what rapidly, and it is not till after having passed through the drift-hills
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of the Coteau, and at a height of about 700 feet above that of the former
sections, that the underlying rocks in the form of the Lignite Tertiary series
are again exposed. IHere, however, in a large valley crossing the line at
the 345 mile point, which is the most eastern great channel of erosion that
crosses the 49th parallel towards the Missouri river, the rocks of this forma-
tion are exposed on a grand scale. The lowest beds seen in this valley
are curiously banded clays and shales, clay beds charged with plant
remains and carbonaceous matter, and having quite a purple tint when
viewed from a little distance, alternating with clays, nearly white, and
yellowish sandstones. Above these comes in a sandstone layer which,
though of no great thickness, has in several places produced curious con-
ical mounds by forming a protecting capping for the softer strata below,
these again forming slopes or nearly perpendicular steps according to their
relative hardness, which, taken together with the remarkable and distinc-
tive colouring of the beds, gives a very striking and peculiar aspect to the
scenery. Above the sandstone capping of this lower part of the section,
is a great deposit of sandy clays and concretionary sandstones among which
three beds of lignite of various thicknesses are intercalated. The beds
are almost horizontal, but undulate at lcw angles, and the valley of the
stream appears to occupy, in the main, the centre of a shallow synclinal
fold.

The upper part of the section in this valley consists of atleast 100 and
probably 150 feet of clays and argillaceous fine sands of greyish and yel-
lowish-grey colours, and well stratified. They contain thin leaf-beds at
several different levels, which are prominent from their grey-purple colour,
but, though containing very many dicotyledonous and flag-like leaves,they
do not yield recognisable specimens, from their soft and crumbling nature.
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 3 feet
or more in thickness. It would appear to be of fair quality, though much
decomposed and quite crumbling at the out-crop, from the action of the
weather.

The next is about 120 feet above the same datum, and can be traced a
very considerable distance along the face of the bank ; itis five feet in
thickness, but includes, at the place examined, several thin layers of
carbonaceous shale ; and, though of good quality in places, not appearing to
have the same uniformity in the various layers that is generally found in
the coals of this region.

The lowest lignite is some seventy-five feet above the lase of the sec-
tion and is only a few inches in thickness,
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By diligent search certain parts of this upper portion of the section
may be found which contain quite numerous, though in general very badly
preserved remains of molluses, which appear to be such as would indicate
the deposition of the beds in purely fresh water., A peciliar angular Pa-
ludina and a Melania, apparently specifically identical with that already
noticed as occurring in the Souris Valley sections, are the most common.

Section 8.—The complete section may be thus represented.

1. Upper part, yellowish sands and clays, lignites, &c.............. 150°

2. Hard grey and yellowish, somewhat false-bedded sandstone,
forming a “ capping rock ” to beds below (about)............ 3

3. Greenish yellow, finely bedded fine sand............................ 15

4. Soft yellowish sandy L RN SR T : 2 4

5. Greyish and yellowish hard-bedded clay

6. Blackish thin-bedded clay or shale with plant remains.........
7. Greyish thin-bedded clay, becoming darker toward the top
(plant remains) graduating into next bed.................. Seev 10
8. Hard,pale brown, compact clay, with very few plant remains. 1 4
9. Hard whitish clay with some plant remains, and a scattered
layer of heavy ironstone balls about a foot from the top 9
10. Thin-bedded greyish and blackish hard clays, with leaves,
and some émall bunches of selenite crystals
11. Fine bedded clay filled with leaves and plant remains, hard
and rusty in the upper portion

-

................................ Sl
12. Grey hard sand with charcoal-like fragments in some plac 3
13. Ironstone with many plant remains, mostly sedge-like blades, 3
e i n o LR R
200" 1~

The lower part of the section forms a group well distinguished by its
colour and the perfection of its stratification from the upper, and often
endures, protected by its hard sandstone (No. 2) when the more
crumbling upper division has bheen removed. The plant remains, though
occurring more or less throughout the whole section, are best preserved in
the lower purplish layers. They consist chiefly of leaves of dicotyledonous
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 shelly deposits of which they have been preserved. Leaves
and small branches of coniferous trees are also common, They belong
chiefly to the genus Tazxites, and one variety seems to he specifically iden-
tical with that subsequently to be mentioned as occurring in the Porcupine
Creek section. Sedge and flag-like leaves and stems are also abundant.
The leaves of deciduous trees appear to resemble more closely those
figured by Lesquereux forthe Fort Union region than they do those ob-
tained from Porcupine Creek, and are probably older than -he latter,
having in some cases almost 2 Cretaceous facies.
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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 n situ of the deposits of lignite. The slag or clinker produced
in the same way is also to be found here, though it was not observed
actually in place.

Section. 9.—A section on the west side of the valley, and almost exactly
where the 49th parallel crosses it, shows in a bank about thirty feet high,
toward the base, several layers of concretionary ironstone, each of a few
inches in thickness. The top of the bank, (which is merely an outlying
projection from the base of the high and steep slope bounding the valley)
holds a seam of lignite four feet thick, with, however,a few shaly partings.
This bed would have passed unnoticed, but for the fact that the little mar-
mots had been burrowing into the crumbling bank, throwing out heaps of
black material at the mouth of their holes.

The next stream crosses the line at the 351 mile point; it also flows
through a deep valley of erosion, and may be called Pyramid Creek, from
a remarkable pyramidal hill formed of the usual clays and sands, capped
by a portion of a layer of hard grey sandstone, the cement of which is cal-
careous. It has a tendency to break into large quadrangular masses along
intersecting jointage planes, and shows conspicuous false-bedded structure.
Below this is a thickness of about fifty feet of rather incoherent fine yellow-
ish sand sometimes rather argillaceous. This, producing a sloping bank, is
not very well exposed, but constitutes about one-third of the thickness of the
beds exposed in this valley. The middle third consists of soft erumbling
sandstone or compact sand without any apparent cementing mitter, and
of which the constituent particles are rather coarse, contrasting strikingly
in this respect with the overlying material. It shows evidence of having
been deposited by water in rather rapid motion, through its entire thick-
ness; but the false bedding is very definitely cut off at many different hori-
zons by perfectly horizontal planes, above which it again commences. The
weather acting on these beds causes the hill sides composed of them to
assume a well-marked terraced appearance on a small scale, each horizon-
tal break producing a terracelevel. The sandstone contains here and
there a few badly-preserved shells, among which can be recognized two
species of M ania, fragments of Paludina and of Unio. In one place a
layer of ironstone, about three inches thick, isseen to run for some distance.
The most noticeable feature, however, of this part of the section is the
remarkable concretionary character of some layers of the sandstone
The concretions are hard, and of all shapes and sizes. Some are spherical,
many are flattened spheres, and two or more of them are often confluent
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forming dumb-bell like masses or more or less contintous sheets of a lumpy
character. Many are long and root-like, and project curiously from the
bank. * The sandstone is so soft in some places that the sand-martens have
been able to make their nestsin it; and where these have been abandoned,,
the wind forming an eddy, and carrying with it loose sandy particles, has
enlarged them into cavities resembling in shape the pot-holes found. in
rocks below rapids and waterfalls.

The lower third of the section in this valley is, as seems often to be the-
case with the lower layers of these rocks, much more clearly defined, and
divided into thinner beds in which dark colours predominate. Altogether
the section here much resembles that seen in the last great valley ;. the
lower beds of this probably correspond with the purplish leaf-beds there,
and the great thickness of sands and sandstones above correspond in a
general way ; though in this place they differ in the absence, so far as could
be ascertained, of bedsof lignite. The layers of hardened sandstone must
also in this case occupy different horizons in the two sections, but this is
not to be wondered at,when the extremely local, and indeed often nodular
character of the induration is considered, and the fact that it merely
depends upon the introduction of a small proportion of calcareous cement
among the particles already compacted by pressure.

Section 10.—The whole section in Pyramid Valley may be represented:
thus

1. Hard capping sandstone, (several L T
2. Soft yellowish sandy beds forming a sloping bank, about... = 50
3. - Softsandstone, grey, false-bedded, about 50
4. Stratified sandy C By et e SO e . R AT - B
5.. Purplish plant-beds with thin layers of lignite and much sel-
enitein thin sheets, isolated crystals and stellar groups..... 3
6. Lignite, with many spots of amber.....cv..ivvvivivs oo g ke
7. Purplish bed with a few plants....o.. it b co it 2!
8. Grey slightly coherent sand, with nodules of arenaceous sel-
CTIE CIYBURISH ruvioiatiiln ey, S0 0 0 SR s i RS 4
9. Purplish bed with obscure remains of leaves..................... 1
10. ‘Incoherent arenaceous clay and sand.....:.......c.. ... T
11. Purplish-grey arenaceous_clay, with obscure plant remains
B EE R R S o PR S S b aaul o A
12. - Brownish clay with ferruginous layers i
18: vhignite s i Sudd e, paoie. catledn b oal ¥
14. Brown earthy bed 6”
15. Grey somewhat coherent coarse s nd, with argillaceous mat-
LY O e e 144

The rocks show no well marked dip, but appear to undulate slightly at
very low angles.
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The occurrence of gypsum as selenite is nearly always in association with
plant-beds, and generally with those holding many half-obliterated vege
table remains and of a purplish shade.

A few miles westof Pyramid Creek several hills are capped with heavy
and hard sandstone beds, a feature quite exceptional in a country so gently
undulating. These do not appear to be quite horizontal, but have a gentle
dip to the west. Theymay be equivalent to the capping sandstone of the
Pyramid Hill, but more probably are yet higher in the series.

Ten miles west of Pyramid Valley, in the upper part of the valley of
another stream, yellowish and grey stratified sandy clays are again seen,
but are not perfectly exposed. At one place alayer of hard ripple-marked
sandstone is exposed, the ripple-marks beiug about an inch and a half
wide and very perfect, and indicating a current North-west Magnetic.

With the exception of this exposure, the underlying rocks are nowhere
clearly visible in the vicinity of the line from Pyramid Valley to Porcupine
Creek, a distance of about 35 miles; one very considerable stream is
crossed about midway, but its valley is very wide and with gently sloping
banks. Highlands appear to the north, and may possibly show sections of
strata overlying those seen in the banks of the streams, but I was unable
to reach them, as both in going and returning, the ground, especially in the
vicinity of these highlands, was covered with snow, which rendered travel.
ling very slow and toilsome.

Beds exposed in Porcupine Creck and tributary valleys, from the 385
Mile Point to about the 391 Mile Point

Many partial sections occur in this vicinity. Lignite is seen in three
places near the line, and just above the level of the brook in each instance.
The exposures seem to belong to the same bed, and if so, nearly a mile of
its horizontal extent can be traced.

The lignite and associated beds undulate slightly in all the sections ; the
lignite decreasing from four feet in thickness in the most northern bank to
one foot in that furthest south. The overlying rocks consist of yellowish
and grey sands and clays, well stratified and muchresembling those forming
the upper part of the sectionin the 345 mile valley. (Pl IL.)

The best exhibition of these strata was obtained in a bank about forty feet

in height on removing the decomposed material from the surface.
Section 11.—

1. Soil.

25 Silicediter pebble@r il i iain s R R AR Beveral feet.
3w Softgreenish sandy elay. i viiiceeisrdoonisiinscsssastsivassresvove 2’ or more
4." Boft blackish clay...oessevcnuvessesasscrisssrssssrisesses sevserensesanennte L oG

B




(m\ (In‘ wi tlA some Illmt remains..
Grey clay with well preserved di cot‘l donous I(HV(‘\ .........
Impure ironstone in CONCTretions ... oe .. ecrsrsess vivocsvorssessrasanes
Yellowish sand and sandy clay with obscure plant remains..
Greyish and yellowish fine sandy clay
Scattered laye
Grey fine sandy clay....
Rusty layer with crumbling plants...........
Grey sand.
Detached m: )
s UL v o B e AT SO B
ne sand............
plant remair
Lignite, not of best quality.
nent wood gen rr:ally clea
slightly.. Sl
Soft grey arenaceous le. T

Yellowish grey

Grey clay witl

About...

The vegetable remains imbedded in the rocks overlying

6
o
¥ 85

3
9
153
1

1

4

6

4
3" 10 4

the lignite are

mostly those of deciduous trees, and in certain beds are very perfectly pre-

served.

Lignite from this section was used for camp fires, i

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
most interesting and important section, however, in this region, is that which

occurs in a valley joining

that of Porcupine Creek from the west, which

exhibits a bed of lignite eighteen feet in thickness, and has also yielded some

of the most perfect and curious remains of plants.

out-crop is situated is over half-a-mile south of the line.
arranged thus: (Plate I, Sect. 12.)
Section 12.—

8

)

-3

(o5}

Surface soil.. ‘
Siliceous pchb e drift..

Yellowish and grey sandy cla\\ Well efmtmed but some-
whatgoft about. L. i

Lignite...

Banded clays

yellow

y an purple, with well preserved
remains of plants and in some la)ex; much crystalline
gypsum

Lignite, weat he"mg soft, some layers lauunatui ot.he:‘s
rotten and brownish. Foun; a steep slope... % :

Lignite, hard compact, horizontally 1mn1n1ted but 4130
breaking into large cubical blocks along vormcal planes....

Soft grey sandstone much jointed, and breaking out in picces
bounded by plane faces, some vertical and soma oblique.
Holds root-like remains and gives issue to springs of water..

The bank in which this
The: beds are

o

’

5

40" 3’
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Though undulating a little, the strata have no true dips, and are as nearly
as possible horizontal on the large side.

The lower part of the lignite bed is very compact and tough under the
pick ; it holds in some layers many drops of amber. The Jointage planes
form a conspicuous feature, and were not noticed in anything like the same
perfection in any other lignite beds examined. The divisional planes
cause the coal to break off in large cubical pieces which encumber the
stream atits base. Some of them shew thin seams of white gypsum, and
in one case a thin film of iron pyrites was detected, being the first appear-
ance of this mineral in connection with these lignite deposits.

The plants in layer (5) are in a beautiful state of preservation,and, when
the clay is first split open, show every vein-mark in perfection, not only in
the larger and coarser leaves but in delicate ferns which are here unusually
common. The matrix is, however, unfortunately very soft ; it crumbles
easily, and tends to crack on drying.

This section also exhibits the first and only distinet instance of disloea-
tion which hasbeen observed to affect these beds. The eighteen foot lignite
and associated strata are seen to have been brought to their present position
by a downthrow fault, and on the other side of the Creek their place is
taken by underlying sandy clays. (Plate I.)

The southern side of the valley, opposite this great lignite bed, is broken
down and forms a gentle though irregular slope, which is encumbered by
many large, strangely shapedand coloured blocks of stone, much harder
than any rocks occurring in the neighbourhood, and in pieces larger than the
drift-blocks found in the region. They proved on inspection to consist
of masses of beds such as those associated with the lignite, but indurated
by its combustion, which has also caused the interruption in the edge of
the valley. About a fourth of mile east on the same valley the great
lignite is again exposed, and apparently in much the same development
and association.

A considerable number of specimens of fossil plants from the vicinity
of Porcupine Creck have been preserved, though all in a more or less
shattered condition. I amindebted to Principal Dawson for a preliminary
examination of these. The following genera are represented by clearly
recognisable specimens : Onoclea, Sphenopteris,Phragmites, Trapa ? Thuja,
Sequoia,  Glyptostrobus, Populus, Salix, Fagus, Alnus, Platanus,
Rubus ? Hedera? As far as can be ascertained these generic forms and
some of the species are identical with those characteristic of the Tertiary
beds of the Western States, which have been catalogued and described by
Lesquereux and Newberry. The fern Onoclea sensibilis is especially
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abundant. It is a species still living, and recognized by Newberry in the
Tertiary of Nebraska, and by the Duke of Argyll in that of the Island of
Mull. The Thuja, also common, is identified by Newberry with his 7%.
articulata. It will be well to leave the specific determination of these
leaves until the appearance of the volume now in the press on the plants
of the U.S. Tertiary by Dr. Newberry. In the meantime they may be
stated to correspond very closely with the plants described as occurring
in connection with the Lignite Tertiary, called by Hayden, in its southern
extension, the Fort Union group.

General Remarks cn the Lignite Formation.

It would seem premature at the present time to enter very fully into
the discussion of the general relations and limits of the lignite-bearing
series of rocks, as another season will prolably afford much additional
information of value in this direction.

The formation is, however, undoubtedly an extension of the Great Lignite
or Fort Union group of strata of Hayden, which, as developed in the West-
ern States and Territories, has been fully described by him in his various
reports (Annual Reports Geol., Surv. Territ., 1868 to '72). These strata,
immediately succeeding the Cretaceous rocks, are the lowest American
representatives of the Tertiary series, and have been called for this reason
Eocene, though it is impossible to affirm that their deposit was more
than approximately synchronous with that of the Eocene as constituted
in Europe. The flora of the Fort Union group indeed, according to
Newberry and Lesquereux, who have examined the collections of the
various western expeditions, has, when compared with European forms,
a Miocene aspect, and the animal remains, which are chiefly those of fresh-
water molluscs, do not form a very trustworthy criterion in regard to age.
The advent of the Tertiary period in the western basin of America
appears to have been contemporaneous with the change of the inland sea
from salt-water to fresh-water conditions.

The change in character of the Fauna is thus, taken broadly, a geod
mark by which to distinguish rocks of Cretaceous and Tertiary age, though
it would appear exceedingly probable that the Cretaceous forms were
brought to a rather abrupt end by the change in physical conditions, so
far as regards the area in question. It will suffice then at present to
correlate these beds with those of Hayden’s Lowest Tertiary or Fort Union
group, which is largely developed southward in Dakota and Montana,
and to which also the smaller isolated lignite basins, now beginning to be
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largely workedin the neighbourhood of the Union Pacific R.R. in Wyomin ,
&e., are believed to appertain, though it i3 probable that a part of these
may ultimately be attached to the Upper Cretaceous with which the lower
beds show a marked stratigraphical and zoological connection. The
sections in the vicinity of the Roche Percé seem to belong to the lowest
part of this formation which ig exposed in the vicinity of the line, and con-
tain the only molluse found which is known to live in salt or brackish
waters, the Corbula already mentioned. Hayden's sections, however, show
that southward, over large areas, the Lowest Tertiary beds are charac-
terized by abundant remains of Ostrea associated with lignites—a circum-
stance which would indicate still more markedly marine conditions, and
which would appear to lead to the conclusion that there may be a small por-
tion of the formation still lower than the Roche Percé series which has been
so soft as to yield to eroding forces and become concealed beneath the
drift formations. The beds in the Souris Valley and near the Roche
Percé arein great measure arenaceous, and many of them appear to indi-
cate rather disturbed water, both from this fact and the frequency with
which some of the molluses have sustained fractures of their shells during
life. Nothing, however, in the nature of a conglomerate is found, and even
the sandstones can rarely be considered coarse. The beds here are also
not of great thickness individually, and succeed each other rapidly, as will
be seen by the sections. In this they resemble the lowest part of the
sections seen further west in the 345 Mile Valley and Pyramid Creek,
though, from the great distance entirely concealed by drift deposits be-
tween Roche Percé rocksand these exposures, it is impossible to identify any
particular bed or series of beds. Indeed from the estuarine character of the
formation, asa whole, and the rapidity with which individual strata are
seen to change when followed for short distances, no such close paral-
Jelism is to be expected. The sections exhibited in 845 Mile Valley and
in Pyramid Creek, 6 miles apart, show, however, a very close general re-
semblance, each being composed at the base of purplish and whitish sands
and sandy clays, passing upward into beds of almost pure and but slightly
coherent sand, and the highest beds seen being formed of yellowish soft
arenaceous clays without much evident stratification. The furthest west
exposures seen, those in Porcupine Creek and neighbourhood, may belong
to a still higher part of the series, though it is probable that no very great
thickness of beds is represented by the sections over the entire area
examined. The rocksin many places seem to be absolutely horizontal, but
very generally show slight dips in one direction or other, which, when fol-
lowed a short distance, prove to become reversed and to arise merely from a
gentle undulation of the beds.
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A scarped bank rarely presents itself in the area covered by this for-
mation without exhihiting one or more beds of lignite, and these varyin thick-
ness from a few iuches to eighteen feet. The entire number of beds thus
seen was very great, but, in the absence of trustworthy data with regard to
their equivalency, it would be misleading to enumerate them. The lignites
seldom show intercalation of shale or sand, and, though some of them may
have been formed from accumulations of drift-wood in shallow water itis dif-
ficult to understand how such collection could go on for long perieds with-
out the contemporaneous deposit of sandy or muddy matters which would
have been suspended in waters moving with sufficient force to convey the
wood. It would also appear difficult under this theory to explain the
regular and even superposition of the sandy and clayey beds which overlie
the lignites, and the fact that these do not send extensions downward into
them, as they must have done if formed above a tangled mass of trunks
and branches of trees. It seems likely, therefore, (though layers like true
root-heds were only observed in one or two instances to underlie the lignit
beds) that at least the majority of the lignite beds were produceel by the
growth and partial decay of trees, and also perhaps of peaty matter from
swamp mosses, in the positions which they now occupy. Their method
of formation would, therefore, agree with that already proved for coals ofthe
true Carboniferous formation. This is rendered more probable by the
circumstance that lignite beds are sometimes immediately covered by
beds holding leaves of trees, ferns, -and grasses, a fact which has been
noted by Hayden and others with regard to the lignite beds further south,
and which is also found to obtain with coal beds of the Carboniferous
period.

Composition and Practical Value of the Lignites and Ironstones.

The coaly material of the beds above described is, for the most part, true
lignite,as distinguished from brown coal, being composed offlattenedand car-
bonized tree-trunks. The fossil woods associated with the plants, and which
can be recognized in the mass of the lignites themselves, are all Conifer-

» ous, and may, from their structure, have belonged to the species of
Thuja and Seqtoia represented by the leaves found in the accompany-
ing clays. I have made some assays of the lignites, for the purpose of
ascertaining as far as possible their economic value, and in doing so have
not thought it necessary to confine my examination to those beds only
which are of workable thickness, as a general comparison of the various
seams, thick or thin, is of more value in giving an idea of the average
quality of the lignites of the formation now known and those which further




exploration may bring to light over the same region. The analyses,
therefore, include a selection from the various sections, and several beds of
zood quality and thickness are unrepresented.

The lignites all contain, when in the bed, a very considerable percentage
of hygroscopic water, and even those which are very hard and tough under
the pick at first, when exposed to the air tend from the loss of water to
crack into angular fragments or split up along the layers of deposition.
The same phenomenon has been observed with similar lignites mined on the
Union Pacific R.R., and it is found necessary to preventloss from this slack-
ing to convey them to their destination as soon as practicable after their
extraction from the mine. The lignites genecrally present a rather
unpromising appearance in the banks where they crop out, from the fact of
their having undergone superficially a certain amount of fissuring and the
interstices being filled with clay from above. When followed inward a few
feet however, they usually become quite solid and compact. They vary a
good deal in appearance, some beds having a dull lustre almost like that of
cannel coal ; others, and this is perhaps the most common form, have the
same black colour on faces of fracture, but tend rather to split parallel to
planes of deposit andshow on careful examination distinet traces of the medul-
lary raysand rings of growth of the component wood. Other samples have
almost a shaly appearance, caused by numerous layers of mineral charcoal,
whieh is present in small quantities in nearly all the beds. Amber spots
are common but generally quite small. The lignites do not soil the fingers
like ordinary bituminous coal. Their powder is generally a dark shade of
brown but sometimes quite black.

They all yield easily a dark brown solution when treated with caus-
tic potash. The lignites from various beds might be designated by such
names as pitch coal, brown coal, lamellar brown eoal, &c., but it seems
better, as they pass by easy gradations from one variety to another, to
class them under the generic term lignite.

In this connection it should be mentioned that though some authors have
persistently used the term coal for the fuels of the Tertiary formations fur-
ther south, the name is mineralogically inapplicable, from their composition,
to all but one or two which appear to have been altered by local outbursts of
igneous rock.

Though giving below the actual amount of hygroscopic and combined
water as found by analysis, it must be premised that it depends entirely on
the conditions to which the lignites have previously been subjected, and
that, by prolonged exposure to dry air, it might have been in many cases
very considerably reduced. I have, therefore, thought it advisable in
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another place to reduce the results of all analyses to correspond to a certain
percentage of moisture, that they may be better compared with each other
and with foreign lignites. The high percentage of volatile combustible
matters renders the difference due to slow and rapid coking in some cases
very marked.

Souris Valley. Section 6. Lowest lignite, two feet three inches thick.
Conchoidal fracture with rather dull surfaces and resembling cannel coal,

ash reddish-white.

By rapid coking.
) g

I TR S e s SRR S R R B M AR s 12.07
Fixed carbon.... ...45.44 38.90
T G A S e A .39.74
s e e o R O RS 2.75
100.00

Souris Valley. Section 2. Layer 19. A weathered specimen separating
into laminge horizontally. Clay from overlying bed filling fissures. Ash
yellow-brown.

‘ By rapid coking.
FUE TR T 1R 1 AR A e S O B M | 30 1, 38.35
R T T BT R S S S = SN | 31,

100.00

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

By rapid coking.
‘Water. s

............................................ 12.67
Fixed carbon... 31.8 28.01
Wolatile Ml S R e s A R e 49.52
20 e S e A B S o i e B 6.42

, 100.00
Souris Valley. Section 2. Layer 10. Lustre dull, separating along

horizontal planes. Ash light yellowish.

By rapid coking.

£ TR RIS s S R R e LR AORET I b
Fixed earboll. v viivivins o 36.94 36.68
LRI L e L R G e R 42.98

100.00

Souris Valley. Section 2. Layer 2. A weathered specimen soft
and crumbling. Ash greyish-white.
By rapid coking,

30.10
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Souris Valley. Section 5. Black compact lignite with much woody
structure apparent. Ash yellow.
By rapid coking.

WVBEEE i ioisiansrsviesinirsimiis prosesens basosusinssisbeitvrivertid 14.73
Fixed CarbOn . i A S it verise RSB R A L e S 42.48 34.07
Volatile MAIRE.. s iuivsmnisiniimissssvilevssssiietoyssvestsivers 39.99

100.00

Souris Valley. Section 4. T foot seam. Hard compact black lignite,
breaking with pseudo-conchoidal fracture, and showing traces of structure
of wood. Ash yellowish-white, light. :

i By rapid coking.
WRIEE: - sovuiih soovvi cion

Fixed CArDON....ccovisremrunmasnusevenns sasunsiarssossessvsssssins
Volatile MATEEER. s bsvmerasresnrrsibsvgs devvanious
Adlissasstodssdoion

11.67

100.00
Section 8 Lowest Lignite. Weathered specimen, crumbling. Ash grey.
By rapid coking.
Fixed carbon............ 30.04

100.00
Section 8. Middle Lignite. Weathered specimen. Soft, breaking into
layers along deposition surfaces. Largely composed of comminuted char-
coal-like fragments.
By rapid coking.

b1V 7y R RERA U RO Pl R o e, LI Db s 16.28
Fixed ¢arbon........covieumvovnnss +.46.25 29.18
Volatilo MAtRr,. . vciiiincsiviassios svnsisrrvesavsnseionsunnvetn 33.19

Aslieihi AR FHEA S MM SRR e T L
Section 8. Upper Lignite. Out-crop specimen. Crumbling. Tends

to break into layers parallel to deposition planes.
By rapid coking.

7T 1) RS e P e R T D L 15.20
Figed CRIDON oo cnsaressrinsivsnastssiunmsvans ssb suusss ssanonnsesoes 34.45 27.61
V0latile TALLET . cernsvurieirrresnrssnsnnssneessussnsssissssarsnsenes 44.43
N s e T e e e C kLt ok Db 5.92
100.00

Section 9. Out-crop specimen. Brownish. Fracture almost conchoidal.
Ash yellowish-white.

By rapid coking.

Wateravaas BRI Gt e o s s T 15.51
Fixed carbon....c..covnersnrasrsovessssararss PR L byl S0 A T 37.12 28.44
Volatile matter... 42.65
AR i sravi i s eanene ek Ebey Fe N L A 4.72
100.00
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Section 12. Lower part of 18 foot scam. Tough, compact lignite,
separating into horizontal layers. Much amber in small spots, a good deal
of woody structure apparent and some mineral charcoal. ~Ash light-grey.

By rapid coking.

s s R e B S DL e D) el 41.0:
Volatile matter..
;\Sh ........ L T S P TP
100.00
Section 12. Upper part of 18 foot scam. Out-crop specimen, erumb-

ling. Ash white. ;
By rapid coking.
W L R e TR S e M AT LS

IRCU BB PUQRII S| S T sl e
e T S SR I S el

30

. 100.00

The lignites, it will be observed, are on the whole uniform in composition
and contain an average amount of over 40 per cent. fixed carbon, when the
water content is estimated at 12 per cent. They thus fall somewhat behind
the lignites given in Table II, from Wyoming, Utah, &c., and which are
found in proximity to the Rocky Mountains and parallel ranges, and have
probably been somewhat improved by metamorphism simultaneous with their
elevation. The lignites here described, however, gain some advantage in a
practical point of view from oceurring in a horizontal position and out-crop-
ping in the sides of valleys in such a way that they might be worked by simple
adits, avoiding the expense and trouble necessary when vertical sinking has
to be resorted to in the first instance, as in the case of some of the other
localities named, where the beds are often highly inclined or nearly
vertical.

It is a disadvantage, however, that none of those yet found yield a
coherent coke, as is the case with one or two of those of nearly the same
age in the United States.

The lignites examined merely shrink somewhat in size during the expul-
sion of the volatile combustible matter, and turn out of the crucible in a
dry incoherent powder. The volatile matter is, as might be expected,
comparatively poor in luminous gases, and the lignites would, consequently,
be of little use in the manufacture of illuminating gas.

The ash is generally of pale colours; grey and white, passing into yel-
lowish-white, being the prevailing shades. One or two only yield a deeply-
coloured ash, wihch is then of a brick-red eolour. It is small in amount
in most of the specimens, and does not usually appear of a nature to form
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troublesome clinker. The lignites when burning yield a peculiar empyreu-
matic odour but no smell of sulphur, and indeed, as might be foreseen
from the nature of the ash, the quantity of sulphur present is very small.

In the table below the analyses of all the lignites are calculated to cor-
respond with a quantity of water, combined or hygroscopic, equal to twelve
per cent., which, may I think, be accepted for the samples examined as the
practical limit of desiccation in dry air at ordinary temperatures. This
will allow of a more accurate comparison of the value of those from differ-
ent parts of the series.

TABLE I. RESULTS OF ASSAYS OF LIGNITES, WATER BEING ESTIMATED
AT AN AVERAGE OF 12 PER CENT.

==

lley Sect 255 2
|

) ) | 263 A

|

| e
3 B 268f 17:6

[
{ ¢ 5 el i3, It
5
6 5 12.40 | 2.88 |Y v
T A 23.98 | 4.711 |Yellowish-white.
8 Big Valley 8344 43.92 | 5.43 |Grey

[

) 8 34.90 | 4.49 |Grey
) 8. 44.95 | 6.13 [White

44.43 | 4.89 |Yellowish-white.
: r |
12 Porcupine Valley

Lower part...... 12... 39 | 35.14 | 6.66 |Light grey.
13 Upper part.......4 12...| 3¢ 39.97 |11.70 |White

L

[

o

ox
ot

BAVOTAGO. cirsvieveesevsivisentoon [ 5 59 ‘ 41.41

It should be stated that, with the exception of two or three specimens,
all those analysed were mere out-crop samples, and, from the facility with
which these lignite coals deteriorate under atmospheric influences, show a
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TABLE IIL. SHOWING COMPOSITION OF LIGNITES AND OTHER FUELS FOR
COMPARISON WITH LIGNITES IN TABLE L

!

\ £ iy
Locality ‘ g Colour of
| © Analyst.
| = ash.
\ S c
= <
—_— = i e
1.Woop, nvcr:xgeof;lir-dricd..! 53.99 LA
LieNiTES, United States,
2. Golden Oity, C. T, § 3715 | 3.85 |Grey. J.T. Hodge.
|
3. Carbon Stn., W.T........... 35.48 8.00 (Light grey. b
| | | 1
| |
Evanston, Utah..............| 8.10 | 47.87 | 3460 9.67 |Grey. 0. D. Allen.
|
| g
5. Murphy’s,Ralston Cr. (,‘,.'I'.! 13.83 | 44.44 | 35.88 5.83 |Orange. J.T. Hodge.
i ! |
6. Chesnut R., Near I’;()yv—( } [
man, Montana... ........| 3.00 | 43.50 41.50 12.00 | A. C. Peale.
7. Marshall Mine, Boulder| l }
City C.T., average of 7‘ 16.00 { 41,50 | 38.00 4.50 | A.L. Ford.
) : ‘ ; :
| | . | "
8. Van Dyke, W. T...coceeenn 1 8.12 | 53.23 | 36.65 2.00 |Light grey.|J. T. Hodge.
FEUROPEAN LIGNITES. | 1
! [ [
9. Zsemle, Hungary ........... 12.60 | 5520 | 27.85 4.35 | Schrotter
10. Wildsthut, Upper Austria| 26.15 | 39.12 19.15 15.58 | Regnault.
{ 1
1L Doz, PIRNCE v iwammsississ) 44.11 50.80 4.99 Schrotter.
with water | |
12. Utweiller, Rhine.............| —i el 673 31.80 0.90 | | i
13. Minerve, L’Aude.......c.cee.. {——]32.6 57.40 10.00 |
| |
BrrumiNous COALS. | 1 ‘
‘ E
14. Nottinghamshire | 3.50|59.18| 383.32 3.90 ‘ ;
(coking).| | |
15. St. Helen’s Lancashire. | 3.23 | 60.33 31.27 5.17 | l
(non-coking).| | ,
16 Siiney, O Biabinnil SRS A R ) e W.R.Johnson.
17 Bletol, N.Suurweiicesires. ) 1.75 61.95 25.87 10.42 \ J. W. Dawson,

No. 1, from Tables in Percy’s Metallurgy. Nos. 2, 3, 5, 7, 9, from
Geological Survey of Territories for 1870. No. 4, from Hague and King’s
Mining Industry of 40th parallel. No. 6, from Geological Survey of Terri-
tories for 1872. Nos. 9,10,11, from Percy’s Metallurgy. Nos. 12 and 13
quoted by Hodge in Geological Survey of Territories for 1870. Nos. 14
and 15, Percy’s Metallurgy. No. 16, from Coal Trade of British America,
W.R. Johnson. No. 17, Acadian Geology.

0.8 from VanDyke, together with another lignite of similar composition
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of black-band ironstones to 35.39. Where these ironstones are unweather

ed, the whole of the iron appears to be in combination with carbonic acid

The quantity of sulphur p:

sent is small, and it is entirely as sulphuric
"

acid and in combination with lime. Phosphorus is also present in very

small upmntitics»

The clays and argillaceous sands accompanying the lignites are in many
places of the nature of fire clays, and contain but very small quantities of
iron or lime. It is probable that many of them would make very refrac-

tory fire bricks. Clay of sufficiently good quality for the manufacture of
ordinary bricks and potter;

13 present everywhere in close connection with
1

+tha 1
1

the lignites
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To CAPT. D. R. CAMERON, R.A.

HM. N.A. Boundary Commissioner :—

Str,—The geological work of the past summer embraced, First, an ex-
amination of the Lake ofthe Woods region,dealing chiefly with the Lauren-
tian and Huronian formations: Secondly, an examination of the Creta-
ceous formations westward of Red River : Thirdly, a survey of the e
Tertiary formation overlapping the last and extending as far as the ter-
minus of the season’s work on the line. As the lignites, &c., obtained from
the Tertiary rocks required a more careful examination than most of the
other specimens, and appeared to be of economic importance, I have pre-
pared in the first instance the Report on that formation, which will pro-
perly constitute the third part of the general Report of Progress, and
have the honour to forward the same herewith.

Your obedient servant,

GEORGE M. DAWSON.

Montreal, Feb. 10th, 1874.
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TERTIARY LIGNITE FORMATION,

IN THE VICINITY OF THE

FORTY-NINTH PARALLEL,

—_— <o

By G. M. DAWSON,
Associate R. S. M., Geologist to the Commission.

CONTENTS :—

Details of Sections on West Souris River.

Sections on Missouri Coteau, west of 263 Mile Point.

Beds exposed in Porcupine Creek and tributary valleys.
General Remarks on the Lignite Formation.

Composition and Practical value of the Lignites and Ironstones.

The exposures of these rocks in the vicinity of the 49th parallel, first
appear in the valley of the Souris River at a point 250 miles W, of Red River,
about four miles E. of the tributary from the south known as Short
Creek ; near the debouchure of which the remarkable collection of
grotesquely shaped rocks, known collectively as the ¢ Roche Percé”’ is
situated. These beds may underlie the prairie country still further
eastward, asno sections are to be found for a long distance. The banks
of the river valley, however, undergo about this place a remarkable change,
becoming gently sloping and grassed from top to bottom, and it seems to
me probable that this change coincides with the eastern edge of the Ter-
tiary basin.

Sections are to he seen at frequent intervals on the banks of the river
valley, from the point indicated, westward to the position occupied in the
summer of 1873 by Wood End Depot Camp, a distance of about twelve
miles by the line and considerably more by the river.
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Details of Sections on the West Souris Ruwer.
Section 1.—(Six miles north from Wood End Depot on the bend of the

river.)

1. Fallen bank, no section, about................oeeceerosirisensosons 8
2. Finely stratified greyish sandy clay (4
e L PR ey
4. Sandy clay, greyish laminated, including two “leaf beds,”

ecis fewanchesuthisk. £ 5. 0 b 0T (A
5. Yellowish fine sandy clay passing below to grey soft sand-

LA R S T R D 1357
6. Ironstone, a nodular layer o 3”
AT e o s e T I
Sk Elota iR R g G LT B RN RN R S0 ;i
9. Carbonaceous shale.... o 282
LLUF2 s Ll o oo e e e 3’ B~
A OB anB R iV, st s e e et st e 27

43 T

The beds appear to be perfectly horizontal. Those of sand and sandy -
clay, though having the appearance of well characterized layers at a little
distance, and giving the banks an almost ribboned aspect, are found, on
closer examination, to pass almost imperceptibly into each other. This
peculiarity is often to be observed, in almost all localities where these
rocks are found. The so-called “leafbeds” are of a greyish purple
tint, and contain many impressions of flag-like parallel-veined leaves, which,
though distinct enough when freshly taken from the bank, it is impossible to
preserve on account of the crumbling nature of the matrix. The ironstone,
though generally forming extensive sheets, is nodular in structure, and
varies a good deal in thickness. It weathers a bright brownish-red, is hard,
compact and very heavy, and on fresh fracture is bluish to yellowish-grey.

A short distance 8. of this locality the bank shows the following section
very perfectly :—[Plate I, Sec. 2.

Section 2,—

Prairie sod.

L Mixed shale and Griff....c..iovioireisioer s
el G e P SR e e S
3. Greyish sandy shale (about).
SR I VL e SO RO R 16
5.

14
6. 4
s 9
8. R bt AL e LT s e e i &g
Oy Ol BT e e 1 0 i e B il ke A i
U BT SR R e e L) Ssieerernsvere ivirhess 1
11. Grey and yellowist laminated sandy clay.. 5
L2 ATOHSIORE (HOUHIAY Y scoxvicooeseominsr omss ooiiss e 3
IS Ingnite. v R e ] s
14. Carbonaceous shale.... 106
15. Lignite............ & 12




16, Grey BB T BIAY i ool avie i et ninsithsevevsstarssvesty 2

17, LAgDIte. oeesveicoininimmmiuiiiinisiniossnntiessacsnensinsmens sosenassnasmmmnsane Rl
18. Sandy underclay withlarge and smallroots badly preserved. 1° 6~
i 8 01 g S LA SR T S et oV R G S = ST 3 2

20 GreyIBRNEHEAY | SRy L e R T L R

The lower lignite beds are of excellent quality, firm and compact, and in
some a ¢ es shew spots of fossil resin. The structure of the component
wood is also in many instances very plainly apparent. The upper lignite
lying immediately below the surface, is soft and decomposed where exposed,
being in many places penetrated by roots from above. It might, however,
prove equally compact with the lower beds where undisturbed. Layer 18
is almost the only case observed in which lignite is seen to lie upon a
* pretty evident underclay with roots. The ironstones are specially good
and compact in this section. Owing to the wearing away of the softer strata
a large quantity of this material strews the surface of the hillside.

This section does not seem to correspond at all with the last, though
situated only a few hundred yardsfrom it: and if no fault or break in the
strata intervenes (and there is no appearance of any such), the horizontal
uncertainty of the deposit must be very great.

Fragments of a material resembling scoriaceous lava and vesicular in
structure are very plentiful in this locality, as elsewhere in the region of
country occupied by these lignite strata. On examination, however, it is
seen that this is really a sort of clinker produced by the combustion of
parts of the lignite beds ¢n situ, and the consequent fusion of their proper
ash and portions of the surrounding shales. Such fires may either be
caused by the ignition of the beds by prairie fires,and fires of Indians’ or
traders’ camps, or by the spontaneous combustion of the lignite where
undergoing decomposition at the out-crop. The latter, however, seems
improbable, asiron pyrites, the usual cause of such spontaneous combustion,
is almost entirely absent from the lignites which I have examined chemi-
cally. [Plate II, Fig. 1.]

In one place the top of the bank shews an amphitheatrical depression
a few feet below the general prairie level. In front of this the bank was
Strewn with many and large fragments of lignite clinker, and it was appa-
rent that the upper lignite bed (already mentioned as being almost at the
surface,) had been over this area entirely consumed. Fires similar to
these have been mentioned as existing in coal and lignite beds in the
western part of America, from near the Arctic Sea to the frontier of Mexico,
by McKenzie, Richardson, Johnston, Lewis and Clark, Hayden and other
travellers, and appear to have been common in the Tertiary and Cretaceou
strata alo1; n» eastern flank of the Rocky Moun .
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Nearly three miles south of the last mentioned locality, another very good
section is exhibited on the right-hand side of the valley, and where the
Souris, in one of its many devious windings, has undermined the foot of the
bank. = This section is specially interesting, as affording one of the best
localities for the collection of the shells of Mollusca characteristic of the for-
mation. The section is as below, measurements being estimated :

Section 8.—

Sand and sandy clay, stratified, and yellowish in general

volonrl it i 40
Lenticularmass of poor ironstone, running out rapidly in
both directions............... : i
ey sand - Al Ll LA il
Shellabed savarianil.. idu o 1 a6
T R RN g L
Sand and clay 10
58 6

‘he shell bed is of hard grey sandy clay, and in some places is very full
of shells, which are also less crushed and in a better state of preservation
than is usual in this formation. A species of Melania is the predominent
molluse. A second species of the same genus also occurs, with fragments of
a Paludinaand Unio, anda Corbula, closely resembling if notidentical with
Corbula (Potamomya) mactriformis, M. and H., which must be considered
a brackish-water type, and occurs in the lignite formation of the Missouri.

In the water of the stream at this place are several large spheroidal
sandstone concretions which have a tendency to split into layers parallel
to their flattened surfaces—one of them measuring four or five feet in diame-
ter. These do not appear in the bank, but possibly may 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 posi-
tion occupied by Wood End Depot, an exposure, showing the most valuable
lignite bed I have seen in the Souris Velley, is situated. The beds are
arranged thus :—[Plate I, Sec. 4.]

Section 4.—

1. Drift material about..............

2. Yellowish and grey stratified sandy cl
most places by slips of the bank

W
&
)
SA
&

4. Grey soft unctuous sandy BIAY il et e 1" or more.

Thebottom of the lignite is about twenty-five feet above the level of the river
below, and this part of the section, though apparently consisting of yellow-
ish sandy clays like those overlying it, is obscure. The lignite is contin-
uously 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
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often crumbling, and mixed with clay which has penetrated its joints from
above ; but where freshly exposed, itis hard and compact. It is quite black
on freshly fractured surfaces, but hasa brown streak, and in many places
the structure of the original wood is still quite discernible. Some surfaces
are strewn with fragments of mineral charcoallike that found in some true
coals. Other specimens are apparently structureless, and resemble cannel
coal in appearance though not in composition. The upper beds of sandy
clay yield a few poorly preserved shells.
On the opposite side of the river valley, near thisplace, the upper par

of the bank shows a good section of sand 7 clay, below which, and some
fifteen or twenty feet below the prairie lcvu, is a seam of lignite of good
quality ard four feet in thickness. This lignite bed would seem to occupy
a position btra*l/vrap ically superior to the last.

Section 5.—Somewhat further up the stream, and on the same side of
the valley about sixty feet below the prairie level, and sixteen feet above
I

1

the river, a bed of lignite occurs of which the upper three feet only are visi-
ble. The bank above it is not wellexposed, but appears to consist of sandy
clays. The ]ig;nite 1s of good quality but much weathered at the out-crop.
From this place lignite was obtained and taken to the smithy while the
Depot was established at Wood End. It was, however, found difficult to
obtain a welding heat with it, which may have been due, at least in part, to
the damp condition in which the lignite wasused. The same difficulty has,
however, been found almost fatal to the use of similar fuel for smithy
purposes, further south, and in the line of the Union Pacific Railway,
(Hodge’s Report). This seam may very probably represent the continu-
ation of that included in Section 4.

The whole of these deposits, though in some places showinga dip amount-
ing to a few degrees in one direction or other, appear to have no determi-
nate direction of inclination, but to be over large areas as nearly as possi-
ble horizontal.

Section 6.--Sections more or less perfect are exhibited in many places in
the Souris Valley,a mile or two west of the entrance into it, from the south,
of Short Creek, and more especially on the north side of Lhc valley. They

show a great similarity, though not absolutely the same in any two places.
One of the most perfect exposures seen was the face of a bank from sixty to
seventy feet high, and consisted of sand, sandy clays, and hard fine clays,
very regularly and perfectly stratified, and coloured in various shades of
yellow-grey, grey and light drab. At two different levels harder sandstone
layers of small tmcknon were seen, and also three distinct beds of lignite

The lowest is a hard compact lignite resembling cannel coal in aspect, and
two feet three inches thick. A few feet above this a second seam,
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eighteeninches thick, occurs, and still higher in the series, and about half-way
up the bank, a third, of the same thickness. At the top of the bank some
large nearly spherical sandstone nodules rest, and have evidently been
derived from a superior bed which has been removed by denudation. The
clays and sandy clays at several different levels include remains of mol-
luses, but these are very fragmentary, having been crushed by the com-
pression of the containing material. A unio-like bivalve preponderates,
and gasteropods are comparatively rare.

On the opposite side of the Souris Valley, which is here of considerable
width, and not far from the last mentioned section, soft sandstone beds,
capped by a harder layer also of sandstone, weather into table-like forms.
These beds are doubtless the representatives of those which, a few miles
eastward, produce the Roche Percs. Short Creek, already mentioned as
an affluent from the south, shows many sections of the lignite strata. The
banks of the stream have assumed the most picturesque forms from suc-
cessive landslips, and are often quite red in colour 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 waggon trail, and extends from nearly the level of the prairie
almost to the water of the stream. [Plate II, Sec. 7.]

Section T—

S 1:4g%

2. Yellowish coherent sand, grey externally, and holding some

much broken Unio-like shells at its bage.................... . 12" ¢

I O L T 2’ 10~

4. Yellowish and greyish thin bedded sands and sandy clays,

With several very thin ironstone layers, weathering orange-
Tediesternally. . oo o i 6

S ardralays b L s 2 4

6. Similar to No.4.,with decayed fragments of gasteropodous shells 12’

7. Also similar to No. 4, but with a great number of thin iron-

IS e SR R el R

8.

9. 2
10. ¢
11 97
12

- Greyishsand and sandy clay, showing lines of stratification.
In some places soft and incoherent, in others with large
concretions, and sometimes forming a nearly solid sandstone

il R e S

14. Greyish yellow clay with many thin layers of orange-weather-

ing ironstone... ..

15t Ingutte e v

16. Greyish and yellowish hard sand and sandy clay..

Section concealed by slope of detritus, about

B ©
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Small spherical ferruginous nodules, resembling bullets, occur in consi-
derable numbers at the foot of the bank. They have a calcareous cement,
and are derived from one or other of the sandy layers. This exposure is
remarkable for the very gentle graduation of one bed into the next,
making it almost impossible to draw lines between them in a measured
section.

On the south side of the Souris Valley, and a short distance to the
east of the valley of Short Creek, the Roche Percé group of rocks is situ-
ated. This locality has already been described by Hector and Palliser,
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. (Palliser
Expl. N. America, pp. 49 and 225.) Dr. Hector did not obtain any
fossils from the rocks of this neighbourhood but sedge-like leaves, and
doubtfully connects them with the Missouri Lignite basin or transition beds
between this and the Cretaceous. The former supposition may now, I think,
be considered as fully confirmed by their resemblance to and connection
with undoubted Lignite Tertiary rocks of the regions further west, and
also by the nature of the molluscous forms of associated beds. The rocks
themselves, which have long been objects of superstition to the Indians in-
habiting the surrounding country, owe their curious forms to the weather-
ing away of a soft grey sandstone from below a bed of similar rock which
weathers yellow, and is rendered durable by an abundant calcareous ce-
ment. Both the upper and lower sandstones show false bedded structure 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 N.W. and S.E.
direction, and separated by spaces more easy of disintegration. There is
also a system of cross-jointing nearly at right angles.

This combination of structures has given rise, under the long continued
action of the weather, to the remarkably castellated, fantastic and pictu-
resque 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 cross-joints, has in several
places produced window-like openings through them. The soft rock bears
in many places rude Indian carvings representing various animals and birds,
strings of beads, &c.

The north side of the river valley, for some way up and down, is fringed
with weathered sandstone rocks, similar to, though not so striking as the
Roche Percé. The whole formation would seem to have a slight dip
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toward the south, and in this case the section in Short Creek, previous-
ly given, would overlje the Roche Percé sandstones.

The Souris Valley, for about four miles E, of this place, continues to show
Tmerous sections of the usyal clays and sands, and hardened sandstone
beds,—the latter in one place nearly three ‘miles east from Roche Percé
forming a group almost equally picturesque with it. Rather hard sands
and sandy clays are geen in several places to underlie the sandstone beds,
and one of these wag found to be filled with well-preserved specimens of 2
peculiar Paluding. About a mile farther east the valley changes its cha-
racter considerably ; the hanks formerly scarped and clayey are replaced by
regular grassy slopes, and, though followed for a distance of ten or fifteen
miles beyond thig point, yielded no further sections. This change Iam at
present disposed, in the absence of more certain data, to consider as indi-
cating the passage from the Lower Tertiary beds to the Cretaceous. The
eastern edge of the out-crop of the harder beds connected with the Roche
Pereé also appears to be indicated by a slight, though pretty well defined
step in the level of the prairie, which may be considered as the first gentle
rise of the Missour; Coteau,and runs about 8., to the boundary line, which
1t crosses near the 240 mile point. The spring known among the Half:
breeds as St. Peter’s Spring lies at the foot of this step not far north of the
line, and is probably connected with the Junction of the more permeable
sandstone beds with the underlying impervious clays. It is possible that
lignite coals of Importance may exist on a lower horizon than this, and in
beds showing a more decided approximation to marine deposition and cre-
taceous forms of life, in which case their out-crop would occur still farther
to the east. It is not, however, very prcbab'e that this is the case, as the
Investigations of Hayden and others sou h 0’ the line seem to show that in
the eastern region the deposition of lignite did not commence til] the
conditions of the Cretaceous formation had distinctly passed away.

Sections on Missouri Coteau, west of 263 Mile Point

Westward from the 263 mile point, no sections of either Cretaceous or
Tertiary rocks, so far as [ have been able to examine, occur in the vici-
nity of the boundary line for nearly 80 miles. The valley of the Souris,
when followed in this direction, rapidly becomes more open and shallower.,
Scarped banks are rare, and such as do occur seem only to exhibit a great
thickness of drift material. It would seem that the absence of the
harder beds associated with the strata already described had allowed
the erosion of the beds toa great depth. The country also rises some-
what rapidly, and it is not till after having passed through the drift-hills
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of the Coteau, and at a height of about 700 feet above that of the former
sections, that the underlying rocks in the form of the Lignite Tertiary series
are again exposed. Here, however, in a large valley crossing the line at
the 345 mile point, which is the most eastern great channel of erosion that
crosses the 49th parallel towards the Missouri river, the rocks of this forma-
tion are exposed on a grand scale. The lowest beds seen in this valley
are curiously banded clays and shales, clay beds charged with plant
remains and carbonaceous matter, and having quite a purple tint when
viewed from a little distance, alternating with clays, nearly white, and
yellowish sandstones. Above these comes in a sandstone layer which,
though of no great thickness, has in several places produced curious con-
ical mounds by forming a protecting capping for the softer strata below,
these again forming slopes or nearly perpendicular steps according to their
relative hardness, which, taken together with the remarkable and distinc-
tive colouring of the beds, gives a very striking and peculiar aspect to the
scenery. Above the sandstone capping of this lower part of the section,
is a great deposit of sandy clays and concretionary sandstones among which
three beds of lignite of various thicknesses are intercalated. The beds
are almost horizontal, but undulate at lcw angles, and the valley of the
stream appears to occupy, in the main, the centre of a shallow synclinal
fold.

The 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 yel-
lowish-grey colours, and well stratified. They contain thin leaf-beds at
several different levels, which are prominent from their grey-purple colour,
but, though containing very many dicotyledonous and flag-like leaves,they
do not yield recognisable specimens, from their soft and crumbling nature.
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 8 feet
or more in thickness. It would appear to be of fair quality, though much
decomposed and quite crumbling at the out-crop, from the action of the
weather.

The next is about 120 feet above the same datum, and can be traced a
very considerable distance along the face of the bank ; itis five feet in
thickness, but includes, at the place examined, several thin layers of
carbonaceous shale ; and, though of good quality in places, not appearing to
have the same uniformity in the various layers that is generally found in
the coals of this region.

The lowest lignite is some seventy-five feet above the tase of the sec-
tion and is only a few inches in thickness.
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By diligent search certain parts of this upper portion of the section
may be found which contain quite numerous, though in general very badly
preserved remains of molluscs, which appear to be such as would indicate
the deposition of the beds in purely fresh water. A peculiar angular Pa-

Judina and a Melania, apparently specifically identical with that already

noticed as occurring in the Souris Valley sections, are the most common.
Section 8.—The complete section may be thus represented.

1. Upper part, yellowish sands and clays, lignites, &c.............. 150’
2. Hard grey and yellowish, somewhat false-bedded sandstone,
forming a « capping rock ” to beds below (about)..........s 3
3. Greenish yellow, finely bedded fine sand....................... 15"
4. Soft yellowish sandy Gy A A o B e il G R
5. Greyish and yellowish hard-bedded clay waeiie BetUE
6. Blackish thin-bedded clay or shale with plant remains......... 5
7. Greyish thin-bedded clay, becoming darker toward the top
(plant remains) gmdué.ting 5V G e b s 107
8.

Hard, pale brown, compact clay, with very few plant remains. 1° 4~
9. Hard whitish clay with some plant remains, and a scattered
layer of heavy ironstone ballg about a foot from the top 9
10. Thin-bedded greyish and blackish hard clays, with leaves,
and some small bunches of selenite crystals..................... i
11. Fine bedded clay filled with leaves and plant remains, hard
and rusty in the upper portxon
12. Grey hard sand with charcoal-like fragments in some places. 3
13, Tronstone with many plant remains, mostly sedge-like blades, 3"
14. Soft grey clay

0

200 17

The lower part of the section forms g group well distinguished by its
colour and the perfection of its stratification from the upper, and often
endures, protected by its hard sandstone (No. 2) when the more
crumbling upper division has been removed. The plant remains, though
oceurring more or less throughout the whole section, are best preserved in
the lower purplish layers. They consist chiefly of leaves of dicotyledonous
trees which appear to have fallen whep mature, in the course of nature,
and with the change of the seasons, and floated without violence to the great
lake in the fine shelly deposits of which they have been preserved. Leaves
and small branches of coniferous trees are also common, They belong
chiefly to the genus 7, azites, and one variety seems to be specifically iden-
tical with that subsequently to be mentioned as occurring in the Porcupine
Creek section. . Sedge and flag-like leaves and stems are also abundant,
The leaves of deciduous trees appear to resemble more closely those

figured by Lesquereux forthe F ort Union region than they do those ob-
tained from Porcupine Creek, and are probably older than the latter,
having in some cases almost 3 Cretaceous facies.
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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 4n situ of the deposits of lignite. The slag or clinker produced
in the same way is also to be found here, though it was not observed
actually in place.

Section. 9.—A section on the west side of the valley, and almost exactly
where the 49th parallel crosses it, shows in a bank about thirty feet high,
toward the base, several layers of concretionary ironstone, each of a few
inches in thickness. The top of the bank, (which is merely an outlying
projection from the base of the high and steep slope bounding the valley)
holds a seam of lignite four feet thick, with, however,a few shaly partings.
Thisbed would have passed unnoticed, but for the fact that the little mar-
mots had been burrowing into the crumbling bank, throwing out heaps of
black material at the mouth of their holes.

The next stream crosses the line at the 351 mile point; it also flows
through a deep valley of erosion, and may be called Pyramid Creek, from
a remarkable pyramidal hill formed of the usual clays and sands, capped
by a portion of a layer of hard grey sandstone, the cement of which is cal-
careous. It has a tendency to break into large quadrangular masses along
intersecting jointage planes, and shows conspicuous false-bedded structure.
Below this is a thickness of about fifty feet of rather incoherent fine yellow-
ish sand sometimes rather argillaceous. This, producing a sloping bank, is
not very well exposed, but constitutes about one-third of the thickness of the
beds exposed in this valley. The middle third consists of soft crumbling
sandstone or compact sand without any apparent cementing matter, and
of which the constituent particles are rather coarse, contrasting strikingly
in this respect with the overlying material. It shows evidence of having
been deposited by water in rather rapid motion, through its entire thick-
ness; but the false bedding is very definitely cut off at many different hori-
zons by perfectly horizontal planes, above which it again commences. The
weather acting on these beds causes the hill sides composed of them to
assume a well-marked terraced appearance on a small scale, each horizon-
tal break producing a terracelevel. The sandstone contains here and
there a few badly-preserved shells, among which can be recognized two
species of  Mania, fragments of Paludina and of Unio. In one place a
layer of ironstone, about three inches thick, is seen to run for some distance.
The most noticeable feature, however, of this part of the section is the
remarkable concretionary character of some layers of the sandstone
The concretions are hard, and of all shapes and sizes. Some are spherical,
many are flattened spheres, and two or more of them are often confluent
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forming dumb-ball like masses or more or less continuous sheets of a lumpy
character. Many are long and root-like, and project curiously from the
bank. The sandstone is so soft in some places that the sand-martens have
been able to make their nests in it; and where these have been abandoned,
the wind forming an eddy, and carrying with it loose sandy particles, has
enlarged them into cavities resembling in shape the pot-holes found in
rocks below rapids and waterfalls.

The lower third of the section in this valley is, as seems often to be the
case with the lower layers of these rocks, much more clearly defined, and
divided into thinner beds in which dark colours predominate. Altogether
the section here much ressmbles that seen in the last great valley ; the
lower beds of this probably correspond with the purplish leaf-beds there,
and the great thickness of sands and sandstones above correspond in a
general way ; though in this place they differ in the absence, so far as could
be ascertained, of bedsof lignite. The layers of hardened sandstone must
also in this case occupy different horizons in the two sections, but this is
not to be wondered at,when the extremely local, and indeed often nodular
character of the induration is considered, and the fact that it merely
depends upon the introduction of a small proportion of calcareous cement
among the particles already compacted by pressure.

Section 10.—The whole section in Pyramid Valley may be represented
thus :

1. Hard capping sandstone, (several A e e R SN

2. Soft yellowish sandy beds forming a sloping bank, about... 50

3. Softsandstone, grey, false-bedded, about 50

4. Stratified sandy clay..........c.oovovrss . 3

5. Purplish plant-beds with thin layers of lignite and much gel-
enitein thin sheets, isolated crystals and stellar groups.... 3

6. Lignite, with many spots of amber.. 1555

Purplish bed with a few plants
Grey slightly coherent sand, with nodules of arenaceous
SRR N S R 4

0 -3

9. Purplish bed with obscure remains of leaves. 4

10. Incoherent arenaceous clay and sand................. I AL
11. Purplish-grey arenaceous clay, with obseure plant remains

BRI YOI WOOR. o it i, e i i 3

12. Brownish clay with ferruginous layers............. P

A3 o LATTONG s o 1

14.  Brown earthy ked...... 6"

15. Grey somewhat coherent coarse sand, with argillaceous mat-

Lin R S i S g d 144

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




fly¢

The occurrence of gypsum as selenite is nearly always in association with
plant-beds, and generally with those holding many half-
table remains and of a purplish shade.

A few miles westof Pyramid Creek several hills are capped with heavy
and hard sandstone beds, a feature quite exceptional in a country so gently
undulating. These do not appear to be quite horizontal, but have a gentle
dip to the west. They may be equivalent to the capping sandstone of the
Pyramid Hill, but more probably are yet higher in the series.

Ten miles west of Pyramid Valley, in the upper part of the v
another stream, yellowish and

obliterated vege

alley of
grey stratified sandy clays are again seen
but are not perfectly exposed. At one place a layer of hard ripple-marked
sandstone is exposed, the ripple-marks beiug about an inch and a half
wide and very perfect, and indicating a current North-west Magnetic.
With the exception of this exposure, the underlying rocks are nowhere
clearly visible in the vicinity of the line from Pyramid Valle
Creek, a distance of about 85 miles;
crossed about midway, but its val

¥ to Porcupine
one very considerable stream is
ley is very wide and with gently sloping
banks. Highlands appear to the north, and may possibly show sections of
strata overlying those seen in the banks of the streams,

but I was unable
to reach them, as both ia going and returning

; the ground, especially in the
vicinity of these highlands, was covered with snow, which rendered travel.
ling very slow and toilsome.

Beds exposed in Porcupine Creck and tributary valleys, Jrom the 385
Mile Point to about the 391 Mile Point

Many partial sections occur in this vicinity. Lignite is seen in three
places near the line, and just above the level of the brook in each inst
The exposures seem to belong to the same bed, and if 50,
its horizontal extent can be traced.

The lignite and associated beds undulate slightly in all the sections; the
lignite decreasing from four feet in thickness in the most northern bank to
one foot in that furthest south. The overlying rocks consist of yellowish
and grey sands and clays, well stratified and much resembling those forming
the upper part of the section in the 345 mile valley. (Pl IL)

The best exhibition of these strata was obtained in a bank about forty feet

in height on removing the decomposed material from the surface,
Lection 11.—

ance,
nearly a mile of

1. Soil.

%0 BHIteong pebble drifh: ik aniaiiii i o e s Several feet,
3.  Soft greenish sandy clay 2" or more
CIaR S L RS e a eb o ESN el SS i AR
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5. Rusty crumbling sandy N R S IR S 6
6.  Grey clay with some plant remains.......... il 9
7. Grey clay with well preserved dicotyledonous leaves 15787
8. Impure ironstone in concretions..................oesvoervon.. 3¢
9.  Yellowish sand and sandy clay with obscure plant remains.. 9
10.  Greyish and yellowish fine BRI CLEY:C ol oo, s 15
1L~ Scattered layer of small ironstone balls.................. .
Ldes STy aing SARAT OIAT. . iihsve oo dosn ded S it bt a5 el
13.  Rusty layer with crumbling plants............................ 3
S rseni o b Sl el e et 4
15.  Detached masses of lignite shewing the form of flattened tree
teanlss caboptiey it s ool b b D 4
16.  Yellowish grey fine sand.............. 6
17. Grey clay with plant remaing 4~
18. Lignite, not of best quality. The grain and form of compo-
nent wood generally clearly perceptible. Bed undulating 3" to4
19.  Soft grey arenaceous e A e et L 1102
About...... 3I

The vegetable remains imbedded in the rocks overlying the lignite are
mostly those of deciduous trees, and in certain beds are very perfectly pre-
served. Lignite 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
most interesting and important section, however, in this region, is that which
occurs in a valley joining that of Porcupine Creek from the west, which
exhibits a bed of lignite eighteen feet in thickness, and has also yielded some
of the most perfect and curious remains of plants. The bank in which this
out-crop is situated is over half-a-mile south of the line. The beds are
arranged thus: (Plate I, Sect. 12.)

Section 12.—

1. Surface 3011 i
2. Siliceous pebble drift.......... . S S L Kt e e S Lo
3. Yellowish and grey sandy clays well stratified, but some-

what soft, s A R 9
R 9

5. Banded clays, yellowish, grey and purple, with well preserved
remains of plants and in some layers much crystalline
A SRR R SN L

6. Lignite, weathering soft, some lay
rotten and brownish. Formg steep slope.........

7. Lignite, hard compact, horizontally laminated, but also

breaking into large cubical blocks along vertical plancs... 8§
Sof't grey sandstone much jointed, and breaking out in pieces

bounded by plane faces, some vertical and soms oblique.

Holds root-like remains and gives issue to Springs of water.. 5’

(%]

10

o

L
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Though undulating a little, the strata have no true dips, and are as nearly
as possible horizontal on the large side.

The lower part of the lignite bed is very compact and tough under the
pick ; it holds in some layers many drops of amber. The jointage planes
form a conspicuous feature, and were not noticed in anything like the same
perfection in any other lignite beds examined. The divisional planes
cause the coal to break off in large cubical pieces which encumber the
stream atits base. Some of them shew thin seams of white gypsum, and
in one case a thin film of iron pyrites was detected, being the first appear-
ance of this mineral in connection with these lignite deposits.

The plants inlayer (5) are in a beautiful state of preservation,and, when
the clay is first split open, show every vein-mark in perfection, not only in
the larger and coarser leaves but in delicate ferns which are here unusually
common. The matrix is, however, unfortunately very soft ; it crumbles
easily, and tends to crack on drying.

This section also exhibits the first and only distinct instance of disloca-
tion which hasbeen observed to affect these beds. The eighteen foot lignite
and associated strata are seen to have been brought to their present position
by a downthrow fault, and on the other side of the Creek their place is
taken by underlying sandy clays. (Plate I.)

The southern side of the valley, opposite this great lignite bed, is broken
down and forms a gentle though irregular slope, which is encumbered by
many large, strangely shaped and coloured blocks of stone, much harder
than any rocks occurring in the neighbourhood, and in pieces larger than the
drift-blocks found in the region. They proved on inspection to consist
of masses of beds such as those associated with the lignite, but indurated
by its combustion, which has also caused the interruption in the edge of
the valley. About a fourth of mile east on the same valley the great
lignite is again exposed, and apparently in much the same development
and association.

A considerable number of specimens of fossil plants from the vicinity
of Porcupine Creek have been preserved, though all in a more or less
shattered condition. I am indebted to Principal Dawson for a preliminary
examination of these. The following genera are represented by clearly
recognisable specimens : Onoclea, Sphenopteris,Phragmites, Trapa ? Thuja,
Sequoia,  Glyptostrobus, Populus, Salix, Fagus, Alnus, Platanus,
Rubus ? Hedera? As far as can be ascertained these generic forms and
some of the species are identical with those characteristic of the Tertiary
beds of the Western States, which have been catalogued and described by
Lesquereux and Newberry. The fern Onoclea sensibilis is* especially
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abundant. It is a species still living, and recognized by Newberry in the
Tertiary of Nebraska, and by the Duke of Argyll in that of the Island of
Mull. The Thuja, also common, is identified by N ewberry with his 7%.
articulata. It will be well to leave the specific determination of these
leaves until the appearance of the volume now in the press on the plants
of the U.8. Tertiary by Dr. Newberry. In the meantime they may be
stated to correspond’ very closely with the plants described as oceurring
in connection with the Lignite Tertiary, called by Hayden, in its southern
extension, the Fort Union group.

General Remarks on the Lignite Formation.

It would seem premature at the present time to enter very fully inte
the discussion of the general relations and limits of the lignite-bearing
series of rocks, as another season will probably afford much additional
information of value in this direction.

The formation is, however, undoubtedly an extension of the Great Lignite
or Fort Union group of strata of Hayden, which, as developed in the West:
ern States and Territories, has been fully described by him in his various
reports (Annual Reports Geol., Sury. Territ., 1868 to '72). These strato,
inmediately succeeding the Cretaceous rocks, are the lowest American
representatives of the Tertiary series, and have been called for this reason
Eocene, though it is impossible to affirm that their deposit was more
than approximately synchronous with that of the Eocene as constituted
in Europe. The flora of the Fort Union group indeed, according to
Newberry and Lesquereux, who have examined the collections of the
various western expeditions, has, when compared with European forms,
a Miocene aspect, and the animal remains, which are chiefly those of fresh-
water molluses, do not form a very trustworthy criterion in regard to age.
The advent of the Tertiary period in the western basin of America
appears to have been contemporaneous with the change of the inland sea
from salt-water to fresh-water conditions.

The change in character of the Fauna is thus, taken broadly, a good
mark by which to distinguish rocks of Cretaceous and Tertiary age, though
it would appear exceedingly probable that the Cretaceous forms were
brought to a rather abrupt end by the change in physical conditions, so
far as regards the area in question. It will suffice then at present to
correlate these beds with those of Hayden’s Lowest Tertiary or Fort Union
group, which is largely developed southward in Dakota and Montana,
and to which also the smaller isolated lignite basins, now beginning to be
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largely workedin the neighbourhood of the Union Pacific R.R. in Wyomin ,
&e., are believed to appertain, though it is probable that a part of these
may ultimately be attached to the Upper Cretac¢eous with which the lower
beds show a marked stratigraphical and zoological connection. The
sections in the vicinity of the Roche Percé seem to belong to the lowest
part of this formation which is exposed in the vicinity of the line, and con-
tain the only molluse found which is known to live in salt or brackish
waters, the Corbula already mentioned. Hayden's sections, however, show
that southward, over large areas, the Lowest Tertiary beds are .charac-
terized by abundant remains of Ostrea associated with lignites—a circum-
stance which would indicate still more markedly marine conditions, and
which would appear to lead to the conclusion that there may be a small por-
tion of the formation still lower than the Roche Percé series which has been
so soft as to yield to eroding forces and become concealed beneath the
drift formations. The beds in the Souris Valley and near the Roche
Percé arein great measure arenaceous, and many of them appear to indi-
cate rather disturbed water, both from this fact and the frequency with
which some of the molluscs have sustained fractures of their shells during
life. Nothing, however, in the nature of a conglomerate is found, and even
the sandstones can rarely be considered coarse. The beds here are also
not of great thickness individually, and succeed each other rapidly, as will
be seen by the sections. In this they resemble the lowest part of the
sections seen further west in the 845 Mile Valley and Pyramid Creek,
though, from the great distance entirely concealed by drift deposits be-
tween Roche Percé rocksand these exposures, it is impossible to identify any
particular bed or series of beds. Indeed from the estuarine character of the
formation, asa whole, and the rapidity with which individual strata are
seen to change when followed for short distances, no such close paral-
lelism is to be expected. The sections exhibited in 345 Mile Valley and
in Pyramid Creek, 6 miles apart, show, however, a very close general re-
semblance, each being composed at the base of purplish and whitish sands
and sandy clays, passing upward into beds of almost pure and but slightly
coherent sand, and the highest beds seen being formed of yellowish soft
arenaceous clays without much evident stratification. The furthest west
exposures seen, those in Porcupine Creek and neighbourhood, may belong
to a still higher part of the series, though it is probable that no very great
thickness of beds is represented by the sections over the entire area
examined. The rocksin many places seem to be absolutely horizontal, but
very generally show slight dips in one direction or other, which, when fol-
lowed a short distance, prove to become reversed and to arise merely from a
gentle undulation of the beds.
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A scarped bank rarely presents itself in the area covered by this for-
mation without exhibiting one or more beds of lignite, and these vary in thick-
ness from a few inches to eighteen feet. The entire number of beds thus
seen was very great, but, in the absence of trustworthy data with regard to
their equivalency, it would be misleading to enumerate them. The lignites
seldom show intercalation of shale or sand, and, though some of them may
have been formed from accumulations of drift-wood in shallow water itis dif-
ficult to understand how such collection could go on for long periods with-
out the contemporaneous deposit of sandy or muddy matters which would
have been suspended in waters moving with sufficient force to convey the
wood. It would also appear difficult under this theory to explain the
regular and even superposition of the sandy and clayey beds which overlie
the lignites, and the fact that these do not send extensions downward into
them, as they must have done if formed above a tangled mass of trunks
and branches of trees. It seems likely, therefore, (though layers like true
root-beds were only observed in one or two instances to underlie the lignit
beds) that at least the majority of the lignite beds were produceel by the
growth and partial decay of trees, and also perhaps of peaty matter from
swamp mosses, in the positions which they now occupy. Their method
of formation would, therefore, agree with that already proved for coals of the
true Carboniferous formation. This is rendered more probable by the
circumstance that lignite beds are sometimes immediately covered by
beds holding leaves of trees, ferns, and grasses, a fact which has been
noted by Hayden and others with regard to the lignite beds further south,
and which is also found to obtain with coal beds of the Carboniferous
period.

Composition and Practical Value of the Lignites and Ironstones.

The coaly material of the beds above described is, for the most part, true
lignite,as distinguished from brown coal, being composed offlattened and car-
bonized tree-trunks. The fossil woods associated with the plants, and which
can be recognized in the mass of the lignites themselves, are all Conifer-
ous, and may, from their structure, have belonged to the species of
Thuja and Sequoia represented by the leaves found in the accompany-
ing clays. I have made some assays of the lignites, for the purpose of
ascertaining as far as possible their economic value, and in doing so have
not thought it necessary to confine my examination to those beds only
which are of workable thickness, as a general comparison of the various
seams, thick or thin, is of more value in giving an idea of the average
quality of the lignites of the formation now known and those which further
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exploration may bring to light over the same region. The analyses,
therefore, include a selection from the various sections, and several beds of
good quality and thickness are unrepresented.

The lignites all contain, when in the bed, a very considerable percentage
of hygroscopic water, and even those which are very hard and tough under
the pick at first, when exposed to the air tend from the loss of water to
crack into angular fragments or split up along the layers of deposition.
The same phenomenon has been observed with similar lignites mined on the
Union Pacific R.R., and it is found necessary to preventloss from this slack-
ing to convey them to their destination as soon as practicable after their
extraction from the mine. The lignites gencrally present a rather
unpromising appearance in the banks where they crop out, from the fact of
their having undergone superficially a certain amount of fissuring and the
interstices being filled with clay from above. When followed inward a few
feet however, they usually become quite solid and compact. They vary a
good deal in appearance, some beds having a dull lustre almost like that of
cannel coal ; others, and this is perhaps the most common form, have the
same black colour on faces of fracture, but tend rather to split parallel to
planes of deposit andshow on careful examination distinet traces of the medul-
lary raysand rings of growth of the component wood. Other samples have
almost a shaly appearance, caused by numerous layers of mineral charcoal,
which is present in small quantities in nearly all the beds. Amber spots
are common but generally quite small. The lignites do not soil the fingers
like ordinary bituminous coal. Their powder is generally a dark shade of
brown but sometimes quite black.

They all yield easily a dark brown solution when treated with caus-
tic potash. The lignites from various beds might be designated by such
names as pitch coal, brown coal, lamellar brown eoal, &c., but it seems
better, as they pass by easy gradations from one variety to another, to
class them under the generic term lignite.

In this connection it should be mentioned that though some authors have
persistently used the term coal for the fuels of the Tertiary formations fur-
ther south, the name is mineralogically inapplicable, from their composition,
to all but one or two which appear to have been altered by local outbursts of
igneous rock. i

Though giving below the actual amount of hygroscopic and combined
water as found by analysis, it must be premised that it depends entirely on
the conditions to which the lignites have previously been subjected, and
that, by prolonged exposure to dry air, it might have been in many cases
very considerably reduced. I have, therefore, thought it advisable in
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another place to reduce the results of all analyses to correspond to a certain
percentage of moisture, that they may be better compared with each other
and with foreign lignites. The high percentage of volatile combustible
matters renders the difference due to slow and rapid coking in some cages
very marked.

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

Conchoidal fracture with rather dull surfaces and resembling cannel coal,
ash reddish-white.
_ By rapid coking.

38.90

100.00
Souris Valley. Section 2. Layer 19. A weathered specimen Separating

into laminae horizontally. Clay from overlying bed filling fissures. Ash
yellow-brown.

By rapid coking.
4

38.35

100.00
Souris Valley. Section 2. Layer 17.  Weathered specimen. Black,
compact, with shining faces. Ash yellowish.
By rapid coking.

28.01

100.00
Souris Valley. Section 2. Layer 10. Lustre dull, separating along
horizontal planes. Ash light yellowish,

By rapid coking.
i i T e SRR 14.90 s
bt Y e i A 36.94 36.68
O IR ik o L 17F o 5 b 42,98
EIBEIsosoniss ottt it S o3 5.18
100.00

Souris Valley. Section 2. Layer 2. A weathered specimen soft
and crumbling. Ash greyish-white.
By rapid coking.
V&ater veviinmnnnee 17.97 i gL
.......................................... ...32.86 30.10
cevennnne.. 44,56

Fixed carbon

100.00
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Souris Valley. Section 5. Black compact lignite with much woody

structure apparent. Ash yellow.
__ By rapid coking.

Fixed carbon..... .42.48 34.07
Volatile matter....... 9.99

100.00
Souris Valley. Section 4. 7T foot seam. Hard compact black lignite,
breaking with pseudo-conchoidal fracture, and showing traces of structure

of wood. Ash yellowish-white, light.
By rapid coking.

R s iiiin b i S s sver it S st R s ey R eet meru 15.11
NS . Ut 1) o JUEE SRS SOV ENENT S SRERSRE R SR ERR T e e SHS Y 4.67
Volatile matter...... R CLEI0 QR S GRS NP e e et 32.76

100.00

Section 8 Lowest Lignite. Weathered specimen, crumbling. Ash grey.
By rapid coking.
W ALBE soovesdormsothcnmtonenos iani rei b sksh voano s Brisunsposvasrasass 18.74
Fixed carbon. 35.69 30.04
Volatile matter ...40.54
dshizn. o 5.03

100.00
Section 8. Middle Lignite. Weathered specimen. Soft, breaking into
layers along deposition surfaces. Largely composed of comminuted char-

coal-like fragments.
By rapid coking

VERTBT sievivovss conon iresndns ave evavvs sivibnstugr v e sue S PEVoL TR S

i s BT 3 2 o R RS e A b el SR s e T .25 29.18
Volatlemmmtleraah il hai o Bnldic e e

.7 LS ST SRR 00 W SVl v Sy B S - S 4.28

Section 8. Upper Lignite. Out-crop specimen. Crumbling. Tends

to break into layers parallel to deposition planes.
By rapid coking

27.61

100.00
Section 9. Out-crop specimen. Brownish. Fracture almost conchoidal.

Ash yellowish-white.
By rapid coking.

WVRLET  fvov s v ivavssniivorsss ionovusvvdinan s sbsnsnin s sivaainspovn s sugsveons 15.51
Fiked CABON. ciocosir ssrevssrraibonserabvasadssssh shiURs sesassvusesnss 37.12 28.44
VLRI THRTTET, . scsvaarnes iosonviiinevsnasorsss t¥meme sassehoesnsrsvom 42.65
T R e o 4.72

100.00
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Section 12. Lower part of 18 foot seam. Tough, compact lignite,
separating into horizontal layers. Much amber in small spots, a good deal
of woody structure apparent and some mineral charcoal. Ash light-grey.

By rapid coking.

WVBIEEG /ST e v iovcoioss oo nss ot vpsssine 12.05
VRO SREBURINE. v s mis vionsoseivssiovormmmsirss s 46.18 41.03
Volatile matter 8512

100.00

Section 12. Upper part of 18 foot seam. Out-crop specimen, crumb-

ling. Ash white.
By rapid coking.

24.30

Ash

100.00

The lignites, it will be observed, are on the whole uniform in composition
and contain an average amount of over 40 per cent. fixed carbon, when the
water content is estimated at 12 per cent. They thus fall somewhat behind
the lignites given in Table II, from Wyoming, Utah, &c., and which are
found in proximity to the Rocky Mountains and parallel ranges, and have
probably been somewhat improved by metamorphism simultaneous with their
elevation. The lignites here described, however, gain some advantage in a
practical point of view from oceurring in a horizontal position and out-crop-
ping in the sides of valleys in such a way that they might be worked by simple
adits, avoiding the expense and trouble necessary when vertical sinking has
to be resorted to in the first Instance, as in the case of some of the other
localities named, where the beds are often highly inclined or nearly
vertical.

Itis a disadvantage, however, that none of those yet found yield a
coherent coke, as is the cage with one or two of those of nearly the same
age in the United States,

The lignites examined merely shrink somewhat in size during’ the expul-
sion of the volatile combustible matter, and turn out of the crucible in a
dry incoherent powder. - The volatile matter 18, as might be expected,
comparatively poor in luminous gases, and the lignites would, consequently,
be of little use in the manufacture of illuminating gas.

The ash is generally of pale colours; grey and white, passing into yel-
lowish-white, being the prevailing shades. One or two only yield a deeply-
coloured ash, wiheh is then of a brick-red colour. I is small in amount
in most of the specimens, and does not usually appear of a nature to form
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troublesome clinker. The lignites when burning yield a peculiar empyreu-
matic odour but no smell of sulphur, and indeed, as might be foreseen
from the nature of the ash, the quantity of sulphur present is very small.
In the table below the analyses of all the lignites are calculated to cor-
respond with a quantity of water, combined or hygroscopic, equal to twelve
per cent., which, may I think, be accepted for the samples examined as the

practical limit of desiccation in dry air at ordinary temperatures. This
will allow of a more accurate comparison of the value of those from differ-

ent parts of the series.

TABLE I. RESULTS OF ASSAYS OF LIGNITES, WATER BEING ESTIMATED
AT AN AVERAGE OF 12 PER CENT.

) e | | %
0| © | Remarks
|82 = \ J
1= S i |
(= | on ash
23| = i i
Locality. } = \ 2
| £ i G
1 \ s
1 Souris Valley. Sect. 6 255 2' 3 | 45.48 | 39.77 | 2.76 {Reddish-white.
| ; >
2 e dee] 263192 ‘ 46.18 | 35.90 i 5.92 |Yellow brown.
3 @ ¢ 2...| 263 1 & ‘ 3151 | 5002 | 6.47 }Yellowish.
|
| oL
Foe “ « 9| 26310 | 38.08 | 44,57 | 5.35 {Light Yellowish,
G | | ~ . 1
Biicsion 2...| 263| 6 6 = | 34.82 | 48,30 | 4.88 | Greyish-white.
S
8 1 “o s a k260 > 43.72 | 42.40 2.88 ;YQHOW.
7 o« « (437 WY -_n';;;‘ e = 49.31| 33.98 | 4.711 1Y\:U()“’iih-“‘hitwﬁh
o |
gt e s iR | il few | i . w- g o
8 Big Valley. - 5‘;.1‘”_““_ 3 38.65 | 43.92 | 5.43 {(ru_ ;
9 “ g8..| 344| 5 S | 48.61 | 34.90 | 449 »Gro:.i
10 8...| 344| 3 2 | 36.92 | 44.95 | 6.13 |White.
= |
11 « 9| 346] 4 2 | 38.63 | 44.48 | 4.89 |Yellowish-white.
¥ , | E |
12 Porcupine Valley [ b
Lower part......¢ 12....| 390| 18 | 46.20 | 35.14 | 6.66 Light grey.
13 Upper part....... Lol T | 36.33 | 39.97 |11.70 |White.
| h
[ |
[y g SR R SE R | | 411 | 41.41 | 5.55 ‘1
‘ ! |

It should be stated that, with the exception of two or three specimens,
all those analysed were mere out-crop samples, and, from the facility with
which these lignite coals deteriorate under atmospheric influences, show a
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result much inferior to that which would be obtained from the same beds at
some depth. . Nos. 1 and 12 with one or two otherg were obtained from
portions of the beds recently exposed by slips of the bank, and probably
represent more fairly the quality of the better class of lignites. The total
percentage of carbon, inclusive of that which passes off with the volatile
matters, varies probably between 60 and 70 percent. The lignites do not
appear to be suited for smithy purposes, and the smiths who tried them
reported it difficult to obtain a welding heat. The same fault hag been
found, I believe, with even the best classes of similar fuels found in the
vicinity of the Union Pacific Railway, and arises, no doubt, from the great
proportion of volatile combustible matter to fixed carbon, and the quantity
of hygroscopic and combined water. As the lignites do not coke, they
would appear to be unsuited for the smelting of iron in the blast furnace,
though it is possible they might be economically employed for this purpose
in the raw state, especially if mixed with a proportion of wood charcoal
and burned in furnaces of not too great height.* They are perfectly suited
for puddling iron;, and the metallurgical treatment of various ores, if burned
in gas farnaces. Similar fuels have already been extensively em-
Ployed in this way at Golden City and other localities in Colorado, and in
the mining districts of the Southern Rocky Mountain region, and appear
several years ago to have commanded prices ranging from $2.00 to 4.00
per ton at the pit’s mouth. Similar and even inferior lignites are extensively
used for steam purposes in various parts of the world, and in Wyoming,
Utah, &ec., are employed on the railways, though locomotives oy popusyui
burn these fuels, in order to give satisfactory results, must have, compared
to those worked on bituminous coal, larger grates and fire-boxes, and
larger boiler-tubes, giving a greater heating surface compared with the
horse-power.

* Excellent charcoal i5, T believe, made from similar Lignites in Germany, by treating
them in coking ovens jn the state in which they are extracted from the mine.
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TABLE II. SHOWING COMPOSITION OF LIGNITES AND OTHER FUELS FOR
COMPARISON WITH LIGNITES IN TABLE L

5
3
Locality. g Colour of
it 2 Analyst.
f_:;‘ = = ash.
1.Woob,a verage of air-dried..| 18.55 | 25.69 53.99 {57
LieniTes, United States,
I 2. Golden City, O.F........... 13.43 | 45.57 37.15 3.85 |Grey. J. T. Hodge.
I 3..Carbon Sta., W.T......sse; 6.80 | 49.72 35.48 8.00 iLight grey. ¥
4. Evanston, Utah.............. 8.10 | 47.67 | 34.60 9.67 |Grey. 0. D. Allen.
: \
5. Murphy’s,Ralston Cr. C.T.| 13.83 | 44.44 | 35.88 5.83 |Orange. J.T. Hodge.
6. Chesnut R., Near Boye- |
man, Montana ...|] 3.00 | 43.50 41.50 12.00 | A. C. Peale.
7. Marshall Mine, Boulder }
City C.T., average of 5.| 16.00 | 41.50 38.00 4.50 A. L. Ford.
1." 8. Van Dyke, W. T...cco.u... 8.12 | 53.23| 36.65 2.00 |Light grey.|J. T. Hodge.
| ‘ 5
EvuroPEAN LIGNITES. ; :
|
9. Zsemle, Hungary ...........| 12.60 | 55.20 217.85 4.35 | Schrotter.
10. Wildsthut, Upper Austria| 26.15 |39.12 |  19.15 ‘ Regnault.
" |
11. Dax, France..:... A i | 44.11 50.80 4.99 } ISchrotter.
with water| \
12. Utweiller, Rhine.........c...[=— —| 67.3 31.80 | 0.90| i
13. Minerve, L’Aude........c...;]———| 32.6 57.40 10.00 | =
\ |
BrrumiNous CoALS. l j
14. Nottinghamshire | 3505918 3332 | 3.90
(coking).| [
15. St. Helen’s Lancashire. | 3.23 | 60.33 31.27 6.17 |
(non-coking). T JLis
16. Sidney, C. Biwoovveiunirinnn. — | 67.57 23.81 5.49 | i“ .R.Johnson.
17, Pictml,N.S....................‘ 175 | 61.95 | 25.87 [10.42] 7. W. Dawson.

No. 1, from Tables in Percy’s Metallurgy. Nos. 2, 8,5, 7, 9, from
Geological Survey of Territories for 1870. No. 4, from Hague and King’s
Mining Industry of 40th parallel. No. 6, from Geological Survey of Terri-
tories for 1872. Nos. 9, 10,11, from Percy’s Metallurgy. Nos. 12and 13
quoted by Hodge in Geological Survey of Territories for 1870. Nos. 14
and 15, Percy’s Metallurgy. No. 16, from Coal Trade of British America,
W. R. Johnson. No. 17, Acadian Geology.

0.8 from VanDyke, together with another lignite of similar composition
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from the neighbouring locality of Rock Springs, are considered by Mr.Hod ge
the best lignites in the Rocky Mountain region.

The ironstones of this formation, though occurring very frequently in the
same sections, and in close proximity to the coals, have not been observed
in any place to attain a considerable thickness. They generally run in no-
dular sheets of only a few inches thick, through the clays and argillaceous
sands. Externally they weather to various shades of chocolate-brown and
reddish-brown, but are hard and compact in structure and within preserve
their original bluish or yellowish-grey colour. They ring beneath the
hammer, and break off in conchoidal chips. Considerable quantities of this
material might be gathered from the surface in some localities, and it is
probable that further search might bring to light localities in which so
many layers of ironstone occur in the same section as to render it profitable
to work over the entire bank. Should these ores ever come to be worked,
limestone for use as a flux could be obtained in considerable quantities from
the boulders of Silurian age which strew the plains in many places.

Clay Ironstone from Souris Valley. Section 2.

1Eads ) e LB F o e R s SR R e S )
Water lost at 115°C...
Carbonic Acid lost on ignition .
Siliceous matter insol. in HC].
Salphuric Acill ot i isiineas
ST et RO S R i

Metallic iron per cent, in raw ore
Metallic iron in caleined OTe.......covsierrsenscssverenservesnnnnnnn. 54

Sl B Ilg Bl DR e R S G 6.72
WaterloBURt I 169 O hicimvivisicion 3.57
Carbonic Acid lost on ignition 1.23
Siliceous matter insol. in H C1 8.72
Sulphuric acid «70,80
Ll DT R T s e SRS RS S wiars 0D
Abeta i O IT O PAW- 000 rsrwwmrersermvervssmmsssvesressons T 37.53
Metallic iron in caleined O .....usw.....svseeivsseossososn e 49.90

A small quantity of iron is present as peroxide in each ore, but I have
not thought it necessary to make a séparate estimation of this.

A third specimen from the 345 Mile Valley, section 8, examined for
iron, gave a percentage in the raw ore of only 37.95.

The percentage of iron in the specimens examined is very good for the
class of ores to which they belong. The average percentage of iron of
several good English elay-ironstones amounts to 33.84 ; of several samples




of black-band ironstones to 35.39. Where these ironstones are unweather-

ed, the whole of the iron appears to be in combination with carbonie acid.
The quantity of sulphur present is small, and it is entirely as sulphuric
acid and in combination with lime. Phosphorus is also present in very
small quantities.

The clays and argillaceous sands accompanying the lignites are in many
places of the nature of fire clays, and contain but very small quantities of
iron or lime. It is probable that many of them would make very refrac-
tory fire bricks. Clay of sufficiently good quality for the manufacture of
ordinary bricks and pottery is present everywhere in close connection with
the lignites.
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