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PAPER VIII.

NARRATIVE OF THE OPERATIONS OF THE BRITISH

NORTH AMERICAN BOUNDARY COMMISSION, 1872-7G.

Bt Capx. FEATHERSTONHAUGH, R.E.

The boundary between the British possessions and tJiose of the United
States on the Continent of North America had, previous to the appointment of

this Commission, been marked from the Atlantic Ocean, westward, to the north-

west angle of the Lake of the Woods, and from the Pacific Ocean, eastward,
to the summit of the Rocky Mountains.

In the interior of the continent between those terminal points, the boundary
was unmarked, though determined, geographically, by the Convention of the

20th October, 1818. This portion of the country comprised between the

meridians of 95'' 14', and 114° west longitude, was, to a great extent, un-
known, but was believed to be all prairie I'nd or bare plain, with the exception
of the swampy districts between the Lako of the Woods and the Red River of
the North. West of the 100th meridian .ht great American desert, alluded to

in most of the books of travellers in these regions, was supposed to lie ; further

on the " bad lands " of tho Missouri were suid to be crossed by the line, and
further on again were the hunting grounds of the Blackfoot and Blood Indians,

who were reported tu be unfavourably disposed to intruders. All these obstacles

turned out, as will be seen in the course of this narrative, to be overrated. The
great American Desert was certainly deserted ; but grass, water, and, at one
time of the year, buffalo o,bounded in it ; the " bad lands " were small in ex-
tent, and the Indians were friendly.

The north-west angle of the Lake of the Woods had been identified and
marked by Commissioners from both nations ia the year 1826, and from this

point, according to tho Convention, the boundary was to run due south as far

as the 49th parallel of norti. latitude, and then along the said parallel to tho

Pacific Ocean. The portion between the Pucifl 3 Ocean and the summit of tho

Rocky Mountains having been marked in 1858-62 tho work of the present com-
mission came to an end when tlie latter were reached.

.-
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.

Tlie staff of the British Commission were the following :—
H.M. Commissioner, Major Cameron, ll.A. '

-,

Secretary, an officer of the Royal Engineers.
•Chief Astronomer

) ^,,. r *i ,, ^
Two Astronomers )

°""^'^''" °f ^'>« l^-E-

Two Surveyors.

One Surgeon.

One Geologist and Naturalist.

One Commissariat Officer.

One Veterinary Surgeon.
Four Sub-Assistant Astronomers. ' a
Three Assistunts to the Surveyors. «

'

One Assistant Surgeon.
The last fo?ii-teen of these offices were filled by Canadian gentlemen, who

were nominated by the Government of the Dominion. There were also in the
permanent employment of the commission 44 non-commissioned officers and
men of the Koyal Engineers, one waggon-master, VI depot keepers, (who were
persons qualified to undertake the care of provisions and to issue stores and
rations), and k3 officers' servants.

During the period of work in the field, teamsters, axemen, and labourers were
hired for the season at so much a day. The number oi these in each year are
shewn in the tables at the end of the appendix. The detail of the trades of
the non-commissioned officers and men of the lloyal Engineers, and lists of
the instruments and stores brought from England for the use of the commissioa
are given in the same place.

DEPARIUUE PROM ENGLAND, 1872.

The Commissioner and the Secretary left England in July, 1872, and pro-
ceeded to Washington, U.S. From thence they went to Ottawu, the capital of
the Dominion of Canada, and finally started for lied Ilivor in the beginning of
September.

The officers and men of the Royal Engineers, having with them all the
instruments and outfit which had been purchased in England, left Liverpool on
the 22nd August, 1872, Captain Anderson, 1 .E., the chief astronomer, being in
command of the party, and they reached Quebec at the end of the month
Hence they proceeded by water to Toronto, on Lako Ontario, thence by
railway to Collingwood, on the Georgian Bay, where they embarked in one of
the Lake Superior line of steamers, which took them to Duluth, in the State of
Winconsin, U.S. The destination of the party for this port had been reported
by Captain Anderson to the Major-Qeneral commanding the United Status
troops m the district

; and, on arrival, a telegram was received from the Adjutant-
General of the division giving the requisite authority to pass tluougli the
country, and offering, with great consideration, that an officer of the staff
shou! J accompany the party to the frontier. As no peculiar difficulties were
anticipated, it was not thought necessary to accept this kind offer, as the doing
60 would have entailed a lorg journey upon the officer concerned.
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Leaving Duluth by the railway, the party travelled for 30 miles up the gorge

of the St. Louis river, the scenery of ^Thich is remarkably bold and picturesque,

the stream following a number of precipitous descents, broken by large pools of

still, clear \vatcr, around which immense slabs of rock lie tossed in every con-

ceivable position. The railway runs along the north side of the gorge, and
crosses the numerous lateral ravines, which open into it, on high trestle bridges,

mostly built, on a curve plan, and so arranged that the traveller, looking out of

the carriage windows, sees no roadway beneath him but only the rocks, perhaps

100 feet below. Although the delicate but strong construction of these bridges

was admired, yet a feeling of relief ^vas experienced Avhcn they had been all

passed. Emerging on to the level country at the top of this gorge, the North
Pacific Railway carried the party due west, to its intersection with the Red
River of the north, a distance of 850 miles, the first 150 being through woods
and swamps, after which the open prairie was reached.

The fii'st aspect of scenery over countrj-^ similar to which the party were des-

tined to work for so many miles, could not fail to bo interesting, and even

impressive ; but, as a mere landscape, the prairie, as seen from a small elevation,

has few elements of beauty. The spectator appears to be in the middle nf a

small circle, just as is tho ease at sea, and the feeling which is induced is that of

an oppressive monotony. After about 18 hours travel by rail, the detachment

reached Moorhead on tho Red River, Avhere they overtook the Commissioner and

the Secretary. Arrangements were here made for the transport of the baggage

and stores, &c., by carts, along the coach road northwards, and the party com-

menced their march in the same direction. The road follows the general course of

the Red River, running from point to point of the numerous bends of that stream,

and on the evening of the third day, the head of the navigation at that season

was reached at a place called Frog Point, above which, during most of the year,

the water is too shallow for steamers. The men, baggage, and stores were all

embarked hero, on tho •' Dakota," one of the Kitson Rod River line of steamers.

These vessels, on account of tho shallowness of tho stream and its numerous

bends, are of peculiar construction. The hull is very shallow, drawing only

about three feet of water, and they have a single paddle wheel placed at tho

stern. When oiis of these steamers ta'.ies barges or freight boats with her, they

are lashed to her sides, or even placed in front of her bows, it being impossible

to take them in tow on account of the paddle wheel. In ascending the river

when a sharp turn has to be passed, it is usual to run tho steamer sideways

against the bank in the angle of the bend, get her hnad round, and start again

in the new direction.

After two days steaming the commission arrived at the frontier on the 20th

of September, and wont under canvass on tho prairie on the north side of tho

line
i
the United States commission were camped a short distance off, having

arrived about ten days before. Tho Canadian otficors and other members of tho

British commission had also arrived by tho "Dakota," or by tho previous

steamer, and tho entire staff was now ready to commence work.

At this tiiuo there >yerc only three or four buildings on or near the 40th
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parallel, where it strikes the Red River. One of these was the Canadian

Custom House, another was the Hudson Bay Post, which was surrounded with

a palisade; the others were mere huts, inhabited by Half-biesds. The exact

position of the boundary was not known ; by some persons it was supposed to

be three-quarters of a mile north of aU these buildings, though the general

opinion placet' il verj' much where it was eventually found to be. Major

Twining, of the United States Engineers, was alrea(1y engaged in observations

for latitude with the zenith telescope; and the British astronomers commenced
to do the same on a meridian conveniently near to that of the American obser-

vatory tent.

The group of buildings mentioned above was at that time called North
Pembina, the village of Pembina being two miles further south, where the river

of the same name flows into Red River. The United States custom house is in

this village, and Fort Pembina, which contains a garrison of three companies

of Uniied States infantry, is one and a half miles further south again, on tho

west bank of Red River.

The British and United States Commissioners having agreed upon a plan of

operations for the autumn, the British Commission was divided into the follow-

ing working parties :

—

3 Astronomical parties; 3 Surveying parties ; Staff.

The astronomical parties were in charge of Captain Anderson, Captain

Fcatherstonhaugh, and Lieut. Galwey, R.E. ; and the surveying parties were

under Colonel Forrest, of tho Canadian Militia, P.L.S.,* Mr. A. L. Russell,

P.L.S.,* and Sergeant Kay, R.E., respectively.

Each astronomical party was equipped with a zenith telescope, a portable

transit instrument, a sextant, two sidereal and one meantime chronometers, a

7-inch transit theodolite, chain and arrows, &c. Each surveying party had a

5-inch transit theodolite, three prismatic compasses, chain and arrows, sketching

cases, and mathematical instruments sufficient for plotting the traversing,

"Wliilo the various parties were preparing for the field, a snowstorm of great

violence commenced on the day following the equinox, and continued for 48

hours. It had been preceded by the passage of large flocks of wild geese to tho

south, which went screaming over tho camps, being generally at a great eleva-

tion. This stomi, though sufBciently unpleasant, was taken by the local people

as a presage of a late winter, and this proved to be tho case.

' The follo>7ing plan of operations for the autumn and winter was agreed upon
between tho Commissioners. The position of the north-west angle of the Lake
of the "Woods, as marked in 1626, was to be identified, and tho necessary surveys

of tho shore were to be made ; the meridian line from here southwards to the

49th parallel was to be traced and marked ; the intersection of the western shore

of the Lake of the Woods by the said parallel was to be determined by joint

astronomical observations ; and as many intermediate points as possible between
the Lake and tho Red River were to be established, taking into consideration

the nature of the country and the lateness of the season. The joint detcrmina-

1

Provincial Land Surveyor,
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tion of the boundary at North Pembina was also to be finished, and the surveys

on each side of the line were to be pushed forward in an easterly direction.

The artide of the Convention of the 20th October, 1818, under which the

Boundary Commissiona were constituted, is as follows i—

Article II.

" It is c, jed that a line drawn from the most north-western point of the Lake

of the Woods along the 49tli parallel of north latitude—or, if the said point shall

not be in the 49th parallel of north latitude, then, that a line drawn from the

said point due north or south, as the case may be, until the said line shall inter-

sect the said parallel of north latitude, and from the point of such intersection

due west along and with the said parallel—shall be the line of demarcation be-

tween the tcrrtories of His Britannic Majesty and those of the United States,

and that the said line shall form the southern boundary of the said territories cf

His Britannic Majesty ; and the northern boundary of the territories of the

United States from the Lake of the Woods to the Stony Mountains."

The north-west angle of the Lake of the Woods being considerably to the

north of the 49th parallel, a meridian line had to be traced southwards.

In the beginning of October, the main bodies of both commissions started for

the north-west angle of the Lake of the Woods, leaving one of the British astro-

nomical parties at North Pembina to finish the observations for latitude ; the

surveyors on each side had also commenced workiag in an easterly direction

along the 49th parallel. On arriving at the north-west anwle, Major Twining
and Lieut. Gahvey proceeded in boats across the Lake of the Woods to Bufialo

Point, where joint observations were commenced for latitude. The commis-

sioners and the two chief astronomers pitched camp at the north-went angle,

and a search w»s commenced for the reference monument erected by the inter-

national commissioners appointed under the 7th Article of the Treaty of Ghent.
" The most north-western point of the Lake of tho Woods," mentioned in the

2nd Article of the Convention of 1818 (quoted above) was agreed and declared

by these commissioners to be at a specified distance measured in a given direc-

tion from this monument. At the same time the latitude and longitude of the

said " north-west point" were given. It was evident that the first method of

identifying the " north-west point " was far the most accurate, provided the re-

ference monument could be found. The range of the possible position of the

north-west point, in longitude, was fortunately limited by the width of the bay,

which was not more than 100 yards, its sides running north and south. Obser-

vations for latitude were therefore taken with tho sextant, and the position of

tho reference monument was in this way found within the limits of the error of

the sextant ob.'iervations, and of the width of the bay, supposing that tho obser-

vations taken at the time when tho reference monument was constructed were

correct. Tho probable error of the latter observations was, however, unknown

}

nor was there any information at that time as to what instrument had been

used in taking them. The search for tho reference monument occupied three

days, at tlie end of which time some Indians appeared, Avho said they could

point out its site. They accordingly indicated a spot which was covered with

, I
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water about 13 inches in depth, and here the remains of a square crib of logs
were found. This was assumed to be the reference monument, and the position
of the Jiorth-west point was determined by laying oflf the six measured courses
leading thereto, as specified in the Treaty of Ghent.

Observations for latitude were then taken with the zenith telescope by Capt.
Anderson, R.E , by which the latitude of the north-west point, found as de-
scribed in the preceding paragraph, was determined to be 3 7 seconds greater
than it was stated to bo by Dr. Tiarks, the astronomer to the commission under
the Treaty of Ghent.

It was afterwards ascertained that Dr. Tiarks had used a sextant, and that
his observations had been taken, not with a view of determining the absolute
position in latitude and longitude of the spot in question, but only its position
relatively to another point, which appeared to have equal claims to be considered
the north-west angle of the lake. The discrepancy, however, is very small, and
the position of the north- west point, as determined from the spot where the
remains of tha crib of logs was found, was finally agreed to by the Commis-
sioners of both nations. The work was proceeded with at the time on the sup-
position that such would be the agreement on the subject, and a meridian line

was laid off by the astronomers of both commissions, passing through the north-
west point.

About the beginning of November, the two astronomical parties at Buffalo
Point had completed their observations, and were back at the north- west angle.

The United States commission then withdrew from the field, and retired to

winter quarters at Detroit on Lake Erie. Licut. Galwey and his party returned
to North Pembina bj the same way that they had come, and proceeded along
the 49th parallel about 20 miles eastward, to a well marked ridge, which runs
from south to north, being the edge of the Red River valley, and also the eastern

limit of the prairies. Lieut. Green, of the United States Engineers, had traced

an easterly line, tangent to the 49th parallel at Red River, as far as this, and
for about 14 miles beyond it to a place called Pointe d'Orme, where the boun-
dary strikes the Roseau River. Lieut. Galwey established an astronomical

station on the ridge, and commenced observing about the middle of November

;

having determined the latitude, and erected a substantial mark, ho returned to

North Pembina.

During the time that Captain Anderson was observing for latitude at

the north-west point of the Lake of the Woods, bis party were engaged in

cutting through the woods in order to prolong the meridian lino southwards.

There were a number of Chippewa Indians camped at the angle, and twelve
of the strongest looking were hired as axemen. Many days passed, however,
before they could be got to understand that the work had to be done regu-
larly, and continued for so many hours a day. They would commence in the
morning sometimes with great vigour, but would soon stop, light a fire, and sit

round it smoking j then when, after much trouble, the non-commissioned officer

or sapper in charge had got them to work again, tliey would suddenly break off

and proceed gravely to Captain Anderson's tent, perhaps some two or three
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miles off, where they would ask for more pay or more food. After a fortnight,

only half-a-dozen of these men were able to continue at work, the others breaking

down through want of stamina. They were all miserably clad, and the working
in the icy water of the still unfrozen s^vamp^ was very severe upon them ; they

were, however, useful in carrying luads when the camp was shifted southwards

along the line, or when supplies were being brought up. About three weeks
after the cutting had been commenced, the frost set in, and greatly improved
matters by giving a hard and dry footing, the timber became less thick and of

smaller size, and three white men having been engaged as axemen, the work
progressed more quickly. As the Lake of the Woods was approached, the woods
merged gradually into small half dead tamaracs, which were replaced ii the

immediate vicinity of the shore by willow bushes. The length of this cutting

was 16 miles and 397 feet, the ground passed over was all Fwampy, with the

exception of a ridge of red granite (in situ) 6 miles south of the N.W. Point.

The timber was birch, cedar, and tamarac.

On the 2l8t November the cutting was finished, and marks having been left

by which the permanent iron monuments might be erected a» soon as they could

be provided, Captain Anderson withdrew liis party and returned to North Pem-
bina. Here obbcrvations for longitude were commenced, the local time being

compared by means of the electric telegraph with that of Chicago in the State

of Illinois, U.S. The local time at North Pembina was obtained with a portable

transit, Lieut. Galwey taking the observations ; while the electric signals for

comparing the chronometer with that at Chicago were sent by Captain Anderson.

Mr. Lindsay .Ilu3sell, Deputy Surveyor General of the Dominion of Canada,

undertook the necessary work at the Chicago end of the wire. The weather was
unfavourable, beirig cloudy and very cold ; but the result was satisfactory, the

probable error being about two seconds of arc, or 130 feet.

Meanwhile Captain Featherstonhaugh, who h»\d finished the observations for

latitude at North Pembina, took his party to Lake Roseau, which is about 60

miles cast of the Red River, in order to establish an astronomical station, and
mark the boundary in the vicinity. Between the Lake of the Woods and Pointo

d'Orme on the Roseau river, mentioned just now, there are, on the boundary,

about 50 miles of almost continuous swamp, in the midst of which are ridges

covered with valuable pine timber. Some fix'm ground was i-eported to exist on

the shores of Lake Roseau, which was represented on the maps as being in-

tersected by the boundary. Captain Featherstonhaugh and party, accompanied

by a guide, after a long detour to the south to avoid being entangled prema-

turely in the swamps, reached the lake and found that the parallel was 6 miles

north of it. After some trouble, a gravelly ridge was discovered to the north-

west, which was sufficiently near to the parallel of 49 dog., and the astronomical

instruments were set up here on the 27th Octobnr. Considerable advantage

was derived in getting through the soft parts of the journey from the presence

of a pair of oxen amongst the teams. These animals, though apt to be looked

upon as encumbrances when they arc in company ^vith horses because they

travel slowly, and can only do 15 miles a day, will take a load through bogs, ia

^4"
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wliicb the latter are quite helpless. On the 17th, an aurora of remarkable bril-

liancy was observed at a place 8 miles south of Lake Roseau ; besides the usual

bow and streamers, an arch of light about two degrees wide was formed passing

througli the zenith from cast to west. A constant wave or pulsation of lumi-

nosity advanced from the eastern end of this arch and travelled slowly by suc-

cessivfc impulses along it. The effect lasted about three quarters of nn hour, and

although there Avas a very bright full moon, the aurora quite held its own iu

vividness.

A few Chippewa Indians were seen about here, but they appeared to be an

idle set, without anything striking in their appearance or bearing. They sub-

sist chiefly on fish caught in the lake, a resource which does not always keep

them from want.

After completing the observations for latitude, Captain Featherstonhaugh set

his men to cut east and west tangent lines {i.e., straight lines tangc ut to the

parallel) through the woods, the intention being to cut about ten miles to

the east, and then to work westward as far as Pointe d'Orme. It was soon

found, however, that the muskegs or swamps which lay to the east were so con-

tinuous that progress during the open season would be very slow indeed, and it

was resolved to work only westward, in which direction the trees were much
larger, and there was some sort of foothold to be obtained. These muskegs are

four or five feet deep in many places ; they have on the surface a skin of sod

which scarcely supports the weight of a man, and when it is pierced the muddy
\rater rises in the hole nearly to the top. A person breaking through goes down
to his middle, and has some trouble in getting out again. The westerly line

being continued, considerable diflBcultics were shortly experienced in the work,

the ^rost which set m on the 10th November having been unfortunately preceded

by snow, which for some time prevented the ground from freezing. The men
were unskilled in the use of the nxe, and the swamp-holes between the trres,

which it was impossible to avoid, kept them constantly half wet through. This,

with the thermometer at zero, or but a little above it, could not fail to be a se-

rious thing, and, besides the direct suffering from the cold, many were attacked

with diarrhoea, one man becoming dangerously ill with congestion of the liver.

Anxiety Avas always felt also as to the safety of the supply teams, which had to

traverse 100 miles of open country, where a snowstorm might prove dangerous.

The cutting, however, was continued, and after about 4i miles had been completed

through the spruce and tamarac, the party, to their great satisfaction, emerged

on to the open surface of the great lloscau sw. . . This was then just frozen

over, and, as far as the eye could reach, the glare i -3 stretched away to the horizon

towards the south and south-west, with small tuf iS of grass here and there, and

thin wreaths of liuow curling up before the wind that swept across it. Desolate

ao the aspect was, the change was welcomed from the wet and fatiguing work

in the woods, and the line was quickly taken across the open, the sick man being

sent back to head-quarters, and the guide directed to find a direct road along

the parallel from Pointe d'Orme. A day or two of the great cold now set in,

giving the finishing touch to the swamps and rivers, and causing the party to
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wish for the shelter of the woods a^'ain. On days like this, whet protected from

the wind, any one will get along tolerably well, though the thermometer bo

20 deg. or 30 deg. below zero, but the slightest breeze producea great discomfort,

and it is very difficult to pay the proper attention to surveying operations. On
several occasions the eyelids would feel as if they were aboui, to be fro/tn down,
the ends of the lashes becoming tipped with ice ; the first realization of this

produces unbounded surprise to the jierson concerned.

About the middle of December, Captain Feutherstonhaugh's party struck Iho

end of a line which Mr. Russell's men had cue for a distance of six miles west-

ward fr in Pointe d'Orme, and the Lake Roseau astronomical station was thus

connected in longitude with North Pembina. There still remained nearly thirty

miles immediately west of the Lake of the 'V\''oods, over which the line had to bo

traced, if possible. Colonel Forrest and his sur\ oying party who had traversed

the shore of the lake from the north-west angle southwards to the Butfalo point

astronomical station, were now at work cutting frcm the latter place westward,

but no news liad been receivi d of their progrobs. Major Cameron becoming,

however, anxious as to the welfare of those in the field, desired that the work
should cease, if the exi)osure was likely to continue so severe, and Captain An-
derson, '"^.J had just conpleted the observations for longitude at Red Ri /er, set

out for Pointe d'Orme with Mr. Herchnier, the commissary, in order to be able

to report upon the advisability of persevering. Upon conferring with the offi-

cers who Averc at this place, it was concluded that the work could go on, the

principal astronomical observations being finished, and the health of those con-

cerned having been good since the ground had all become frozen. In accord-

ance with this opinion, measures were taken at head- quarters to stock depots at

Pointe d'Orme and at Pine River, north of Lake Roseau, and parties of axemen
were sent to construct a log hut for this purpose ut each place, stables being

also commenced at the former spot.

The survey of the 6-milo bolt north of the boundary was now continued

towards Pointe d'Orme, and the line which had been traced across the jjrairies

from Red River to the same place requiring to be checked, the two astro-

nomical parties commenced this work. Unfortunately the weather becan

colder and colder, the thermometer registering 51 degs. below zero of Fahren-

heit on the 23rd of December, and it bfjjmo difficult to take the most simple

observations of stars fc r azimuth with the proper precision, owing to the freez-

ing of the lubricating oil in the internal parts of the instrum. ts, and of the oil

in the lamps illuminating the field of view. Lieuc. Galwey's party, being on

the i-crfectly open prairie immediately east oi ihe Rod River, wore particularly

exposed during this severe spell.

About the end of the year, no news having been received for some time from

Colonel Forrest, who had hitherto drawn his supplies from the government

Jepot at the north-west angle of the Lake of the Woods, Captain Anderson,

with a dog train and some provisions, set out for Lake Roseau, and travelled up

the East Roseau River to the 49th parallel. Colonel Forrest was found to bo

about five milcd to the east, and having relieved tha vyants of aiu party, Captain

a
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Anderson returned towards Pine River, and was met whilst on Lake Roseaa,

by the terrible storm of the 7th, 8th, and 9th of January, which prevailed over

the >vhoIc of Manitoba and Minnesota. For three days, with the thermometer

at 20 deg. below zero, the wind blew with extraordinary force, raising mists of

fine snow froru the surface, so that the air became of a milky opacity, and object!

were invisible at a few yards distance. In Minnesota* eighty persons were frozea

to death, many of them being children on t'leir way home from school ; and a

coach-load of passengers, as well as the hoises, suffered the same fute. Captaia

Anderson and those with him took refuge in one of the small islands of poplar

near the shores of the lake, and being able to keep c fire alight, escaped with-

out harm. The parties at work on the prairie fortunately took the alarm in time,

and got back to their camps ; but two men, ono of them a sapper, who were
driving in a waggon a few miles from North Pembina, were obliged to come to

a halt, cut the horses loose, and remain wrapped in their buffalo robes for two
days and nights inside the waggon, without food or fire. They eventually

reached head quarters without having su3ered serious injury.

After this, for the remainder of the winter, the weather was fine, and the

lengthening days and bright sun made matters more cheerful ; but the cold con-

iinufd steiulily until the equinox, the thermometer falling as low as 40 deg. below
zero even m lute as the 1 st of March. The parties, however, being now well shel-

tered, wvre more comfortable than would be imagined. The perfect stillness of

the woods disarms the most extreme cold of half its severity, and the dark green

foliage of the fir and pine is a pleasant relief to the eye, where all else is an
endless glare of white. The spruce boughs laid on a waterproof sheet, furnish

(Iry and comfortable couches on the surface of the snow itself, and an ample
supply of good firewood is found on the outskirts of the growing timber. At
night the trees, under the influence of the frost, crack with surprising loudne's,

the effect being like that of pistol shots heard at a little distance. Canadian
grouse and prairie fowl are tolerably numerous; they sun themselves on fine dayii,

sitting ^J the tops of the trees; they feed on berries, and are in fairly good
rendition. Butcher birds and woodpeckv. i are also seen, and the snow is

covered in many places with the tracks o.' rabbits. Large game are very scarce

;

even the Indians never seemed to find any mouse, though one or two were

known to be about Lake Roseau.

Mock suns end mock moons were frequently seen, and on one occasion two
mock Venuses were visible. This is believed to be a rare occurrence. On these

occasions the air was observed to be filled with floating spiculoe of ice, which

settled gradually down when they attoined a certain size. Sometimes just after

dawn a peculiar eflect was observed, due to the presence of these spiculoe. From
the point of the horizon above the yet unrisen sun, a prismatic beam of light

eitended 30 deg. or 40 deg. towards the zenith, ani^ to the right and left two
similar beams, only not so vivid, reached nearly the same altitude. The three

beams stretched higher and Lighor /is the sun approached the horizon, until the

This number la glron in the tiilled States official account of the ealtmlty.
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real and the two mock orbs rose together, each sending the prismatic rays both

upwards and downwards. The effect gradually faded away after this as the

day advanced. After Christmas, snow shoes came into general use, the men
soon learning how to walk in them ; indeed there is litt^le difficulty in doing so.

It is a n^istake, however, to suppose that these contrivances enable a man to

travel over snow with as much ease as he would over grass. In some cases

where a track is partially beaten, or in the spring of the year when there is a
crust on the surface, very quick walking can be accomplished by their aid, but

under ordinary circumstances, all that a snow shoe does is to enable a man to

progress slowly where, without them, he would not get on at all.

During February and March, the remaining portions of the boundary between

the Lake of the Woods and the Red River were cut through the woods and tem-

porarily marked with posts of 8 in. diameter. The survey of the 6 mile belt

north of the line was also completed, and nothing remained to be done in this

part of the country except the putting up of the Iron pillars and permauent

monuments. This was postponed until the next year.

By the 1st of April the parties had all returned to North Pembina, where

they were lodged in quarters which had been built by a contractor from Fort

Garry during the early part of the winter. These buildings, which were

named " Dufferin," are situated on the left r. western bank of the Red River,

abouf two miles north of the boundary ; they can accommodate about 1 1 officers,

80 men. and 180 horses or oxen. There are also three stores, containing 5,000

square feet of flooring, and a bakehouse capable of baking 200 loaves (of 1^ lbs.)

in one batch.

During the next six weeks, preparations were made for the summer season's

work, for which the necessary supplies had been ordered from St. Paul in Min-

nesota, U.S. Mr. W. Boswell, the veterinary surgson, brought from Ontario in

Canada a train of 180 horses for the commission. After leaving the railway at

MoorheaJ, they were taken up the coacii road along the banks of the Red River

;

but this stream having risen about 30 feet, as is usually the case in spring, had

so flooded the country that men and horses had to be constantly swimming the

numerous couifies or watercourses which run into the main sti'cam. After a

laborious journey, the train arrived safely at Dufferin.

The United States commission arrived at Fort Pembina, U.S., at the end of

May, and a plan of operatioiis was agreed upon for marking the boundary across

the prairies. The following was the general arrangement:—The latitude was

to be determined by astronomicu) observations at intervals of 20 miles alrng the

parallel, and the points so determined were to be connected by surveyed lines.

In taking 20 miles as the intervals between the astronomical stations, the time

of observing at each station, and the time of connecting two stations by survey,

hail to be considered as well as the relative accuracy of each operation. With

tba zenith teleHcnpe, the time occupied in determining the latitude of each sta-

tion might be assumed as 7 days on an average, three clear nights being suffi-

cient for the observations.

The connection of two astronomical stations was effected by laying off a line
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from one of the stations at right angles to the meridian, and prolonging this

line until it struck the meridian of the second station, the whole distance being

chained, and pickets left in the ground. The proper offsets to the parallel were

then measured wherever permanent marks were intended to be erected. The
average progress of such work was 5 miles a day ; m that of two separate parties,

one running the line as it was called, and the other observing for latitude, the

former would complete its work first. But in the British commission, the as-

tronomical party had to do both, so that the time question was not of such direct

weight, although it was of course evident that the fewer the astronomical sta-

tions the quicker would the whole work be dune.

Tuis was a reason for not putting the stations closer together than 20 miles

;

but other considerations prevented their being placed much further apart. The
probable error, that is to say, the measure of accuracy of the determination of

the latitude of a station by the zenith telescope, was expected to be about 10

fest, and, as a matter of fact, it was rarely found to be greater, and in most
cases less. The error in laying down the d'^ection of the line might be assumed

at 5 seconds, which would produce a deviation of 1^ inches a mile, or 2^ feet in

20 miles, and the error of prolonging the line was expected not to be greater

than one minute of azimuth at the end of 20 miles, which would be equal to a
deviation of 30 feet. It may be remarked, however, that the error in running

the line was very rarely more than 30 seconds at the end of 20 miles, and gene-

rally less.

About two thirds of ^.his latter deviation could be got rid of by taking fresh

observations for direction and correcting the intermediate pickets, so that there

remained 10 feet of uncertainty in the position of any point on the latter por-

tion of the line ; that is to say, the determination of all the intermediate points

by survey was as accurate as if astronomical observations had been taken at each

of these points, supposing the direction of the plumb-line to stri^:e the earth's

surface at the same angle over the whole sp&n of 20 miles ; or, in case of any

variation, supposing it to vary regularly from one end to the other. (See the

remarks in the Appendix on the deviation of the plumb-line.)

If the stations had been at a greater distance aparc, say 30 miles, the devia-

tion in running the line would have been, of course, one half greater ; it would

have been often necessary to go back to correct errors, and the work would

have been altogether less manageable. Other reasons for the interval adopted

were, that it was considered desirable that the different parties should not be

more than a day's march from each other, and that the whole commission should

not cover more than a certain span of country at any one time.

The adopted interval of 20 miles was of course not rigidly adhered tn. Astro-

nomical s<:atious were placed at well m"rked natural features, such as the banks

of rivers, the edges of mountainous districts, &c., irrespective of the precise

mileage in longitude, but the average of 20 miles was observed throughout

the iirat summer's work. This average was inrroased to 21 miles during the

last summer's work, because this number v. as a measure of the whole distance

that remained to be done.
, . z^. ^l^Aiv
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The permanent marks along the boundarj wero agreed to be placed at inter*

vals of one mile between the meridians of 96 deg. and 99 deg. west longitude,

which are the east and west limits of the province of Manitoba, and at intervals

of three miles in the country west of 99 deg. The former set of marks were to ba

iron pillars firmly fixed in the ground ; the latter wets to be mounds of stones

wherever these could be procured, or, failing them, of earth.

Drawings of the iron pillars are given in PI. X.

It was further agreed that the astronomers of the two commissions should •

take alternate stations, each party making good the connecting survey up to

that 20 miles west of it. An exception was made in the case of the first two

stations west of the Red River, at which the astronomers of both commissions

took independent observations. The surveyors covered a width of six miles

north and south of the line, the British and American parties working each en

their own side. Table 3 gives a detail of the British parties, shewing their

transport and camp equipage.

The nature of the boundary extending for a long distance across an uninha-

bited and unknown country in which no supplies would probably be obtainable,

the shortness oi the summer season, and the scarcity of wood and water,

combined to render it necessary for the work to be done with as much expedi-

tion as was consistent with efficiency ; at high pressure, so to speak. Under such

circumstances, it was desirable that the astronomical parties, whose progress

regulated that of the whole commisslun should not be delayed even for a day

by having to explore for water or to take preliminary observations before set-

ting up the zenith telescope, which it was desirable to place as nearly on the 49th

parallel as possible. It was also necessary that depdts of provisions should be

established without delays at the proper intervals, and that the roads to these

depdts should be practicable for heavy teams. It was evident that mismanage-

ment or mistakes on these points would produce great delay and extra -expense,

and a reconnaissance party was accordingly formed, consisting of 20 scouts—
mounted men—with sufficient transport to carry food for a fortnight, if necessary.

Captain Anderson, who, us chief astronomer, was in charge of the field opera-

tions of the commission, adopted the plan of taking this reconnaissance party

on ahead of all the others about 100 or 150 miles along the 40th parallel, making

a sketch of the country as he travelled, and keeping his course by sextant ob-

servations for latitude and time. Having with him four mean-time pocket

chronometers, whose rates were known, he obtained the longitudes of particular

points with sufficient accuracy to enable him to mark on the ground the sites

for the astronomical stations at the average intervals of twenty miles, and to

select and map down the positions for the dep6ts where water was permanently

to be found. On returning to the starting point of the reconnaissanceb, the

travelling rates of the ohronomet>irs were checked by the local time, and in

this way very accurate sketches were prepared, tracings of which were fur-

nished to the officers in charge of the different parties, so that they were

always well informed as to the nature of the country they were about to tra-

verse. By this means also, an early knowledge of the main features of the
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six-mile belt be*.Dg acquired, the amount of surrey work that would have to

be done was estimated, aid the necessary arrangements made.

By the first week in June, both the commissions had set to work, and th9

boundary was marked across the western side of the Red Rirer valley as far as

Pembina Mountain, which is a sudden rise of about 300 feet in the prairie IctcI,

and is really a sort of step or escarpment, baring no western edge, only an
eastern one. Being, however, intersected, where the boundary strikes it, with
numerous ravines which stop the prairie fires coming from the west, it is covered

with timber and bush, and hae the appearance, as seen from the east, of a
mountainous ridge. One of the British astronomical parties detached part of

its complement to cut and trace the line through the eight miles of wood which
occur here ; while the main bodies of the two commissions, diverging round the

north and south edges of the timbered land, crossed the Pembii>a River, and
took up astronomical stations across the sixty miles of prairie which intervene

between it and Turtle Mountain, where a site for a depot had been selected by
the British reconnaissance party.

Turtle Mountain is a well wooded district, consisting of nnmerons small hills,

which gradually rise to as much as 500 feet above the plains, and are covered

with poplar, birch, and oak. Botween these hills are countless swamps and
lakes, the water being unable to get away. The shape of the mountain, as seen

from the west, is very like that of a turtle, a smaller detached ridge represent-

ing the head, and the name is derived from thisresrmblance. At the middle of

July, nearly all the British and United States parties were assembled round the
north-eastern skirts of the mountain, and the escort of cavalry which accom-

panied the United States commission was also encamped here. Grass, fuel, and
water were abundant, but the plague of flies was almost intolerable ; the horses,

which could not feed properly, sufi'ered considerably in condition, and all hands

had to wear mosquito veils and gauntlets. The number of mosquitoes in the

summer in these countries is quite incredible, and the reality is worse than

the anticipation. It may suffice to say that oxen have been known to be choked

by them, and that on a still warm night the noise they make beating against

the outside of a tent, resembles that of rain. The only time that there is any

relief from them is in the middle of the day, when the heat of the sun prevento

their appearing ; a moderate breeze will also keep them quiet.

The Ist British astronomical party which had established the point where

the boundary enters the mountain from the east, was charged with taking the

line into the interior, working westward. One of the United States parties

travelling round the north side of the woods, determined the position of the

49th parallel on the western edge of the mountain, and commenced to out in an

easterly direction, so as to meet the others half way. The dense growth of

poplar and bush which were met with on both lines, and the frequent swamps

and pieces of water which the boundary traversed, caused this work to progress

but slowly ; roads or bridle paths had to be cut round the impassable portions,

and the soft places " corduroyed," to enable the pack animals to get over them.

The interior of the mountain is, however, singularly beautiful, owing to the



ii!

tt|'': ON THE BRITISH NORTH AMERICAN BOUNDARY C0HHI8SI0N.

graceful outlines of the hills, covered with leafj poplars, and the perfect still-

ness of the lakes, the shores of Trhich are clothed with foliage down to the

water's edge. From a high point in the cutting about three miles from its com-
mencement, the mounds, marking the 49th parallel on the prairie to the eastward,

could be seen stretching in a gentle but well defined curve for a distance of

15 miles, thus giving the spectator a very graphic idea of the size and figure of

the earth.

Seeing that the work of cutting through these woods would be a tedious but
practicable operation, Captain Featherstonhaugh divided his party in two, and
taking with him about ten men and his astronomical instruments, started for

the plains further west, leaving the remainder in charge of Mr. W. F. King,

sub-assistant astronomer, to continue the cutting and tracing of the line to the

halfwaj point. As matters fell out, however the United State3 party who were
working eastward, met at the end of 10 miles with such large lakes, that al-

though they crossed tbem and marked the line on the eastern margin, they went
no further, and Mr. King, to complete the work, had to carry on his cutting for

24 miles, which he finished at the end of September.

Meanwhile, the reconnaissance had been carried 150 miles further west, and
the astronomical parties of both commissions had taken up their stations across

the plains for nearly this distance. The Souris Kiver which runs through

about 300 miles of this country, was crossed by the boundary foiu times, and
proved a great resource to the expedition. This stream, which is scarcely en-

titled to be called a river, if its width and volume of water are considered, flows

for most of its rourse at the bottom of a valley averaging a mile in width, with

high and steep banks. The actual watercourse is fringed with oak and poplar,

whirh supplied the parties with fuel. Above the third crossing, however, the

trees disappeared, and this spot, which was the site of one of the principal de-

pdts, was named Wood End in consequence. The work advancing steadily by
20-mile spans, reached this point at the end of August, and Lieut. Galwey, U.E.,

took up an astronomical station at the foot of the Grand Cotcau, which here

crosses the boundary in an oblique direction. This remarkable range of hills

runs for some hundreds of miles across the plains from south-east to north-west,

starting from latitude 44 deg. near the Missouri, and extending far int" the

British territories. From a little distance it resembles a well defined coast- line

seen from the sea ; it is, like the plains at its foot, perfectly bare of trees, and

looks, perhaps, even more desolate than they do. The interior of the Coteau

has been aptly described by Mr. G. M. Dawson, the geologist and naturalist of

the boundary commission, as a " confusion of abruptly-rounded and tumultuous

hills," the tops of which are stony j but the sides and the small basins between

them have some good soil, and there are numerous swamps and lukelrts. At

the time that the boundary commissions entered the Coteau, tiiu grass over the

whole country was beginning to burn, and it was with some difficulty that the

different parties obtained pasture. The autumn fires, driven by high winds,

sweep over the surface with great rapidity ; and although, from the shortness of

the grass in these latitudes, there is not much actual danger to life, the tents of

I
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a pitched camp may very easily get burnt if a good look out be r kept. One
of the astronomical parties, caught by a change of wind, was rcgu rly " stam-

peded" one day when on the march ; the other, from the same c. use, bad a

desperate fight with a fire they had themselves lighted to leeward ; and one of

the surveying parties had to tear down their tents and get everything across the

friendly stream of the Souris, losing some of their clothes in the process . Get-

ting clear of the Coteau, which is about thirty miles wide, the dificrcnt par-

ties were on the prairie once more ; but they had passed the watershed, and

the streams now flowed south to the Missouri. However small these might be,

they had one quality, which the stagnant Souris had lacked for so Jong—they
ran—and the difference was very welcome. Some wood also was found in the

big ravines, and the members of the commissions had began to congratulate

themselves on being in a more comfortable part of the country, when on the

22nd of September a snowstorm of the same violence and suddenness as that

which occurred at Red River on the same day in the precedin^r year, burst upon

them. At this time the different parties were at or on their way to their final

stations for the year, and every day was of importance, considering the long

journey of 400 miles that they had to make back to the settlements. The storm,

however, put a stop to all work for nearly a week, and those who were fortu-

nate enough to be near any ravines, took shelter in them ; this weather was
particularly severe upon the horses, which had to be kept tied up to prevent

their running away, it being difficult to find for them any grass long enough

to cut. Horses when exposed to these storms, will, if they get loose, run for

miles straight before the wind, and it is necessary tu tie them up securely, to

avoid losing th( m altogether.

After the weather hnd moderated, there remained one or two weeks' work
before turning eastward, and Captain Ande.-son, after making arrangements for

the provisioning of the parties of the British commission during this time,

started on the fifth and final reconnaissance of the year. Reaching station No.
23, which was at th. 468 mile point from Hed River, on the 2nd of October, he
pursued his journey westward for about tLiru^en miles, and on attaining the

summit of a high ridge running north and f^^u^h, came suddenly on the eastern

edge of the " bad lands." These extraordinary surfaces are due to the rapid

waste of the soft clayey tertiary formations by the melting snow water and the

rains in the spring of the year. Steep irregular hills of clay, to quote Mr.
Dawson again, on which scarcely a trace of vegetation exists, are found, sepa-

rated by deep, nearly perpendicular sided, valleys, which are furrowed from top

to base by innumerable runnels, converging into larger furrows below ; the

scarred and seamed conical masses, and the glare of the white clays of which

the whole surface is composed, give a very peculiar aspect to the landscape.

Progress with wheeled vehicles was here quite impossible without more road-

making than there was time for ; but the 430 mile point was reached on horse*

back, and the oite of station No. 24 was selected and marked as the first of the

ensuing season.

From this point Captain Anderson turned northwards, in order to reconnoitre
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a site for a principal deput amongst the valleys of tfae Woody Mountain range,

which is about twenty miles north of this part of the boundary. Reaching the

summit of thece hills, an extensive view was obtained of the surrounding

country; to the west, a wide and precipitous ravine appeared to cross the line

at a distance of about fifteen miles, while to the north was a level plain, stretch-

ing to the horizon. The ravines below the feet of the party were well wooded,

but were now filling up with diifted snow, and some bufialo were seen taking

refuge in them. Turning eastward from this wild spot, Captain Anderson pro-

ceeded to explore the hills, in order to find the camp of the Half-breeds, who
were known to spend the wintir in one of the valleys. Some Sioux Indians,

who were met travelling towards the south, pointed out the right direction, and

the place waa reached after a day's journey. About eighty families of Half-

breeds, who migrated from the Red River valley, form a sort of settlement here

in the winter time residing in huts. In the summer they abandon their dwel-

lings, and go out on to the plains near Milk River, taking their women and

children with them, it not being considered safe to leave them unprotected at

Woody Mountain. Having found a suitable site, with wood and water, for a

large dep6t for the next season's work, and having determined its latitude and
longitude, Captain Anderson started for the Red River on the 8th of October,

and gathering up with him on the way all the survey parties, depot keepers,

etc., who still remained in the field, he reached Dufierin on the 31st of October,

the two astronomical parties and some of the others having arrived shortly

before.

Thus ended the first suramer's work, during which the two commissions had
established twenty-one astronomical stations, and chained and marked 408 miles

of the boundary, of which 43 were cut through woods. The country had also been

surveyed for a width of 6 miles north and south of the boundary, each commis-

sion working on its own side. In the case of the British parties, the width of 6

miles was extended to Ifi in some places, and they traversed, with the theodolite

and chain, 897 miles, covering with their work a total area of 3,004 square

miles. The chained and marked tangent lines were used as bases for the sur-

vey, and the traversing along the important watercourses was in all cases com-

menced from and closed upon them.

The commissariat arrangements during the season may be briefly described,

'jl'he total length of the line of work was 4U8 miles in longitude, and about 430

by the actual routes travelled. Along this distance four principal depots wero

established, viz., at Pembina Mountain, Turtle Mountain, second crossing of the

Souris, and ^Vood End, the intervals from one to the other being about 00 miles.

Provisions were hauled to these dep&ts by the commissariat horse-trains of 30

Whitewater waggons, and by u hired train of 17 Red River carts. Sub-depdts

were made between the principal ones, viz., at Long River, at the first crossing

of the Soui'is, and on the Grand Coteau. These places were chiefly used for

storing oats and small quantities of rations for the teamsters of the supply trains

as they passed to and fro.

£aoh party bad one or two special waggons told off to it fur keeping it sup-

fit'
I ')

:

'

in-'
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plied with food. These waggons travelled backwards and forwards from the
party to the nearest depot.

Rations.
*

The ration of food allowed to each man was :
;

li oz. apples (dried) daily. J oz. pepper daily.

«••••••

4 oz. biscuits

16 oz. flour

(4 lbs. of baking powder to every 100

lbs. of flour.)

2i oz. cheese , daily.

1 oz. oatmeal

T(i(j gal. pickles, or i pint of

vinegar weekly.

16 oz. meat .... d ?.i!y.

i oz. salt

I oz.soap.
J

:

3 oz. sugar

res gal. syrup „
1 oz. tea ... t

h oz. tobacco

i oz. mustard weekly.
4 oz. beans (diied) daily.

Matches as required.

All these articles were not issued daily to each man, but these were the rela-
tive proportions allowed. The total weight of food per day was about 40 oz.
For each horse the ddly allowance was 9 lbs. of oats ; the Red River ponies

received none ''u.'ing the summer.
For the use of the animals on the journey homewards, hay stacks were mode

at certain spots, at intervals of about forty miles ; but, unfortunately, some of
these were destroyed by the prairie fires.

The operations of the commission for 1874 were arranged to be carried on in
a very similar manner to those of 1873. Depots were to be established in suc-
cession at intervals of 80 miles, from which the parties should draw their pro-
visions. As the work, however, would commence at a point 430 miles from the
Red River, and constantly recede still further, it was necessary to have n new
base upon which the expedition could rely for the summer and autumn of 1874,
and also for the ensuing winter, should any work remain to be done during IBTa!
Woody Mountain—where there was an ample supply of wood, and where pcnii
mican and dried buffalo meat could be obtained, if required—was chosen as the
new base, and a contract was made with a merchant at Helena, in the State of
Montana, U.S., for the supply of 29,000 bushels of oats, to be delivered by him
at the mountain on the 15th of June, 1874. A large number of additional wag-
gons and draught oxen having been purchased, (sec tlie Tables), five months'
provisions for the whole expedition were packed early in May, and at the same
time the parties were equipped and went under canvass, ready to start as soon
as the grass should be long enough for the animals to feed on it. The two Ca-
nadian gentlemen who had filled the posts of surveyors during 1S73, having
retired from the commission, Lieut. Rowe, R.E., who had arrived from England
in August of that year, and had taken part in the astronomical work in Septem-
ber and October, took over charge of the surveying operations, and the tlueo
survey parties were amalgamated into one under him. The six-mile belt of sur-
vey from Woody Mountain up to the Rocky Mountains, was ordered to be
reduced to three miles.
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Preceded by a road-making detachment, wliicli bridged the streams and cor-

duroyed the swampy parts of the last year's trail, the parties of tho commission

loft the lied River on the 20th of May, under the charge of Captain Anderson,

and on tho 3rd of Juno found themselves on tho banks of the Souris Itiver,

which at this time of the year was 55 yards wide, and 7 or 8 feet deep. As
there were more than 100 waggons, spring carts, etc., and large quantities of

stores, it was thought advisable to bridge the strcaui, which was done by con-

structing cribs of wood, which were sunk at suitable intervals, and which

carried the superstructure. Having crossed over, the commission parties pur-

sued their journey somewhat more rapidly than before, the oxen improving

daily in condition and travelling power, when on the 11th of June a most un-

fortunate accident happened to Lieut. Rowe, who, by the falling of his horse,

was so severely injured, that it was considered unsafe to move him from the

spot for some days. ])r. Burgess and Captain Ward remained with him until

he was able to be taken on to Woody Mountain, six weeks afterwai-ds.

The traiji, proceeding on its journey, arrived at the foot of the Grand Coteau

on the 13th of June. Here the two astronomical and the surveying parties were

detached, and followed the old track along the parallel across the Coteau ; the

remainder, with the commissariat train, took the Trader's road, which runs in a

north-westerly direction along the foot of the hills to Woody Mountain. On
the 20th of June, just a month after leaving Red River, the parties commenced
work at their respective stations, and about a week or ten days later the United

States' commission which had come up from the line of the Missouri River, ap-

peared on the parallel, and at once commenced operations, so that by the 6th of

July three astronomical stations had been established, and 80 miles of boundary

had been chained and marked. In this part of the work the great ravine of

Frenchman's Creek, or White Mud River, was crossed. This immense trough

is 6 miles wide and 320 feet in depth below the prairies on cither sido ; its

eastern edges are precipitous. The whole floor of the valley is cut up into

gullies and slopes of shale, and the stream itself rushes over a pebbly bed

in a smaller ravine at tho bottom of tho big one. No passage for wheeled

vehicles could be found down these cliffs on the line, and tho British parties

had to use a pass about 16 miles to the north, the United States' commis-

sion finding one almost the same distance to the south. Getting clear of this

obstacle, the two commissions with tlieir next stations covered the plateau which
extends from Frenchman's (heck to Milk River ; the surface of tliis plain is

composed of white clay, in whicli the grass gro^vs sparingly, and in which water

is very scarce. At this time of tho year, in tho height of summer, the direct

heat of the sun, aided by the reverberation from the soil, was oppressively great,

and the aspect of the country was more liko a desert than any that had been
previously traversed. The supply of wood now totally failed, and the cooking

was done by using the buifalo chips, which lay scattered in great profusion over

the ground; strange to say, however, it was here, where game appeared to be

least likely to be found, that the buffalo were first encountered. In July, when
the pools of water are fast drying up under the sun, and when the grass of their
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more southern pastures has been consumed, t acse animals make their way north-

ward to the fertile valleys of the Saskatchewan and its tributaries. They appear

to cling to the line of the Milk River, probably because they depend upon its

water. With the bufl'alo were found their constant attendants, the Indians,

both Sioux and Assinebonies. These people were well clothed and armed, and

appeared to have plenty of food ; they always begged for a small quantity of

tea, sugar, and flour, and were particularly keen after matches, which they evi-

dently valued highly. They asked numerous questions about the objects of tho

expedition, and appeared relieved to hear that no idea of a railway lay at the

bottom of it. As far as could be known, the fact of a boundary being marked

between tho British and American territories seemed to bo welcome to them,

and it is said that they were rather disappointed that a wall or continuous bank

was not set up across the plains, a thing which they had been led to expect. It

was on ih-'s clay plateau also that in tho middle of July an extraordinary swarm
of grasshop[;erK was met with; the ground was covered with them, and tho air

was so full of them, that the appearance was exactly like that of a snow storm,

to which they have often been compared by travellers.

Keaehing tho Milk River, which Captain Anderson had reconnoitred for forty

miles of its course before finding a crossing place, the commissions passed by a

largo camp formed by the Half-breeds from Woody Mountain and from tho val-

ley of Frenchman's Creek. There were about 200 tepees or tents, each contain-

ing a family, and it was estimated that there were 2,000 horses, ponies, etc.,

belonging to tho band. The camp was a largo rectangle, the sides of which

were formed by the tents and carts, and tho animals were driven every night

into the enclosure thus provided. These Half-breeds are educated to a certain

extent ; they profess tho Roman Catholic religion, and there was a priest with

them at this time; they keep up a sort of military discipline founded on mutual

consent, and the necessity of defending themselves from the Indians ; outlying

videttes are regularly maintained at sorao niiles from tho camp, so as to give

early notice of the approach of any party sufficiently numerous to be furmidablo

to them. In the summer time these people hunt the bufFnio for the sake of its

flesh, which they dry or convert into pemmican ; in tho autumn and early win-

ter they kill them for the sake of the skins, which arc taken during the ensuing

spring to the Missouri and to Fort Garry, where they arc exchanged foi
^

groceries, clothes, and ammunition.

Crossing the Milk River at a point about eight miles south of the line, the

astronomical parties took up their stations over the country between the gorge

of this stream and the West Butte. The valley of the Milk River is another of

those rugged and impassable troughs cut out in the soft cretaceous formations

by the action of water; it is about a mile wide and 300 feet in depth, the sides

being precipitous and of a dark and gloomy tint. There are numerous tributary

ravines, which enter the main gorge at right angles ; these contain narrow buf-

falo paths, along which tho herds pass in scarcli of water, or in order to cross

to the north. The stream itself winds from side to side of the bottom of tho

valley, and is fringed with timber where the boundary strikes it. The survey



41 ON THK BRITISH NORTH AMERICAN BOrNDARl COMMISSION.

party, unfortunately still deprived of the superintendence of Lieut. Ro^Te, but

ery ubly directed by Mr. W. A. Ashe, sub-assistant astronomer, had here u

hard piece of work with the trarerse of the tortuous watercourse and the rugged

cliffs on each side of it ; they carried it, howerer, to a distance of ten miles up
stream, the general course of the river coming from the west after a few miles

northing.

The plains between Milk River and the Three Buttes are a sort of neutral

ground between the Indian tribes, and are generally left unoccupied by them ;

tlie Sioux nud Assinebonies do not appear to cross to the west bank of tlie

stream, and the Blackfeet, who cling to the skirts of the Rocky Mountains,

rarely approach the Buttes. As a consequence, perhaps, of this state of things,

this strip of country was, in July, 1874, full of buffalo, which were slowly moving
north in large herds ; from them the different parties obtained ample supplies of

fresh naeat, which, although not equal in quality to the flesh of the deer and

antelope, was preferable to the hard beef that the much travelled oxen afforded.

On this part of the bound ai-y, and on this part alone, rattlesnakes were found
;

they were not numerous, but were tolerably large ; they lived in holes on the

open plain, and always seemed to get out of the way without attempting to

strike even when a horse stepped over them by accident. The rattle they make
is very rapid, and appears to fill all the air without coming from any particular

spot ; it resembles the sound of a pot boiling over.

At the end of July the two commissions were all encamped round the foot of

the Sweet Grass Hills ; Major Cameron and the United States' Commissioner,

Mr. Archibald Campbell, both passed on their way to the Rocky Mountains

about this time, and the work was made good up to ihe westernmost Butte on
the 30th of July. These isolated masses, called on the maps the " Three Buttes,"

but known by the hunters and Half-breeds as the " Sweet Grass Hills," are threo

distinct peaks, which rise to a height of 3,000 feet above the plains at their feet.

Seen from the north, they have a grand and majestic appearance from the con-

trast they present to the monotonous level of all the surrounding country. Their

sides are clothed with pine timber, and numerous springs issue from them ; the

water from these running down in small rivulets on to the plains is soon swal-

lowed up by the arid soil. At a short distance to the north of the boundary

here, the bodies of about twenty Crow Indians were found who had been killed

by the Blackfeet in the preceding autumn. It appears that the vanquished party

had stolen some horses from the others, and, being pursued, had been overtaken

before they had reached the shelter of the hills; sma'l rifle pits had been

scratched up by them in haste when they had had to turn and fight, but they

had been overpowered. The bodies had been stripped, scalped, and hacked about

a good deal ; there were one or two very large men amongst them.

From some high ground near the West Butte depot the Rocky Mountains

could be seen lining the western horizon, the snow and ice on their summits

being clearly distinguished in the morning sun. The reconnaissance party push-

ing on to St. Mary's River, which is about twenty miles from the mountains,

found a suitable site for a depot and an astronomical station between them and
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it, and the commissariat train were at once sent on > this spot with thirty days

provisions for the working parties. The distance from the West Butte was about

80 miles. During the first half of August the astronomical stations and tangent

lines were completed across this span, and the survey party commenced the tra<

verse of St. Mary's River, their work being extended again to e, width of six

miles north of the line, for the remaining part of the boundaiy. A further re-

connaissance shewed that the 49th parallel, striking an immense mass called

Mount Wilson, passed over the crest of it, and intersected on its further side u
large piece of water called Waterton Lake ; it then followed an inaccessible

ravine for about nine miles, till it reached the watershed ridge, on which a monu-
ment had been erected by the Boundary Commission of 1861. It was agreed that

the British astronomical parties should take up two stations, one at the point

already mentioned at the depot west of St. Mary's River, and the other on tho

eastern flank of Mount Wilson, the tangent lines being traced and chained up to

the latter. The United States' Commission were to determine the position of the

boundary on Waterton Lake, and the connection, in longitude, with the termi-

nal monument of 1861 was to be effected by traversing round the northern side

of Mount Wilson and up the Kootenay Pass. Major Cameron indeed endea-

voured to find a direct route along the boundary from Waterton Lake westward

;

but although he nearly reached the terminal monument, he could not quite do

so, and it was evident that chaining would be impossible except up the pass. In

accordance with these arrangements, the three last stations of the work were

established in the third and fourth weeks of August, some triangulation having

to be done from the zenith telescopes to the parallel, on account of the difficult

nature of the country preventing the instruments being taken as near to the

line OS usual. It was now the end of the summer, but the weather was still

clear and -varm, and the beautiful scenery, amidst which the parties suddenly

found themselves, contrasted strongly with the monotonous plains on which they

had been working for so long. Instead of short and scanty herbage, tho grass

was now luxuriant and rich ; clear and impetuoiis streams took the place of

muddy and stagnant pools, and the eye was once more rejoiced with the sight

of trees and foliage. Wild fowl and dusky grouse abounded, and the rivers

were ful' of salmon trout of from 3 to 5 lbs. in weight.

The direction of the mountain range is from south-east to north-west ; the

boundary, striking it obliquely, passes about six miles north of Chief's Moun-
tain, which stands out into the plains at light angles to the main chain; the

line then crosses the immense mass of Mount Wilson, which fills up seven miles

in longitude, and falls into Waterton Lake. This beautiful piece of water, which

is 9 miles long and about 1 mile wide, lies between mountains, whose sides rise

precipitously for 3,000 or 4,000 feet from the water's edge, and resembles some-

what the Lake of Lucerne, in Switzerland ; the view also, from the top of one

of the mountains at its northern end, is, in some respects, like that from the

Righi. On one side nothing is seen but a crowd of mountain peaks filling the

whole perspective ; on the other, a level plain stretches to the horizon, and

geums to differ only in coloxir from the Bca. Tho lake, lying immediately below
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the feet of the spectator, lends its beauty to the scene, aud a unique grandeur is

c' ivcd from the reflectioi". that the mountains extend in unbroken series to the
1'icifio Ocean, 400 miles away, while the plains, bare aud treeless, stretch for

twice that distance in an ojjpositc direction.

Following the Indian trail up the Kootcnay Pass, Captain Anderson, with
Mr. Dawson, the ge logist, and the reconnaissance party, crossed the watershed

into British Columbia, and coming upon the old trail of the Boundary Commis-
sions of 18GI, followed it to the tcrmi':^l monument, which is situated on a very

curious saJdle-back, with precipitous sides, the mountain tops to the north and
south rising straigiit up from it. Owing to its sheltered position, the monu-
ment was in perfect preservation, and a survey was carried back from it to the

point where the Kootenay Pass trail crossed the wati-rshcd. Mr. Ashe's party,

bringing their traverse up the pass from the plains, reached this point on tho

27th of August, and the connection between the work of the two Commissions
was thus completed. Tho United States' survey parties having triangulated

from the north end of the lake down to the astronomical station on its western

shore, connected the latter with the terminal monument by another route.

Meanwhile tho two British astronomical parties hai completed their last sta-

tions, and after about ten days spent in cutting through the dense woods on tho

foot hills of the mountains, and triangulating up the difficult valley of the Belly

River, had made good tho boundary up to the sides of Mount Wihon.

Nothing more remained to be done in the mountains, and after a day or two
spent in visiting the Lake and the Kootenoy Pass, tho parties struck their

camps and commenced their homeward march. It was not without reluctance

that the beautiful and luxuriant scenery of the mountain valleys was left behind,

and the dreary plains once more entered upon ; but all knev how long a jour-

ney lay befoie them, and how suddenly ai.Li anmistokeably the winter might

commence, so that, once started, the hope of getting back in good time was an

efficient stimulus to travelling ; tho horses and ponies were also in remarkably

good condition from their fortnight's repose and good living. Tho two astro-

nomical parties were tho first to leave, having still to put up the stone mounds
as far as tho commencement of the sea on's work ; this was left to be done on
the return journey, in order to economize time

i
they travelled along the line

doing alternate parts of tho work, and camping together at night. The buffalo

were found in vast herds on the same ground ns befoi'e, but appearing now to

be stationary or inclining towards the south, and numerous as were the carcasses

of those killed by the Indians and Half-breeds, the survivors were so countless,

that the loss appeared insignificant by comparison. Captain Anderson with tho

survey ond llie reconnaissance parties, left tho mountains on the 29th of August,

a;id gathering up with him the depot-keepers and men as he went along, fol-

lowed the main trail back ti Wol ly Mountain, which ho reached on tho l(jth

of September. There he was joined by tho astronomical parties under Captain

I'eatherstonhaugh and Lieut. Gahvey, who ho-' passed Frenchman's Creek by

the southern crossing, and having erected the last of the stone mounds, arrived

at the rendezvous on the lOth of September.

l > I 1 Til '

r !i '!(t
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The united parties, numbering 167 officers and men, and about 200 horses

and ponies, with 100 wagjons, carts, etc., commenced the lust half of the home-

ward journey together, under Captain Anderson ; the Commissioner and Captain

Ward having started back a short time previously, travelling light with two or

three attendants only. The usual equinoctial storm was now daily expected,

and other sources of anxiety were not absent, a telegram hav'.ig been received,

via Fort Benton, on the Missouri, to the effect that the Crcs, who inhabit the

country north of the lino, intended to attack the Commission Train on its way
eastward. Notwithstanding these expectations of unpleasant occurrences,

nothing could have been more successful or enjoyable in its way than the

inarch proved to be. The enowstorm did not come, the Crees kept their dis-

tance, and the weather remained warm and fine up to the very end. Haystacks

had been made at the end of each probable day's march, near water, so that the

animals w'jre always well supplied with food during the night, without the risk

of leading them to graze after darkj and when ihoy arrived at Duffirin, the

horsea, despite their march of 800 miles, were in perfect condition. Passing, in

duo course, the now familiar camping places of Wood Knd, the Souris Kiver

crossings. Turtle Mountain, etc., it was not witlioul regret that they were left

behind for the last time ; and, despite the many disadvantages of the prairie

and plains, there is no doubt that persons who have spent much time on them,

acquire a sort of attaclnnent to them that more pleasing landscapes fail to in-

spire. What the reason of this may be it is ditlicult to say ; but the feeling is

probably the same as that which a sailor has for the sea.

On the 11th of October the tra'n reached Duffcrin after a march of 800 miles

by road, which had been accomplislu'd in forty-three days, including halts.

The work done by the two Commissions in 1874 was as follows :— 17 principal

nstronomical stations were established by observations with the zenith telescope
j

the connecting sight lines between the stations, extending over Xi',) miles, were

chained throughout; a final span of 20 miles in the llocky MoutUains, which

was impassable, was covered by traversing, and the country on each side of the

lino was surveyed for a total width of C miles up to St. Mary's liivcr, and for a

width of 12 miles between it and IJritish Columbia. Meteorological observa-

tions were taken at the West Butte during the month of Angu.st, and barometer

readings for altitude above the sea were obtained over the whole of t)ie country

traversed. Magnetic observations for dip and declination of the ncedk and (or

total magnetic force, tvere taken at Turtle Mountain, Wood End, t!io 'I'lireo

liuttes, and the Koeky Mountains; these observations, combined with those

taken previously at the Lake of the Woods and at DufTirin, forma conipUto

series from which the curves of magnetic force have been laid down on the

niap of the country.

After the return to DufTirin, three small parties were sent out to put up tlio

iron pillars along that portion of the boundary Vthich forms the souther*; limit

of the province of Manitoba. The sites of these i)illiirs luul been nuuiied by
temporory mounds and stekes by the British astronomieal jjarties in the prcee-

.
ding spring j one half of the whole number of pillars having b.rn get up, viz.,
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every other one, the remainder were put ir, by the United States' Commission
in 1875

This completed the field work of thp Boundary Commissions.

A. F.

I
;

SI \\\!
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POSTSCRtPT. \ '.

Bt Captain S. Anderson, R.Ek

The foregoing papei has been limited to an account of the execative work of

the Boundary Commission, and the names mentioned are those which naturally

occur in the course of the narrative. It is the wish, however, of myself und tho

other R.K. Officers concerned to express here how much we were aided in our

respective parts of the work by the Canadian Officers of the Commission.

Without their thorough and efficient cooperation and assistance, the marking

of the Boundary would have taken a much longer time, and would have been a

much more arduous task to us.

The following are the names and appointments of the officers of the Commis-
sion nominated by the Doninion of Canada :- -

Executive.—Surveyors.—Lieut. Colonel Forrest, of the Canadian Militia,

P.L.S., and Mr. A. L. Russell, P.L.S. These gentlemen were in charge of sur-

veying parties during the winter of 1872 and the summer of 1873.

Sub-Assistant Astronomers.—Messrs. 0, F. Burpee, W. F. King, W. A. Ashe,

and O. C. Coster were attached to the astronomical parties as assistants to tho

astronomers. They had charge of the computations, reductions, &o., and the

Bubsidiury observations for time were sometimes taken by them. Mr. G. F.

Burpee had charge of part of the surveying work during the winter of 1872.

Mr. W. F. King superintended the tracing and cutting of the Boundary through

Pembina Mountain and Turtle Mountain, the latter being; a long and difficult

work. Mr. W. A. Ashe had charge of all the surveying work in 1874 owing to

tho accident which happened to Lieutenant Rowe. Mr. D'Aruy East (late

R A.) was employed first as surveying officer, and latterly (1874) as Com-
mander of the Scouts. With him was ossouiated Mr. G. G. Crompton (late

R.N.), who COT uucted many of the reconnaissiinces of 1874.

A(hni))ist>\.tum.—Commissariat.—Mr. L. U. ''erchmer (late 46th Regiment)

was the Commissary of the Boundary Commission. Tho lino of supplies which

ho had to maintain was, in 1873, 400 miles long, and, in 1874, it extended to

860 miles. Mr, Herchmer, in carrying out his work, made many hard journeys,

with only one attendant, through the heart of the Indian country.

Medical Department.—Dr. T. J. W. Burgess, M.B., was surgeon to the Com-
mission, and took part also in tho botanical researches. He had under his

charge during the progress of the work many serious cases of sickness and of

severe injuries. Under his skilful treatment all his patients recovered. Dr. T.

Milman, M.D., Surgeon's Assistant, was in medical charge of tho parties in tho

field during most of the season of 1874.

Veterinary Surgeon.—Mr. W. O. Boswell, in addition to the usual duties of

his appointment, was charged with the selection and purchase of the transport
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animals, horses, oxen, and dogs, and of the waggons and carts composing the
transport train of the Commission. Mr. Boswell, in carrying out the duties of
his department, made extensive journeys through Canada, Minnesota, and
Montana,

Natural History.—Mr. G, M. Dawson, geologist avi naturalist to the Com-
mission, examined the whole of the country traversed. Mr. Dawson, whoso
name is well-known in connection with these sciences, has published in Canada
an exhaustive report on the geology^and dora of the Boundary Lino.

S. A.

APPENDTX.
Methods of Astronomical Observations.

LafitiKio!.. The method of determining the latitude which was agreed to be
pursued by the two Commissions was by observations of the differences of liio
zenith distances of north and south stars with the zenith telescope. This in-
strument is of American invention, and is exclusively adopted in the United
States Coast Survey for the determination of latitudes ; its use and theory are
described in Vol. II. of Chauvonet's " Practical and Spherical Astronoir.y." The
reasons which led to the adoption of this instrument for the work of the boun-
dary survey were its portability, tlio simplicity both of the observations and of
the subsequent computations, and the accuracy of the results. Table 9 of this
Appendix gives the abstracts of the observations take.i by (he astronomers of
the British Commission with this instrument, shewing the' number of observa-
tions at eacli station, the number of days on which observations were taken,
the total time occupied in completing each station, and the probable error of the
results. Consideration of this table appears to show that the performances of
the zenith telescope justify its selection for a work of the nature of the Boun-
dary Commission.

The zenith telescopes used by the British Commission were three in number,
two of them having been made by Wiirdemann, of Washington, U S., in the
year 1860, and one by Messrs. Tionghton and Sims, of London, in 1872. They
were 32 inches in focal longth, with object glasses 2i inches in diameter. Each
instrument was packed in two cases, which weighed, when full, 78 lbs. and
1 20 lbs. respectively.

The number of stars used by the British Commission for the latitude observa-
tions was 107 in all. The places of Of! of these were taken from the Nautical
Almanack or from the Greenwich calulogue of the epoch 1861; 30 from the
Greenwich catalogue, epoch 18(i0- 18 from the Greenwich catalogue, epoch 1850

;

and 63 from the British Association catalogue of the epoch of 18o0.
The relative weights assigned to these catalogues were taken into account as

follows* :

—

Let e « be the probable error of the declinations in each catalogue, then
f he assumed values of c' ^ are :

• See Cliftiivcnct, Vol, 11,, pur. jas.
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Greenwich catalogue of 1864, Nautical Almanack of current year,

Greenwich catalogue of 1860, with 4 or more observations 25

Greenwich catalogue of 1860, with less than 4 observations, Greenwich
catalogue of 1 850, with 6 or more observations 0*40

Greenwich catalogue of 1850, with less than 6 observations 0"60

Bricish Association catalogue, with the additional modern authority of

Argelandcr (2), Bessel, Brisbane, Henderson (2), Johnson (2), Pond,
Rumker, Taylor (6), Wrottesley (2) 0-70

British Association catalogue, on the authority of Bradley, Piazzi, and
Taylor 1-0

British Association catalogue, on the authority of Groombridjfe alone . . 2* 3

When a star was found in more than one of the catalogues, the place assigned

to it by the one having the most relative weight was used.

Dcvintion of tho The commonly received idea of a parallel of latitude is that of a
plumb-lino. circle on the earth's surface, formed by the intersection with it of

a plane parallel to the plane of the equator ; the 49th parallel of north latitude

being therefore such a circle 49 degrees north of the equator. Tho only way of

determining a iirst point on this or any parallel, is by finding a point whose

zenith is tho required number of degrees from the celestial equator. It is then

assumed that the plumb-line from the point in question to its apparent zenith is

truly vertical, and that the i)oint on the ground is the same number of degrees

from the terrestial equator that its apparent zenith is from the celestial one

;

but experience has shewn that this is not the case. The plumb-line can, strictly

speaking, never be said to bo truly vertical ; local attraction, due to irregulari-

t'es in tho density and figure of the earth, pull it to one side or the other, and

as there is no check on tliis, tho absolute amount of the deviation at any one

spot cannot be ascertained ; but when a connection is made by actual survey

between two |noints, situated at some distance apart, whose latitudes have been

determined astionomically, the relative deviation of the plumb-line at the two

spots is at once apparent. Deviations of this kind were almost constantly found

to occur on the boundary lino, so that the parallel passing through one station

would not, if continued with tho proper curvature, be identical with the parallel

passing through the next station, and so on. Under these circumstances, it was

a question for consideration whether the points determined astronomically to bo

in latitude 49 dcg. N., should bo simply joined, or whether a mean line parallel

to tho equator should be adopted.

On tho British side, the opinion of the Astronomer Royal was obtained, and ho

recommended that in no case should there bo any departure " in tho smallest

degree from tho points determined by the actual use of astronomical instru-

ments."

It was agreed between tho British and United Stat / Commissioners that the

astronomical determinations of each station should be adhcrtd to, and the inter-

mediate monuments and mounds between tho stations were sot up on linos

having the same curvature as tho 49tl) parallel of latitude, but not parallel to

the equator. Had the boundary been marked tlirouyhout on a curve puni.lk'l
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to the equator, not more than a very small portion of it would have had, astro-

nomically, the latitude of 49 deg., and the work would have taken much longer

to do.

The subject of deviation of the plumb-lino is discussed in Article 86, Vol. J.,

of Chauvcnet's work, before alluded to.

Table 10 of this Appendix gives a list of the station errors, showing how
much each station is north or south of station No. 1

.

Lougitudcs. The determination of the longitude at North Pembina, in No-

vember, 1872, was effected by comparing, by means of the electric telegraph,

the local time with that of the observatory at Chicago, in the State of Illinois,

United States, the length of the electric circuit being about 950 miles.

The local time at North Pembina was obtained by observing transits of stand-

ard nautical alraanac stars with a portable transit instrument of 30 inches focal

length, and an object glass of 2i inches in diameter. This instrument was con-

structed by Messrs. Troughton and Sims, in 1872. A box sidereal chronometer,

by Sewill, was used on this occasion.

Time observa- The local time for the reduction of the zenith telescope observa-
tions, tions was ohtpined by the use of the sextant, either by day or

night, by the transits of zeniih stars observed with the zenith telescope, or by
transits observed with the portable transit. The latter instrument was, how-
ever, rarely mounted for this purpose ; the other methods, though inferior, being

BuflBciently accurate.

stands for The stands upon which the zenith telescopes and the transit in-

mcnts. struments were set up, were designed and constructed by Messrs.

Troughton and Sims, of London. A drawing of the stand made for the portable

transit instrument is given in PL IX. The dimensions of the metal top plates

are adapted in plan to those of the iron stand, in whose pillars are the V shaped
bearings in which the transit telescope revolves. 'I'his iron stand was of f^o

kind shown in PI. V. of Chauvenet, Vol. II. The wooden stand was so arranged

that the weight fell nearly equally upon eacli foot, as is evident from the dia-

gram plan. A small movement in azimuth was obtained by the V shaped

grooves in the metal top plate being made moveable along slots in the plate

itself.

For the zenith telescope the stands were somewhat smaller, but were
similar in general construction. The instrument itself being a circular one, re-

volving on a central pillar, the weight was ohvays equally distributed between

the three foot screws which carried the pillar ; the plan of the top plate of the

wooden stand was, therefore, an equilateral triangle, anil no movement in azi-

muth was of course required for the V shaped grooves.

The stands packed quite nat when they were taken to pieces, and were trans-

ported very easily j the weight of those for the portable transit being about

170 lbs. each, and of those for the z'-nith telescope about HO lbs. It was ut first

supposed that logs of wood would be more suitable whenever they could be ob-

tained ; but this was found to be an error. What was required wos not sta-

bility against a horizontal disturbing force, but against the tremors of the ground,
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produced by the necessary movements in the observatory tent. A post inserted

in the ground has its sides in contact with the soil, and every footstep on the

surface above is transmitted directly to tliem; the wooden stands were free

from this effect, because their constructioi) allowed of thuir being insulated as it

were. This was done by digging a hole in tho middle of the observatory tent,

2 feet square and 18 inches deep, the floor of tho hole being levelled ; the foot

plates were then bedded carefully, each in its proper place, and the stand placed

upon them. Any tremor from the surface of the soil was cauglit by the sides

of tho hole, or, if it did go as deep as its floor it could hardly afiect the foot

plates, as it would travel laterally underneath them. As a matter of fact, these

stands were perfectly steady ; they were used for 2^ years, and carried over

nearly 3,000 miles of country without suffering at all in serviceability. Two
posts, each 8 feet long and 2 feet in diameter, would have weighed 1 ,600 lbs. j

whereas the two stands only weighed 310 lbs., and being in parts they could,

if necessary, have been carried wherever men could climlx

Observatory A photograph of one of the observatory tents is given at tho
**"••'• end of this pap'jr. The tent is shewn as if it opened at tlie sides,

and this was the original construction, but it was found that this was very incon-

venient, the guys being much in the way of a person entering the tent at night»

and there being a danger of his striking the instrument, which, when adjusted

for observing a star of moderate elevation, pointed towards the doorway. The
sides of the tent walls were therefore sewn up, and a door opened in one end.

The roof opening was about 2^ feet wide, and for this width, the roof when
closed, was dou'jje, so as to keep out rain, each flap being buttoned or buckled

down to the tops of the tent walls j when the roof was to be opened, the flaps

were unbuttoned fix>m the walla and were then pulled back by halyards passing

through single blocks fastened to the tops of tho tent poles. When tho roof hail

to be closed, the flaps were ])ulled forward again by other halyards. There were

four single blocks in all, and four halyards, two of each being outisidu tho tent,

and two inside.

Azimuthrt. The true direction of the connecting sight lines between the as-

tronomical stations was obtained bj' one of throe methods. 1st, by laying down
a meridian with the portable transit instrument, and turning off an angle of

90" on a 7-inch transit theodolite j 2ud, by observation with the 7-inch theodolite

of the horizontal angular distance at a know ^ime between a eircumpolar star at

or near its elongation, and a fi.ved referring object on tho earth's surface j 3rd,

by the «amo opcrvtion as tho lust, using a eircumpolar star, at any part of its

course, as the point of reference.

The first of these methods was the most accurate, and was often used at the

initial point of tho connecting sight linos, where they were tangent to the paral-

lel. It required more preparation than the other two methods, which were

well adapted for checking the direction of tho sight lines as they progressed.

RecoMiuiiMsnnco 1"he observations for latituue and long'cudo taken on the reoon-
oiMciviiiious. naissances for fixing the approximate position of the astronomical

•tutious and making a sketch map of the country, were taken with an 8-ineh sex-

!«i !r
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tant, the sun and the stars being both used. The 8-inch sextants, specially made
by Messrs. Troughton and Sims for this expedition, were very good instruments
of their class j with them a set of ten observations on a north and on a south ob-

ject ."or latitude could always be depended upon within 100 yards. In cases where
combined observations of objects on both sides of the zenith could not be ob-

tained, the instrumental error of the sextant, which had been investigated, was
applied. On the march the instruments were carried in a light spring waggon,
and were always at hand for taking observations on the sun during the day at

the hours best suited for finding the time and latitude.

For the longitudes, the local times were compared with that brought forward
on four mean-time pocket chronometers, whose travelling rates were ascertained

by taking them back to the starting point and observing for time there, after

each reconnaissance. The resulting longitudes so obtained over long distances

of 100 miles and upwards, served as a check on the survey. The reconnaissance

sketches we .? made with the aid of a small prismatic compass.

Method of
'^^® method of working generally practised by the astronomical

w'"''i"8 P'"'»o- parties was as follows :—On approaching the site selected for an
tieeu by the as- ... ,

trouoraical astronomical station, usually at about 3 p.m., though sometimes
par 1C3. much later, the first step was to select, for the observatory tent, an
elevated spot from w^ich an uninterrupted sight line could be obtained to a dis-

tance of about three-fourths f^f a mile, either due north or due south. The camp
was then pitched at a .short distance off, so that neither the north or south, nor
the east or west lines from the observatory tent came within 100 yards of it.

The true time of the la^it astronomical station having been brought forward
on a pocket mean time chronometer, or sometimes on an ordinary watch, the

sidereal chronometer was started by it, allowance being made for the difference

of longitude obtained from the reconnaissance sketches, and observations for

time on the sun in the west were taken with a sextant for combination with
equal altitudes the next morning. The zenith telescope wap next mounted and
adjusted, the direction of the meridian being obtained by observation of the

transit, according to the time by account, of a circumpolar star as soon after

sunset as practicable.

When darkness had set in, the latitude observations were commenced, a cor-

rection to the approximate time being soon obtained by taking transits of two
zenith stars, and were continued throughout the night until dawn began to ap-

pear, the meridian being also altered if necessary during the course of the obser-

vations. The next morning equal altitudes were taken on the sextant corres-

ponding to those obtained the previous evening, and the true chronometer eriTir

during the night being now known, tlie computers colild set to work at once to

reduce the latitude observations. A first value of the latitude of the zenith

telescope was obtained before the afternoon, and a spot was selected the proper

distance north or south of it, so as to be nearly on the 49th parallel, and, if

possible, on the meridian of the instrument, from which point the sight line,

tangent to the parallel, should be commenced ; a view of nearly a mile du east

or west, and also north or south being essential. The seven-inch theodolite was
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mounted here, and as soon as Polaris could be found in the evening, an approxi-

mate meridian was established and a mark set up. The theodolite was then re-

placed by the portable transit instrument which was directed on this mark. All

this could generally be done without interfering with the zenith telescope obser-

vations for latitude, which it was important to complete as soon as possible.

These were continued on the second night without interruption 5 but, in the early

part of the evening, and from time to time during the night, opportunities would

occur for observing the transits of stars across the meridian of the transit instru-

ment. The azimuth of this meridian was thus obtained within one or two
seconds, or less, of arc, with much less trouble and fatigue to the eye than is in-

volved in the use of a circular instrument. The reading of the fine divisions of

a metal arc by artificial light is a great strain upon the sight, and is to be avoided

whenever observations of more importance are to be made soon afterwards.

On the second day the computations were continued, and preparations were

made for commencing the sight line to connect with the station to the west. For

this purpose the seven-inch theodolite was placed over the spot where the portable

transit had stood, and an angle of 90' was turned off to the west, giving a

line approximately tangent to the parallel. A mark was set up on this line at a

distance of about three-quarters of a mile, or more, if possible. The angle be-

tween this mark and that in the north was then read ofif on difierent parts of the

arc, and in reversed positions of the face of the instrument, and the mean of

these angular readings combined with the azimuth of the meridian, gave that of

the sight line, which was generally a few seconds north or south of west. The
sight line was now ready for prolonging westward, its deviation being left un-

corrected, but being taken into account in computing the offsets to the parallel.

On the third night the zenith telescope observations were continued and com-

pleted, subsidiary observations for correcting the constants of the instrument

being taken if required.

On the third and foui-th days the computations were finished and checked, and

as soon as the final value of the latitude of the zenith telescope was obtained, the

required measurement to the parallel was made, and the mound marking the

station erected. During the fourth and fifth nights additional observations for

azimuth were taken, as well as any additional ones required for the latitude.

The sidereal time was obtained from day to day ^y equal altitudes of the sun,

and also by observations of the transits of zenith stars at night ; sextant obser-

vations of stars for this purpose were rarely resorted to, as they would have

occupied time required for other purposes.

The time of completing a station, which, according to the above description,

would be four days and five nights, was actually always more than tliis. Some-

times the first night could not be used for latitude observati'ns, owing to the

party having arrived too late at the station to make the necessary preparations,

and one night out of three was generally cloudy or unfavourable to observation

owing to thunderstorms or gales of wind. The average time necessary to com-

plete one station was seven days during the summer months. In order to pro-

vide against delays from cloudy weather, it was always the object of the officer
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in charge of the astronomical work to obtain as early as possible an approxi-
mate value of the latUudo, within 20 or 30 feet, and an approximately true
meridian

j
having obtained these, the tangent line could be commenced, and, in

the event of cloudy weather setting in, could be prolonged for nine or ten miles,
while, if the sky remained clear, the astronomical observations were carried on
to completion. It may be remarked, that though clouds were not unfrequent,
ram, except during thunderstorms, was unknown in the summer months.
When the astronomical station was completed, and the mound marking the

parallel erected, the camp was shifted to some spot where water was to be
had, about half way to the next astronomical station. During the march, the
line was run with the seven-inch transit theodolite from the initial point, or
from wherever it had been already taken to while the party was encamped at
the station. From the new camping ground the line was continued as far as
the next astronomical station, if possible ; but if it was not within working dis-
tance, the camp was again shifted to an intermediate point. The prolonging of
the tangent line was done with the seven-inch transit theodolite, each point in
advance being determined by two observations with dififerent faces of the instru-
ment, to eliminate the residual coUimation and errors of level adjustment. The
time occupied in running an average distance of 20 miles of line was about four
days, to which three more must be added for laying down the offsets from the
tangent to the parallel, where the monuments or mounds were to be erected—
viz., at intervals of three miles—and for constructing the mounds themselves.
The offsets from the tangent line to the parallel were computed as follows :—

Each oflfset consisted of the following elements :—
C, a constant element, being the distance of the initial point of the tangent

line north or south of 49'.

S P, the distance measured along a meridian between the tangent line and the
parallel, which interval increases as the square of the distance from their point
of contact.

£ A, the correction to be applied to the tangent line for any small deviation
from its true direction.

S E, the proportional part of the station error due to the deviation of the
plumb-line, and including also the probable errors of the astronomical observa-
tions at each station.

C, of course required no computation.

B P, was computed according to the following formula :—

— d L = K B cos Z
-t- K* C sin Z + fi* B

where dL = difference of latitude >f the two points, K = length of side con-
necting them,

1
B =

C =

R arc l"

tan L

2 N K are l"
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T-j } c* sin L cos L nrc 1

(1 — « sin L) !•

A = K B cos Z

R-
(I — e sin L)I

N =

p.*

.1

(I — e' sin' L)i

A = equatorial radius of the earth = 6974l27"3l yards; e = eccentricity

= 0*081696830; Z = azimutli of tangent counting from south around by west,

whence west = 90°; east = 270°.

This formula becomes in the present case — d L = K* C ; or, taking offset in

yards =. d, distance along tangent line = D, log rf = 2 log D + 2-915491.

If d and D are taken in chains, log d=z2 log D + 1 342423.

B A = D sin A, A being the azimuthal error of the tangent line, D the distance

from the initial point.

T. D.E
5 E = —rr- ,E being the station error, X the distance between the two stations

It was convenient to call northern oflaets + ; southern offsets — ; 5 P was
always + ; the others might be either.

Azimuth observations were taken at or near the end of the line to verify its

direction, and any small error which had accumulated in the process of laying

it down was distributed over its whole length.

When this work was finished, the party started for their next station, about

80 miles further west, on arriving at which the same process was re-commenced.
Astronomical In using astronomical instruments when the thermometer is

cold weather, down to zero of Fahrenheit or below it, th6 oil with which the in-

ternal bearings are lubricated is partially frozen, and the motions of revolution

become very stiff. With theodolites the best remedy is to take them to pieces

and carefully remove all the oil ; the freedom of motion will then be restored.

With the zenith telescope it is not advisable to do this, but the evil is less as the

greater momentum of the parts overcomes the resistance offered by the congeal-

ing oil., and force can be used with less danger to the correctness of the observa-

tion, which is not one of azimuth. Precautions have to be taken, however,

against the freezing of the lamps, and of the oil in the works of the chronome-

ters. The best way of doing this is to erect a small tent sufficiently near to the

observatory to bo within reach of the voice at its ordinary pitch ; in this tent,

which is warmed with a small stove, are the assistant with the chronometer and

note-book, and another person whose business it is to keep always ready a spare

lamp to replace the one at the instrument as soon as its oil freezes. The observer

in the large tent has thus, during the intervals of work, a ready source of

warmth to which he can resort, and he is not troubled with considerations as to

the welfare of his assistants. By using these precautions, observations were
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frequently taken during the winter of 1872, throughout a g, it part of the
night, when the thermometer was 30' below zero of Fahrenheit, without any
one suffering serious inconvenience.

The instrument on these occasions was a 7-inch theodolite in the open air, the
tent with the stove being placed near it. The plan of using merely an open fire,
hor-ever large, was liable to failure, as it afforded little or no protection to the
chronometer, of which the rate, when it is exposed to severe cold, will vary se-
riously. For accurate time-observations when records of fractions of seconds
are required, it would be difficult, however, to separate the observer and the
chronometer without using an electric chronograph.
Tables. Tables were prepared for facilitating the computations. These were :—

I. Table of factors for collimation, level, and azimuth errors of a transit in-
strument, computed for latitude 49"' N, for the visible heavens. The same for
the five circumpolar stars for every 10" of change of N.P.D. during the season.

II. Azimuths of Polaris (at a mean declination) for hour angles, from to 1

2

hours, computed for every 10 minutes for lat. 49° N. This table was used for
laying down an approximate meridian.

III. Differential table of refractions for zenith telescope observations. Seo
Chauvenet, Vol. II., chapter on zenith telescope.

IV. Values of '
„ sin 2 a up to 1 minute of time.

V. Values of

2 sin 1

2 sin* ^ t

sin 1

cos p sin N.P.D

up to 5 minutes of time.

^n 2^^"^"* ^°' ^^^' ^^^ ^' ^"^^ N-P-^- + 6°VI. Values of

to N.P.D. -f 76°.

VII. Values of 37*5 sin' l" x t' up to 30 minutes of time. This and the
three preceding tables were used in connection with the zenith telescope obser-
vations.

IX. Azimuths of eight circumpolar stars at elongation, for every tenth day
during the season, for latitude 49°, and for every mile no-th of it up to 6 miles.
X. Approximate time of the above elongations after noon on any day of the

year.

This table was formed by computing the sidereal interval between the upper
transit and elongations of each star, and adding or subtracting this interval to
or from its R.A. Turning the result into mean time, and adding to it the mean
time of the preceding sidereal noon (taken from the Nautical Almanac), the sum
was the mean time of the elongation, i.e., it was the time by an ordinary watch.
The object of this table was to enable any one who was not possessed of the
means of obtaining the true local time to know, without computation, when to be
ready to observe a circumpolar star at elongation. Such a person could always
set his watch with sufficient accuracy by the rising or setting of the sun.

Fornu.
Printed forms were prepared in England for recording the

astronomical observations; the computations were much facili-

tated by this.
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The apparent places in declination and right ascension of tho

stars used in the zenith telescope observations were computed

beforehand for every tenth day throughout the working season ; from these iho

places for au^ night were found by interpolating to first dififerences.

An instrument of the size of the zenith telescope may have ita
General re- . . , , , , , ..,,,, .^ i.

marks un tho focussing tube moveable by a large mill-headed screw, or it may be

zenith toio- arranged so that, when once focussed, it is held by capstan-headed

«>"P«- screws. If the latter plan be adopted, there will be no danger of

the length of the focus being altered by accident, but occasionally it will be

found that the instrument is slightly out of focus, owing to change of tempera-

ture. A good plan is to focus the instrument on a cold night, and again on a

vrarm one, noting the temperatures, and to observe in each case for the value of

the revolutions of the micrometer. Two different values will be obtained, that

at the lowest temperature being the highest. A table may then be formed of

the micrometer values for each degree of temperature intermediate between

those at which the observations were taken, the change in the values being made
proportional to that of the temperatures. If the instrument has a mill-headed

focussing screw, the observer can now adjust for distinct vision every night, or

two or three times in a night, noting always the temperature, and using in the

computations the corresponding micrometer values.

As with the zenith telescope, the accuracy of the observations depends greatly

upon the true value of the micrometer revolutions, it is advisable to take the

additional precaution of equating the north and south znith distances of the

tars on which the final result depends.

The opening of the roof in the tent or house in which the observations are

taken, should not be too narrow. On one occasion, owing to a desire to use the

same tent opening for two large instruments, the line of sight from the zenith

telescope passed within 3 inches of the canvas on one side. It was found that

the observations gave very bad results, and the arrangement had to be altered.

A similar case is recorded in the preface to the Greenwich catalogue of 1860 as

having occurred there. It appears that the currents of warm air passing round

the edge of such an opening produce irregular refractions, and the line of sight

should have 12 inches of clear space on each side of it.

Observations during twilight are not reliable. There is always a temptation

to take them, especially immediately after sunset, because the night is length-

ened by so much ; but it is best not to do so, because, in the first place, the focus

of a large instrument rapiu : y changes at this time owing to the fall of tempera-

ture, and does not attair n <h distant state till darkness has quite set in ; in the

second place, owing to d >= sun illuminating the upper portion of the atmos-

phere only, there is a latt;-al irregularity of refraction, which cannot be taken

into account, but which makes itself felt in the results. This was especially

noticed in azimuth observations.

The maker of a zenith telescope should construct the striding level of ade-

quate size ; it should be as long as possible consistent with the dimensions of

the instrument; if it is too short it gives the observer a great deal of trouble.

:i n
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Observations with the zenith telescope, a programmeshould be ruled out m the note-book, this programme should cSntaiL
1. Ihe time at which each star will come into the field of view
2. The setting on the vertical arc.
3. The zenith distance of the star.

^ tkT aT^*".^*''^'°°
"^^ ^^^''^ «»« "taf >^i» appear.

6. Ihe B.A. C. number of the star.

6. Whether the star is north or south of the zenith
7. A place where the actual time of observation will be entered
8. A p ace where the reading of the micrometer will be entered.
9. A place for the readings of the level.

10. A column for remarks.
There will thus be ten columns, and the r\rnoraynr«» ^v. ij • i i

that is expected to be observed ZngtirS^Z^'f^rl^ ""'"'
'"V

tained. a fresh programme should be ^uled out for the' next niX ^^ " °^
there will be confusion. "* "S**^' otherwise

By following this plan exactly, much trouble wiU be saved fnfi, « ti, u
server and the computer.

*^®^ ^°^ *° **»« ^^

»• that;rtirilt^tTttrJ^H^^^^^^ «^-^' -

S^ruto.. «ervSLtl^r^f^'j'^fu"" *" ^ "^^^ f°' t^J^'^'g azimuth ob-servations at night, should be so constructed Hint t%Z„ -n •

over when the diagonal eye-piece is being used
^"^ "^'^ '^""^

The verniers should not be underneath the ends of the axin nF th. f i
because it will then be nearly impossible to re^AiLl ,

telescope,

lamp which illuminates the fieWrew An mL,w°"*,°''''
T^^*'^ " ^^'^

the cup of its stand too accurate?. CcTuse^whnTt:;;^^^^^^^
«^°"^^°°' A'

thus cannot be got out of its stand if reqSrld An fj '•*
f^^""^"'

^^
should have the illumination of their SEf view exaXTrV^Vr^"*''removed from the maker's hands. This seems to STsSetal. h? *^'^v"'bad illumination is a serious defect, and difficult to remedy

'
"* "'"'^'

ComputcrB.
A <;°'°P«t^r 8»»ould be a neat and quick writer ; he can be taughteverything else as the work proceeds.

« can oe taught

^L:ir''- J°r "'*' "^.^^"'P'"^"* "« given in the tables at the end of thi.paper
; some others, not necessary to out in r1»fo,-i

Medical E,uipment.-TbiB consisted of t^/c^ltTstT^'7 .
Id Moore's medical field panniers, Nos. 1 and 2

^'''"' ^^^^^^

Photoaraphic EauimneM.—This /.nno.'of^.i .i? x .

and

Photographic Equipment.—This consisted of two sets of fi^l^ . •

lected by Captain Abney, R.E. ^ ^^'^ equipment, se-

Signalling Equipment.—Thia consisted of 6 of Walker^s 1™« r i,. • ,

necessary stores.
vv alters lune lights, with the

Norton's Tube Welh.-Tvro pumps complete.
Chemical E2uipment.-Bloyy pipe, test tubes, reacents &c f„,

minerals. ' '""eenis, ate, for examining
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TABLE I.

Betum of the Non-OommiBsioned Officers and Men of the Royal Engineers serving

xfitli the North American Boundary Commissiou, showing their Regimental Rank

and Trades.

Nos.

27

Rnuk.

Sergt. Major.
Qr, Mr. Sergt,

Sergeants

Corporals,

44

2ud Corporals

Lee, Corporals

Sappers..

Trades.

Mason
Clerk
Clerk
Surveycr
Clerk
Smith
Smiih
SurveyoL & Draughtsman
Smith
Saddler
Clerk
Clerk
Bricklayer
Surveyor
Bn.ker

Surveyor
Surveyor & Draughtsman
1 Bricklayer

5 Carpenters
1 Clerk
4 Photographers....

2 Shoemakers ife Surveyors
3 Smiths
6 Surveyors
1 Tailor

3 Tinsmiths
2 Wheelwrights

Abstract of Trades.

1 Baker
2 Bricklayers
5 Carpenters
6 Clerks
1 Mason
4 Photographers
1 Saddler
1 Sawyer
2 Shoemakers
6 Smiths
8 Surveyors from Ordnance Survey
2 Surveyors from Chatham
1 Tailor

3 Tinsmiths
1 Wheelwright

44

Amongst the four photographers
there were 1 millwright, 1 wheel-
wright, 1 carpenter, and I sur-
veyor ; 2 shoemakers were also
surveyors.

Of the above, 1 clerk, 1 shoe-
maker and surveyor, and 1 tin-

smith became casualties during
the first six month.s, and were re-

placed by 1 harncasmaker, 1 shoe-
maker and photographer, and 1

tailor.

Remarks - The men having two trades were employed at either as required ; one

tailor not being found sufficient, another was applied for when a casualty occurred.

One of the non-commissioned officers was a certified instructor in military signal-

ling, iuoludiug the use of the lime-light apparatus,
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TABLE II.

the Clothing and Equipment of the Non-Commissioned Officers and MenBoyal Engineers on duty with the North American Boundary Commission.

Nos.

1

1

pair

11

1

1

1

pair

* (I

1

1

1

1

1 pair

1

1

1

1

40 rounds
24 rounds

1

I pair

1 ,,

1 ,,

1

1

1

3 pairs

AUTICLBS.

Jacket, Norfolk, blue tweed
Jersey, woollen
Trowaers, blue tweed

\

Trowsers, serge ,",

Cap, Glengarry
Cap, blue worsted .,,

Mackintosh overcoat ..]

Waterproof leggings ...."

Boots, knee
[

Boots, ankle \',\

Fur cap
"'"'

Comforter .'""_'

Black neck-tie ^ ',

Waterproof sheet
Blankets, ip-ey, field service!
Sea-kit bag
Lancaster r'fle. Snider

'.'.'.*.".'

Sword bayonet for ditto .....

Revolver, Dean's
Snider ammunition '„

Re» jlver ditto .'

Skin jacket
[[

Skin Trowsers '„

Skin mits
"„*"

Woollen mits '.'*!

Great coat with hood, (Hiidi
son'^ Bay pattern)

Buffalo robe
Blankets
Mocassins as required „.'„,

Snow shoes

Remarks.

Each non-commissioned officer and
Sujjper took with him also the regi-
mental clothing which he had in wear
at the time, except his busby and knap.

Winter clothing provided at Eed
River,

Worn inside the skin mits.

Tlio work m the woods and swamps
rtunng the winter was very destructive
ot mocassms, a pair of which would
somei; aep scarcely last a fortnight.

The snow shoes were apt to get broken
in walking through bush and windfall •

on an average, two pairs were used bv
each person during three months of the
winter of 1872-73.
N.B.-Tho clothing, as it wore out,

was replaced by articles procured from
Canada, which wore fitted by the tailors
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TABLE III.

Detail of the parties of the North Amerioau Boundary Commission at work in tho

field during the Summer of 1873 and 1874.

FERSONNEIi.

Commiasioner^a Party.

Commissioner
Secretary, Captain Ward, R.B,
Clerks

,

Photographers.«^
Teamsters

,

Cooks
Servants

,

Storeman
Whitewater waggons ^.
Bed River carts

Spring waggons
Bell tents

Lumberers „

Chief Astronomer'' 8 Party,

Captain Anderson, R.E
Commander of Scouts ......

Leaders of
,

Scouts ,

Teamsters
Servants
Whitewater waggons
Spring waggons
Water cart

Bell tents...

; Stall
Officers,' nnd

N.C.Os.

1st Astronomical Party.

Capt. Featherstonhaugh, R.E.
Mr. Vr. F. King
Mr. W. A. Ashe .,

Senior Non.-Com. Officer

Royal Engineers, rank and file

Storeman
Teamsters
Cooks
Servants
Axemen in Turtle Mountain..
Whitewater waggons
Spring waggons
Water carts ~

Bell tunts

H.B.Cr
Lumberers „

Men.

4
9
1

2

26
4
1

Horses. Ponies. Ozen.

1

26

7
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TABLE Ill.-Continued.

63

Persoknbl. Officers, amf Men
1

N.C.Os.
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Personkbl,

3rd Surveying Party continued.

Teamsters
. . .

.

Cook and storeman ....'.

Axemen .',,'."

Spring waggon ...,'!,'.'.".[!

Bed River carta
Water carta
Bell tents .,...'.'.'.*"

H.B-cy.
, ;:

Special Survey Party.

V !er

, axemen, &c.

- c

Cha.
Storem
Coc li.

,

Bell tcnta
H. B. Cy. „

Surgeons' Party.

Dr. T. J. W. Burgess, M.B. .

Dr. Thos. MilJman, M.D. .

Teamsters
Servant .'.'.'.','"

Spring wagg.JTis ..!!!.'.".'""

Spring carts ,","_'

Ambulances .'.'.'.".!'

Water carts ..."

Bell tents ....."."

H.BCy. „ ;;::;
Lumberers

,

This party was equipped so
that if required, it could be
divided into two sections, each
complete in itself

; each am-
bulance had a complete set of
panniers.

Oeolofflst^s Party.

Mr. G. M. Dawson .

Assistant

Teamsters
Servant
Red River carts . .

.

Bell tents ...
H. B. Cy
Lumberers „ . . .

,

Commijtariat Traini.

Commissary, Mr.W. Horclimor
Quartoi-mastor Sergeant ,,..!

TABLE Ill.-Continued.

Officers,
Staff
imd

N.C.Os,
Men.

2
2
2

Horses

2

2
4

2

Ponies, Oxco. Vehicles. Tents.

2

2
2
2

1

8

1

2
3



ilclcs., Tents.

1

8

1

2
3

i
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TABLE Iir.-Continued.
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TABLE V. .

SnavKYiNG Instruments.

Ko.



3

ases

liono

tapg

150"

ther-

No.

6
6
6
6
1

3
3
3
2

3
8
12
3

6
2

3

7
3
5

3
3
3
S
3

3
3

ON TM^ ERITISII NOKTH AMERICAN BOUNDARY COMMISSION.

TABLE VIII.

Scientific Books and Fosm*.

67

Articles.

Nautical Almanacs, 1872
.» II 1873
II II 1874

T> . ^ ^ " '875
ii.A.C. Catalogue. I860
Greenwich Catalogues, 1850

>> 11 1860

B ",, T, , " '864
Bessel's Refraction Tables, modi-

fii'd and expanded, being the
api)endix to the Greenwich
Observations of 1853

Geodetical Tables, Ordnance
Trigonometrical Tables

Logarithms of Sines and Cosines
of Time

Tables of Logarithms—Babbago
" II —Dupuis

T) 'J- , ,
" —^ figure

Practical and Spherical Astronc
my— Chauvenet, 2 vols.

Practical Astronomy— Loomis
Plane and Spherical Trigouome-

try—Chauvenet
Practice of Navigation, Baper
Shadwell on chromometers
Shortrede's tables
Admiralty Manual of scientific

enquiry
Meteorology—Kaemtz

„ Practical—Drew
II — Hersclicl

II —Buchanan
OutliiiesofAstronomy—Herschel
Pojiular Astronomy—Airy
Heather on mathematical instru-

ments
Hygometrical tables

1

1

1

3

400
800

600

100

100

200

200

200

J ream

200

200

600

oOO

Abticlis.

Verification of La Caille's arc of
the meridian

Longitude of Valentia—Astrono-
mer Boyal

Magnetism—Airy
Tables of barometric corrections

to 32 deg. Fahr.
Forms No. 1 for transits of stars
Forms No. 2. Observations for

latitude with the zenith teles-
cope

Forms No. 3. Observations for
_ latitude with the alt-azimuth
Forms No. 4. Observations for

latitude with the transit in-
strument placed in the prime
vertical

Forms No. 6. Errors and rates of
chronometers

Forms No. 6. Comparisons of
chronometers with standard

Forms No. 7. Longitude by trans-
fer of chronometers

Forms No.8. Longitude bymoon-
culminating stars

Apparent places of stars, for
zenith telescope observations

Form A. Latitude by meridian
observation of sun or star

Form B. Time by equal altitudes
of sun or star

Form C. Time by altitudes of
east and west stars

Form D. Latitude by circum-
meridian altitudes of sun or
star, and by altitudes of Po-
laris at any time

psof

sters,

the
' the
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TABLE IX, ^. -^ :'.-;.:

Abstract of the Observations for Latitude, taken with tlie eenith telescope, by the
Officers of the British North American Boundary Commission, 1872-3-4.

1

'2

a
4
6
«
y
10
12
14
IG
18
i'O

22
24
20
28
no
.'i2

;!4

•M

38
30

Situation.

North West Angle of the
Lake of the Woods .

Buffalo Point
Pine lliver

West lioscau
Pembina
Pointe de Michel
Pembina Mountain, E,

Turtle Mountain, E...
Souris Uiver, 1st Crossing

, II » 2ud „
Short Creek , ....
Le Grand Coteau
Big Muddy
West Poplar Itiver ...

Little Pvocky Creek . . ,

,

Cottonwood Coulu ....

West Fork, Milk lliver .

MilkKiver, West Bank.
West Butte
South Branch of Milk

liivcr

Chief Mountain
Bl'IIv Hlver

!z;o

66
<J4

66
78
77
74
93
92
86
90
97
98
91

70
78
83
87
66
85
6")

85

66
79
76

o §:

;z;o

6

5
4

3
7
3
4

4
4
4

3
4
3
C

5
8
6
3
3

3

3

3
3
3

S3 a

O rt

6
'"

r\ Ut —
2 H "
3l 4) h

23
10
17

G
10

7

10
6

6i
11

8

8

H
6J
9

12

9
6

5
6
6

5i
6

6J

Feet

13
8-88

n
iO-23
9-42

14-18
10- 5
9-02

10-45

7-09

11-14

10-84

7 09
9- 4
9-83

8-16

7-70
6-85

6-48

6-84

5-26

6-77

5-lC
9- 3

Remarks.

Wiutei-.

Autumn.
Winter.
Winter.
Autumn.

Weather
Ditto.

cloudi

n

r
' ."„

: :-'::
\

'
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TABLE X.

List of the Astrouoniical Stations, shewing their distances fro q Station No. 1,

their longitudes and their positions North or Soutli of a sma 1 circle passing

through Station No. 1, and parallel to the Equator,
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PAPER IX.

THE RECENT TRANSIT OF VENUS.

By Captain ABNEY, R.E.

It may be of interest to cast a retrospective glance on the late Transit of

Venus, recording, as far as is at present known, the results obtained, and also

to leave on record the names and stations of the observers and their assistants,

as so many of the corps were engaged on the work.

Some eighteen months before the actual transit took place, the Astronomer
Royal commenced his selection of observers to represent the English expedi-

tions, and it is no secret that he endeavoui'ed to secure the services of a far

larger number of Artillery and Engineer officers than he was finally able to

send out. As it was, the vacancies almost at the last minute were filled up by
civilians who had had some previous training in astronomy. As will be

seen by the annexed table, besides two Artillery officers, (both of the Marine
branch) three Engineer officers were engaged in the expeditions, and the photo-

graphic assistants, to the number of fifteen, were wholly supplied by the corps.

To Chatham the Astronomer Roynl also looked for giving the necessary instruc-

tion in photography, and at one time in our photographic school we had 18 men
training for this special work, besides 5 officers and civilians at the observa-

tory. Fortunately Lieut. R. Darwin, R E., threw himself into the photographic

work, and took a great deal of the manipulative instruction into his hands,

aiding most essentially in the matters of photo-heliograph drill, and amending
the processes to be employed. At Greenwich a certain amount of hesitation

was felt in admting a dry plate process at first, as all recent eclipse work, and
the sun diagrams taken at Kew, and subsequently at the Royal Observatory, had
been taken by the wet method. It was only after we had successfully worked out

a dry plate process, known as the " albumenbeer " process, that it was finally de-

termined to adopt this method. Its advantages consist in an absolute

impossibility for the films to shrink during manipulation (a matter of the

highest importance where exact measurements have to be taken), whilst at the

same time the plates could be prepared weeks or months in advance ; in fact

in Egypt, during the transit, we exposed plates which had been prepared at

home months before. The dry plate process employed is given in the ap-
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pendix, and I believe it to be thoroughly reliable for oil classes of work. The
training of the Sappers commenced on the Ist January, 1874, and with the aid

of the photo-heliograph lent by Sir G. Airy for the purposes of instruction, they

were rtM/(/i< at the process about May, soon after which tbe first expedition

started for Kerguelin's land. During most of that time Lieut. Darwin was able

at intervals to come to Chatham, keeping up his work at the Observatory at

Greenwich at the same time.

I need not enter into the details of the instruments employed at each

station. Suffice it to say that each party was furnished with an altazi-

muth, a transit instrument, and equatorially mounted telescopes (none less

than 41-inch) for each observer. The amount of forethought necessarily

expended on the supplies and comforts for each expedition was immense, and
none laboured so hard as Captain Tupman, R.M.A. He had been nominated

b}- the Astronomer Royal as chief of the transit of Venus parties, and to him all

looked for completing each outfit. It was an arduous task, but not quite an
unthankful one, as owing to his readiness +o aflford help and information, the

parties after their return had no omission to reproach him with. The arrange-

ments also involved a large increase in the work of the Astronomer Royal and

of his chief assistant, Mr. W. H. M. Christie; their kindness and attention to the

wants of all smoothed away difficulties after difficulties as they cropped up.

'L The Astronomer Royal had chosen the stations for the English parties princi-

'^i' pally to obtain results by Delislo's method, which was dependent on the accu-

rate observation of the times of 1st or 2nd apparent internal contact of Venus

•with the limb of the sun, together with a close determination of the longi-

tude of each station. If a figure be drawn showing the double zone formed by

the shadow of Venus, and remembering that the planet crossed over the northern

half of the sun's surface, it will be seen that certain places in the northern

hemisphere would come into apparent internal contact with the inner zone

sooner than localities in the southern hemisphere at ingress, whilst at egress the

reverse would be the case. The difierence in time of the observed contacts fur-

nish the data by which the planet's distance (and hence the sun's distance) can bo

calculated. A glance at" the accompanying map will show that the Russian

Government expeditions occupied a line across Siberia and on to Japan, and

it will be further noted that, owing to the prevailing bad weather, and to the

low altitude of the sun, in the majority of cases the observations were unsuccess-

ful. In Egypt, however, where there were parties of various nationalities, the

neeessarj' contacts at egress were observed, and they give ample data for Delisle's

method, when the southern stations, which observed the same contacts, are taken

into consideration. The most favourable stations, where successful observations for

Halley's method were taken, will be at once seen in the map ; that is those where

the difference of the length of the chords, as measured by the interval of time

elapsing between internal and external contacts, is greatest. For both methods

it will be seen (if the observations have been well made) that the stations marked

"successful" will give pairs, which, when combined, should give an accurate

determination of the planet's distance. It can hardly be expected, however, that

jome discrepancies may not arise with visual observations, but supposing that
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one half have to be rejected, yet, if the chances of error at each particular station

be calculated, it will bo found that there still remain abundant observations for

the purpose required.

'i'he phenomenon of the black drop or ligament connectinj^ the planet with the

sun's limb at the time of contact in very many stutious was nnssinj^. This, to<fe-

ther with the lij^ht ring round Venus, caused hv its atmospliere, it is believed

puzzled many observers, and perhaps may have caused theui to record contact a

little late. In one case, from my own knowledge, one observer was so engrossed

in watching the line of light round the planet's edge, that he failed to record

contact till 20 seconds after it had actually taken place.

Photography, however, cannot err in this manner, and from the results pro-

duced at various stations, there seems to he an absolute certainty that the cor-

rect time of contact at these stations will be known. Photographs of the sua,

when visible, were taken by the English parties at intervals of every two

minutes while the transit was taking i)lace. The planet's central distance from

the sun's centre is now being accurately measured, and it has been found that

such measurements are comparable to the Vs^'i second of arc. a result which is

four times better than was anticipated. It may prove that the photographic

results are more reliable than those obtained by the eye observations; at all

events, it is presumable that they will be equally trustworthy, and will therefore

be great checks on the accuracy of the latter. 'J he spectroscopic observation of the

contacts has led to a supposition that the diameter of the sun's disc which emits

so-called actinic rays is not quite coincident with that which emits the visual

rays. Be this well founded or not, it is quite evident that the times of contact

formed photographically must be comparable, whilst those arrived at by visual

observations nuiy have to be taken by themselves.

'i'he longitudes of the English stations, except one, were obtained by the

method of observing moon culminating stars and the transit of the moon, and
involved un arduous series of observations extending over several lunations.

i'he exceptional station referred to v,as Cairo and Egypt generally, where the

telegraph was used for obtaining true Greenwich time. All the; Egyptian

localities selected were connected by telegraph, and thus no difficulty was found

in accurately determining the longitude of both Thebes and Suez. In the map
it will be seen that some stations pbtained their longitude by chronometers.

The number of chronometers used ensured accuracy, and the longitude obtained

by this method may therefore be relied upon.

My thanks are due to Captain W. A. Orde Browne, late R.A., for the loan of

a tracing of a nuip showing the successful observing stations. A reduction of

Lis original maj) appeared in The Engineer last year.

W. de W. A.

V.
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