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GEOLOGIOAL SURVEY OF CANADA. 

DR. EUGENE HAANEL, 

Superintendent of Mines, 
Department of the Interior. 

ÜTTA w A, June 12, 1903. 

Sm,-In pursuance of the instructions of the Honourable the acting Minister of 
the Interior, transJi)1itted through you, we have examined the Frank landslide, and beg 
to submit the following report thereon. 

We have the honour to be, sir, 

Y our obedient servants, 

R. G. MoCONNELL. 
R. W. BROOK. 

THE GREAT LANDSLIDE AT FRANK, ALBERTA. 

SITUATION. • 

Turtle mountain, the scene of the late disastrous rock avalanche, forms part of 
the most easterly or front range of the Rocky Mountains. It is a long, narrow, some­
what wedge-shaped ridge, surmounted by a number of rocky peaks, the highest of which 
have an elevation of rather more than 3,000 feet above the valley of Old Man river, 
or more than '7,100 feet above the sea. The range, of which Turtle mountain forms 
a part, runs in a N.N.W.-S.S.E. direction. It is pierced, north of Turtle mountain, 
by a narrow gap, through which Old Man river secures a11 exit from the mountains. 
Half a mile south-east of the gap, where the valley is broadened by the debouchment of 
Gold creek, and close to the foot of the mountain, nestles the town of Frank, an 
important coal mining centre on the Crow's Nest branch of the Canadian Pacifie 
Railway. The su=it of the Rockies and the continental divide lies 14 miles to the 
west. 

TOPOGRAPHY. 

Turtle mountain is a typical Rocky M·ountain ridge. It is built of westerly dis­
ping beds and its steep sides meet above in a sharp crest, with projecting rocky points. 
The eastern face of the ridge, the one which overhangs the town of Frank, possesses 
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two main slopes. The lower or talus slope is 00 feet in height at Frank, and rises at. 
an angle of about 30°. The upper or cli:ff slope is excessively steep, the angle of 
elevation throughout often exceeding 45°, and rises in a succession of precipitous limc­
stone cli:ffs, some of which appear almost vertical. The centr al peak, tl:le one which 
broke away, is stated to have projected eastward beyond those that remain and probably 
rose above the steepest portion of the ridge.* The western slope is more uniform and 
flatter than the eastern, the angle of elevation averaging about 33°. 

Between the Gap and Frank, Turtle mountain rises direct1y from the valley, but 
opposite the south peak a wide spur, 1,200 feet in height, is thrown off to the eastward, 
which descends to the 1evel of the valley in a succession of terrace-like steps. (See­
plate 4.) 

Old Man river is a rapid stream, 40-50 feet in width. After issuing from the Gap, 
it flows southward along the base of Turtle mountain until defl.ected to the east by the­
spur from the south peak. 

The valley of Old Man river, near Frank, consists of a fiat about half a mile in 
width, trenched slightly by the beds of Old Man river and Gold creek, and broken 
in places by low sandstone ridges and knolls. A conspicuous hill of broken rock south 
of the railway track was formerly a rocky knoll 50 feet in height. (See plate 2.) 
The valley is bordered on both sides by terraces. A narrow, we11-marked ter­
race, built of boulderclay and gravel, follows the river on the right from tht 
Gap southward to near Frank. It is covered with debris or destroyed for some­
distance east of Frank, but appears again east of the slide, at a height of 150 feet 
above the river. The north bank is interrupted by two main terraces. The lower has 
a height of fifty feet above the rai1way fiat east of the slide, This terrace separates 
into two smaller ones, before reaching the eastern end of the slide. The upper terrace 
bas an uneven surface and its scarp is notched in places by subordinate terracing. It 
has a height above the valley of from 250 feet to 300 feet. The surface east of the­
terraces is contoured irregularly, but rises steadily eastward toward the Livingstone 
range. 

The main points in the topography of the region are the precipitous slopes of Turtle 
.mountain ridge, the fl.at-bottomed terraced valley of Old Man river at its base, and on 
the farther side a gradually rising surface, terminating in a high ridge. 

GEOLOGY OF MOUNTAINS. 

Turtle mountain may be described generally as built of Upper Palieozoic lime­
stones above and Oretaceous shales ancl sandstones below. The northern part of the­
mountain consists entirely of limestone, but going southward, the underlying sandstones 
and shales rise gradually in the face of the ridge, and a mile south of Frank reach an 
elevation of about 1,300 feet above the valley of Old Man river. The dip of both 
series is westerly at high angles. 

UPPER PALiEOZOIC. 

The limestones in the lower part of the mountain are eve1ùy bedded, are very com­
pact and as a rule are dark in a frcsh fracture, but weather to a light gray, or yellowish 
colour. Ordinary and magnesian 1imestones are botb present, and many of the beds 
are more or Jess bituminous. A band of dark shales, 25 feet in thickness, occurs about 
800 feet abo,e the base of the limestones, and is succeeded by shaly impure limestone, 
which in places has a strongly developed cleavage. The e beds mark the base of the­
cliff portion o.f the mountain above Frank. The limestones in the upper portion of the 
mountain are more crystalline than those below, are purer and occur in heavy massive 
beds, separated by flaggy bands. A zone of conspicuously striped cherty limestone, 

• Plate 1. 
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consisting of alternating layers of gray limestones and black chert, from one to thre(il 
înches in thickness, occurs some distance above the band of shales. The limestones 
outcropping between the crest of the mountain and the Oretaceous beds which overlie 
them on the west, were not examined. 

AGE OF LIMESTONES. 

Two corals, one collected about 1,500 feet above the base of the limestone, and 
the other from the slide rock, were submitted to Mr. Lawrence Lambe, assistant palœon­
tologist, who contributes the following note in regard to them :-

, Diphyphyllum arnndinaceum, Billings. A well preserved specimen, with exter­
nal characters and the internai structure clearly shown. This species occurs abun­
dantly in the Oorniferous limestone of Ontario. A loose specimen from P eace river, 
B.O., between Fossil P oint and the Canyon on the Mountain of Rocks, was collected 
by Prof essor John Macoun, in 1875, (Devonian) .' 

'Acrophyllum Oneidaense, Billings. The second specimen probably belongs to 
this species. It is fragmentary and does not present the structure in a thoroughly 
satisfactory manner, but sufficient data are available for a specific determination. This 
species is also characteristic of the Oornife1·ous formation, as developed in the province 
of Ontario. 

'The above two species clearly indicate a Devonian horizon.' 
These fossils determine the position of a portion at least of the limestone out­

cropping on the eastern face of Turtle mountain, where the slide occurred. The 
prevalent westerly dip brings in higher beds on the west and it is probable that these 
extend up into the Oarboniferous. 

CRE'l'ACEOUS BEDS. 

The Oretaceous beds along the eastern face of Turtle mountain consist mostly 0f 
alternating bands of hard, in places almost quartzitic, rusty coloured sandstones and 
dark, comparatively soft shales. The shales weather easily and are seldom exposed, 
while the harder sandstones often project above the surface in hummocks and long 
ridges. The beds include an occasional band of coarse pebbly conglomerate, some 
carbonaceous shales and some important coal seams, one from 13 to 18 feet in thick­
ness. The dip of the beds is westerly at an angle of 82°, and the strike nearly north 
and south. 

STRUCTURE OF :ilfOUNTAINS. 

The limestones which form the main mass of Turtle mountain range, and which 
1tre in part at least of Devonian age, dip steeply to the west at an average angle of 
about 50°. They are overlaid by Oretaceous sandstones and shales along the western 
base of the range, but they overlie beds belonging to the same series on the eastern. 
The peculiar relationship of the two formations can only be explained by faulting. The 
front ranges of the Rocky Mountains, wherever they have been closely examined, have 
been found to owe their origin largly to a great system of thrust faults. N ear Bow 
river* the Oambro-Silurian has been broken and thrust forward for miles over the 
Dretaceous and at the International boundaTy Mr. Bailey Willist has shown that the 
rocks down to and including a part of the Algonkian, have been similarly a:ffecteù 
and now rest on Oretaceous strata. At Turtle mountain the thrust has not been so 
great, but has been extensive enough to bring the Devonian and possibly somewhat 

• R. G. McConnell, G. S. C. AnnuaJ Report, Vol. II., (N.S.), 1886, Part D. 
t St ratigraphy aind Structure, Lewis and Livingstone Ranges, Montana, by Bail1: Y 

Wlllis, Bull, Geol. Soc. Am., Vol. 13, pp, 305-52. 
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lower rocks over the Cretaceous. The fault plane near the surface dips steeply to the­
west, but the exact angle was not ascertained. (See section of .Turtle mountain.) 

A short, sharp double fold occurs about 800 feet above the base of the limestones, a 
second minor one about 200 feet lower down and some of the lower beds are badly 
crushed into angular, irre_gular shaped fragments, often with slickensided surfaces. 
With these exceptions the dip of the strata is remarkably regular. The Cretaceous beds, 
on the other hand, have been completely overturned east of the fault, and now dip 
westward at angles of about 80°, and the whole formation for several miles to the east 
has been ~ongly folded and crumpled. · 

The limestones are traversed by several sets of jointing planes, intersecting each 
other at various angles. This structural feature is important from its possible bearing 
on the cause of the slide. Two strong sets intersecting at an angle of 97° are con­
spicuous at several points along the crest of the ridge, and their effect on the erosion 
of the mountain is plainly seen in the successions of- salient and re-entrant angles­
which line vertically the face of the ridge. The fissures opened up by the slide follow 
the jointing planes, as a rlÙe, but often break across from one set to another. The lime­
stones are also eut by old fracture planes, probably formed during the faulting which 
produced the mountain. More or less movement must have · occurred along some of 
these planes, as slickensided surfaces are common in the debris brought down by the­
slide. 

DESCRIPTION OF THE SLIDE. 

At dawn, on April 29, 1903, a huge rock mass, nearly half a mile square and 
probably 400 to 500 feet thick in places, suddenly broke loose from the east face of 
Turtle mountain and precipitated itself with terrifie violence into the valley beneath, 
overwhelming everything in its course. The great mass, urged forward by the­
momentum acquired in its descent, and broken into innumerable fragments, ploughed 
through the bed of Old Man river, and carrying both water and underlying sediments 
along with it, crossed the valley and hurled itself against and up the opposite terraced 
slopes to a height of 400 feet. Blocks of limestones and shale, mingled with mud, now 
cover the valley to a depth of from 3 to probably 150 feet, over an area of 1"03 square-. 
miles. (See map section and frontispiece.) 

The number of people _killed by the slide is not known exactly, but it is given at 
about 70. The property destroycd includes the tipple and plant at the mouth of the­
Canadian American Coal and Coke Company's mine, the company's barn and seven 
cottages at the east end of the town of Frank, half a dozen outlying bouses, with some 
shacks and camps, besides a considerable number of horses and cattle and a couple of 
ranches. The track of the Crow's Nest Railway was hopelessly buried for a distance 
of nearly 7,000 feet and the 1ower mile of the Frank and Grassy Mountain Ràilway met 
a similar fate. The people occupying the bouses in the track of the slide were all 
swept away with it and destroyed, with the exception of a few near the edge of the 
slide, who escaped in some almost miraculous way, which they themselves cannot 
explain.* 

The slide occurred about 4.10 a.m., at a time when most of the inhabitants of the 
valley were asleep and before full daylight. The statements of the few eye-witnesses 
throw little light on the character of the slide, but the following notes obtained from 
them are not without interest :-

Karl Cornelianson was awakened by the noise. He rushed to the door of bis 
bouse, which looked out over the :first terrace :fiat and the base of the second. His 
:first thought was that there had been an explosion at the mine and his :first look was­
in that direction. Seeing nothing there, he glanced round to the terrace :fiat in time-

• Plates 2 and 3. 
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to see the rock debris hurl itself against the slope of the second terrace, and its 
momentum spent, fall. back to the lower level. His impression was that an explosion 
had taken place directly in front of him. The edge of the slide was about a quarter 
of a mile from his door. 

Mr. McLean, who kept a boarding house in Frank, was already up. IIearing the 
noise, he rushed to the door in time to see the slide rush by only a few feet in front of 
him. The passage of the slide was so instantaneous that he thought an eruption had 
taken place directly in front of him. 

A freight train was shunting on the mine siding at the time of the disaster. They 
had taken some cars of coal from the tipple at the mouth of the tunnel and were 
slowly backing up for another load, when the engineer heard the rocks breaking away 
from tbe mountain above. He immediately changed to full speed ahead and ran out 
of danger. The conductor saw the men at the tipple become alarmed and start to run, 
but they were overtaken by the slide and perished. Immediately after everything 
was shrouded in a cloud of dust. 

1.Ir. Warrington, who was sleeping in one of the cottages destroyed, was awakened 
by a noise which he thought was caused by hail. He jumped out of bed and then 
realized that it was something ruore serious, but before he had time to become alarmed 
the house began to rock, and the next thing he was conscious of was finding himself 
in the lee of some rocks, forty feet from where the house had stood. His bed was somc 
twenty feet farther on. His thigh was broken and he was otherwise injured by small 
fragments of debris being forced into his body. He pulled himself out with his arms, 
and was trying to work his way to some children, whose cries he heard, when the first 
rescue party arrived. 

Mrs. Ennis, whose house was also destroyed, was startled by the n oise. She had 
time to waken her husband and get out of bed, but before they could rouse the 
children their house was demolished. . 

Lester Ackroyd (Johnson), whose father and mother were killed, was not wakened. 
He found himself under the fl.oor of the house and escaped through a small hole between 
it and the surface of the slide rock. He looked for his neighbours' houses, but finding 
them gone, waded the creek and proceeded to a friend's cottage. He was seriously 
wounded by a splinter which pierced his abdomen. 

Many of the inhabitants of Frank, who were wakened by the noise, state that tho 
thud of the rocks striking the valley bottom was distinctly felt, but that the shock 
differed entirely from an earthquake movement. The noise of the slide was described 
as resembling that of steam escaping- under high pressure. 

Nineteen men were working in the mine at the time of the slide. Of these seven­
teen escaped and two, who are supposed to have been at or outside the mouth of the 
tunnel, perished.* 

The statement of Chapman, one of the miners working at the top of No. 8 man­
way, of what happened in the mine is as follows : He became aware that something 
was wrong at 4 a.m., according to his watch. The coal commenced to break and 
run down the man-way. The men working near by became alarmed and started to 
escape down the ladders. One of them, Mackenzie, was caught by the crushing in 
of a cross-eut, but Ohapman and a companion succeeded in rescuing him before he was 
c;mothered. In coming down the man-way, they were considerably battered by falliug 
coal, but not seriously injured. After reaching the gangway, they proceeded along it 
to the entrance, but found it blocked with debris. The lower tunnel was then t:cied, 
but proved to be full of water. After some discussion as to whether it was better to dig 
their way through the debris closing the mouth of the tunnel, or to send an upraise to 
the surface, they decided on the latter course. Volunteers had to go back to the face 
of the tunnel, 5,500 feet, in order to secure the necessary tools. It was 7 a.m. before 
they commenced the upraise and nearly 5 p.m. before they reached the surface. During 

• Plates 4 a.nd 5. 
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t.he operation men went back into the mine for timber and Mackenzie tried to reach the 
,urface through an air-way, but was turned back by gas. These trips back into tho 
mine show that the main passage ways at least were not seriously injured. 

Miners who were in the gangway at the time report that a blast of air rushed int• 
the tunnel, blew •the trap doors open and threw men and horses off their feet. Immedi­
ately afterward the mouth of the tunnel was sealed with debris. 

CLASSIFICATION. 

Balzer* divides large land slips into two classes, the Bergsturz and the Bergrutsch. 
In the former the rocks break across the bedding planes and in the latter slip along 
them. The Turtle mountain slide is a typical example of a Bergsturz, as the break: 
cuts across the bedding planes, almost at right angles. 

THIE AND RATE OF MOVEMENT. 

It is difficult to arrive at any de:finite conclusion in regard to the time occupied by 
the slide, as the estimates of eye witnesses range all the way from twenty seconds to 
two minutes. It is probable from the evidence obtainable, such as it is, that the timo 
which elapsed between the first crash and complete rest did not exceed one hundred 
seconds and may have been somewhat less. The distance from the summit of the 
mountain to the end of the slide, measured horizontally, is 9,916 feet, and following the 
slope, about two and a half miles. No estimate of the rate at whicb the material 
travelled after it broke away eau be given, but as those awakened by the roar had 
scarcely time to do more than to rise from their bed.s before all was over, it must have 
been extremely rapid. Heimt estimates that the blocks in the great slide which 
occurred at Elm in 1881 travelled about a mile and a half in from 10 to at most 30 
seconds. The material in this slide leaped from a projecting shelf right across the 
valley, and the movement on this account was probably more rapid than in the case of 
the Turtle mountain slide. 

CHARACTER OF MOVEMENT. 

The separated rock mass seems to have been shattered by impacts against the side 
of the mountain during its descent, and probably long before it reached the bottom, 
into myriads of fragments, some of which were doubtless :flung far out into the valley. 
A shelf of rock in the basin of the slide seems to have hurled most of the roaterial 
over the coal mine at the base of the mountain into the river bed, or beyond. The 
movement of the broken rock mass cannot be characterized as a slide in the ordinary 
sense of the word. The blocks must have travelled to their destination largely by a 
succession of great leaps or ricochets, probably accompanied by a certain amount 
of rolling and sliding. The character of the movement is clearly shown in the gradu­
nlly lessening bounds ending in a short roll of a number of fragments, which were 
thrown forward beyond the main mass. The progress of these can be distinctly 
traced by the indentations made in the surface by the bounding rocks. Wh ile' the 
movements of the individual fragments consisted of a succession of bounds from the 
surface and caroms from flying rocks, the movement of the mass, taken as a whole, 
suggests that of a viscous fluid. On the level fiats the movement was onward, but with 
a tE'ndency towards lateral dilation, but when terraces or other elevations were encoun­
tered, a portion of the material was deflected and flowed along the obstruction. (S-ae 
M ap). In some instances the rocks appear to have been :flung back from steep terraced 

*:\'Pues .Tahrb .• t880, p. 198. 
t De,· Bergs,turz von Elm. Zeltschri!t der Deutschen Geologischen Gesellshart, Band 

XXXIV, 1882, p. 76. 
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faces like spray, or fell back after climbing part way up. (See Plate 7). The outline 
of the slide con ists of a succession of bays and promontories, most of which are largely 
due to the irregular topography of the valley. The total deflection in some cases 
amounted to fully 90°. 

The cessation of the movement appears to have been remarkably sudden. At a 
number of points around the edgc of the slide the rocks piled up into a high rim and 
then, the velocity acquired in thcir descent recoming exhausted, fell gently forward. 
(See frontispiece). This seems to be the e1q1lanation of the escape of a number of 
trees which still stand erect a few feet inside the slide. The trees are sunounded by 
rocks, but have apparently sustained little injury. 

THE SLIDE ROCK. 

The slide rock consists mostly of angular fragments of limestone, ranging in size 
from grains up to great blocks forty feet in lengLh. Large rocks are common every­
where, and in places, especially along the central portion of the slide, the greater part 
-0f the debris consists of fragments from three to twenty feet in diameter:* 

Dark shale fragments are abundant along a narrow belt, running parallel to the 
north-western edge of the slide, and are sparingly distributed elsewhere. Similar shales 
-0ccur in the mountain, interbanded with the limestone. No rocks of Cretaceous age 
were found in the debris, and it is assumed that the slide did not eut down to them. 

In portions of the slide the spaces between the rocks are filled with material 
resembling boulder clay and a number of small mud fiats, separated by mounds and 
ridges of broken rock, occur east of Gold creek.t The edge of the slide is usually 
fringed with more or less mud and the same material, mingled with small rocks, occm·s 
in places spattered over the surface for some distance ahead of the slide. At some 
points water was squil·ted out from the slide, laden with trees, mud and a few boulders. 
The soft mud was derived largely from the bed of Old Man river, parts of which wera 
scooped out, probably down to bed rock. The bed of Gold creek and the marshes in 
the road of the slide furnished a portion of the material and a further contribution 
was obtained from the fragments of the boulder clay terraces on the lower slopes of 
Turtle mountain. 

SURFACE OF SLIDE. 

The surface of the slide is singularly uneve1Lt The rocks are heaped up into 
mounds and short interlacing ridges inclosing hollows, somewhat resembling a terminal 
moraine. In some places the lumpy condition of the surface suggests that the material 
travelled in waves, the waves retaining their fo1·m when movement ceased. Peculiar 
eonical mounds, built of loose rocks up to three feet in diameter, were noticed at several 
points. The origin of these mounds is uncertain, but some of them may represent 
portions of ridges, which have been partly destroyed by flying rocks.§ The larger 
ridges are due in most cases to elevations in the olcl surface. A well marked depression 
extends across the slide, near the line of the old railway. It appears to be due to the 
protection of a rocky knoll to the south, which flung the greater part of the material 
across it. This depression is followed by the new grade of the Crow's Nest Pass 
Railway. 

The slide rock usually terminates abruptly in a steep slope from six to thirty feet 
in height, and in places is hi>aoed np a t the edge into a prominent rim. The rimmeo 
character of the edge is especially noticeable where the drive was straight onward. 

• Plate 6. 
t Plate 7. 
t Plate 8. 
§ Plate 9 and 1 O. 
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The edges of the promontories where the material spread or was defl.ected sideways arG 
usually comparativ_ely thin. (See frontispiece). 

The mud fiats mentioned previously as occurring east of Gold creek form a con­
spicuous feature of the .surface. The soft semi-liquid mud was splashed out of the 
bottom of Old Man river by the falling rocks, and driven for some distance ahead of 
them. Afterwards it spread out between the debris piles into small level sp11cea. 
Diminutive cones with crater-like depressions in the centre, due to the escape of impris­
oned air, are common features of the mud fiats. 

CHANGES IN TOPOGRAPHY. 

Changes in topograpby due to the slide are common. The valley is, o:f courso., 
completely changed, as the former fiats and even terraces are buried deeply under a 
mass of unassorted material. Old Man river is dammed at the lower part of the slido, 
and the channel above it occupied by a cbain of small lakes with a depth of from 20 t.o 
35 feet.* The bottom of the lake opposite the tunnel is several feet lower than tho 
old bed of the river. Gold creek has been defiected to the west and now follows the 
edge of the slide to its junction with Old :M:an river. A couple of small lakes aro 
formed, where streams coming from the north reach the edge of the slide, and a shallow 
lake which formerly existed near the east corner of the slide has been filled up. 

SOUE MINOR FEA'l'(}RES. 

While the boulders as a rule are much bruised, a few in the slide just east of th~ 
river have slipped down to their present position with little or no bounding or rolling. 
One large boulder still retains on its upper surface a coating of moss and a fragment 
of a rotten log lying quite undisturbed. This must have broken away about the cloae 
of the slide. From its position and the character of the wood, it is evident that it came 
from the lower part of the northern limit of the slide. 

The huge rock mass, falling with such frightful velocity, must have g reatly dis, 
turbed the lower strata of a,ir. The air must have been compressed under it and forced 
out as a sudden bcavy gust of wind. The· miners, as already mentioned; felt a strong 
blast in the gangway of the mine, but tbis was not noticed in the town above the s1idc. 
On the other band, the soutbern edge of the slide for some distance away is strewn with 
twigs and branches of t rees and other wreckage, evidencing a rush of air clown the 
valley. The cause of this southerly escape of the air may have been the natural wind, 
which was blowing clown the valley at the time, or may have been due to the northern 
part of the mass breaking away a few seconds in advance of the southern. 

An avalanche just south of the edge of the slide is partially covered with clebris. 
The heaviest deposits of dnst are also south of the slide. 

A quantity of dynamite was stored near Poupore and McVeigh's construction camp, 
situated at the junction of the Grassy Mountain Railway and the Crow's Nest Pass 
Railway, near the south edge of the slide. It was probably exploded during the slide, 
but the only evidence of the explosion is furnished by the boulders buried in the 
ground over an area extending at least 2,100 feet from the edge of the slide, in the 
vkinity of the old camp. ünlike the boulders in the slide, these are not solid, but bave 
frêsh fractures running through them, sometimes radiating from a central point ; they 
did not travel by bounds, but fell from a height, remaining buried where they fell, and 
they are not found at other points around the edge of the slide. 

A large quantity of dynamite belonging to the coal company was buried in the 
slide, but absolutely no trace of its explosion has been found anywhere. 

Just west of the lower Jake at the south end of the slide, a boulder clay terrace 
is partially burie<l under and partia1ly eut away by the slide. The cutting appears 

• Plate ll. 
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to have been done by huge fl.ying boulders, which shot through it. At one point a 
column of boulder clay is left standing alone. 

The mouth of the upper tunnel of the mine is sealed with boulder clay, carrie<l 
down from a deposit above and so compacted by pressure as to present the appearance 
of an original and undisturbed bed of boulder clay. 

A few tree trunks, some of them scarcely bruised, were found mixed with the rock 
debris. Nem· the farthest limit of the slide a new tie, which must have corne from the 
railway track, was found almost uninjured. 

DIMEXSIONS. 

The dimensions of the slide cannot be given accurately, as no contoured maps 
showing the old topography are available for reference. A section along the central 
portion of the slide in the direction of the movement gave an average depth of ô5 
feet. A section at right angles to the movement along the new location line of the 
railway, probably the thinnest portion of the slide, averages about 27 feet in depth. 
At one point north of the section m,easured the slide rock bas a depth of fully 150 feet. 
At other points around the edge, the material is often spread out in a thin layer only a 
few feet in depth. The average depth of the whole of the slide rock, estimated from 
such measurements as we were able to obtain, amounts to about 45 feet. The area 
covered measures 1 ·03 square miles, or 3,190,528 square yards, and the contents of the 
mass, assuming 45 feet as the thickness, about 47,857,820 cubic yards. This repre­
sents approximately 36,000,000 cubic yards of solid rock, equal in weight to about 
80,300,000 tons. A rough estimate of the size of the mass which broke away, obtained 
by comparison of the old and new contours of the mountain itself, is somewhat greater, 
amounting to about 40,702,000 cubic yards, or 90;796,000 tons. 

Rock slides of this magnitude are exceedingly rare in the Oanadian Rockies, in 
fact, no slide at all approaching it in size has been recorded from any part of the range. 
The mountains, Js a rule, wear away gradually and fall in small blocks. .A rock slide 
occurred in the Selkirk range, near Arrowhead, this spring. In the Alps destructive 
land slides have been more frequent, 150 having been recorded in Switzerland.* The 
dimensions of two of the largest of these, the Elm and Rossberg slides, may be inserted 
for comparison. 

The Elm land slidet was a 'bergsturz,' like that at Frank, only much srnaller. 
The slide rock ran down a valley with a three pe1~ cent grade for a distance of 1,558 
yards. Its. width was 437 to 564 yards, its depth 16 to 21 yards. Its contents were 
estimated to be about 12,000,000 cubic yards. 84 bouses and 115 human beings were 
buried beneath it. 

The Rossberg slide:j: in 1806, one of the largest on record, swept away four villages 
and killed 457 of their inhabitants. It was 4,300 yards long, 349 wide and 35 deep, 
and contained about 51,000,000 cubic yards of material. 

CAUSES OF THE , LANDSLIP, 

The various theories :first announced regarding the cause of the sudden destruc­
tion of a portion of the town of Frank, such as a volcanic outburst, a violent earth­
quake, an explosion in the coal mine, are, it is almost unnecessary to say, without 
foundati.on. None of the phenomena attendant on volcanic eruptions are observable. 
No earthquake shock is reported at the seismic stations, nor could an explosion in the 

• Neues. Jahrb., 1877, p. 916. 

t Der Bergst-urz von Elm, Rothpletz, Zelt. der Deutsch. Geol. Gesell., Band XXXIII, 1881, 
p. 540. 

t Der Bergsturz von Elm, Albert IHelm, Ibid., Band XXXIV, 1882, p. 74. 
t Goi'dau und Seine Gegend, Neues· Jahrb., 1875, p. Hi. 
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mine, violent enough to satisfy tne conditions have possibly occurred. The catastropha 
- was produced by a great land slide, ranking as one of the largest on record. 

Ordinary atmospheric weathering, in which water plays the principal part, acting 
on rock masses, which on account of their material, form and structure a1·e unstable, 
is the cause of by far the greatest number of rock slides. J ointing planes, or other 
fissures more or less strongly developed, are almost universal in the older rocks, and 
there are few which are not pervious to some extent to surface water. The water 
usually possesses some solvent power, and after entering the joint planes or fissures 
works its way downwards, gradually enlarging its channels and undermining the mass 
attacked. The increase of hydrostatic pressure of the water in the fissures by addition 
through rain or melting snow may be a sufficient cause of dislodgement of unstable 
masses of rock. The alternate freezing and thawing of su.ch water-fi.lied fissures in the 
rock is also a most efficient agent in loosening the material and, if the slope is sufficien;, 
causing its fall. The expansion and contraction of the rocks themselves under rapid 
changes of temperature is not without effect. Earthquakes, or other violent shocks, 
often produce landslips even in fairly stable regions. 

The second of the two principal classes of large land slides, mentioned in a previous 
chapter, the 'Bergrutsch,' is generally caused by water working its way along the 
bedding plane and softening a clayey layer, then, if the dip is sufficient, the upper part 
slips down along the lubricated plane. Many of the most disastrous land slips have 
been produced in this way. 

The Frank slide was a 'Bergsturz,' a breaking away of the mountain mass across 
the _bedding planes. Its primary cause is to be found in the structure and condition 
of Turtle mountain itself. It was ripe for a slide. The steep slopes, the shattered and 
fractured nature of the rocks, particularly of the basal beds of the limestone series, 
overlying the thrust-fault, coupled with unu ually heavy precipitation are causes which 
in themselves are quite sufficient to have produced the slide and unaided the 
loosened masses would sooner or later have fallen. The prônounced earthquake 
movement of 1901, mentioned in Stupart's notes below, must have loosened the threat­
ening mass to some extent, thereby hastening the coming disaster. There are, however, 
two possible contributory causes, which may have fixed the time and date of the slide 
by breaking the last bands which held the unstable rock mass in place and may also 
have determined to some extent the dimensions of the present slide. 

It is believed by many that the coal mine, situated at the base of the mountain, 
had sometbing to do with the slide and a brief description of the workings is here given. 

The mine, owned by the Canadian American Coal and Coke Company, is situated 
directly under the foot of the mountain. It is opeued up by a tunnel 5,500 feet in 
length, commencing at the surface 45 feet above the bed of the river and running nearly 
southward along the vein approximately parallel to the face of Turtle mountain, and 
near the foot of the slope. The surface gradually rises in the direction of the tunnel, 
and at its end has a height above it of 1,190 feet. (See Plate 4). A second tunnel. 
used principally for air, situated 30 feet helow the firt, bas been driven in for a dis­
tance of 2,560 feet, an upraise at 2,300 feet connects it with the upper tunnel. The 
coal seam, except where pierced by chutes, has been left intact for 32 feet above the 
main tunnel. The chambers mined are situated above this unworked strip, the larger 
ones commencing 1,200 feet from the mouth of the tunnel and continuiug to 3,500 
feet. They are divided into three sets. the first having a height of 250 feet, the second 
of 300 feet and the third of 400 feet. Beyond 3,500 feet. the chàmbers were just started, 
as shown in the accompanying diagram:* These chambers ,ary in length from .0 feet to 
150 feet, but average about 130 feet and are separated by pillars usually 40 feet in 
length, containing man-ways and cross-cuts.t AH the workings are in coal. The seam 
is nearly vertical, dipping under the mountain at an angle of 82°, and has a width of 

• ni,~ram 1. 
t Diagram 2. 
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thirteen to fifteen feet. Most of the coal stoped down in the chambers remained in 
them, just su:fficient being drawn at the chutes to keep the surface of loose coal a con­
venient distance below the roof of unmined coal for the men to work. 

It is almost impossible to avoid the conclusion that these great chambers, 130 fe0t 
long, 250 to 400 feet high and 15 feet wide, situated directly under the foot of the moun­
tain must have weakened it, even if, as the management assert, little of the loose coal 
bad been drawn from them. The pressure on them must have been considerable. The 
Ioose coal, being less resislant than the unmined, would allow slight slips or readjust­
ments in the hanging wal1, and the jar produced by these may have been su:fficient 
to snap some of the few remaining supports, which held the unbalanced mass in place. 
For in its state of unstable equilibrium, the slightest movement, a movement of even 
one inch, might have a profound effect upon Turtle mountain. It is a significant fact 
that the edges of the break correspond very closely with the limits of the big chambers 
and mined coal. (See diagram 1). 

In this connection certa'in statements reg·arding the condition of the mine before 
the slide are of interest. 

STATEMENTS REGARDL.'W 'l'HE CONDITION OF THE MINE BEFORE THE SLIDE. 

The management state that the mine was in first class condition before the catas­
trophe, that the walls were solid, that there were no more movements or breaking away of 
the hanging wall than is usual in coal mines, and that the timbers were not under undue 
strain. Mr. Chestnut, a miner, states that slight movements were noticeable during 
the last seven months. These were particularly hable to occur between one and three 
in the morning. He describes them as like the starting and shuddering of a ship struck 
by a wave. Mr. Chapman also stated that these shocks were most frequent between the 
hours of one and three in the morning. These tremors were somewhat alarming to the 
miners, and some are said to have left the mine on account of them. 

It is also reported that lately the coal has been mined with unusual ease, often run­
ning itself, so that the miners were taken off contract work 'and put upon day work. 
Rock from the hanging wall is said to have been falling in and mixing with the coal, 
so that men had to be employed in picking it out when the cars were dumped. 

Cyrus Morris, formerly underground superintendent, stated that for the last seven 
months, there nad been a general squeeze in the ground between 3,500 and 5,000 feet in 
the tunnel. The coal could be kept up only with difficlùty. It was broken and would 
mine itself. 

Small faults were encountered in the mine about every 120 feet, which had a slip 
of two feet into a bill, that is westward. At a thousand feet in, a fault was encoun­
tered with a throw of about fifteen feet in the same direction. Fissures extended into 
the bill at right angles to the strike of the seam, which brought in water, sulphur water 
and gas. 

If the chambers were slightly overdrawn, leaving nine feet between loose coal and 
roof, the hanging wall would commence to break away along fractures and bedding 
planes, falling leaf after leaf, leaving a sort of tunnel in the wall sometimes over twelve 
feet long. He was away for a few weeks preceding the slide, and during hi.s absence ho 
believes coal was run from some of the chambers, leaving them partially empty. 

Mr. Frank B. Smith, B.Sc., M.E., Inspector of Mines, states that about 4,000 
feet from the mouth of the tunnel a block from the hanging wall crnshed in eighteen 
feet, making it necessary to run a tunnel around it. He also corroborates the evidence 
rcgarding tremors in the mine and the proneness of the hanging walr to break away. 

Severa! witnesses stated that the shipments of coal were unusually heavy during 
the strike at F ernie, that is a little before the slide. As the force of men employe<l 
was not largely increased, some of the coal already mined must have bee·n run from the 
chambers . 

• 
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These statements are in accord with the evidence procured from an examination 
•Jf the mountain in regard to the thoroughness with which the rocks are intersected 
by joints and :fissures, and also with the conclusion regarding the pressure on the hang­
ing walls, and the assumption that after mining the coal, readjustment would occur 
which would jar the mountain. They also indicate that these adjustments most 
frequently took place at a time (1 to 3 o'clock a.m.) when the rocks were contracting 
through cooling and when frost was most efficient in loosening them ; that water was 
at work undermining the mass, and that the pressure on the hanging wall and seam 
was increasing as the threatening mass lost its supports one by one. If these statements 
ar~ accepted, one must conclude that the working of the coal seam was connected to 
some extent at least with the dislodging of the central mass of Turtle mountain. 

On the other hand, the testimony of the miners at work at the time of the disastel" 
contains nothing that would indicate that the bursting of the last bond, by which the 
mass was upheld, was caused by movements in the mine. It indicates, rather, that 
anything which occurred in the mine was due to the slide. The slight di:fference in 
time noted by Chapman in the mine and that recorded outside seems to be without 
significance. Chapman's time agrees with that given by the fireman who was near the 
mouth of the mine, where he could observe only what was taking place outside. The 
mine appears to have escaped with little damage, much less than might be expected 
when the weight and force of the material which passed over it is taken into considera­
tion. This slight e:ffect is probably due to the shelf of rock above the seam, which 
caused the greater part of the rock mass to shoot over it into the valley. The mine, at 
time of writing, is still closed by debris, but when opened, it would be advisable to ascer­
tain more definitely what movement, if any, has taken place. 

The snapping of the last threads supporting the peak which broke away, that is the 
final cause of the slide, was in all probability due to the temperature conditions during 
and preceding the morning of April 29. 

The night of the slide was excessi,ely cold. The miners say that it was colder 
than any night during the winter. Ihose outside state that the temperature was down 
to zero. The day before and the preceding days had been very hot, so that the :fissures 
in the mountain must have becn filled with water, on which the frost ,would act with 
-oowerful e:ffect. 

The rock slide cannot. therefore, be considered as due to a single cause, but rather, 
like so many phenomena in nature, to a combination of causes, cumulative in their 
effects. The chief of thcse wcre the structme and condition of the mountain, aided 
by exceptional atmospheric and other natural conditions, and also, possibly, by slight 
readjustments in the lower strata attendant on mining operations. 

The following note on the meteorological and seismic conditions preceding the 
land slide has been kindly furnished by Mr. Stupart, Director of the Meteorological 
Service of Canada :-

' In compliance with the request contained in your letter of the 4th instant, I have 
much pleasure in replying to your questions in the order you have placed them. 

' 1. During several of the past few years the summer rainfall in Southern Alberta 
has been abnormally hea,y. The average annual rainfall, exclusive of snow, at Calgary 
is 12'54 inches. In 1 !Hl it was 21"61, 9·4 of which fell in the one month of August, 
1900 was nearly average, 1901 was beavy, being 15·73 inches, 6'46 falling in June, and 
in Ul02 it was phenomenal, as 2 ·90 inches fell, :May 6'14 and also 2 inches of snow, 
J une s· 2, J uly 5'06, August 6'14 inches. 

'2. The precipitation so far this year bas not been abnormal. 
'3. An exceptionally warm wa"Ve passed over the country on the 24th and 25th 

April, on the latter day 74° was registcred at Calgary. This would have caused very 
rapid melting of the snow, with this exception, however, the months of March and April 
were both below average temperature. 

'4. The total snowfall of this winter was Jess than average both at Pincher Creek 
and Calgary, although in both instances March was somewhat in excess. 

• 
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'5. I do not know of any seismic disturbance of late years with centre of disturb-
1nce, to my knowledge, in that part of the country. The Toronto seismograph, how­
ever, registered a moderate disturbance six hours prior to the land slip at Frank. A 
most pronounced seismic disturbance was registered August 9th, 1901-a world shaking 
quake with centrum in the Aleutian Islands-large màsses of ice were detached from 
Alaska glaciers, and I doubt not that the large blocks of ice in the Lynn Canal some 
days later, one of which wrecked the 'Islander,' were shaken off by this quake. 

'6. There have been no severe electrical storms this spring.' 

PRESENT CONDITION. 

The steep-walled summit of Turtle mountain was badly shattered and fractured 
by the shock received during the slide. The fractured portion has a width in places 
of 200 yards and extends from a point a couple of hundred feet north of the north peak, 
south to a point 400 feet south of the south peak, a distance of about half a mile. 

The fractures are too numerous to describe in detail, and only the more important 
ones will be referred to. A wide fissure running nearly parallel to the crest of the 
mountain cuts the western slope of the south peak, 100 yards west of the summit. The 
block of limestone between this fissure and the crest is broken by numerous smaller 
fissures and the whole shattered mass sunk forward fully 20 feet. Other fissures, 
a:ffecting the stability of the south peak, were found cutting the eastern slope. (See 
Plate 12). 

The strongest and most complicated fissuring occurs in the region between the 
north and south peaks, i=ediately behind the peak which fell away. The limestones 
here, for some distance west of the crest of the mountain, are eut by a net-work of 
gaping fissures into angular blocks, many of which are tilted forward 10° to 20° from 
their original position.* 

The fissuring in the north peak is less pronounced than in the south peak, but is 
important as this peak directly overhangs the town. The western slope of tho 
peak is eut at intervals by narrow fissures, running roughly parallel to the face of 
the mountain for a distance of at least 500 feet west of the su=it. One of these 
fissures, 150 feet from the summit slipped perceptibly during the six days' interval 
between our two examinations. The others, with the exception of a few short cracks 
near the face of the mountain, remained stationary. The small fissures north of the 
north peak also remained unmoved. , 

The ,fissures follow old jointing planes, often zigzagging from one set to another, 
Fresh fracture planes wero seldom observed. 

The shoulder of the mountain, running east from the north peak, and which looks 
down upon the town is excessively steep, having a slope for a considerable distance 0f 
75°, and an average to the base of nearly 45°. Toits stability Frank and its inhabitanta 
owe their preservation. It withstood the concussion of the mountain mass breaking 
awày, and acting like the side of a funnel prevented the loosened material from spread­
ing over the town. t 

The crushed limestone band above the thrust fault, which forms the base of one ot 
the cli:ffs on this shoulder, bas no great power of resistance. It is traversed by joints and 
slickens, which dip about 75° E., along which it readily weathers and falls away, 
leaving in places steep walled, fantastic 'hoodoos,' natural arches and pinnacles like 
earth pyramids, capped by remuants of a harder layer. (See Plate 5). The fractures, 
525 feet behind the north peak, could not be followed northward to their termina­
tion on account of fresh snow and may extend far enough to loosen the whole of this 
shoulder of the mountain. 

• Plate 12. 
t Plate 13. 

• 
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PRESENT DANGERS. 

The fractured zone surrounding the old break is bound sooner or later to fall 
away, but whether it falls gradually in small comparatively harmless blocks, or in large 
destructive masses depends upon future conditions, which cannot be foretold. The 
shattered mass between the north and south peaks does not menace the town, as the 
falling material will travel over the former slide. Moreover, the fracturing is so corn- . 
plete, that it is rapidly falling in individual blocks, which, though large, are yet not 
large enough for their momentum to carry them to the base of the mountain. During 
the six days between our visits, ail the face which we had crossed between the north 
and south peaks, shown in Plate 12, had fallen away. This constant breaking away 
of the loosened blocks is decreasing the probability of further large rock slides. 

That part of the north peak lying east of the fissure, 150 feet from the face, along 
which it slipped during our observations, threatens the mouth of the main tunnel of the 
mine, since, if it falls in one block, it will certainly reach the base of the mountain 
near the edge of the former slide. More danger to the town is apprehended from the 
fissures that exist behind and furtber to the west of the north peak. These :fissures are 
narrow, but ·are wide enough to admit water, and the pressure of the rock above may 
keep them closed until the undermining action of the water, or some other cause 
liberates the superincumbent mass and a slide results. The safety of the town depends 
upon the stability of the shoulder protruding eastward from the north peak, which, as 
bas been shown, is affected by them. The breaking away of the central portion of the 
mountain, which is going on continuously, is also tending to weaken this northern 
shoulder. If the town is to remain inhabited in its present position, these northern 
:fissures must be closely watched. They are not likely to slip or extend suddenly 
(although, as stated above, there is always some liability of their doing so), and for 
this reason the upper portion of the town is not considered to be in any great i=ediate 
danger. If, however, any signs of slipping along the :fissures some distance back from 
~he north peak are detected, the town ought at once to be evacuated. 

The town of Frank might exist on its present site uninjured for ages, but there 
will always be a possibility of a second destructive slide. The fact that the north 
shoulder withstood the shock of the :first slide and was so solid that a snow cornice 
over its face was not broken down, is no p:roof that it is too solid to fall. Ahnost the 
same conditions exist on the north peak and shoulder to-day as obtained on the ceutral 
".>eak before it broke away. A succession of seasons with unusually heavy precipitations 
and rapid changes of temperature, a slight earthquake shock, which is by no means an 
impossibility, or the closing of the chambers in the mine after the coal has been drawn, 
perhaps long after the inhabitants have lo t all dread of the mountain, may snap the 
supports which retain this mass in place and start it on a career of destruction. 

Since this possibility must always overhang the town. it certainly seems in the 
interests of safety that it be moved a short distance up the valley, beyond the reach of 
danger. 

SU~l:MARY. 

As to the nature of the disaster at Frank there cannot be any doubt. It was a 
rock slide (Bergsturz) of colossal dimensions, one of the largest on record. 

Turtle mountain, part of which fe]] away, is a sharp Rocky :Mountain ridge, which 
with the exception of a short talus slope at the base, rises very steeply in a succession of 
cli:ffs to a height of 3.100 feet aboYe the Yalley. It is the central and highest peak :if 
thi s ridge which broke away. The mountain consists of Cretaceous sandstone or shales 
at the base, with limestone (par t at least of Devonian age) forming all the upper por­
tions. The limestone bas been thrust over the newer rocks along a fault plane by the 
mountain building forces. The Cretaceous beds were overturned, dipping into the 
mountain at an angle of 82°, w]iile the limestones have a westerly dip of 50°. The 
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basal beds of the limestones have been much folded and crumpled by friction, due to 
thrusting forward of the series along the fault plane. They form a very weak base 
for the precipitous mass above. The mountain is thoroughly dissected by fractures and 
jointing planes. 

On the morning of April 29, a mass of rock sunounding the central peak, half a 
mile square and four of five hundred feet thick in the centre suddenly broke away and 
rushed with great velocity into and across the valley, destroying everything in its path. 
Fortunately the greater part of the town lay outside the course of the slide, but much 
property was destroyed and seventy lives were lost. Over a square mile of pleasant 
yalley was transformed into a dismal waste of rock. 

The motion of the slide rock was complex in detail, but as a whole resembled th~t 
of a viscous fluid. The distance from the top of the break to the foot of the slide, 
following the slope, is about two and a half miles. The average thickness of the 
slide rock across the valley, along the centre of the slide, is 65 feet, the deepest portion 
of the slide about 150 feet thick, and the average over the whole slide cannot be less 
than 45 feet. A rough estimate of the amount of material dislodged is about 40,000,000 
cubic yards, representing in weight about 90,000,000 tons. 

In the Alps destructive land slides have been quite frequent, but are exceedingly 
uncommon in the Canadian Rockies. None at all approaching this one in size has 
ever been recorded. 

The slide was due not to a single cause, but to a combination of causes. The 
primary cause was undoubtedly the form and structure of Turtle mountain, already 
referred to. The huge mass was in a state of unstable equilibrium, possessed a weak 
base, and was thoroughly traversed by fissure and jointing planes, in which water and 
frost were continuously at work removing one by one the supports which held it in 
place. The heavy precipitation of the last few years accelerated this process. Recent 
earthquake tremors, particularly that of 1901, no doubt hastened the time of final dis­
ruption. The opening up of large chambers in the mine, situated under the base or the 
mountain, may have been a contributory cause, by allowing slight readjustments in the 
strata formiIJ.g the hanging wall of the seam, producing jars that might dissever soma 
of the few remaining bonds. The heavy frost on the morning of the slide, which 
followed hot summer-like days, appears to have been the force which severed the last 
thread and precipitated the unbalanced mass. ,. 

The· zone surrounding the cavity left by the mass which broke away is excessivel;y 
fractured and is doomed to fall . That portion behind the break and south of it is not 
dangerous, as it has a free course and is already falling in small individual blocks. 
The north peak and shoulder overhanging the town are, howeve;r, dangerous.. They 
threaten the town and the mouth of the mine. Their condition now is very similar 
to that of the central peak before it fell away. There is always some possibility of 
a sudden movement, although the commencement of the movement is more likely 
to be gradual. In course of time, ordinary atmospheric weathering will bring down this 
threatening mass, but a s1ight earihquake shock, a succession of seasons with unusually 
heavy precipitation and rapid temperature changes, or the closing of the chambers in 
the mine, after the coal has beeu clrawu. perhaps long after the inhabitants of the town 
have lost all dread of another clisaster, may precipitate it sudclenly in a second destruc­
tive slide. 

Since this possibility must always overhang the town, it certainly seems advisable 
that it be moved a short distance up the valley, beyond the reach of danger. 

2 
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Frontispiccc. 

Tmtle ;\[onntain and tlw grNtt rock-slide ftt Frank, Alta., looking northward. The cavity left by the breaking away of the central peak and the course of the slide 
cH 11 lie clisti11rtly seen. l fnrler the slid,•-rock the terracecl floor of the valley is discernible. 'l'he uneven, billowecl surface of the slide-rock is well shown and the heaped up 
ri111 ,ilong th0 eclges of the sliclP can be seen at several points. In the foregrouucl is a thin promontory of débris def\ectecl from the main course of the slicle. The town lies 
on the farther sicl e of the slide in the direction of the gap between the mountains. 





PT,A'l'll 1. 

VALLE\' Of' ÛI.D l\IAN R1n;a ANJ) 'rUH'l' LE ?l{OUN'l'AIN fü:1"01\E 'l'HE SLU,E. 

The left peak is the one which broke away. The right pe,ik is the part of the rnountai n whicb still threatens tlie town. 





Pr,A1'E 2. 

\ '.11.1.EY OF 01.11 ,\l.1:s Hcn:H A:Sll T II E Towr,; OF FnAKK 1n; f'0 HE THE S J, ll)E, L00KING N0R'l' JIW.1Rll f'R0M SANDR'f0KE KNOLL S0U1' 11 01' RAILIVAY '!'RACK. 

T" l11t• ]l'ft, is t.hr· north spur of Turtle l\lountnin showing tenace r.t basP, tains slope and a little of the cliff portion of tbe mountain. To the right is Bluff 
"'. 1 :<>:et i\lcn111t:tin. Tn tlw righ< of the gap hetween tlwn1 Crow's 'est Mounta i11 is faintly cliscPrniblc. Old l\'fan River passes through the gap and fl ows 
at tl11• l>:tSf• of '.L'urtl,• Monnt:ün. G,,ld CrePk can b,, sl'en crnssing the midclle of the valley ju,t below the first honses of the town. The barn at the left and 
th,• first rmv of cot.tagcs 11·ere burierl undPr the slide. 





V.11.LEY OF 01>n MAX Rrn;R ANI) TIIE TOWN 01' FRA:'IK AFTER 'l'HE SLIDE, LOOKINO NORTHWARO f'ROM NEARLY 1.'HE SAllIE POINT A IN PLATE 2. 
ThB large boulders and mue\ Aats are wPII shown. The C. N. P. Railway is being reconstructed across the slide. 
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i\IouTIL oi-- THE C.1:-1.11,1Ax A)IEHJl'.\K Co.1 1, AXD Co1, E Coi1PANY',; MINE ,1:,;u SLOPE or T u t!'l'LE l\1ouN'L'A JN BEFOHF. THE , LlOE. 

The co3,J seam rnns from the tunnel up the slupe to the point on the hillside rnarked A. 





Pl, ATE 5. 

DO;\ll NH)N AVJ;:N U t.: , l l BANK. 

Tlw tn•,·h•ss por t ion of the mount:cin side rt' present.s a section of the slide. The cloud of clust at the top is eau ·ed by fallin~ rock. ,Tu t abovo the 
lwns<'s on the right can bl' sP<' ll the crnshecl and crumpled beds near the base of the li,m•stone seriPa which weather out into pinnacles. The group of 
l!len coming up t he rnad are the 111im•rs who h:crn just escapecl from the minP. In the wagon is one who was injured. The point of escape liea in the 
rock slide bl'hind the last !,oust• on the left. 





THE S I. IDE - ROCK IN l>B'l'AJL. 





LOOKIM: t :M\l'WAHD Al,ONG '!'IIE 8 LTIJE. 

__ Tl1<• f111·,·gro1111d is :1 llntd H:lt. Sorne of thP large l,oulcle,-. are co,ited with mucl or hnve it rlripi,in!l' clown their s icles. The larges t boulcler 1s 40 feet long. A high 
1·111g-,· of l1011lde1·, fornis t he L,,wkgrun lld. 011 tlw left of the eclge of the slid" tht• hillside c:111 be seen agamst which th~ bould,:,re wash Pcl. The uneven surface of the slide 
1:-. Wi·II sltuw 11. 





Pi.ATF. 8. 

t;l 

VtEII' LOO KING IJOW:S- TH E VALLF.Y AOHOSS THE 

'l'h C' n11e1·,· n ridg~d surface of the slide and t he vary ing sises of the rock fragments are pla inly seen. 
uf , lich--ruck is a lsu 11 1a.rkt•d. 

U DE- UOOK. 

The contrast between the unaffected part of the valley and waste 





l 'un:\I. 

COXl('AL ll0 VXD 01-' JJÉBR l!S 0X StJHl-'AC'E 01-' tl l, IIJk:- H0C' I, AND S0)IE 0 1•' LAHOE B0ULllER8 IN 'J'JH; llACIWH0VN I> IVFII CH MAr HAVE Pl!0DUCKD l'i'. 

The uneven ,nrface of the sli<le-rock i~ apparent. A tenace, partiiilly eut a,way, appears ou the rdge of tlw ··] ide in the upper left hand corner, 





PL.l'l'E 10, 

ÜONICAL M OUND ON , OF SLIIJE, SUIU'ACE 

-





l'! ., \'l 'E 11. 

Yrnw FHlHI 'l'IIE ~LOl'E Ot' T URTLE l\lom,'l'.\I'.\', ~OUTHWAHD A.CROSS THE 8 1, lDE, HOWING l,AJŒS ~·om,.rnn A1' THE BASE Or' '.l'll,; 
) IOUN'l'AIN BY THE l'LOUG IIING OU'l' Or' T HE BED 01' ÜLD MAN RlVEl{. 

A hill uf cl~Ll'ÎH, 100 feet high, is seen just east of the Jake shore. 

-





Pr,Al'li 12. 

V 1J.:w Fl{O)I TIi~: XOBTII PE.\1-\ OF Tl.!RTLE I\lorxT.\ I :,; TO TIIE SOL"TII l' EAI\, :--110\\°J:'\( ; TIii<: EIH;J-: OF TIIE l:WE.\K 
.-\:,;'D '1'111': F l :--:-it;HE I I ZOXE BElll~ïl. 

Frum thf' ,ingle .it which the trecs an· bent fonval'CI fi-0 111 tlte ,·nti<.:a,I tlw c!,·grPe of tilting of the lilod-s 
c:w lx· seen Down tlw slope to the right of the kft hancl pP;ik :t largl' fractnre eau l, t' disti11;,;ui sh1·d 1,y tl,e 
hn•ak i11 th<- snow. Along this fracture the whole of this south peak lins ,lipped at least ~() fel't. The cL·ntrnl 
]X•.tk. which was the l11ghest, stood ont to the lt•ft of the hrmk abnnt thL· rnidd]P uf the picture. 

l 





S11ut:1,l)EII l'ltO.JEU'l' I NG f' RU M 'l'HE NOl\1'11 l'EAK AND O\"EIUlANGING 'J'HE ·rowN. 

At tlw tnp right hand corn,•r i,; the shattered north peak. l<' ron, the lowet· left hand corner the sboulder drops for a thousand feet at an angle of ïii0
, The 

westwnrd rlip of the li111(•slones is well shown. The mass wbich broke away Jay just behind this shoulder, the break extending to th summit of the north peak at 
the top righ t liand corner of the ph.te. 





JJIAURA/lf 1. 

Ma,·n tvnn si 
LOwPr tvnnel {a,ir) 

----- --
METMOD .o/ M 1 1V I N6 
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DIA.GRAM 2. 

LONGITI/Dll'IAL 51:CTIO/'I TIIROUGH C.é.tl TRE OF CH ·1 MBER 

PUI/Y OF FI.OOR. OF CHAM B ER. 

5 ca le; I OO l'r = / /nch 
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