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LETTER OF TRANSMITTAL. 

The Honourable W. B. NAKTEL, 

Minister of Mines, 

Ottawa. 

December 2, 1911. 

Srn,- In pursuance of the instructions of the Honourable the 
Minister of Mines, transmitted through the Director of the Geo­
logical Survey, we have examined Turtle m ountain at Frank, 
Alberta, and workings of the mines of the Canadian Coal Con­
solidated, Limited, with the view of determining whether or n ot 
mining operations are likely to bring about a landslide from the 
mountain and thus endanger lives and property in the town. 
Furthermore, we have consi lered the possibility of a slide or slides 
from natural causes independent of mining. The labour involved 
in the preparation o{ the detailed map of Turtle mountain and 
vicinity has been so great that it has prevented the completion of 
the r eport at an earlier date. 

Vve beg leave to submit the following report. 
We have the honour to be, sir, 

Y our obedient servants, 

Reginald A. Daly, 
(Signed) W . G. Miller, 

George S. Rice , 
Commissioners appoi11,ted to investiga-te the condition oif Tui·tle 

monntain. 
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TURTLE MOUNTAIN, FRANK, ALBERTA. 

HISTORICAL SUMMARY. 

Report of Landslide of 1903. 

Under date June 12, 19'03, l\Ie rrs. R. G. :McConnell and R W. 
Brock of the Geological Survey -0f Canada, acting as a commission 
appointed by the IIonouirabl e the :Minis ter of the Interior, sub­
mitted a report on their examination of the Frank landslide which 
took place on April 29, of t hat year. The slide entail ed the loss of 
about seventy lives of people in the town of Frank, to 0 ·ether with 
the destruction of much property, including nearly 7,0'00 feet of the 
Crows Nest railway. 

In their report, l\Iessrs. McConnell and Brock say that the slide 
was clue, n-0t to a single cause, but to a comlbination of causes, 
among which the .opening up of large chamber in the mine, situ­
ated under the base of the mountain, may have been a contribu to ry 
cause. Speaking of the North peak and shoulder of the mountain 
overlooking the town, they say "the closing of the cham'b2rs in 
the mine, after the c-0al ha been withdrawn, perhaps long after the 
inhabitants .of the town have los t all d read of another di sas teir, 
may precipitate it suddenly in a second1 destructive slide. S ince 
this possibility mu st always overhang the town, it certainly seems 
advisable that it 'be moved a sh ort distance up the vall ey beyond 
the reach of clanger." 1 

More Recent Observations. 
Since the report was pwblished, officers of the Geological Survey 

have visi ted Frank from time to time and have examined the 
mountain. Brom several examinations he has made .of the 
mountain, Mr. Brock has decided that cracks lrnve formed in th ,tt 
part of the mountain overlooking the town, and that one or t wo 

cracks in the vicinity of the north shoulder have ~radu ally widened 
-- -- - -------------------------

1 Extract from P art VIII , Annu al R epor t, 1903, Department of 
Interior, page 17 
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during the last tw.o years. Moreover, he has decided that the 

ext:raction of coal within a certain zone, which he hhs called the 
"zone of extren~ c danger," is Ji kely to precipitate a lanclslide that 
would destroy the town. In the Summary R eport of the Geological 
Survey for 1909, he calls attention to the danger which, in his 
opinion, threatens the to wn. 

The following quotations from letter s written by :Mr. Brock in 

1910, show the vi ews he holds concerning the cl anger that he con­
sideirs would arise were coal extracted from cer tain parts of the 
mine. 

'Of the various causes which were responsible for the big slide 
there an be no qu~stion ·but that the mining of t he coal was a prime 
one. 

' In the report on the Frank slide we expressed ou r conviction 
regarding the connexion between mining and the catastrophe. It 
was not considered necessary to emphasize thi s point at that time, 
for the Company had had n o means of kn owing th at i ts operations 
were a menace to public safety. 3ow the case is other wise. If the 
mountain is further di sturbed by mining operations and a slide occurs 
the Company would certainly be held r esponsible.' 

'Tu rtle m ountain is in a more threaten ing condition n ow than 
last year. This opinion is concurred in by Mr. B oyd . The north 
shoulder is, of course, the dangerous portion of the mountain. After 
the slide it was carefull y examined and it has been closely watched 
since then, but until last year T saw no signs of movement or, apart 
from its structure, of weakness on this north shoulder. L ast year 
I detected two cracks as shown on the sketch map whi ch l sent you 
last spring-. They were so slight, however, that it would n ot have 
surprised me if their exist ence had been (\uestionecl . Thi s year, 
however, they \Yere very marked. The cracks between this shoulder 
and the North peak also show development during the yem·. These 
cracks are significant as indicating movement and unstable con­
di t ions. It is true that in some cases the block severed by the crack 
is not large en ough in itself to cause much rlamage if di slodged, 
but as the joint planes along which the cracks develop clip to,rnrds 
the foce of the cliff, giving the block the form of an inverted 
wedge, only those near the face can open, the weight of a 
large block tending to keep the break closed. As the top su rface is 
covered with shingl e. only a gaping crack makes itself visible on 
the surface; hence a dan gerous break back from the face, the break 
along which an enormou s slide might take place, might not be detect­
able on the surface, even at the time the slide "·as about to occur. 

'Lette1· elated May 12. 1910. addressed to the Canad ian Coal Con­
solidated Limited , Frank, Alta. 
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' The cracks on the north shoulder prove that its solidity is not 
io be relied on, and the recent rn oYemcnts indicated by these cracks 
may very ""ell be ascribed to the disturbing effect of mining that 
has recently been done in the neighbourhood of the found ation of 
this shoulder. 

'In the fa ce of such facts, I cannot evade the con cl us ion that 
mining is too dangerous to be continued. It is my firm opinion that 
no more liberti es can safely be taken with this mountain. 

'A large slide would cut off all r ailway communica tion and close 
the mines wes t of Frank. It mi 0 ·ht perm anently close the pass. The 
town of Frank would be wiped out with a fearful t oll of li fe. These 
are some of the ri sks that are being taken by tamperin g with the 
foundation of this mountain. It was unsafe to do what bas recently 
been done in the way of minin g. This wa pointed out before thi s 
work was st arted and the present unfavourable conditi on of Turtle 
mountain as compared t o that of las t year shows that the opinion 
then expressed was well found erl. No further mining of the seams 
near the base of Turtle mountain can safel y be don e." 

Report of 1910. 
In the summary rep~rt of the Geological Survey for 1910, Mr. 

Brock pointed out the danger to be fe ared from continued mining 
a t the .base of the mountain . Articles based ,on th e report, appear­
ing in the press, excited such interest at Frank that a deputation 
consisting of Ir. A. A. 1-Hiller, general manager of the Canadian 
Coal Consol id ated, Limited, 1-Jr. Moore hi s legal advi ser, and Mr. 
Harvey Murphy, chairman Qf the council of the village of Frank, 
proceeded t o Ot tawa in the las t ~veek of July, 1911, and held a con­
ference with the Minister of the Interior, the Minister of Uines, 
and< the 1DirectOJr of the Geol ogical Survey, with regard to the situa­
h on at Frank and the a<l'V isabili ty of having an examination and 
report by a Commi ss ion. After furth er coirrespondence and inter­
views, and after consultati on with the representa tives of the gov­
ernment of Aliherta, it was decided to appoint a commi ssion consist­
ing of two geologist s and a mining engineer . The unders igned had 
the honour of being appoin tcd the commissioners. 

Visit of Commissioners to Frank. 
\ !Ye anrivcd in Frank on the morning of Oct ober 3, and there 

met Mr. John Stirling-, Provincial Inspector of Mines, and Mr. 
Fran cis Aspinall, Di strict J nspec tor. In the afternoon we called 

'Letter dated, Otta wa, Nov. 3, 1910, addressed to John Stocks, Esq., 
Deputy Minister, Department of Public Works, Edmonton , Alta. 
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on J\Ir. A. A. hliiller, General Manager of the Canadian Coal Con­
solidated, Limited, anc~ at the place of business of Mr. Hairvey 
Mur1phy, chairman ,of the council of the village of Frank. Mr. 
Murphy was, however, out of town at the time. Later in the week 

we arranged for a conference >vith hlr. hliiller and for one with M?:r. 
Mu rphy and Mr. Tompkins of the council of the village of Frank. 

Interviews we1-.e also held with other citizens of the village, and 
with men acquainted with the district. 

On the clay following· .our alrri val we ascended' Turtle mountain 
unde·r the guidance of Mr. W. H. Boyd, chief ·topographer of the 

Geological Survey. lllr. Boyd's acquaintance with Turtle moun-
tain and its surrounding- dates back to 1903, when he was associated 
with l1Jes.s11s. :l\IcOonnell and Brock in mapping after the slide. 
Since then he has rn aJdle other examinations ,of the mountain. Dur­
ing the past season :l\Ilr. Boyd, with a corps of assistants, has 'been 
engaged in making a de tai led map of the m ountain, the manuscript 
of whi ch was placed at our .service. We are deepl y indebted to Mr. 
Boyd for the information which he furni shed us concerning the 
mountain, and also for the interesting and instructive model of the 
mountain, based on hi s map, which he prepared for us. 

:l\Ir. Miiller, and the mine manager of his Company, :l\Ir. Shone, 
lent their assi tance by accompanying us to the mine workings, and 
in other ways. 

Messrs. Stirling and Asp in all were constantly at hand t0 give 
us any assistance in theit1 power. 

F or valuable aid and courtes•ios extended while at Frank, the 
best thanks ,of the Comm iss ioners are ·due to all of the gentlemen 
above m enti oned, as well as to others whose names <lo not appear. 

The woirk at Frank was completed on October 12, and we took 
train for the east on the evening of that clay. 

In the following pages is given, as briefly as is consist ent with 

a clear understanding, an account of obser1vations made and informa­
tion acquired, together with the conclusions at which we have 
arrived. The report is illustrated with m aps, sections, and photo­
graphs of a chairacter such as to make a more v.oluminous text 
unnecessary. 
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INTRODUCTION. 
The ques tion whether thet'e is danger of one or more des truc­

tive slides in the future involves two sets of considerations. Its 
investigation obviously implies an inquiry into the existing natural 
conditions. Are those conditions such as to warrant belief in prac­
tical danger t o the town of Frank ? S econdly, is the stability of 
Turtle rnoun ta in of such a low order that continued mining at its 
base would essentially add to the danger ? As to tbe a·d'Visability 
of keeping the town in its prBsent s•ituation , these two pr.oiblems are 
not of equal importance. If it can be shown thnt r easonable prud­
ence should counsel the evacuation of the town-site .because of the 
p1resen t natural condition of Turtle mountain, the ques ti on as t o 
the influenee ·Of continued mining on the Frank coal seam becom es 
disti nctl y .s•ubordinate. Since your Commission ·believes that 
nearly all of the town-site is in danger of being overrnn by one OT 
more g1<ea t slides, quite irrespective of the mining opeTations, the 
evidence bearing on this essential problem will fllrst be stated. 

A. Probability of a Great Slide due to Existing Natural Conditions. 

The grouruds for :yo ur Commiss.ion's affi rmative answer to the 
qu estion rega rding dange1' of catastrophe 'because of the piresent 
~tate of the mountain , m ay 1be r eviewed under five heads. These 
are: (1 ) The special, local conditions fav ouring such a slide. (2) 
The general conditi ons favou rin g a lide. (3) The simil arity 0£ 

conditions to those preceding the great slide of April, 1903. ( 4) 
The weakening of the North peak through the fall of rock in 1903. 
(I)) The existence of n ew Cl"acks showing incipient movement .of 
the large block culrni]l[Jting in the North peak. 

(1) SPECIAL CoNDl'l'lOXS FA1·01·mxc A LAX DSLIDE OF THE Frn sT OnDEll. 

After a careful st11cl'y on the ground, your Commissi·on has been 
forced to conclude that Turtle mountain presents a number of 
peculiarities which together form a highly special combination lead­
ing to continued destructive falls of rock from the North peak and 
its vicinity. Perhaps nowhere el e in the entire Rocky :iliountain 
system is a similar com'bin ation of features to be found. It is 
certain, even without further detailed examinati.on by geologists, 
that thi combinati·on of featu res is not likely to be exactly paralleled 
in any other mountain mas- of Alberta or of British Columibia. In 
the pre ent case the form or top.ography of the mountain, its some-
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what complicated structure, the nature of its constituent rocks, an<l 
the internal stresses developed within the mountain mass at the 
time of its original upheaval, ·all conspire to 1make the stability of 
its eastern slope extremely doubtful . 

(a) Topog1 1aphy of the Eastern Slope of Turtle Moimtain. 

The notruble steepness of the mountain side throughout the part 
of it wh ich overlooks the town-site is obvious to any observer on 
the ground . The same quality is apparent to any topographic 
expert who studies .the admit-able contour map made under the 
direction of nir. Boyd for the Dominion Geological Survey (see Map 
of Turtle Mountain and Vicinity). A quantitative idea of the average 
and maximum steepness can also be obtained from an inspection of 
the profiles (Figures 2-10), taken at regular intervals along the 
general slope. Finally, the steep quality of the eastern flank is illus­
t rated in the accompanyi ng photographs (Plates II and III), as well 
as in the cardboard model (Plate IV) herewith submitted. 

The following table shows the average angles of slope (measured 
from the horizontal plane) for 400 foot vertical intervals on each 
of the p rofiles (here respectively nmnbered 1 to 9) shown in 
Figures 2-10 :-

Contour I I 
Interval. I 2 3 4 5 6 7 8 9 

--··------ -- -- ------ ---- --- - - - -
'i000- 6600 .... ...... . .. . ... 56° (j70 66° 62° 55° 

. ... .. . . . . . .. . . . . . (200 ft. ) (220 ft.) (360 ft.) (500 ft. ) 
6600- G200 1· ... . . ... ... . . 61° 47° 51° 59° 45° 46° 
6200-5800 .... n2° 5go 44° 3!)0 38° 34° 36° 
5800- 5400 51° 58° 40° 45° 56" 34° 31° 33° 30° 
5400-5000 46° 56° 45° 42° 3:50 32° so0 31° 30° 
5000-~ 600 52° 40° 34° 30° 270 24° 26° 240 20° 
4(i00-4200 34° 31° 22° 19° 18° 22° 23° 22° 13° 

The measured angle of rest for the coarse rock-debris in the 
longest talus slope of Turtle mountain (eastward from a point near 
the South peak), is just thirty degrees. If a plane of complete 
sci ' ion should be developed in the mountain, and if the inclina­
tion of that plane to the horiiiontal should exceed thirty-two idegirees, 
the ,block overlying the plane of scission must instantly slide <l'own 
along that plane. Actual experiment shows that thirty-two degrees 
is somewhat more than the maximum or limiting angle of inclina-
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Profile vipw of the north shoulder of Turtl e mountain, directly above the town of ]<'rank. 





Pr.ATE IV. 

Photographs of model illustrnting the topography and strucLre of Turtle mountain . 
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tion for the plane ,of sci 'sion if the mountain is to remain stable 

in spite of the scission. 
Bearin g in mind this outside val ue for the limiting angle, an 

inspection of the profiles in Figures 2-10 and of the foregoing· table 
will suggest the maximum amount of '.l'OCk matter which could fall 
fr.om Turtle m ountain. It is safe to conclude that much of Turtle 

mountain lies above a possible plane of sciss~on inclined eastward 

at the critical angle. 

(b) Geological Slrnclure of the Moimiain . 

If Tu r tle mountain \Yere composed; of homogeneous granite or 

non-jo inted limes tone, the foreg.oing calculation would have no 
practical value; the strength of such rock would be such as to make 
absurd any reference to the criti cal angle above defined in con­
nexion with the problem of the mountain's stability. But Turtle 
mountain is peculiar in possess,ing a structure which forbids -0ur 

placing an estimate of an absolutely safe angle for the eastern slope 
at much greater than thirty or thirty-five degrees. By th1s, your 

Commission does not mea n to imply that all of the r ock !bounded by 
slopes gTeater than about thirty-five degrees is in danger of sliding 

before the ordinary pirocesses of eros ion have lowered such sl opes. 
Such a danger is, in their op inion, r emote, except in a li mited nrea 

where structural weakness is combined with steepness of slope in a 
manner to threaten disast er to the to\\"11 . 

J\fuch add iti@al work needs to be doue before the geology of 
Twrtle mountain is understood in all its details. The officials of 
the Dominion Geological Survey have, however, elucidatetl the 
structure to an extent suffici ent for the needs of the present problem. 
So far as it has had opportunity in the fi eld to test the main c-0n­
clusi ons of the government geologists, your Commission is in agree­

rnon t with these gen tlcmen. The structure of the mountain is i ndi­
cated in the section, Figure 5, wh ich has been adopted from their 

reports. This section is taken along the accurate pl'>ofile No. 4 
'10nstructed for the Commission by Mr. Boyd. 

In bri ef, Turtle mountain is an erosion remnant of a great 
block of Palreozoie (chiefly Carboniferous) limestones overthrust 

easitwa11d upon the western limb o:f a syncline of Mesozoic (ch iefly 
Cretaceous) shales, sandstones, and coal-beds. The average clips 

of the beds in these two primary divis ions of the m ountain are 
14447- 4 
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shown in Figure 5. The thrust-plane is located in the section 
with fair accuracy, but its exact inclination to the horizontal plane 
is not apparent in the outcrops. It is the ·opinion of t he govern­
ment geologists that the thrust-plane is highly inclined and accord­

ingly it has been so drawn on the section. 
From the ri ver flat to the lower contact of the limestone (that 

is, the outcrop of the thrust-plane) , the mountain slope is under­
lain by soft shales, interrup ted by coal-seams and by som& inter be.<l:S 
of sandstone. The whole is an unusually weak mass of rock; ye t 
forms the basal abutment which is to-clay helping to sustain the 
heavy limestone forming the upper half of the mountain . 

vVeak as this lower member is, it might continue to hold up 
the entire slope if it were not for the inherent weakness of the 
limest one itself. The latter is composed of rapidly alternating beds 
of contrasted nature. Some of them are t hick, mass ive, and coherent, 
and, if the whole upper membeir were constituted of simil ar m ateri al, 
the chance for a ·dest ructive slide in t he future wouldl .be greatly 
lessened . But very many ·other beds are fl aggy, easily split along 
the bedding-planes and, t herefore, far less strong than the beds just 

menti oned. On this account alone t he a verage strength .of t he 
whole limestone member is much below that of man y, pe•rhaps most, 
of the great limes tone formations of British Columbia or Alber ta. 
In addition , the total s trength of the member is• seri ously lessened 'by 
the presence of tiwo zones of crumpling within the mass. These 

zones are di agran~ m at i cally shown in t he section, F ig ure 5. It 
shou ld be ca refu ll y notecJI that the lower edge of the mass wh ich fell 
in April , 1903, coincides with one of these contorted zone&. That 
even t actually illustrated the profound weakening of the mountain 
structu re because o.f the presence of these zo nes. Another source 
of weakness is found in a band of s oft shales, which hreaks the 
continui ty of the limestone (See Fig ure 5) . 

H owe1·er , the chief reasons fo r concern as regards thi s rnatteir 
of rock strength, are t he heavy jointing of the limestone and the 
:relat ion of the joints to the eas,t ern slope of the mountain, t he side 
facing the town. As is so often the case with sedimentary rocks, 
very abund ant joints occunr ing in several systems are developed 
.nearly or quite perpendicular to the bedding. The clip of the 
bedding is always westward and varies from 65° to 50°. At the 

Nor th and South peaks, ancJI fo r a considerable distance n orth of 
the North peak (that is, the part of t he mountain opposite the 
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PLATE V. 

L ooking northward along one of the larger fis su res ir, the lime­
stone on Turtle mounta in. The limestone on the right has slipped 
down fifteen or more feet. The fi ssnring and slipping (faulting) 
were clea.rly facilitated by the joint-planes, some of which a ppear 
in the photograph. The North pe»k is seen in the upper right­
hand comer. 





Pr,A'l'i.: VI. 

Lookinl? north along a main fi ssure between the North and South 
peaks. The trees show strong movement of the limestone block on 
the ri ght of the fi ssure. 





PL.\'rE VII, 

Looking north to North peak along a main fissure which is ex posed for 1,500 feet, 







"'-. 



.l:'LATE IX 

View of the fi ssured area looking north from South peak. 





PLA'l'E x. 

Detail of "' m"in fi s ure in the li mestone. 





PLATE XI 

A main fi ssure produced like the oth er~ shown in pre vious µ!ates 
uy the pull exerted on the mountain top during the Hl03 slide. 
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town), the average dip is about 50° lo the west. Thi s means that 
many of the j oint s mentioned dip directly eastward at an angle of 
40°. Other systems of these j oints dip towards the northea&t and 
so uth east quadrants at sti ll hig her angles . The relat ion of the 
easterly d ipping joints t o the topography is illu strated in Figurn 
5. The diagram is intended to make clear thi s hig hly important 
cause for instability in the mountain. H the dip of the bed ding 
were notably sleeper than 50°, the easterly dips of the joints would 
1be co rrespondingly fl atter, and the danger -of bodily sl ipp ing along 
that joint system would be materi ally less than umkr the pres .,Jt 

cond i tions. If the dip of the heckling were rn>tabl :v flail er than 
50°, the eas terly dips or!: the joints would '.be correspondingly steeper 
and con t inued spalling of small blocks alo ng those jo ints would 
ha\'C produced a steep but stable profile fo r the mountain in pt·e­
histo ric t ime. The actUal rlips of the bedd ing an d joints arc a lrn o't 
idea l for the produ ction of g reat intermittent slides from a moun­
ta in with the steepness of Tmtlc mountain. The sli pping on joint­
planes during the slide of 1903 is illustrated in Pl ates V and VI. 

The j oints are thus of profou nd importa nce as they so sc ri­
,ously affect the strength of the lim es tone a nd, h.Y thei r at tituJr~ , 

fu rn ish potentia l slipping plan es . wh ich threa ten to bcc.ome actuul 
slipping planes if a heavy jar or a dist urban ce of t he !basal abutmen t 

1should occur. ! loreover, join ts a rc t he favou1rable ehann.els for the 
.seepage of g round-water which tends slowly to e11 la rgc them mirl 
also to wet the rock, increasing the cl a nger of slidi ng en inasse. 

As a res ult of t he J903 slide, .m an y profound rfissures were 
opened 0 11 the No rth and South peak , an d• in the pa1rt of the sumn 1i t 
area between t he peaks (Pl ates \TH-XII). These arc par tly due to 
a powerful pull exer ted by t he huge rock pri sm as it fell outwa rd 
nnd downward . These fissu res ar c as noteworthy for depth as thc.v 
are fo r extent along the surface . 1n ge neral. they run nea rl y 
parallel with the edge -of the main eastward-facing escta rpmcnt, i. e .. 
tha t overl ook ing t he tow n. They not onl y show movement of vast 
masses of rock towards the bTink, but they alsp r epresent deep 
openings into which s urface water :from r ain and heavy snow mu st 
run , and at certain times ,of the yea r be frozen at the bottom of 
each fi ssure. It is imposs ible to say exactly what effect thi s action 
may have in th e future, but th ere is evid en t clanger of the wcdgi 1.1g 
out of huge prim1 s of rock through fr os t action. That di splace-
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rnent may directly cause considerable falls of rock or so disturb 
the deli cate m;ech1ani sm of the mountain as t o ini tiate slipping on 
mast er-j oints, and thus even a landslide of the first ord er. 

( c) I nfluence 1Jf Sfrarins D eveloped during the P ervod of Over­

thnisting. 

An other special condi tion tending to mal~e the mountain un­
,stable is a result of the peculiar mechanism by which thi s particul ar 
mountain ridge was origin all .v uplifted. The limestone member 
was not pushed up direct.l.v from ben ~a th , bu t, as agreed by all com ­
petent o'b~'ervers, was thrmt c>ver the coal measu res and the under­
lying Fernie shales. Th 2 almost inconceivable fo rce which was 
necessary to accompl ish thflt result must have developed compTessive 
and ten sional st Tes~ies throughout both oveTthiTust and underthrust 
members. B y far the gT 2ater pflrt. of these stresses have, of cou rse, 
been Telieved by massive and moleculaT changes in the mountain 
during the ages elapsed since the mountain-building peTiod. But a 
.Percentag2 of the total st i·:e,ses may still re1m1 in in the ex ist ing 
erosion ri dge, i.e., Turtle mountain . This pr opo'1.·tion of Tesidual 
;Stresses m ay be very srmall and yet suffici ent to cause the spalling­
off of huge sli c.es of rock from the ~ tecp eastern face, if other 0on­
ditions aTe favou ra.ble. Cases of such exfol iation of r ock through 
mountain -building stresses (s!Jra in s) have been recoTded in the mucl1 
old eT mountain s.rstem ,of New T<: nglnnd . Similar str esses are not. 
to be expected in flat- lying coal n~ easures whi ch have not suffered 

the powerful str1ain of mountain-building overthrust. 

(2) Etct•'ECT 01' VmR.\TION. 

ln vi.ew of the many special ccnditi011s which together render 
thi.s mountain liable to heavy slides-par ticularl y the existence of 
eastward ly-incl ined join t planes-a general condition to which all 
mountains are exposed must be seriously taken into account. We 
refor to the d·angerous effect of vibr at ion. A vary moderate earth­
quake, such as t hat of 1901 in thi s r egion, might precipitate a slide 
of t he first order. A strong jar communicated lby a quite rnoderatr 
settlement in the min e wo rkings at Frank might have a similar 
result. Vi bration caused by blast ing at a r ailway cut in the town 
was found to affect the stability of the mine workings, a few hundred 
fee t distant. The latter fact suggests that, to be so affected by 
such moderate jarring, th e rock, which here r epresents part of the 
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basal abutment of Turtle mountain, must be under quite special 
stress, as if feeling an outward thrust from the foot of the mountain. 
In estimating the effect of ;a strong jar !'it must also be r emembered 
that Turtle mountain is a sharp ridge and, therefore, more readily 
shaken as a whole than if it were dome-shaped or plateau-like. 

(3) NATUBAL OoNDI'l'JONS OF Tun'l'LE MouN'l'AJN NEABLY SIMILAR TO 

THOSE PRECEDING THE 1903 SLIDE. 

It is clear that the structure oi the mountain is essentially the 
same along all profiles from the south side of the South peak to 
a point at least one-half mile n orth of the North Peak summit. To 
that whole stretch the foregoing statement of serious structural 
weaknes'S' will apply. 

On the other hand, the evidence is strong that t he average origin­
al slope on the face of the rock prism which fell in 1903 was very 
similar to the average eastern slope of the mountain for a long dis­
tance north of the original site of that prism. Your commission 
had so concluded', in a preliminary way, a- a r esult Qf an early s.tudy 
of Plate I in the :McConnell-Brock report. This was reproduced 
from a poor photograph bowing Turtle mountain before the slide 
(See Plate XIII of the present report). Under our direction a 
second photograph was taken from the same spot on October 9 of 
this year. This appears as Plate XIV in this report. A much 

more convincing exhibit of the topography before and after the 
1903 slide is given in Plates XV and XVI. Plate XV is a copy of a 
photograph discovered in Brank during our visit, and hows the 
state of the mountain not long before the 1903 disaster. Plate 
XVI is a photograph taken under our direction from the same 

point. 

The comparis-on of the e photograph:; hias co11roborated your 
Oon:mission's opinion that, so far as steepness of slope alone is con­
cerned, the large block culminating in North peak is nearly or 

quite as li able to fall as was the rock prism which actually fell m 

1903. 

Your Oomrnission is, therefore, of opm1on that, on account of 
similarity in both topography and structme, the liability of a :first­
order slide at the present North peak is made the more probable 
because a disastrous slide did take place, in 1903, just to the south. 

14447-7! 
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(4) \VEAJrnx 1xa OF T111~ No1nu Pt:,1J\: B LOCK AS A RESULT OL" TLIE 

1903 SLIDE. 

No t only is the 1903 sl ide an indication of the ultimate fate 
of the No rth peak; it has itself prepa red special condi t ions fo r a 
cl isastrous slide from the No rth peak. The contour map (see Map 
of Turtle ]\fountain and Vicini ty), and the photographs (Plates II 
and IV), show t hat the r emoval of the great rock pri sm by the 
slide of 1903 bas left the southeast flank of the Nor th peak unsup­
ported. In that r espec t t he North P eak block h as been left in 
greater clanger of sliding than before the 1903 di aster, though i t 
is impossible to say how far the danger of the sliding of the Nor th 
P eak block has been lessened by the renco val of a possible tensional 
stress exerted by the great prism which act ually fell out in 1903. 

J\Ioreover, it mu st not be forg-0tten th at enormou s .blocks of 
rock were t orn apart in 1903, and tha t very great fa lls from the 
fi ssured region .between t he two peaks fo•ay occu r at any time. 
Such a rock fa ll, though itse1f harrnles3 fo r the town, mio-ht j ar the 
mountain so effectively as to precipitate the North P eak block an d 
thus indirectly bring disaster to the town . 

(5) ErnJENCE OJ' N 1rn· C 11.1c h:s 8 11 ow1xc: }fonrn lcX T OF '1' 11 E OllTH 

PE.\ K BLOCK. 

Your C\:Jmrniosion foun d two considerable fissures opened in 
the rock of the Nor th peak with in r ecent yea rs. One of these, a 

few inches wide at t he surface and· visible fo r a di stance -0f about 
50 feet, occurs .on the east€rn slope of the "North shoulder" abo ut 
680 feet, N . 26° E., from the No r th P eak summit triangulation 
sign al, and on the 6,620 foot contour. We found no independent 

means of dating this fissure, which may have been opened at the 
time of the 1903 slide, and since enlarged, as stated by :Jl r. Brock 
in the letter of November 3, 1910, quoted above. The other 
fissure, with an average width of about five inches where visible, 
occurs at a place about 300 fee t, N. 19° E. of the North P eak sun:mi t 
station (see J\Iap of Turtle :Mountain and Vicinity), and about 40 feet 
from the brink of the precipice oveTl ooking the town. Adhering to the 
wall of this fissu re ;you r Commission found r ootlets of plants whi ch 
had t aken r o-0 t in the fissure evicl'cntly before it h ad enla rged to 
its present width. The ori gin al fissure :may well have been a joint­
plane slightly enlarged by soluti on or else 'by an ancient slight 
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movement of the rock. The rootlets were so delicate that it was 
clear they could not have failed to rot away or to be washed away 

within a very few yeaT 1after the enlargement of the ancient fissure. 
Adhering to these rootlets was a :quantity of black soil. This llOil 
was only three or four inches below the top of the fissure, where it 
was li able to lbe r eadily washed away by r ain or by running snow­
water. It was particularly the discovery of this so il about delicate 
rootlets still in place, which has convinced· your Commission of the 
recency of thi s particular fissuring .or widening of a fissure. Our 
impression is that thi.s widening took p lace within a period n ot 

greater tlrnn two years. 
Owing to the fros t-riven character of the summi t slopes of the 

mountain, it is practically never possible to trace the new fissures 
( tho formed during and since 1903) for their foll length. For 
the same reason it is certa in that only a fraction of the total num­
ber of fi ssures can be actually seen. Further search for them and 
continu ed observation of those found arc highly desirable. 

Your Commission endeavo ured to fini the plat or instru­
ment.al record of a sur ve,y of bench-maTks r eported to have been 
made just after the 1903 slide. These marks were set among the 
North P eak \fissures for the purpose of noting movement of the rock. 
Our inforn~ ation r egardin g the sur vey was taken from an article 
by W alter E. Dowlen in the Engin eerin g and Mining J ouirnal , July 
4, 1903. H owever, we have been unsuccessful in our search at the 
office of the Canadian Coal Consolid a te ~l, Limited, and elsewhere; 
accordin gly, this method of ~bse rvin g any progre;:.s of r ock-move­
ment since 1903 could not be applied. 

F or future gu idance, it is desirable that monum ents be estab­
li heel in the vicinity of the crevices, so that any movement may be 
accuir ately measured. 

The reasons for conclu ding that, i rrespective of mining .opera­
tions and becau ;:1c of ex isting conditi ons only, there is clanger of a 
rlisastrons landslide from Turtle mountain, arc su mm arized at the 
enrl of thi report. 

B. Influence of Mining on the Stability of Turtle Mountain 

TITE PROBLE:\f. 

As shown on a preceding page, :Mes rs. :1IcConn ell and Brock, 
111 their report on t he great slide of 190~, considered t hat the 
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mmmg operations conducted at the base of Turtle mountain might 
have been ·a contributory cause of .starting that slide. 

In the summary reports of the Geological Survey of Canada 
for 1909 and 1910, the Director stated that continuance of mining 
within certain areas, termed danger zones, might cause further land 
slides which would endanger the town of F11ank. 

The limits of these danger zones formed the subject of corres­
pondence ~etween the (Director and the representatives of the 
Aliberta government; and the Director indicated on a map of the 
mine the limits of the zones. 

Your Commission has carefully weighed the evidence pre­
sented in the reports mentioned' ancli a1so such informal evidence 
and suggestions as have been given by those who had knowledge of 
the mine and of the condition of Turtle mountain, both .before and 
after the great slide of 1903. We h1ave also entered and studiecl 
accessible parts of the tw-0 mines at the base of Turtle mountain. 

The relation of the mining to the past and present danger of 
landslides from Turtle mountain may be considered under two 

headsi:-
(1) What effect might mining have bad in causing the slide 

of 1903? 
(2) Is it probable that continuance of mining will cause other 

great slides? 
The latter is a vital question, but it i·s necessary to consider the 

former in order to ·determine, as far a possi1ble, how nearly the 
present conditions su rrounding mining are analogous to those prior 
to the slide of 1903. 

LOCATION OF TUE FRA ' K llllNES. 

There are now two mines operating 1alo11g the foot .or east base 
of Turtle mountain, a shaft mine ,and a drift mine. Both \belong 
to the Canadian Coal Consolidated, Limited, and formerly belonged 
to the Cana:dian-Arnerican Coal and O.oke Company. 

The drift mine ;was started in 1901; the shaft mine was not 
begun until several years after the landslide. 

The drift mine enters the outcrop of a nearly vertical coal 
seam a.t a point 27 feet above the present level of the Crowsnest 
(Oldman) river. The strike of the seam is nearly north and 
south, parallel with the general axi of Turtle mountain, though not 
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with the base of its easterly slope, which trends to the west of north. 
In going south from the mouth of the drift mine the outcrop line 
crosses an easterly spur of the South peak of the mountain, rising to 
a height of twelve hundred feet above the mouth of the drif t. In 
a northerly direction from the mouth, the outcrop tJraver,se.s the 
relatively ila1l va11ey of the CTowsnest 1river. Thirty-eight hun­
dred f eet from the mouth of the drift this seam, or possibly a 
para11el one, is opened by the hoisting and aiir sh afts of the now 
mine. Twelve hundred feet north of the shaft the n orth edge of 
the valley is reached, and the outcrop rises rapidly on the ilank of 
Bluff or Goat mountain. A level enters this part of the outcrop 
about 20 feet above the valley; it is connected underground with 
the shaft-mine wcw', ings. The shaft mine and the original drift 
mine are not connected underground; there is a distance of 2,700 
feet between their nearest workings. The relative positions of the 
various mine workings are shown on the vertical, longitudinal pro­
£1e along the outcrop of the coal seam, in Figure 11. 

COAL SEAM DEVELOPE D BY 'l'IIE l\IIKES . 

It is not known whether the two mines me in the same coal 
seam. That opened (by the drift mine is from ten to fifteen fee t 
thick, has 1a hard sandstone roof and a hard, thin~bed'ded shale iloor, 
which through overturning have become the foot and hanging wan 
respectively. Forty feet .below this seam stratigraphically, there is 
a two-to-four-foot dirty seam, which i,s unworked. 

The dip of the seams i·s from 82° to 90°, with an average of 
85 °, to the west; the seams, therefore, clip towards Turtle mountain. 

The coal developed by the shaft mine is thinner, six to ten feet 
thick, and it is said to have a higher content of volatile matter, but 
the roof, iloor, and other characteri:stics are the same. 

There are said to be other seams both above and below the 
main seam, but they have not been definitely exposed by prospecting. 
It is thought that the Hillcrest mine, which lies immediately s outh 
of the Frank mine, may 1be operating on a different seam. At the 
Be11evue mine on the 'opposite side of the va11ey of the Crowsnest 
river and on the east limb of the syncline, four seams are kuown, 
two of which (in some places a third) are workable. The exist­
ence of other workable S€arns at Friank is of importance, for if it is 
conceded that mining operations in one seam may favour slides. it 
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must be admitted that operations m additional seams aborn or 
below would increase the risk. In the absence of defu1ite ]mow­
ledge, the d\scussion must be confined to the operations in one seam 
only. · 

RELATION OF OPEHATIOKS IN THE DRIFT (No. 1) MINE TO THE LANDSLIDE 

OF 1903. 

At the time of the landslide of 1903, the workings in the drift 
mine con&iste.di of the level gangway, driven in 5,50'0 feet on the 
strike of the seam, a level for drainage and ventilation immediately 
below the gangway, and a series of chambers or breasts driven 
directly up the raise. According to the 1903 report of :Messrs. :Mc­
Connell and Brock, the chambers were from 60 to 150 feet in width, 
separated \by pillrur 40 feet in width. Witnesses before your 
pl'esent Commi 0 ion stated the average wi-ci:th of chambers was 100 
feet, and of pillars 30 feet. J\Ianways and timber chutes four or 
five feet square were made alternately in the pillars. As the 
cbDmber were filled with broken coal, which was cl rawn -0ff from 
time to time, the whole mass sliding, no propping between the foot 
and hanging wall was possible. The series of chambers com­
menced at or near a point 1,200 feet in from the mouth of the 
mrne. Beyond a point 3,500 feet from the mouth, chambers had 
merely been st::i rted. 

A profile of the outcirop and: gangways was made from data 
furnished by the recent Dominion go>ernment su rvey (see Figure 11). 

This indicates that, if the chambers between the 1,200 foot point 
and the 3,500 foot point extended to or nearly to the outcrop, they 
varied in height from 200 feet to 500 feet. 

Witnesses appearing ibefore the former Commission stated posi­
ti\·el.v that a squeeze of the wall s of the seam was apparent prior to 
the land slide. Certain persons who appeared informally before 
the present Commission confirmed thi.s, and one who h ad' been 
engaged in timbering sa id that the ga ngway and marnvays had to 
be retimberecl several times, the timbers giving way by squeeze from 
tlw walls. TT e also stated that certain man ways driven up to the 
outcrop had been condemn ed on account of the impossibility of 
keeping them timberetl.. A number of the witnesses have stated 
that for a couple of months before thf' slide, coal had ibeen drawn 
rapi dly from the chnmlwrs and tlrnt falls from the walls had taken 
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place. In this thei1r testimony agreed with that of others inter­
viewed .by the 1903 Commission. Con sidering the unusual width 
of the breasts and the impossibility of r etaining props ten to fifteen 
feet long between the nearly vertical walls in a mass of moving coal, 
it is not surprising that there should have been falls from the walls 
when the support given by the loose coal was withd·rawn. 

One witness before this Commis1sion stated that he had investi­
gated the breasts of some of the chambers and found ;that so much 
rock had fallen from the hanging wall (west wall), that this wall 
was undermined 01• "undercut" to a considerable distance. 

The D epartment of Mines of .Alberta r eports the following out 
put from the drift mine :-

1901 ... . . . 

1902 .. ". · .. 
1903 .... . . 

15,000 tens. 
160,000 " 
101,591 " 

276,591 " 
The figures for the individual months are not available, but it 

is reported that the mine prior to the landlslide of .April 29, 1903, 
was putting out fnom 1,000 to 1,100 tons per clay. It is also stated 
that little coal was mined in 1903 after the mine was re-opened, 
late in that year. Taking into account the rock removed £rom the 
mine ·and the coal los·t in the process of l oading outside the mine, 
of which there would be n o .record, it is safe t o say that the excava­
tion prior to 1903 was equivalent to over 276,591 tons of coal, or 
245,000 cubic yard s. The chambers, in which most of this excava­
tion was done, extended for 2,300 feet immediately uncle~· the slide. 

To give clue consider ation to the influence of excavation in this 
area, it is desi.rable to estim ate its amount for the region above the 
level of the gangway. The volume represented in the gangway 
outside of the area in question, plus the number of cu'bic yards in 
the water level, is a'bout 9,000 cubic :yards. The amount of excava­
tion in the newly started chambers beyond the 3,500 foot point is 
conjectural, but, from descr iptions of witnes1ses, it probably does 
not exceed 10,000 cubic yards. 1Making these deductions from the 
total estimated yardage, gives a net of 226,000 cubic yar·ds of exca­
vation immediately under the landslide. In this area, including 
c>verything from gangway ,]eve] to outcrop, if the :a1·erage thickness 
of seam is assumed to be 14 feet, there are 536,000 cubic yards. 
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On t he fo regoing ass umptions we must conclude t hat 42 per cent 

of t he ori ginal volume was mined. Jt is p robable from the obser va­
tions of witnesses that t hi s percentage 1s an under estimate of the 
yield. It is, therefore, on the safe side. 

This is equivalen t to an average shrinkage of six feet over the 
entire area involved in this calculation, but as broken rock occupies 
about 1-2 t imes the space of solid rock, the net shrinkage may be con­
sidered to be not over fou r feet. Eventually, however , the broken rock 
would be crushed together by the weight of t he strata, as has been 
fo und in driving through old long-wall paclc in operations in vari­
ous mining districts ; so t he entire shrink age in time would be six 
feet. To be on the safe side we will consider only the more immed i­
ate settlement. It is not contended that t here was a sudd en settle­
ment of fou r f eet over the whole area of a length of 2,300 feet and 
average depth .of 450 feet, but the evidence of witnesses is t hat a 
squeeze had .started about six months previous to the landslide ; and 
it probaibly continued fo r a long time before the £n al C{)lnpacting 
took place. 

It is difficult to determin e what wa s the exact res ul t of even a 
portion of such settl ement u pon the unstable original North peak, 
but your .presen t Commission agrees with the £ndings of the Com­
mission of 1903, that the movemen t of the wall - was in s1lrun1€n tal 
in weakening the supports of the p2ak and poss ibly wa directly 
responsible fo r t he l andslide. The fact that the part of the n-: oun­
tain whi ch fell in 1903 was exactly opposite to, and corresponded in 
length with, the area of large chambers, cannot be di smissed as 
merely a coincidence. 

OrERATIOKS rn Dmwr (No. 1) :M 1 ~rn SunsEQUEK'l' TO '!'HE 1903 SLTDE. 

Immedi ately after the landslide, which covered the mouth of 
the drift and ca rried away t he surface plant, the work of recovery 
was begun. Thi s took some m onths, so that compairatively li ttle 
mining was done until 1904. Thereafte.r the work was prosecu ted 
Yigorou ly, the gangway was d riven ahead, and new workings, ch iefly 
to t he south of the slide area, made above the gangway by a differen t 
system of mining from that prev iously used, viz.: driving pitching 
headin gs and counter-h eadi ngs, on inclinations of approximately 45 
degrees, and then extracting as much as practicable of the pillars 

thus fo rm ed. Thi s is sometimes call ed the" di amond" s.vstem . 



27 

The ma111 gangway has been pushed southward to a total dis­
tance of 10,100 feet, measured along the seam to a faulted zone. 
The distance in a straight line from the mouth of the drift is 9,650 

feet. 
Several years ago a slope was started from the gangway, 1,270 

feet £rom the mouth of the mine, to run down in the seam on a 30° 
pitch (see Figure 11). After se1'cral delays this reached a point 
250 feet below the gangway and thence levels were star ted north and 
south with parall el airways above. The north level was stopped 
by direct ion of the Alberta Inspector of :Mines, after correspondence 
with the Director of the Dominion Geological Survey, because of 
the possible existence of a deep buried, gravel-filled water course 
in the vall ey, similar to one encountered by mine-workings nearly 

300 feet deep at Coleman, a few miles up the valley of Orowsnest 
nver. 

The south level has been driven 930 feet where a cross fault 
hu.s been encountered, probably of moderate displacement. 

This level and some workings in the block above it ar e under 
the area of the great slide. There is no evid nee of squeezing at 

the pres ?n t t ime. 
The an~ ount of coal mined from the Drift or No. 1 mine since 

1903, as reported to the Alberta government, is as followi> :-

T ons. 
1904 . . 75,000 
1905 .. 90,000 
1906 .. 161,402 
1907 .. 135,091 
1908 .. 10,222 
1909 .. 83,880 
1910 .. 65,000 

620,595 

This tonnage has been n~ ined in that part of the mine ,south 
of the gireat slide and aibove the level of the main gangway. It is 
an area approximately 6,300 feet long, measured along the gang­
way. and averaged 900 feet in height up to the outcrop.' 

The seam is said not to average a thick in this general area 
a it did uncl'er the great slide; 10 feet is considered to be a con­
servati l"e figure for t l1e average thidme.ss. On th is assumption, thfl 

'These figures obtained from mine map. 
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total v-0lume of the area in question is 2,100,000 cubic yanls. .Figur­
ing fnom the tonnage quoted above, there were 548,00'0 cubic yards 
of coal excavated, or 26 per cent of the whole area. Inspection of 
the mine n;aps indicates that some portions of the area had more 
than 26 per cent mined out, but there yet remains most of the 
pillars, be i,de.s large blocks immediately under the outcrop. 

Since the workings above the main gangway, except in the newer 
working at the southern end, are not accessible on account of falls, 
it must be assumed that some movements of the hanging wall must 
have taken place. R eadjustment will undoubtedly continue for 
some time to come. Movement will of necessity be incre as~d /by 
further excavation. However, fo.r reasons gi<Ven el&ewherc, your 
Commission is of the opinion that, even if continued mining sh-0uld 
cause a landslide from the South peak, which stands directly above 
these workings, it is not li1kely to endanger life or property, except 
in the case of passers-by on the roacli in the valley m· more remotely 
to the track or passing trains on the Canadian P acific railway. 

W ORKIKGS IN THE SI-IA~'T (N 0. 2) J\IINE. 

As mentioned previously, the shaft is located 3,800 feet north 
of the mouth of the drift mine, and may or may not be working 
in the saille seam. It has been sunk to a depth of 330 feet, and· 
several levels have been driven from it, north and south, the deepest 
at 330 feet. The south 330 foot level has been driven 1,000 feet 
fi:om the shaft, and has stopped in a fault, probably of small d.is­
placement. Since this level is 1directed towards the low part of 
the valley, its further driving ha been stopped by the Alberta e:ov­
ernment for the same reasons as caused the stoppage of the north 
level from the slope of Jo. 1 mine, namely, the danger of encounter­
ing a buried water channel. North from the shaft the 330 foot 
level has been d1riven 2,400 feet. The so-called smelter le17 eJ. which 
with intermediate levels is above it, is in advance of the lower levels 
making the farthest north workings 2,900 feet from the shaft. 

As mentioned previously the ,seam is thinner than that. worked 
by the drift mine; it ranges from 6 to 12 feet thick, with an aver­
age of about 8 feet . 

The dip is from 85° to 90° to the west. In going north from 
the mouth of the drift mine, the strike of the seam curves slightly to 
the east, as shown by the workings and by the outcrop where it 
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crosses the flank of Goat mountain. There are a number of minor 

faults antl "horses" encountered in the workings. The system of 

mining was first that of horizontal rooms, but l ately the " diamond" 
system has been inaugu rated . 

There have been falls from the pillars and walls and some local 

squeezes, but there arc no ymptoms of a general squeeze. 
The output of thi s mine as reported to the AlJberta g-ovPrnmenl. 

is as fo llows :-

1909 .. 

1910 .. 

T ons. 

19,304 

GG,5±0 

85,8±4 

Thi s is equivalent to 7G,300 cubic ya rds of cxcavati·on. 

To obtain an approximate idea of the percentage of extraction , 
the total length of worki11gs· of th e shaft mine will be averaged at 

3,400 feet; the depth will be cons iclcrccl 300 feet, which includes a 

100 to 200 foot pillar under the surface; the thickness will be taken 

at eight feet. The v.olurne obta ined fr om these fi g ures is 302,000 

cubic yards. Divi di ng this into the yard age obtained from the 
tonnage .repo rted, gi Yes only 25 per cent cxtractiorL 

It must be n oted, however, that this includei> th e hrge surface 
pillars, and that the pillars within the workings have not bee n 

extracted to an y extent. 
All the present work ings of t he shaft mine arc north of that 

part of the coal seam which faces the specially dangerous area of 
the North peak (see Fig ure 11, and :Map of Turtle ]\fountain and 
Vicinity, showing D anger Arca) . 

It docs not .seem probable t hat mining conducted n orth of t lrn 

pre;,ent southern limit of the shaf t mine can seri ously affect Turtle 

mountain. If the workin gs pe ne trate to consid eralble distaneP. 

n ortlrn·ardl.v along the base of Bluff (Goat) m ountain, that present~~ 
a new consideration. The position of the "Sea m is not known mon~ 

than one-fourth of a mile or so north of the smelter entry; but, from 
a study of the relation of structure to topography in thi s case, WR 

concludR that there is no apparent clanger of prod ucing i-1 irl P.s from 
Bluff (Goat) mou nta in. 

14447- 8 
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DANGER IN CONTINUED MINING IN THE DRIFT MINE. 

The present position of the mine entrance involves decided 
danger both to the mine and the miners. It was covered! by the 
landslide of 1903, and the urface works were swept away. Many 
loose rocks on the slopes above threaten destruction. This entrance 
should be permanently closed and a new entrance should be made 
either at the extreme southern end of the mine, southeast of Turtle 
mountain, or else entrance should be obtained underground from 
the shaft mine at sufficient depth to be below possible buried water­
courses. 'The levels should be driven in such a way (for example, 
with the safeguard of advance drill holes) as to receive the sanction 
of the representatives of the Alberta government. 

This conclusion of your Commission, as to the present dangerous 
position ,of the drift mouth, is apart from con iderations affecting 
future mining operations within the mine itse1f. 

INFr.U.ENOF. OF CoNTlN lJED Jl.t!r.'IING IN THE DRIFT ~1:INE IN CAUSIKG 

SLIDES. 

The Director of the Dominion Survey pointed out in corres­
pondence with the Alberta mining officials, as already noted, that 
there was an area of what he termed "extreme danger," and so 
marked it on a map of the mine submitted by these officials. 

In this .area he considered that .any mining would be likely <to 
precipitate a landsli cl!e. The northern limit of the "extreme danger 
zone" he placed at .a point 1,400 feet north of the drift mouth in 
territory not yet entered by either mine. He placed the southern 
limit at 1a point not less than 3,500 feet .south of the mouth, a,nd 
thus eoincident with the south edge of the great slide, but he made 
a note on the map that "south of this point mining not altogether 
safe."' 

Your Commission fully agrees with thi5 conclusion as to the 
danger of causing slides from continued mining in this area, at 
least if done by the ordinary methods. 

iIYD!lA UT.10 PACKING. ' 

The only method known to your Commission that would insure 
ag.ainst appreciable swbsidence is that of hydraulic packing with 
sand. This method is increasingly used in Germany, and with the 
greatest success in preventing the subsidence of the surface where 
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there are expensive buildings. The settlement after packing with 
ordinary sand is less than five per cent; rwith granulated slag settle­
ment i.s inappreciable, as it prohably would be with sharp, clean 
sand. 

The use of loam and sandy clay, ashe" ro r crushed shale is less 
successful, the settlement with such material being from 10 to 15 
per cent. 

It does not appear possible to, employ sand filling under ordinary 
commercial conditions in the Turtle Mountain district. There are 
no large bodies o.f clean ,sand close at hand. The ,only available 
source from which material could be obtained in sufficient ·quantities 
would be the sandstone at the base of Bluff (Goat) mountain. Thi~ 

would have to be quarried, crushed, transported to, and flushed 
in to the mine. The co t wi.th the high l abour costs1 that prevail iJl 
Alberta, plus repairs, renewals, and capital charges, would add not 
less than $1.25 per ton of coal extr acted, even if done on a con­
siderable scale. The cost of installing the necessary plant would 
also be great, so that the system appears commercially impossible 
under the competitive conditions of coal production in that dis­

tr ict. 

DRY PACKING. 

While the use of dry packing would probably lessen the amoun t 
of subsidence, the experience with the long-wall method of mining 
both in .America and Europe, where dry packing is employed, incli­
cateEj that a settlement of 40 t-0 6'0 per cent of the thickness of the 
scam must be expected. It takes .several years to reach the fu]J 
~ettlement, but any po·rtion of such settlement might cause d1is­
astrous slides. 

If coal pillars are left, this merely ,s,erves to delay the process, 
for under the great pressures due to depth, shales such as here 
constitute the hanging wall will "flow" and seal all openings. 

C. Conclusions. 

DANGE R FHO:llI MINING. 

Your Oommiss1iron, therefore, concludes that unde11 present com­
mercial conditions it is not possible to mine within a certain area 
without incurring the clanger of precipitating a great l andslide. We 
place the north limit of this area at the pr~ent south limi t of t he 

14447-8~ 
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shaft-mine workings, and the south limit of the a rea at a point five 
thousand feet ,south of the mouth of the N o. 1 mine. The latter 
limit has been pl aced so far south on account of the possibility that 
mining operations should cause a landslide from the South peak, 
which in tu rn might cause one from the North peak, thus endanger­
ing the town, and the tracks and equipment of the Canadian Pacific 

.railway. 
The only conditions under which mining should be carri ed on 

in the danger a rea above described are: (1) The toiwnsite should be 

1abando11ed and ,the risk to the property ,of the Canadian Pacific 
railway assuffecl . (2) The present entrance to No. 1 (drift) mine 
should be abandoned and the mine should be operated by deep levels 
from the shaft mine or from an opening at the extreme southern 
end of the property in t he vicinity of Hill crest. (3) Unusually heavy 

1
pillars should cc left throughout the danger area, particularly in 
the upper levels, and not more than 50 per cent ,of the coal should 
be extracted. (4) The excavated areas shonld be packed. 

DANGEROUS NATU RAL CAUSES. 

Taking into account: (a) the steepness of the eastern slope of 
{l'urtle mountain, (b) its peculiar str ucture, and especially the atti-
1tude of the joint planes (planes of scission), (c) the possibility ·of 
internal stresses, inherited from the period of original upheaval, 
i(d) the effect of highly poss.ible jar,s on the delicate mechanism .of 
this particular mountain (jars of a moderate earthquake, like that 
of 1901 in this region, or slight settlement of the mine workings 
;might precipitate a slide of t he fint order), (e) the strong similarity 
of the conclitiorljs now to tho.se immeid,iately preced'ing the slide of 
,1903, (f) the ,:;,pecial danger to the stability of the North Peak bloc]~ 

iinducecl by the 1903 slide, (g) the evidence of the r ecent develop­
ment of fissures in the North peak, and (h) the difficulty of fore­
easting the exact course of the threatened slide or slides- your 
Commission is agreed on the following conclusions, namely:-

Irrespective of mining operations and because of existing con­
ditions only, there is clanger of a disastrous landslide front Turtle 
:mountain. We are agreed that danger exist,s from what has hither­
to been call ed, in this r eport, the North Peak block. The size 'and 
position of this block is indicated on the "J\fap of Turtle Mountain 
nnrl Vicinity c;howing Danirnr Area." Tim limits of the block have 
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been roughly marked thereon by -paying due attention to the ana· 
logy of the block which fell in 1903 (Figure 29, showing the splay 
of this slide), and to the attitude of the joint-planes in the moun­
tain. In our opinion, the lower limit of this threatening block 
occurs at the outcrop of the zone of contorted beds in the limestone 
member (see Plate XV). 

\Ye are further agreed that the area likely to be overrun by 
the debris of this slide is shown with practical accuracy (as the 
" area endangered") on the " :Map of Turtle :Mountain and Vicinity 
showing Danger Area." In tracing the limits of this clanger, your 
Commission has used the analogy of the 1903 slide and has allowed 
a fair "margin of safety," necessitated by accidental factors that 
might influence the course of the threatened slide. 

Excepting the North Peak block, the South Peak block, and 
,the 1£s,sured area between them., we believe that the danger of heavy 
.slides into the Frank valley cannot be classed as imminent. Yet 
.it should Le carefully noted Lhat, in the opinion of you r Com· 
mission, both the estimate of the size of the threatening block and 
the area likely to be devastated have been conservatively estimated 
and so indicated on the ":Map of Turtle Mountain and Vicinity show· 
ing D anger Area." It is impossible to deny the existence of danger 
to the part of the valley at and north of the mine shaft. We believe, 
however, that the new R ocky Mountain Sanatorium lies outside the 
zone of practical danger. 

As alr.eady noted, we believe that there is danger of heavy 
slides from the South peak and from the fissured region just to the 
north. V\Te have not mapped their probable course, since this would 
Jie practically altogether in the already mined :mu now uninhabiterl 
urea overrun by l.he 1003 ,sliclc. 

On account of the clips of bedding and joints in the limestone 
of Bluff (Goat mountain, as locally named'), )We are of opinion that 
there is n o practical clanger of a flrst-orcler slide from that moun· 
tain in its pr ent condition (See Plate XIX). 

ABANDON,IEXT OF TITE TowN-SlTJ,. 

The pre.sent shaft and mine buildings surroundiug it, also thP. 
row of houses to the northwest of it, appear to be reasonably safe 
lfrom the effect of a slide from Turtle mountain. Practicallv all 
the rest of the town·site shoultl be abandoned. In the opinion of 

' 
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;your CommissioH thi s should be don e whether the mine is operated 
in the clanger zone or not, -on account of the nn table cond ition, 
from natural causes, of the l\ orth and South peaks. 

\Vhatever the report of this or othe1r Commission, the town 
can never be a11 i mportaut 0 110 on its preseat si.te, since there will 
alwa_y- remain the dread of another calamitous slid:e like that of 
1903. In spite ·of uncloL~bted individual hard.ship, causod by 
abandonment of the present site, the town, ,on a new anrl ,;nfe site, 
might prosper as 11rver before. 

(Signed) 
Reg'inald A. Daly, 
W. G. Miller, 
George S. Rice . 
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Cambrian rocks of Cape Breton, by G. F. Matthew. 1900 
Picton coal-field, by H. S. Poole. 1902. Map No. 833, scale 25 eh.= 1 in. 
Memoir No. 16-E: The Clay and Shale deposits of Nova Scotia and 

portions of New Brunswick, by H. Ries and J. Keele. Map No. 
1153, scale 12 m.=l in. 

MAPS. 

1042. Dominion of Canada. Minerals. Scale 100 m. = 1 in. 

YUKON. 

*805. Explorations on Macmillan, Upper Pelly, and Stewart rivers, scale 8 m. =1 
in. 

891. Portion of Duncan Creek :Mining district, scale 6 m. = l in. 
894. Sketch Map Kluane Mining district, scale 6 m. = l in. 

*Publications marked thus are out of print. 
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*916. Windy Arm Mining district, Sketch Geological Map, scale 2 m . -1 in. 
990. Conrad and Whitehorse Mining districts, scale 2 m. = 1 in. 
991. Tantalus and F ive Fingers coal mines, scale 1 m. = 1 in. 

1011. Bonan za and Hunker creeks. Auriferous gravels. Scale 40 chains= 1 in . 
1033. Lower Lake Laberge and vicinity, scale 1 m. = 1 in. 
1041. Whitehorse Copper belt, scale 1 m. = l in. 
1026, 1044-1049. Whitehorse Copper b elt. Details. 
1099. P elly, Ross, and Gravel ri vers, Yukon and North W est Territories. 

Scale 8 m. = 1 in. 
1103. Tantalus Coal a rea. Scale 2 m. = 1 in. 
1104. Braeburn-Kynocks Coal area. Scale 2 m. = 1 in. 

BRITISH COLUMBIA. 

278. Cari boo Mining district, scale 2 m. = 1 in. 
604. Shuswap Geological sheet, scale 4 m . = l in. 

*771. Preliminary Edition, East Kootenay, scale 4 m. =1 in. 
767. Geological Map of Crowsnest coal-fields, scale 2 m. =1 in. 

*791. West Kootenay Minerals and Strire, scale 4 m . =l in. 
*792. West Kootenay Geological sheet, scale 4 m. = 1 in. 

828. Boundary Creek Mining district, scale 1 m. = l in. 
890. Nicola coal basin, scale 1 m. = l in. 
941. Preliminary Geological Map of Rossland and vicinity, scale 1,600 ft. -1 
987. Princeton coal basin and Copper Mountain Mining camp, scale 40 eh. =1 in 
989. Telkwa river and vicinity, scale 2 m. =l in. 
997. Nanaimo and New Westminster Mining division, scale 4 m. = 1 in. 

1001. Special Map of Rossla nd. Topographical sheet. Scale 400 ft. = 1 in. 
1002. Specia l Map of Rossland. Geological sheet. Scale 400 ft. =l in. 
1003. Rossland Mining camp. Topographical sheet. Scale 1,200 ft. =1 in. 
1004. Rossland Mining camp. Geological sheet. Scale 1,200 ft. = 1 in. 
1068. Sheep Creek Mining camp. Geological sheet. Scale 1 m. = 1 in. 
1074. Sheep Creek Mining camp. Topographical sheet. Scale 1 m. = 1 in. 
1095. lA.-Hedley Mining district. Topographical sheet. Scale 1,000 ft. =1 in. 
1096. 2A.-Hedley Mining district . Geological sheet. Scale 1,000 ft. =1 in. 
1105. 4A.-Golden Zone Mining camp. Scale 600 ft . = 1 in. 
1106. 3A.-Mineral Claims on Henry creek. Scale 800 ft. -1 in. 
1125. Hedley Mining district : Structure Sections. Scale 1.000 ft . -1 In 

Deadwood Mining camp. Scale 400 ft. -1 in. (Advance sheet.) 
1164. 28A.-Portland Canal Mining district, scale 2 m.=l in. 

Beaverdell sheet, Yale district, scale 1m.=1 in. (Advance sheet.) 
Tulameen sheet, scale 1 m. = 1 in. (Advance sbeet.J 

ALBERTA. 

594-596. Peace and Athabaska rivers, scale 10 m. = 1 in. 
*808. Blalrmore-Frank coal-fields, scale 180 eh.= 1 in. 
892. Costigan coal basin, scale 40 eh. =1 in. 
929-936. Cascad e coal basin. Scale 1 m. = 1 in. 
963-966. Moose Mountain region. Coal Areas. Scale 2 m. ~ 1 in. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. -1 in 
1117. 5A.-Edmonton. (Topography). Scale! m . =1 in. 
1118. 6A.-Edmonton. (Clover Bar Coal Seam). Scale! m. -1 In. 
1132. 7A.-Blghom coal-field. Scale 2 m . -1 In. 

Portion of J asper P ark, scale 1 m.=1 in. (Advance sheet.) 

SASKATCHEWAN. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. -1 In. 

MANITOBA. 

804. Part of Turtle mountain showing coal areas. Scale 1! m. =1 in. 
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 3,5 m.-1 in . 

*Publications marked thus are out Qf print 
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NORTH WEST TERRITORIES. 

1089. Explored routes on Albany, Severn, and Winisk rivers. Scale 8 m . = 1 in. 
1099. Pelly, Ross, and Gravel rivers, Yukon and No rth West Territories. Scale 

8 m.=1 in. 

ONTARIO. 

227. Lake of the Woods sheet, scale 2 m. =1 in . 
*283. Rainy Lake sheet, scale 4 m. = 1 in. 
*342. Hunter Island sheet, scale 4 m. = 1 in. 

343. Sudbury sheet, scale 4 m. =1 in. 
*373. Rainy River sheet, scale 2 m. = 1 in. 

560. Seine River sheet, scale 4 m. = 1 in. 
570. French River sheet, scale 4 m . = 1 in 

*589. Lake Shebandowan sheet, scale 4 m. = l in. 
599. Timiskaming sheet, scale 4 m. =l in. (New Edition 1907). 
605. Manitoulin I sland sheet, scale 4 m. = 1 in. 
606. Nipissing sheet, scale 4 m. = l in. (New Edition 1907). 
660. Pembroke sheet, scale 4 m. = 1 in. 
663. Ignace sheet, scale 4 m. =l in. 
708. Haliburton sheet, scale 4 m. = 1 in. 
720. Manitou Lake sheet, scale 4 m. =l in. 

*750. Grenville sheet, scale 4 m. = 1 in. 
770. Bancroft sheet, scale 2 m. =l in. 
775. Sudbury district, Victoria mines, scale 1 m. = 1 in. 

*789. Perth sheet, scale 4 m. =l in. 
820. Sudbury district, Sudbury, scale 1 m. = l in. 
824-825. Sudbury district, Copper Cliff mines, scale 400 ft. = l in. 
852. Northeast Arm of Vermilion Iron ranges, Timagami, scale 40 eh.= l in 
864. Sudbury di trict, E lsie and Murray mines, scale 400 ft.= l in. 
903. Ottawa and Cornwall sheet, scale 4 m. =l in . 
944. Preliminary Map of Timagami and Rabbit lake;, scale l m. =l in. 
964. Geological Map of parts of AIJ1;oma and Thunder bay, scale 8 m . = l in. 

1023. Corundum Bearing Rocks. 1;entral Ontario. Scale 17t 111. = 1 in. 
1076. Gowganda Mining Division, scale 1 m. = l in. 
1090. L ake Nipigon, Thunder Bay district, scale 4 m. = 1 in . 

QUEBEC. 

*251. Sherbrooke sheet, Eastern Townships Map, scale 4 m. = 1 in. 
287. Thetford and Coleraine Asbestos district, scale 40 eh. = l in . 
375. Quebec sheet, Eastern Townships Map, scale 4 m. = l in. 

*571. Montreal sheet, Eastern Townships sheet, scale 4 m. = l in . 
*665. Three Rivers sheet, Eastern Townships Map, scale 4 m. = l in. 

667. Gold Areas in south eastern part, scale 8 m. = l in. 
*668. Graphite district in Labelle county, scale 40 eh. = l in. 

918. Chibougamau region, scale 4 m. =l in. 
976. The Older Copper-bearing Rocks of the Eastern Townships, sca le 8 m . = I in . 

1007. Lake Timiskaming region, scale 2 m . =l in . 
1029. Lake Megantic and vir.inity, scale 2 m. = l in. 
1066. Lake Timiskaming reidon. Scale 1 m. = 1 in. 
1112. 12A-Vicinit y of the National Transcontinental rai lway, Abitibi district, 

scale 4 m. = 1 in. 
1154. 23A-Thetford-Black Lake Mining district, scale 1 m.=l in. 

*675. 
969. 

1155. 
1156. 

Larder lake and Opasatika lake, scale 2 111. = 1 in. (Advan ce sheet.) 
Danville Mining dist rict, scale 1 m .=1 in . (Advance s heet.) 

NEW BRUNSWICK. 

Map of Principal Mineral Occurrences. Scale 10 m. = 1 in. 
Map of Principal Mineral Localities . Scale 16 m. = 1 in. 

24A-Millstrcam Iron deposits, N.B., scale 400 ft.= 1 in. 
25A-Nipi iguit Iron deposits, N.B., scale 400 ft.=l in. 

*Publications marked thus a re out of print. 
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833. 
897. 

927. 
937. 
945. 
995. 

1012. 
1019. 
1025. 
1036. 
1037. 
1043. 
1153. 
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NOVA SCOTI.-\ . 

Prel iminary Map of Spri ngh ill coal-field, scale 50 eh. = 1 in. 
Pictou coal-field, sca le 25 eh . = 1 in. 
Preliminary Geological Pbn of N ictaux and Torbrook Iron district, scale 

25 ch.=l in. 
General Map of Province showing gold districts, scale 12 m. =l in . 
Leipsigate Gold district, scale 500 ft . = 1 in. 
Harrigan Gold district, scale 400 ft. = 1 in . 
Malaga Gold district, scale 250 ft. = 1 in. 
Brookfield Gold district , scale 250 ft. = 1 in. 
Halifax Geological sheet. No. 68. Scale 1 m. = l in. 
Waverley Geological sheet. No. 67. Scale 1 m. =l in. 
St. Margaret Bay Geological sheet. No. 71. Scale 1 m . ~1 in. 
Windsor Geoloaical sheet . No. 73. Scale 1 m. = l in . 
Aspotogan Geo1ogical sheet . No. 70. Scale 1 m. =l in. 
22A-Nova Scotia, scale 12 m.=l in. 

NoTE.-I ndividual Maps or Reports will be furnished free to bona ,fide 
Canadian applicants . 

Reports a nd Maps may be ordered by the numbers prefixed to t it les. 
Applications should be addressed to The Director, Geologkal Survey. 

Department of Mines, Ottawa. 

• Publications marked tbus are out of print. 
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