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LETTER OF TRANSMITTAL.

Ed

Dgcember 2, 1911,

!

The Honourable -W. B. NAhTEL
Mlmster of Mmes, T
Ottawa

SiR,—In pursuance of the instructions of the Honourable the .

Minister of Mines, transmitted through the Director of the Geo-
logical Survey, we have e\ammed Turtle mountain at Frank,

Alberta, and workings of the mines of the ‘Canadian Coal Con- -

solidated, lelted with the view of determining. whether or mot
mining operatlona are likely to bring about a landslide from the
. }nountam and thus endanger lives and property " in the town.
Furthiermore, we have considered the possibility of-a slidé or slides
- from natural causes.independent of mining. The labour involved
in the preparation of the detailed map of Turtle mountain and
vicinity has been so great that it has prevented the completion of
the report at an earlier date. -

We ‘beg leave” to submit the following report
We have the honour to be, sir,
Your obedlent servants,

A . _ Reginald A. Daly;
(Signed) W. G. Mlller,
- * George S. Rice,
'Cam«mtsswners appomted to investigate the cond‘btwn of Turtle‘
mountam
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TURTLE MOUNTAIN, FRANK, ALBERTA.

HISTORICAL SUMMARY.
Report of Landslide of 1903,
'Ux;dér date Jun€ 12, 1903, Messrs. R: G. Mc;Comlell- and R. W.
Brock 'of the Geological Survey of Canada, acting as a commission’

appointed by the Hoxlou»rable the Minister of the: Interior, sub-
mitted a report on. their examination of _the Frank landslide which

" took place on April 29, of that year. The slide entalled the loss of

about seventy lives of .people in the town of Frank together with
the destruction of muck property, including nearly 7,000 feet of the
Crows Nest railway. o

In their report Messrs.- NIcConnell and Brock, say that the sl1de

3

“-was due,” not to a single cause, but to a comlbmatlon of causes,

among which the opening up of large chambers in the 'm.inéa situ-
ated under the base of the mountain, méy have been a contributory
cause. Speakmg of_ the North peak and shoulder of- the mountam v
overlooking the town, they say “the closing of the cham'b°rs in
“the mine, after the coal has been withdrawn, perhaps long: after the
inhabitants of the town have lost all dread of another disaster,
may precipitate it suddenly in a second destructive slide. Since .
this possibility must always overhang the town it certainly seems .
advisable that it be moved a short dxstance up the, valley beyond )
the reach of danger.”* - .

v

_More Recent Observatlons .
Since the report was published, officers of the Geological Survey
have visited Frank from time to”time and have' examined. the.

*_mountain. + Frrom several examinations he has. made of the¢

mountain, Mr. Brock has decided that cracks have formed in that
part of the€ mountain overlooking the town, and. that one or two
cracks in the v1c1n1ty of the north shoulder have :rradually widened

- * Extract from "Part VIII, Annual Report 1903 Department of

- Intenor, page 17°
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duri’ng‘b the last two years. Moreover, he has - decided that the -
extraction of coal within a certain zone, which he has called the
“zone of extreme danger,” is likely to precipitate a landslifle that
would destroy the town. In the Summary Report of the Geplogical
Survey for 1909, he calls attention’ to the danger which,| in his
opinion, threatens the town. o TP
The following quotations from letters written by Mr.
1910, show the views he holds concerning the danger thatfhe con-
siders would arise were coal-‘extracted from certain parts.of the
mine. P , - :

¢ Of ‘the various’ causes which were fesponsible for the big slide

" there can be no guestion but that the mining ‘of the coal was a prime
" one. - : . ) -
{Tn the report on the Frank-slide we expressed our conviction

regarding the connexion bgtween mining and:thé” catastrophe. It

.was not considered-necessary to emphasize this point at { at- time,

‘for the Company had had no means of‘knowing that its operations

were a menace to public safety. .Now the case is otherwise. If the

mountain is further disturbed by mining operations and a slide occurs

the Company would cerfainly bg held responsible.” . '
¢ Tartle mountain is in a more threatening condition now than

_ last year. This opinion is concurred in by Mr. Boyd. The north

shoulder is, of course, the dangerous portion of the mountain. After
the slide it was carefully examined and it has been closely watched-
sinee then, but until last year T'saw-no signs of movement or, apart
from its structure; of weakness onthis north shoulder.” Last year °
I detected two cracks as shown -on the skétch map whichI sent-you.
last spring: ~They were so slight, however; that’ it would not have
surprised me if their existence had been questioned. This year,
-however, they were very marked, The cracks between “this shoulder

t

" cracks are significant &s~indicating_movement. and anstable con-

- ditions. -It is-true that in some cases.the blook severed-by the crack
is, not large encugh-in-itself to eause much damage if dislodged,
but as the joint planes along which ‘the éracks develop dip towards
the face of the.cliff, giving. the block the form of an inverted .
wedge, only those near -the face can copen, the weight of -a
.large block tending to keep the break closed.® As the top surface is

- "~ eovered with_shingle, only 'a gaping crack makes itself visible on
" the surface; hence a dangerous break back from the face, the break

along which-an enorrious slide might take place, might not be detect-

_“able on the-surface; even at the time the slide was about to ocecur.

T3 Detter dated_May 12, 1910. addressed fo the €anadian Coal Con-

"solixi'ateg Limited, Frank; Alta: -. :

b . - . ““. - 7. .(

“and the North peak-also-show development during the year. These
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¢ The cracks on the north shoulder prove that its’solidity is not
- 10 be relied on, and the recent-movements indicated by these eracks
may very well be ascribed to the disturbing effect. of mining that
has recently been done 1n the neighbourhood of the foundation of
this shoulder. .
: ‘In the face of such facts, I cannot evade’the concluaon that -
mining is too dangerous to be continued. It is my firm opinion that
no more liberties can safely be taken with this mountain.
¢ A large slide would cut off all railway communication and- close
the mines west of Frank. It might permanently close the pass. The
town of Frank .would be vyiped out with a fearful toll of life. These

are some: of the risks that are being taken by tampering with the L

foundation of this mountain. It was unsafe to do what.has recently
been done in the way of mining. This was pointed ‘out before: this
work was. started and the present unfavourable condition of Turtle
“mountain as-compared to that of last year shows that the opinion
_then expressed was well founded. No further mmmg -of the seams
near the base of Turtle mountain ean safely be done* .

. - ' Report of 1910.°

In the summary report of the Geological Survey for 1910, Mr.

JBrocL pomted out the danger to be feared from contmued mining
" at the base of the mountain. Articles based on the report, appear-
ing in the press, exclted stich interest at Frank that a deputatxon
consisting of Mr. A. A. Muller, general manager of the Canadian -
Coal Consolidated, Limited, Mr. - Moore his legal adviser, and Mr.
- Harvey Murphy, chdirman of the council of the village of Frank,

proceeded to Qttawa in the last week of J uly, 1911, and held a con-
. ference with the Minister of the Interior, the Minister of Mines,

and the \Dlrectorr of .the. Geologlcal Survey, with regard. to the sﬁ:ua- ‘
tion at Frank and the advisability of having an evammatxon and

Teport by a Commlasmn After further conrrespondence and inter- .

wews, and after conaultatlon with the representatlvea ‘of the gov-
- ernment of Alberta. it was (decided to appoint a ‘commission consist-
-ing of two geologists and a mining engineer. The undersrfrned had
. the honour’ of being appomted the commlsswners. : .z

th of Gommssmners to Frank

We annved m Frank on the mormng of October 3 and: there "

met Mr. John Stirling, Provineial Tnspector of Mines, Yand Mr.
Franeis. Aspinall, D1<tr1ct InSpeetor .. In the afternoon we called

1 Letter dated, Ottdwa, Nov. 1910, addressed-to John Stocks, Esq.,
Deputy Minister, Department of Pubhc Works Edmonton, Alfa.

¢

> - S



127

on Mr, A. A. Miiller, General Manager of the Canadian Coal Con-
solidated; Limited, and at the blaqe .of business of Mr. Hatrvey’
Murphy, chairman. of the.council of thé village of Frank. Mr.
Murphy was, however, out of town at the time. Later in the week
we arranged for a confereuce with-Mr. Miiller and for one with Mr.
Murphy and Mr. Tompkins of the’ council of the v1llage of Frank.
Interviews were also held ‘with other cmzens of the village, and
_w1th men acquainted with the district. ’
On the day foHowing our arrival we ascended’ Turtle mountain '
" -under the guidance of Mr. W. II. Boyd, chief topographer of the
Geological burvey Mr, Boyd’s acquamtance with Turtle moun-
tain and its surroundmgs dates back to 1908, when he was assocmted
with Nlessrs. McConnell and Brock in mapping after the slide.
Since then he has made other examinations of the mountain.” Dur-
ing the pas ason Mir Boyd, with a corps of. assistants, has been
engawed in'miking a detailed inap of the mountain, the manuscript
“of which was plaged at our service. We are deeply indebted to Mr.
- Boyd- for the "information which he furnished us concerning the
mountain, and also-for'the intéresting and instructive model of the
* mountain, based on his map, which he prepared for us.

Mr. Muller and the niine manager of his Company, Mr. Shone, ,
lent their assistance by aceompanym"‘ us 'to the mine workmgs, and
in other ways. ' : :

Messrs. Stirling and Aspinall were constantly at hand to glve
us any assistance in theiy power. © -

For valuable aid and courtesies e\tended .while at F ranls, the ‘
best thanks of the Commissioners are due to all of the gentlemen

_ above mentloned as, well as to others whose names do not appear.
*  The work at Frank was completed on OCtober 12, and we- -took
train_for the east on the evening of that- day.

In the following pages is given, as briefly as is consistent with
a clear understanding, an account of observations made and informa-
tion acquired, together with the concluslons at which we have

“arrived. * The. report is 1llustrated with maps, "sections, -and photo-
graphs of 4 chzuracter such as to. make a more voluminous text
‘unnecessary.
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INTRODUCTION.

“The question whether there is danfre1 of one or more destrue-
‘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 to the town of Frank? Secondly, is the stability of
_Turtle mountain of such a low order that continued mining at its
base would essentially add to the danger? As to the.advisability.
of keeping the town in its present situation, these two problems are .
not of equal importance. If it can: be shown that reasonable prud-
ence’ should- ecounsel the evacuation-of the town-site because of the
present mnatural condition of Turtle mountain, the question as te
the influhee of continued mining on the Frank coal seam becomes
- distinetly subordinate. Since your Commission believes that
nearly ‘all of ‘the fown- site is in danger of being T overrun by one or
~ more great slides, quite irrespective of the mining. operations, the
'evid‘ence bearino' on this essential problem will first be stated,

A, Prohablhty of a Great Slide due to Existing Natural Conditions.

The grounds for your Comnu»s»rons affirmative ‘answer to the
question regarding danger of catastrophe ‘because of the present -
state of the mountain, m'a-y be reviewed under five heads. These
are: -(1) The-special, local conditions favouring.such a slide.- (2)
The general conditions favouring a stide. “(8) The similarity of
conditions to those preceding the great slide of April, 1903. (4) -
The weal\emng of the North peak through the fall of rock in 1903. .
(5) The existence ofznew cracks showing ineipient movement of
the large block culminating-in the North peak.

(1) SpeciaL.CoxpiTioNs FAVOURING: A LANDSLIDE OF THE FIRST ORDER.

After a careful study on the ground, your Commission 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 péwhere else in the entire Rocky Mountain
system is a similar combination of features to be found. It is
certain, even without further detailed examination by geologists,
that this combination of features is not likely to be exactly paralleled
in any other mountain mass of Alberta or :of British Columbia. In
the present case the form: or topography of the mountain, its some-

0
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what complicated structure, the nature of-its constituent rocks, and
the “internal stresses developed within the mountain mass at the

time of its original upheaval, all conspire to make the stability of:

its eastern slope’ extremely doubtful: . . .

(a) Topogmphy of the E’astern Slope of Turtle Mountam

The notable sfeepneas of the mountain side throughout the part

‘of it which overlooks the town-site is obvious to any observer on

the ' ground.  The same quality is apparent to any topographic
expert who studies the admirable contour map made under the

direction of Mr. Boyd for the Dominion Geclogical Survey (sce Map

of Turtle Mountain .and Vieinity). 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
B general slope Finally, the steep quality of the eastern flank is illus-

“trated in the. accompahying photographs (Plates II and III),as well
a8 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 proﬁles (here respectlvely numbered 1 to 9) shown in
Flgures 2-10:— - ‘

| .
Contour | -
Tntoroal 1 2 | 3 4 5 6 7 8 9
. 70006600 | .. . [... .. ce. | 56 ] 6 66° 62° °
FRULIN IORURE I e . (200 £8.) | (220 ££.) | (360 £t.) | (500 £t.)
66006200 .. .| ...l ... 61° [ 47° | 51° | "59° 45° 46°
6200-5800 | .... | . .| 52 | 58 | 44 | 39° 38° 3¢ 36°
5800-5400 | 51° | 58° | 40° | 45° | 50° | 8¢° 31° 33 30°
5400-5000 | 46° | 56° | 45° | 42° | 35° | 82°- | 30° 3t 30°
5000-4600 | 52° | 40° | 345 | 30° | 27° | o 2% | 24 20°
©4600-4200 | 3£ | 310 | 227 |-19° 180 | 2 23° 22 13°

The measured angle of rest for-the coarse rock-debns in the
longest talus slope of Turtle mountain (eastward from 2. point near
the South peak), is just tlurty degrees. If a plane of compleie

scission " should be developed in the mountain, and if the inclina~

" tion of that plane to the horizontal should exceed thlrty-two -degrees,
the block overlying the plane of scission must instantly slide down
along that plane. Actual expe_rlment shows that thirty-two degrees
is somewhat more than the maximum or limiting angle of inclina-

-
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tion for the plane of scwsmn if the mouutam is to remain stable
in spite of the scission. ) ‘

Bearing in mind this outside value for the Iimii:ing angle, ‘an
inspection of the profiles in Figures 2-10 and of the foregoing table,
will suggest the maximum amount of rock matter which could fall
from Turtle mountain. It is safe to conclude that much.of Turtle
mountain lies above a possible plane of sclssmon mclmed eastward
‘at the eritieal anO'le. o -

(b) Geologi’cal Structure of the Moz-mtain. .

If Turtle mountain were composed of homogeneous granite or
non-jointed limestone, the foregoing ecaleulation would have no
practieal value; the strength of such rock would be such as to make
absurd any reference to the critical angle above defined in con-
nexion with the problem of, the mountain’s stability. But Turtle
,mountai_nvis peculiar in possessing a sfructure which forbids our .
placing an .estimate of an absoloqt,e]y safe angle for the eastern slope
.dt much greater than thirty or thirty-five' dégrees. = By this, your .
Commissioni does not mean to imply that all of the rock bounded by
slopes greater than about thn'ty-ﬁve degrees is in danger of. sliding
before the ordihary processes of erosion have .lowered such slopes,
) Such a danger is, in their.opinion, remote, except in a limited area

where structural weakness is combined with steepness of slope in a
. manner to threaten disaster to the town. .

Much additional work needs to be done before the geology of
Turtle mountain is understood in all its details. The officials of
"the Dominion Geological Survey "have, however, elucidated the
“structure to an extent sufficient for the needs of the present problem
So far as it has had opportumty in the ﬁeld to test the main con-'
“clusions of the government geologists, your Commission is in agree-
ment with: these gentlemen. The structure_of the mountain is indi-
cated in the section, Figure 5, which has been adopted from  their
- reports. This section is taken along the accurate profile No. 4
constructed for the Commission by Mr. Boyd.

In bnef Turtle mountain is an erosion remnant of a great.
- block of Palmozoic (chiefly .Carboniferous) limestones overthrust
eastward upon the western limb of-a synecline.of Mesozoic (chiefly -
C‘retaceou‘s) shales, sandstones, and coal-beds. The average dips
of the beds in thése -two prlm'u'y lelSlOIlS of the mountain 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 outcx:obs It is the opinion of the govern-
“ment geologists that the thrust-plane is highly inclined. and accord-
ingly it has been so drawn on the section.

From the river flat to the lower contact of the hmestone (that
'is, the outcrop of the thrust-plane), the mountain slope is under-
lain By soft shales, interrupted by coal-seams and by some interbeds
of sandstong: The whole is an unusually weak mass of rock; yet-
forms the basal abutment which is to-day -helping to sustain the
heavy limestone forming the .upper half of the.mountain.

‘Weak as’ thls lower member is, it mj&ht continue %o hold up |
the entire slope if it were not’ for the inherent . weakness of the,
limesténe itself.. The latter i is composed of rapidly alternating beds
of contrasted nature. Some of them are thick, massive, and coherent,

- and, if the whole upper membe»r—_\)\'ere constituted of similar ‘material,
the plmnce for a destructi‘{e slide in the fut‘ure wguld,’ be great]y'f'
lessened.. But very many other- beds are tlagey, easily split along
the beddmg-p]anes and, therefore,. far less strong than the beds just
méntioned.© On this account alone the average stréngth of the
whole limestoné member is much below that of many, e-rhaps most,
of the great limestone formations of ‘British Co_lumbla or Alberta.
In addition, the total strength of the memker is seriously lesséned by
the presence of two zones of crumpling within the mass. .’ These
zones aré diagrammatically shown in the-section, "Figure 5. It
should be carefully noted that the lower edge of the mass which fell.
i April, 1903, coincides with one of these contorted, zones, That

_event actually illustrated the profouud \\ealxenlnf’ of the imountain )

structure because of the presence of thescizones. ~ Amother source
of weakness is found in a band of soft shales, whlch breaks the

contmmt;of the limestone (See Figure 5).- L

Tlowev er, the chlet reasons’ for conccrn as regards tlus matter
of rock stren"th are the heavy jointing of the Hmestone and the
relation of the joints to the-éastern slope of the mountain, the side
facing the town. As is 50 ofted the case with sedimentary rocks,
very abundant joints occurring in seve,ral systems are developed
nearly or quite perpendlcular to"the bedding. The dip of the

beddxng is'always westward. and varies from 6€5° to' $0°. At the .

North and South peaks, and‘ for a considerable distance north of

the North peak (th'\t )s, tbe part of the mountain opposite the

-

o



northvlvard along one of the larger fissures iri the lig:aed-

rtle mountain. The limestone on tha right hasslip;
*(faulting)

-Lookin,
stone on ]
down fifteen or ‘more feet. The fissuring and shpgmﬁ
were clearly facilitated by the joint-planes, some of which appear
in the photograph. The Notth peak is seen in the upper right-
hand corner. C :
’ - ) ' . ! . -

[
’






< : -
R Prark-VI.
- , - - N s b
- -

»

Looking north along a main fissure between the North and Sﬁuth
peaks. The trees show strong movement of the limestone block on

the right of the fissure. . .
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h Looking north to North peak along am
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a.i_ix‘ﬁ;ssurt.a }vhich is exposed fox: 1,500 feet.

S~




Y

M

b

<




Tk AR R e PG SR O A

= o, ¥ abaiy okt

oA o e -

R T o

-

A A

ré area.

u

" Looking north to North peak over the fiss
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Detail of a main fissure in the limestone.
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- . A main fissure produced like the others shown in previous plates
by the pull exerted on the mountain top during the 1903 slide. -
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indicated by the attitude of the trees.
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fissured area taken with a levelled camera, The movémert of the
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“town), the average dip is about 50° to the west. - This means that

many of the Jomts mentioned dip du'ectly eastward atan angle of
40°. Other systems of these joints d1p ‘towards the northeast and

southeast quadrants at. still higher angles. The relatlon of. the

easterly dipping joints to the topography is illustrated in Figuve
5. The diagram is intended to make clear this highly important
cause for instability in the ‘mountain. If the dip of -the bedding
were notably steeper than 50°, the easteriy dips' of the joints would
‘be correspondingly flatter, and fhe danger of bodlly slipping a]ong
that joint system ‘would be materially less than under the pres:at
conditions. If the dip of the beddinig were notably ﬂatter than -
50°, the easterly dips of the joints would be correspondingly steeper *

" and .continued spalling of small blocks along those joints would.

have produced a-steep but stable profile for the mountain in pre-
historic time. The actual dips of the 'beddlng and joints are almost
ideal for the: production of great mtermntent. slides from a moun-
tain with the steepness of Turtle mountain. The slipping on joint-
planes dunng the slide of 1903 is 111ustrated in Plates v and VI.

The joints-are. thus of profound impartance as they _so' seri-
ously affect the strength of the limestone: and, by their attltu:l
" furnish potential slipping "planes, which thrcaten to become actual‘
shppmg planes if a heavy jar or a disturbance of the basal abutment
should: occur.” Moreover, joints are the favourable channels for-the
seepage ,of ground-water, which tends slowly to enlarge them and
also to wet the rock, mcreasmg the danger of shdmg en masse.

As a.result of the 1903 shde, many profound fissures were"
opened on the North and South peaks, and in the part of the summit
area between the peaks (Plates VII-XII). These are partly due to
- g powerful pull exerted by the huge rock prism as it fell outward
and downward. ’ . These fissures are as noteworthy for depth as they
ure for extent along the surface. In general they run nearly

. parallel with the’ edgef of the main eastward-facmg escarpment, i, -
. that overlooking the fown. They not only show movement of vast

masses of rock towards the brink, but they a]sp represent deep
openings inte whleh surface water from rain and heavy snow must

frun, and at certam times of the\year be frozen ‘at the bottom of .

.each fissure. Tt is lmpossﬂ:le to say exactly what effect this action

" mdy have in the future, but there is evident.danger of the wedgiag

out of huge prisms of rock through frost. action. That displace- -



7 eastw
" mountains are exposed must be seriously taken into account. We

. - o 18
wment may directly cause considerable falls of rock or so disturb
the delicate mechanism of the mountain as to mmate ~hppmm on
ma:.ter-_]muta, and-thus even a landslide of the first order

(e) In/luence of Strwms l)eveloped during the Perwd of ~Over-
thrusting.

" Another bpecml condition tending to-make the mountain un-

* stable iy a result of the peculiar mechanism by which this particular
mountain ridge was originally uplifted. ~The limestone member -
was nut pushed up directly fmm beneath, but, "as a"reed by all com-
petent obsérvers, was thrust over the coal measures and the under-
lying Fernie shales. | The almost inconceivable forece which was
necessary to.accomplish that result must ha\'e developed compre:swe -
and tensional stresses throughout -both -overthrust and underthruet
members. By far the graater part. of these stresses have, of course,
been relieved by {11a551ve an_d molecular c}}angea in the mountain

- * during the ages eclapsed since the mountain-building peried. But a

percentage of ihe total stresses may still remain in the-existing
erosipn ridge,” i.e.. Turtle- mount'ml. This proportion of residual
streqses may be very small and yet sufficient to cause the spalling-
off of huge slices of rock from the steep eastern face, 1f other con-
ditions. are ‘fa\'ourable. Cases of such exfoliation of rock. through
mount'\m buxldnw stresses (strains) have been recorded ‘in the much °

.- -older mountain system of New [ nnhmd Similar stressesare not

to be expected in ﬂat~1vm" coal measures which have not suffered.
the powerful strain of mountain-building overthrust

“ L - (@)K FFECT OF VIBRATION.

In view of Lhequdu,) spee mtf cohditions \Vhl(,l’l t.ogether render
this jnountam liable to heavy shdes——partluulany the existence of
ardly-inclined- joint planes—a general condition, to which all

refeq to the dangerous cffect of vibration. A very moderate earth-
qualte, such as that of 1901 in this region, might pl‘eclpltate a “slide
. of the first order. A strong jar communicated by a quite moderat@
“settlement, in the mine workings at Frank might have a similar
Vibration'cause’d bv blas'tin«; ut a'railway cut in the\ town
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_weakness will apply.

119‘:‘ ' o ,

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 @ strong jar ‘it must -also be remembered

“that Turtle mountain is a sharp ridge and, therefore, more' readlly

shaken as a whole than if it were dome-shaped or p]ateau—hke

@y NATURAL CONDITIONS oF. TURTLE MOUNTAIN NEARLY SIMILAR TO
THosE PRECEDING THE 1903 SLIDE.

It is clear that the structure-of the mountaln is essentially the
same along all profiles irom the south side of the South peak to
a point at least one-half mlle north of the North Peak sum;mt. To.
that whole stretch the foregomg statement of 'Eenops structural

On the other hand, tff evidence is strong that the average origin-
al slope on the face o the rock prism which fell in 1903 was very

similar to the average eastern slope of the mountain for a long fhs-'

tance north of ﬂle orlfrmal site of that prism. Your commission

had so cqneluded', ina plehmmary way, as a result of an early study :
-of Plate I in the McConnell-Brock report. This was reproduced -

from a poor. photograph showing Turtle miountain before the slide

. (See Plate. XIIT of the present repoff) Uxider our “directién a

second photograph was, taken from ‘the same spot on October 9 of -~

this year. This appears as Plate XIV. 111 this report. A much

more convmémg 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 .Frank during our visit, and shows "the
~ state of the mountain not long before the 1903 ‘disaster.  Plate

XVI 1s a photograph’ taken under our dlrectlon from the same
point. .’ - : .

" The comparison of these photographa hJas conroborated your
Cohmnssmns opinion that, so far as steepness of slope alone is con-
cerned, the large block culminating in North-peak is nearly or

quite_as liable to fall as was the roek prism which actually fell i m o

o

3
1903. - - ,
- Your Commission is, therefore, of opinion.that, on account of
similar‘it} in both topography and structure; the liability of a first-

1444-7—-7} . -

_order slide at the present North peak is made the- moresqy bable; -
becdause a disastrous slide did take p]ace, in 1903 just to the sou'ﬁh
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\
RESULT OF TiE

\

s 0 1903 SLIDE.

"Not only is the 1903 slide an indication jof the ultimate fate
of the North peak; it has itself prepared bp}ecml conditions for a
disastrous slide from the North peak. The contour map (see Map
of Turtle I\'Ioulﬁa’in and Vicinity), and the hotographs “(P}ates II
and IV),' show that the removal of the great rock prism by the

‘slide of 1903 has Teft the southeast flank of the North peak: unsup-

. ported In that rebpect the’ North Peak block has been left in

- means of dating this fissure, which may,
_ time of the 1903 slide, and since enlargel,

Mpvlane slightly enlarged by solution lor else b .

greater d'mr'er of shdmn* than before the 1903 dls-xster, thou"h it
is intpogsible to say how far the danger of ‘the sliding of the D \Torth,
. Peak block, has been lessened by the removal of a possxble tensional

stress exerted by the great prism- which Aact; mllv fell out in 1903.
Moreover, Jt ‘must not be forf'otten tlmt enormous blocks of

.rock Were torn apart in, 1903, and that very great falls from the

. fissured region between the two pealxs nayeoceur at .any time.

- Such a rock fall, thou"h itself harmless for the town, might jar the
mountain so effectively as te precipitate fhe North Peak block and
thus indirectly bring disaster to the tow. | '

(8) Eviexce or NEw Cracks Suowixe[MovesmexT or THE NorTH
: Peax Brock. -~

Your Commission found two cons derable fissures opened in
the rock of ‘the North peak within recémt years. One of these, a
few inches wide at the surface and visiiple for a distance of about

50 feet, oceurs on the eastern slope of/&he “North shoulder” about ™

680 feet, N. 26° E., from the \Torthf Peak summit triangulation
signal, and on the 6,620 foot contour/ We found no indépendent
have been opened at the

as stated by Mr. Brock -

in the letter of November 3, 1910, qdoted above. The. other

ﬁs‘smze, with an average width of ai)out ve inches where visible,
occurs at a place about 300 feet, N. 19°[ E. ofi the North Peak summit

station (see Map of Turtle Mountain and Vi ui‘c&f), and-about 40 feet

\
\

from the brink of the precipice overlooking thd town. Adhering to the

- wall of this+fissure your Commission found rotlets of plants which
it had enlarged to _

had ‘taken ‘root in the fissure evxdeng:ly befork
its present width. The original ﬁssu:re may well have been a joint-

an ancient Qhfrht
t
!
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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 years :after the enlargement of the ancient fissure.

.Adhering to these rootlets was a tquantlty of black soil. This soil

» was only.three or four inches helow the top of the ﬂsbure, where it -

was liable to be readlly washed away by rain or by runnmg snow-
water. It was particularly the discovery of ‘this soil about delicate
rootlets still in place, which has 'convincec_l your Conunission of the

“recency of this particular fissuring pr widening of a fissure. Our"®

impression is that this wxdemufr took 'place avithin a period not

. greater than two years.
' Owing to the frost-riven character of the sunimit slopes of the'

mountain, it is praetically never possible’ to trace the new fissures
(tho formed during and since 1903) for their full length. For
the Qame reason it is certain that on]y a fraction of the total num-
ber of fissures can be actually seen. Further search for them and
continued obsenatwn of those found are highly desirable.

" Your Commxssmn endeavoured: to find the plat or instru-

mental record of a survey of bench-marks reported to have been' .
-.made just after the 1903 slide. These marks were set among the

North Peak fissures for the purpose of noting movement of the rock.
Our information i‘e"arding the survey was taken from an article
by Walter E. Dowlen in the En"m"erm" and Mining Journal, July
4, 1903. However, we have been unsuccessful in our search “at the
office of the_Canadmn Coal Consohdated, Lumted, and elsewhere;
aceordingly,” this method of ‘observing any progress of rock-move-
ment since 1903 could not be applied. ’

’For future guidance, it is deéirable that monumonts bé estab-

" - lished in the vicinity of the crevices, so that any mm'ement may be

"accitrately. measured.

The reasons for concludmrr that, irrespective of mining opera=
tions and because of existing conditions only, there is danger of a
disastrous landslide from Turtle mountajn, are summdrized at the

. end of. this. report. oo .o

'B: Influence of Mining on the Stablhty of Turtle Mokltgm

" - THE PROBLEM.

As shown on a preceding page, Messra McConnell and Brock,
in their report on the great’ slide of 1903 considered that the

o
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have been 'a contributory cause of shai;ting 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 Frank.

pondence between- the Director and the representatives of the
Alberta .government; and the Director 1ndlcated on a-map of ‘the

' rnme the limits of the zomes. ! T
Your Commission has carefully weighed the evidence pre-
sented in the reports mentmned’ and ‘also such mformal evidence

The limits of these danger zones formed the subject of corres- .

“*-mining operations conducted at the base of T~ui‘tle ‘mountain might

and suggestxons as have béen given by those who had knowledge of ~

the mine and of the eondition of Turtle mountain, both before and

" after the great slide of 1903.. We Have also entered and studied
accessible parts of the two mines at ‘the base of Turtle mountain.

The reldation of the mining to the .past and present danger of

landshdes from Turtle mountain may be “considered under two

heads:— ¢ ’ J
{1) What effect mlght mining have had in causing the shde
of 19032 ' ~ r

(2) ‘Is it probable that contmuance of mining will cduse other
_ great slides? - - /‘

The latter is a vital questmn, but it is necessary to co,nslder the -

former in order to determine, as far -as ‘possible, how nearly the
present conditions surro_undmg mining are analogous to those ‘prior
“to the slide of 1903 ' . ’ v

- e
' /e

L ° \ LOCATION OF THE FRANK MINES

) There are now two mines -operating along the foot or east base
of, Turtle mountain, a shaft mine and a drift _mine. Both belong
. to the Canadian.Coal Consohdated, Limited, add formerly belonged
to the Canadian-American. Coal ‘and Coke Company:

L The driff mine was started in 1901 the shaft mme was not

.begun until several years, after the Tandslide. .
The drift- mine enters the outerop of a mnearly’ vertlcal coal
', geam at a point 2T feet above the present level of the Crowsnest
i (Oldman) river.. The strike of the seam is nearly north and
" south, parallel W1th the general axis of Turtle mountain, though not

"
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" file along the outcrop of the coal seam, in Figure 11.

23 o

- with the base of its easterly slope, Whlch trends to thq west.of north.

“In gding south from the mouth of the dnft mine the outerop line-
crosses an easterly spur.of the South peak of the mouttain, rising to

- a height of .twelve hundred feet above the mouth of the drift. In

a northerly direction from the mouth, the outcrop traverses the ]
relatively flat valley- of the Crowsnest river. Thirty-eight hun- '
dred feet from the mouth of the drift this seam, or possibly a
parallel one, is opened by the ho:stmg and air shafts of the new
mine. Twelve hundred feet nbrth of the shaft the north edge.of

-the valley is reached, and the outerop rises rapidly on the flank of

Bluff or Goat mountain.. A ‘level enters this part of the outerop
about 20 feet above the valley; it s connected underground With
the shaft;—mme workings, The shaft mine and ‘the original drift

R mine are not connected- under"round 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-

» COAL SEAM DEVELOPED BY THE ’\II\ES

Tt is not Lnown whether the two mines, are.in the ,same coal~
seam.” That opened by the drift mine is from ten to fifteen feet .
thick, has @ hard sandstone roof and a hard, thinbedded shale floor,
which through overturning have becomie the -foot and- hanging wall

- respectively. - Forty feet below this seam stratigraphically, thers ig

a two-to-four-foot dirty seam, which is unworked. - -
The dip of the seams is from 82° to 90°, with an average of

85°; to the west; the seams, therefore, dip towards Turtle mountain.
The coa} developed by-the shaft mine-is thinner, six to ten feet

thick, and"it is sald to have a higher contentof volatile matter; but

the roof, floor, and other characteristies 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 prospectmg. )
It is thought that the Hillerest mine, which lies immediately south.
of the Frank-mine, may be operating on a different.seam. At the )
Bellevue mine oif the opposite side of the valley 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 seams at Fnank is' of importance; for if it is
conceded that mining operations in one seam may favour, slides.. xt

X >



™

o ' 24 ) g

must be admltted that operatlons in additional seams above or
below would ‘increase the risk. In .the absence of _definite know-
ledge, the discussion must be confined to the operatlons in one seam
only. -

¢ RELATION OF OPERATIONS 1§ THE DRIFT (NO. 1) MINE TO THE LANDSLIDE

_OF 1903..

At the time of the landshde of 1903, the worlungs in the drlft .

);nine consisted of the level gangway, driven in 5,500 feet on the,

strike of the seam, a level for drainage and.ventilation immediately
below  the "an"'way, and a series of chambers. or breasts driven
directly up the raisé.  According_ to the 1908 report of Messrs. Me-

“Connell and Brock, the chamcbers were from 60 to 150 feet in width,
" separated by pillars.40 fect in width. Witnesses before your

present Commission stated the average width 6f chambers was 100
feet, and of pillars 30 feet. Manways and timber chutes-four or

 five feet square werz. made alternately in the pillars As the -
‘cbambera were filled with broken coal,” which was. dravim-off 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 ~

mine. Beyond a point 3,500 feet from the n"outh chambers “had -
merely been started. - )
A profile of the outerop and gangways was made from data

) "furnished by ;the recerit Dominion government survey (see Flgure 11).

This ‘1~nghcates that, if the chambers between the 1,200 foot point.

- and the 3,500 foot point extended to or nearly to the outecrop, they .

varied in height from 200 feet to 500 feet. - . ,
Witnesses appearing before the former Commission stated posi-
tively that a squecze of the walls of the seam was apparent prior to
the' landslide.  Certain persons who. appeared informally before .
the preaent Comml sion conﬁrmed this, and one who had been
n"a"ed in timbering said that’ the gangway and manways had to’
be renmbered.seveml times, the timbers giving way by squeeze from
the avalls.” Ile also stated that certain manways driven up to the
outerop had been condemmned on account of the lmpossﬂblhty of -
keeping' them timbered. A number of the witnesses have stated
that for a eouple of months_ before. the slide, ceal.-had been drawn-
rapidly from the chambers and that falls from the walls hégl taken

- o
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place. Tn this their testimony agreed with that of others inter-
viewed by the 1903 Commission. Considering the unusual width
of the breasts and the impossibility of retaining 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 l‘bose' coal was withdrawn. .

One witness. before this Commission 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 or “undercut” to a considerable distance.

The Department of Mines of Alberta reports the following out
put from the drift mine:~— .

1901.. ot et et it in e i .. 15,000 tons.
1902. 0 e ee i aeiae e e e .. 160,000 ¢
S €'t S 11 -1

276,591 «

The figures for the individual months are not- available, but it
is reported that the mine pnor to the land’:,hde of April 29, 1903,
was putting out from 1,000 to 1,100 tous per day. It is also stated
that little coal' was mined in 1903 affer the mine was ré-opened,
late in that-year. Taking into account the rock remeoved £rqm the
mme and the cdal lost in the process of loading outside the mine,
of which there would be no record, it is safe to say that the excava-
‘tion prior to 1903 was equivalent to over 276,591 tons of coal, or
245,000 cubic y'ards. " The chambers, in which most of this excava-
tion-was done, extended for 2,300 feet 1mmed1ately pnder the slide.
To give due consideration to the mﬂuence of excavatlon in this -
area, it is desirable to. estlmate its amount, for the region “above the
level of the gangway.. The volume represented in the gangway
outside of the area in guestion, plus the number of eubjc yards in
the water level, is about 9,000 cubic yards. The amount of excava-*
_tién in-the newly started chambers beyond the 3,500 foot point is
conjectural, but, from deacripf.ions‘of witnesses, it probably does
not exceed 10000 cubic yards. rMalung these deductions’ from the
'tqtal estimated yardage, gives a net of 226,000 cubic yards of exca: .
vation _immediately under the ]and'shde. In this ‘area, including’
. everythmg from gangway level to outerop, if the average thickness
of seam is assumed to be 14 feet, ther,e are 536 000 ‘cubic yards.
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On the foregoing assumptions we must conclude that 42 per cent .

of the original volume was mined. - It is probable from the .observa-

tions of witnesses that this pergentage is an under estimate of the
yield. It is, therefore, on the 'safe side.
This -is equivalent to an average shrmkage of 8ix feet over the

. entire area involved in this calculation, but as broken rock occupies
about 13-times the space of solid rock, the net shrinkage may be con:

.sidered to-be not over four feet. Eventually, however, the broken rock

. would be crushed together by the weight of the strata, as has been -
found in driving through 6Id long-wall packs in operatioﬁs ‘in vari-
ous mining districts; so the entire shrinkage in time would be six
feet. To be on the safe side we will consider only the more immedi-
ate gettlement. - I!; is not contended that therq was, a suddén settle-
"ment of four feet over.the whole area  of a length of 2,300 feet and

, average depth of 450 feet, but-the evidence of witnesses is that a_
squeeze_ had started about six months previous to the landslide; and
it probably contmue& for a long time 'before the final compactmg
took place.‘ - -~ - - .

It is diffieult: to determme What was. the exact result of even a_
portion of -such settlement upon the unstable ‘original “North. peak,

. ybut your ‘present Commission agrees. with the findings of' the Com- .
‘mission of 1903, that the movement of the walls was instrumental
in weakening the supports of the peak and poss1bly was directly

" responsible for the landslide. ' The fact that the part of the moun;
tain which fell in 1903 was exactly -opposite.to, and corresponded in
length with, the area of large - chambers cannot. be dlsnussed .as

-, merely a comcldence., ’ . p . ;

o

OPERATIONS IN. DRIFT (No. 1) MINE.SUBSEQUENT TO THE 1903 SumE.

- Immediately after the landslide, which covered the mouth .of
the drift and carried away the surfaoe plant, the“ work of recovery
was begun. .This took some months, so.that cOmpaaratlvely little
mining was done until 1904. . Thereafter the work. was prosecuted -
vigorously, the gangway wéis driven ahead, and new workings, chiefly
to the south of the slide area, made above the gangway by a different:
‘system of mmmg from that prewously used, viz.: driving p1tchmg .
headings and counter-headmgs, on inclinations of apprommately 45
-degrees, and- then extracting as-much as practicable of the pillars
thus formed.. This is sometimes called the ‘“diamond ” system. _ -

'
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The main gangway has been ‘plished ‘southward to a total dis-

feet. -

Several years ago a slope was started from the gangway, 1,270
-feet from the mouth of the mine, to run down in the seam ona.30°

pitch (see Figure 11). After several delays this reached a point

250 feet below the gangway and thence levels were started north -and -
south with parallel airways above. The north level was stopped

. by d‘u'ectlon of the Alberta Inspector of Mmes, after correspondence
with the Director of the Dominion Geological Survey, because of
the possible existence of & deep buried, gravel-filled water course
in the valley, similar to one encountered by mme-workmgs nearly
300 feet deep at Coleman, a few miles up the valley of Crowsnest
river, .

The south level has been driven 930 :feet where a cross fault

has been encountered,- probably of. pgod%rate dlsplacement
This level and somre workings in the block above it are under

the area of the great slide. - There is no evidence of squeezing at

the pressnt time. . -

i taﬁce of 10,100 feet, measured -along ‘the seam to a faulted zone. -
‘The distance i m a straxght line from the mouth of- the drift is 9,650

The amount of coal . mmed from the ant or No. 1 mine since -

1903, as reported to- the Alberta government is as followsi:—

o JEER T ~ Tons. .,
1904, .. oL ol il e ee e oDl e 15,000
TA905.. .. it e e et e e ae e e . 90,000
1906.. ... Ll i ee e ee ey e e e 161,402

907, oo e ve vt e v ee e ee .. .. 185,001
1908.. .. .. M.l oo e .. 10,222
2909, .. oa. il v e e oo ol .. 83,880
1910.% +0 vt e iy v e me e o . 65,000

620 595

Thm tonnage has been 'mined .in, that part of the mine south
of the great slide and above the level of the main gangway. It i is
an area apprommately 6300 ‘feet long;, measured along the gang-
way, and averaged 900 feet in height up to-the outerop.’

The seam is sald not tp average as “thick in thjs general area
~-as_it did under the great slide; 10 feet is considered to be a con-
servative figure for the average thivcknesg. " On' this assumption, the

2 These figures obtained from mine map.
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total volume of the area in question is 2,100,000 cubic-yards. Figur-

ing from the tonnage-quoted above, ‘there were 548,000 cubic yards-
. of coal excavated, or 26 per cent of the whole area. . Inspection of

the mine maps indicates that some portions of the area had more
than 26 per cent mined out, but there yet remains most of the
pillars, besides large blocks immediately under the outerop.

- Since the workings above the main g'mgway, except in thenewer
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.  Readjustment will undoubtedly continue for
some time to come. Moyvement will of necessity be increased by
further "excavation. However, for reasons given elaewhere, your
Commission is of the opinion that, even if continued mining should
cause a landslf¥le from the South peak w}uch stands dxrectly above
these workings, it is hot likely to endan"er life or property, except
in the case of passefs-by on the road in the valley or more remotely

" .to the track or passing trains on the Canadian Pacific rallway.

. . .

- Wonmms IN THE SHAFT (No. 2) MiNE.

- As mentioned, previously, the shaft is located 3800 feet morth

- of the mouth of the drift mine, and_may or may not .be working

in the sume,seam. It has been sunkto a depth ~of 830 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
from the shaft, and has stopped in a fault, probably < ofsmall d'm-
placement. Sincé this- Jeve] Js\)dn'ected towards the low part of
the valley, its further driving has been‘stopped by *the-Alberta ov-

ernment for' the same reasons_as _cdused ‘the stoppage of ﬁm‘nerﬂi -
Jevel from the slope of No. 1 mine, ., naniely; the danger of encounter-

ing a‘buried water cham}el Northl from the shaft the 330 -foot . .
levél has been driven 2,400 feet. * The so-called smelter level which

) w1th mtermedlate levels is above it, is.in advancé of the lower. levels -
~mak1ng the farthest north workings 2,900 feet’ from the shaft. *

As mentloned previously: the seam is thinner than that- worked.

* by the drift ‘mine; it ranges. from 6 to 12 feet thlcl.. ‘with an- aver-

age of about-§ feet -

The-dip is from §5° o “90-to¢he West In going‘ north from °

tlie mouth of the drlft mme, the strlke of the seam curves sllghtly to
the east, as shown by the workmgs and by the outcrop where it

~— . 4‘,~
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crosses the flank of Goat mountain. * There are a number of minor
faults and “ horses” encountered in the workings. The system of
‘mining was first that of horizontal rooms, but latel', the “ diamond ”
system has been inaugurated. -
There have been falls from the pillars and walls and some local *
squeezes, but there are 1o symptoms of a-general squeeze.
. The output of this mine as reported to the ‘Alberta government.
is as follows:— . . R

' i ] Tons.
1909, vt v e e e e e e e e e 19,30+
1910..\.._..“..... 66,540

85,844

* This is equivalent to 76,300 cubic yards of excavation.

To obtain.an approximate-idea of the percentage of extraction, - - -

the ‘total length of-workings of the shaft mine will be averaged ‘at
8,400 feet; the depth will be considered 300 feet, which includes a
100 to 200 foot pillar under the surface; the thickness will be taken
at eight feet. The volume obtained from these ﬁgu)'es is 802,000
cubie 'yards. Dav1d'mg this into the yardage obtained from the
tonnage reported gives only 25 per cent extraction,

It must be noted, however, that’ this includes the large surface
pillars, and that the pillars - within the workings have not been
extracted to any extent. - .

All the present workings of the shaft mine are north of that

g _part of the coal seam which faces thakspecmlly dangerous area of

the North peak {see Figure 11; and Map of Turtle Mountain and
VlCIIllt,Y, showmor D‘m"er Area).-

I:FLm\cr OF Cox'nww MinixG 1x TiE Sirart MINE.

.Tt does not seem probable that mining conducted north of the
present -southern limit of the shaft mme can seriously affect Turtle
mountain. If the workings renetrate to considerable distance
northwardlv along the base of Bluff (Goat) mountain, that "presenfq
a new conmderatton . The posmon of the seai is not known more

than one-fourth of a mlle or so north of the smelter entry; but, from .

a study of the relation of . structure to t0po<rraphy in this case, we
conclude that there is no apparent danger of producnw slides from .
- Bluff (Goat) mountaxm ‘

“ . 4

144478 P . Co.
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DAvgeR 1N, CoNTINUED MINING 1N THE DRIFT MINE

The present position of ‘the mine entrance involves decided
danger both to the mine and the mihers. It was covered by the
landslide ‘of 1903, and the surface works were swept away. - Many ~
loose rocks on the slopes above threaten destruction. This entrance
should be permanently closed and a mew entrance should be made
either at the -extreme southern end of the mine, southeast of Turtle ’
mountam, .or. else entrance should be obtained underground from
the shaft mine at sufficient depth to be below posszble buried water-

- courses. :The levels should be driven in snch 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 con51derat1ons daffecting
B futu»re mmmg operatlons w:thm -the mine itself._... . . <.

L\‘FLUENCE» OF CONTI\IUED MINING IN THE DRIFT MINE Ix CAUSING
; ' SLIDES. : :

The Dxrector of the Dominion Survey pointed out in corres—
pondence Wlth the Alberta mining oﬁiclals, as already noted that
there was'an area ,of what he fermed “ 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 111\e1y to

precipitate a landslide. The northern limit of the “extreme’ danger

- zone” he ;placed at a ‘point 1,400 feet north of the drift mouth in -

territory mot yet entered by either mine. ~ He placed the southern
limit at @ point not less than 3,500 feet.south of the mouth, and
- thus coincident with the south edge of the great slide, but he made
a note on the map that “south of this point mining not. altOﬂether
safe’ !

« Your Commission fully agrees with this conclusion as to the
danger of causing slides from -continued mining in thzs area, at
least, 1f done by the ordinary methods.

HYDRAUnc PACKING

" The" only method known to your Commlssmn that would insure
‘against appreciable subsidence is that of hydraulic packing with
.sand. Thzs method is 1noreasmvly used in Germany, and with the
greatest success in preventing the snbsidence of the surface where

' P
-
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there are expensive buildings. "The settlement after packing with
ordinary sand is less than five per cent; with granulated slag settle-
ment is inappreciable, as’ it probably would be mth sharp, clean
.sand.

The use of loam and sandy clay, ashes or crushed shale is less
successful, the settlement W1th such matenal being from 10 to 15
per cent.

Tt does not appear poss1ble ‘to,employ sand filling under ordinary
commercial conditions in thes Turtle Mountam district. There are
_no ]arge bOdleS of clean sand close at hand. The only available

" source from which material could B2 obtained in sufficient quantities
"would be the sandstone at the base of Bluff (Goat) mountain. -This

* would - have to be quarried, crushed, transported to, and flushed

. into the mine. ~ The cost with the high labour costs that prevail ip
Alberta, plus repairs, renewdls; and capital charges, would add not
less than $1.25 per ton of coal extracted,.even if done on a con-
siderable scale. The cost of installing the necessary plant would
also ‘be great, so that ‘the system appears commercml]y impossible
under the competitive condxtlons of coal production m .that dxs-
triet. .

£

Dry PAGEKING.

While the use of dry packing would probably lessen the amount ,
of subsidence, the experience with the ldng-well method of mining
Bsth in America and Europe, where dry packing .is employed, indi-
cates that a settlement of 40 to 60 per cent of the thickness of the
seam must be expected. It takes several years to reach the full
settlement but any pOl'thn of. such -settlement might cause dis-
‘astrous slides. ;

If coal pillars are left,- this mere]y serves.to delay the process, °
for undér the great pressures due -to depth, shales sueh’ as here
constitute the hanging wall will “fow” and seal all openings.

~ C, Conclusions.

DANGER FrROM MINING.

Your Commxssmon,, therefore, concludes that under present com-

' ‘rhercial condltlons it-is not p0551b1e to mine within a certam area

without incurring the danger of pl‘emplt&tln"‘ a great landshde. We

place the north limit of ﬂ’llS area at the present <outh limit- of the
14447——81: gt
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- ¥
shqft-mine workings, and the south limit of the area at a point five
thousand feet south of the mouth of thé No. 1 mine. . The latter
limit has been placed so far south on account of the possibility that
mining operations should cduse a landslide from the South peak,
which in turn might cause one from the North peak, thus endanger-

_.ing the town, and the tracks and equipment of the Canadian Pacific
T- 'railway. . -

The only conditions under which mining should be carried on
in the danger area above described are: (1) The townsite should be
abandoned ‘and the risk to “the property -of the Canadian Pacifie
railway assmmed. (2) The present entrance to No. 1 (drift) mine
should be abandoned and the-mine sholild be operated by deep levels
from the shaft mine or from an opening at the extreme southern
end of the property in the vicinity of ITillerest. (3) Unusually heavy
pillars should Le left throughodt the danger arca, pziriicularly in |

the upper levels, and not more than 50 per ‘cent of the coal should -

be extracted. (4) The excavated areas should be packed.

R %

- Daxcerots NAaTerAL CAUSES.

Taking into :{écouuht: (a) the steepness of the eastern slope of
Turtle mountain, () its peculiar structure, and especially the atti-
tude of the joint plangs (planes of scission), (c)- the'possi‘bility of
internal stresses, inherited from the -period of original upheaval,
I(d) the effect of _highly possible jars 'on the delicate mechanism of
_this part‘icular mountain (jars of a moderate carthquake, like that
of 1901 in this region, lor slight settlement of the mine “workings
might b‘recirpitate a slide of the first order), (¢) the ~strong similarity
nf the conditions now to those immediatély ]ifb’é‘eding the slide of
1903, (f) the special danger to.the stability 'fhe:: North Peak block
induced by the 1903 slide, (g) the eviden¢e of the rccent develop-
-ment of fissures in thé North peak, and (%) .the, difficulty of fore-
pasting the exact ‘course of the thrzatened. slide or slides—your
Commission is agreed on the following conclusions, mamely —

. Irrespéetive of mining opéx‘ations and tecause of existing con--

. ditions only, there is danger of a disastrous landslide fror: Turtle
mountain. We are agreed that danger exists from what has hither-
to been ealled, in this report, the North Peak block. " The size and
position of this block is indicated on the “ Map of Turtle Mountain
and Vicinity shewing Danzer Area.” The 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 Iower limit of this threatening ’block
occurs ‘at the outcrop of the zone of contorted beds in the hmestope
" member (see Plate XV). . )
i We 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 Vieinity

- showing Dan"er Area” In tracing the limits of this danger, your

Commission has used the analogy of the 1903 slide .and has allowed

a fair & marfrin of safety,” necessitated- by accidental factors that
might influence the course of the threatened slide.

E\ceptmfv the North Peak .block the South Peak block, and

the ﬁssured area between them, we beheve that. the danger of heavy

- slides into the Frank. valley cannot ‘be classed as imminent. Yet

it should be ‘carefully noted’ that, in the opinion of your Com-
mission, both the estimate of the size of the tflreatening hiock and
the area likely to. be devastated have beer conservativel'y estimated
and so indicated on the “ Map of Turtle Mountain and Vieinity show-
ing Danger Area.” It is impossible to deny the existence of danger
to the part of the valley at and north of the mine shaft. We belleve,

however, that the necw Rocky Mountain Sanatormm Ties out51de the

zone. of practical danger.

As already noted, we believe that there is danoer of heavy
"slides from the bouth peak and from the fissured region just te the
north. We have not mapped their probable course, since this Would

lie practically altogether in- the alreéady mined and now uninhabited

nrea overrun by the 1903 slide. .
On account of the “dips of bedding and Jomts in fhe limestone
of Bluff (Goat mountain. as locally named), we are of opinion that

there is no practlcal danger of a first- order slide from that moun- ° ~
. tam in its.present condition (See Plate XIX). . TS

AB\\IDO’\'\[E\’T QF THE T()\\'\'-S!TF -

The present shaft and mine buxldlnn's surroundmrr it, also the
row .of houses to the northwest of it, appear to be reasonably safe”
Ifrom the effect of a slide from Turtle mountain. Practieally all
the rest of the town-site should be abandoned. Tn-the opinion of

S
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) you Commission this should be done whether the mine istoperated

in th& danger zone or not, on account of the- unstable oondltmn,
from 'nagural causes, of the North and South peaks. -

Whatever the report of this or other Commission, the town
can never be au important one on its present site, since ‘there “will
always remain the dread of another calamitous slide like that of
1903. In spite of. undou’bteﬂ individual hardship, caused by
abandomment of* the present site, the town, on a new and safe site;
nright prosper as-never before.

- . ' Réginam A. Daly,
- (Signed) W. G. Miller,
’ George S. Rice.

w?
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688, scale 2 m. =1 in T
884. Klondike gold fields, by R ‘G, McConnell 1901. Map No. 772, scale 2 m,

= 1.in .
*909 Wmdy Am;, Tagllsh lake, by R. G. McConnell 1906, Map No, 916,
e 2m, =1 in. ’
943. Upper St;:wgﬂ: rw(ler, by J. Keele. Ms,p No. 938, ; .
scale 8 m. =1 in, ‘
951. Peel and Wmd rivers, by Chas. Camsell Map No Bound together.
942, scale 8 m, =1in,
979 Klondike gravels, by R. G. McCornell. Map No. 1011, scale 40 ch. =-1 in.
. 982, Conra.d and Whitehorse mining districts, by D. D. Cairnes. 1901. Map
No: 990, scale 2 m. =1 in
1016, Klondike Creek and Hill gravels, by R. G. McConnell. (French) .Map
No. 1011, scale 40 ch.=1 in.
1050. thtehorse ?opger Belt, by R. G. McConnéll. Maps Nos. 1 026, 1,041,
1 ”
1097, Recon.nalssance across the Mackenzie mountains on the Pelly, Ross, and
Gravel rivers, Yukon, and North West Territories, by Joseph Keele. -
No. 1099;scale $m.=1in.
1011, Memou- 0. 5 (Preliminary) : on the Lewes and Nordenskiold Rivers coal
field, Yulkon, by D. D. Cairnes. Maps "Nos.. 1103 and 1104, scale
2m, = 1in

)

- " BRITISH COLUMBIA. - 0
212, The Rocky mountains (between latitudes 49° and 51° 30’) by G.: M. Daw-

¢ son, 1885 Map No. 223, scale 6 m.=11n, Map No. 224, scale 13 .

m, =
*235. Vancouver 1sland, by G: M. Da.wson 1886 Map No.-24%, scale 8 m, =
in..

1i
236. The Rocky mountains, geological structure, by R. G. McConnell, 1886.
p No, 248, scale 2 m, =1 in.
263. Cariboo mining dxstnct b%A Bowman. 1887. Maps Nos. 278-281.
* *271, ‘Mineral wealth, by G. M, Dawson.
#2904, West Kootenasr district, by G. M. Dawson. 1888-9, Map No. 303 scale.

8Sm, =
*573. Kamloocg? d";lsn;rlct‘,1 by G. M. Dawson. 1894, Maps Nos. 556 and 557,
e 4 m, =1in. -
574. Finlay-and Omineca rivers, by R. G McConnell 1894. Map No. 567 ~
. scale 8 m. =1 in. -

¢, - b
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743, Atlin Lake mining division, by J. C. Gwillim. 1899, Map No. 742, scale

4m. =1i
939. Rossland dxstnct b{_\.’R w, Brock Ma.p No. 941, scale 1,600 ft. =1 1in,
*940, Graham island, by . Ells; Maps No. 921, scale 4 m, =1 in;

No. 922, seale 1 m. =1 in,
986. Slmlkameen dlstrxct by Chas, Camsell. Map No. 987, scale 400 ch. =1 in.
988. Telkwa river and v:cm)ty by W. W, Leach. ap No, 989 scale 2 m. =1 in.
996 Nanaxmo and New Westminster districts, by Q. E LeRoy 1907, Map .
No 997, scale 4.m. =1 if.

1035 Coal-fielde of Manitoba, Saskatchewan, Alberta, and Ensteérn British

Columbia, by D.. B. Dowlin

' 1093. Geology, and Ore Deposits of Hed| %ey Mining district, British Columbia, by -

Charles Camsell. Maps Nos. 1095 and 1096, ‘seale 1,000 ft.=1in.; -

No. 1105, scale 600 ft. =1 in.; No. 1106, scale 800 ft.=-=1 in.; No.
1125, scale-1,000 ft. =1 in. .

ALBERTA . ‘ P
*237, Central porti(lm, by J. B. Tyrrell. 1886. Maps, Nos. 249 and 250, scale

m
324. Peace and Athabaskn Rivers dlétnct byR G. McConnell 1890-1. Map
-336, scale 48 m. =1 i

No. ce.
- 708, Yellowhea.d Pass route, byJ McEvoy. 1898. Ma.p No.646 scale Sm. =

*949 Casca.de coal fields,” by D. B "Dowling. Maps (8 sheets) Nos. 929-936,.
. scale 1m. =1 in,
968. Moose Mountam district, by D. D, Cairnes. Maps No. 963, scale Z2m.,=
11in.; No. 966, scale 1 m, =1 in.
1035. Coal-fields of ‘Manitoba,
- - umbia, by D. B, bowh Map No, 1010, seale 35 m. =1 in.

10358. French translation of coa.l-ﬁelds of Ma.mtoba Saskatchewan, Alberta, and

Egstem Blntxah Columbia, by D. Dowlmg Ma.p No. 1010, scale

m. = 1in

1115 Memmr No. 8-E: Edmonton coal-field, by D. B. Dowlmg Maps Nos.

1117-5A and 1118-64, scale 2640 ft. =1 in.

1130. Memgir No. 9-E: Bighorn coal basin, Alta., by G. S -Malloch. Map No
1132, scale2m 1in. -

1211, Memoir No. 27. Repoft of Commission appointed to inv estlga.ie Turtle
mountam, Frank Alta., 1911, A

SASKATCHEWAN. " -

Nos. 225 and 226, scale 8 m. =}

601. Countg between Athabaska lake and Churclull river, by J. B, Tyrrel and

Dowling. 1895, Map No. 957, scale 25 m. =1 ir.
R868. Souris Rlver coal-fi d by D. B. Dowlmg. 1902.
1035, Coal-fields of Mamtoba, askatchewan, Alberta, and Eastern British Col-
umbla., by D, B. Dowh.ng. . Map No. 1010, scale 35 m. =1 in.

MANITOBA.

. 213 Cypress "bxlls and Wood mountain, by R. G. McConnell. i885 - Maps .

264. ‘Duck and Riding mountams, by J."B. Tyrrell, 1887-8. Map No. 282

scale 8,m. =1 in,
296. Glacial Lake Agassiz, by W. Up ham. 1889. "Maps Naos. 314, 315,.316,
325. Northwestern portion, by J. B. Ty.rrell 1890-1. _ Maps Nos. 339 and 350,
. scale 8 m. =1 in.
704. ‘Lake Winnipeg (west shore), byD B. Dowling. 1898.] .

‘ Map No. 664, seale 8 m, =1 in, { Bound to“gether

705. Lake Wmm eg (east shore), by J. B. Tyrrell. 1898. |

Map No. 664, scale $m. =1 in. L f
1035. Coal-ﬁelds of Mamtoba. Saskatchewan, Alberta, and Eastern British Col-

v umbia, by D. B. Dowhng Map No. 1010 scale 35 m. =1 in.-

NORTH WEST TERRITORIES.

217. Hudson bay and strait, by R. Bell. 1885. Map No. 229, scale 4m. =1 in )

»
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'238.
244,

267,
678.

*584,
618

657.
680.

713.

725.
778.

786~
815

81 9
905.
1006.

1080.
1069

1097.

- R - . . 4
Hudson bay, south of, by A. P. Low, - 1886. . .
Attawapiskat and Albany rivers, by R. Bell. 1886.

Northern portion of the Dominion, by G. M. Dawson. 1886. Map
No. 255, scale 200 m. =1 in.

James bay and country east of Hudson bay, by A. P. Low. .
Red lake and part of Berens river, by D. Dowlmg 1894 Map No.
576, scale 8 m. =1 in. .
Labraggr penimnla, by A. P, Low 1895. Maps Nos. 585-588, scale
m. ==1 in, to .
Dubawnt, Kazan, and Ferguson rivers, by J B. Tyrrell 1896. Map No.
603 scale 25 m, =1 in. -
Northern, portlon of the Labrador peninsula, by A. P. I'ow .
Soutlr Shore Hudson strait and.Ungava bay, by A. P, .-
Low. Map No. 699, scale 25 m. =1 in. Bound together.
North Shore Hudson strait and Unga.va. bay, by R. .
Bell. Map No, 699, scale 25 m. =1 in. .
Great Bear lake to Great Slave lake, by J M. Bell. . 1900.
East coaslt. gudsozll bay, by A. P. Low. 1900, Maps Nos. 779, 780, 781
‘scale 8 m.=
787. Grass River reglon, by J. B Tyrrell and D. B. Dowling. 1900.
Ekwan river and Sutton Jakes, by D. B. Dowhng 190t, Map No. 751
. scale 50 m. =1 in. K
‘Nastapoka islands, Hudson bay, by A. P. Low. 1900. N
The Crui<e of the & eptune, by A. P. Low.
Report_of a Traverse through the’ Southern Part of
the North West Temtones. from Lac Seul fo Cat
- lake, 1902, by A. W. G .
Report on a Part of the North West Territories, } Bound together.
drained by the Winisk and Upper Attawapiskat o
ngem, bly W, McInnes. Map No. 1089 scale
m, = 1in, e
French translation report on “an explomtmn of the East coast-of” Hudson
bay, from Cape Wolstenholme to the south end of Ja.mes bay, by
A.’P. Low. Maps.Nos. 779, 780, 781, scale 8 m.=1 in.; No. 7
seale 50 m. =1 in,
_Reconnpaissance across the Mackenzie mountains on the Pelly, Ross, and
Gravel rivers, Yukon, and North ‘West Territories, by Joseph Keele
Ma.p No. 1099, scaleSm =1 jm. - CR 5 °
- 5 4

- ONTARIO: - . =~

215.-Lake of the Woods region, by A. C.Lawson. 1885, Map No. 227, scale

*265.
266.
326
327.
332.

357.
. 627.

678.
723.
*739.
1741,

-790.
961.

———

2m, =1 in.
Ra.my ;Lake reglon, by A. C. La.wson. 1887.” Map No. 283 scale 4 m. =

Lake Supanor mmes and mining, by E. D. Ingall 1888. Maps No. 285,
scale 4 m.—=1 in.; No. 286, scale 20 ch.=1 in
Sudbury mmmg dlstnct by R. Bell. _1890-1. Map No. 343, scale 4 m

=] i .
Hunte{ lsland by W. H. C. Smith. 1890-1 Map No. 342, scale 4 m.=
-Natural g?;i S;md Petroleum, by H. P. H. Brumell. 1890-1. Maps Nos.

chtoma, ‘Peterborough, and Hastings counties, by F. D. Adams. 1892-3,

On the Flrench River sheet, by R. Bell. 1896, ap No. 570, scale 4 1.
=1-in

Seine river. and Lake Shebandowan map'sheets, by ‘W. McInnes. 1897.
Maps Nos. 589 and 560, scale 4 m. =1 in.

Iron deposits along the ngston and Pembroke rallway, by E. D. Ingall.
1900. Map No. 626, scale 2 m. =1 in.; and lans of 13 mines.” -

Carleton, Réxssell z;.nd Prescott counties, by R 1899. (See No.

uebec. -

Ottawa and vicinity. byR ‘W. Ells.. 1900.

Perth sheet, by R.W. Ells. 1900. Map No. 789, scale 4 m.=1 in.

Sudbury'N. ickel and Coplper deposits, by A E. Barlow." (Reprint.) Maps

- Nos. 775, 820, scale I m. —1 in.; Nos. 824, 825, 864 swle 400 ft. =

1in,
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962.
965.
977.
980,

1081.

" 992.

998,
999,
- 1038,

© 1059.

1075.
1082.

1091.
1114.

1119,

216.
240.
268.
297,
328,
579.
. _1591
670.

707,
*739.

- 788,
863

923
962.

974,
975,
998,

's B .

Nipissing and Txmxskammg map-sheets, by A. E. Barlow (Reprint).
Maps Nos. 599, 606, scale 4 m.=1 in,; No. 944, scale 1 m.=1 in.
Sudbury Nickel and Copper deposlts, by A. "E. Barlow. (French).

. Report on Niagara Falls, by J. %eincer Maps Nos. 926, 967.

Report on Pem ke sheet, by R. W Map No. 660, scale 4 m. -=1 in,

Geological reconnaissance of a portion of Algoma and

. Thunder Bay district, Ont., by W. J. Wilson. ]
Map No. 964, scale 8 m. =1 ’in, Bound together

On the re$ou lying north of Lake Superior, between

. the Pic and Nipigon-rivers, Ont., by W. H. Col- |,
dins. ENO 964, scale 8 m. =1 in,

Report on Northwestern Ontano. traversed by National Tmnscontxnental
railway, between Lake prxgon and Sturgeon lake, by W, H. Collins.
Map o. 993, scale 4 m. =1 in,

Report on Pembroke sheet, by R. W, Ells. (French.) Map No. 660,
scale 4 m. =1 in.

French translation Gowga.nda Mxmng Division, by W. H. Collins. Map
No. 1076, scale 1 m. =1 -

French translation report on the Tra.nscontmental Railway location
between Lake Nlpxgon .and Sturgeon lake, by W. H. Collins. Map
No, 993, scale 4 m =

Geologmal reconnaissance of the refon traversed by the National Trans-
continental railwa; M)ar between Lake Nipigon and Clay lake, Ont., by
‘W. H. Collins, p No. 993, scale 4 m =1 i

Gowganda Mmmg Division, by W. H. Collins. Map No 1076, scale 1 m,

Memon' No 6 Geology of the Haliburton and Bancroft areas, Ont , by
Frank D. Adams and Alfred E. Barlow. Maps No. 708, scale 4 m.
=1 in.; No. 770, scale 2 m. =1 in,

Memoir No. 1: On the Geology of the Nipigon basiri, Ont., by AW, G,
Wilson. "Map No. 1090, scale 4 m.=1 in,

French translation: Geolog}cal reconnaissance of a por-
tlon of Al&lgma and Thunder Bay district, Ont.,
by W ilson. Map No. 964, seale S m. ‘=lin,

French translation: On the re%on lying north of Lake } Bound togecher. :
Superior, between the Pic and Nipigon rivers,

Ont , by W. H. Collins. Map No. 964; scale 8
J

m. =1n.
QUEBEC

‘Mbtassml exped:tlon, by A, P. Low. 1884-5, Map No. 228, scale 8

m.=1in

Compton, Stanstead Beauce, Rxchmond -and Wolfe countnes, by R..W,
Ells, 1886. Map No. 251 (Sherbrooke sheet), scale 4 m.= 1ih. -

Megantic, Beauce, Dorchester, Levis, Bellechasse, and Montmagny counties,
by R. W, Ells. 1887-8. Map No, 287, scale 40'ch.=1in

Mineral resources, by R. W. Ells. 1889. -

Portneuf, Quebec, and Montmagny countxes, by A. P. Low. 1890-1, - .

Eastern Townshlps Montreal sheet, by R. W. Ells and F. D. Adams
1894, Map No. 571, scale 4 m. =1 in.

Laurentna.n area north of the Island of Montreal, by F, D Adams. .1895,
Map No. 590, scale 4 m. =1 in;

Auriferous dep051(:s, southeastern portion, by R, Chalmers 1895, Map
No. 667, scale 8 m =1 in -

Eastern Townships, Three Rivers sheet, by R W. Ells 1898, -

Argenteuil, Ottawa, and Pontiac countles, by R. Ells. 1899, (See

.~ No. 739, Ontario).

Nottaway basm by R. Bell, 1900 *Map’'No. 702, scale 10 m. =1 in.

Wells g_}lslés!‘_aénd of Montreal, by F. D. Adams, 1901 Maps Nos. 874

‘Chibougamau regioft, by A. P. Low. 1905, .

T:mlskammg map-sheet, by A. E. Barlow. (Reprmt) Maps Nos 599
606, scale 4 m. =1 in,; No, 944, scale 1 m,=1 in,

Report on. Copper-bearing. rocks of Eastern, Townships, by J. A. Dresser

p No. 976, scale 8 m. =1 in,
Repot(; on Cag:per-bearmg rocks of Eastern Townships, by J. A, Dresser.

Report on the Pembroke sheet, by R W. Ells. (French).
*Pubhcatlons marked thus are out of print.
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1028. Report on.a Recent stcovery of Gold near Lake Megantic, Que., by J. A
Dresser. Map No. 1029, scale 2 m. =1 in,
1032 Report on a Recent Dlsco\'ery of Gold near Lake Megantlc, Que,, by J. A,
- Dresser. (Freuch), Map No. 1029, scale 2 m. =1 in.
1052 French translation report on Artesian wells in the Island of Montreal, by
Frank D. Adamsand O. E. LeRoy. Ma.ps No. 874, scale 4m. =-l in.;
No. 375, scale 3,000 ft. =1 in.; No. 876.
1064. Geology of an ’Ares aé]ommg the East Side of Lake Timiskaming, Que.,
by Morley ‘E. Wilson..” Map No. 1066, seale 1 m.=1 in.
_ 1110. Memoir No. 4: Geological Reconnaissance along the line of the National
ranscontinental railway in- Western - Quebec, by W. J, Wilson.
Map No. 1112, scale 4 m.=1 in.

1144, Reprint of Summa.ry Report on the Serpentme ‘Belt of Southem Quebec by -
J. A, Dresser.

- ) NEW BRUNSWICK. -

218. Western New Brunswick and Eastern Nova, Scotia; by R. W. Ells. 1885
Map No. 230, scale 4 m. =1 in.

219, Carleton and thona. counties, by L. W, Bailey. 1885. Map No.' 231
scale'4 m. =1 in.

242, Victoria, Restigouche, and Northumberla.nd counti¢s, N.B., by.L. W,
Bailey and W. McInnes. 1886. ]? No. 254, scale 4 . =1 in.

269. Northern portxon and adjacent areas, by Bailey and W, McInnes
1887-8. » No. 290, seale 4 m. =1 in.

330. Temiscouata and imouski countxes, by L. W. Baxley and W McInnes.
1890-1. Map No. 350, scale 4 m. =1 i m .

661, Mineral resources, by L: W. Ba.lley 1897. N01675 scale 10 m.= 1

in. New Brunswick geology, by R. W E s
799. Carboniferous system, by L. W, ﬂey. -1900.

;  803. Coal prospects in, by H. S. Poole 1900, . {Bound together,

983. Minera] resources, by R. W. El - Map No. 969, scale 16 m.=1in. -
1034. Mxneral resources, by R. W. Ells (French).- Map No. 969, scale 16.m, =

1113. Memoxr No 16-E: Tbe Clay and Shale deposits of Nova Stotia and
portions of New Brunswick, by H. Ries and J: Keele Map
1153, scale 12 m.=] Jn.

NOVA SCOTIA. J - )

243 Guysborough %ﬂgomsh Pictou, Colchester, and - Halifax counties, by

Hugh Fletcher and E. R. Faribault. 1886

331 Pictou and Colchester count,les, by H. Fletcher. 1890-1.

' 358. Southwestern Nova Scotia (preliminary), by L, W. Bailey. 1892-3. Map
No. 362, scale 8 m. =1 in,

628 Southw&stem i\]'ova Scotia, byL W. Bailey.” 1896. Map No, 641, scaleS
685 Sydney coal-ﬁeld by H. Fletcher.

5

.
'

Maps Nos. 652, 653, 654, scale 1m. =1

797, Ca.mbnan rocks of C: Hpe Breton; by G. F. Matthew. 1900 '
871. Pictou coal-field, by H. S: Poole, 1902, Map No. 833, scale 25 ch. =1 in.
1113, Memoir No. 16:E:. The Clay and Shale deposits of Nova Scotia and .

. - portions of New Brunswxck by H. Rles and J. Keele. Map No.
H 1153, scale 12 m.=1i
AN

N MAPS.

B L0

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

-

- YUKON:

P

: 1"805 Exploratlons on Macmxlla.n, Upper Pelly, and Stewart rivers, scale 8 m,=1

891, Portxon of Dunca.n Creek Mining district, scale 6 m, —1 in,
894, Sketch Map Kluane Mmmg district, scalé 6 m. =1 in.
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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. N
991, Tantalus and Five Fingers coal mines, scale 1 m.=1in. - .
1011, Bonanza and Hunker creeks. Auriferous gravels. Scale 40 chains=1 in
1033. Lower Lake Laberge and vicinity, séale 1 m. =1 in.
1041, Whitehorse Copper belt, scale 1 m, =1 in, "
1026, 1044-1049. bitehorse Copper belt. Details. PRI
.1099. Pelly, Ross, ahd Gravel rivers, Yukon and North West Territories.

Scale 8 m. =1 in. o

1103.. Tantalus Coal area. Scale 2 m.=1 in.
1104. Braeburn-Kynocks Coal area. Scale 2 m, =1 in.

BRITISH COLUMBIA,

278. Cariboo Mining district, scale 2 m, =1 in,
- 604.. Shuswap Geological sheet, scale 4 m. =1 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 Striee, scale 4 m. =1 in,
*792, West Kootenay Geological sheet, scale 4 m, =1 in,
828." Boundary Creek Mining district,.scalé 1 m. =1 in,
890. Nicola coal basin, scale 1 m. =1 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 ch. =1 in
989, Telkwa river and vicinity, scale 2 m, =1 in, o . -
997. Nanaimo and New Westminster Mining division, scale 4 m, =1 in,
1001. Special Map of Rossland. Topographical sheet. Scale 400 ft.=1 in. -
1002. Special Map of Rossland, Geological sheet.' -Scale 400 ft, =1 in.
1003. Rossland Mining camp..” Topographical sheet. Scale 1,200 ft. =1 in,
1004. Rossland Mining camp. Geological sheet. Secale 1,200 ft. == 1in,
1068, Sheep Creek Mining camp, Geological sheet. Scale 1 m, =1 in,
1074. Sheep Creek Mining camp. To’Fographical sheet. Scale 1 m, =1 in.
1095. 1A.—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 nﬁ 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. Secale 400 ft.=~1 in. (Advance sheet.)
1164. 28A.—Portland Canal Mining district, scale 2 m.=1 in. :
R Beaverdell sheet, Yale district, scale 1m.=1 in. (Advance sbeet.)
Tulameed sheet, scale 1 m.=1 in, (Advance sbeet.)

ALBERTA. ' C

"594-596. Peace and Athabaska rivers,.scale 10 m. =1 in.
*#808. Blairmore-Frank coal-fields, scale 180 ch, =1 in.
892. Costij coal basin, scale 40 ch. =1 in.,
929-936, cade coal basin, Scale 1 m. =1 in, P .
963-966. Moose Mountaift region. Coal Areas. Scale 2m, =1 in, -
1010. Alberta, Saskatchewah,afid Manitoba. Coal Areas. Scale 35 m.=1 in
1117, 5A.—Edmonton. (ToPography). Scale # m.=1 in.
1118. 6A.~Edmonton. (Clover Bar Coal Seam). Scale 4 m. =1 in.
1132. 7A.—Bighorn coal-field. Scale 2 m. =1 in. . . :
Portion of Jasper Park, scale 1 m.=1,in. (Advance sheet.)

2

@

) SASKATCHEWAN. T :
1010, Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. =1 in,

4

MANITOBA.

804. Part of Turtle mountain showing coal areas. Scale 1} m, =1 in.
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas.” Scale 35 m.=1 in

*Publications marked thus are out of print
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- : @OR'I:H WEST TERRITORIES. *

1089. Explored routes on Albany, Severn, and Winiék rivers, Scale 8 m =1 in.
1099. Pelly, Ross, and Gravel rivers, Yukon and North West Territories. Scale

81m. =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, i
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. N
570. French River sheet, scale 4 m.=1in . . X [
#589, Lake Shebandowan sheet, scale 4 m. =1-in. 3
599, Timiskaming sheet, scale 4 m. =1 in. (New Edition 1997). . -
605, Manitoulin Island sheet, scale 4 m. =1 in -
606. Nipissing sheet, scale 4 m. =1 in, (New Edition 1907).
660. Pembroke sheet, scale 4 m, =1 in. :
663. %fnace sheet, scale 4 m, =1 in.
708.' Haliburton sheet, scale 4 m. =1 in. .
720. Manitou Lake sheet, scale 4 m. =1 in.
*750. Grenville-sheet, scale 4 m. =1 in, -
770. Bancroft sheet, scale 2 m.=1 in.

775._Sudbury district, Victoria mines, scale 1 m, = 1 in._

#789, Perth sheet, scale 4 m. =1 in, ; -

820, Sudbury district, Sudbury, scale 1 m. =1 in. .

824-825. Sudbury district, Copper Cliff mines, scale 400 ft. =1 in, -

852, Northeast Arm of Verxmﬂ‘ ion Iron ranges, Timagamij, scale 40 ch =1 in
"864, Sudbury district, Elsie and Murray mines, scale 400 ft. =1 in. °

903, Ottawa and Cornwall sheet, séale 4 m,. =1.in. .

944, ‘Preliminar{d}gap ‘of Timagami and Rabbit lakes, scale 1 m. =1 in.

964, Geological Map of parts of Algoma and Thunder bay, scale S m.'=1 in,
1023, Corundum Bearing Rocks. Cemntral Ontario. Scale:174 m.=1 in,
1076, Gowganda Mining Division, scale 1 m.=1in. -
1090. Lake Nipigon, Thunder Bay district, scale 4 m. =1 in
QUEBEC. . . .

#251. Sherbrooke sheet, Eastern Townships Map, scale 4 m. =1 in. - :

287. Thetford and Céleraine Asbestos district, scale 40 ch. =1 in.
- 375. Quebec sheet, Eastern Townshigls Map, scale 4 m. =1 in.

#571. Montreal sheet, Eastern Townships sheet, scale 4 m. =1 in.

#*665. Three Rivers sheet, Eastern Townships Map, scale 4 m. =1 in.

667. Gold Areas in southeastern part, scale 8 m. =1 in. J

*668, Graphite district in Labelle county, scale 40 ch. =1 in.

918, Chibou, u region; scale 4 m. =1 in. -
976. The Older Copper-bearing Rocks of the Eastern Townships, scale 8m- =1ia

1007. Lake Timiskaming region, scale 2 m.=1 in.

1029. Lake Megantic and vicinity, scale 2 m.=1 in.’ B

1066. Lake Timiskaming region. Scale1 m.=1 in. .

1112. 12A—Vicinity oi; the l\Tlat_ionq.l“Transcontinental railway, Abitibi district,

Y scale 4 m.=1in. * - | -

1154. 23A—Thetford—Black Lake Mining district, scale,1 m.=1n.

- Larder lake and Opasatika lake, scale 2 m.=1 in. (Advancesheet.) * .
. Danville Mining district, scale 1 m.=1 in. (Advance sheet.)

,

- ° NEW BRUNSWICK.

*675. Map of Principal Mineral Occurrences. Scale 10 m. = 11n.

' 969. . Map of Principal Mineral Localities. - Scale 16 m. = 1 in, .
1155. 24A—Millstream Iron deposits, N.B., scale 400 ft.=1 in.
1156. 25A—Nipisiguit Iron deposits, N.B., scale 400 ft.=1 in. -

+ *Pgblications marked thus are out of print.

- ~ N ‘ ..
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.\OVA SCOTLA.

*R12. Prehmmar{ J, of Sprlnghlll coa.l-ﬁeld scale 50 ch. =1 in, L
833. Pictou coal-fiel 25 ch. =1 :
897. Prellmzusmrg' Gt;ological Plan of Nxeta.ux and Torbrook Iron dxstnct, scale
ch, =1 in,
927, General Map of Province showing gold districts, scale 12 m, =1 in.
937. Leipsigate Gold district, scale 500 ft.=1 in.
- 945, Hamga.n Gold district, scale 400 ft. =1 in. :
995, Mal: Gold district, scale 250 ft. =1 in, °
1012, Broo ¢eld Gold district, scale 250 ft, =1 in,
1019 Halifax Geological sheef. No. 68. Scale 1 m, =1 in. |
1025. Waverley Geological sheet. No. 67. Scale 1 m.=1 in.
1036, St. Marga.ret. Bay Geological sheet. No. 71, Scale 1 m.=1 in.
I037. Wm sor Geolo?lca.l sheet. No. 73. Scale 1 m.=1 in. -
spotogan Geological sheet. No. 70. Sc&l‘e 1m.=1in, oL
:1153 22 —Nova Scotia, scale 12 m.=1 in.

Note.—Individual Maps or Reports will be furnished free to bona fide

Canadian applicants.
. Reports and Maps may be ordered by the numbers prefixed to titles.
Applications should 'be addressed to” The Director, Geological Survey.
- Department of Mines, Ottawa.

% *Publications marked tbus, are ‘out of print.

<

s

144479 o L .



a

s







>3

s



hoa

~



7

e et s et § e hb ks e 8

N

Section 9

- Section 7

!

!
f
|
]
i
i
v
{
3

a4 e 8

4. Section 8

L s S

Section §
Section 5

LI L

Section 4
Section 3

5

Section 2
Section |

ALBERTA

URTLE MOUNTAIN AND VICINITY

2K

by Geolagical Survey

d(in charge)

Trails

-

”Rhailwa}'

[N g
> Mine tramways

| |
Shaft houses

=
i po— :
SNV

MTr;e Ennals
=
Ef:‘?—/;

Comtours

‘showng I8nd 1arms and
arevdliohs sbove sez-leovels

irnterval 20 feer
. o !
St

Depncssmn conttours

Mine dumps

-4
H

o .
Main fissures in mourtain

. AN ) . “ . . i o ) ) " - . - ¥ oo A .
To accompany Report of the Commission appointed -

: n | ‘ » J
| AP - - .
* | to investigate the condition of Turtle Mountain, 1911 : c - : L |
g | Scale. 800 feet tolinch . . : : . o ]
R - . P Feet . N ’( N . . : R - . !
; D22 L 7 - soo - -~ redr 00
.‘[ B e A e e, A e = : > oo 22 E T - i
i .









1 N 4
] -m‘w
o7 % _ £ 4 :
. B . @ , M ) . W ’ '
\ T N N - i) @ , N .w . ' Q i \
= — il “ g e 8 Ser 18k o ;.
2 Gl THIRTTIE Qg Ve MR AR R [T \
g m 2 0 3 By e 13 i€ 35e 9Ol %ls . 118 '
g = 13 A TR - LRSI S 8 |\
v A f g | - ' 4 E33% e : \
BT RURE ST KA I - I B ) & I'g 3398 g | .,"_e 5 i lo
w s DO AR IS LR ST Mw_e P s | 5 o3t R 2718
. L b Lo I A Sde ol boese Lo 8. el _Jg L._Ig 0 Lo
- T g @ = 8y ¢ = ¢ ul
t 8 - s¥
o ! s w. £
a &
B M !

_\ﬁwﬁw\t .
A \\\\\ ;

7

1

1o
i

[/

v by Gealaglc;al Surve,

| uo1393g -

3 w Ls‘(-y

7 4

/)
%?féjd,{{n charge)

Topao,

=Aenr

ountain, 1911

ion appointed’

pL

g uo1IYag

‘o :o_vu,mm -

. G uvoi10ag -

9 uonoag .|

Cy ___o._pom,m N

g uonoag

4 . & 1B o
X \ y ! R 4
. 4 3 X 3 : ¢ TR
# g4 < R . - kL . a
. / e v v ] ] WY N L 5
q » h \ W N
i “ u 0 D ) ! ’ R
7 i - B i o M
\\ . ! 5y W e T RS 4
-’ s 1 ) &) - A
uo1199 . ; ; , N1 - : - .
g "/ /) . gLy B \ 13 AN AN’ o q .
£y > < s - B [ d 4 ;s ' - ' N
= i § y 4 ? . . \
. 7 S~ N | £ ® b ‘
. *, 40 = 4 a4 " o
N X Lo = EXONG ! R Al )
f - Wt L @ & & N WE TS - N .
g r 7 Y, ) 4 e ) o .- y
s \ % \ 3 \ ol
- - | /4 «
3 2 & 1
/ g
” 7 hJet b
. T o '
!

w/x\

\)
B
AR

6 uoirag

0
S 3 2\ W%@\ \ N #__.f

TOPOGRAPHY

.»oo“.»
3,

AN

=

A _//ﬂ%;

¥
\

{\
X &
)

4.

.w

VTR
A

“ TURTLE MOUNTAIN AND VICINITY
- -~ ALBERTA L

Report of the Commiss

[(SHOWING DANGER AREA)

To accompan

ate the condition of Turtle M

Ly

to investig

Scale. 800 feet to1 inch
- Lo Feet - -
Serer

‘e

T oo

°

LEGEND
; Area of rock now |
m in danger af sliding -
o ( Narth Peak black)
¥ Acea of rock which
fell Apmi 29,1903

g,
3]
A



-~

FICHE 3 NOT REQUIRED



