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GEOLOOY OF THE TEST ENTRY, 

A-NORTH MINE, MICHEL, BRITISH COLUMBIA 

Terms of Reference 

At the request of the Director of the Mines Branch, Department 

of Mines and Technica 1 Surveys, the writer made a detailed study 

of the geology in and around the teat entry* being driven in 

A-North Mine, ~~ichel, Brl tieh Columbia, with a view to a asessing 

the relationship between the rock fabric and the type of roof 

support that might be us ed safely and economically within the 

domain of that mine. 

Chronology 

The entry was begun with the continuous miner on three 

shifts on October 22, 196.? and completed November 1. No work 

waa done on the \'TG ekend of October 26-27. Prior to completing 

the inbye half, the entry was connected by a slant wi t h t he belt 

road (See Figure 1). A second connection about 65 feet from the 

face was made on November 6, five days after completion of the 

entry. Geological studies were conducted bet\-1een November 6 

and 8 , 1963. 
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Geological S cttin~ 

The A-North Mine is in A aeam, approximately 400 feet strati

graphica lly below the top of the Jura-Cretaceous Kootenay l<'orrnation. 

The ee!rnm may be aa much as 22 feet thick (Newmorch, 19~~. p. 92), 

although it ie known to thin to ae little ea 6 inches in some parts 

of A-North Mine. 

The workings occur in south-dipping beds of the en echelon 

fold system in .Mesozoic rocks of the Fernie Baain. Faulting at 

the stratigraphic level of A seam ia for the moat part limited to 

detachment surfaces at the top and bottom of the coal seam, to 

extension and contraction faults with stratigraphic separations of 

a few inches and to differential movement of e few inches on joint 

surfaces ("joint-faults") in directions ranging from parallel to 

perpendicular to the stratigraphic layering. Extension faults 

predominate. 

The primary depositional fabric of the coal seam has been 

largeiy destroyed through sheor consequent upon interstratal slip. 

Shear surfaces and drag-folds in the coal, although not indicative 

of a consistent kinematic pattern, confirm a relative eastward 

motion of roof over coal and of coal over floor in the area of th~ 

mine. Lineations on roof and floor, moreover, trend easterly end 

on the average parallel the strike of the coal seam. These data 

are incompatible with an U? dip motion of bonging-wall beds with 

respect to foot-wall and may w:ill support Crabb's suggestion (1957, 

p. 83) of' an eostward bodily transport of the Fernie Basin. 
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Pinching end ewelline; of A seam appears to be a tectonic rather 

· than a depos itiona l phenomenon (J. Crabb, persona l communica tion, 196)). 

Ar eas wher e th0 sesm is thin are unpr edictable i n occurr ence and in 

some ina t nncee at l ea st were observed to be in ass ociation with local 

shortening of the flo or or roof a l onrs contraction faults. Such 

f aults ar e commonly, but not always, traoea ble fr om t he f loor or roof 

through the coal i nto their counterparts on the opposite s i de of t he 

seam . The f act t ha t exte 1aion f a ults on the other hand are rarely 

traceable across the seam wo uld su~ge st tha t within t he ar ea of 

observation extens i on f au l t s ar e i n gener s l older and have been 

offset on detachment surfaces at t he coal-rock interface as a 

consequence of interbed slip. 

Polished and .striated bedding surfaces observed within a few 

feet of the roof and floor of the s eam indicate moreover that inter

bed slip was not limited to coal-rook interfaces but t ha t it must 

have taken place for some stratigra phic interval on either side. 

A thin, highly sheared rider seam occurs within a stratigr aphic 

interval of 20 f eet of A seam.- It is a detac hment zone, allowing 

heavy roof conditions and ultimate collapse of the strata between 

it and A seam in areas where more than a bout 60 per cent of the 

coal support has baon removed. 

Natural jointing in the roof and floor roc !<e pervades t he 

ar ea of t he mine. In order to ass ess the possibili ty of a joint 

eubfobric common to the entry and to other ar eas of the mine, two 

locations wer e selected along No. 1 Level, Location I approxi mately 

2,500 f ee t outbye of tho entry and Location II ap pr oximately 1, )00 

feet out bye (Fi.e; ur o 1). In both instances joint rnea sur er:ients were 

made in the firet two to thr ee f eet of floor rock in ar eas where 

A seam had been tectonically thinned and the subjacent strata had 



been brushed. The joints commonly ranged from perpendicular to 

subperpendicular to the layering , a feature characteristic of 

pre-Laramide, systematic joints. They have under gone external 

rotation as a consequence of the Laramide deformation. A few dip 

as little as 60 degrees to the layering and may well be tectonic 

in origin. 

The joint subfabric diagrams have been contoured according to 

the method propos ed by Kamb (1959, PP• 1908-1909) in order that 

orientations of joint surfaces of statistical significance may be 

ascertained. The area A of the counter used in the conventional 

(Schmidt) contouring method ie so chosen that if the population 

N lacks preferred orientation, the number of points E expected to 

fall within the area A is one times the standard deviation C(E) 

of the number of points n that will actually fall within the area 

for random sampling 1. e. G"(E)/E=-1. The expected density E of 

joint poles for no preferred orientation is therefore lx G( E) and 

areas within the 3 C(E) contour say, are likely to be significant. 

Two joint eets predominate at Location I (Figure 2), the one 
0 0 0 0 

with a mean attitude of 285 , 75 NE, the other 013 , 80 NW for 
0 0 

beds with an attitude of 297 , 17 SW l Both sets consist 

predominantly of planar surfaces with spacing s r ang ing from 3 to 

12 inches. 

Joints at Location II on the other hand are not readily 

divisi ble into principal sets although from Figur e 3 it is apparent 

that there is a preferred orientation of surfac es with an attitude 
0 0 0 0 

of 335 , 80 NE for beds with an attitude of 285 , 15 SW. Scattered 

poles in the lower part of the diagram have approximately the same 
0 

orientation as the set at Location I which strikes 285 • There is 

however no positive correlation of joint set s between thes e two stations. 
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Geology of the Entry 

A geological sketch map of the roof of the entry on a scale 

of one inch to 10 feet was prepared (Figure 11) from observations 

taken November 5 and 6, four and five days respectively after the 

entry was completed. Ten-foot intervals were marked on the timber 

supports of the low side of the entry, with the zero point arbitrarily 

set at the first wooden support next to the face. From there 

observations were made over a 524-foot interval with the location 

of joints, faulta and other featur es being estimated to the nearest 

one foot. A Brunton pocket transit was used to measure azimuth 

and dip readings and a protractor to measure pitch of lineations 

on shear surfaces. Azimuth readings are believed accurate to within 

5 degr ee s, and dips of surfaces and pitches of lineations to within 

lees than 5 degrees. 
D 0 

The attitude of the roof rock in the entry averages 280 , 18 SW, 
0 0 

with measured strikes ranging between about 270 and 290 , and dips 
0 0 

between 11 and 24 SW. The entry trends approximately parallel to 

the strike. 

The principal pre-rnining features observed in the entry were 

joints, bedding detachment surfaces in the roof, faults in the roof 

and/or floor, and sh ear surfaces and drag-folds in the coal. The coal 

in the area of the test entry average s about 12 feet thick although 

it was observ ed to thin to as little as about 7 feet bet wee n 500 and 

520 feet from the race where the floor rock was exposed. There the 

floor was hignly polished indicating detac;m1ent of the coal but it 

lacked slickeneide striae f rom which to establish the latest relative 

lliotion of coal and floor. 

Local caving and op ening of creeks in the roof permitted the 

measurement of attitudes of joints or sets of joints et ma ny l ocations. 
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The joints are represented symbolically in Figure 4 ·and poles to 

their surfaces in Figure 5. Although the scatter ie large, there 

would appear to be three orient~tione of statistical significance. 

0 0 0 0 0 0 

They area ;50, 90; 010, 90; and 285, 85 NE. The latter two 

are nearly identical with the principal sets at Location 1. 

The joints are for the moat part planar eurfaces perpendicular 

and eubperpendioular to layering. They commonly continue through one 

or more beds. A few are slickeneided because of microscopic 

differential movement parallel to them. In some inetances,however, 

joint-faults with measurable stratigraphic separation have developed 

along them (Plate Pl). or secondary importance are curviplanar, 

elickensided and striated surfaces with no measurable separation in 

the direction of the striae. They would appear to be kinematically 

and dynamically related to extension faults. 

In many instances it ,.,as possible to examine polished and 

striated bedding interfaces where roof rock had been scaled prior to 

the placing of supports, as well as where the immediate roof had 

subsequently failed. There, shale beds commonly ranged from one to 

6 inches thick and their interfaces havo been detached through inter-

bed slip. 

Faults observed in the entry consisted of extension and 

contraction surfaces as well as surfaces essentially perpendicular 

to the layering ("joint-feults 11 ). Extension faults predominate and 

stratigraphic separations greater than 7 inches were not observed. 

Joint-faults commonly occur in swarms of subparallel surfaces along 

each of which the separation is lees than one inch but for the swarm 

ss a whole could amount to several inches. At 25 to )0 feet from the 

face of the entry for example, a aeries of such parallel joint-faults 
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wee ob~erved to lie essentially perpendicular to the layering, 

to have an average spacing of 8 inches in the plane of the layering 

and to have the do~mdropped side consistently inbye. They have an 

average stratigraphic separation of about one inch, with none 

exceeding li inches. About the middle of the entry they are inter

sected by a second aeries of parallel ·faults with spacing ranginf, 

from 4 to 6 inches, stratigraphic separation averaging ·t inch 

and with none exceeding )/4 inch These latter faults also have 

the downthrown side inbye. They are represented symbolically by 

one fault of each type in Figure 4. 

Poles to these slip surfaces are included in Figure 5 with 

the direction of ·slickeneide striae. These directions are segments of 

great circles thrQugh the tangent point of the slip surfaces with 

the lower hemisphere of the Schmidt net and the intersection of 

their respective lineations with this hemisphere. (Hoeppener, 1955, 

pp )7, )8). The arrowheads indicate the direction of relative motion 

of hanging-wall beds. Those faults which result in a shortening 

of the etrsta in a direction perpendicular to the trace of the fault 

on the layering ·(contraction faults) must therefore be indicated by 

arrows pointing radially outwards; faults which permit an elongation 

of the strata on the other hand will be indicated by arrows pointing 

radially in~mrds. Striated, curviplanar joints necessarily have no 

measurable relative motion of one aide parallel to the other. Their 

striae are therefore represented in Figure 5 by segments of great 

circles without arrowheads. 

Those faults examined in the entry were rarely traceable into 

the coal end were never traceable into foot-wall beds by virtue of 

the fact that the foot-wall was exposed only in one small area. 
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The extension fault at 500 feet however was not seen to cut foot

wall strata. It presumably died out down~mrds in the coal or was 

offset from its counterpart in the floor through interbed slip 

after the fault was formed. 

It is evident from Figure 5 that extension faults have 

attitudes significantly different from joints. They lie mainly 

in h\cl and therefore do not appe ar to be related dynamically to 

the local stress system which gave rise to interbed slip and de

formation within the coal. None of the faults examined was 

observed to have opened up as a consequence of subsidence of the 

strata into the mine cavity. 

A few hairline cracks with irregular t-race in the plane of 

the immediate roof were noted, as for example at 193 and 247. feet 

from the face. They do not appear to be joint controlled and 

their depth is unknown. Such cracks across the entry are few and 

those parallel to it are rare. 

The coal on either side of the entry is highly sheared, 

commonly with the primary depositional fabric totally destroyed 

(Plate P2). Drag-folds and shear surfaces within it,here as else

where in the mine, indicate a preferred eastward direction of relative 

motion of the roof with respect to the coal and of the coal with 

respect to the floor. This motion is supported moreover by the 

direction of lineations observed on the roof of the entry (Figure 

4). The prevalence of polish at the interfaces of the coal with 

roof and floor rock indicates that there has. been regional detach

ment of t he coal from adjacent strata. The coal therefore fells free 

of the roof when it is undermined and cannot be reli ed upon to 

support itself. 
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Post-mining Adjustments 

Relaxation of coal end rock into the entry occurs in 

conjunction with and consequent upon the mining of coal. Within 

four days of completion of the entry the shape of the high and low 

side ribs was noticeably altered through relaxation and sloughing. 

Although A seam is structurally weak it wee evident that the pillars 

on either side of the entry were carrying much of the redistributed 

load; roof bolts adjacent to the ribs in general showed little 

evidence of taking weight. 

The rider seam is known from thr ee boreholes located 1,000 

to 1,500 feet from the entry to occur between 7 and 8 feet above 

the top of A seam. It may therefore be just beyond the reach of 

the 7-foot bolts in the entry . Its close proximity may be responsible 

in part for the almost immediate sag and local collapse of roof 

strata. 

Local collapse of the immediate roof occurred ae mining 

progressed and required scaling in some instances of as much as two 

feet of strata prior to the placing of timbers and roof bolts. This 

was especially apparent where the slant inters ected the entry between 

270 and )00 feet from the face. There heavy roof conditions prevailed 

and from one to two feet of immediate roof had been removed. Joints 

and polished bedding surfaces were exposed in a bundance. Similar 

but less extensive occurrences were noted elsewhere in the entry 

and their outlines have been included in Figure 4. 

Cracks, in some instances open as much as i inch, were noted 

at several points in t he immediate roof. They commonly followed 

planar and curviplanar joints; rar ely did t hey cut indiscriminately 

across them as for exampl e 193 feet f rom the face. The latter appear 
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to be the result of tensile failure of the roof shale and not simply 

the result of the opening of (pre-mining) joints. Seepage of 

meteoric waters was commonly associated with heavy roof conditions 

in both bolted and unbolted ground. 

Visual manifestations of relaxation of the lowest eix feet of 

roof strata into the mine cavity were also evident in the squeezed 

and shattered condition of some of the 2-inch by 12-inch planks at 

the roof bolt installations. Characteristically the strata about 

the middle two bolts appear to be placing the moat weight on the 

planks (See Plate P3)· The 10- to 12-inch diameter timber supports 

on the other hand commonly show little evidence of the load they 

must be carrying. They have their footings in coal however so that 

they are free to sink into this relatively weak material as the load 

on them increases. 

Collapse of the lowermost i i feet of roof rock 180 feet from 

the face occurred during the weekend of November 2 - 3, 196) • . It was 

reported that the timbers did not break from overload but rather that 

they rotated out of position. The joint-outlined cavity resulting 

from this failure is shown in Plate p4 and the disaggregated, thin

bedded, jointed blocks of the debris in Plate p5. 

Conclusions 

Joints and bedding surfaces play a fundamental role in the 

relaxation and ultimate collapse of the r oof rock into the mine. 

The shape, extent and depth of the cavities resulting from the 

removal a nd co llaps u o: .r oof rock is dictated by the local fracture 

array and the spac i ng of bedding interfaces. 

From the preferred directions of joint sets in the roof of 

the entry it is apparent that the slants may be more favourably 

oriented for minimum mover:ient of roof rock into the mine cavity. 
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Their direction approximately bisects the obtuse angle between 

the principal joint sets. A comparative study of roof sag in the 

entry and connecting slants is suggested. 

Wooden planks installed with the roof bolts commonly show 

early signs of relaxation of roof rock into the mine cavity and in 

this respect are more sensitive than the standard timber support, 

especially where the latter have their footings in coal. 

Heavy roof conditions were noted in areas where the roof is 

now supported by bolts and timber as well as where the roof is 

supported by timber alone. The reliability of bolts as a means of 

supporting the roof can only be established when the timber 

installed in conjuncti6n with the bolts is removed. 
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Plate Pl 

"Joint-faults" in roof of A seam, 25 feet 
from face of test entry. 

D .K.N. 11-11-63 
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Plate P2 

West-dipping shear surfaces in coal at 
face of teat entry, November 5, 1965. 

D.K.N. 11-7-65 
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Plate P3 

Crushed plank at third roof bolt from low 
aide of teat entry, 225 feet from face, one 
week after installation. 

D.K.N. 12-5-63 
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Plate p4 

Joint-controlled cavity in roof, 180 feet 
from face of test entry; timber in lower 
right is approximately 10 inches in diameter. 
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Plate P5 

Joint-controlled debris from roof fall, 
180 feet from face of test entry. 
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