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Kitsault Molybdenum Mine is an open pit mine situated on the north 
coast of British Columbia near the Alaska border, about 100 miles northeast 
of Prince Rupert, at latitude 50025' N., longitude 1290 25' W. at the head 
of Alice Arm, a small fiord off Observatory Inlet. 

This is a remote wilderness location, more than 600 air miles 
from Vancouver and the only access is by af'll)hibious aircraft or weekly coastal 
boat. The pit itself is located five miles from tidewater in rugged, mountain
ous country at an elevation of 2,500 feet. Hhen the mine was in production, 
a townsite at tidewater housed approximately 500 people. This isolated 
conrnunity was self-contained and well developed with a four-room school and 
kindergarten, a resident doctor and nurse, a well-serviced store and a bank. 
A comnunity centre, complete with four sheets of curling ice, bowling alleys, 
theatre, library and lounges provided recreational facilities. 

The mine was in production from 1967 to 1972 when falling molybdenum 
prices led to closure. It will be reopened when economic conditions pennit. 
Meanwhile, the sole residents are a caretaker and his family and occasiona1 
work crews. 

Mining was by standard open-pit methods with a thirty-five foot 
bench height. Ore-bearing rock was trucked to a primary crusher at the mine 
site and the rock dump was alongside the pit. 

On completion of mining the pit was projected as being 500 feet 
deep w;th an area of 280 acres, the projected waste dump of 80 million tons 
of coarsely broken rock was to cover 600 acres; additional is the area 
occupied by the mine plant. 

The Environnent 

The terrain is the usual rugged topography of coastal British 
Columbia with mountain peaks to over 4,000 feet elevation. Two creeks drain the 
mine area, flowing through almost vertical canyons. A five-mile road from 

y A paper presented at the Annual Meeting of the Ontario Cover Crop Conmittee 
held at Guelph, Ontario, December 10-11, 1975 . 
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the tovmsite provides access to the mine. Previously, access was by heli
copter only, or a full day on foot by an experienced man. 

The climate is typically coastal with high precipitation, well 
distributed throughout the year, including 120 inches of snow in the pit 
area. Usually there is more than 3 inches minimum precipitation each month; 
winter temperatures occasionally drop to 300 F. Growin9 seasons are short 
and extremely variable. In two of the five years that the mine has been 
under observation there has been intermittent snow fall at the mine site 
as late as July. Along the Inlet, snow has lain in sheltered places down 
to 500 feet at the beginning of August. The typical Kitsault day is misty, 
wet or snowy, but on clear <lays the scene is one of unsurpassed beauty. 

Qecause of inaccessibility there has been no log0ing in the area 
except in the irrsredi ate foreshore and tidewater area. Tree cover is princi
pally hemlock and amabilis fir. These stands are degenerate. Trees are 
grossly over-mature with many dead snags. The bulk of the timber is unsound. 

There is very little wildlife in the immediate mine area because 
of the unfavourable terrain. Large marrmals are few, with the notable ex
ception of black bear. The occasional \'JOlf has been seen. There are 
seasonal waterfowl on the tidal flats and a salmon run that brings com
rrercial fish boats into the Ann. Seals and killer \1hales follow the 
salmon. 

Reclamation Requirements 

It is insufficient for reclamation concem to be directed only 
to the pit area - it must encompass the whole site. 

ihere are four areas of environmental concern: 

l - the developrrent of K;tsault townsite and its 
treatment after abandonment ; 

2 - the disposal of tailings; 
3 - the treatment of the minesite and roads; 
4 - the treatment of the waste dumps. 

Initial proposals \-Jere based on dependence on natural processes. 
This was justified on the basis of the remote and inaccessible nature of 
the mine. These proposals were not acceptable to government and a revege
t ation program was required uncier the provincial reclamatio~ regulations. 
However, the period of disuse has allowed valuable observations to be made 
regarding natural revegetation possibilities and it is clear that consider
able areas of disturbance will revegetate naturally. 
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A two-phase reclamation strategy has been adopted. One phase is 
to determine the extent to which natural revegetation can be reasonably 
expected to succeed in the northwest coast environment, the other is 
directed toward increasing knowledge of artificial reclamation. 

Early denudation along Observatory Inlet 

Twenty miles from Kitsault there is the site of .a once flourisf'litJg 
corrmunity, fvlyox. To a previous generation Anyox was a town of 2,700 people 
with a thriving conmunity life, an underground mine and the largest copper 
srre 1 ter in the British Empire. 

All that survives are a few charred remnants where dwellings once 
stood, a drinking fountain in the midst of the bush, fire hydrants, a number 
of concrete shells that once housed the concentrator and srrelter, two large 
chimeys, a cemetery and a hole in the side of the mountain. 

Anyox contributed materially to the economic prosperity of 
British Columbia. During the operation of the smelter from 1914 to 1935, 
140,000 ounces of gold, 8 million ounces of silver and 700 million pounds 
of copper were produced. But the operation left its mark along many miles 
of the upper reaches of Observatory Inlet. Gross atmospheric pollution 
resulted in extensive areas of fume-killed timber all along the Inlet 
during the 1920s and 1930s. Effects \tere felt for a distance of sixty 
miles while trees were reported killed for twenty-five miles. One hundred 
and twenty-seven million board feet of timber \'1as killed; additional were 
irrmature timber and trees below the merchantable sizes of that time. 

Subsequently, at least four fires through the fume-Id 1 led timber 
COIJl)l eted the destruction along Observatory Inlet and destroyed /Jllyox itself. 

Thus the process of natural revegetation has been subjected to 
a most severe test. Probably ilO area on the Pacific Coast has been sub
jected to such harsh treatrrent . 

The area i1T11rediately adjacent to the smelter was by far the most 
severely damaged. Recovery here has been slow but is progressing. The 
t ownside has been occupied by willows, alder and hemlock, but the smelter 
waste and other toxic deposits remain Lare. Further from Myox, but still 
in the fume-affected re9ion, a new forest has developed under the snags 
of the killed timber. 

To provide information of reclamation potential at Kitsault, an 
ecol ogi cal study has been made of the Anyox denudation and recovery. This 
has been reported in detail in a Ph.D. dissertation by Errington (1975}. 
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The Town Site 

Regrettably.when Kitsault townsite was establishe<l, all vegetation 
was stripped from the site. The stark appearance of the bare slopes con
trasted with the grandeur of the surrounding scene of fiord, ice fields 
and tree-covered mountain sides. 

Considerable effort has been expended in making good this ill
considered clearance. Residents deve 1 oped their house surrounds. Under 
the impetus of the reel amati on program, plans for 1 andscaping were pre
pared and a gardener employed. Soil \'/as hauled in to cover exposed gravel 
ridges, advice was sought as to suitable trees and shrubs for ornamental 
planting and raw banks fertilised, seeded to grass and/or planted to trees. 
Ornamental flov1er beds were planted. Although there is little horticultural 
knowledge or experience relating to north coast conditions, by the time 
the mine closed the raw appearance was much ameliorated. In a very few 
years Kitsault would have been a \<Jell-established, attractive township 
with a stable community that would have done much to reduce the problems of 
high labour turnover that is a major difficulty in such northern mines. 

llith the closure of the mine, the people moved out. Seeded slopes 
and natura 1 regrowth of a 1 der and willows have benefi tted from the absence 
of human pressure. A considerable amount of tree planting, particularly of 
lodgepole pine, was done during the last months before closure and these 
trees are nm·, well established with good colour and growth and strong lead
ing shoots. Re-invasion of, particularly alder, but also \-1illow and western 
hemlock, has been significant. Thickets of alder eight to ten feet tall 
have developed on bare areas within the tovmsite and individual saplings 
are growing in houseyards and along roadsides. Growth is rapid. In the 
absence of human intervention it seems clear that the townsite will rapidly 
revert to its prior forested condition. \Jhen the mine is re-opened, 
considerate handling will allow the rapid development of an attractive 
conmunity. 

The Ki tsault case indicates that the barrenness characteristic 
of many such wi 1 de mess mines need not be. 

On final closure, minir.1al treatment to speed up natural processes 
only wi 11 be necessary to reclaim the townsite. 

Tailings Disposal 

During the operation of the mine, spent crushed rock, or tailings, 
were discharged into a creek at the minesite and thence into Alice Ann. The 
creek ran white and the discharge coloured the inlet for a distance of 
several miles. Shoreline marine life disappeared and the mud flats at the 
head of the Ann were barren. There were indications of adverse effects on 
the sa 1 mon run. 
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Uith the closure of the Lline,discharge of tailings ceased. 
Recovery has been rapid. Tile creekbec 1-•as flushed clean ty tile first spring 
run-off. Tidal action has rehabilitated the shore line and mud flats. 
Uithin one season, large numbers of small barnacles and sea wrack colonized 
the previously bare rocks at the entrance to the creek. The tidal flats are 
green with marine weed and tidal marir.e life is plentiful. 

It is unlikely that the previous surface discharge \·till be permitted 
when the mine is brought back into production. 

The Mine Site 

The mine itself cannot be seen from the shore of the inlet or, 
indeed, from any vant~ge point other than the surrounding inaccessible 
mountain peaks. 

Because of the nature of the mine, \:hich must progressively increase 
in ci r cumference as it increases in depth, progressive reclamation is imposs
ible. The pit in its final configuration will comprise a series of rock 
terraces, extending to the pit bottom, with a core of untouched rock forming 
an island in the centre of the pit. The final appearance may be likened to 
a huge amphitheatre with a centra 1 huu and terraces ascending the mountain 
on the upper s i de . 

On completion of mining, proposals are to divert a small watercourse 
to flood the workings, thus forming a lake. The walls that will remain above 
the surface of the \vater cannot be revegetated artificially. They will consist 
of natural rock surfaces and, especially in the case of the walls, are 
unlikely to provide a suitable iredia for planting or seeding. Under the 
extremely humid condHions some natural grm..,th may establish itself in the 
rock fissures. On the terraces, ripping should allow a suitable medium for 
plant grmn:h. An alternative will be to blo\'1 the walls to destroy the mine 
configuration and bring detritus down onto the terraces. 

The access road is unlikely to long remain open once maintenance 
ceases. Indications are that there will be invasion of hemlock and alder. 
These are prolific -0n roadsides and fill slopes, particularly on the lower 
por tion of the road. 

The Haste Dumps 

ilatural Revegetation 

It is hoped ci1at under the humid coastal conditions natural processes 
may provide for revegetation over considerable portions of the dumps. Coloni
zation of natural rock slides also provides evidence in support. The question 
may well be detennined by the length of tirr,e that \•Je are prepared to \Jait upon 
natural processes in such remote situations and tile extent to \'1hich the slopes 
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are left at the biological rather than the physical an9le of repose. Long
tenn ecological studies are intended to clarify the probable course of 
succession and provide sofll? indication of the time sequence. 

In 1970, while the mine was still in production, a level area of 
freshly tipped \'laste rock 100 x 200 feet was reserved for long-tenn study. 
Observations are made at intervals. After five years progress has been slight. 
One plant of rye grass, Lolium perenne, appeared in 1972 and remains today. 
Subsequently, one patch of moss originating from bear faeces has extended 
to about eighteen inches. During sumrPer, 1975, a single stem of fireweed, 
Elilobium, and a small group of Rubus spp. seedlings forming a 9-inch diameter 
c rcle, also originating from bear faeces, were noted. 

In other parts of the mine site naturally seeded plants are appear
ing. These plants are still few in number, but the si9nificance of slope is 
becoming apparent. Speculating, it may be that revegetation of slopes may be 
more easily obtained through slope modificatior. alone than through atteq:>ts 
at artificial establishment of vegetation on steep unmodified banks. 

Despite the absence of plants, interesting observations can be made 
on the rate of \'leathering and breakdown of the waste rock. A clear relation
ship is apparent between the physical condition of the rooting medium and 
revegetation -- the fir.er the "soil" the more likelihood of natural invasion. 
It has also been found that the superficial surface layer, apparently 
unchanged other than the breakdo\'m of pieces of shale, often comprises a 
thin surface pavement little thicker than one layer of rock fragments with 
disintegrating Material below. 

1970 Seeding Trials 

These trials comprise 400 sub-plots on a level 200 x 100-foot area 
of spoil. Seed, fertiliser and muskeg peat applications were made in late 
July, 1970. There are four site treatments that each received seven seed 
mixtures comprising 25 different grass and legur.e varieties. 

Treatments 

Treatment A - Broken unweathered rock, as dumped from the pit, 
leve 1 led. 

Treatrrent B - Groken um-1eathered rock, as dumped from the pit, 
levelled. 13-6-10 (11.P.K.) commercial fertilizer 
at 500 lbs./acre. 

Treatment c - Broken unweathered rock, as dumped from the pit, 
1 eve lled. ltuskeg peat spread uniformly at 6 cub~ c 
feet/40 square feet . 



Treatment D - Broken unweathered rock, as c'urnped fror:1 the pit, 
levelled. Muskeg peat spread uniformly at 6 cubic 
feet/40 square feet. 13-6-10 (N.P.K.) commercial 
fertilizer at 500 lbs./acre. 

Seed Mixtures 

Mixture #1: 30% Perennial rye grass 
20% Creeping red fescue 
20% Chewing's fescue 
20% Poa trivialis 

5% Red top 
5% lJhite Dutch clover -

r1ixture #2: 20% Annual rye grass 
25% Creeping red fescue 
20% Chewing' s fescue 
15% Kentucky bluegrass 
15% Canada bluegrass 

Sowing rate 71 lbs/ 
1000 sq.ft. 

5% Highland bent - - - - - - - Sowing rate 71 lbs/ 

Mixture 13: 20% Double cut red clover 
18% Alsike clover 
15% Uew Zealand perennial rye grass 
10% Climax timothy 

5% M l rye grass 
10% Ta 11 fescue 

5% Red top 
12% U.S. perennial rye grass 

1000 sq.ft. 

5% Mew Zealand wild v~hite clover- - Sowing rate 100 lbs/acre 

Mixture #4: Reed canary grass 

Mixture #5 : Legume mixture - 50% Sain foi n 
50% Birdsfoot trefoil 

Mixture #6: 30% Timothy 
20% Perennial rye grass 
30% ~~adow fescue 
lOt Red top 
10% Alsike clover 

mxture #7: 33.3% Spring rye 
33.3% Barley 
33.3% Uinter vetch 

Al l legurres were double inoculated. Observations have been made at 



intervals since establishrr.ent. There hav2 b2en no Sl!usewe,r~ fo~ci1ize: r appli
cations or other treatment . 

Distinct differences are :>'"'')ilrent beti·12en <-'>':ds mixtures in sr·.ed 
of establishment, survival and total leaf production. 

It has been shoi,.m that ccmrr.erci,il :FilSS Mixtures can te grm•m on 
unweathered fragrrented r~)ck, with 1J1e c1d1ition of fertilizet or or~c.nic filaterial . 
Fertilizer and peat applications, \•Jhe:i u.ppliec £eparc1te1y, rc.su1t in 2 signifi
cantly better plant cover, but in cc1-;bin.;tion a··e poorly proc1uctive. Organic 
material or 11 soiP is not a:1 essenti&l conr::ot1it.1nt for successful s~'eding. Th2 
annuals, rye, barley and ~!inter vet\.,.h µe ·form \'ell in 't.11::? first yea:- but are 
not self-seeding. Mixture~ conti::in:rg ~e~~•:r,e~ perform significa1tly better than 
do grasses alone. l·Jith heavy-leafed 9rass2s and ~rgu-;:es, ar. ap;)recic.1liic accur:;u
lation of organic material crn occur afc~r :.h-: first y2.:it v· :th a -/ul1 stand of 
grass and an organic mat ove1· 1Dr0e :·:-:.<s .:ind ccip1et;,, cover of ~a~ surfaces 
after the second season. A r.ost s i fni fi cai1t obse1·vc:ti on 1 s the contribution 
that the clove rs, particularly birdsfcJt t;-~:=-;,'il, .:,fte:~ J ;:lc·1 ~:i'li t, h.:iY: 

made to the grass stands. 

1974 Obsc~v~tior.3 

Treatment A - Orcke1~ rock, no ,·d 'it~,---:·; V:?:,~t~:-:·•,: c:>,c.;i· r.,:.~ii al, 
visual'ty c:;timated bctt.~i::~ l-5% CO' •• C,_~ • g .-~d 
fescue and red top rav- es+---b~i~r.--c' r,J ~€"'cfa'12-::I, !:>uc 
sparsely. 

Treatroont B - Broken 1·oc!~, p~t1~_i2•~•1•z.r. ·:i;:c:i', 1:-: •• .5 f!X: 
cellent ai1d fii.<ture lfl gcod, wi~h full s , .. rd ar.d b1·t 11-
up of organic 1i.1yer. Tt·" m.:in =-p.;c:~s ii, ~r ;:ii1~ 
red fescu2, i'Y'd tc;,, ,:,; ot ,:, wl C

0

lnr:! .,r 5 , b.ti ~i uS5~ 
a:sikc ,,01,,cr, rerl c1ov r, \'/hi":c ~:o· ~r, Lird.,'°Jct 
trefoi 1 and a lP.ssr:-r propo, ti en of • a ·nf-Ji . 111 , ~; xture 
f.3 th~re is rn es.:i :1·ed 60% gr;is~ nd 4v' c~"ver cover. 

Treatment C - Broken r ock, plus peat. liixttirc•s l nrd v-!> er.:~11ent 

Treatroont D -

and fii ture uG gcol, \"#;t·, full v-d ad Ol""., .:c build- up. 
Mixture #6 I, s u2"'1 in• 1d:d by \. t, r sr· -:ii:!... 'lj is 
strong tn tir.:othy, cr~Ppir.3 reef 1e,.cu r."'"' 1"' <J tc;J. 
Mixture f,'1 is cxc~ll....nt as 4-l £ra~$': ... , ~-~~ cr_.,pin~ 
red foscuc, red tc'"' ard \,hitc clc·✓er r,r!'d~m:1a!1~, but the 
clover is in very s1 111 rer::nntag~. rrxt• re ;r5 is 
very vigorous and str .. ngr p rticulari,i bi1·d:;fo'J~ 
trefoil. S1infoin o~~serve L 

Broken r'Jck, p 1 :•~ 12a: , .,, r"c..,.., i 1 i 7~r. ·•,...:·:, . ~·1th 
ana gencr"J~fi;poor. 11 \~ d ilp;:;.:ar ti12.t s,i"'~ ,:1trr1cticn 
between the peat and the ~~rtil i zer l1r1s - s l ,..,d ir. 
the immobiliz:tio:1 o"' t•~ frrt·;lii.er. 
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Some invasion of alsike clover, white clover, birds foot trefoil, 
t i mothy, orchard grass and Canada blue grass has occurred in small areas 
one foot in diameter where trees have been planted and failed. The invading 
grasses have found favourable seed beds in the rocky "tilth" resulting from 
filling of planting holes with finer rock fragments. 

Other species noted but not mentioned above because they were not 
dominantly strong are reed canary grass and perennial rye grass. A single 
plant of alfalfa was found and it looked extremely healthy and vigorous. 
This plant probably originated as a crop contaminant in the seed mixture, 
but is certainly a species worthy of record. 

Observations made in August, 1975 show the relative success 
of i ndividual treatment applications to be unchanged. However, the impres
si on was obtained of an over-all reduction in vigour. It is understood 
that growth ~,as slow in starting because of the late season. Certainly 
t he grasses were poorly advanced compared to previous visits, \-1ith flowering 
not started in most instances. It may be that this adverse impression is 
rrerely the result of the vagaries of the northern climate, which present 
problems in making comparative annual assessirents. 

The seeded plots shoi.,1 significant development of moss between 
t he rock fragments. This moss appears to be associated with the build-up 
of organic material. i·~aturally seeded hemlock germinants are now appearing 
i n the moss. Speculating, it might we 11 be that the 1 ong-term benefits of 
the treatments wi 11 result less from the estab 1 i shment of a grass sward 
that may or may not be pennanent, but from the provision of conditions that 
al low re version to an early natural successional stage of vegetation 
establishlll!nt. 

1975 Seeding Trials 

The initial trials \'tere on level ground. In August, 1975 two 
seri es of grass/legume trials \'!ere set out on waste rock slopes within the 
dump area. 

The slopes \'tere of coarse rock fragments, as dumped, and at the 
natural angle of repose. 

The following seed mixtures were applied: 

Mi xture A - Grass species - red top 
creeping red fescue 
tirnothy 
Canada blue grass, 
orchard grass, 
tetraploid perennial 

In equal pro
portion by 
wPiaht. 
Rate of appli 
cation, 

rye grass. 50 lbs./acre. 
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Mixture G - Legume species - a 1 fa 1 fa In equal pro
portion by 
weight. Rate of 
app 1 i eat ion 

Mixture C - Legume/grass 

Mixture D - Le ume rass 
mixture: 2 

birdsfoot trefoil 
sainfoin 
white clover 
a 1 s i ke c 1 over 75 lbs./acre. 

mixture: ( 1 ) 

10% red top 
15% timothy 
15% Canada blue grass 
2Qo/ birdsfoot trefoil (inoculated) 
25t sainfoin (inoculated) 
15% alsike (inoculated) 

15% tetrapioid perennial rye, 
15% orchard grass 
10% alfalfa (inoculated) 
20% white clover {inoculated) 
20% cicer milk vetch {inoculated) 

Rate of 
application 
75 lbs/acre. 

Rate of 
application 
75 1 bs/acre. 

Ten plots,each 20 feet wide and running from top to bottom of the 
dump slopes,were laid out on southeast and north\vest aspects. The southeast 
slope was 100 feet and the northwest 200 feet long. There was no modification 
of the surface. N.P.K. fertiliser was applied at a rate of 333 lbs./acre. 

Slope stability 

On both sites slopes are extremely unstable. The sheering effect of 
even slight surface movement can have a major influence on revegetation pros
pects. To obtain some indication whether there is surface movement, three 
paint bands, each fifteen feet long, were painted across the slopes alongside 
the seeded plots. Some indication o/ movement will be provided by any 
discontinuity in these bands. 

Tree Planting 

In October, 1970, Sitka spruce, western hemlock, amabilis fir and 
lodgepole pine were planted in the t\'10-feet separation strips between the 
grass/legume plots. The trees were bare rooted 2 + 1 transplants. A pick 
was used to prepare planting holes, no soil \1as introduced and the trees were 
planted directly into the waste rock. Holes ~!ere filled with relatively 
smaller rock fragments from the inmediate surface. A handful (approx. 2 oz.) 
of corrmercial 13-16-10 rLP.K. fertilizer was spread around each tree. Half of 
the trees died during the first year, probably consequent on poor supervision 
of unskilled planters and a subsequent dry surrrner. 

An assessrrent in July 1974 showed that all species had survived 
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when planted carefully, but that lodgepole pine was by far the most vigorous, 
\'Jith good colour, growth and strong leading shoots; under all conditions it 
had perfonred best of the species tried. Hemlock v,as established; 2.~ -· - ·:; 

fir was, in the main, healthy, but ~:1d shown little growth; Sitka spruce 
was of very variable condition. nut \>Jith the exception of lodgepole pine 
all species tended to be chlorotic and without vigour. 

A strong interaction \'1ith the legumes \'/as observed. All species 
showed enhanced vigour and good colour \'-:!r~ver trees were in proximity to 
seeded plots with strong clover components. 

In contrast to the 1975 9rass/legume assessment, a favorable change 
was noted in the performance of the tree species. As noted previously, only 
lodgepole pine had been vigorous and in good health. The other species were 
merely surviving with little or no growth and poor colour. In August of this 
year almost all the trees looked healthy, were of good colour and showed 
significant leader growth. It may be that after five years their root 
development is sufficient to bring them out of check. To date it can only be 
said that 1::>dgepole pine has proved itself during the five-year period, is 
well established and growing vigorously, and that the desirability of growing 
it in association uith nitrogen-fixing species has been established. 

Conclusions 

Reclamation and field scale rehabilitation at Kitsault is in the 
initial stages only, but useful insights have been obtained. 

With the mine closure, the absence of operating personnel has 
limited the scale of the enquiry already begun, but the absence of human pres
sures has permitted the natural colonization of much bare ground. 

Under the extreme conditions of the 't/aste dumps the practicality 
of establishing a plant cover on level waste rock deposits has been demon
strated. It remains to be shown that equal success can be obtained on the 
steep slopes of these dumps. 
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