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ABSTRACT e
/
. | ’ ~ “‘“..
® Biscovery Gold|Mine., 84 b north-northwest of Yellowknife, is
- b r)

“sltuated in the forested portion of the (I:m/adian Shicld within the zone
- - . - . ‘,’ »
of_dlscbnthuous permafrost: Durin: tho—

t_oyears of production, from
: ' b A . : f . R
1950 to 1968, tallings from the mill were deposited over an arca of

approximately 41 ha.™ Much of the tailings were placed to create a
IS Y - < . b

Toundation for an.airstrip and a nuobor of black spruce muskegs were

e

in-filled during the process. The study dnvestigates the environmental
R e . .

” - . . A . . - ey .
altorutLons_cuuxcdwby this mining .creration und -outlines the type and
B R ° i B
rate of rccovery by vegetation.,  Botunical sampling and vegetation .
mapping indicate several stages-<of plant succession, although large

scetions of tallings remain barren and subject to erosion through therno-
A L o :

.

= karst, fluvial and wind processes.,  Factors favourable to plant succession

Anclude a stablé ground surface, av:i]nbilfty of ruﬁoff contdining
nutricnts, and tqili;gs deposits sufficiently thiﬁ that the roots .of
colonizing plﬁnts arc able to reuach the Eprfod huaus layer. The main
factors inhjbifi;g revegetation urc‘n lack of planp nutricnts, drought,
and soil ucidify‘und the associated netal ioxicity. Recomnendations

’

are given on ways to assist notural revegetation at northern mine sites.

AN >
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J ,
g .
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CHAP PR

I3 TROTHCT TON

i1 NORPHERN REGOURCH AT LOEMENT

In vecent vears thers has boeen tacreastn? resource csplora-
tion and development in nnrrh!-:“n’(f.ln;ul‘l. Coitncldent with.othnts activity
has been o drasmat e itpcrease in the level of publ:o awarene,s ol the
p()tblltl;ll for cnvironmental damae shich may result. Although past
undertakings have resulted in only a noderare amount of disturbance

o

in the MNortn us a whole, modern tochnology cnables. nan ri) have tnocen-
singly tiar-rceaching effects.  New  modes of tronsport permit relatiyely
sy agcess to even the most rannof"c corners of the North. In addition,
the growing Jdemand for raw mat "rrizl‘_s ot all t‘_vbcs will continue to
triveer massive developnent projects in ‘the vearia to come. Howe\ze:‘,
many resedrchers agree that the northern eavironmeyt is "csﬁeci:ttlj/
sensitive to disburbance, much mere so than regions to the south.  Such
things as nassive erosten follbwing the diSruptionsof thea permafrost
and the cr;itical reliance of animals on certain plant or animal links
it the food c‘nrlln-di'ctur.c that special cure nust be taken with all e
<
;mtiAv‘itics in the Nortir. In addition, .the hirsh, cold climafe sreatiy
slows down and restricts nornal bi\olog;cal processes so that natural
I‘QCO\'VA(%I‘)" z;ftcr disturbance is very slow.

All this paints to a pressing need for knowledge about nast

and present envirormental disturhince so that {future development can be



Mo e repons by plhanmed . Mans ety on et hee AN e [

UL not oslear what chianmgtes Can by crpoectoed an the noe gl halagn o oo
anaroa trom cithor cma bl oo Taree coale Landd e Phos o chanee s whio by
drectenperary vt o be diti e rent sated ron thoe whoto i e por o ot
‘I'h‘("l:v Fooa need to o hnow the mechang o OF L and PR e U e tcai ed Lo s
natural o yecenocrat 1.~n“. o that thirs procesos oy b o e tes v hiore o
N, Anners too b b ron s ore v g e b g vy Dlatasr e
able te dectde what control e nocded on porthern dovelop o, gt

what cteps shoabd e amdortaben to remedy (he unde b e cfife et of

resource development. A study of the offect of Postoreonne e dey oo
Ment Getivetics s one of the most reliabd. Woereo ro tind b e
to theve auestions . . \ -

Une soch aciivity which has taken place 1n parts or the North
for u number of years is min ing, and undoubtedIy this induciry will con
tinue as a major Compmnvnt of northein development . Tt is thus Tosicat
to ‘loo';; at past and present mining operations for GRsWers to probles ooy
environmental Jdamage.  To dsseoss some of the offects of mining activity

o . o ] oo N
on the arca surrounding a4 northern mine, Discovery Gold Mine, north ot
£ ) .

Yellownnife, Northwest Territories, was chosen as a resecarch area.,

1.2 PURPOSE OF THE STUDY
The Discovery Mine is situated on the western shore of Giaugue

N . .- .0
("Jake-way") Lake, 85 Im northeast of Yeilowknife. Located at 63 1ot

1. The mining company has undercone severn] name changes. Incorporated
~ip 1945 as Discovery Yellowknife Mines Limited, the name chanaod to
- Consolidated Discovernyi¥ellowknife Mine in 1952, Since 1961 the
“name has been Discevery Mines Limited.
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scarch for cold shifted to the more rugsed ;.md isolated country to the
north.
1.4 T bEVELOPMENT OF DESCOVERY MINE
The gold showing wirich lc@ ro the cstablishment of the
e Di$COVerf Mine was Found 5y Fred Glay e and his Sons in the tall of
1944 (Byrne -1950) . -Upon their return to town the.claims that fhey
ﬁud st;kcd were sgld tova Toronto mining company, and by the following
fall pfeliﬁinary mapping and drilling<had‘indicated a find of major
"proéorfions. A Yellowknife gﬁold@ist aﬁd his fﬁmily were able to
Vﬂobtain control and finuanced the devélopmeﬁt'of'ﬁhat eventually became
the richest gold mine in the country.’
EarlyAin 1947 a winter road from Yellowknife was established
and by thg.ond oflthé yéa; ﬁ shaft had been éunk'tQ aﬁdepth of 84 m.
buring 1949 a mill and small refinery were builtfhnd £hé DiSco;éry
Mine produced its first gold brick on 10 February 1956.' ﬁy the time.
the mine céased production in the spring of 1969; the shaft had reached

. ) "
a depth of over 1216 m and more than $36,0Q0,0Q0 in zold had been

. extracted (Fielder 1970) .,

: o The task of developing a mine at Discovery was mnot easy. Access

to the area had always been and remains Jdifficult. -In the earliest days

4 ‘ : - . -
a journey by canoe or light plane was .the only alternative. The develop-

ment of the mine resulted in awinter road, subsidized by the Federal

Government, which by 1960 accomodated transport .trucks delivering'freight
. : ] .

directly from Edmonton. lowever, the airplane remained an important, and

in summer, the only reasochable neans of access. By 1957 an airstrip

1000 m long and 70 m wide, built on taillings from the miLI (Plate 1-1},

0]

D



Plate 1-1. Oblique view, from the northeast of Discoverm: Mi

3 .
ek T e

and the td&&ings disposal areu. The wine Shaft,’mill, anditowns
are located at the near cnd of the airstrip. 25 June 1971 - 13h0Q
Photo by Don Gill- : :



could accomodate a Bristol aircraft with a paylouad of 6.5 t, thus

cnabling ycar-round freight transport

During the eighteen ycar: in which. the Hulw‘ﬁakmﬁﬂth a sizZe-

able community was cstablished (Plate 1-2).  The isolation and scif-
containment of this industrial community made i1t unique.in the nerth
(Discovery Women's Institute 1968). At its maximum development the

community was -made up o). wore thun 50 builldings. Included were bunk- BRI
houses capable of accommodating a total of over 100 men, plus thirty
] :
: _ s

singlce family residences. A school, pust office, commissary, dispensary,

laundry, "and a recieation compIC\ including a thoutlc library, curiing

-

11nk and OuLdbOr hockey rink completed thc'faci]iXiesf
i.S WDISCOYERY MILL]&G PROCESS
 DoLai1s of'stgﬁdard Canadian milling ﬁfaciice in<{pld mines
Qro'gygijuﬂ]c_oigowhcfb (Cartér,IQST, Hcdlf dﬁd'Tobaéhnick'IQSST
well zs are dcséfiptions of ‘the b?ocoss used at Diséd?cr; (Anderson 1952,

Blancy 1957, Byrne 1950). However, - a summary of thé procedure is

wseful in understanding the end rcsule, the taiiings.

FheDiscoveryore contuinied a greater than usual percentage
of freec visible gold. Other mineralization occurred as sulphides of
- kS ’ : - ~. - J - ) . . S -
iron, mainly pyrrhotlte and pyrite. The fzrst Step in thc'processlng
‘of thc ore was cru:hlnq, hthh at DJscoverv meant pa%saoc through a jaw
crusher sct at one "inch and then throug} « cone crusher. Crushing-was
completed- through a-two-stage ball mill with the resultant ore being
80 per cent minus 200 mesh (silt) sjze. 
’ ’ c

The ncxt step was analgamatlon designed to recover the .

larger (sand 51~c) gold partlclcs The ore was fed into a 11g La sort

of v1brat1ng ba\kot) which qhook ‘the heavy nold pnrtlcles to the bottom

a %

‘\\ . R ) , R
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Plate 1-2. View of Discovery from the northwest. The wine shaft
and mill facilities are Located in the centre of. the. photo. Housing
for staff is situated in «the left background and the ripght fore-
ground. 21 July 1971 - 12h30. - ‘ :
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where rhey were trapped by a merturs additive, {rom which the cald
L : ) :
was later récovered. s At Discovery some 66 per cent-of the gold was

recovered. during this stage of the nrocess.

CThe next stabe was cyanigdation.  the finely ground ore wis
cagltated for sone 48 hours in a cvanide solution so that the remaining

gold particles would be dissolved. This slurry was then pumped to a

precipitator where zine dust was used. to precipitate the gold in solution.

At Discovery 98 per cent of the gold was recovered by this stage.

[ o Y .
In'the milling process there were several additives which

affected the chemical composition of the tailings. . The mercury used in
- . oy L . N -

amalgamation had little effect since it was distilled for Te-use. 3.2 kg

(7 1b) of lime per ton (of'o}e) was added at the ball mill'stage'so‘that

it_becamé»welT"hi%eq. Tt has been found that pyrrhotite decomposes very

rapidly in the presence of cyanide, causings very high cyanide consumption.

[ . - . -
This reaction can be substantially reduced through the acration of
’ < ¢ ‘ . £ . [ ' ‘

o : . ; 7 . .
concentrates with a weak lime solution for a few hours prior to the

s
i '

addition of the cyanide. . ‘Sodium cyanide was added at the rate of 1.13 kg

{2.5 1b) per ton of ore to maintaih the concentration at the cyaniding

" 'stage. Only very small amounts of zinc dust were added.
. -

Ins standard cyanidation practice the solution in the 'cyanidation

circuit is maintained at pﬂ‘10—12<for‘best efficiency, and lime is added”

to maintain that value. The major reason for creating this very basic

solution is that in more acid solutions sodium cyanide very quickly

hydrolizes, giving off hydrogen cyanide, one of the most rapidly acting
o . -

o . . . A
poisons known. The rcaction may be shown as: . -

NaCn +H,0 =m=——=g= HCn + NaOH



The basic :;g)hlt'ﬂéﬁ’n then prevents hydrolysis of the cyanide needed to
o Co ' B

Cerzftct the gold as well as'safeguarding workmen,
-1 ! » v

o L
TR

. The end product of the milling process, or taillngs,, consisted .

of finely ground rock, much of it being the mineral-bearing iron
stlphides.  This waste slurrvy was catrviced from the mill in wooden pipes

‘to ;I\ch:kcd tailings pond close to the mill where the water could drain
N o ’ . ' b

away , 10(;.\){\1.11}1 the solids. The. slurry flowing into:the tailings ponds

was then \'ex'\\])\:tsic, with a pH of approximately 10, cnough to kill

most plants. Th L§\1:11ct and the fact that exposure of the tailings to

. . \ ) .

‘weathering processes sogen created a highly acid environment resulted in

a‘number .of restrictions omvprimary and seccondary plant succession on

- . B ¢
"N,

the tallings. These 1‘cstrictio\r1*s\ are discussed more fully in section S5.1.

S
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CHAPTER 2 (y [

" THE GIAUQUE LAKE REGION

2.1 GEOLOGY

'W?v The bedrock of the Giauque Lake arca is Precambrian in age.

o

"1t consists almost entirely of finely to coarsely interbedded nmeta-
morphosed sedimentary formations. lnterbanded with thesc, rocks arc

small lenses of basic volcanic intrusions. All thesce rocks have been

subjotted to’several periods of deformation and are now intenscly folded

.r

and faulted. The main constituénts of the bedrock are quartz, feldspar,
biotite, and'hornblende.‘-A long thin band of plagioclasc-hornblonde

. L . N ' . L
gneciss centains the gold-bearing quartz veins of the mine. The

compositions of the cheral vcins differ, but in general they contain
small amounts of pvrrhotlto, pyrltL, arsenopyrite, and Cha]copyrltL

<

(less than: thoo percent total) in addltlon to the gold (Tremblay 1957)

2.2 PHYSIOGRAPHY
The Giauque Lake region has physiogrnphié features character-

istic of much of n01thern Lanada — vast cxpanses .of lakes and pdrtlall)

trec-covercd bedrock outcrops. Viewed from the air thc arca appears

flat and almost fecatureless (Plate 2-1), yet on the ground it is seen -
to be quite rugged. Although relief generally is not pronounced, near

the minesite it does reach as much as 52 m. Ridgds of volcanic rocks

and quartzite, having resisted glacial erosion, stand above the surrounding

bbdrock} These ridges as well as most of the bedrock formations trend

northeasﬁ, Glaciation has resulted in an accentuation of the bedrock

struct " a deepening of valleys and the rounding of ridge summits.

Some pro vs follow fault zepnes. For the most part the rcgion
11



Piutc 2-1. Ixcept for the pattern of hundreds of lakcs,o
the Canadian” Shield near Discovery appears flat and
featurcless from the zir. 18 July 1971 - 17h00.

\



has only a Tight cover of olacial ¢donosits ’(lll]l\\ll&“!‘ g laroe caloer
. o o k t » i R

crosses Granque Lake.

An unusual feature of tife arvea isfthe presonce o huve

frost-thrust bltocks cof bedrock. sgme of whilth are shown in DRlate 2000, -

These blocks mav reach dimensions of 10 tol20 m, depending on the

Jointing planes of the bedrock.  Manv of the crevices 1ottt by the.thrust

blocks 'illa;knf cxccll,ont"nutur;vll',\vvblls ;lnq 'in'livcuru the prescence, 1In :‘.0111;'\:::1:3{'{_.

locations, of a subsurface (11:\’1111:!’;‘,;} ."»}’St“L‘Il{. N

2.3 CLLMATE R : Phe
The climate of t’hc. rvgiOn, is continental, v viv_’;h long, cold

winters and :;hurtv, warm summers.  ihe mift.(:Ot.‘blOgv_ig‘:t_l station closest

to Discovery is Yellowknife H)\l’L‘O,“ GO -km 'L’O the soutiwest (Fig. 2-1)

and data for this station can be,taken as ;1pproxixn;1ri_ngiconditign:

Ffound at Discovery. The mean annual temperature is -6.1°C (2”.9017) L o

1o, . Mean annual rainfattl

Tomperature by month is presented in i

at Yellowknite airport is 15.8 cm (6.24 inches), mean arinuals spowfall

.

i .

108.7 cm (42.8,inches), and mean annual “total precipitation is 26.7

cm (10.5 inches). Precipitation by month is shown in Fig. 2-3. . The
—————-prevailing wi nfl'i‘f'*Hl*ﬂ\'é*’t‘t‘f}thﬂ—trW'ﬁ?rOm —the castmnd northwest-iw— ———————

winger, and from the cast and south in swwuner. Winds are senerally

e light, averaging 4.6 m/s (10.2 m.vp.}\..).
The ninesite is approximataely 80 km southwest of the sauthern
5 1imit of continuous, permafrost (Fio. 1-1) and thus folls in the “one of

discontinuous permafrost. Locul occurrences of permafrost. are found

throughout the area, most ‘commonly in sphacnum bogs and on some north-

&

facing slopes. The depth of the active layer in <uch locations in the



Plate 2-2. Frost-thrust slabs of bedrock, common in .the
vicinity of Discovery Mine, provide impressive cvidence
of frost action. The slabs are located at 5005-200E on
the study grid. 15 July 4971 - 14h00,
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FIGURE 2-1 DISCOVERY MINE IN RELATION 10 YEL[U%KQ‘Fk
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FIGURE 2-2  TEMPLRATURE BY MONTH (YELLOWKNIHE HYDRO)
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FIGURE 23 i’l([,l,)ll’ll/\l%l)N BY MONTH (YELLOWKNIEE HYDRD)
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vicinity of Discovery Mine was as little as 15220 cm in August 1971,
¥, ’ : ] :
2.4 -REGIJONAL VEGETATION ’ , ot

Discovery Gold Mine is situated in the Norihwestorn

.

Transition Section of the Bpreal Forest Region (Fig., 2-4). This
= « ’ ‘
large arey, is described by Rowe (1972, pn. 53): "

“"In this forest fringe ffontiag the tundra
unfavourable climatic conditions, thin soikls and
frequent Pires -have coubined to reduce the distrib- ’.i~]z
ution, abundance and size of the treg specics.
Arcas of buy, muskeg and barren rock are’intermixed
with open stands of dwerfed trees, - although on }pcza:I
patches of sheltered; deep, frost-froe soil the
density aid heicht growth-of forest patches can be
surprisingly good. Characteristic of the park-Tlike
coniferous stands 0o uplind sites is a ground
cover of light-coloured, folidse lichens. The
most abuadant tree on all sites’ 1s black sprucc,
and with it on the well-drained soils®grows white -
) : Sprhco. Nther accpmbnnyinq specics are white :
J birch and tamarack; the latter of increased
importance in the more northerly parts of the
Secticn. Juck pinc is only common in the southern - yf\g
. pari. uspecially on sandy soils and uplands. L
‘Stunted trembling aspen and balsam poplar extend . \;)
~well toward the northern boundary. Balsam fir is ]
. not present; 4 CORErast to its commonness in {
comparable’Scctiony on the ecast side of Hudson Bay.

>

o4

- There have been a number of useful plant ccology studies in

arcas of the Boreal Forest similar to the Discovery region. In 1062

Ky

Ritchic Summﬁri:ed a secries of studies carried out in northern Manitoba.
Larsen (1965) described the vegetation of the EnnﬂduirLgke.region, and

in 1971 furthcr.dcscribed that of the FortAReliance arga. Maini (19606)
worked in the vicinity of Small»Treg Lakq; N.W.T., just north of the
Sgskatchcwah border. " In 1966 A;gu;'publishcd a forest classification for

the northeast corner of Saskatchewan.

-

»

. 1In addition, a number of rcference works are useful. These
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FIGURE 2-4 _THE BOREAL FOREST REGIUN_IN'WESTERN CANADA
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include Mos (1059), Flora of A L“pza CPorsild (iwnd), Iiiustrare:d o

v - o . ]

- " . [
? - el “, ) -y g - 4 S B 4 Ty § 3 . - . 4 bl P .
Florva of the Canadian dveiie Arenipelago; Cunningham -(1958),° Foreot
R . B N . o " .

. . ' : . 5L
Flort of Conada; and.Porsild and Cody (19068), Cheoklict of #ho Vacoular
Planic of the Continenial Vopiliiest Teryitorice, Cwixli.  Reference
) o & Q . ‘ . -0

was also mede to a Lﬂd) by Scotter (1966) in the region immediatceTy . ®

to the cast of Qiauquc Lake.

2.4.1 TFOREST COMMUNITIES . -

;

Q

- It is difficult to classify thie vegetatfon of the study ‘region

into community groupings since factors such as soil, drainage and
. 0

<

aspoct cause nany local dlfprCﬂC s (Plate 2-3). However, since it

~

is

desirable. to cha*actori:C’thc vegetationsto aid the deéscription of the

study arca, a classification system is outlined below: The &vsten was
. o - .

devc]opod with referehce to all the studics cited above but follews

2

Argus (19667 most closely.  The communitios are iisted below:
A)  Picea rmariana - sphagnum bbg
a

B) Plcea mariara --feathermoss woodFand

C) Pileea rariana - Ledw: eroenlandicien woodland
" [=]

’ o - o S -
- . .D) Pieeca r»ariara - lichen woodland .
) . ‘ g . ° . © ” (f )
E) Pinus bhanksiana: - lichen woodland @
M - . . o IS
F)Y Picea olavea - lichen weodland
- - ,)- ’ < © o =
A) Pioea mardana - Sphagnum'bog
B - <

7y

~depressions. ,The dOHlﬂdnt trce is Hicea mxrianarwith L risg laricina

. The most cémmon communltv'-obpulsﬂﬂn nume%ous poorly-drained

. o ‘ . o o3
somewhat lcss common. Although.the trees (especially P. mariana) may be

- o Bl

qQuite c]oscly‘spaccd, the forest is_generally open.l The'shrubolayer

. < ©

consists of Ledwn groen7andzﬂum patdhcs of ?éuula ‘glandulBsa, and

a -

S

«



Plate

2-3.

These photos xhou the 0\ton\1vo intermixing

of farest types in the vicinity ol £ Piscovery-tine. The
upper rlght photo illustrates a 51&11 patch o® Priness

3 -
[EI TN

r

- lichen woodlangd surrounded by Proad moriarid

Lexdum awvﬂrzu”dbcum woodland,. Necarby n thermometer
shelter is located 1n the midst of a Pleac Pt TR -

sphagnum bog (upper lcft .photo).

upper photos —IIS’July 1971 -~ 13h00

i

lower photo - 21 July 1970 - 12h30
. o
©

(=]
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o& .

- frequent occ&rrcmcés of Vaceintwn vitis-idoca and V.. wligires:wn.

Aretos taphz/lo 1"ubra, Myriea gale, Rubus charmaemorus, Salim rmyrtillifolia,
Shepherdia cariadenste and Erpotrim nigrien are -also present throughout .
the bog but in less representation. Furola virens and Oxpcoccus miere="
N o - . . . - N . :
% carpus are tound locally as well. ‘A cover of Fguicetm oulvadic:m

{v complete to o few scattered individuals., The

varies from nea

' 1, ' . . . .
moss cover censists.-primarily of hummocks of Frragnw capillacewt var.s

tenne Z?zu'z :

SLomiagetianicown,
- .

gcther with &, capiilaccien, 5. girgensolois

. dnd S /f'z'/.ar_wwzl,”f in wet depressions. - Other mosses nresont include

°

. .
. /Au7(2¢‘01'n~’ e paluetre, A, twrgidien,  Dicvzoen gl Foludrd ohe
/d/ . / . )
: coprmerze and b, gusd pe rinen var. grac s
E Some of the bogs in the arca have-well-developed clay frost
/” - : . . - . ' . . T~ o ’
/'boils, often devoid of vegetation.  These boils cause a reliefl of 0.5 -
‘ , . T4 - [ S
.1 m on the bog surface: The tops of less active boils support the
. = ) : ) - o i ° o
lichens Ceirmria nivalis, Cladina aribuscula, €. mitis, Cladonia crruro-
eraea, C. coraia, C. deformis, O, wictalls and Felidaera aritiora.
- . €00 ' z : )
B) Picea mariara € -feathcrmoss woodland
\ _ An coxcellent example of this community is found on the south-
) Lol . - - . R . . o - .9 L.
N west . shore of Brien Lake, approximately 1.5 kw west of Discovery. The

inant trece is Filecea rariama astanding to 10 n'lr_\high with an average

dbh -{diameter a_t’breast’hcight) of 10.2 cm. The trees arc \ery cl_o‘scly_'.v

spaccd, resulting™in a thick clesed crown. Scattered throughout the woods

. e

* are’ dead 'Bg-?tula'papyrz',fmva,up to '8.3 cim dbh.-. The réduced light"orh’fche
forest floor has 1e>ulted in a SParsg. ground .cover .of mosses and lichens,
although Vaceinium ui ;52 s-idaea is locally common. _'Mostsdominan_,t r(-1;|p<.to‘ 4
r80'pm- cent covgr)‘ is t.hC foathérmoss P‘éiliun;'bcriIStcz‘Ca'sltz"wzé-':v:v although

4 ' . . ’ : )



Hylocormidien -‘\Zvn( one st Avdacommdien tuvgidion and PSS dien o7 7 Save are

e

also prescent., Predominant lichens are (‘Zﬂ.(f'z'r_:g ra Z:/;‘.»'Yé‘l’u.'l .ard €.

alpestr?is with a few occurrences of Clador<a deformis and Merhpoms
X o N Tl

QPELLEUN, -

C) Pices marviang - Ledie groeniand ewer woodland a
Nearly pure stands of Picea »oplana dominate the tree cover of
" . ) ; . s
‘this .open forest type. Beiula rapyriieri is occasional]' found, as well
N I el V] ”
B o

as Alnus ceriepe. Loden groinlandicwen grows wbundantly in paxchox with
.occasional small parches of Vazedsluy wiisivoaen and TT?&:wn”:cfuf:
Ground cover consists of abundant Vasedsniwnr 17727 “o0n and, comronly,
patches of Toozand o Tioldien, with oceasional #rodfiws irlerne and

cyTraticiyn There is a fairly continuous cover of the lichens

- . . - ’ : . "
Clading alpestrisy (. rongiferinag and (LLPﬁPLu nivalis., Fu,

.Cvauzna mitie and Peliigera aphithosa arq;gl§o present. - The most common byro-

~

Lare although Aulacorm:Twn turgidun And Sphagriom

phyte is P&l Do

caszZa wioare also-evident..

This community and the one following (D) 'are similar and
. 2 -

. commonly grade into ecach other. Depth of overburden and drainage are

o

- factors that gpbcar to cause differences in the vegetation of these two

community., - _ ’ - %
D) Pvcea mariaria - lichen woodland

As with the previous class, né”rly pure but open stands of

Piecea mariana dominate. Besides occasional appearances of Alnus crispa
57 - ' .

~ . <,

and Betula @ wapyrifera, -Biiue banksiana may also be found in drier situations.

Ledwen groenZandfg is’ found in isolated patches only, but Vaecinium

vitis-tdaca, Fmpetrwm ﬂigrwn and Lycopodiwn complanatum are” 7 common .



: .
Y ol A

The ground is covered with an almost continuous nct of 7Tl

Y7o and to a minor cxtent

alpectric, . roogi

Iy KA ey R 1 ) ~ T ~ ] [
3R, GOl DerrLe !-LJ;»!Z, L. Wnetaot8, e [Jl.i/( LD ory
I PN LA R S Ll Dl + 3 m vy vy v v oy s Yoo T Wiy ADEN USRS BN
L. QHREPOer-Q, FoLiigera molarer, Sterood A IF AN SN A S

suevcoccur occasionally., A thin cover of mossces includes

and D¢l dlwn edlllare. Plate 2-4 illustrates this

Avlocomaiwn
: /

turyTdur

type of for¢st community. ”

E) Pipue boseiona - lichen woodland : .

.

This last major forest type is generally found on ridges where:
! 0 3 . v
-

the widely spaced Fhina baoiksiana form an open woodland (Plate 2-5). In
the many locations where there is little or no $oil-on the bedrock, trecs
are found routed -in crevices and slight depressions which catch smali

amounts of ovganics and moisture. Occasionally found with the pife are

specimens  of Mleea mariana, Betula papypifora and Saf

shrub Juniperie corrnorie is abundant.in certain situdtjons. -

' >

wre-erst 1s common, as 1S Zmpetrum nigrum, while Vaceiniws viti ~tdaoa,

Shepherdia cunadensis, Ribes glanduloswn, Fosa acicularis, and Lycopediim

complanatwm occur infrequently, usually in small isolated patches. " Common

~

in small crewviges on otherwise bare rock are small clumps of Dryoricrl’s
N . »

fragrans and SaQX{'V riengpidata. Both species are also fo

1ichlare scattered on the bedrock (Plate 2-6).

. 0. ) . . . . . . . . : .
These cushions consist primarily of Cer. g nivalis which has.become

established on bare bedrock, through trapping wind-blown plant matter and
soil. Other lichens occasionally found arc. Actinegyra mueilonbergii,:

Cetraria hepatizon, Cladonia amaurcercaca, -C. cornuta, Farmelia separata,

and Sterecocaulon paschzle.

£t
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Plate 2-¢

Discovery.
photo are [
and Fieea roow

T
T

1971 - 17h00 s

1

SR
ypical fdrest cover in fhe vicinity of
he two wain components visible in’ this
w1 Farigne S lichen woodlind (type D)
foma - sphatinum bog (type AY. 18 July

@

©



Plate 2-5. Plavs Bdnlan ey
onca ridee south ofgPiscovery.

»n
R} "

1i

chen woodland (t}"pé 1) ’
30 June 1971° - 15h00.

©
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Plate 2-0. > whiteh

These cushiong
and mineral materiat
the first stage in soil formation at such
locations. 19 August 1971 - 14h00.

Cushions of (kztzvn*fq*;ciu&!;i
form on bare scctions of bedrock.

trap wind-blown plant natter
and are



The ridges en which these plants grow @read northeast-scut liwes
i - . . ~ .~ - - .
and ‘provide a good illustration of the effect of aspect at this latitude.

\
The northwest-facing slopes usually host 27 e ool s LU =
}é, 1 ] )

Lo idoaer woodland, l)[l; at the top of the ridge there is an abrupt
transition te an 61wn Dhie Pevheloia-tichen woodland. On one such
ridge just to the southeast of the mine arca, nearlys twenty stunted
specimens of Fordue trev 00l were found on oaosunny southeast-facing
slope, the only occurrence of this specics noted in the vicinity of
Discovery,

Fy Proc- 7w - lichen woodland

This forest community occurs to oniy-it minor extent in the study
region and is found on the esker which rrossos GianuU Lake.  This open

woodlund is dominated by widely spaced 7 ooz glanen (Plate 2-7).0 0 Ve

RO

- ¢

few specimens of et iyl oo were noted, but Foiul JaperTlory are
slightly more common. Lo 7en groonlznizun provides a patehy shrub cover.
Ground cover consists of Vrceiniwer vitia-Tduor, Arctostapiyilon nra-weed

and GecsoTon Jnldhesl The large size of the trees (up to 30 cm dbh)

and their age (up to 150 years) suggest that the cskér provides a .-
favourable huabitat for 7.7 glauza as well as a sanctuary from forest

fires.

2.4.2  LAKE MARGIN COMMUNITIES >

N

The forest communitics often ¢ tend to the water's cdge.

There are, however, some exceptions worthy of note. The shoreline =

along several small bays of Giauque Lake has a very heavy shrub-cover of

Myriea galo intermixed with Zodwen groenlandiewn. Also common in such

situations is Polen:illa palustrise. Sal-x planiolia, Vaceinium

a
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A d
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S
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s - Plate 2-7.7 Open s "0 7 oo - - lichen woodland on .
s an csker approximately 1.5 km cast of the minesite. .
T e e, = - Syl e . .
e S0 June 1971 - 16h350. . |
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DESCRITTON OF STUNY ARG/ 5
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5010 FLETD Sphsoy : B :
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: e tie lé SCASON Wy
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Access to the site was by chavten float o from Yollowknife.
o N -

Accomiodation was Hrovided in one of the romaining wine houses stirvounh’

the courtesy of Discovery fiinds Limited. 77

RUSEARCH METHODOLOGY

. o

A a result of (the reconnaissance nature of the study, the-

rirst pric oo in the Field work was to prepare o map of the mine site.
! . | i .

o Dowas achiceved by the use of a 50 erid prttern on ¢ach

Sic o creline established 2long the ecast liwit of the airstip..

,

i / ¢+
IR R U E A thoe bhats

a 20 cm steel wpike

I}

colven into oo crevice inoa section of exposed bedrocks Starion
SLote beesosdablishod approxiumately 2 om from. the  southeast corner of
the cubankment bui 1t from Tailings Lo form a base for. the aivstrip.

. Stalies 1 min Feneoh were driven into-the cround at measure! intetvals

oy IR ©

Lot the survey terminolooy vusedi here 'station! o fers to o point &dtablished

during the survey and mavked with a stake driven into the ground tor

subsequiont use as o reference point. ” The 24008 indicntoes aopoint

, . . L . o
200 south of sovo on such a reference survey line. :
by
\ v
o N ‘1
~ 32 i
b :
i B




OF 100 s adone this baseline. (o Pines for the orid wore thoen

et onr using o conpriss and opichot Tines. Grid poltiis were ety x/ll—
shod alene rhe pichec lTined throush o, .

v

and general surface fentures such Qi opresent drainoee patterns, ;
: : : . ’ N . =2
. . \ Ry o . /’ ., . .o o .

wresion by gullvids, and  evidende ol thermokarst or frost acT I[n

. A YIRS ; .
additiony plont growih on the tailings and the vegctative cover adjacent

i )

to-the tailings were mapped, andireprosencative plant specinons wetve

. | : . ool .

{ . : T

. . N . J Aoy Ce - . ~ . . R A
cotlected and prescrved for 1<lon If'j“'lt,l(u‘l.\’ A 1ist of the specimens o g

or

; .
collected can he found in \pwcmh\ A .
‘ i
Mappina of the tailings kevoaled that the total area could
. ) B . -
-

be subdivided into four WAJOY sub-ancas, using eriferia based primarily
. I

on the tpe of the tilings and the I regeneration of vegetation.

8]

Theso study areas arce desi anated R

o

B3 and R1. Ihe R1 area is

- % - ‘ : . -
that-in which recencrat ion processes havg been operative for the longest:
. S\ N .
\

B

tine.  The R area is the once most recently dis turbed by tailinps depo-

1tion
Within these stugy areus ceriein sites were sclected for nmore
detalled investi cation. A niwber of transects were established across L

\

2. The term 'picket 1ine' is used to denote a method of extending a
‘relittively accurate survey line through bush.  Each'new stake is Pplaced /
so that it s exactly in line with the stakes (or pickets) P‘((WlOLl\l} o

establishad, Lxcept when TTAVersing narirow ridgcs, this method is e
. . T .. o R
more aecurate than one usting o hand-held compass only. With some -
. practice pacing can be a fairly reliable method of establishing a grid
pattern dlong picket lines.  In the abscnce of an assistant it is the
only realistic method of accomplishineg such o SUTVEY . o °
. &
{ =
i : 3 i
‘c' T il
/
/ .
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Qo

‘representative scetions of thd study arcal®
L, . " N 0

V3 ©o. . . O
8. ¢n in diameter and™ 1.5

gntor vals. . The

Soll pits
v o i e -
of the tailings. matesrial

ground gurface.

]

Samples

B =

pits for laboratory
. ) ,

2 -

in® Appendix I‘»., page

lb4

c
o
° B

!naqilﬁillgl.

o
p attern of Seor 25 'm. -

©

sé "Illl wecather

©

dow), precipitation;

o . = oo Y
o
o . M

3.3

5

a series of crosscs 1mmed1dtaly oast of mh@ airstrip.

gridlﬁnc cTosses ar

]

“led bb the numerals

e 0 o

ouf the body of thc thesi

Jucﬂtl

the use of grid COordinatcs.

indrcates a

is locuted near the.north

_veggtatio

and,
of

analys

o
JIn Adstlon sc\orzl

phenosnana..

< S]lO\‘.’IH

location 150 m

n

8. °

the

21,

=4

)

found

They

a

CQ

mldng)were driven

long

i)

into the
,ob
cach.

I3

S : o . s . - Ly s : -0 o0 i
were located aleng ‘cach transcct in owder to ¢stablish a profile ¢
. : . . ] - a - .
. , : ) . .

whorcgposSLb]c,-tho‘deptH;tG the ;former

[
[

P Lo 7 . . ©
Waden posts (approximately

< - 0 —- - )
a;d a

4 ' 3

ground at measured o .

K o

R

transcct,was mapped in degail.

. S
< c ©

. o o

4 .
< Qo =

tailfngs were collected? from a number 01 ,' °

Thé,

sites
<

arfd relative

4

o

adom

) specific Tocations will be designated
D . .

end of

South

(pockgt):fs Qyp

ﬁ the

. Thus,

-
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.0 o, . e .
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V)

humJ

o
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R . 5 .
° o . - 35
' L 3 : . ’
I=iseline, < S o , ) ’
” ] ) ) 8 : “ A‘ . o N 2
the heavy line on -the ' man indicates The extent of the ave:
. . ° . :

)

altecred by tailings or cffluent: Damage includes the sclective ov

complete Rillingeof the -plunt cover through drowning ov vther schaflves ®

. . . . . ry
‘an the water table, changes in acidity, or throtgh temporavy and
< s . . ' 3 T o Q o .
relatIvely Iight burial by tailinags.” The avea lightly.screened . : o
L Lye L) £ : Y. nas .t N k ; .
i ) o ) N ) ) . " a, 2
. Tepresents those locstions in which fome 6f theorigipal vegetation
’ : - : ‘ o . R . ~ °
Jhas SUIVlZed and:is at présent re-ostablishing: itself. The unscreened
S ot . . . )
w ared on the map, which includes most -of the tailinds disposal area,
: : o T TS . e s -
represents those scctions in which the -original vepgtation.cover was
2 . B o ) < .. ~ ’ .t- -~ N . N N . CE
totully buried by. tailings deposition. For the most part this, area .
& , ’ o B e . . S
LS now completely bare, although there are a few scattered patches of
: I3 L N N : . ' » o i
vegetation. - B P . . ' ;

. The ‘central feature of the map is the airstrip.. The basc for,

thris

o

gravelled strip was created rhrough the judicious disposal of

- . /7' - N i ’ o -

tallings. cast slde and at: the south end, embankments or ;

3 - > 2

H ~ o . < . <

.dykes composed of bulldozed overburden or tailings were used to contain
e 7 : a - . .
. K

™~

the mill effluent und to allow the solids to scttle dut while the fluid
" -7 S : . o L e
drained awav. VWhile this bfse was beiny -constructed, and through fluvial

~ o

. I . . ‘. . .o R
crosion since that time, o considerable wmount of tallings solids has
H o -

o - c. P ) ; ) @ . Q - - N .
been carticd, into nearby low-lying arcas, completrely. infilling scveral

black spruce bogs. One result s that the whole of the ruilings disposal

arca can be divided cusily into four major sub-areas. TFigure 3-2 indicates

-

L : S e e ’ e
o - » . o
. . . < - ] . .
.»-:Use of close control should cneble futtire rescarchers at this proposed
IBP rescavch side sto monttor changes at specifjc locations over time.
19 ‘A' o . - ’
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arca, reacintny a depth  of ower 17w,

the estinated date o deposition of Uhe tailinee, o the choice of -7
study suboaroas.,

- RO I .

Sok THE RTSTUDY  ARTA : o

The RE study avea is totimed by tvo Tarae indilled badooch
- .

depressions, which once contained 7700 v ol oo wphaonua hop (Pig e

S-17. A considerable quomtity o tuilings has heor donosited - in this,

30401 SURPACE DRATNAGH,
Present drainage petterns at this ssite arveshown in Slonre

S-1 (pocket) o TwB major drainags courses arve shown, one flowing into

Giuawate Lake and the other flowing wouthwara into a lowlond. portion
of the R2 study aveao.  In the ciaso of the former, the channel is well
.. N ‘. ) "

whrked near the alrstrip while it is much Tess so rear the 'l ip ot the
. o . - C . ' . & .
hill. Only a swmelt ondunt of tailings has been carriod to. fhe take.

The second, moce southern, channel drains the middic yortion of the
. ) & >
airstrip and is quite incisced, cspecially in the upper veaches noar
: . °
the airstrip. Vhere this course leaves the R1 aren the drainagze is
throush o s@atl valley and theve has been no channel developient cither

'

in the valley, or in the tnilings of the R1 area at the head of the
valley. Though it appears: that this has beon and romcins o nmajor route
) oL L L .

for surface drainage, there is little evidence of stenificant transport

of tuilings down the

valley to the R2 aren.

Fleld obscvvations iifdicate that in Swamer nost ol the runoff
from rainfall soon jinliltrates into the tail ings.  Although the summer
ol 1971 was dry, theré were ‘several heavy rainfalls, notably fron

v
]

thunderstorns on 11 and 17 August, in which there was 10.2 pm oand 16.8 rm
X <

1
~1
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Plate

east,

Low oblique aerial view
July 1971 = 12h30.




of . predipi tation 1‘0_~~.1wcvti\'clv\'. Despite thoe lovpe vunof ™ area,

name by the widd Le ‘[)()L‘ri,on ol the alvstrip, at no tine did the .l‘tnm[’!f

f Tow f‘;n‘th.cr than 100 m v;\t of the bascline. Onv .c;\;pllyl.n;lti_un f‘o‘r the
1:1;11:‘1\'“1 channel crosion that occurs in the vicinity o the aivstrip 18

that ~the packed, gravelied and oiled atrstrip suvface concentritoes

the runott so that it has considerable evosive power when it fiest
reaches the tailings.  As this water®inFiltratoes quickly into the
tailings its crosive power is rapidly decreased.
S.4.2 0 THERMOKARST ACTIVETY n A

Y - g . ~ - . ‘ :1

Figure 5-3 shows o number of depressions caused by thoermokaest
activity.. These arcas, which in several places constitute a widening of
the stream. channel, provide places for sediwent to wettle. during runoft,
and for water to stand and scep underground.  Water in these dopressions
disappeared within hours of the storms mentioned above, indicating\a
rapid infiltration rate. . : S T

The elftects of thermokarst action are widesnread througzhout
the Rl study avea. Most notuble is the depression shown at 4108 =808,
which is approximately 1 wm deep and has no outlet. A nwmber of other

. » . . . , .

depressions and cut banks are shown in Fioure 3-3. Constdeving that

tatlings deposition in this arca fivst began 15 to 20 YOars ago, it is

siirprising that thermokavst settling.id still active. Thoe depree of

Pt '

4. The torm"t‘hermokur:zt” is used to describe the features resulting from
the melting 6F ground ice in permafrost regions. THe principal effect
of ground-ice melting is essentially collapse, which may give rise to °
surface pits and  basins, funnel shaped sinks or dry valleys. A '
prerequisite for thermokarst activity is.ground material with a high
lce content. When a chance in thermal cquilibrium caudses the dice to
melt, and the resulting water cvaparates or drains away, the decrease
ot volume may cause a collapse of the ground surface.
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Plate 3-3. View north from 47082 190E showing a small fhermokarst

dopression;in°which Bquisetun arvense, . sylvctioun, and
Eriophromen angus bLfolium Jre NOW growing. The tloor of the
depression, which consists of tailings, now lies 1 m below

the

leve) of the -'Ladum hummock' bog topography whitch originatly |

£

existed and still occurs on adjacent tand. 15 July 1971 -

141100



¥

tuble to raintall. Since the ‘locatidn of this: Mracture”

ﬁ‘;linf':lll,' it is thas likely that there is 2 roly
\ B ‘

500037 BEDROCK FRACTHRES

B

The doree sice ol frost-throst btocks that are gdommon In parts
: o PER B — o o

. . B B 1A »

5
ol the stody avens (Placve 2-2) indicares o deep fracture Systemin e/

boedrock.” One such fracture zone (85S-2051, labelled RIE on Fieure 3-3)
T > S

petmitted observations gt the warer table.  An open fracture extended

to o ddpth of mwore than 3 m, and the water table was more than 2 m lower
’ . . . Ly . . i - - ! N
than the suvface of nearby "tailings deposits.) Pipure 3-4 shows the
[luctuation of the watcer table, and the recorded rainfall, fovr part of
. v . . L4
(=] .

the ficeld season.  Several ifiteresting observations can be made from :

ghese data.  First, it is notable that the slope of the change in the

water table level is nearly constant, it one disvegards the inputs

from rvainfall. CGround temperature measurements taken at Yellowkni fo

o : . . L 0 . .
indicate that in bedrock the rate of deseent of the 00 G isotherm is

©

also uniform during much of the swwhier period (Brown, 1974, peisonal

communication). This sugpests that the level of the water-table in the

fracture 1s governed by the annual thawine of the active laver: T
& . 5 & A

It ix also notable that there is o rapid response of the water:

- /
200 0 from the odee of.a slope vhere drainace to a ]uv/er level can occur,
. < © § R N

and considering the quick recovery. to the standare

movement .of water through fractures in the bollrock.,  Alt]

butory runoff crea for the R1 study site ¢ rélatively large, only small

anounts-of water and even lesser ;1‘.;101111(5/0%" -
o S ‘ /

over the Hip of the hill. These observations thus Yerify the carlicer

statement that vapid infiltration of surface/waters and: froe croundwator
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novenent have provented exeessive supgface crosion throughout most ot tho
: : !

RI arvea.  From this it may be concllded that apavt Urom the relativelty

minor instability caused by thermo!

e )
arst p!\m’s{-s, the surtace norphology

of the RIL-study arca should remain irly stable making the process of

othcrwis/ be the casce.

/
/

/

natural revegetation casier than might

5.5 THE RZIS'I'UDY AREA

e
‘v
LY

"
The R2 study arel out-lined in\rF

-

i.'gu‘r"c‘ji -5 1s somewha®Esmaller
than the Rl area. The tailings depostts)lic for the most part in a
. » .

) . L .
small glacial trough in the edrock (Plyte 3-4). adging from. the

vegetation of nearby undisturbed sites/ the original plant cover was a

Picea ardena - sphagnum bog.  The teiflings have (lowed over the 1ip

of the hill, towards Giauque Lake, and\at the base of the hill have

infilled a coyfet of a larpe boy.
38 &5

3.5.1 CSURFAGE DRAYNAGL

The present drainage channel on the taiblings surface is not

.

well incised, but the awount of tailinss in the vicinity of 9105-2608,

as well as over the tip of the hill, at YQOS-3755, indicates o consider-

able flow of water and tailings from the south end of the airsgrip at

some time in the past.

3.5:2  THERMOKARST . _‘
In the rui].,'1115,15—(“9\"\>x‘u1 section from 100E to 200E some thermo-
w

“ «

Karst sottling has occurred. In the trough - (near R2A) there is noticeably

/

111(/)'("(‘ subsidence at the contre than at the sides.  Marks on dead tree
7 ¢ .

/ ’ . )
s trunks and op nearby bedrock indicate a former tailines Tovel 70 em

above the present ground level. It is difficult to-doeteranine whether

the ground level dropped to its present position through remoyal of
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Mlate 3-44 The R2Z avea, situated in a g{l;xci;ll, trough in
the bedrodk (see arrow), has divected tattings over the lip
of the N1kl to a IWoee meylor =l Taoer/efnr bog in the
lower right corner of the photo. 21 July 1971 - 12h00.

o




" « L
i lings by crosion or throrch thermokarst sott Tine . 10 i Pricety i
both have contvibuted, ’
Very noticeable settting has taken place in the viciaity of
|
SOOS-22000 At this location o smal b amount of taibines wirs deposited

SO A spruce bop o Water drainage from the tatlinegs has had little ov no
cffect on most of the boe, and the original plant cover appears wdis -
turbed.  However, alony one cdee of the boe, vhere the tatlings woere A
concentrated, r;o(rl'i“ngz ot about 1w took place (Plate 353,

r 7Y

The portion of the R2Z study arca in the vicinity of S§03-3901

is located over the tip ot the hill and about 20 m lower than scetions
closcer to the airstrip.  Tailings have bDeenstransported to'a corndr of
.8

o

N ::pliuco. bog, vhere scttlineg ot 0
in seation J.2.01.

which has occurred in this aven is described
o

3.6 THE RI-STUDY AREA ‘
R3 s the largest i;:; showit -in figure 3-6. While

I
s disposal, only

: study area and
. g !
the airstrip base was being created throught tailing
However, water

smalloamounts of tailinegs were deposited atf this site.
1

. ] : - .

Jdepression to reach

did dratn trom the settling ponds and folldwed the
Round Lake at the south end of the airstrip.  Most tai-lings now present
in this Jocation were placed there after the completion of the alrsrrip,

|
As aoresult the tailings -

when the area became a- prime disposal si tu’..
r RN ,
“have reached a considerable dopth. / o
N + -
3.6.1 0 SURFACE DRAINAGE ;
. ' a i - .
.- .J‘ .
.~ . . . . H . ~ - A
CRunot't is actively modifying mugh of thie surface at this
the vicinity ot 1000S-200W are up to 2

~location,  Laree gullies in the Vol
;

: i .
deep and they are still croding downward throush the tailings (Plate 3-0)

Pom o has taken place.  The revesetation’
N
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cofftailings depo§its.

Y
K3
LY
N !
wrl N
2
¥
’
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Pligte 3-0. This oblique view of the sc

R3 study. area shows some of the, sullies caused by crosion
These vul Ties (right center) reach
up to 2w in o depth. 21 July 1971 - 12h30.

. o,
' . .

i?f&(}rn portion of the




Camountis oo tditings. Mhis procdéss will eventually rain the airvstvip

i

Jtrche o the croded vaterial has b transooried to Roand Take 1o fomn
| : u : . ’ .
aslavge d/*!l.x"pru_im'( tng wove thar Tou v tnto the lake (have 3-7),

o
/ [ . . .
Tn the hpshoer (northern) part ol the site, notably north from 8505-2000

i

and atong the west side of the airvsirip, dykes (composced of bulldoeged
s

tatlings) were constructed to contaln the taibings.  As a result the

tailings level west of the middle portion of the aivstrip is L to 2 o

) ' ~

hipghoer than the atrstrip surtface.

This diftference in elevation has led to continuing crosional

problems:  Runott’ from o poorly vegetated bedrock s1opy to the west has

resulted in o gultying and the transhoct o of tailings material onty the
atrstrip. From 1902 onward, sprinsg runoff causcd sutficient crosion of
these dai bings that remedial measures were undervraken by l)it:c.ﬂ)/m‘)’ Mines

in anoatvempt to keep the tailings naterial of £ the gravetled/ surface

ol the aivstrip (Fiscovery Mines Dimttoed, woeekly progress veports) !,
. ry . > progre i

fn 1971 B was svident that without repulav maintenance of the dyke
beside the :111"::i‘1‘ip, the, runofd from the s lTope 'hv_r\-wcn 2008 and 5008

)

would low casU across the adrstrin, cavrying with it considervabler

through this cfeation of twoft "surface and the visk of epoine damase -

Pram the resulting dust. | In addition, the. increasced runof g witTntensify -

the croston - already taking place cn the cagtern odoe of - the airst rip, wlhere
. A - .

several pullics up to o0 cm deep are eroding headward toward the y_r:l\’ﬁ-]iml
T L - ) : X . o | )

portion. ot the airitrip,

_However, in 1971, the drainage, channels existed as shown on

o . oo ) ’ . . . .5
Fipure 3-¢ tlowing to the sourh and to Round Lake,

- Between 6008 and

8005 crosion and gullying are miner, since basa level is controlled by an

'



TPrate’
Yormer
north oid of Round Lake. 21 July 1971 -

from”

3-7.

Tailings which
disposal areas

are

dare

now being transported by runo 't
creating o lavge delta at the
12h50.
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1
i .
overburden cacshes dvhe and o bedeoch onterop i the viciuit vt
: .
. R A . - ’ .
RICIE R 1 Foothe sath of this dyke severe culiving i~ Docnvving,

The base lTevel tor much of thin seetion s1s Roand Liake amgl the vailines
suriave in this area readt 10 e sthove that. Althoush not attb ol the

10 s crvoadable tatlines, the cradicint Tw osueh that considerable

pullyinmg will take place for vears to come, and Lavpo quant tties ol -

\

croded taitings will contimee to infill Round Lake.

‘

3.0.2 0 THERMORARST
- .\v
There ave sceveral active thermokarst features in this study
avea. One, on the suctace of (e atrstri peois Tl actocation which boepan

to recetve tailings in 1950 (Plate 5-8). . This stevests that thermolarst

processesauay remain active where theve has heen a cover of tailines for

wore than ffwo decades.  Shallow dopresstons .ot 5008000 and 6758 SO

also indicayge continued thawing of the organic material below the
. ‘ iy ) :

tailings deposits,  The latter depressior is rather large in arca.so
. s - .
that gply in times & poak runot € will wiater flow Crom the deprossion
Y - X . ;

togrilound halkey o ) ’ * ‘
! . . ' . . . . - N M
Fhore is litole evidence ot thevnmgk@gst in the section wheoere

)

theve s oactive pullying. (South of Su03) . . s unlihely that bons

J

. . L : .. ot et . ‘w )
SHoenisted in this Togatinpnigo benin with, because of the slope and sonthev
| . [ : - I : g . ) .
aspect. Hobvever, there e o number of thermokars?t depressions around

; . _ L :
! ) .

the m:n‘:.",ln;%- of 1o Lake . The most recent (Plate 3-93, lacated at

-~ .~ - "l - F . . . i . ) . ° ' .
12005 - .?»!fv‘:ﬂ \\'hvx‘o@‘. tatlihes have buried a spruce bog, has collapscd
N . ! . .
1om, o Several other shal lotg thermokavst depressions are eviden' in the
\ .

T I ___.,,-,_-._,4\,-,-_.‘._,_-_._,;

[

. 8ince this lake does not drain into Giaugue sbake, the mill efflueny

touldmot contaminate the'tmine's water supply via this route. ,,/
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CPlate 3-8.- Thesd thermok

2 25%-60W, have
where tailtings
VW30,

occurred at ‘the odge of the atrstrip
were deposited beginning in 1950, 7

v -

arst depressions, located at
in a location
; ; 971 -
A\Up,tlst”l 1t 1‘ S

approxi mate by
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Plate 390 This vecent (1o deep thormokaest depression i,
Jocatod at a bop/tailinas contact which was forimer iy ear
the shore ot Round Lake. The veologist!t hommer i the
Forepround, vives. sca SO SMast 1971 TohOo,
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Joelta portion of the sundy oeea, A ooy wnntor rogd b T ey
hoe also induced thevgiehar 0 ottt lin vheve Y0 poeece s fron the
tadbines onto the bhos sartaco. Other than rhe infitornicon wivich occnr
? “ -y
. . ' ’ . - R .
in the theraookavst deprescion o, most o the dratme g rn the arga o
" h .
cortace and towards Rowd Dake ‘
TThoere ie Little o or o no o rovevetatton ol the yaorbines tan thed
i ;
. : S {
area. What vevegctation hies veouveed ta found alona Tthe mareine ol
X : .

K

the tattonegy or adiacent to frost-thowst vocks, or o overburden dvle

.
.

matevial. . ¥
3.0 THE RE O STUDY CAREA

The Cinatb study arca is oone which his mos docent by vece v

taitings from the miti. Le i located closer to the nitl than the cther

St

aveas, and was o apparengly chosen when it became apparent  that kg
. . . . ' . S Wy :
could receive no additional taidting s withour axtém: e danale to the

attstveips The site has tweradvantapes Por the dinposat ol mi bt oo b brap,
- . S
Fts proximity to the willb erdgatly rwdu‘cm‘l mutntennee prob tens i The
- — d . LY -
i tines disposal pipeline; especially in severe cold whoen thereece
consdant problems with the Line Preestng Poe addif o the svre 1 tormed
‘ - Py ‘
. ) P o . . \ ) f . -
by o lavee eully vhich has o stoeep gradiont o Giaugley Tie, some 1ao

Dotow.  Thas the arca provides a-vivtually Timitless divposal wink.
. ) ; R
Stince cftorts had  proviousty been sade to divect tai lines away from

Giangue Lake Gnd thee domestic water supptyd it is probable it disiposal

at thix locatien wies caveiad out with the knowloedeo that mine closave
. - ‘ : /
vould occur in o mattor of sovdral yvenes,
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S0 SUREACE DRAEINAGH '
Althoneh o o thegl tond bine

Y
remained oo smatl dopressiom to 1 o
\' -

Thiv depression was Pormer v occo i ol

ot which has been Dure i od by ot

.

bt victuaally 11 the |

3
‘Y‘»\‘l

ctlluent and/or by o

tadilines
tn the o

The slope down the il 1o th.

bost descoribsed ae o Cane Lo o dead

the tail e enter the take o

up ('?éig‘_lll‘\‘ ’;L o Wlate 5'1”) .

\

stable but twe chaunelds up to 2y deep

%
. s
Wave action is eroding ¢

upsltope,

JGle

tn o widle shelt of shaltow wator L

teriat i ~:mng‘\l vansported o sontheeed

N

Lher it

Errees,
deTra, won

Most ot the dolia surtiace -

[

Flowed tnto the o

"

Fak i

SUool the b (Faonaee oy

sprace boo s the norihern hal !l

The southern Salt i, tree of

eohave boen Kitlad by mildl

ablbe caased by tai lines disposal,

E{ N

hes
f . o . .

olake s badlv o puliied, and i
shrabs o aod taitings.  Where

e LH0 by 200, has been builte
vorelatively

wve been cur by runot from

he novth vide of (he dolta, resulting

SO, ol the croded

Some

by Littoral Jdreift ,oand depostted

botveen the \1<‘;t;1 .;111\1 ancis tand. Thos Provess muy cventually extomd the
Jyl{;l tothe islapd ., 8j nee the water on the ppposice (k.\lk)l.lf’}’l‘a\lf;[ )} side
ot the '\i shand o very shiallow, this b l’ﬂk"{ul:‘_k‘ wi I’l windoubt oyl Jm'x'vd;lrwvn
water circulation and ol tor the hvdvolosic natnee of R he by,
S U 'l'lHiR.\lUl\‘.\R;\"l' -

' Some llxﬁx‘nu%:n‘%t @: tlhing bas occurved i the upper (former bog) v
Section, but most ot it l‘lil_:i ‘l:ucn :G:\l:‘?\od by cont i‘nu‘iinjz crosion.  Neverthe -

settting ol the centre ot the boo,

s Qeen i the ovder of J0 cn. Mo ovid

«

~ v

At the Fimit of tatlings deposition,

Wiks

fence of “thermokarst et ivity
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Plate S50 The most recent tatidps divposal arcea consises
ol o putty leading to Chaerqone Loke where 0 delta, J150 by -
200 g, hasr been Pormed. 210 July 1971 - 12030, F [ L
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Connd on o the Qo lrawextonding into iy Lake .

,

Althoush there is no vegutatlon Jrowing on the delta, plants

Care Toosensriating coction, primarily at sites

' ; - r
L gl N PR . . & !
with o ihin cover of tablings. s , ANE .
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© " CHAPTLR 4
. " REVEGETATION

“In order to determine the processes of plant ‘succession at
L .

work on the Discovery Mine tailings, detailed investigations wore

und®rtaken at scvbral.locutions Fhiq'cﬁaptc And the two fdl]u&ing‘\
. . ,
AdJQLUQ\ Lhc details of plant succession and pO%’U‘dtC tho contrelling
-gactorsh Chdptcl 4 p1Q$QUtS'ObSCTVHt10IJ of primafy and secondary
plént Succgssionvwithin thq framcgork;of th;,fpur study areas juit_

~described. Lha>+01 5 sunmarizes revegetation, expeorience at cther

mincs and discusses the factors thought to control the- tvpe and rite of

S

plant Sucécssion. Chdp °r 6 thcn draws on thc plO\lOU§ T pﬁql ers

to outllno and brlcflv d1<cusq the patt01n< of plant coloniiatlon which'
» .

°

e .

describe thc situation at Dlscovcry.

4.1 CfHE RL STUDY AREA S .

The ‘R1 tailings disposal area s the oldest \&Ef mihe site |

agd for this reason 15 tbc most 1nterc<t1ng with respect to the time
‘\ 1
element of TO\CQ”tatlon . Tho:c areas ﬁhOMlﬂO recovery of .the Formor

ground coVer are outllncd in }1gu1o 4- 1 Although a large ﬁortlon of

2.

tho area rcmains bale, siz eable sections have been COlOﬂl”Qd . Most of
. . _ N

the prlmary plant success10n is occurrlng where the talllngs dcpos1ts

1. Rcvcgctatlon is used to refer to the,Ac eqtabllshmont of vegotatlon
Implied is the fdct that the whole area once had a full vegetative
cover that has been disTupted.to somé extent by the deposition of
tailings. Revegetation is taken to include both ‘the colonization
of a tailings dop051t and the recovery of components of the original

- plant cover.

2. Colonization is taken‘to mean the estaollshment of plants not

present. or not common in the orlglnal Dlant cover.

66
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FIGURE 4-1  \_

R1  STUDY AREA

PRIMARY PLANT SUCCESSION

o

0o . 25 ) 50 il

to Giauque Lake . - | U scale ppet ] metres

kgt




N

~ Tock the plants are supplied w1th nutrients

. ' 68

are relatively shallow, or on sections of .tailings that are adjacent

to undisturbed locations.  The distrnibution of the major colonizing

-

species is shown in Figure 4-2. . -

4.1.1 REVEGETATION ALONG A TAILINGS/BE [)RO(‘I\ CONTAC F

Plarc A-1 illustrates t_hc bacrenness o‘f muctt ‘of the study

o
area. Plant growth occurs only along the margins of the tailings
deposits. Plate 4-2 illustrates one such situation. Tn this instance

plant growth is taking place along a dLlanS -bedrock interface which

forms the western boundary of a depression centered near 470S-142E.

On the u‘m.,k to the left of the photo, the highest level.of tailings
"""%Wi’ ) d -

or effl uwht *gimarkod by the abscncc of llchens Along the»lnterface
a number of specles grow in a hedge—like munﬁer. Be%ﬁla papyrif@ra
Alnué “erispa, and Salix bebbiana are the dthnant bp&CLCS, but Betula
gZﬂnduZosa, Sa71x anuuCMZOLde, and S. anuca are also ptesnnt The
herb layer of the depression in the nearby tailings consists of

Fquisetum arvense and E; Sulvaticwm, In the lowest and dampest section

Eriophorum anguotLJoltum domlnateb, although Equzserum arverse is al%o

present.

The above phenomena indicate-that the availability of nutrients

is impd}tant in enabling plants to grow on the tailings. It is possible
to speculate on the reasons for the conspicuous hedge-like growth

' | o g o L
along the edge of the ~tai1ings. At-the&edgb5\the cover of tailings

is th{nnest S0 thdt the Tﬁgrlents 1n the fdrmer organ1c§‘1ayer (now

burled) are avallable to the rootsng seedllngs In addltion in those

locatlons where the talllngs are border%‘ by thlnly covered or bare

hed down by rainwater
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~ PLANT COLONIZATION BY SPECIES
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Piate’d-1. Much of the RP study frea 1s conpletely devord of vegetation.
s1on 0¥ rhe Sondy oarea adjacent

This view, kooxing =outh, <how ot
to the atrstrip,  2UoJuly 1070




4-2. A hedge-like gro wth, dominated by Betulc pavymf'e”
erispa, occurs along the Ldﬂlngs/bedrock 1ntgrface at
130E. " 15 July 1971 - 14h15.

(¢4

and



from the slope above. Of course such runoff neced not stop at the

bedrock tallln;S interface, but muy also reach depressions located
near the edge of the tailings dep051ts The section of the ta111ngs
dlscussed abOVe is bordered ‘on thrZe sides by anard sloplno bedrock
‘The depresslon mentioned supports several plant speCLCs whereas more
centrally located depre551ons host 11tt1e Or no vegetation. The
availability of runoff borne nutrients may explaln this dlfference
4
in plant growth.
4.1.2 REVEGETATION OF AGPARTIALLY iNFILLED'BOG

Another locatlon of 1nterest centres at, 4708 190E Here
’half of a boo approx1mate1y 35 by 15 m in area is-: burled by talllngs
The orlglnal vegetation at thlS locatlon vas Picea marﬂarq\hlth well-
developed hummocks on whlch Ledum. groenlandtcum 1nd llchnns were .
present. Most of the trees,twhich'were less than 10 cm dbh, have been
cut uboyeAQinter snow level, like1§ by Indians for domestic use at

T - B

. .03
nearby campsites”.

The surface of the tailings-coveded northern half of the bog

has settled neafly 1 m below the level of the“ uthern helf.~ In this
northern portion plant grouth is vigorous; Smal} patches of Betula
papyr?féra, SaZix &rbuscdloidés S. glaueca, and 5. B bbtara are
;surrounded by a herb layer of Equisetum arvensz, E. syZvattcum;

EYiophorum angustifoliwn, and Carezx aquatilis (Plate 4-3). It appears

3 = . ; o’ - o

3. Dogrib Indians, now based in Yellowknife and Detah still haintain
a nomadic- llfestyle and range, through this countTy hunting caribou
in the fall and winter. While the mine was in operatlon ese
Indians frequently camped in the vicinity. There is cons derable
evidence of campsites.in the R1 study area. Many of the frees have
been cut and several cache platforms remain. ‘
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ﬁlato 4-3,

Revegetation in the vicinity of.470S-190E
small patches of Salir arbusculoides,
a herb layer of Fquiecetur ayvernse, E.
foliwn, and Carex aquctilis.’ 15 July 1971 - 14h00.

takes the form of .
S. beibicna and S. glauca with
sylvaticwn, Erioprorwt angusti-
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/ !
L : . /
that .the shrubs have grown from the occasional specimens found-in
the-original ground cover, whereas the hérb layer is more of a primary
“‘succession nature.

In the southern-half of this bog, only the vegetation in

the inter- hummock depressmons has been killed. The moss and lichen

~

cover on the"tops of the hummocks is unddmaced Since there are only

small amounts of taildngs present, it‘ls llkely that only the ,tailings
e¢ffluent reached this area. The subsidence of the northern half of
thié‘bbgfis a result of . thermokarst action, and subsidence is$ still

r
occurrlng along the interface between the two Sectlons

413 - STUDY TRANSECT RICD.
Much of the eastern half of the R1 study area is covered by
b O
unvegetated tarlings. In the southern corner, however there is
considerable plant'groﬁfh near" where drdlnage flows down a elope to
the lower 1eve1 of the R2 study area. Detalled‘observatlohs were

3551>ted by the establishment of a transect through thls portion.

-

of the RI studv area'(Flgure 4-1). The 200 m long transect -¥s shown
in plan and proflle in Flgures 4-3 and 4-4.

Apart from several patches of barely surviving Equmeetum

-

arvense.. and E sJZvot1cum the flISt 100 m exhibits no vegetatlon a .
51tuat10n 1Lkely gesultlng from the depth of the talllngs dep0§1t A

-

‘5011 p1t at R1C (04-00) ehOWed tailings to Q depth of 1.7 m. Otﬁer

pits along the transect (Flgure "4 - 4) showed " that p11mary succe551on

: se}dom occurs when the depth of the dep051t exceeds 50 cm and in most

cases thlS depth is less than 40 cm. Often plant growth occurs only

‘where the talllngs has buried just a part of a hummock of orlglnal bog
; w

terrain. Small patches of Equisetum arvense, E. SJZuatlcum Carex

mofn
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cqquert s and Felophoren corgqust Lol len are then abke to colonire
outwards by using the nutrients available £rom the central hummock of

organic material.  This charvacteristic Lo cspecially apparent in the
N : -

vicinity of the transcct baseline Crom about 0«90 (o [ +30. However,

in genceral, the depth of the tailings between 1+ 00and 24 00 on the
transect is relatively thin, in the order to 40 cm, so that revegetation

iy
“a

is widespread. - From approximately L+ 50 to 2+ 00 (v gL L

grows in a thick, continuous cover. Mixed in with this, and forming

dbout 10 to 15 percent of the cover, is 7yl

arvenso. - The -

ioction extends down the transcct to about |-+ 25 and appears to be a

primary successional s po IOS Scattered throughout the portion of the

transcet from-1+40 to 2+ 00 are young specimens of Saliz arbusc wloides,
So Lebblanad. S0 gylauca, Betula olanduleca. 5. vopyrlfera and

occasfgnally Alsvus cvispa.  Sced §ourcés Tor these 5pcc105 are located
in adjacgnt non—disturBed arcas. - ) : i

Overall fegéncrati@n in this arca.is excellent, as can be
secn- from Plate 4-4. gxccqt for the firm Séﬁﬂy basc of the tailings
whjgh'is visible benéath the g‘éss,'thc appearance ié meadow-1like.
ihcAtrec stumpé‘which fémaiﬁ; along with the Sphaﬂnﬂm %éuﬁd at the
bottom of \Oll p]ts indicate Lhdt the orngndl cover was that of a
ftcoa mariarna bog. Along thc western 51dc of the trahscct bctween
1+00 and 24—00 much of the orlglndl grourd cover remalnb unaltelnd
e\copt for the trees, thch have-been cut foz campillo purposob | The
ma;n Hérb components are Ledun greenlandicun and Sphagnum spp., forming
the u§ua1.hummock§.
401.4  ANALYSIS OF TATLINGS

A detailed soils analysis was carried out on four samples

!



.o

'

Plate 4-4. This view, looking south to a thermometcr shelter .location
at RIB (1 +60 on the transect),; reveals a lush ground cover in which
Equisetum arvensz and (area aquatilis are the dominant primary succe-
ssional snecms on the tailings.. 27 July 1971 - 14h00.
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from a <aj| prooat 080 on the tranaedt . Fhe resal vty are whown

Table 4 1.0 Measurements of  the PHo ot other comples trom thire tranee

are shown in Tabtle 4 0. The mostoaced o bange o L (R RC

S.0) are those with an orange colour. Analy s of emp e DS e

that this acidity not ongy tripvers el Teve s of aluam nom and
manganese but aloo decredses the availaba Trte ot pota oo, I
other respectys the samples Gre o simplar, A Compartaon ot the <oqd
Profiles at 0400 and 0+ 25 with thoe. AL A L0 and 1w oo
sugpests that acidity is not the aole determining factor in revepotat o,

The acidic laver of orange colourcd t:i\ilin;;-- Wan o Fregquent Ty
encountered ar oo denth of )10 te 20 cm,' althoneh NOdid ont ol - doer

hd

as 43 cm.  This Javer probably originated in the miTline ot o high
pyrite content scection of the mineral vein,
4.2 THE R2 ST1IDY ARIA

This arca received the bulk of its deposits abour 196y,
There appears to have been very li‘ttlo dcpositi\c?lj in .rhc' area since that
time, although some ‘movenent of tatlings through runoff _C.Oﬂtin’d&‘S on a
minor scale. In’thc trough-like section clgsest the aitrstrip the 77 n
nAriana trees Ké&e all been killed and all other ground cover has been
buried bcnqath tailings. There is little rcvoéétarion‘of these

atewn

— -

deposits. Several small patches of Zguisetwn arvenc. and £, sylv
héve been able to colonize only where tht cover of tailings 1s shallow,
less thap 20 cm.
4.2.1 REVEGETATION OF PARTIALLY INFILLED BOGS

A .There are two bog aféas in the R2 Study Area which have been

partially filled by tailings. The first is; located in the vicinity of

' 860S-225E. In the portion of the bog where tailings have been deposited,
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“all trees (mostly Piced mariana) have survived. cheral smaJI clumps

of Alnus crispa and Saolizx gZauca have become established where the
tailings have only thinly covorod hummoéks of the former ground cover.

~Figure 3-5 shows that a large arca on the northwest side of

..R2 has been affectcd by tuilings. A]though most of the trees are dead,

’\

other componcnts of ‘the ground cover are larqol) unaffected. TwoA
rcasons can be put t01ward to explain this limited damage: ofi}‘st, the
arca has‘scrvcd as-a_routo forgcfflucnt'drainago'from thc.airstrip,
-and th;;highly alkaline efflﬁent may have éufficicntly Taised‘fhe soil
RH.té sc]cctiv;}y kill.somc of the, plant cover {in this éabc Dicea

T ./.
A

‘mdfigha).‘ A llkolv second chtor is Thlt the ea%torn (doun<lopo) 51de.
of th)q erganic terrain H5§ been- 9uff]¢1onrl covered by tailines solidr
that themokarste subsidence up t8 1" has occ&rrqd. This ailcrdtjon
of the pérmafrost {ablo has Suffiéién;ly-lowergd'the wdtcr table to
causé the decath of-hygric specics. Los§ o£’fhe‘ffce layer inevitably
‘resglrs ih_a gréater input of solar rddiafioﬁ fo fhé ground, which

causes” a warming, ‘and a retreat of the.permafrost and water table.

Such changes tend tobe teng—torm—HowovoT, OTheT com oncnts of the

= o 5 o > ’
: : \ - .

plant cover here, such as Ledwn groenlandicum and Empetriv nigriem,

appear to survive successfully. Warming and drying of the ground

results in a decrcase in mosses and an increase in lichens and

Equisetwn spp.
. ' ‘ .
Significant revegetation is evident dowh the hill at 880S-

SQOL nhere a corner of a large bog ‘has been 1nf111ed by tailings. The
dlStleUthn of species 15 plescnted in Figure 4- 5 EPiophorum
angustifoliwn is the most vigorous participant ih primary succession at

this location, although Fauzsévvm arvense 1s also grow1ng well,

n
N
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Calamogrostis neglecta growth is less intensg. Along the western

"adjacent spruce bog.

e

tailings-bog contact Betula glandulocw, Alnus crispa, and scveral

specics of Salix are common. These shrubs are all components of “the

— R <

4.2.2 ANAIYSIS OF 'TAILINGS
Two soil plts verﬁ plchd in this arca. The profiles arc -
presented ;n-FigUFe 40, Although the“surfaccuat'9008—403E has sub-

sided at 1cést‘5O cm from the original leével of tho‘bog‘(QQOSwdsoﬁj,

w2 o

they arec shown in thc plan as the same . clevation. Little can be. said

. . . [N :
about the profile except that with the deposition of tailings the
Je R ] « R o .
orggnic layer is compgessed, ‘apparentfy from 16 cm to ¥ cm.
» , o . . o

=N

"The results of the chemical analvsis on the soil from the

\,.,.___\

p1t A 0S-403E arc shown in Table- 4-3.° Two measurements stand out.

The snmnlc fro: L 15 cm, ur%hQLvh des\r*bod as a glc) flnc'Sand,
tested extremely ac1d°w1th verv hlgh alumln d mangancsc vdJu“s,>j

thén scems plausxble fhat many local plants have devcloped some sort

s ,'..

a. contrast to p}QVlOUS andlyses whlch suggostcd that- hlg

occurred only_w1th;orange—coloured talllngs The presencc of a th

and vigorous’covor of Ertohnowum anguotsz7@um at, thlS location.is
. . :

ev1dence that some species grou well in the hlghly ac1d env1ionments
of tailiugs depqsits. Also of intercst are the results of'samplezIZQ,

grey clay t111 - The analysis indicétcs'that‘natural SQils in the

'

'rcglon haxe rclatlvely hfgh valucs - of alumlnum and manganese It

G

of tolcrange for thcse metals,iand may not’ suffer from what mlght other—

wise bc'consideréd‘toxic levels.

s - . - o .
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o |
4.3 THEE R3 STUDY ARIE»A: - }

“This arca includes ncarly half of' thd tailings disposal arca

at the minesite. It is cstimatod’&hat tai/lings. flowed ;nto this section
as early as 1953.und continued intermittently until 1965. It is likely
‘that much of‘tho surface ]ayeré of tailings were laid dQ@ﬁ%bétwecn
1561 and 1965, éirher directly from the tailings efflucﬁt pipes or
‘;ﬁhfough oroéionjfﬁom'qpslo%e disposal‘ibcatiéns”

| Primary plant‘guccession is outlined in Figure 4-7. In all
.;QSCQKCQlonization is occuéring oply,whére the depfh of the tﬁilings

I . ; ) X . .
t roots arc able to reach the buried-organic

is ;hallé&“emoﬁghvthat plan
materjdi. Fiéﬁre 4-8 shows‘the coronization‘by species. ‘Equisetum
arvense and . syluaticﬁﬁ'are‘plants‘whiph most co@monky colonize
tailings Qﬁerezthc depth is greater. than 15 cm. Epilobium angﬁstifbiiuﬁ N
is rho:usual colonizer where the tailings_debfh is less tﬁan 20 cm, and

is also common wherc thc original plant cover has been killed by -

effluent but not buried by tailings. Eriophorum. angustifolium is
_ e ) . ' . ) . ] B . : ,
restricted to moist depressions on the tailings. Species common to the

ﬁargins.of disposél si£és where d;position is minor are‘AZﬁuskcrispg,ﬁ
Betula papy%iféra,-and'seQCrai'Speciesvof Salié.
4.3.1 THE MARGIN OF ROUND LAKE

| In Round Lake, and at thé edge of tﬁ¢ fan df'tai]ings“which
e£teﬁds wéiliinto tﬁé 1ake¥ Carex aquatilf; grows vigorously at the

shorelinc, wherecas Equisetim fluviatile is found in shallow water.

‘Both nr naturally around the margins of the)lako and are
ablec to tailings deposits. Myriophyllum exalbescens is
als , ~iant of the shallow water over the pgilings.'
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4.3.2 STUDY TRANSECT R3AB ~ o , e T
: . ' - )

Two transects, sthn in Figure 4-7, werc chosen for more

detailcdosfudy. Transect R&AB is lpcaged"ﬁlpng‘the 63SS:grid line at

o .
¢

the western edge of thG>1dlB]nrb dlSpObal area Thc undisturbed site

? 4
consists of .a gcntly SlOpLH"\rvGQG maWLana - Ledum groanlandzcum
“ . e — \ . \

woodland in which the ?lopeJﬂs toward the tﬁlllngb. It is onc of the , °

L R .. i o " C P : - -
few—locations. where the taillngs do not border a spruce bog or rock
. ! V \l ‘ ': : i .‘ . o
outcrop. ’ 0

- " . . o

Ilﬂu1c 4-9 bhOWb “the, R3AB tranxcct in plan dnd profllc. ’

>

o

4

Equisctum arvcnse.and.E. sylvuzzcum are both present on shallow

tqjlln s at't} edge of othe disposnl‘af@n The proflle suggcits that
FquLsetum in this location is dblc to grow on Lalllngs wherc the depth - ’
rcgchcs 0.3 m or morc. However, it-s likely that’ Equ;secumcﬁas
colonized this site by obfaining nutriéﬁ%s léteraLly from the edge of »h o

the tailings through the use of rhizémes. . ° oo . ‘_ h
» »  Of more interest is thc Stép—likqﬁprofilé‘at the edge of the
, q I

dlllng . AthouOh the }1gurc C\abngdLQS the vertical. Scalc, Lhcrc is
13 [ C

a distinct drop in thee olcvatlon of thc ground surdeL at the>P1m1t of

m B o o o

the efflucnt—killed vegetation; and another where the ground surface had

been buried By'tailings. =A1th0ugh this drop is“similar to thosec-found

! . o . P

at - thc edg; of talllngs in bOt7 areas, hLTC tbc surtace of the tailings

7 .
slopes. away. from the contact, ldLhLI than towards iteas 1s the case 1n
other locations. In cdnrrasﬁ,ghcy, this contact, appeafcd to be Stabﬁe., - :

. i o ~ o or ﬁ ' - . ., e
There was po cvidence of permafrost, at least at shallow depth, to 'thé

a 4 < - . . °

) '. ) . : .0 )
west of 2 +10. Since it is unlikely that nearly 30 cm of ;subsidence- can °
. be accounted for by the compaction of the organic layer, it is 1i§ely: T g
. . . L o . . . ) . Lo Ly : < o
. ) . ) N o i .
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that 2 +10 marks the western limit of a spruce bog which is now overlain
by tailings. ' . TR L T :
Several othcr obse Pvatlons can be made’ from thc profile. The®

contrdst in thc au;dlty between orange - (pH 3. 3) and grey {pH: 4.7)

talllngs is sxmllar to Lhdt in the'R1 study arca. It is also'of4' o

interest to. note that the pHvof‘undlsturbed surfacc organic material’

bl

is 3.3,,whcrcus_thg ptl of thét same organic layer, once buried by
tailingstfisos to about‘4.51 . | 7 |
l Thc only detailed soil anhly>15 from thb tfansect_wag of
shmplcsvof natural s011> at 6355 217W - The results of the-énalysis are”
‘idlspussed in section 4.5. ti S ; » R , C
4.3.3 STUDY TRANSECTI RSCD - - o
"The Q cond transegt in thlb study area (RJCD in - Flgule 4- 7)

.7 : <‘:>. .
is'locutcd jUSt northeast of Round Lake. The transect was placed to

1ntersegt the edyge of thc talllngs as well as two w1nter roads. Ther

o

vicinity:of the transect can_bc generally described as a hummocky
Picea mariana-Sphagrum ng; The transect 1s'presented 1n Figure 4-10. a ' -
Thc profilo shows that the depth of the active ldyer in. theasphagnumo

ranges,from 20 to 40 cm. On thlb transect tho 5tep at thc edge of

-the ta111ng< (0+10W) 15 qulte hlgh, nearly Im.’ Thc steep angle
of tho )hagnum bank bUUULStb that the rotreat of pqrmaffoét is conti- e

e

-nulng, although not at a rdpld pace.
o bub51dengo following thermal diéruption is also evident in

the winter roadbeds. Although a detailed examination of the permafrost

tabld'was.not undcitakén it is llkcly that much of the 5ub51dence in

Jthe r0ddway> 1x\a result of subs011 thaw1ng However, it appears that
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these Lworr§utcs were fairly heavily usod, so that somc.of the surface
H‘Pfgunics may have becﬁ cdrricd'away on the whegels or tracks of vchic;ps
using the roads in Spfing ;r fall. It is also likely that heavy
graffic résu;fcd in compaction of the nbn—frqzén clay subsurface during
autuﬁh) before freezeback was comﬁlctc. Indced,vthc déprcssion'of the
ciaytprgfiic.at the road, and the risc of the profile between -the two
rOadways,s:ggést that the clay was squcezed latdérally. In this context

it is worth noting that some- of the clay tilT bencath other bogs

exhibited plasticity, particularly when gentle pressure or vibration

)
e -

wﬁs applied.
- Oﬁé can also specculate on why the original wihter<rbad wag
abdndoned for a route only 10 m to<¥hc east. The two routes con be
clearly seen on Plate 3-6. It i;‘qUite possible: that thq,ﬁxgnﬁi: layer
wasithickér at thcbfirsp location {han at the sccond. ihq meiting of ; °
th?hpermafrdst in the thick "organics would result in thc rocadbed
sinking into the bog, oﬁough to cause a relocation to a more stable
route. 'Thus~it may be that O+ 40E marks the eastern limit of a bog
‘scction of lake shoreline which will gradually be infillcé_by pAilings
_through thérmoknrst,ﬁrocessogﬁ
= : : & . H
Figurc 4-10 shows that Carex aquatiliéyjjg Equisetum arvence
5ré the most'imﬁortﬁnt colcni:crs‘of the tai]ingé. Boph éro avle to
reach onto the tailiﬁgs by using crecping rootstalks which cén‘provide /’/f\\\\

Y

colonizing plants with nutrients from the organic matcrial at the edge
. : Is) : - ’
~of the tailings. The bed of the abandoned winter road has a few small

patgﬂésiofuyosscs, but Betula'glandulosa"and Salix arbusculoides are

colonizing vigorolsiy. The surface of the more recently used winter



. »

foad consists of patches of barc‘clay-(rcmnanrs of the frost boils
commonly found in such bog locations), and shailow water-filled
-depressions.  Eriophorim angustifolium is wol]‘ostablishod'in many of
these doprcgsions.
4.4 THE R4 STUDY AREA

‘Most of the tailings diSposél in this arca occurred during.
the last ycars of opcration; between 1965 and 1968. Since the site is

K

a depression leading frém the mineshaft to Giauque Lake (Plate 4-5)
it is highly probable that smallvamounts of tailings were preseﬁt in
the gully from-éarly.in the operation of the mine.

Primary planf Succossion in the StudyHaréd is shown in
Figure 4-11, and co]oniza%ion by species is presented in Figure 4-12.
In gencral Pquisetwn arvense and E. sylvét{cum are the ﬁost comméﬁ

éolonizers, and patches are’ found scattered throughout thcvafea.
Epilvbiym cogustifoliwn is alsorcomﬁgn, éspeciaily along margins of the
affectcd arca, where efflueﬂt‘killéﬁ the original Vegetation, but where
tailings:dopositioﬁ'wdg minimal. E;iophoruw angustifoliwn is present
in depressions where watcf‘haé ponded. Botula vapyrifera and Alnus
cfisp%)occur along the edgc§ of‘the'téilipgs, mos t often where the’
tailings mecf a bedrock slope.
' 4.4.1 STUDY TRANSECT R4AB

oTwo'trans.ccrs were located in this studyv area. Transect R4AB
is presented in Figure 4-13. “Plate 4—6vViCWS R4B from about 0 +10m oﬁ
>the transect, and Plate 4A7;sﬁows R4A from O-Fme‘ In both photos the
ceénter-line of the transcct is indicated‘by the steel tape. The photos

illustrate the vigorous colonization of Fquisetwn arvense on portions

of the transect.



s

»

Plate 4-5. The R4 study area consists primarily of a tailings-filled f

‘depression in the bedrock, lecading from the vicinity of the mineshaft

castward to Giauque Lake. Tailings have infilled the northern portion
of a.Picea mariana-Sphagnum bog located midway to the lake. July 1971 -

12h30. . , . '
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‘Plate 4-6. The southern end.oF°trgnsect R4AB

on the transect. Note the tailinos”disposal P
wooden stave pipe in use until mine.closure.
Equise tum arvense 1S LVldenf in the. forgground

as viewed from 0410 m
ipeline, ‘a wire-bound
Vigorous celonization of

10 July 1971 - 11h00.

100
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Plglte' 4-7. The nor‘t‘hern portion of . transect R4AB,. vieked from 0+20 m.
Eguisetwn arvanse has_colonized portions of the transect. 10 July 197]
- 11h00. : . i ‘



This transect also reveals that the acidity of the tailings
-

is related to the proportion of iron (vepresceifted by the orange-colourcd

csand) . Kgudsetion has colonized she grey sand, -eospecially where buried
k3

organics material is in reach of the plants (bectween 04—02 and 0+05).

TaBic 4-4 analyses three soil simples taken along this transcct. Once
o . . 1% :

again Iﬁc orange tailings prove to be highly acidic with high levels of
Qlumiﬁum and mungﬂncso. Simildrly, the levels of‘pofassium arc
supprcésud in these acidic samples. CALL of these conditions nré
'Lhought to he detwinmental fo ﬁlunt growth and may explain the patchy
co}oniznr{on patterns evident in the R4 areca.

4.;1.2 STUDY TRANSECT RACD

| The middlc pdrtion of the R4 study arca exhibits several
examples of vigorous plant succésxionl Plate 4;8'illu§tratcs'u dense

cover of e

sgetws arvernse and B, sy lvaticwn along the northern edge
of the tailings.

area. h o

“Transcct R4CD is illustrated in two parts (Figures 4-14 and’

B

“4-15).  Again a lower fclutivo'ucidity occurs in the grey or iron-

poor tailings. The overall successional pattern indicated a tendency

for Equdselum and Fpidlobium to grow best where the depth of the tailings ”

s less than 20 cn. Although colonization has been very successful at
some locations (Plate 4-8), large bare scctions also exist along the
transect. = The absence of vegetation between 0+ 17 and 0+ 30 (Plate 4-9)

is  probably causcd by the thickness of the tailings, in the order of

H
B

30 cu Obscrwvietions also suggest that surface instability caused by

wash erosion is alse a factor. The presence of iron-rich (high-acidity)

1O-

Transcet R4CD extends across this portion of the study__

o

R
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Plate 4-8. A zone of vigorous Equiszitwn sylvaticwn and E. “arvense
grawth is located along the northern edge of the talllngs at approximately
100S-300E. 9 July 1971 - 15h30.
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Plate 4-9. The R4CD transect north. from 0 +53 shows many dead shrubs

of the former plant cover in the foreground and virtually no regeneration
to 0,417, near the ‘white pad of paper.. Reyond this point #quiseatwn
arvéense and E. sylvaticum grow vigorously. 13 July 1971 - 10h00.
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the ma'in channel tho studykurcu. Howc?cr to the south and cast of

dwedint at the tailings-hogp interface, supvc sts ';lct‘lvo thermokarst
oy A ’ . . ° .

e
A

. , R \.' N N . . o . . ' . L
tai ll'ngf«,«-?\n the surface layers may also inhibit colonization,
(P o~ . B . Rt .

"I.‘l_lc port.i.on ot the ir;tx_xSoct between 0+53 and 0 +75 (Platc

4—10) is dcvoxd of vegpet dLlOIl T~ikcly for__ t“ho sume reasonss The depth

‘ Of tai lxngs 1s cons ldcrablc reaching 70 ¢m, and ;1ci d i ron—rich tailings

are presonr i Cthe xmf(uc 111)r'crs. /\lt'houph thu slope qF’d)uk section
, . " . B
is considey .11)1)' loss Lth thlL oi the” prpvmun. scction, observations

sU[H'L“‘-t some surﬁt(‘o 1n\t4b111 ty dutho therin ‘:n‘_f.t» activi i‘)’.
An\]yw oi SOL1 s ampl(‘ ‘are’ Hhown i "l'ub’los 4-5 and 4—6
. . . Al
1t 1s notablo that Lho g-l‘ccn bluc (ng,mms und(,r thc hullnﬂ& .tested
m()de ato]y ac L(l w1rh relat Lvoly high- values of _:1}1um_inum and mzmguncso,

-lhg causc of tho b]uc co]om‘ '.i's not Kn. wn, but, a blde 1‘111; was atso

noted onfsomo of\tl1o old noo tum}\« 5 at. hngWs of up to .>O cm above

a

‘the present 1vvol of the <llllné,b. /\s boforc only mp'lmc mltm tal

had ngnLI i cant nxtloyon v(xlu es .,

'l‘hé s;(){;tho,rn end of the 1(4(2[) transcct _provldos ;cvido.nco of

-continued t]_u:nnol\:n‘st settling. l’l'tto 4-11 shows the’ (lop]"mslon found

at 1hc south (nd of . tho R4CD ll‘lll\(‘kt At times of ])L‘.l]\ runoff it

‘uppcnrs L‘h.’bt‘ the (IL])IL‘\.\H)]L overflows (tojthe right in: l’lltc 4- 11) into

- ‘r

o

the doprcssi"on_ is a low (llVld(‘ over \\}IILh minor amounts of tailipgs or

effluent- cvulontly passed whon thv aréa.was uscd as a prime (ll\pO‘ al

3

arou.ﬂ At that time there would ‘have boon no dop1 ession so it nmy be

assumed that considerable subsul(nu' has ou_uncd since 1968, ~The fact

that the profile of the depressien is asymmetri cal, with thic ldwest

108



109

v. ‘. ' - !
Plate 4-10. This view south from 0+53 m on the RACD transgct shows
id of vegetation. 13 July 1971 - 12ZhD0 .
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scptling.  As the tailings-bog interface gradually migrates farther
sputh into the bog, the tailings then move (through slumping and runoff)

to gradually fill the depression. This surface instabiliss.hias at least

£

a minor inhibiting g¢ffect on colonizing plants. .
A similar depression is found to the west in the vicinity

of 160S8-220% (shown on Figure 3-7). Both depressions are wet and
contain Kriophorwn anguasti fol L,
The vegetation growing from 0+ 78 to the end of the transecty
Lk,
e
is shown in Platc 4-12. Egquisctim eylovaticum is the most succesaful

colonizer, althoush a number of other plants arc évident in this

tailings-bog transition zone. The portion of tn¢ transcct south of 0+78

P

has a very shallow cover of taliings. -
‘Plate 4-13 shows a low divide -southcast of the dcproséion;
“where a bog once existed. . Now all thé trecs arc"doad‘and there arc
‘many dcadfulls;_ A thin tailings cover now supports a vigorous gro&th4
of ﬁwiobiwwavqgﬁwijblhum
4.4.4 DELTA INTO CGIAUQUL LAKE |

The remaining portion of the R4 study srea, the delta of
tailings into Giauque Lukcr(blatcs 4-15 and 4-15), supports no plant
cover. Figuré 416 éhows the physical features of this delta aﬁa’the
location of soil sﬁmples. This areca.was systcm@iical;yusampled‘for
several rcaséns; it reprcsents a large debosit of known agé, and has
been Qﬁdffoctcd for the most part by runotff from adjacent ;ndisturbéd
arcas. o ' | .

PRI

- o 3 i 7
Tables 4-7 to 4-10 list results of tests carried out on the

soil samples. No distinct patterns emerge, except that all samples

exhibit extremely low values of nitrogen and phosphorous.



Plate 4-12 The southern end of the R4CD transect, viewed from - 30 m.

Faquinse fwm /Zuafzcwn and Eriophorim angustt folium are the dominant
colonizing species at this location. 13 July 1971 - 12h00.

e
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15 July 1971 “—’ 12h00.

.



”
L4
Plate 4-14. Oblique aer ial view of the delta in Giauque Lake showing
eroded slope down to lake level and the two main channels crossing the
delta. 21 July 1971 - 12h30.
9
TN @

‘ﬂ‘v

P

116



. .
. ~
o
L a -
- . s
- e
o
)
'S
o
. -
4
-
o A =
. -
.
- .
Y - .
K .
. R . .
RS
L)
T
y
-

N

) o S = o
Plate 416 - 'T'lj-l'L‘]‘]."* [ . N . . T
' Loy al gs depostted into the R4 arca ar ~cati CTaran.
. R <. ) B . < a drexeroesd ~a . TS a
~delta in Glaugue Luke. 13 .T‘laﬂy 1971 - 12h30 ¢ 11:}111& ! '};‘ R
) ) ) . - o b ‘ h . . 2 < [

P

o

o BRL 2



/
/
[

’ . barren-
1508 100S

steep bedrock slope -+

: . vxn‘__‘Q-},

. [_.4_:]' V'(gorous Epilobodm anpustifol tum ) . ) T
B L . and doad I'icva.mariana, : } .
- .
{1“’ > . N ’ Oﬁ
S “location of soil sample - )
! ) o 7 - . ” ‘
) R “ C




/ - - .
barrqn—/ . o
1508 - / 1008 508
pdrock siope +Q active oroﬁionvr -{-400E

i » . /
- e = e T e
. — T Ty :

/ 2m S
R &/»—v
W im
<

!
' barren

FIGURE 4-16 -

_ R4 STUDY AREA
. . ’ . ) 4 ‘ N .
o ” | DELTA INTO GIAUQUE LAKE

5

o T2 50
wor| 2ot En T T s netres |




119

it
« °
g v]
’ . 5 ' : °
1 [y
1 Ui
l
1 < :
' [
[ i ta} e
[} \n Ut .
o Ry ) . —4 A e 1k O 0 1 i i) N Lo 1
W A 0 . [ (o] ) . . jus} 1 t L
e } - ~
: n 8 . 18] b~ an ] 1 e}
' [
1
. T
. k
]
1 g e «
\ &
) [}
s 7
. \
43 1 (]
- o
L : NG} ot . . .
I ot I s R — R Y t - © ‘ v
@0 - e 1 ] (¥ 1
- ! ! . o o -t L - ot w0 ! N NI R
= : o R N Y | wwo 1 ! -t ©
~ l' (o] bl _P .
w ’ ' oo ~
(NN b [
3 s¢]
u .
£ i e
o . 2 3
4 .
-1 . . n
- Q
e ! : 3
O ) G
() ) Eg o ) L ;t
- G 0 = 1 ) N + -0 ~ | o - 2
o <t 1 [ (&) (@) < o [ oo . . . ) (@]
} : B o N : o~ al=s 7« S O o) 3]
0 } i g ™M 2
4 G B "
" : . 0 . ) \i - 4 (G
N ; ot .
'f‘\ A—‘L - ) . 75
8 H . AN oo
5 " g
ey j 3 ] *
. : = I
v = [$]
vi N
- \\: . ) Gy
\ [ Q i + SO
~t O ! [ = e < O <t <t ) No) %)
: glilo & (e8|l 3t =lal3s]als
° . : 1N <t e o] ~— <o - -
ot , . o Lag —t 40
Nel @] . <3
W Lok 9
b N [
-4 H
cpes fu
o
J b4
- @]
. Lt
»
23
.
’ e, ved
(&) N '\2
N .o 3 £
« ~ RS )
0 ©D ~ IR
- N ©0 fa
() [ ... P b 2
0 [ A N
£ -~ e} N [79) o N
. -3 I I ! < 1
O 40 K Y 0 "
o | ST & | 8l
. . ] a3 H .
-t Jrl [ ;‘ Q t:r) f) @
P ERTI IS O £ v’ oy s
£ o o9 » O . Q
< - )
%) . 173 ) A . 3




ya : ; 1.20

,/
U‘ -
£
[y}
[73) - .
<3} . : : ’
< : ] .
o= b R =
[Tal < o
! | -4 QR
o ) ' =) ) (9] 1 [ —— + v ' 22)
w &) o N . [ -1 o SR B0 | ' . )
(Yol ) . ~t No Vo] . | 1t ~r
— X . .
- Lo
A
w3 —
£
a3} o
< n
<)
Tl el & ' .
o (ll) Lol Tl [} <y - o+ - [&We)) + ' 1 pa W
o P | (8] < [ Ya) vl . e -1 1 | . [SEEN Ry
[a¥] (=] - ] tn | [ [32] Q
. . . 1.5
- o I
$4 o
a0} %
s )
£3
3
'3 N ’
[ (9]
3] (9]
15 W o T3 -
e} \‘. &N
() [0 . ‘ rd
I O 3 - . [
[N »rw o [q¥] (g} Ne I N -+ [gS ] < Lo
[0 N SO t Y [en} (&) o0 T . e he) . > % 1 B3
> [ vy N () . (33
(=] - X i
—t [
123 - t
60 . et
k- o )
hd ==
b ot
[
'Yré B I
- - o8
]
vy , Gt
’ o)
£ W
.t < o sl @ 4 1 1 ' 301 [ £
tye wy (o) o4 R SO =t pe ' ] . [N B
v b () G4 A - OV, 1 i [Q¥ v d
. Vo ] ! i 2
9] N M S
P i V) ". e
[E2} )
- | T fra
. — 0,
; S S )
-/
3 . B ba
£ / . ')
. ] : T 4y
. (9]
. q i 48}
]
T pd
oy el
Q U
T .0 :
o K i ,! E;
[y K 21 I3Y
S S~ B Nt IS
=4 T~ . 33 H 5 .r
b &%) N o * £ Ly .
Aa) (94 4 . st RN £, A 3.3 3
1 N ©) N4 4] : X A vrt o -
! i - ' %) (i O Lo © i 5 &
: [ (&) 13 L3 4 0 R < e t <03 3 N
e ~s (3, <) I} -t Ko IER) EFN B3 © €2 &) . 7
G DR et Lo S v i SIS 3 il |3 3] et /
Load 42 NS Fy [e] §1 % k2 R K By &) 3 £3 a7
£, (@ i (8] F4 v A o Rt (o 19 00 S 3 O 7
g ) £, y 49 (¢ 2 e et :3 [ [ [(H 1 EEP
[ o} oo %) O O Y 1 3] (e} $a
y vt ™ ™3 - n, (D] « ) o L3 (%)




mﬂﬂﬁi%m .U‘um SINIOTULUIIY mﬂmxﬂ,mﬁm po] ﬁ@ﬂpmuwﬂnwku J02

(28]
1 =
<t
o
I
(&)
£y,
BREsY
-1
[0
@
wy
(&)
'Rl
O
"

-
-1
-
1
0
B
ol
3

°
b4
&)

crC c > - . P S
SR g°¢ L0 Y _ f_us/soumzy A3Tationnuc)
! Z
- —— ——— Foe SN ~avran Pevme s
co . . Ioal gssuzivey
T,
° . Y
- N9 - # - [T77- 2= 4 RENNSUOORIN
7 Coddd umuTinTy
A
- - -3 So3TuuTYR
¥ N
8¢ ¢t z°s 9°¢ Laotanng
FE I . b — - , N
7oL o'y c's e eiehs
" : + i i +H ~TTECS

e 3 §17 i T¢I . (vujey; wunIgsnics

, ‘
loTs! - ~ ve 1S\ [ P
0o ; <0 10 ] 00 pro (ou/gy) snacuseyy
R
/ n =
e / 00 o P 1A ’ o 9 <n
Ly J e - 1o 4 {Tu/ey, usZoIsiv

[

N
0r1-0¢1 GET-001 001-G¢ . 0¢c-01 . fusl o ounder
SREE LT memm e 302t = SOTT, ~=====-==mm = —omen AR

o

Fs)
[aX]

]
~r
a4
(b




.

l')‘)

S

'
Ty ,
e e .
[ . .
—
1l
| LA .
. (%5
b : r-q
L J O
£ 0
: W o . N
3 A . o0
e}
e ) 5
R MAnd % ¢
- L B S ! A
[ s * Uy
8 IR - [\
. ) N . o3
38 : . (&%
(SN ) i
[¥aY fod f3
~r o) ot L £
o1 1 — ol [ [en] O 1 IS HeY] ] w | o1 ()
- (28] 1 (] [} (@] — =, o e | . —l (U]
— oy [en) ::! . Dyt o~ 1 Ne) . 42
~ () .
o~ 4 v)
&) ced
: v
=
B
B
o
'g S
. o
« « )
wn &4
1) : : o -
(@) - - .
. N ] £2 [l
~t ~t - = () =) < + <t <t <t l <r
< 1 1 Q4 O e} a1 ja il (N josd (@)} i . -1 -
— w Lo e [ = +
<« P <3
< © T
- o~ ~ . «d
Lo 4t
- £,
; T b T ]
[V
$4
~ (O
i P +
) SRS o~ !
15 £
O
~ e
' vy o
. o ‘U
SR A £
I
. o ¢ X
ol S
1 I By -t
S0y £, + -
Be I o N < 9 o
i (@] 13 N ot O
. 03 H “ed 1e) ~ ) I A
[ 3 (@] 4 . PR © T3 0 ot n
O i e O 42 B 23 a I} (@I SN
[ i e [ o 73 ¢ Pe £l © | ©
e 4 R $e 1 (SR T S el o 3 [ i)
S, oy 13 8] e N (RN 1 3 S 3 o
£ (83 (e} N MO I ] -3 I I3 [SAI
3 O [ © O o T3 ) ) (o} 1 X
W) o1 8 D w £, [¥5] <7 R ) (&)
. i



Two vertical series,of samples were

3
\

taken for analysis. ‘The sdamples

at 1208-4208 (Table 4-9). were taken {rom the bank of one ot the crosion

channels in the surtace ot the delta.

This series is relatively

uni Corm. 1t .should be noted that because of the heipht of the delta

at this point (5 m above ltake level), these samples were all quite dry.

- ’ . H
The other sevies of vertical samples (Table 1-7) was located at

355-4801, where a 1w bank has been eroded by wave action on the north

side of the delta. This profile shows considerable variation. in ptt,

from <. (3.4) to 6.1 (7.8). Thix suggests that tailings which ave

Kept continually wet (at the botton of the sample servies, near lake

N

level) are only marginally aftfected by oxidat foiy resulting in actd :

mittantly moist tend tobe quite acid because of more etfective

conditions.  On.the.other hand, thosc rtailines which are only inter-:

« Y

s

oxidation. Tt is probable that the tatlings at the location of the .~

previous sample series were too-drv. for ext

The only rvegeneration cvident in the vicinity 'of the delta

e

1wive oxtdation.

ST

1s on the gully .Iozuling'l'o it. ‘The slopé (Plate 4-16) is Dbadly croded

and consists of a tangleof deadfalls. “However, the northern portion

ol this slope, where crosion is minimal, has a vigorous cover of ~

Fypd Lobiwn oigus td foliun,

4:4.5 STUDY PLOT

- |

< A small study plot was also established in the R4 study:arca

close to the alrstrip.  The site consists of o shallow tailings-filled

<

the mill in 1950,

3

depression adjacent to a bedroek slope which was

organie tervain. Lt has probably received tailings since. opening of .- -

This plot was singled out tor

originally covered by e

-« -
“

study primarily bccab/
Cat —
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Plate 4-16. The gully leading to the delta is best described as a
Jtangle of dead trees and tailings material. 23 August 1971 - 10h00.

»
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H icty of plants have colonized a small arca. ‘The pattern ©s
shown in Figure 4-17, which also shows the pll o f surtace soil samples.
The results of other soil tests ure presented in Tables 4-11 to 4-15.

There appears to be no correlation between colonitzation and
P Y .
»

surface acidity.  Nitrogen and phosphorus values are low, but thosc tor

i
potassium are high, in contrast to most other samples of tailings.

The cause of the unusually high values ol nitrogen and potassium in
samples 30 and 28 is unknown.
There are two scctions of Fyulvelw arvense outlined in

R

Figure, 4-17. The northern section is made up of re ]‘;Lti_vcly vigorous
plants, while those in the southern scction arce stunted. Samples 8
and 132 vepresent the soils of the healthy plants, and sapiples 65, 22

and 33 the soils of the stunted plants.  Although such a comparison
may have limited validity,, there are several factors which, in a
relative sense, appear to be beneficial to the calonization of

Faulselbam aroonee, These factors are: lower sodium (I vs M)*; lTower

pil (4.8 ys 7.8) ; lower sulphate (L vs =) ; and lower conductivity

3.9) L R

(1.0 vs
4.5 NATURAL SOLLS

Several  soil pi't:; were located to investigate the profile
and characteristics of natural soils at bDiscovery. Three pits were

located in the vicinity of 6008-200E. The forest type at this location

o

4 These arce ave ., values for samples. @ Specific values for high (1),

~medium (M) an b (L) can be found in Appendix B.
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Ls Pleca mgriund . - Lvauu qﬁO«nlandtﬂum wogyldnd Th¢ proﬁilcs of thcsc

pits-are presented in Figure 4-18, DCLdIlOd 5011 nndlywcs for Onutﬁf P

the profiles is shown-in-Table - 4-16. ., - . . “‘: o
.,"’ . . B ] . . ‘ - v ) ) )

‘x\In'most?tcsts thc'ﬁamples#fcorcd similar to many of the ‘

tailings samples,. e ‘"p(c1d1]y those with an-orange. coloring.  A.soil-
samfle taken from the ﬁurfucc of unvcskcf on the cast side of Giauque

Loke (Picea ylowca-1idhen woodland) was also. tested, with similar e

results. - Other samples of natural soils vere Takcn at 63 S- 717W on

o

Transcer R3AB.. The results Ofﬂdﬂd]y%JS arce shown in TQ)N&)&Ak\
Of sxanflcancc in all samp]cs of narura] soxl‘ is the low
PH, rnnging‘From 3.6 to 4.7 (4.2 td 5;5). Thesc low nuturdl valucs

suggest that acidityeof the tailings material is notfthc mua jor limiting
factor limiting plant growth. . Levels of a]umlnum and manp sc¢ are

’

. highcr than onc might oxpcct G one was to dassumc LhdL tOXLC lcvcls

E O’ thcsc clcmcntb as . found in thc Laxljngs is unnatural. [t is
. : .

! “ : ,
nottblc that - vatues of - PltIOpCﬂ are rcldtxvcly h}gh Lﬂ sampleb 143 and

119, yot not in samplcs 1?4 and 118.-
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weathering “of 1 ~1]1n;’5 and the resultant generatijion of dCst

CHAPTER 5
FACTORS (I(JN'I'.R(H,I,IANH PLANT SUCCESSTON © A GENERAL DI1SCUSSTON
There is no simple answer 1o tha question of which 1"‘;1(‘,!.(;1':: are
fmportint to the control ol revepetation ()n‘lh(r tailings at Discovery.

’,

There areomany aspects worlI;y of «‘()nr‘.i(l(vrx':lt.ion,' cach of which appears to
be a coupel 1 Cat inﬁ factor.in the colonizing p;'()ccs_t;. - ;
5.1 | ) 'Yl“i PROBAEM ()F;'YAI LLINGS A(;ll)lﬁ'Y - -

- o n :’.(nnli‘i‘r; of mine waste )‘CVL!‘X;(‘?LH{‘}()H 'I‘hc world over, soil

acidity has proved ro be thé most difficult problem to deal with., Although

the ()l).‘§CI‘Vllti()H*}-th Discovery supggest thit acidity is not the sole control-

“ling “a(ﬂ ,; im]mr‘l;;mt, L(Mand some of t;hc mechanics of the.
4

]

- .
- ~

The Factors Teading to acidity in minc tajlings and' the conscqu-
) ’ ‘ . : :

g N Iy . -
cences of such acidity dre complex and not fully known. Considering that

the tuiéin{;s slurry is very basic when it lcaves the mill (pll approximately,

-

10), it is surprising that-acidity should he a'problem. However, shortly

after leaving the mill, and upon exposure to the air, certaipn ‘components

of the tailings, primarily irongsulphides such as pyrite (Fe $,) and

_Step # 1 - Sulphide to Sulphat

o

¢
pyrrhotite (ke n-1 Sn), quickly oxidize, producing acid which soon lowers
the pit of- thc tailjng;‘. A g '
. ' Brant and Moulton (1960) and Hdecy and ‘whikd.&Q (1971) outline a

g

v(,ll(,"u of chemical, )‘(,d(,LlOIIS to deﬁc\ribc thc proccss OI dCid production in ~

e,
S

a tailings arca:

When naturally ocdurring sulphides {(usually in.combination with
- : . ) ) . '. )

iron} arc ¢xposcd to oxygen and water, two. reactions may occur. If the
supply of ‘water is limited, sulphur dioxide and {(water soluble) ferrous

>

136



sulphate will be produced,

(1) e .",2 -+ ;sn‘f — e S50y -+ :;()‘% .

I, however, watoer is plent NG, then cqual amounts of stlphuric
actd and (water solable) ferrous sadphate are produced.  This is thought

to be the major reaction found in most minin‘y environments .

e 5 2 707 =200 S - 200 50
() 20e 8, 4 20,00 4 70 2Fe S0 S 2L

4 2 g 4
Step #02 - Oxidation of Iron (Ferrous (o Ferricg)
(n the presence of sulphuric acid and oxypen, Ferrous' sulphate,
¢
‘oo = oxidizes to form (water soluble) ferric sulphate and water,. N
- ) )
: S RIS S =20, (S00) L <+ 21,0
(3) 4 FoS0, 4 21,50, 4+ 0, 2Fc,  (50,) 4+ 21,

Step #3 - Precipitation of *Iron
~

-

The ferric iron associated with the sulphate ion combinces with .

the hydroxyl (O )  ion of water (HOH) -to form ferric hyroxide. - In- an

acid environment, ferric hydroxide is largely insoluble and precipitages.

(_4)»_ e, (50.4) 5 = G0 ——2Fc (0), -+ 311550, T

An alternate reaction may occur whereby the ferric jron may enter

7

into ap oxidation-reduction rcactton with any sulphides available to form
X > " ’ . . ) .
sulphates. [n such a &se the acldzforming process is accelerated.

. » 5 : : ; SN ‘ —— PPN 0 i
) . (5) 102(804)3 —-f— f?&z—f—llzl) +31e504 + 25 o

() s8° 430 4 HyO=—i1), 50, ‘ | o

Considering that the fine p'articl‘es;\of, tailings present an enorm-
*

L

ous surfuace arca,for ‘oxidation by plentiful amounts of water, supplied by

the mill or* thirough precipitation, it is not surprising that large amoiints

3

s

of sulphuric acid @an be produced. It also becomes -apparent thutv-aepcnding

K <

on the pl’ol)o}‘tion&fof" sulpiNdes in the tailings, acid production may continue
,/ i - -z . ° . A = " N

for many years. h :

« >

AcLd conditions in the tailings often trigger other rcactions ti

” . o o

N . - - <

o
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o ’ - . . ) . .
complicate the problem, cspecrally in conjunct lgwllh alumino - silicates

such as the host rock at Discovery,
. a .
Table 5.1 Tists, the major minerals present in the ore at

Discovery.  Groap "A" lists those of the host rock while Gronp "BY Tiots
the major mincerals of the mineralized sones and veins in which the gold .
was found.  Pyprrhotite was clearly the major m)ns('itu.('nt of this sccond
Syotp. Howevor, the proportions ot cach proup to be found in any one

scetiton of taitings varicd with daily changes in the vein being mined.

~

In pgeneral the acid produced through oxidaXion of the minerals

~

in Group- "B'" (as-outlined above) would react with the minerals of Group  ©

YAY, most o of which decompose readily. The principle products are kaolinite
s I I

(Hd;\l? Si;’,()t))’ a clay minceral, and hydrous metal oxides, principally of

tron and aluwinum.  Under very.acid conditions where there is an abundance
of hydrogen jons N
(7)) 1.S0 —= 1Y + s0°
. 274 : 4
the metallic jons become dissociated from the clay lattice. Thas acid

.

soils, generally those of pil less than 5, have a large number of metallic

tons present.  In aluminosilicates, where aluminum is the predominant

metal, an equilibrium is established between-hydrogen (H+)_ahd aluminum
(ALY 4y ions.  As well, other ioﬁ\s such as magnes<ium. (Mg++), manganesc
(Mn) or iron (Fe*t) may also be present. It is thought that at low pH

values most of the aluminum is present as the hexahydrated Al+++ion (Seatz

o
o

and Peterson 1964).

5

llowever, at plt values greater than 5, hydrolysis can eccur as

shown in rcactions (8), (9) and (10}, rc:%ulting in the release of hydrogen

ions.:

(8) ALY T an

L0 === Al (OH) R S f
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4 t

(9) AL oy ! +1,0 »—Al (o) + 11

G (L) AL (OL1,) 4-HL 0w A (o) w1t

Asamibar stepwise h)’(ll‘l‘l)"l\ll.‘l)’ vccur with other metallic rons,
Hoder acid condrtions the metals from the hydrous oxodes may be f)h‘)ny_hl
tnto solution and thence underyo ut<~"p\v1-.v hydrolysis with the release of
hydrapen ton . Seat s and Poteenon (L9, po 299) Suppest that in such

til‘x‘lmnl.un‘r-.» thtre are then two weasures ol acndity, active and potential;

UACtive acndity includes those H*Y ions that are
present oan the wolution phase and that can be measured by
normal procedures. Potential acidity may he considered
to be the exchange acidity, and it can mahe up the bulk
of the total acidity of th® system.  This potental
acidity hecomes active as active acidity is neutralized
amd catfon -exchange processes occur which bring the
potential acidisy into solution. An cquilibrium exists
between the active and potential acidity.

Jt his Tong been thousht that the free hydrogen ton in acid soils
has been dotrinental to plant growth (Black, 1968) . ’»Ht)wvvm*, In recent years
Pt o becobe cvident that certain metallic ions, released under extremely
acid conditions, may. have greater toxic effect. zguminum appcars to be
the Rajor problem in this instunte, but manganese is also thought to be
important {(Black 1968 and Nyborg 1972).

‘There are avnumber of effects thought to he attributable to
aluminum toxicity, the inhibition of root development being the most visually
obvicus (Black 1968). Investigations have i[ldic:lt(‘d‘th:lt aluminum inh.ibits
cell divi;ion. In addition, high levels of the aluminum ion a;‘)‘pcar to

causc a decrease in the permability of the protoplasm of the root cells.,

Consequently, the uptake of many essential plant nutrients is severely

[

inhibited and the plant dies.
12 standdrd method of dealing with soil acidity over the centurics

has been some form of Fiming, which aims at raising the pH of the reoting’

zone of the soil.
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Very often gronond Lamestone o dalomite T [YRICIS I The redelion
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vowrstten (Seat s oand Peterson 1oy,

(1) (::'(:();s L0 A (0 e (HU0 )

- A .
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In “otuation ol oas that postiated tor Dbiocosers barge
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v

amount . ot Time would be necded to neutealy o both actiye and potenta

acrdity s AL the pofential o acidypty was nentrabrood Sutraod p cquattons
o B 5

(8), () and (1), the .A\.ni.l!l))\' alaconun o werld alao e roduced to Teveld

H

v .

not toxic to plunte..
Althourh the problerc ot adGaes o mans e tav ety are

seldom reterred to n researdl on tariioys acidity el-cuhere the ~tandard

practroe of Jiming would neverthele o -olve any potratiad probidlen. 7 The

w
extent of liming necessary for any one sate varves and et be o dertermined

)

by farceld measprdments. Common pragtice entarls an rmatral applicaton

ot slakced lime to r;fpidl_\' Tase phH. Thos e followed by an application

of crushed limestone, which reacts more =lowly, to provide a long term
. <

buffering offect.  This technique has been —tecessful in reducing tatlings
& i i s L

acidity enough to per-at_ plant prowth Pno locations all over the world

~

Ny

1969) .

¢

(Chenik 1961, 1962, f.';’.:muws‘,l-c&j 1973, James 1964, Youn,

Another teclaiigque Las bean developed 1n sosth Africu, to deal

with the acidity of arcas where the addition of the large amounts of

= o

lLimestone nceeded was constdexed to be impractical (James and Mrost 1965).

. . < :
The aim i to apply large amounts ¢f water to the area, promoting heavy®

of plant.rooting. 'Since in South African revegetation cxperience drought
. <

N -~ . . - < .. ) . e
has been a factor kimiting plunt Ngrowth_, this application of water.solved

A .

& two problcrﬁs .

o

Is)
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Steps can be taken then to ameliorate 301d1ty of the @urlaco

of tailings cnough to pcrm1t rcvcgcfarlon Nevertheless, the tochniquc$
[ !
Whiph can be used do-rquJrc considerable carec and evcn con51d01ablo
expense to 1mplcmcnt succ09%fully ’ S BN
Surface acidity is not, however, the only problem associated

]

with dojdﬁmjnc tailiugS; Since the prodyction oF agid takes.pIHCﬁ
throughout the tajlihgs, and since 1nf1]trat1ng surfaco waters containing
oxygen in fact spccd up the acid- formlng processeés,it is not surprising
that water draining from tailings areas may be extremely acid. Acid-
'hinc arainago‘is u brooléh in mggy;parfs of the world;_ Extensive coaf
. miniog‘in Oh{o has rosulfcd jﬁ)mung situations whcre gcid'%£ainagc hdas -
severely reduced water quality in uatural hatorcouxscs to the po;nt of
Killing aquatic life. Alrhough thc problcm has bLeen recognized in the
Staics for many years, effective solutlons have,not been found. Contro{lcd
floodlmg of mines and talllngc arcaéyis secen as‘thc best method of reduoing
. aold gormutlon‘(ugant and Moulton‘l960).
. Similar problems of acid—mine drainage have been encounto}ed
: P
at»some,Ontafiofmfnos (Haw}oy and Shikaze 1971), and thorebtoo the
problem hasAprovbﬁ difficult to deal with. ft is known=that'once‘thc
.acidification process has roachod a,certain stage, continued bacterial-

action can make the situation practlcally 1r1evcr51BﬁQ\ Thus, once

establlshc , acid-mine dralndge may remain a problem for decades

’
-

In the Ontarlo context a number of measures have been put forward
“to at least control .lf not stop, acidification of natural watercourses 2;
in the vicini'ty of mines. Of prime 1mportance arc steps to reduoe the .
(///‘flow of oxygen- rlch alr or water ihrough the ta111ngs Thus, natural ¢
dralnage channcls can be diverted around talllngC areas. Sur%ace aroas /

can be revegetated to reduce both runoff and 1nfiltratlon. The ponding
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0f) scepage flows and the necutralization of thesclwatcrs before they

- . - P

'

are directed into natural watcrcogfscs is another, though perhaps more

. - . ‘ . , o
> .

“

“expensive, solution.‘vHowcver, when this latter solutionfis gtiljgéd to
raise the pli fo approxiﬁatcly‘BiS, it has the added.advantagekof cffec- -
’
tlv:ly reduclngl;fjmful hcavy metals which .may also be in solutlon
Although the cffects of dbld -minc dralndgu on -the environment
can be cbdtrollcd they cannot be eliminétcd and they may reméin as a

o

potentially serious long~tcfm problem. HHowecver, thL seriousness of the
’ - " ; .

‘situation varics between sites and depends on factors such as clim%}e,,
gcology,:and'dilﬁtibn ﬁofentiui ofvadjaccnt natural waters, . .
5.2 ©  THE TOXICITY OF CYANIDE |
S}ﬁcc cyanide  and its compoundsvarc‘icthal for bgth plants and

éﬁimuls, i{s presence invmihe tailings may be an important factor res-
tricting plant cblonization. Inkalkalinc sdlgtiongfsuch as fhaf present
in mill cifcuits,.the reactivity of cyanides is limited.. Howevcf, once
thcvtailipgs solution leaves the mill £he pIl quickly dfop;,‘ﬁnd cyanidc.
reactivity rapidly increases., - |

| Cyanide is extremely dangerous to Hoth plants and animals. Most
Simpry; i1t causes asphyxiation at the cellular level. In this respéct
'it-js similar to carbon monoxide except'that it acts much more swiftly.
Many botanists usc. eyanide in the lab to kjil plants almo%t instantanegusly.’
Hydrogen cyanide’ (HCN) is thc:aéting.agent., Upon contact with free é'a;idc
hydrolysis'takcs place within a plant or animal, ana HCN ﬁs formed.“T is
1ICN theﬁ lnhibifs‘the wprking.of the porpﬁyrinvenzymc'cytochrome oxiddse.
Cytochrpmc isxa complex pigmqnfed compound‘containing iron which is ciosely
rclated chemically to chlorophyll and the-haematin.of Hemdglobin.-Thc oxidase

v

. enzymes are ¢ss ntldl Ldrrlursfor transfer of hydrogcn and oxygen betwecn sap
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o

or blood and cells, HCN very quickly 1mnob1112es thebo onzymos and
the cellular fissues soon dle (Veycr and And01son 1052)

Low concontrat30n< of HCN can ;osult in only minor qymptom% of
p01son1ng but the lethal ‘pncontrdtlon is very low V It i1s estlmatod that
the minimum lethal doso_for domestic animals is 1.4 mg. of HCN.pcr'kg.-
‘of'animal-por houf (Kingsbufy'l964).‘ It has also been roportod ‘that brook
" trout died {fn 47. minutes when placod in g dllutlon of cyanide mill. \\\g;
‘cffluont cqulvalont of 2.0- ppm)of NaCN (Smth 1938)-. VSchaut.(lQSO) found
that a concentration of 0. 8 ppm NaCN producod 100% morta41ty in flsh in.
24 hours. Although some plants do not contain cytochrome ox1da%c and

thus have a llmlrod tolerance tossyanide, most find it-oxtremely lctha]7

It is;jmpossiblc now to etelmlnc the. amount of cyanldo oncc’

.prcqent in the tajljngs at Discovery, tho lergth oF’timo it romninoﬁ, or

g .
the damago to plant and animal life which may have resulted. In acidig

- . . -

onV110nment» cyanldc compounds form HCN which, beinghoxtromely Volati&c,
escapos‘to the atmospheref In all 11Pe11hood as soon. as the tdl]lng&
left_thoomill,otho pl dropped to an acidic Cond1tlon Prchmably the
cyanide prosont ih théfeffluent would quic¢kly be converted to "HCN and

escape to the’ atmoqphore Although it was hlghly unllkcly that any cyahide-
coﬁpounds would rcmaln in the\talllngs ‘a number of samplc> were tested-

for cyan_ide.1 Szncc no traces of cyanlde worc found it is safe ‘to assume

that cyanidc is not one of the factors continuing to inhibit revegetat:on

of the talllngs Any damagc attributable to cyanide probably would have

1. A total of 45 soil samples were tested (by the author) for evidence of
NaCN. The tests followed the procedures outlined in “Canadian Industries
Limited (1945). " Of these samples, 32 had been stored 9 months for
testlpg However, 13 samples were collected in the study area during
July”’ 1972, and were tested within two weeks. ' Three of the samples -
analysed at ‘the Alberta Soil and Feed Testing Lab’ were test ed for HCN.

. In all cases there was no evidence of HCN or NaCN.

Ny

)

) s ‘ - ' : M . o o
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occurred in conjunction with thc deposition of fresh tailings.
Recent stﬁdics of'toilings pondslat two gold mines in Yecllowknife
©

yield results which suggcst thc situation thdt was once opeidtlve at
lecovery (Bnrubc at al 1973) The milling process at the Con (Comihco

Ltd) mill is similar to that used at Discovery and a comparison of the
major recagents added to the mill - circuit is shown in Table 5.2. Analysis

of'thcicff]ucnt discharge at. Con showed 4.2 ppm cyanidc; BETUbE estimates
that the oize-of the failings pond allowsva retention time-of approximatoly
'17 days (summer'obordtion) The amount of cyanlde prcsent in thc offluent
follownng pondlng, and}at a dlstancc of abouL 1.6 km fronﬁthc mill outfall

/
was rgduccd to 0.002 ppm. It 1s not known ‘how the large nUmbcr of reagents

added to the Gldnt (Glant Ycllonknlie Go{_:wlnes) mlll circuit (noL llsted)'
dffCCt a LOmpallsOn thh Contjifluent. Howeyep, mlll'dlscharge ‘at G;ant |
dnalyscd 31 ppm cyanidé. Following an estimated poﬁding f.up to 16 days
the concentrdtlon oi cyanldc was reduced to 12 ppm at thc outfall of the

pond and dropped to 0.1 ppm following dllutlon by a creck Bcrube concludod
’that the pondjng appears~to_bo*an cffoctivc me thod 52 removing cyanide from
mincleffluont, throughieither degaosing'or'oxidétiogf" | | |

As prcvioosly,§tated,'the concentration of cyaﬁide,lethal to

hnimals and fish is very low. A llteraturc search revealed no cherencg/ v

to the amounts of cydnlde toxic to plants. Howevcr, it is safc to as§ﬁ;e

/

that the. COHLOHtT&thH of cyanide prcscnt in fresh mJll cffluent wouid be -
] (/

enough to gffcctiVely kill vegetation whigﬂ came into’contact_with/it.
BETubt's  (1973) measurements show that the concentration of éyanides
prcbent in the talllngs does decrcase rdpldly once the effluent is o -

releASCd from thc m111 Thus it is probab1e~that the effects of»Cyanide

though perhaps marked in the immodiatc tailings ‘disposal areca, Qould_bc

o

minor outsidec of that area. -
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MAJOR MILL RLAGENTS
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MINE ' DISCOVERY! con?
- Average Daily Tonnage 200 220 -
Lime (1b/day) {400 540
T Zinc Duét‘(lb/day) 8 - 40
B » ~. - \
NaCN (1b/day) ~ 500 . 540 :
) ’ ~ e B
§ourcc’s: 1 - Milling of Canadian Ores, 1957. ) \\ )
R 2.~ BErubé et. ;al., 1973. S
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' ) s .. S ) . xl - R B
.Considering the thicjty’of cyanide,, the advisability of
frouting tailinﬂs'into Giaudque Lake relatively close to the mine's water

R

AL
.

Q
9

L4

Asupply 1ntake (located in the small bay jmmediately hofth of the minc)

yon

& -

is questlonable Thus 1t ‘is»of "interest. that bcfore mine. tdlllngb were

EN

dumped into the lake metallurﬁiSts asaUrcdamanagement that R Lot

Dy
K

, t”contalned freec cyan;de was aliost: n11 and mctallic

. cyanates werce both nearly 1nsolubLe and Odel&Cd by the
time theyY;cachcd the\lakc so as to’be hﬂrmlcss to an1mal
life: - . & . AR { . :

. ; . 2
The author was also assured (Kilgour 1972) that RSN E

- "In any casc flshlng regmained as good és evcr,
. and no dead fish were ever secn near ‘the tdlllngs (or)

olsewhcre 1n the lake. _ .
5.3 . DEFICIENCY OF ELEMENTS ESSENTIAL\F&R PLANT‘NUTRTTION

There are a number of nutrients whlch are. c1ther essentlal for,
or beneficial to the growth of pldnts . Mest sglis*cohtain these.nutrients
in some proportion, enabling at least.certaih'}ianthto grow on them.

‘ . . o . :

However, minc tailihgs consist'pfimarily et finely»g}ound rock and thus
.cohtaih virtualtyino nutrkents.. It'is no ‘surprisihg, theh, that it is .
e*tremely difficult for moét p]ahts to ‘eCOme‘estebiished'on minevtailings;
In'revegetatien studié;‘threughout the world plantfnutritien has‘been‘
found to be a major and critical factor. .For thlS reason fertlllzers
tarc nearly always added when seeding of talllngs dumps.ts carrled out.

' It is generally agreed that the maJor elements neede%/for
p§dnt growth are nltTOéLn, phosphorus, pot3551um calc1um magne51um,r
sulphur; and iron. All of thesc elemcnts havc certaln essentlal roles
;n plant llfe, and dCflClenCLeS of these clements result in stunted or
doformed growth or even death. The roles that each element plays are

outllncd in most texts on plant physiology (such as Meyer and Anderson‘

1952) but drc‘dlscussed summarily below. . S
g R . .
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Tn tehpperate climates the amounts of essential clements needed

for agticultura] crops have been well studied.\| It has been found that

-

nitrogen (N), phosphorous (P) and potassium (K), arc most commonly

. deficient. Onc would likcfto assume that the problems are similar for

. \ .
arctic and sub-arctic locales, but the lack df dﬁta on thc question

dictatcs caution. Nevertheless, some northern ros@archcrs (Ronn1ng 1968,
Viereck 1966) suggest that dCflLLCHCLCS of thcs tcho nutrients do

restrict plant growth in nérthern regions. -

.31 THE ROLE" OF NITROGEN

[0

Nitrogen is considéred to be one of the most criticnl clements
rcquircd to sustain plant lifc All qf the physlologlcal reactlons
ChdrdLLLrlStlL of living cells centre aggpnd the physical and chemlcal
properties of prqtein moleculcs and rclatcd compounds,‘in which nitrogen
is an important éompoundi Although there is abunddnt frec nltrogen in
the air? plants are unable to Utll]ZCbgabCOUS nitrogen, so that they

@

must absorb it from the soil. In northern latitudes the major sources

of nitrogen in the soil ‘are in thc form of nitrates and ammonium compounds .

The detOTS governing thc formatlon of nitreous compounds in
the 5011 arc very importa nt.~ Under.natural conditions large amounts of
nltrogcn can be removed from the 5011 through the leachlng action of
rainwater or thlough tht removal of plant cover (10., flre or harvestlng)
Since nitrogen is not a constituent of bedrock the maintenance of a‘supplyﬁ‘
of‘nittogen is due to the activities of nitrogen—fixing bacteria.v Two
groupslof 5acteria are able to fik atmospheric nitrogen.

A) Symbiotic-nitrogen—fixing b@ctetia~(Rhizobium) which live

in thc roots of certain legumlnous pldnts synth051zc organlc nltrogen

from the carhohydrdtcs of thc ho%t plant and ‘the gaseous nitrogen of
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Jl,o applied to seeded arcas in most of thesce reclamation projccts
- S E :
(‘Erlp mine tailings, which consist primarily of overburden miaterials,
N R
oo “ .

arc less barren of nutrients “than mill tailings.and thus require less .

N

forti]izution(gvr plant regencdration), . °

[t is interesting that certdin non#lcguminous plants are also
Known to be able to fix nitrogen. Stewart (1966) lists NMnus, Myrica

o

and hepherdds among the gencra with this ability. Lawrence et al. (1967)
é g the g ‘

.. 2 . . . : .
found that Dryas dewenondii wu%}also,ablc to fl;’nLtrogcn. ”ﬁomo,rcscarcherb

\

in Alusku'(Lawrcnco et al. 1967, Van Cleve et al. 1971, Vlorcck 1966) .
have demonst1n&cd that . the Jnltlal ‘colonization of .Dryas ‘and Alnus on

new land grodtly facilitates the colénization and growth of other plants.

.When these sare plants do nQp grow in d»ngldtlon with the nitrogen- f1x1ng

ccics thcy CKhlbLt symptoms of nltrogun deJCJOﬂCY

At Ulscovory no special jnvcstigation of,nitrogcn was undertaken,
s o

S0 ﬁhut in retrospect it i}mdifficnkt to discuss nLtfogon~rclated problems
in dctgil. However, sincc virtually all soil sambles testéd"for nitrogen
had less Lhan 2.2 kg/ha and many had none, it may bé assuméd that the
;ailingsvnfo nitrogon»chicient.z A fjgurc of 89.5 kg/hd is given as

optimal for the growth of mosi agr1cu1tural crops (Cdrson, ]972) As a
-

rusult of the lack of carbohydratcs in a pureiy mlncral soil, and because
wcathcrLHg has resulted in a pH of less than 6, ammonification and the .

saprophyticvgroup of nitrogen—fiking bacteria are not functional. Thus

o - ) - .

B .. . - -. . ? : y i ~ - » o ) ' . - .
bacteria ILv;ng in nodulecs ave %hc only source of nitrogen for colonizing

species’. Of coursc

sallitrofen is always available in organic matter buried

- - . . =3

v

2. The values montloncd in this discussion refer to‘énalysis results
prcqcntcd in Tables 4-1 to 4-17. '

@
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]

Al though Shepherdima canadensis and Myrica gale are found

o

in the vicinity of Discovery they were not found growing on the tailings.

Alnus erispa does grow on the t tailings, bat it is.assumed that . in most
. . v ’ .

. .0 - -

cases the roots were able to reach organic matter wjther L:id_]uccnt; to

. e

. ‘ , ) . , .
or buricd beneath the tailings. The roots of AlRus werce not Imvestigated

. To- - .
. ’ L . oA , . C?
for nodules. However, nodules were found on specinens oft Fguioelun in, s

the central portion of the R4 Study Arca. It is not known whether thesc

¥ g LS
_nodules contained nitrogen-fixing bacteria, -and no rofcrcncc to nodulation
. . ~ o - - > ) . L} . . .y
on rqui%ciwn has been found in the Piteraturce. 'However, it is possible

5 [§]

that thesc,nodules do fix nitrogen 101 the use of Equis ntum dndmthat

.

fact may -explain the vigorous growth .of that species cVdent in the R4

Study Arca. } N )
5.3.3 PHOSPHORUS © : 7 . C ’ ‘ I
. ) ) ) v v\-—_-‘, 3 . h

Another- essential o;cmcnf is phosphorus (b), whiqhiis present
jﬁ:nuclcic acids and is used jn'vériogs metapolic processes. A symbﬁom-
of deficiency is a purple colouration of leaves. It is known%that in
acid soilé éluﬁinum may pfecipitqtc‘ﬂ.bsbhorus ana S0 éecreascqits
availability to plants; :

For opt1mum growth conditions 56 to 67 kg/ha of phosphorous
should be available in 50115 (Carson 1972) Ana1y$1s of ;ailings revealed

values ranging from 1 to 7 kg/ha indicating a severe deficiency of the
clement. As. mentioned, ‘this deficiency may be compounded by ‘the presence

.of the aluminum ion-in acidic 50}15 a SLtuatLon fomnd in the tailings
o . ~

-at.Distovery. mt ;
'5.3.4 . POTASSIUM
L ?otnsslum (K) is also ~an cssential element for plants.' It is

- .

used in thc byntthJS of” protelns from amino acids. Ividence Suggests

v
~

‘that‘potassium deficicncy hinders cell division and photosynthesis, ~

.
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Potussiwm deficiency ¢an be ameliorated somewhat by the presence of
sodium jons.

About 336 Kkp/ha.is vecommended for best agricultural growth

~(Carson 1972). Values of potassium in the tail ings samples ranged

widely, from ¢ to 2817 kg/ha, but averaged close to the recommended
value?

NCVorihvlcss, i':iS perhaps significant that secveral plants
(Epd Lobiwn angustifol i and Calamagrostis neglecta were observed
growing at the site of a small campfire at approximutcly 120008-2000W
on the tailings. The botash present in the: ashes would be a source of
botnssium for these plants as well as an agent to reduce potential
acidity at that location. '

~t

.3.5 OTHER IiSSY’.N‘TIAL TRACE ELEMENTS

[¥a]

Fach of the following clements 'is essential in small quantities
. 4

o -

or plants, and deficiengies can restrict growth,

Calcium (Ca) influences the permeability of the cell wall, and

o

also plays an fmp0114nt role in the balancing of soil acidity. Magnesium

/(Mg is a constjtuent of chlorophyll and thus is cssential for the

mctahglism of plants. A symptom ot magnesium defiency is®fthe yellowing

of oldor-kpaveé. \01md11y soils contain sufficient quantities of this
clement. bulphu1 (S) is an 1mportant constituent of amino ac1d5 It is
usually prescnt in soils in 5uff1c1cnt quantities, and becausce of the

haturc of the ore will probably be»avullach in sufficient quantities in
: S
” : - s
the.tailings. Iron (Fe) is supposed to be important in chlordphyll ,

symthesis. Its dcficiéhcy results in a yoilowing (chlorosis) of leaves
but it is probably avaiiable in sufficient quantities in the tailings.

5.4 MICROENVIRONMENT

The term microenvironment collectively describes a range of
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characteristics present in the soi Vatmosphery interface zone.  Although

these characteristics can be discussed separatiely, most arce interdependent

and controlled by the major factor, radiation ¥Wrom the sun.

5.4.1 SOLAR RADIATIUN .
Solav,radiation, with the component’s lol' heat and light, s

the strangest control over microenvironment. Light, as well as heat ,

is of course essential for all plant life, but dxcessive solar radiation

can have a number of negative effects on plant: Life. »Dehydrat iorf or

overheating of the soil and plant ‘are the most obvious, which when combined

with a lack of soil moisture, is morc commonly tdrmed drought. Such

!
conditions arc especially hazardous to young sccd\uings not well dstablished.

In addition, high levels of solar r(uliation on unprotected <oils

draw water to the surface, where it evaporates, l(ﬁnving a hard baled
surface or a ¢rust of mincral salts (Flate 5-1). i"rhcrc was bountitul

; \ ‘- o s
evidence of both conditions on the tailings at Discovery. Neither condition

1s condutive to the germination and rooting of seeds.
5.4.2 SHELTER y : ’
The abovec. factors are partially a function of shelter, or the

Al
o

availability of p}otcction from the _fuil intensity of the sun's rays. But

~.shelter is also important in,‘f)r'ovi(fihg protection from the wind. In a

region where summers are dry, with a- low relative humidity, moving, air.

can also be a factor contributing to plant dehydration. Lack of shelter

from’thc wind, when coupled with unconsolidated surface matefials, can
result in the movement of soil particles and abrasion of the stems of
young plants.; And shelter, in the form of other plants can also be
beneficial in the inter;eption-of rainfall sorthat‘scedlings are protected

from the full force of raindrops, as well as the potential disturbance
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Plate S-1. In many sections of the tailings disposal area the surface
consists of a hard, sun-baked crust. s Many of the crucks in this surface
were covered by a white crust of mineral salts. Geologist’s hammer
gives scale. 27 July 1971 - 15h00 (4255-225E).



ot the <ol urtace., Fhe precefoe of veretatron can oalwe retard runof
permitting greater ntiltration of rarntall aed o predator measure of

. . \ 1 '
Lorl moistare tgeharge, important duraing dry oooomer s whon much precipt
tation ovcurs an the torm of thunder<term. .

Any Onge ot these tactaor, m 1o have ondy ominor effect tn

. 1

retarding »lant colonration on tarliggs ot Dracovery, byt an combanatien,

Ll
&

theso factors can have @ omagor volc i restridt ing plant prowth and the
coloniration of tarling..
Hoh SURFACE INSTABLLIN

surface instahility, as touched on previously, often prasents
Insurroant ohle dif‘fxcuI{tiw: to the establizhment of sceodlings. Also, &
the deponsition of vroded material way create as by v problem as the

process ol water and wind crosion thal cautses jts removigl . In the case

: »
ot crosion by watep, low arcas, which tend to be most favourable for
Y
plant colonization because of shelter and soik moisture, can be -
infilled, burving the plants which are croving there. Only species
. . 8 o ) -
that arce able to place new adventitious roots from their rhyvzomes
into the overlyinyg matevial, such as copreteetwn Fluviatiie -  are able
(3]

to thrive in such situations,

[

Material transported by the wind can also bury plants. At

<

Biscovery this is most cvident along the edge of the taiiings disposal

®
arca where sand had been deposited in nearby vegetation. The tailings
area 1s actually slowly expanding through this process (Plate 5-2). In

such situations, for example along the cdge of the tailings at 200S-baseline,
. > : n
Aetostapilos uva-ursi is one of the few shrubs able to survive on top of

the aggrading surface.
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Plate 5-2. Strong winds during dry summer days pick up the fine tailings
material and create huge clouds of dust. In this phpto, taken from the
south end of the éirstrip, the mine shaft and buildings are nearly obscured .
by dust. The dust was a constant problem for those living at the minesite.
Such conditioms also resulted in considerable transport of fine material
onto lbcations adjacent to the tailings disposal area. 3 August 1971-1200.

<



CHAPTER ©

SUMMARY OF PLANT COLONIZATION PATTERNS

n and

Most of the tailings dump at Discovery reTelns bar

SN

. without a vcgetatlve cove1 Thea=overall impression is that of a

Sterile sand fiat.1 Thus, in é_gfoss senso,‘naturci revegetation at
Discovcry is very‘]imitcd,vand it will be many yehrs before the tailings
will support a cover Of'vegetétign.; However, Qndcf ceftqin favourable
conditions;‘co]onizatiOn’and ﬁatufal fecovcry arc»possﬁb]c. The
con%}tione,favourab]c to ptant growgh are c]assifjed below, ranging
”from_mosf‘to leaseifavourabie. | |
6.1 © RECGVERY OF ORIGINAL vuchkrlox'
Thc'puttcrnb gxuuped under this class ficiude plants that have

cxporlencod dlsturbance where cfflucnt or tallzngs sclids have bee

only tcmporarilf present. Withgn this class several degreces of Jamage

.

méy be distinguished.

6.1.1 DAMAGE BYeEFFLUENT ONLY

_Certain lecations it LailiHQS disposal area exhibit a
& . ’ : .
selective kllllng of certaln plant specxcs Thus Picea'mariana,

Larixz laricina, and mosses and 11chens might be dead, while Ladum

Cd

'gfoanandicqu:Betqu gZanduZosa,B. papyrtféra and SaZim Spp.’ survive,

Ih such instances the damage is caused prlnc1pally by the effluent

and no solids are dcp051ted The. cffects are indirect, rCSthlng

<

from varlﬁtqons (temporary to pcrmdnent) in the helght of the water -

i

table or 1n the chemlcal composition of the groundwater. Thhs, plants

—_—— __, . :

affected by too much or too little water may dle, or plants sensitive
’ & . . L. ’ “

to an cfrluent caused change in 5011 chemistry (Sectlgn 5.1) may die.

157
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Where the changes arc temporary, tolerant plants survivé and arc able
! ‘ t :

to recover.
«

Eveh more’ direct are enV110nment11 chang05 Wthh may bc
trlggelpd by the temporary prescnce of effluent. Thus) whgn eftluent

' causeS the death of certain componcnts of the plant cover, thekthcrmal
B
bdldnCO may bc altgrcd ‘causing a lowering of tho pcrmafrObL table

Q

-This, ‘in turn, may 1cduge the height of thc water table and reduce the -

dmount of s0il mOLsture avallab]c for plant growth iﬁdifectly'causing-'
tho dcath of othem spec:ca ' L y . . o i s
6. l 2 DAMAGE BY LIGHT DFPOSIT% OI SOLIDS N o I e

o 'Coréain areas which TQCLlVed a light dep051t ot talllngs

'aollds (5-10 cm thck) also exhlet regencrdtlon of components of ., the

¢

'formor\plant cover. uch a thin cover can: bc VlCWCd as 1mpermdnent

i
s

since, with time, wind, ain and ‘snowmelt runoff erodc the talllngs

from the hummocks into the tervening hollows. ThlS comcentratlon ofd

tailings in'@epressions may result in differential thsfmokarst ;ﬁh—

Xt

B _ . ' -, - TN -
‘sidence, accentuating the'miéro—yqlief.' In this situation-plants, “such

as mosses, that occupy the moist depressions are buried, while plants .

Qo .

" that grdw oﬁ‘top of the hummocks, such. aé Lédum érbenlandicum;'gﬁrvive.
Also, low—gfowing plant; such_aé lichens may be kllled by bur1a1
whereas taller plants, such as Betula gZanduZooa, survive. Colonlzatlon
of thc dlStUTbOd 51tos occurs prlmarlly through lateral exten31on of

'pldnt rh;zomcs from the stlll vegcfated areas. The hollows may ‘also
provido*suitablc sced beds for thc establlshment of w1nd borne seéds

from plants such as- erophorum anguutszlzum

In general, Lhc natural rccovery of tth C1355 is.good.' In

o



most instances the surviving vegetation effectively reclaims the
‘disturbed land. = ' B

6.2 REVEGETATION OF MODERATELY THICK TAILINGS DEPOSITS

@

In this class, most of the plant cover is killed and buried

by a deposit that ranges in depth from 10 to a maximum of 50 cm.

Occasionatly a large and vigorogs specimen of Betuld or Salix is able .

o ) } ) R ..
to resist death, and may-live to develop a seed crop. The original

organic laycr is normally not buried very deeply. . Thus, ¢ven

moderately deep-rooted plénts arc able’ to reach. this supply of nutrients
énd once they do, grow well. .Plants whith.reproduco through éréeping

rootstalks then may colonize outward from a location in which the roots
~are able to reach .the buried organics.

'Rcvegctatfoﬁ is not, however, without difficulty. Exposure'

[

on-the tailings makes it difficult for seedlings to become established.

. . . | ) - i ' . ' . - ’\‘\ iy
In addition, thermokarst subsidence and fluvial and wind-erosion may

A ¢
t

résult in surface instability,which, adversely affects seedling growth.

. . . R N .
#?everthc]ess, some species’ grow suctcessfully. Notable are Equisetum

A ' : \ .
arvense, F. sylvaiicum; Epilobium cngustifoliwn, and Horde qubl'um.
. ! , s
o : i

e y , Lt , S
Eriophorum angustifolium, Corex aquatilis, CaZamagrostzé/;;glecta,
: ' : : ~

Betula‘glanduloéa, Salix spp., and Alnus cPispa are’

o

ers which 1

regenerate under favourable conditions.

N C a2
 6.3 REVEGETATION OF DEEP -TAILINGS DEPOSITS

A large portion of thé. tailings at-ﬁiscovery is made uplof
deposits exceeding 50 cm in depth. The original plant cover (éxce%t
for an occasional treec) and the former topography have been thoroughly

_ . - : o \

buricd. Only under ¢xceptional circumstances is plant colonizatioA

possible (in thesc areas. Such instances may occur when organic

.
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material becomes ingorporated into the surface of the tailings to

provide nutrients, shelter and moisture to colonizing‘seedlings}

Animal feces or an old campfire, for example, are able to foster-new

o . 0 »

e scedlings.' Such footings, however, are extremcly tenuous. An
csp%cially dry year may destroy the success of previous.ycars. In’
Uencral Lhc prospects for <1ﬁn1flcant ndtural recovcry over the bulk

of the ta:lJnus arc thus maralnal The combination of 1ack of

. . . . e

.nutrients, iﬁhéreﬁt soil acidity, scasonal drought, and surfacc crustipg

and instability all combine tg minimize the unassisted establishment .

of a plant cover in the short and -medium term. )
o . . . e -
oo Obscrvations in 1971 indicat%d that.déspite'thc neéative*

v

cffects of 5011 acidity, the ldck of shcltcr and nutrients were the
6 : - o
greatest handlcaps to thé cstdbllshment of plants on open talllngs

.

surfaces. lhe 1ack of vegctatlon in’ depTCbSlonb 1n thc centre of the

talklings sugﬂested that soil moisture was nox the crltlcal factor.

Consequently, in 1atc August an cxperlment was inltlath Approx1mately

3
O.S m of Surface oraanlc mater1a1 was. excavated.- from 1+ 30 on the

RLCD transect and placed on the surface of an open section ofothe

ltalllng% at 0+55 to determine if this mass of. organlcs (contalnlng

nosses, 1ichens, and specimens Of Ledum grqenlandtcum, Empetrum n@grum,

and Vaccinium vitis-idaea) woyld foster'plant.COIOnizétion. Plate

" 6-1 shows this location thtee ygars 1ateru(SeptemBér'l974)i' As can be

© ~ ‘o

clearly seen, no plant colon; ation occured w1th1n the mass of organlcs

&

- The- materlal was con51dcrabl> reduccd ih size- (11ke1y from w1nd ero 51on)

o

and was very%dry and dusty. The cxcrc1se suggests’that th mere

”

presence of organlc materf@ls on Lhe surface of gk/\talllngs I's in- -

_sufficient to inltiato plant,growth. 4

160
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Plate 6-1. There is hofsign of plant life in this block of orgahic

" material placed on an open section of the tailings in 1971 in the
hope that it might provide the shelter and nutrients needed by colon- -
- izing plant Species. 15 September 1974 - 12h00.. : S



CHAPTER 7.

E

CONCLUSTONS

. . . . - . .4 . ), .
N The investigations at Discovery indicate, not surprisingly.
that natural revegetation at a northern minesite is a slow process.:

Discovery does have a harsh Cllmdtcl in both sumne ahd winfor, and i+
is to be e xb cteo that few plants have the capablllty to qu1ck1v
colonlzc ter*a noaa of any klnd in such a marglnal cnv1ronmcnt.
Thcreforei lt can be conolud 1 that the reclamatlon of northern mine

s

worklngs rcqulles at least somclhumun ussjsyance \as it:doos in the
. : L T - \
south.
7.1 LONG TERM'VER us SIORI thM thLAﬁATION
The ﬂegice of assistance requléod'dcpcnds,fof’ooofselvon the
time frame allowed for>an ooCCptoblc level of rcclamation..'Slnco a
slgnificaﬁt portion of devcloﬁmoat in the North dccurs in romoto.

locations, isolated from the mainstream of huwngn

planning for

a relatively inexpensive, unassisted long-tcrm reccovery may. seem e
. . . ) - 1 . . . . )

LI

desirable.  Although suchfa_Plan'socms-lOgicaJ, itis oftch impractical.

Uncontrolled disposal arcas for industrial wastes'such'as mine tailings

requlrc man) ycars to reach even the er051onal equ111br1um neccs\ary

&‘
- for plant colonizatios. And once¢ developmﬂnt occurs at a pa“t1cular '

location, scldom»doos it'rcturn to, its- f01mer 1solat10n since even

abandoned worklngs *nev1tably ‘attract people. If Canadlans are to<pg////ff//

,,~//

safeguarded agalnst the bllght of 1ndustr1al wastes 1n/the m1dst of the
w1lderness, reclama 1on plans nust be formulated for at 1east the medlum

'term,‘and preferably the*short term. For the purposes of this. dlscu551on
a time perlod of 10 years will be taken -as representat1ve of the short

N

term, and 20 to 30 years as renresentatlve of the medlum term

- o162 - 5
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Thi?ﬁktudy cnables one to conclude that natural reclamation

at Discovery will not occur in the short term, and suggests that,
X . . V7 B

rey egetation will be effective over the medium term ornly in certain

’favourable locations. Whichever term is cliosen, a reclamationwplan,

163

including the desired ond result, and® the estimated year-by year progress

~ toward that result, is a necessity.  Gone are the days when we could

affort to deposit our-industria]“wastos simply on the basis of short

term convenience, Vlth no thU”ht to the futur

7.2 THE NI’EED l()R [ON HRM RL('IA‘I/\IION PIA’\JNTIIG . R o .

{hc nOCd for lon tornr)ldlnln in' ‘the rcc]amallon of
2 é 1 g

]

Lndustljdl\\orks in the North is Tow hldoly rcgognl7od Goycrnment

ILapOnHC has tdkcn LHO fonm of the 101r1to11 1‘Ldnds \Lt (1970) By

-

" L

1976 a]l ]and use opo;atxons in thonnorth thC come’ under .the review

and Lnqugtaon proccduros of tthO land use rgquations.i However, closc
a ) Rt .

.gontrol of land use 15 not always$ easy in a land besiecged by secmingly .

,urgent and oftcn massive dovolopﬁcntal-projdcts.- The present mechafism

.

provrd@s f@r thc scre ecning: and hnprCthn of land use activitics, but

B .y
.

“Tmore omph351 cmu>t b p]accd on mon]torlny lm)act and on planning

o L Ea
//>jroclgmat10n. Any,‘anlflgant dcvelopmont

in the Northvéhduld.be

oo reqqucd bo prcs >nt a-stqtcmcnt Oufllning no oﬁly tho impact of the

- o (
pTOJ cL whlfo it opc ates, but also the: form " of thc final rcclamatlon

N ‘.

prooram -and thc stgps which will bc tlkcn dulxng thc llfc of the

‘projgct { fooilitate flndl roclamdtLon Fhorc nu>t b N awareness .
¥ , b : >
that the de ]opnhnt and wachJdLJposa] determines the
. .optic: the reclamation phase. "

o [
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7.2.1 (IARI.ZI-‘UI, CHOTCE OF TATLINGS DISPOSAL AREAS

-With mine tdilings revhaps the mbst:ﬁﬁsic decision to bc'quc
concerns ithc manner of deposition. The final topography must be crosion-
re w; stant, if not ofoSion—proof. When one is dcaling with an casily
erodahle mqt rlnl such as mill slurry, Lt‘shouidebc deposited to take
~advantage of nu%urai topography . To'a coffn{n‘cxtént this has bccﬁ-
' doﬁe at Di%covcry. Some of the iai}ingé material is contained within
. ) . N |' &
~natural depressions where ongoing crosion is minor. However, much of
the {ailingérﬁgs heposjtod wiyhin‘odsiiy croﬂablc ombnnkments,'or with
JnOlcmbunkments at all. Undcr‘thésd coﬁditjons, efogipnal ﬁrOCCSSLs
wiII coutinﬁc ;or‘dccadcs. CIn. tine, for QXamélo,.thé middle.port®n
of the airstrip, and‘thé'tailings'to‘thc wes't, will be washed into
'Cfuuqup"Lakc and Round IaKe. At Discovery ‘the achiévemout of'evcn a -
baéigﬁrgquiycmcny; a stablc sdr%mcé on tﬁc‘tailings; wiil.rcquire tﬁe

long rerm. Obv1ou>]y 1horc can’ bo little. hopc f01 significant extensive

>

rcvcgctatjon in lcss tlmc Lven at thc Giant Minc in Yollowkn1fe
where dykes for ThL 1&1]1ng> ponds are consrructcd of mine muck (a °

\

3 . :

mixture of broken rock and f]n mntorial), sorethlnp as prcdlctdble a#

a hoavy or sudden Sprlng runoff can break dykes and causc mas€1vc erosion.
The nccesslry of plannlng pClm nent dyking that will'romuin viable long

@

aFrcr the departure of the workers bocomes apparent.

7+2.2 TUE'NEED FOR LOCAL REVEGETATION EXPERTMENTATION . S

There are a'number of ncasures which can be taken to stimulate
“the revegctation of tajiings.‘ Although much of- the revegetation
. . _ :
technology from the south has application in the north, the épccific

site conditions which have to'be met Ln cach rcgion nrQ'nniquc. AL the

present time there are few largn IlnLng developments in the Canadldn
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north and, as a-result, prncticul revegetation experience is limited,

Therefore, there is a necessity to experiment with 1cvogctatlon while a
A N v .

mine is in operation. Test plots should be sct up and operated over

a number of yecars. The toxic components of cach mine's unique tailings
must be identified. Test plantings arc needed to determine the optimum
or cven winimum levels of nutrients, whdther they are chemical

T .

’

fertilizers or local orgunics; the neced for irrvigation, if any; and the

necessity of shelter. Only-ﬁfth such a background of experience gan an

ceffective revchgation_program bo.institutcd. B T . _v\
Co7s . MEASURES T0 _AssorsT”r.L\J RECLAMATION | o / _

jy “ The noééssity of 51ann}ng disposal tg ensure a stable Surface =

for plant rooting has becn stressed. The usc of natural basins such as
. o a

bops mlpht also bp citoutlv in deéréa§in@'prob]ems of drought. In

. it
‘1‘4

fact, thc'plannod infLIllng of sclected lakes could be a suitable way:
to managc disposal and reclamation by providing the topographic control
’ ’ o ”»

and stability so basic to 1eclamatyon However, the infilling of

any DdIHYﬂ[ (ij@%%lon to a slpnlfJCJnr doprh necessitates measures to

prqvide nuL1Jcnts to thc 5urfacg ldycr of the tauilings. The approach

USCd in the south would requirc CXtenSiVC’SOil tests and the controlled
spreading of crushed limestone orslime to decreasc acidity. Chemical

- . - - . . \
. . . oo : '

fcrtilize:s could then be. sprcad over 'the tailingsJ along with a mix

of seeds of plantx known to have the ability’ to establlsh qu1ckly, or

those-with tho ability to colonize under” the cover of a ¢atch species.
. ] . e ) - R . ) |
In a situation such as Discovery such measures would undoub-_
 tedly prove expensive. - Othcr. methods that would significantly assist

¥+

>

natural reclamation capabilities rate'consideration. For example, steps

L ) - S

& . . .
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o

could be taken to restrict the depth of tailings deposits to less than
50 cm, thus cnabling the colonizing species to root into the 'bm"‘lcd R

o P
organic cover.. In view of the size of most modern mines, this option

a i

is not too realistic, yet it is indicative of the approach necded.
Another uitcrnativc is to make orgapic dcbgis available at rcgular
intervals by bulldozing the. vegetation into windrows before the tailings
arc deposited. The placcment.df organic materials such as straw, bru<h
or pcat on the surface of the tailings would also bo,effociivc in

providing surface stability, nutdicnts, shelter, and moisturc. Locally

¥

' i
treated sewage might prove very dffective for fertilization and the
) .
creation of surface stability. Any mecasurc which would serve to

amcliorate an environment marginal for plant establishhent and growth . .

- A

may be crucial to ensure final revegetation sucess.

»

» o " Several speciesoof plants found on the tailings at Discovery .

stood out for their.ability to colonize- afl inhospitable envitonment

. . . , . A
unassisted. Equisetym spp., Eriophorum .angistifoliwn and Carex
p*

‘aquatilis showed an ability to a

Y

rangustifoliwn and Hordewn jubatwn showed._success in q;y‘and.evcn exposecd
locations. These species and shrubs such as Salix SPP-,-BefuZa Spp-., .

and Alnus crispa.should always’be given consideration for the role which <

-

J\. . : X . . v ’ . ~q. dl
they may be_able to play in the natural reclamation of a disturbed area.

- . “ The thorough reclamation” of industria] sites isldifficult

and expensive no matter where it occurs. As with most othér fscéts of

.

- 4

northern operations, reclamation too wili.be mogg‘geldcate, time:

.f ' “ .
- consuming, and expensive than in the soidth. However, the critical

p components of northrern reclamation programs are foresight, an under- -

-

standing of the local environment, and the willingness to work within

o ’ -
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s restraints, Such a responsible approach can result in the satis.

Factory reclamation of northern mine sites within an acceptable time

Span and withoont oxcessive cost
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APPENDIX A
.§ - ™S,

PLANT SPFCIMENS COLLECFED AT DIQCOVERY

0‘ Durlng thc field season rcprescntatlve plant spcc1mcns o

‘were collected, precOod ‘and dried. The s poc:.mo')c wcre tcntat1vel,

1dent1f10d by the author in the fall of 1971 prior to confirmatioh

of the 1dent1f1cat10n I am 1ndcbtcd to Ms. M, Dumals (ASSlStdnt
0.

-

Curator Herbarlum Depdrtment of Botany, The University. of Albtrta)

and Mr. W.J. Cody (Curator Vascular Plant Hcrbar}&m Blosystcmatlcs

H

Research lnstltute Rescarch Branch, Canada Dopartment of Agr1cultu1e,

Ottaha) for thelr assistance 1n confllmlng the 1dcnt1f1catlon of “the

<a .

vascular plants. P1ofbssoa D.H. Vltt (Departmept of Botany, The
University of Alberta) dnntnfjed the bryouhytﬂﬁ and My, M,
Ostaflthuck (thon M the Dcpdrtmcnt oi Bozany, ‘ihe Unlvef&lty of

Alberta) identified the ‘lichens. The nomenclature of the lichens
) ’ o ‘:. [ [ " f) 3 .
follows Halé and Culbcrtsdn‘(1970). K IV

N o

Voucher Spec1mcns of some of thegplants were retalncd by

~

the persons“llsted above The Temaining specimens have beon dcp051ted

<

with the Dcpartment of Geography ‘at The University of Alberta R
The lOllOWlng llst of the plants collected at Dlscovery
1ncludes common names where p0551b1e "The 1n1twals MD (WS MxDumais),

o

WJC (Hr W. J Codv), DHV (Profcssor D % V1tt) and MO Mr. ‘y.

Ostafldhuck) indicate thc authorleg’uho conflrmed -thé identificatiog

The letters UAH (Herbarium, Department of Bonany,JThe Unlvcr51ty of

o
a

Alberta) or NH (NatlonaluHerbarlum Ottawa) 1ndlcate thc 1ocat£on of

& a

notable voucher spec1mens o e

a - ) . o
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APPENDIX B

ANALYSTS OF TAILINGS SO1L SAMPLES

amp]c< of the tALI@ﬂps at. DlSLOVOfY were collected both from
- | ji : .
the surface and from soi1l pits. Each gymple was.numbered’und placed

4

in a plastic bag. - At the end of the field season thg samples were

Lo : 3 . 0 .
transported to Edmonton where they were oven dried at 40° ¢, and

.

transferred into small plastic containers with snap-on lids. They were
storad o1 room temperature during the winter of 1971-72.

Bl S Ll AS MEASURED BY AUTIOR

4

o April 1972 thc pﬂ of the goil samnles was‘testod according
Lo the crocelres described in Peoth 61965). The s?mﬁlcs were tgstcd
in a solutic : of calcium chloerO. " The results should be réportéd as
soil pll mcqsgxéd in 0.01 M.CgC12 _

B.2Z ThST FOR CYANIDE BY AUTHOR ‘ '

¢ Although it seemed un]ikcif that any cyanide would be found
. -

- R i .

in tailings samples which had bcun dep051led Somne )edrs ago, tests

- werce nonetheless undcr:aken. The procodure% followed are outllngd in

Anonymous (1545). Tho dctcrmAndtlon was for total qyanldc in cyanldc

. .

solutions, or an indication in tcrms Qf NaCn (or KCn), of the~c%éhogen

cxisting in the fTorm of simple cyanides, hydrocyanic acid and the

double cyanidcs of zing. Thcvprdccdure was toﬁmeasurevZf cc of &lear

ryande solution und add 10 cc of cnustlc 90d potaSSJum iodide

47‘

«oluLlon and ~titrate WLth Stanerd_si]vor ni}ratc solution to a

permanent yelloggopalascence.  The test was performed on a total of

¥

g 2 45 samples, but none showed any evidence of cyanide. OFf these samples
T E L ! -

\



o .

)
R /// - .

10 were collccted by a fr;énd during the summcr of 1972, ameé- sent to
1 / a .

/

Edmonton in plastic bags for tested a weeck after their collection.

B.3 TESTING BY THI ALBERTA DEPARTMENT OF AGRICULTURE e

- . a

o // CTT~
The Soil and Feed Testing Laboratory, of the Alberta Depart-

- ~ . 4‘ ) L . ) LA - .
ment .of Agriculture provides 2 public service whereby they will .

-subject soil samples to a wide varicty of tests for a nominal:fec.

These tests arc designed primarily for farmers who want to know how

to improve soil fertility, but it was felt that these tests wou'ld

used for the tests arc noted below; : s

=3

1) Nitrute - Phcnoldjsulphonic Ac{d Method., . | ©

i
5

2) Phosphorus - Available nhosphrous is determined using-a-

I3

3) Potassium_ and Sodium - An available determination by flamb

copbined nitric vinadate molybdate colorimetric determination.

photometry?#(l.L. flame photomcfer).'Soil—sclﬁtipn’ratio 1:5
. . [7 2 ) ' . ~ .
L—as 0-7 -ppm ‘M— as 22-28 ppnm - as 42-48 ppn
L as 8-14 ppm M as 29-35 ppm H ~as -49-55 ppm
L+ as 15-21 ppm M4 as 36-41 ppm | H+as > 55 ppm
. _ - .
4) 504 The modified Johngon Nishita procedure for the deter-
» . . 7 ) . o
mination of water 5oiubleTSO$v H4 is greater than 200 ppm.
- . o E Q' . "
6) Organlc matter - - L as 0-1 pertent E
. M as 1-3 percent
‘ ‘ H as greater than 4 percent -7 o
o : N
o "‘:
&
. T 3
a .,.
S 07,
¢ V:, . g e
S LS

1.85

5

provide uscful information abeut the tailings at Discovery. Thee.methods

<
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. Rain Guage Observations
& Date Time of Recording . ~ Amount (cm) )
July 1| . 1330 ' 0.13
. 2 : 1930 0.25 ‘
6 ) 1700 0.05
7 1900 = ©0.05 O
8 1900 0.13 .
1z - 1900 ~0.38
ald .| 7. 1900 0.30
17 1200 ‘ - 0.38
’ .24 — 1200 :0.03
30 1000 - 0.03
“ Y
" August 2 £ 0900 0.33
3 0930 10.35
6 | . 0930 0.48
10 0945 ‘ 0.20
11 | . 0945 1.02 -
12 L 1000 ° 0.10
i3 . -0900 . 0.13
17 .| 0945 o168 |, p
. 18 , 0930 ] 0.05 i o
21 | 0900 ‘0.05
23 - g91s . 0.23 '

The rain gﬁagé was located at the edge of the R2 study
arca, approximately half-way betweer R2A-and R2ZB.- -
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