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ABS'l'RACT 

The effect of the snow cover on the nutrient regime 

of. northern soils was investigated at four different si.tes, 

r.presenting a lichen woodland, a lichen-heath tundra, a 

feathermoss forest and a sedge-moss fen, in the subarctic 

environment near Schefferville} Ouebec. Snow caver accumula-

tion was controlled by the topography and vegeta tian of the 

sites and snowpack chemistry, which showed high spatial and' 

vertical variability, was largely a-ffected by the presence , 

of a forest canopy and the nature of the ground CQver. 

Particulate matter, particularly litter, vas a major source 

• of the nutrient. which accum,~lated in the snowpack. Thi. 

accumulation wa. not, however 1 a major factor leading. te the 

iner ..... in the excbangeable cation concentrations of the .011 

.urface boriaolUl, wbich occurred betwean th. fall and the 

.pring. ~ •• iner ..... vere due to over-winter decoapoaitloD 

aDCl nutrient r.l .... occurring beneath a' &lep, inaulatiDg 
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RfsuMf .,. 

Les effets qu'a une couche de neige sur le rêgime 

nutritif des sols du nord furent étudiés a qua tre sites dif-

fêrentrs ~ comprenant un boisé a lichen, une toundra é lichen, 

une forêt a mousse et un maréc~ge. Cette 6tude fut faite dans 

la zone subarctique près de Schefferville, Qu~~c. L'accumula-

tian de neige dépendait de la topographie et la vêgétation 

des sites ainsi sue de la' composition chimique de la couche 

de neige. ~ette composition,. d' ~ne variabilité prononcée tant 

spatiale que verticale, se trouvait en 9rande partie affectae . 

par le couvert forestier et le type de surface. Les partiçules. 

aurtout celles provenant' de' la liti'ra de feuillas 'mortes" 

'tai.nt la source principale des filA_nta 'nutritifs s'accumulant 

dana la couche de neig!!. Ceux-ci" par contre, n'étaient pae 

un facteur important quan~ a, l'accroissement des concentration. 

d. catioJUI échangeables des horizons eupSrieura du sol entre 
1 

l'automme et le ·print~pa. Cet accroissement éta~t peutOt dO 

a la litiêre de feuilles mortes rêsiatant l' hi:ver" a la lib6ra-

"tion d'-61'.enta nutritifs.,sous une naP})e: de :neige PJ!'oto,unde' et 

isolante. 

1\ 

l, 
i 
1 
1 

, 1 
l 

, j 



j 

1 
l 
} 
, , . 
i 

" 

1 

( 

\' 

\', , 
1" 

.... ,.. 

III 

TABLE OF CONTENTS 

'1 

- ' 
ABST~CT •••••••••• ' ••••••••• ~~. ~ ••••••••••••••••••••••••••• 

R!suM:!' ••••• -. • .' ••••••••• t Of •••• i • • • • • • • • • • • • • • • • • • • • • • • • •• 

LIST OF' TABLES' •••••••••••••••••••• 

LIST OF 'FIGURES ••• ', ••••••••••••••• 

LIST OF APPENDICÊS ••••••••••••• ~ •• 

· ................. ~ .. . 
r, 

• • , ••••••••• e , •••••••• 

· .. , ................. . 
1 

PREF ACE. , •••••••••••• G •••••••••••••• t ••••• , •••• , •••••••• 

CHAPTER 1. 

CIIAPl'BR 2., 

CBAP'l'BR 3. 

,Introduction and, Review .' •••••••••• : • ~ ~ •••••• 

'1.1 

1.2 
Introduction •••. ', 

Snow Chemistry •• , 
• ••• fI:' ............. Il ••• 

· ..................... . 
1.2.1 Atmospheric Inputs ••••••••••••• ~ 
1. 2 ~ 2 Vegetation Inputs •••• ' ........... . 

1.2.3 Changes in Snowpaek Chemistry 
During the Winter ••••••••••••••• 

1.3 The Snow Caver and Weathering ••. ~ •••••• 

1.4 The, ~now Cover and Organic 'Matter 
Dec.omposi tion ••••••• ~ •••••• Il •••••••• '-, •• 

1.5 The' Need to l;nvestigate the Ro1e of the 
Snow Cover in the Nutrient Regime of 
Northern Soi1s •••• ' ••••••••••••••••••••• 

-The Bnvirç:n'amental Setting •••••••••••••• .-•••• 

'2.1 Sehèfferville as the Study Region •• ' •••• 

2.2 CliJna te ••••• : •• , ••••••••••••••••••••••• 

2.3 

2.4 
2.5 

geo1ogy and Soils •••••••••••••• ',' .-•• 'O ... 

Vegetation ...... J • •••••••••••••••••••••• 

Snow Cover Ch'racteris ti cs in the 
Sehef fervi lIe Region .................... . 

Site Selection and Methodology ••••••••••• ~ •• 

'3.1 ·Site Selection ••••••• ; ••• ~.; •••• " •••••• 
3 .. 1.1 Selection of the Study Area ••••• , 

3.1.2 Selection of the Stu4y Sites •••• 

3.2 Project Str~cture •••••••••• , ••••• '.' •• , • 

Page 

l 

II 
VI 

VIII 

IX 

XI· 

1 

1 

2 

3 

6 

8 

10' 

Il' 

14 

17 

17 

17 

19 

2.2 

26 

38 

38 

38 
40 

41 

.. ' 

~ 

f 

1 
1 
j 
i 
J 

-' 1 
l. 

1 
'. 

l 

l' 
1 
1 
J 

1 
f 

1 

1 
i 
! 
.J 

1 



'.~ . ' 
\ 
] 

" 

, , ' 

'. 

, < 

, 
, .' 

, , 

CHAPTER 4. 

~R5. 

- - -'"~~ _~ ____ ............ ,~r-~t 

" IV 
), 

\ 
" 

1 . , 

3.3 Field Methods.' •••••• ' ••••••••••• ~ ••••••• 

3. 3.1 Errors and Sources of Errors •••• ' 

3.3.2' Sampl~ng procedure' •••••• " ....... . 

3.4 Làbora tory Methods ........ .- •••••••• .-•••• 

Resul ts •• ~ ........ 0' .......................... . 

4.1 . Data Presentation and Statisti-cal 
Analyses ••••• ~~ •••••••••••••••••••• ' .•••• 

4-.2 Snow Cover in the May Lake Catchment ••• 
, 

'4.2.1 

4.2.2 

Snow Cover Accumulation ••••••••• 

Snow stratigraphy and 
Tempera ture ...... ',' ................ . 

l' 4 • 3 • Snowpack Chemi s try .......................... -

- 4.3.1 The Distribution of the Chemical 
Parameters in the Snowpack ....... . 

4.3.2 Clianges in the Distribution 
During the Winter; •••••••••••••• 

4.3.3 Intra-Site Variability in 
Snowpack Chemistry •••••••••••••• 

',3~ 4' Inter ,..s i t.e Variability in 
~n~ack Chemistry •••••••.•••••• 

'.3.5 Intra-Site Temporal Differences 
in Snowpack Chemistry ••••••••••• 

, • 3.6 Prèàh _ Snow Chemis,try .............. .. 

'. j. '1 . A Comparison of the Sn01llpacJc 
Chemlstries Measured at the 
Control and Experimental, 
Profiles. •••••••••••••••••••••••• 

4.4 '011 ~roperties and Organic Horizon 
CIléai.a t.ry • " • • • • • ~ • • • • • • • • .~ • • • .. • • .. • • • • • • 

4 ••• 1 A Description of the Soi18 et 
the Four St~y Sites. _, .......... .. 

4 •• '-2 "!*he Ch~stry of the Fall and 
Spring or9anic-Ho~izon Samp1 •••• 

4.5 Over-Winter Mass Lasses in .P1ant 

p'aqe 

. , 
42 

42 

44 

46-

50 

50,_ 
:' 51. 

,51 

57' 

6S 

65 

81 
~ 

81 

8' 

97 

104 

,105 

11 .. 

11 .. 

120 

Ti, •• ue_ ............. ~: ....... " If •••••••••• ~ 1~6 
\ ,.., ' .... 4 • • ~ l , • 

, , 
Di.aeusalon ,o.f Reau! ~ •• ' ......................... , 133 

5.1 A C08Ipariaon of' th. Hay' Lake Câtc .... "t ' 
Inow Ch~atry vith th. -Snov Cbea1atry 
troll ot;taer Stutly 'Regions ••• ,; ••• ~. •••••• ,133 

, -. 

1, 

" 

1 
·1 

- ! : 
'! 
j. -
l' 

, '. , > 

1 

1 
1-, 



- , 

,~ 

.,' 

., ~ .... -
~ 

• \lII"!9!l!!l:J!I!l_~k!/l!lSfIi!" •• "'lIld1tl"""" •• .td",,,,,,,,,,,,,,,,,, ........ ,"'i_, ""0i""A .... Q ........ h ... 4 ... < ....... \iôF ______ ~ ' . 

-. 

" 

. '. 

" 

.: 

. " 

. " 

',' 

v ; 
; . 

5.2 The Relationship of Snowpack Structure 
to Snowpack Nutrient Distribution 

5.3 

5',4 

Pattérns ~ .. ~ ............................... . 
The Effect of Particulate Matter on 
Snowpack Nutrient concentrations •••••• ; 

Over-Winter Maas Losses from P1an't 
Tissues ............... ~ ............. ' ............... . 

5 .. 5 The Influence of the Snow Caver on' ,the 
Nutrient Regime of the ~oils at ~e . 
Four Study Si tes ........... ~" ." ••• ,0 " ••• ! 'o' •• 

. , 
. \ 

CIllP1.'BR. 6 ~ s11lDDUl:ry and Conclusions ••••• ', • ' •••••••••••••• 

.8IBLtOGRAPHY • • • • •• • • • •.•• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
'1 

A1lPERDIX 1. aesulta of Snow Chemical Analyses ........ o ••• 

, ; APP!NDIX 2. Sail Profile Morphology and Soi1 Chemical 

Page 

137 

'139 

145 

149 

156 

160, 

166 

Analyses. . . . .. . .. . .. .. . . .. .. .. . . • • . • .. . • . . . . . • . . . • . • 170 

APt_DIX 3. St:atistica1 Analyses. •• •• • •• • •• • • •• •• • ••• ••• ,179 

, 1 , ' 
\. 1' .. 

1". , J .' . . ... ~ 

1 '/ 
î' 
1 

.1 
! 
f', 

1 • 

! 

! 
1 
" 

;. 

0 , 
~J 

1 . , 
1 



~ _....--- ,-
~. 

"II 

. ..../ -

, ' 
" 

l ~. ~.. 1., ,~ 

~~~! ... ~~~~_.~ .. ~-:--~-,-,.:.. ',. - ~, 
C 

, ' 

" 
, , 

, _.. . ( .. 

1 6< 
r 
i 

, .. 
Number 

, , 

1 
, ' 

) 2 

3 

\ 4 
, 

;-

5 

1 , 6 
" -t - , . 

1 

,: 

.il 

9 

" 

, ' 

• , ,~- .. 
f" .. 

1 t , ' 

; , . 
, VI 0 

.. , .-' 
. ., 

, , , 

t _, ~ . ,"" 

, .'. :, L'IS-r ap' '=T~~S~ 
1 r ' • \ r" • '" .. ' • .. 

, ' , 

" 
, " 

" . 
" 

1.. !. ~ 1 < 

t 

.. ' 

~ .. : t l' ' ... \ 

, " 
" 

, : ... ., ~: , , 

, 
, Ti'tl.e' . , ' 

'Pag~ , 
',' 

, . 

Sele,ctèd ~éan srtow ~epth's' a~' thé .. s,èheif~rv;J.l1e. ' 
-lO-PQirit'snow course.duting'~é winters,1977/7.8 ' 

.. te> 1981/82 •••••• ~ ••• J ...... ~.~ •• ~ ........ ~.: •• _I •••••••• ,.~' .. ,1 

Summary' o,f analytica~ ~eth:Od~.·';~ .•• , •• ", ~ ••• ~ .'. ~'. : ., 
Snow. depths recorded in the May Lake ca,tc~ment, 

1 winter ~980/81. ,, ••••••• ~ .' •• t\ ~ fi •• • r,I •• .... _ .' ••• ~ .... ,'. 
, , f • 

30, 

41 

A.étatistica'l compa.rison bf-the,inèan, snOw 'depths ' 
, ~t .the four s tudy si tes .... .- ...... ; ••• ;' .................. ',' ",53 

Study si tes ranked 'according to meari- snpw depths 

Correlat;ions common to thé three profiles in , 
. each si te, during each sât(lpling .period. M • ;" • " ••• 

, , , ~ 

The bu1k chemical composition 'of the'$nowpack 
~xpressed as the mean of n lO-cm depth samplès' 
vfJ:om each profile •••••••.•.••• ; ••••• -••• , ••••••• ~ '1: 

Snowpack nutrient content expressed in kg/ha, 
'calculated from the mean nutrient concentratipns 
and snowpack wate~ equi valents, •••••••.••.••••. _ .' 

, . ' 

Inter-si te comparisons of snowpack' chemis,try, ., 
showing a} the general between~site relationship 
and b) the. individual between-si te çompa,risons' 
for eoch parame ter • " •••••••••••••••••• i • •••• ~ • , • 

Combined snowpaek mean'nQtrient concentrations' 
(in mg/1) and amounts {in iq/h.a~ calcu,lated 
for each parameter from the méans of the three 
profilèS saJllpled at each site •••••••• ~. ' •••••••.• ' 

The between-site rel~tionships of, the 'combin$'d,. 
JRe&n nutrient, concentrations ••••.••••• , •••••••••• '~ 

9.4 -

9S 

. \ 

, \ ~ l , 

, , 

1 

f " 
·1 
l 
l ' 

~ ;,"'\ 
~ 

, J". 
~ \ ~ 

i " 
- ! 

i' 

! 
[ 

,1 

, . 

'·r The between-slte relationships of the combined 
lDean nutrient aDIOuntS ••• j" ••••••••••••••••••••••• 

9S ' ' .' f 

12 

13 

14 

,c· 

The' chemistry of the surface snow samples 
collected on 21.02.81 ........................... . 

A comparison of the bulk chemica1 composition of 
the control IUld experimental spring snowpacks ••• 

Chem1stry of the snow semples collected, from 
the base of the control andeexperimental 
profiles in mid-May ••••••••••••••••••••••••••••• 
A atatisticA;l camp.riaon of the chemi.try of the 
.now .-.ple. re.,-ved frOlB the bue of ,the 
control and experl_n-tal profiles in m.d-May. ~ ••. 

103 

'108· 

ilO 



~ ....< 

a, 
~ '~' 
, \ 

~ , 
, \. " . 

! . 

1 • 
!. 

..J \ ,1 . 

- ' 

, , 

. ' 

; 

o 

- , 

. , 

., -- , •• w .,. 

.' ~\. 
\ -

\ , 

.. 

,~ 

• -; p : 

• 1 

. ' . 

" . , 
N~~r ,Page 

, ' 
1 

16 ' - St.udy sites ranked aecording fo highest 
conc~ntrations in the, snqwpack' base samples 
for, a) ,the control and b) 'the experimental: 

, ~ 

11 

20 

21 

22 

, .23 

.24 

,25 

1 

26 

... 

profilés .. _ ..... ~ .. ~ ..... ' .. _ ...... ' .... . r • •••• ' ••• ' ..... ~ 113 

Chèmistry:of the' surface" ~oi1 horizons, f~11 - , 
, 19~O, and spring 1981 ....... ,_ ••••• ," •• ~ •• ' •• _ ••••• ' ••. '119 . ' 

-.. ' ... 1 1 

Study si tes ranked' according to' hi9h~~t Mean . .'" 
value for eacn ,c!lemical pat-ameter measured,' in· , '. , \' 
the surface soil' samples' •.• ,' •.••• ,~'. ~ •••••• ~ ",. ~! ~ • 121' 

A statistical compatison of the surface 50i1 
horizon chemistry between i) the contrbl' and 
iial the ~all, and sp:r:ing 'control s~ples, .and , " ~ . 
iib) the fall and spring'-experimental. samples 1 • 

within the sarne site ........................ '....... 123 . 
· percEm t mass lost from' plant tissue' samp1,es 
dutin9 the winte~ at the 'four study site'5.~ .. ~~.' 1~7' 
Between..:.si té cornparisons of percènt mass losses 
'shown by, the different plant tissues ........... ',. '128 

- " \ " 

,Comparisops df ,perce~t mass iosses between the ' 
differ:ent plant tissues within the sarne site..... 128 

Study "si t~s 'ranke'd in order of decreasinq 
percent mass 10ss, •••..•••••••••••••• ~ •••••. _... • • 130· 

A compa'risons 015 the May L~e catchmen:t, sn~ 
· chemistry wi th snow chernistries from oth,er 

re'qions .•...•....•.....•.•.... . l ............... -•••• , '. 132 
. 

Ah 'estimate of the .amount of nutr;i.ents contained 
· in the' surface soi1 horizons and ,expressed on an 
· area1 basis in kg/ha •• _ • ' ••••• ' •••••••• ' •••• ' •••••• '. 15.2 

An estimate of the contribution of the' snOwpack 
ta the increase in the nutrient content of ' the 

.. aurface aoi1 horizons •••••••••••••••• .- ••••••••• " 153 

\ 

f\ 

i-
l 

1, 
1 

/, 

1 



l t . 
f. ' 

, 

; .... 
l 

, , 

• .... .,,, ... , _tP._ ............. __ ~·~;.........~_ ... ...-...-a_ ........ ,. 

.. 

() 

-1 

2 

.' . , -

VIII 

'Ll:ST OF FIGURES 

Title 

, . 
Mean month1y temperature and precipitation 
at Schefferv'iile~ Quebec, averaged ovel' a j 

26-year period from, 1955 to 1980 .••••••.••••••• 8 

'snow ,'depths on four da tes along 'the 
Schefferville' 10-point snow course during 
winter 1977/78 to 1981/82 •••• ~ ~ •..•••••.•••••• , ... 

" 

Page 

, 
: 1:6 

2-8 

, . 3 " The May Lake Drainage Basin.......... • . • . • • • . . . • • 37 

" 

, . 

,' ...... 

t' .' 

1 

" . 

, 4' Snow depths and water-equivalents measured 
, duting the winter 1980/81 at the Scheffèrville 

, 10-point ànow course •.•••••••••••••••••••••••.•. ' 

5&-1 Sno~ack structure and temperature profiles~ .••• 

6a',:,p Vertical distribution of the chemical 

.. 

confJti tuent~ in the snowpacks ••..•••••••.••• • .,j •• 

.7 Temporal -changes in snowpack chemistry •...•••.••• 

,., Sail horizonation and -chemical properties ••••••• 

·9 Changès in the nutrient- status of the ,surface 
so!l horizons between fal1 and "pring •••••••••• ,. " 

. , 

•• -<!... 
'-) 

'd 
" . ' 

'-

'\ \ 
1 ~ , 

0" 
, 

" . 
',t\ '-'. 

\ 

, 

'. '-, 

. ". \ '. .' ~.., , -

~ 

, . 
" 

. • 
,F 

.,. L 

55 

58 
1 . 

66 
98 

115' 

124 

-~f: 

'~'~ 

-"" 

. 
-, 

. . 

.. , 
... 

:~ 

,~ 

' .. 
... 

." 
!I 



1 

r 

IX 

LIST OF APPENDICES 

(~ Paqe 

APPENDIX 1. Reaul ts of Snow Chemical Analyses •••• "" .. 1'" 166 

Table 1 Fresh snow chemistry •••••••• .t:.."'!!-;- 167 

Table 2 'Chemistry of the snoWpack' base 
samplea .................... ,.. • • • • • 168 

" 
/'J 

APPENDIX 2. Soil Profile Morpho'logy and Soil Chemical 
.A.Dalyses •••••••••••••••••••••••••••••••• 1." • 

Table l' Soil Morphology •••••••••••••••••• 

Table 2 Resul ts of ,the chemical analyses 
of the fall· surface soil samp~es. 

Table 3 Resulta of the chemical analyses 
of tlle spring surface soil 

- ... 
s~leB ........... _ ••••••••••••••• 

Table 4 Percent mass losses from plant 
tissuesJ •••••••••••••••••••••• Ir' ••• 

Appendlx 3. Statistical Analyses., ................ -. Oii .-0.-,. 

~ 

Table 1 cpr~êl~tion of the chemical 
parameters in the snowpack ••••••• 

Tabl. 2 Within-site differences in 
snowpack chemiatry, Student' s 
t-test ............................. . 

Table 3 Between~site differences in 
snowpack chemiatry, Student's 
t-test ... . ' ... " ...... " '" . ,. . '" " . ,. ...... . ,. 

170 

171 • 

175 

176 

118 

179 

1so 

228 

230 

Table 4 . ,:'emporal ~aifferences in snowpack 
ch~stry, Student,'s t .. test •• 4i... 234 

Table' 5 Analfsis of'vari~ce comparinq~~ 
the .chemis't'Y of the surface a 
samples from the four study site 236 

" Table 6 Baween .. ai te coaapariaona (t .. test) 
of the surface .nOv chamis~ ••• <. 236 

Table 7 Differences in snowpack chemistry 
betveèn the' control and 
experimental'profiles, Studentts 
t .. '\:.e8 t ...... " .' ...... ' .. -............ . 

, 1 0 

Table 8 Comparison of the -an .n~èk 
concentrationl calculated using 
thé complete data set and 
omittinq,~ bue .ample value ••• . , 239 

1 
~ 
! 

1 
j 
~ 1 

j 

1 
1 



, '. 

1 
,j 

( 

1'able 

Table 

9a Ana1y.is of var.iance COIIp&rinCj 
1:Jle cheat.try of the control 
profil..- bue .-.pl.. betveen 
the four etudy .ite ••••••••••••• ~ 

9b Analysis of variance COIIpari~CJ 
the chem.atr)'-of the experi.ental 
profile basé s.-pl •• betveen the 
four study sites ••••••••••••••••• 

(j, 

'l'able 10 Between-si te COIIparisoDs (t-test) 
of the snowpack bue saaple 
ahea1atry ......................... . 

Table Il Bet:ween-si te cc.pariaons of fall 
and spring surface soil cheJaistry 
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~l 
Ifttroduction and', ... i_ 

, . 
, 1Iortbern· te~.~ia1 'and .fraallvater eco8y.~ bave 

~J.&U".ly 10. 1.".1. of priJlary production in cClliplri~ to 
, .. t' • 

80UtlwrD ecosy.~ (ie~ 81:1 •• et al., 1981 and UIBSCO, 1970). 
- --- J -n. productivity of nprthern' ecoay.taU depend. 'on Ully ,vari- . 

abl •• , any ~ o'f ~ch ~ bé liiaiUng. '!'he_ iDélu4e nùÛo1.ent 
, , 

availabJ:lity. .,i.ture" t-.perature, 1enC}th of grOwineJ _100, 
'·aDt...l ut;ilizati~n and' fire. 

'lb. féw '-t~i.. of ~ jaut:r!ept .~tus o~ north~ 'lIOll. 

tbAt bave beeD aa4e iDdic::a~. put~èuJ.U'ly lov blute cation', pœ.-
\ ...... .. oCt 

pborua and 'nLtrogen, .v&ilabi~it.y ()ioor-e,' 19801 "'tedrow,' 197') • ' , 
. • li ' , ' 

St_Us ôf plant p~vity iD ~ic .eAVircmMntS .. 'have ,,' 
':àham' tbat vJlen, t:b.- ,aubUctic '8011:." iD the licMB ·wOodlaDd •. 

~ Scbe~~~ii1~, ~ .u:~ ~ertiliaed vith Di~_ aa4 
. J?bo~ fertiliaera, bl.Ack' ~rUce aDd Labrador ~'ahcMMcJ ~­

c::n.Ad'- rat.. of ~~ tilu' av.fteatiD9.' that Ilu~iea~ avai1-' " .. 
abi1ity. Ù .. l~tiD9 'fact= in thla rég10D -(~ • .-, 1'821 

.PJ:UdJ.C ml ~ pU. coiIIa •. ,. BUg (1~74) ~IIO' f~ tbat proctUct~· 
',ta ,'both 'a, ..sge, ...... and a b1rch-vi.ll~be&th èc Il Wlity in t:he 

~.t.r.a' arc.Uc .... 1illit.a by a' 1~. aupp1y of, ."Ulable 

, aitrogen '!IIId. 1IbIoWd' J..q. : iDc~'" iD prOduction fQlto,rin9:, 
.' ,'Di~ t~rtU.ia~. .' '. ' 

Ifbe lIOi1 spa. ncei".. nuulent. ür~~ inputa: fMIÎ 

, t:be Veatlau'lDg' of panIlt '_terial ~ precipitation and the décca- " 

.poeitic:1lft of li.t,ter. aàct ~U OE-gaDtc _tter!' fte 1011 t.-perat~. 
~ ~.. 1 ~ 

. aa4 f~t:.laI$ oL -.illt,1an iD the high aretic retard ch8llJ.c::al 

. , weatber~ p~ .. s aDd~ ~tly, the release of base ca-' 
'. ,..... '1 

.' t1œ. aaè:h .. Cille1ua,. _gne.ita, pota •• i\Dl1 and sodium to the 
, ... """-. . , -

lIOi1 ia very alov~ ''fbe PrecDbrian 9~anite. and qranitoid CJD:8ia-

", ': _ f?f tbe -Caaadtan Shi~4 in, the. .. stern, arctic and aubarctic 
',- , ... : higlù.y ~1.at:ant ~ -~1n9 '80 t:hat the nature of tbe 
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parell~. _terial furtb.er 1Dhibi~ ~ .,..tbe:r~9 p~oe_.. la 
addition, northern 8Oi~. u-e very young : •• a re.ult o~ OI'1ly r ...... . - .' . *t deglaQiAtion (aa rec~t •• 6~OOO ytNlJ:. &.P:- in ... Aretie 

. ·':'4 .vU ~tic '.r ... , suc;:b as ~e) req10n around SChef~.rvtll~~ 
QUeÎMaç)' ~Ch furtb.r ~tr1bute. to.~ l.ov .~ub:iant statua of" 

th.aia '.O!ls .. · I~te~al nutrient" i~linq ·1~ lapeded "by th. alow 
, - • _ -J'~ , - • _~ _ 

rate of li~t.r"u.d 801~' organie riatt.:t d8Ca.poaition. ~tudiea 
• ". l , 

of aa.e northem lIOil. hava indieated that thi- alç;v rate' of 
- _, ~ _ 4 

.. " ~ay i. a major· lilÎlJ.ti.Dg f~tor ainee ~ majority 9f nutrients 

are': co~tained in, ~e. 11011 o~CJanie 'matter a:nc1 do, not. rea4ily" bè­
COM avail"'l •. in a ,fora uHable bY. plant_ (Rencz, 1916). , Sinee 

" ~ . 
the . internal' r.l .... o~ nutrienta .tbr0U9h weath4iring ,or 'organic; 
,\ . 

atter ,decompoa~tion' ,1;- slow, it would be re ..... t. to place 
~ -' . 

aome.~rtanëe on precipitatioD .•• ·a.sourcè o~ nutrients in 
JlOrt.be~ . èco.y.~. . . . . " 

'l;~uta' fra. "precipitation are lov'. 'K~re (1980) calcu'­

.l~ted input~ of ,1 ••• tbaD 10 kgjha,iyr"f6r the ma'jor macro": 

nuuienta coÎltributed t.hrough. rain and snow to the Sehefferviile~ 
" . 

. Quebec region.· BoweVer, inputs from rain and snow were found to', 

be :very .lailu., Rot only is the, chemical composition of the 

prec~pitatidn important, but the nature of the precipitation 

it~lf, eapecially in ragions w~re u~ to one half of the ye.r-

. ly precipitation fa!,ls as snow and where a continuous, seasonal 

~ cover r'emains for as long as seven months in the subarctic. 

Q4 up to ~O IIODtha in the high arc tic • The rol.e of snow cover , 

,iD the nutrient reqime of northern ecosystems ia not understood 

and i8 a topic which, owing to the extent of snow cover in the se , 

are.s, deserves investigation. The purpose of this study' ia ta 

investiqate the role whieh snow cover has in influencing the 

nutrient regime of oligotrophic soils in a subarctic environment. 

1.2 ' Snow Chemistry 

Studies coneerning snov ehemistry are larqely inventory 

ln nat:ure, quantifyinq the aaounts of variou8 coapounds eantained 

in freah IIllOW or in the snowpack and &ré frequently reported in 
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, ',' ' cODj~tioD vith projecta, 'Of much larqer aeope.· Vint._ It.no.,-

, . J.ocJical' 'jtudiea are the mo.t cà~n type in th!s reqard 

, :(Anlatrong and Schindler, 1971; Barica and Armstrong, 1971; 

sclaiildl~r',et al., 1974). This has come about as a direct re.uIt 
, --, " 

of ,the need tQ s~uày wintér acid precipitation and ta identify 
'. the pE'ocesses by whiëh' the meltlnq of the ~nowpack in a drainage' 

'bÙin affects ,tb~ pH of liskêS ~d streams -auring the spring ~lt.1 
'('Qj ••• inq ,~ !!.., 1976;, Haapla et al., 1975J Henriksen and 

, ' 

'Wright, 1971; Jeffri.a et al., 1979; Jeffries and Snyder, 1981). -- , 

Thè ch8llli.~ of 'the snowpack ~s influenced by: 

,i) aaaosplieric inputs through either the wet deposition of . , ~ 

~hea1cal constituents during prec~pitation or dry deposition of 

cheiu.cal constituents between :F preclipitationn events and , 

.. ' 'li) input~.'fr.Qll v89tjltation. ,through either litter incQrporatec1 iD , 
, '. th~ m~'over or through -the yegetation'/litter layEir at ~. ba .. '. 

. , 

'. 'of the snowpack •• ' 

'1.2.1 ,Atmospher~c Inputs 

The initial chemical composition of a c1evelQping snow­

~Ck'depe~ds on the wet deposition of cbemical components con­

tributed by ... falling snow. This chemistry is determined in part 
by the elamental composition of the air mass in which the snow 

crystals form and the composition of the air masses through 

which they fal!. The process by which snow and ice crystals , 

'aqcum~ate contaminants is called ·precipitation scavenging-. 

Ibur mechanisms inv01ved in controllinq the ehemical make-up 

of fal1ing snow are swamarized by Takahashi (1963): 

1) chemical elements are included in the iee 
nuclei on which the snow crystals formJ 

2) chemieal el .. nts in Aerosols (sucb as Bea 
spray) are captured during crystal qrowth; 

3) chemical element~ are ~clùded in the conden­
sation Duclei of vater drop1ets which adhere 
to the Snotlt' crYstals, espeoially in the ca .. 
of rilDed crystal a ; 
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() , ,4)' cheaatc.l el.-.nts ln aero80ls are e.ptured 
by snov ory.tals after leavinq the cloud 
baIe by ei ther a) Brownian motion of the' 
aerosol partiales to the snow crystal or 
b) the gravitational Accretion proces~. 

The first three processes correspond to "rainout" or 
within-cloud scavenginq and the last to "washout Il or below-
cloud scavenqing. Fletcher (1.970) suqgest's that the washout pro­
cess is more important when he indicates that a1.thouqh small 

amounts o~ some;z:materialS may be incorporated into the la~tice 
of the ice crystal , the majority of the chemical components are 

. believed to he a sorbed to the surface of the cryst-als themselves. 
t The primary capture mecnanism, as studied by Knuston (1.975), is 
\ thought to be simple interception. 

Elements eontained on or in snow erystals originate 
from a variety of sources including sea spray, land erosion, bio­
genie emissions, forest fires, vulcanism and aqricultural and 
industrial activities. Sea spray and erosion are major suppliers 
of inorganic ions in snow. Phosphate contents are also largely 
due to natural processes. Sulphate, nitrate and particulate car­
bon are likewise supplied by natural sources, but industrial 
activity is becoming increasingly ~portant in many areas as a 
primary source of these ions. 

As the snow accumulates and between periods of precipi­
tation, when washoutfrainout processes are active, particulate 
~rganic and inorqanic material and certain chemical compounds ~ 
aettle on the snow surface via dry deposition praoesses. This 
.aterial becomes incorporated into the snowpack sc that the bulk 
chemical compps'~tion is not simply due to the contribution fram 
the individual crystals which comprise it. The process is cumu­
lative, each snowfall and dry deposition event addinq to the net 
anowpack chemical composition. 

Precipitation saaplinq conducted in a variety of regions 
tbrougbout Canada reflect. the effecta vb1ch the proximi ty ta 
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coastal areas or in land locations, isolated from the immediate 
influences of agricultural and industria1 activity, can have 
on precipitation chemistry (Barica and Armstrong, 1971; 

Schindler and Nighswander, 1970; Schin~ler ~ ~., 1974). 

0. 

Basic cation concentrations have been found to be higher in both 
rain and snow in northern coasta1 areas where these cations 
wou1d he contributed from sea spray (Schind1er et al., 1974). 
Inland regions, such as northwestern Ontario, tend to show Iow 
base cation concentrations in precipitation as they are removed 
fram the pronouncedinf1uences of sea spray. However, the lower 
chemica1 concentrations in rain and snow in the Canadian Shield 
area, where soils are thin and often abse~t, rnay alsb be due to 
the 1ack of inputs from airborne dust that is contributed through ' 
natural erosion processes. Higher concentrations of organic 
nutrients, such as nitrogen and phosphorus comp9unds, are found 
in the precipitation of more southerly regions, such as south­
cen~rai Ontario (Schindler and Nighswapder, 1970). These com­
pounds are supplied from organic material,which has a faster rate 
of accumulation and decomposi~ion i~ southern, compared to north­
em, environments. These compounds become airborne 'through 

naturai erosion processes, agricultural disturbance or fire. In 
addition, nitrogen and sulphur compounds are released by indus~ 

trial activity and the combustion of oil and gasoline which would 

a1so account for higher co~centr~tions of these compounds in the 
precipitation from soùthern areas located near major indus trial 
and/or residential centres. 

Although the effects of long-range transport of indus­
trial pollutants on the precipitation chemistry of northern . 
Çanada may not be as prqnounced as ~n Norway and Sw~den, point 
sources have been found to be an'influencing factor on a local 
scale. In addition to cçntributions'from sea spray, Schindler 

et al. (1974) sugqested that hiqher concentrations of chemical' -- " ' 

constituents in snow and rain samples" oollected from the '~so-
lute area, Cornwall~s Island,-may aiso have been in part'due to 

, the proxtm~ty of the samp~ing area to the town site, although 
this vas not tested ~irectly. Drake and Moore (1980) found that 
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802 ellissions fram Schefferville, Qut;bec in winter lowered the 
pH of the ~nowpack in' areas down-~ind ~rom the town,site. 

,Over-winte~ sampling of the sno~ack on the ice surface 
of two small lakes in northw~stetn Ontario, conducted by Barica 

- - ~ .. \ 

and A~strong (1911), indicated that n~trients do accumulate ~n. 
th~ .snow:cov~r 'o~~r the win~er. season. The snowpacks were· sam- . 

t r \ -

pled -in an open area" away 'from the effects' of overlying vegetà:-
~ion, suggesting that the contributions were from atmospheric 

'. , 

sources. ' the investigators rePorted cumulative tendencies for 
all the constituants' measured (Nat" N02 - and NO~ - -nitrogen, 
total solub~e n,itrogen, '1'04 -phosphorus, total dissolved phos-' 
phorus, carbonate and 'particulateC, N and P), which was most ' 
pronounced for particulate matter. They found that changes in, 
inorganic nitrogen compounds ~d nitrate were not as unifdrm as 
for'the other compeuods ~4 'explained this,as possibly being.d~e 
to th~ effects, of 'denitr'ifié~ti~n •. , , 0: ' 

·1.2.2 vegetation 'Inputs' 

A second source of'chemical constituents in snow i8 
, , , 

-vegetation. In many regions, the snowpack iS de'ep enough that 
" it not only covers and incorpora tes ground vegetation such as 

grasse~1 DosseS, vascular plants ~tc., but also low-lying 
,bushes and young or stunted trees. In addition, litter becomes 
'direct1y incorporated into th~ snow cover. In northern areas', 

1 ... .. 

,a snaw'cover'may.be e~t~lished before-litter fall 18 complete' 
'{ sa' that litte'~ accumulates on the snow surface rather than on 

t~e groupd.. Snow also accumul.ates on tree branch~s and stems 
and carries pieces of bark and léaves with it as it cascades to 

<. , 

the snow surface below. It may also become enriched with nutri-
ents or', particles as i t falla through the tr.ee canopy. 

. ' " se~~x:al investigators- havé found that snow sampled' from' 
~ , ' . 

the. sno~ack 'beneath coniferous, mixed or deciduous fore st can-' 

opies ~ad ~iqher concentrations of major nutrients than snow 
coliecteà fram adjacent open areas (Pahey, 1919; Pierson and 
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Taylor, l~801. ~rry and 'TiDmIons, 1977,-: They attributed the 
bigher concent~ations to enrichment from the overlying forést 

l ' 
canoples. Concentrations were ~lso found to 'be higher un~er 
the denser stands and aiso highe~ under coniterous, compa~ed to 
d~ciauo~s, canopies. The ~~sence of a 1eaf canopy in deciduous' 

. ' 

forests d~ring the win ter ~oUld be a reason for' the lower con- , 
c~ntrations found in the se, snowpacks. Fahey (1979) ahd p~erson ' 

, '... -", ~ . . . ~ ~ 

, and Taylor (1980) also found nutrient enrichment in fresh snow' 
s~les collected from beneath forest canopies. Fahey (1919), 

sùggested ~hat sinc~ fr~sh snow showed nutrient enrichment, thia, . , , 

indicated leaching and/or washing of particles from ~ranch and . 
needle su~faces rat~er than augmentation of n~trients in the 
snow after it had reached tne grounda 

In 'the studies copducted by Fahèy (1979) and V8rry and 
T~ns (191~), nutrient values'were expressed as concentrations 

~ (, ~ ...., 
'and,did'not a~count for thesn~wpack wate~ e~Lvalents., sh~i, 
-loWer'depths beneath trees can lèad to low~r snowpack water 
equivalents in forested are~s compared to open, but sheltered~ 
regions whe,re the snow may be deeper. In addition, snow deptha . 
'and w~ter equivalen,t~ will ,also hé greater between trees in for-
8sted areas than around the tree ~a'se. Give~ the pàssibilit:~ of 
aqua,l inputs, of nutrients to bath a f'orested and an adjac~nt, 
open area, nutrient concentration~ could be dependant on' the ' 
snowpack water equivalent. Si~ce ~utrient conc~ntrations are a 
function'of the volume of water ~d ·the amount, of n~trients" it. 
would 'th9s be e~pected that a'higher snQwpack water equivalent." 

,wOuld lead to-lower concentrations than a snowpack witn the same 
nutrient content. but lower water equivalent. This possibility 
vas not reported ~s.having been accounted for in these two 
atudies so that the increases in nutrient concentration, baneath 
the tree canopy,. should be regarded as indicative of absolute 
increases only vith SODe' caution. 
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Chanp. ,iD Sn~ck Ch.-lstry' Dari'ftq the "inter 

, .. ,; 

The 'anovpack chemiatry ia al.aO ... IJ''''t ~ on changea oc~ 
ourring IIi thin the snowpack. ,UnUl, qUi. t:e recently, "the affèab 

-Of .~ack Ch~mistry dynamics "ere 19nored, vhen .. a.ssing the 
,,' , • f ~ ,- _ ~ 

'représen1;4"€ive b~lk. chemiçal 'colDpOs1tion"of the 8noWpaCko: fte 

, 
c 

work of ~rk et al.' (1913) o~ lud~atëd .DOW ,profiies ,iJi' lIor-
~ ., ~ ,,'>l ,.. .. ----.......,;." '1" ,~ " .: ~ • l' .... 1 .. ,. ~ , ~ r ".. /" 

.• ay indicated that the sllOJIIPact struèture i. pr ... rVe<! ,throuqh-

,o.ut th~ winter ~s lon'l' as temper~ture8 rema~ weIl ~low oOe. 
. It va. assumed thàe late-winter sampling, 'Using snoV-core tech-' . ' 

: 

~quea; càuld 'provide information on ,the dhemi~l' COlilpOsitfon" 

of the enti~e winter's precipitatiOn. 'On thia basis, a 1arge-
l " 

a cale , "reglona1 ~noW-eore surv:ey program ,las .perfoi;mSd in Notv,ay 
, '. 

rrOll -19,13 té) 1976 (wright and Dovlarid, 1978). The assUDlptipn 

,'wu fo~d, to be incorrect. A comparisan of snoW.core cio~ce~t:ra"': 
Uo~s vith' co~responding cumu1ativé vallles fram -precipi,tation ' 

, .. œllect.ors shawed 'tnat the snowpaek had general,ly ''l~wer 'conaenoM: 

trations for Many parameters (Wright and Dovland,-1978). This, 
• , 1 • 

aU9gests that the snowpack underwent nutrient de~letion'durin9' 

the win ter; despi te inputs from wet and dry deposi tian andior 

vegetation •. Other, investiqators ~ave sinee reported similar 

fin(linqs. Skartveit and Gjessinq (1979) found that the aeid, 

, ' components (H+, NH 4 +, N0
3 
-) and metallie compounds con tained ln 

the snowpack were only 60 te 70 percent of the mea~ eoneentra- ' 

tian of the snow collected in adjace~t pr~cipitation colle~tors. . ,~' , 

Thé 'same' pattern WClS reported by Jeffries and Snyder' (1981). 

It is clear that per:ioda of melting during the wintèr 
, 

and the spring can drastically affect the distribution of ions 

. and their concentrations in the snÔWpack. The disproportionate 

10ss of ionic species (relative to water loss) ls called ' 

fraetionation and it ia this proeess which'is believed tc'be 

respo~sible' ,for the shaq, drop i~ pH observed ~n some surface 

watera dufinq s~rin,(i melt (Haap'la' et !!. # 1975.; HenriU_ and 

Wright, 1917; Gjessinq et al., i916). --
j - r 

Field and 1aboratory malt studies conducted by Johannessen 
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and ·1Ienr1k.~ (1978) abowecl tluat coacentrat.ion. o~ 41.1 ionie .c:i .. , tested.vere tbree te fi". u.. bigher in the firat _lt-
, ~ 

_ter fract:f:.0n than in the bulk .DOW ,_alple.. They found, tbat 

~,all ~.ts, the ~irat 30 percent of the _ltvater contained 41 

tD 80 percent of the total C ..,unt of the ea-ponenb beinq ana .. 

ly .. 4~ In adc.:utiOD, they could find no .yate_tic differ~nce • 
. be&een the bebaviour of .:me- and di valent iona, leaMnq the 

dHarcher. to 8Uggest tha-c: slze and charge of the ions are not 

iIIportant in the fractionaUoD proca... The effect ~as. found to ... 
be .ost pronounce4. in tha tests condueted in the fiel~. At one 

field l.ocation, conoen~ati0J.l8 in the "tirat melt vere 6.5 ti_a 

~ater than in the anowpack. 

~ The proc ••••• involved in fraction.tion are not yet ful. 
ly underatood Ibut are probaJ:)ly relatad te sucb factors as diurnal 

" . 
· t:eIiIper~tura fluctuations in the snowpack durinq mel tinq, directiQn 

• , ' , • J 

· O'f bèat' tranafèr, pollutant load and pollutallt gradients. One 

.' P,9ssible explanation illay be a mechanism similar to tha t operatinq 

vi th cryo-concentra tion in freezing lalce wa ter (the concentratio~ 
, , 

of eheDdcal constituents in the water layer directly beneath the 

iça or freezing front). The first melt begins near the snow sur ... 

fa~ and refreezing oecurs due to diurnal temperature chanqes. 

With refreezing, relatively pure ice crystals form,'exeluding 

the ehemicals. contained in ~e original snow erystals. jl'his re­

sulte in ~ concentrated meltwater solution in the snowpaek • 

- Fractionation is most pronounced during the spring mel t 

, : perlod: 'H~weveI"; J~ffries and Spyder (~98l) also found major 

losse.e of chenUcal consti tuents from snowpacks near Sudbury and 

Musko~-Haliburton in ~entral Ontario during cold periods in' the 

winter, prior to meltinq and after minor, mid-winter melt episodes. 
,,~ 

Comparison~ were made ?etwee~ the concentrations found in the 

snowpack and corresponding bulk samples collected in precipitation 

· collector:s. Of the paramet'er~ tes.ted (H+, S04' NC?3':"' NHt, Ca+hd 

Cl-)~- only Cl- sh~ed pfactically n~ difference in concentratio~~, 
between the snowpack and the bulk deposl tion samples. Wi th few 

exceptions, the remaining parameters showed greater concentrations' 
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in .-.ple. co1lecte~ in the prëeipita~ion collectera thaft in th~ 
~ ~ 

anowpae1t. "l'heir atudy shows that--i 'even vith dry deposition, 
• ' , <t 

the"e appear,a te bave been a loss of chemical companents· from 

.the snowpaCt, even duri~g perioda of cold veather when no melting 

had occurred. ' .The inve.Ugal:ors sugqest that thes"e observations 

in di ca te a lo.s of ions ta the u.nderlyinq" soi~s durinq' the ~inter. 
If this iS"in fact occurring, then the s"QW/veqetatioiV'~oil ~nter­
face i8 not an inert boundary IIld i t 1s therefore not 8~fficient 
ta c:on8ider the snowpact alone. 'l'here is direct contact betwee~ 

the SDOW cover and the., ground surface 80 that the entire system 

abould be vieved as a continuum,where an active snow/veqetation/ 

soil interface exista and where biologieal and/or physical 
~ . " ' 

vaathering procasaes can ~ccur. 

, 
1.3 Tbe Snow Cover ~d 1f~tbering 

\ 

Al tbougb' 1iJ1ne,logi,. ta' '-uéa 1;. ana.,· cio~r and iak~ .Ù:-é 'a~ . 
",. GOJltinutmI, ~i. '.pp~·cb has ~ot yet become popular vith inves­

tigatora who are concernèd .. with terreauial systems. This may , 

in part' he, d~ ~. the ,belief tbat much of the meltWater runs ~ver 
the land surface duriDg the s.pring, carryinq vi th 'i t the, majori ty 

of nutrlents' it ,_y contain and depoaita the~ dir.ectly inta ' 

s~e_ and laites •.. The opinion has been that little" if any, 

. interaction is·'oceurring betveen the 80il and vegetation surfaces 
.. ',. .. 

ud the bue ,of the snowpack or méltwater runoff. 

This is !n fact not tr~.· Studies'of nivation processè •. 
. ~ 

have indicated tha~ ch~mical.weatherinq was1Dereased by a ·factor 
1 

'of two ta four at a snowpatch and.that chemical and mechanical 
,"~ ~... ;. ~ _ _. 'a ~ 

deqradation were approximate~y .. equal ~n a nivatiçm holl?w (Thorn, 

1976).' The presence of a'snow caver may create an enviro~ment . . .... ~~ 

at' i ta bàse which is cGnduci ve ta carbonàtion processes '. AÎ'l . . ' 

early study by Williams (1949) showed that air , sampies ,taken fr~m . 
... .. ~ ~ ., -

th~ basè of snow'drifts weré 0.077 ta 0.098,pércent c~2 by weight 

compared to the ~verag~ of 0.035 percent for atmospheric CO2 " 
.. Smith .(19-72) suggested that ,biological activity at the base pf 

• l''~ 

the .snowpack could be an important factor in increasing the CO2 

'" 
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concentration in thLs environment. Such an environment would 

b$ poorl~ ventilated, allowin9 a buildup of c02.fro~ respir~ng· 
organisms to occur. Moore (in press, a) measured a CO2 flux of 

0.3 g/m2/day in woodland soils beneath a mid-~pril snowpack in 
a subarctic environment. This compared with mid-summer values 

of ·0 .. 8-1. 2 g/m2 Iday Oroor~, unpub'iished data) for the sarne are,a, 
suggesting that floral and faunal activity i5 occurring in the 

subnivean environment. 

Smt't:h (1972) found that limestone s.91ution in arc.tic 
....- ........ >V ... ~_ . 

environments was concentrated at snow/rock inIt.e~faces and that 

erihanced solution in the arctic may resul~ from the colder water 
temperatures. His data sh~ed that the hardness values (Ca and 

, " 

Mg) of water draining from snow bank~overlying limestone,wer~ 

higher in ~mpariso~ to the average value for the study area and 

that the me~ hardne~s values-·for the meltwater were sligh:tly 
h~gher than the mean values for-the rivers draining the limestone 

-catchment. 

Rueslatten and Jorgensen (1978) cite evidence o~ion 

exchange processes occurring between bedrock and the snow melt­
water flowing over it and further interaction occurr~ng between 
the meltwater and vegetation patches over+ying the grourid surface. 
Lewis and Grant (1980) found that the 5nowpack in sorne way influ­
enced the mobilization of leachable materials in the soils of a 

, 
moun~ain watershe? in Colorado. They did not identif~ the mecha-
ntsms Jnvolved but suggested that the effect o'f the snowpack on 
soil ,temperatures an~ soil frost i8 of importance. 

~ 
1.4 The Snow Cover and Organic Matter Decompositibn 

Although microbiological activity has been widely investi-... 
CJa~d for Many ca,ld "regioQs (Holding et ê1., 197~), investigators 

. 
have tended to ignore winter biological activit~ since winter 
-~ditions, especially in· northern regions, have been regarded 

as inhi}:>i ti ve to biological ac ti vi ty • However, s tudies which r-" 
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have been conducted on over-winter decomposition have shown that 

mechanica1 and chemica1 decomposi tion are occurring beneath the" 

8n01ll1 cover '(B1eak, 1970;. McBrayer and Cromack, 1980; Moore, 

in press a and b; Stark, 1973). 

The sn01ll1 ~cover acts as an insulator, buffering the ground 
9' 1 

beneath from th~ extreme cold and variations in temperatures that 

occur at the surface. Although the air temperature~ may be weIl 

be10w OOC, the environment at the base of the snowpack, the suh­

nivean envirofunent, can maintain a temperature close to OOC and 

occasiona11y rise above the freezing point so that the soi1 thaws 

and water becomes avai1able, In addition, not aIl water is fro­

~en at OOC in a porous medium, 50 that significant amounts of 

water may be avai1able from the unfrozen water in the soil pores. 

'In the presence of the available water, chemica1 and biological 

processes can occur. This is important in terms of macro- and 

micro-biological activity and over-winter decomposition. " 

Litter bag studies by Bleak (1970) showed that, between 

pre-snowfa11 and post-spring melt, the mass loss of grass and 

herb li tter averaqed 30 to 50 percent. Stark (1973) observed a 

9 percent winter weight 1055 in Jeffery pine li tter, which accoun­

ted for 85 percent of the annua1 weight 1055. McBrayer and Cromack 

(1980) cite evidence of biological activity beneath the snow. 

Their study of oak litter decomposition indicated a 6.6 times. 

greatér rate of CO2 production in the li tter under the snow than 

prior to snowfal1. In addi~ion, they found that various e1ements 

behaved in differen t ways as the Il tter appeared to decompose 

during ~e winter; e1ements which were lost 'rapidly in propor-:. 

tion to litter 10ss (P, K and B), those which disappeared in 
• 

proportion ta litter 10ss tCa, Mg and oMn) and those which cancen-

trated AS litter 10S8 occurred (Al, N and Zn). 

McBrayer and Cromack ( 19 80 ) sugges t two mechanisms for 

over-winter decomposition. It is thought that once the snow 

cover is thick e~u9h to buffer the ground from extrema cold, 

geothermal héat is trapped at the soil surface, raising thé telJl-
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perature so that deco1QPOsition processes can .begin.· In addition, 

periodic mel tinq of the pack durinq the W'inter provides free 

water. In early winter and spring, ·freeze .... thaw cycles can -upn ... 

tribute ta the mechanical breakdown of the litter. 'The investi­

gators also found that, excep~ for. K and P, snow melt did not 

appear to flush nutrients from the li tter horizon. 

Moore ~in press, a) investigated the over-wi.nter mass 

and nutrient 10S8'8 from different tissue spe~ies in a subarctie, 

\, liéhen woodland forest. Be found that, over a two and o~e-half 

year period, birch and Labrador tea tissues, spruee needles and 

lichen (Cladina) litter s~le8 lost 55 percent (birch) ta 20 • • percent (lichen) of their original mass. Sixt Y to 90 percent 

of the total mass los ses occurred f~om September ta June durinq , 

the first year. Potassium was !OOst' readily lost from the tis­

sueSi only 50' percent of the original content was retained af­

ter the winter. Phosphorus WllS lost lDOst rapidly from birch and 

Labrador tea tissues and almoàt ali the 108S oC9u.t.red in the 

first winter. Nitroqen increases,· i!l~ larqe as 200 per-cent, were 

méasured in the' spruce and lichen tissues at the epd of the two 

yellrs. Moore Un press, a) attributed this t:o the· immobiliza~ 
tion of N from atmospheric inputs and ,from the soil horiZons and 

fixa~ion of atmospheric N. 

In a subsequent study, it was es'tablished that, in the 

lichen woodland environment, 46 to 80 percent of the over-wintèr 
1 

lOBses occurred in the period from early Septembe!r ta ear1y 

November when the soi ls remain wet, :. PJ*Cip..ttaa;.tœl is high, eva­

poration ia low and freeze.thaw cycles are DOat frequent (~re, 

in press, b). A thick., continuous flnow coyer deve10ped after 

this time period. It was found that birch showed the greatest 
.' 

mass loss durinq this period (80 percent of the total winter . ~ 

maBS loss) whereas the spxuce and li1 tissues showed equal 
mass losses between ibis early firet riod an~e reuinder of 

the winter under the SDOW cover. AB "the previoUB study, lC 

was most readily removed from the li tter (80 percent of the tOtal) 
). 
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and 59 ta 90 percent of this 10ss occurred between se~telllber 

Uld November. Spruce ànd li~en, lit:ter ,sl;lowe4 si9llif~cant los~ 
ses after the snowpack had been established., 

1.5 The Heed to ~nvestiqate· the Role of Snow CoveX' in the 
Rutrient ~9'i.~ of Horthern Soi1s 

The above rev.i.ew il~us.trates the ways in whicJl the ànow 

cOyer may be cons,idered as, ~mportant to, or possibly influenci~q, 

thé nutrient reqime of arctic and subarctic ecosystems: its 
, 

variable ana chànging chemistry; iu effect o~ the tinder1)ting 

soi1 body and' i ts possible rol'e in supplyinq, nutrients to north-
, , 

em ecosystems. Regardless' of this potential importance, very 
, ' 

~i ttle information is avai1able on the cheinica1 reqime C?f the' 

snow cover or on the way in which the snow coyer may 'affeçt the 

nutrient status of arctic or ~tic soi1,a. 

The pot~ntial importaJlce of snow' caver can be readily 

appreciated when one considers that, in ~ ar~a' suCh as ~ntral 

Labrador-Qllebe'c, the S6il environment remains snow cove'J::ed fo)': 

"seve~ months of the ye~r, (l'rom mid~ctober to 1a~ May),. buring 
th-i.s ti~" ,the interface" defined by the l~tter-layer" overlying 
vegetation and the 'ba~e of the snowpack, devé10ps:, Which' i8 very 

~if~erent "frœn ,the inte~tace of l,J.tter ... ,laye,~~v~getat~on/~r' " 
nQrJDaUr ,involved. whe~ ,cond:uc~n9" st,:,~e~ on ~ef nutr~~t status 

or availab.i11 ty' of nu;trienta in 'a soil system.. . 

During the winter, as ,the "DOW cor:.~' deve1.6ps" ,it ~ • .' 
frequen'tly be~ieved that the inp~t of nut~ienes to the soil ays,. 

, . . ~. 

~ ceases,Ànd the nu~ient.S become s~red in: ~e snowpaek, 'only 

ta 'be released' in the sprinq arid c~ried overland vi t;h the mel t- , 
~ater' r~off. '1'hei~ contrlbÙtio~ ~ ~e 'so'~l 'system -i8' .see~ as 
unimportant sinee' the' -ground' ,surfaœ ls,,' a t, thià' time, considerèd 

ta ~ frozen and incapâble'~f i~teraction8 wi~ "the 'meltwàter. 

r'n~~actlon~ be'tween t.h~, snOwfack~ ~eq~tation 'and soti during. 

the. winte:i: are thollght to he negligible ~~w.ae ~f, the 'lav 1iem ... 

peratures l frazen' $oi'1 condit1Qns .nd, la<7~ 'of. rea"ily ,availe.ble, 
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wat.er. The pos~Ulili ty of nutrient contributions from the over­

lying snowpack are ~U8 con~'ide,red to be unlikely. ,The entire 
, . 

. snov/vegetation/sQil system 18' therefore viewed as an inert sys. 

, ·tém ~n wMCb exCblPlge proc~sses do not occur • 

The inten'tion of this investigation is te determine the 

role of the snow Cover in influencing the nutrient regime of 
, , 

oligotrophic, subarcti~ soils. 'l'wo possibili ties were considered, 

thè snow cover. as a nutrient accumulator and potential nutrien't 

source and, as ,a resul t'of the presence of the snow cover, ~e 

impOrtance of,the snow/vegetation/soil interface as an enyiron­

ment in ~hiéh nutrient .release procasses can OCC\U'. This neces­

sitated several inferrelated investigations. 

1) 

ii) 

to detelmine the 'generaI1nutrien,t status ~f 
the soil body as a whole, , . " 

to meaBure the changes ~n 
of tlie upper ,or98nio' so~.'l 

fall and sprint); 

tbe nutrient S'ta tus .' 
hori zons bebÏeen' tJie ' 

ii:r) to meas'ure the changes in' the nutrient oontent' 

and distrib~tion of ';the nutrients· in the' 8~';': 
, ~ -- - _ • 1 • • 1 ... 

,pack;, \ _ , ' . _ . '" ,,' 
Iv) to 'mea. __ 1088 ~n _.'.of différent plant 

, , 

-, ti~S\1e8 'uDder ~e' f~. ~tween " the, fall ' 
, and spr.i.ng., ,_ ,\ ',~ ", 
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~àn month1y' temPeratures 'ând .. 
preèip~tation at Schefferville, 
Quebec, averaged ove~ Il 26""year 
perïod f~. 19S5 to 1980' ' 
(af.ter Barr an4. Wri~ht, 1981} 
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, . 2.1 " ,Sc~ef,f~r:vil~é Ï1ij-' the S,t~dY 'Req1c>n: ' . ,J , 

- • ~ .. ~ r 

Tbe ~éCUlaUI.at1Qn: and' l~:»ng' duratJ.OJl of, ~ek snQV' .. cOv.r .' , 
, ." and ,the ~l,iCJ,OUoPhi~ 'n~~. -ot 1:Il.8 .oi1s. i.n' the sUb~c~c, ·e~viron ... 

. ~nt ·.~~~d" the' ·~.of "Sche'ffervili~ (SC043 t N, 66°42 11" in' ," > ' 

, . 

no.rthe.m ,~bec, prQvid4t an _ ~pOrtunity 'te, ~t~d~: ~è etfec'a of . 
~. ~now ~ve~ ori the nutiient r.9imé of bllgotrophic 80i:1e.:· 

5 • • i , 

Should ,inCA •••• in' thé ..,unt, Gf nutrien'tli contai'ned i'n the 
.' a • 

aC?i.l ooeur be~n' the, fllll, , j:uat prior ta "the deV'elopnient of a' 

.• ~ co,vez, 'and in tn~ .• pri~gr' 'i_cÙ.at.e+y" f~U,&ln9 the melt, 
.. • ~. •• 1 

'they ~ul.d be no~iceÂble againet ~e' b.c;:JçqroUnd 'of 'the init!al-

+y low, fall nuuient conteÎlb' i~ ,~~ oli:gotrophic 80i18 of this 
. . " . " " 

·reglon.' Tbe growing ... aaon here U' short., sa it is 1.portant 
that- an a~ilabl" supply of, nuUients.' exi.~ ~rly in the grow-

~ ~ • 1 _ ... J,' , \ .. '"j \ __ '.. .. 

inq '~.aSQn, ,al1awi'flg, the '.plant co_uni tie.s >'ta uke optimum use 
of "~e·.bor.t 't:iae' a':"ai'lable for g~th~, It i~ the~ef~re, Q'f 

,interest ta. know wbether 'or 'net; a 'n..iui.nt .~ply is avai~able 
" a1;' the onaet of the groving à.a80n. ' ' 

" " ~ . .\. -

2.2 
. , " " , . 

. Schefferville lie. within the eubarctic clilDatic zone as 
'de~~rl~d 'by. Bare (1950'). ~e meân annual temperature àt Schef­

ferville/ 1s -4.90 C with mean monthiy rangea from l2.soC in Juiy ' . , . 
, ~ ";22 .• 2oC in Jan~ary, (Barr and wri9h~, 1981) .(Figu~e 1). The ' 

:vl'nters ,are ,lC?nq, cold and snowy. Periods of bitte'rly cO,ld 

weather occur frequently, when the maximum Mean tempe rature does 

not rise ~ve. -20°C and there are fre~uent minima of .. 40°C. 

'!he' sWimers are short, cool and vet and there are only tvo months 

,when the mean temperatures rise above 12°C. 

, Averaged 9ver a 25 year· period, Schefferville recei:ves 

'.184 mm of precipitation per year of vhich 377 mm (vater equiva­

lent) fal1.s as snow, representing _ 48 percent 'of the total. annUal' 
_ JI 1 
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preeip!:'tation. ' The' distribution of snow 'and rainfall throughout 

: ~_ year i8 ,shown ,in F~g1,1re ·1. precip'itation, la adequafè 

' : t:Îi~~~9hoU~,' the ~~J; ~~r nor~l Veg~tati,Ofl~d -6<;>il ,che~cal 
aeti'Vi ties, but .the low temperatu~es and shor,t frost-free period . " 

and groWing season definibaly 'reduce the effectiveness of this 

mois'ture availability. Evapotranspiration rates are low; one,­

quarte'r of thè summer rainfall leaves the soil by evapotranspix::a­

tion from a lichen mat and one-I).alf to two-thirds from a moss-

.C?vered surface. Annual potential evapotransp~iation ra't;:es are 

estimàted to be 250 'mm 'at Schefferville (Canada Department of r , , , 

Energy, Mines and Resources, 1974'). Hare and Hay (1971) calcu-

lated apparent evapotranspirat;i.on to be approximately 100 mm. 

The ~redOminant-liéhen mat' keeps '~e SOil/close to f~~ld èapacity 

throughout ,the' summer and reduces evapotr~m~piration.' ' 
/ 

Seasonàl frost is an important expression, 'of -the tempera,-

1 t~r~ J;'eqi~ at Scheffez;vi'lle which affects' aIl soil processes. 

" fr~st' ~i~st 'pe~e.tra,te§· :t;he f?Oil whe~ the' mean daily 'temperatllrr 

"0., falÎs beiow' OOc fqr severa! consecutive days', This u~ually oc-, 

curs ,towards the end of Septe:mber: The soil' remains ~rozeri until 

eai:l~or mid~JlI1le. ,W~th 'frost develoPinq,~O depths Of, 1 m~. 

Schefferville is situat~d at the southern edge of ,the dis­

continuQus permafrost zone (Brown, 1970>,. T~e spatial dis tribu-

- ti?~ of a deep', 'insula.ting snow cover is one of the major factors 

'in controlli.ng thè ocçurrence of 'p'ermafrqst in this areà. 'perma-' 

frQs t is ,found beneath the ridges where Çl. contiJ:uous snow cove~ 

_develpps l~ter in the season: and .~emains shallow throughout the 

winter. Thus-, there 'is 'very li tUe hïndJ:ance'.' to ·heat loss from 
~ ~, * ' \ 

the underlying sOil and rock, Permafrost can develop to dept:.hs 

of qrea ter than 124' m on the exposed rrd~es (Nicholson and 
""\ ' • f,l, 

" Granberg, 1973). A ~uch deeper snow oQ.ver",of up ta 1.5 m in sorne 

areas; Iparticula'rly at the base of slope~, inhibits the excessive 

,over-winter hea~ t'r,ansfer aw~y~ ~'~,round 50 that permaf.rost 

does ~ot dev~lop. in' the low-lyin'q areas and: valley bottoms. 

. 
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'2.3 ,1 'GeQlogy and Soila 

~. - j' 
~, ~ l , 

, ' , , , , ' 

. " 

o 

" . 

, . 
, " , ( 

. "" '-, "Plte Séh~fferVille area l~ea .ithi~ tite Quèb8C~L~~a:dor " j" 

q ~ • ~~~U9h, ',a 640' k~" geosyn~Ù~n~ in the' middl'e of, the Quebec-Labrador' .. r: 
~. 'pe.n.1nsU:la, wher~ approximately, 60~ m ~f 'shale and' sandsOOne were 1 

, ' 

d-.Posited when 'an arm,of' the sea invaded the area duri~g the .. . - \ , . ~' 

Protèrozoi.c' age .. TO.day, the' reg:iron i5 dominated, by a NW"':SB ' 
• , ~ <t 

'tre~ding ridge and val'ley "topography, whlch res'ùl ted from ,the re-; 

cè~t glaèi,al, and suba~ri~'l e'~os~ôn of the weaker members o~ the' 

sedimenta.'ry rock formations which where expose~, through folding' 

and, faul tinq eventS during' the 'Hudsonian ,Qrog~nyO' , 

.. The' retreat of the wü~cons,in' ice' sheet, ~pproxima tely, 

6,000 years B. P. " 1eft the area largely covered by glacj.'al and. 

',fluvio'qlaciiil depos'its. O~ly 'the sharp~r 'ridge cresta, steep 

,~lopes and 1ake' ~ho_re areas.ctrè free of glaéia~ tille "'i'hè dis­

: organlzèd dr~inaqe pat'tern,,"'fwhich. develbpea when river val'leys ' 
~ , ~ , ,1 • #, ~ • 

b~Çamè, choketl wi 1::11 glacial 'aebri's 'and shilliow lakes ·-fo~ed be~ing 
, these dams) 'is cha~ac~rized by 'the' "';idespr~ad occurrence of' bogs . 

and, fens. The glacial til~ 'is" ~n, geqeral, véry grave1ly, con­

tains many' g,tones and cobbles' a'nd varies in thi~kness ·from 70' ta 

. ' 30. 'cm' on ~idge c'res ta "00 6, m,' at the :foot ~f - sl:op'es: sor,ne ar~as . , . 
of fluvio<jl~c~al 'sands ànd gràV:el.s do o<:=cur but thèy are l.imited 

in their extent. 

, TR~ presence. of the sedimentary ,rock formations; and 91a-

cial till. h~ve been important to the soil 'development i~ this 

area. Clay rich 'material has been de~ive~ ~r0lt! ~~ slate and 

shale formations~ 'calcium . and magnèsium- from the dol.omite, forma­

tions and si1iceous and acidic material from quar~zi te, qreywa?~e 

and arkose containing formations. In addition, 'these soils have 

high Iron contents, contributed from the Sokoman iron formation 

in the- region. Were it not for the presence 'of' the gl~ciéÙ:' till, 
soil typ~s in this area wou.ld sureiy have'been restricted to tAe­

thin, regolithic soils, such as th6se found in the surrounding 

Canadian Shie1d, ,whioh, have developed from the' highly weathering 
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.r .. l.~t, granitic bedrock, 

- • l ,1 ~'" 1 .. \ 

, 'Nicholson' (1973) and'Nicholsoll and -Mo.ore (1977) have 

, exalÜ.ned I~e. majo~ typ~s. ~f ~oils,' ~d, their t)evelop~nt ln the 
• ~ • , '. 1 • • ~ 

, Séhefferville ;irea. The factors 'which appear' to b~ oost 'impor- . 

tan't, 1X, S~il. forniftions in, S,chefferville have be~n identifi~d ~y' 
. ·Nicholson (J.97,3') aS! .j.ron-rich glacial' deposits derived from th. 

underlyi~g'prec~rian se~imentary rocks; short~ cool summers 

with' abun~an"t precipi~tion'; variable drai~age ~haracteristi.cs; " 
.... .. 1 .. 

the ~ide variety of cover types dominated by the lichen. ground 

flora and, thé limi ted, time since deglaciation. The distribution 

Of Boil types has been found ,to be re.lated to ,par'ticular environ ... 

mental factors. ,Of 'these, topography and associa ted végeta tion 

'.ppear to have the greate~t effect on soil forming processe's 'in' , , 

thi~ area. Lèaching, podZOliz~tion' and gleying as wel1 as ..am.-
tic'ial <lccumulation oi organic .matter, and rrost action ,are the 
dominant pedogenic processes active in the Schef~er'Vi1le are. 

'è~re~ < 1978;,~ 'N:rch~ls;on and 'Mo~re~ 1977). \; "', 
- f'" " 

.' 

The s.oils, fall la.rgely into the Podzolic, Brun1;.solic, 

RSgqsolic, 'Gley~o~ic and O~ganic orders ~nd, are further subdivlded 

into Orthic, Degraded. oF G~ey<ed Drstric Bruniso'ls, Orthic' and 
1 .. , .J .( 

Gleyed Humo:"Ferric POdzo1s"Orthic and Lithic Regosols,.o'rth'ic,' 

Fera and Fera-Eluviated Gleysols and, Fenno-.; and sphhgno-FibrÏls,ols . 

- and Hwni;c Mesisols (Nicholson, 1973j. Regosols and sha1low 

Bruni'Sols aie found on- ridges and on the upper, s lopes urider open 

lichen woodlands. Thicker Brunisols and POd20ls have developed 1. ' 1 

on th~ well-drained glac~al till in the lichen .woodlands, an~ on 

,si~~ .slopes, il). fe~ thermoss fores ts. _ Gley~ols' and gleyed soi ls 

of other order~ frequent1y occur on tbe foot slopes. in the feather--
IOOSS forest,s and, .in, v(llley bottoms and adjacent to stream Chèl';e,ls 

and tilre imperfect1y to poorly drained. The organic soils' fQrm) 
• • • , 1 

. the bog and 'fen regions in the a.rea and occupy ~ery, poorly drained " 

: depressions. The peaty material is derived from sedges, woody 
" , 

shrllbs and sphagnuin moss and deposi ts rarely exceed 4 m. D!-!p~s . ~' 

, of up to 1. 5 mare most cOllllOOn. Soils ,developed froltf'the qlacial 
- ,.... j 

. ,'till have a 10w soi1 fertili tj'. 'Where so11s have ,deve10ped from 
, . 

.. ' 

! 
j' , 
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f.r~lity ,is' comparatively hiqh:. . , , .' 

, " 

Al'though' studiès of 80.il claa.ifica~()n· an4 pe~io9.:i.c.al" 
" pr~es8ês haVe rèvèaled a number of di-fferent sail ,types. ~in. the 

scbèfferv'ille region, in~estigat~ons concerni~g soil 'f~rt1li ty 
( ...., 

'h.ve' only been èonducte'd 'on the soils in the- spruce lic;:l\én. -~d7 
-. la~ds '(Moore, 1990l. The lichen ~oodland 80ils arè .gènerallY 

'classified as Orthic'or·Eluviated oystric B~isol~; a~é shal10w 
(rar~ly exceeding 60, cm in depth), have' a 'thtn .LFH pQ.Fizon o,!e~- ' 

lyinq a Bm horizon and 'ilecaj,œaU~ a poorly e~pre~sed Ae hQr~­

zen above the Bm. ,The s~ils are acidic, have, a low. 'base satura'-' 

~ori, low nitrogen and phosphorus availability and contain 

~lati vely smal+ aJ:DC?unts, of, orqanic ~tter 'in' the mine'ra~ soil' 

hor'iz~lls. 'The organie mattex: content of the upper. horizons can~ 

b8 be~een 20 and 90 p~rcent. .conëentrations . in the lower h<?r;'" 

~ns also incJ;'eas~ somewhat, probab~y as a result of ~ransloca"'J 

, ' .. ~on or diJ;-ect· cont:d,bution fram sedimentary parent JDAtèr1al -.. 

(Nich~lson and Moore, Ùn7) ~ Al thouqh the CÊC' can he ~eàsonaDly- " , 
• !... .. ," 'II:" ,Cl ,1 

~ high, the ~xchange sites are'occupied by H 3.ons.,_ thus accounting 

for the low soil fertility. 

" ,The' low nutrient st. tus "of -tllese soi~s, mat be attributed 

to lov nut.rient ,concentrations in precipitatiQl} and the slow 
",' . - . 

release o~ nutrients fràm orgélnic matter and parent material. ". #. ~ . 
The concentratioris of nutrlents in rain and srtow, as measured by 

" " .. 

Moore (1990'), range from 0.09 ppm for Mg to 0.45- ppm for 'Ca an:d, 

.1 
1 

~ 

.1 , 
., '1 

, f 

,i 

1 

are therefore not considered to play an important role as di'x-ect ' 

nut'rient contributors. Increases for aIL cations were measured , 
" "" l ' " 

in èan?py d~ip and stem flow., Thèse ra~ged from 0.45 ànd 0.68, 

ppm for Mg to ,,1. ~ ~ and 3.58 ppm for Ca for canopy 4rip and stem­

When expJ;'essed on an an~ual areal ba'si!? .. i t . 

the combined cqnopy drip and stemflow ~eturn 

of nutrients.to the. soil (Moore, 19~0). 

flow' .respect:i vely. 

was determined that . 
significant amounts 

, However, only; the small area surrounding each spruce _ tree' béne­

fits ffom this return. Tlt.i:s ranges from 20 to 40 perc;ent fo'r 

'open and closed lichen woodland's, respec~ively. L'osses 

;; 

-.' 
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through l-..chiDg 1;eDd to be ... 11, vi ~ Ca and Mel abowing . ~ 
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.' Tbe majority of ~cr~nutr~~nt,s in' the wopdland soila are ~ 

cOn~inèd . ,in the' s~ii oi9~iC _tbr and, beca~e of s'l,aV rat8~ 
'" ~.'â8c~lIIpO.ition.,.' do not. beco..,' readil.y available' ~n. a fora use­

.able by. planta 1 Rertcz" 1916). Altl)ough fire i~ a w!despread oc ... ' 

'cur~ee d~i~9 the .UlllDér in t1'iê vo041~da., i t' appea~~', to have 
" ~ .. . 

litUe effect on the nutrien,t statua of· the soils (Dubreuil and ' . ' . . , . 
Moore, 1'82 ~d Moore, 1980), unlike the nutrient flushes whicb 

, " 

'. bave beèn rtpOrted foll.owiD9 fir.. in b~er eeosystems. 
, -

• 
MoOre' (1981) cites ~~~ foilawing factors. as leading ta 

the .. slow.raté 'of organic màt~r decoaposttion in the lichen wood­

, land ",oils' .round ~Cheffervi1le: low 80il q!mperature. and long' 

" perio~ of fr~ziDg; . thé low "nutiient contents of thè pl~t "1it­

. ter ànd soil or~~i.e-·lI&tt.er,. .. pe~!ally ni'ttoqen, the lack of 

a, reaàily .. availâb~~: energy $Ource; acidity" of the.org_ic OOri­

'ZOnal l(~" popul,ation~"of -sot~una, .apeeially,arthropoda.· Se 
\'.. l , h" 

faund .that. increasing soil temperatur~s,- ra.ising the pH, adding'· 

"an, available enerqy ~ource (s\lcro~e,) and ,addinq ni trogen ' fertil!­

zeI:8,- particul.ariy nitrate-and urea~' st1mulated incteacsed deCOJB- '!r 
'11-). "1 ~ J +,' ." , . 

poser act! Vi ty in laboratoryconduc;ted experi'Jlen ta • 
• • _', ,1 .. _ • • 

2." ..: Vegetation 

" "Schefferville is lo<:ated n~ar 'the southe~ _l,Wt of the 

-' forest-tundra suP-zone of the boreal foréàt <aire, 1950). the 
\. ~ ',." .. : 

ridqe and valley" landscàpe provides a number: !O{ topographieal / 
• , ' 1 

• .., _ , 1 J. 

units where different caver types develop,le.ading to a mosaie of 

topOgrâphic/vegetation units in thls region. The vegetation 

eommunities wh'ich form,are _pendèat ,on d~ain~ge conditions a~d 
micrp-clil1la'tic and mic~o-topo'graphic influences of' which "exPosure 

to wind and zones of -snow removal an-d accumulation are 'important,.' ' 
, , ' 

Certain ccive~ ,types, ,such as sedge mea'dows, fens' apd feathertrios's 

'fo~~s~, are often as.sociated .w.i,th ·dolom~d.c outcrops ''or -dolomitic 

till, thus Jsugge~ting that n'utrient av:ailal:?ilit~ may also he' an 
.. -~, 

, " 

1 

1 
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inf~uencing. factor ~ in 'det:eminfng whe~e G:ertain vege~tion cém .. 

munitièa become estab1ished~' 

, . 
The major tree spec:les in the ,Sc:hef'fervillè reglon are, 

. " tilacJt spruce' (pice, MriMA), ,white spru~e ·(l. :gl~uça):, ~arack ' 

, ~-DriCinl) and bal:sam fir' (ables bal.ljpifér~)". 1'he ~st' 
cOlIIK)n shrubs are dwArf birch (Betull glUdVlosoh _Labra~~r, teÂ 
(Ltdumamen1and!cUlp) and aIder (A1nw, CEi'p.l). 'woo~y I>erenDiai~ -..... .. 

, ' 

such 18 the blueberries (1[accinium' gllginosg,- l(. SilC8RitollPl and . ..... . 
le. vltia:-idêea) and th;ose cpmpr~ain9 t;he' h,eath ~fJ~ociatio~s Ue.--

""KaIN. B!lYfo1iar are .i.deapreAd ~rou,ghout 'tbè reg;i.on.. 'l'he ',on1Y 

he'tbs 'of uy importance ~re fireWeed .(lpi,lobi\P· AIl9uaUfpl;iua), : 

golden rad (501i4.92 acropt)y-1lJ) and' ~~eli (cOrnùà ~Dad.Dli.)_ 
'!'he main groqnd fiora are, frut~çose ,lich~~s (~~t Importantly 

~ .. . - .. 

'Cladina'-a te11ar+1t ' g. RYs'" And § ~réoCAulQn -.~~) and various 

lIO.ses (,Pleu'rozi:qIR sgbreberi, .PUli. cri.ta-paàtr~n.i" ,DicranlDl 

- fUlce,enl .. ~trichn. 1Jm.igcrinuja, and 'JlY.locQlliUll m 1• n4ens). 
• • ,. toj 

Sphaé.Jnum JDOsa ia iJapor~t on~y in 'depresaions and aedCJes and_ 
1 .:. ,"" ,~... 1 - 1 J -., ~\ _" ~".' .... ~ 

"grusea Qccur.on :fena and fluv.lAl deposi ta •. , ' , . 
:: • ... 1.. ~ • 

, ' 
, r 

The' c:;over t.y})ea coaonly '~ound" in ~e area ,and the A8aOcÎ;-­
ateeS toPogràphi~ :f •• turès Ani:. 'tteele • ., i1.ch.~-heAth, tundrà o~ 
expciaed 'ridge c'rit. b and ~pper Ilepes"; , , open and' cloaed: li.ében ' 

,voodi"uk on -~hélte~cJ uplands 'and in. the: 'cIrier l~landà;' 'alo~ed 
, feathermo~.- fOr4lat:à, : •• dge mea'dov.~ f~ anet',baga in ".ll~Y bot­
,:te. and vetter lovl~4s and &apre •• iona. RegeDeratin9 po.t-

, 'fiœ éo.unt ties are 'al~o ve~ co";";n i~ thi .. area.' In the early 

ata,gea ,' mo •• -8h~-hea~ c~uni,ti~a' often oec:uPY th~.e are ... 
Po.t":,,fire cODaWlitiea are ~ot specifically .asociated vith par­

ticuiar 'tpP09:r.:a~ic fe~ turé.S b~t,', 'dèpéncl!Dg ~n 'the opeDn~. ~f' , . ~ , . -
thé area, regeneration -'y' not proceecl furtb.r tban thi. treal.s. . , 

• • "1 ' \ 

coJllllunity in, exposed AreaS, of hiCjh_r .levation'-

"'-
~ichen woo,éUandS develop on wéll-d~Ained si tes and are 

characte.rized by "scAttered spruce trees (both bla'ck and white 
'- , 

apruCe) _ At densi,ti'ea of 500 .(open woodland) ta 5,000 (clo •• d 
• # , • 

woodIandt stems per ha "i'th an 'understory of dwarf bi.rch 'and . ..... \ ' 

\ ' 

" . 
.,' .. 
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, . 
Labra~r 'te~. ,:'The. 'lroun(i story ia dominated by" lichens, ,the 

_t bei-ng interspersed wi-th.low,~~ying blûe~rry and cranb:erxY 
., 'X -'" 1 .. ~ ~ ... \ , 

shrubs. Hpsses can be 'found, a~ound tlie base of the spruce tree"s. 
,. J. 

. 
~. ',' 

.. The: feàtheriOO~s fo~eà~ arè found in. poorly -d:r;:ained 'val- .. ~ 

\ . 

,leya.- ~e b1ac.k and whi ~ spruc~ grow closely ~qethèr forming 

a closed cahopy. The 'un(Jerstory ls once 'agai.n dpminl'ted by dwar~ 
'. • ' •• .. ' 1 l 

, birch an'd' LAbrad.or tea and 'wl11o'W and aIder .also accuE' in the 

" 

" -' .. . 
. Vetter' areas and alon'gside 'streams. .!l'he ground cov~~ is, compased 

, • f· \ ~ , 

of vari:ous moS.ses,: ~e mat being in tersperseQ wi ~ hèrbs. 

''i'he,'~i.dges .lack' impot-tant tree species 'althoug:h a f~w 
\ ~... • t 

.càttered~ stunœd black spruce can 'usually be 'fdUnd .. Some 1i-, 
... • ~.. 1 

'ehen.cU~"'~8S 9rQtJnd,cove~ 'is p~es~nt~ but ,the m~t is"frequently. 

'd18Co~tin~Us:., 'Wheré làrg~ pa tdtes 0 f " bare <jround 'o~c~r~, fros t 

~cars are numerous,. The woody "perénn~'~is'. ,such as biu~berrY 
and ç:ranberry;, are the doDdnant vegetation types. ,Lâbra~r, tea 

. ..... ~ 
• l ~, 

.' ' 

, " 
.. ~ '. " 

"' " ..... 

8og8 'and' fe~_ are' cODlDOn in 'the sCh~fferiil1~ reg~on afià 
bave'been claasiiied by Allington (1961) accordinq.to thèir,phY81o­

, 9RphiC ch.àrac~ristic8, a~ string bQgs, 'cl~.~d 8tiinq~,. 8~dge, .', 

"..abris;. apri1ee'IIÙJtèq and. 'tamai:~clt 'sWamp~ :f.Q~e~t: 'l'~~ACJt '~d 
spruce, are the, domiilaht 'trife"speCfeâ-i~ tbese d$pt:êIUUO~S.: "Th~' 
'gJ:ound vegetaUon 'i~- co~niy &pha9n~ IDOS& and ,se~ges_ wb;i.~ a~e 
a1~o the _in peat forming: ~terial •• , ' ,.iI1~" a.s weil ,as, LAbra-

, . , 

der tea and dwarf b~rch, qrov,tow~4' the àrier-edges 'Qf 'the ,de-
~ '" ~ ~ .. 

pressions. or' colonize, the· ralsed ridges ,in ,the string OOgs: , 'The 
<) • " ' ' • 

vet1anda ,can .be, separàte4:into two ~iD. grcn!p&, depen4in9 on the1~ 
Dutrtent 'a.tat~1> : Boci~ 'dèvelop' whe-re .~ ar~a, be~omes' ;iR,?reasin:gly ' " 

.. - ,,( ~ f 

vet and spha~\DB "8,S. encro.chesi' le_ding to a raised b~g' surfa~. 

"!béy ten4 ~'be'"nutrient poo!:; receivinq nuti-f~nts only from prè- "; 
cipitati~ .. Nhe~e' thè .. in~illinq· of·.i.ake~ 'and 'pon~8 tas .occ~:ted, . 

,nutri~t~rl~, "fè~.,~, .do~~a~d,' by' "edge~,,' d~~l~p.;~d: h~~i~mœ . 
"ue w~'e~. ~nio ~ the depr~siC?J\à -tiy' 'nnO~f ~ the ·à,ur~oundir1g., 
hî9h~~ .r.gi;on.." ' - '. . .' ,-" ", -c:, ".i ' -

, . , . 
. " 

... ., .... 
'. ~ . 

, • ~ "~1 • . ' .... . , 
" 

" 

. ' 

; .. ~ 
1 

1 
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The' major litter producers, which are also the majo~ 

. nutrient accumula tors' and -recyclers in the system, are the ;'b~dy . ' , 

perenni~Is, the shr~s (~~rf birch, La1?rador t~a, willew and 
.' aMer) and the' tree. species (black~ and' ~hi te spruce' and' tamarack) • 

{'Jutrient contents i;lre highest" in birch and Labrador tea leaves 
1 ~. ~~. 

and: .lowest in black spruce needles and lichen li tter (Moore, in 

pressi a). 

Litter is produced from annual leaf fall, occasional 

woody material and reets. Roob ar,e found predominantly in the 

upper 10 cm of the soil profile al though penetratiori to 30 cm 

~~ commQn for the perennials and shrUbs. Of the three li tter 

fopns, annual leaf fall is probably the most important. The con­
tribution from the shrubs' and perennials is the greatest. Tam­

arack also pro(iuces an annual leaf fall and" altho\lgh the qther . , 

coniferous tees are though t to shed thei~ needles only periodi­

caIly, , i t appears tha,t annual l~ tter' 105s frem spruce ,trees in 

• -the-- Sch.efferv;lle reqion Jf? me_st. pronou,nced in wi~te,r (W.ert;en,. 

, 1979'}--.'" 'Most of .th~ spruce"ne'edle'~ èoilect~d in l.itter samples 

from a woodland ·and a feathèrmoss forest si te were found to be 

brQwn needles, lo~t from the trees by normal needle shedding pro ... 
~ " 

cesses. .However" fresh n~-edles were more commpn in li tter samples 

collected:from 'a ~·ïdg.e area, where· tree densi ty. was small ·and wind' 

_'~pee&" high, s,uggesting .that abras'ion~ by ,wind is an important lit.,. 

ter attri·tion 'process in. open or exposed areas. 

The lichens and mo'sses form. an effective barrier which . ~ . 
prohibi ts ",the li tte: ~t'om being directly incorporated into the 

soil organic layers. The, 'lièhens, h~~ing no normal rooting sys:", 
\ '.. 

tem, are 'n~t. inc~rpprated 'into the mi"neral soil and probably re,.. 

ceive' aJ.l th~ir moj,sture a'nd nu trient requirements from the at­

mospher,e., The ·l()wer mat decomposes slowly, forrning, a slimy layer 

~oye' ~e g~pund su-r'faQe which' h'as a very hi9b water holding' . 

~apaci ty. The mos.ses produce a thick layer" of decomposing or- " 

ganic, matter whi,c~ ià' an impO-r.~a, .n:t. sO,urcy of 
underlying miner~l sail. cl 

nutrients for the . 

-, , 

'-1: ' . , 

j • 
1 
! 

! , 
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2.5 Snow Cover Characteristics in the Schefferville Region 

A number of studies have been made on snow deDth dis tri-
-. Adams and Roulet, 1982: 

bution pat.terns in the Schefferville area (AcSams et al., l~bb; 
-... -, ---

Granberg, 1972, 1973, 1975, 1979, 1980; NichoJ"son and Granberg, 
.il, 

1973; Nicholson, 1975; Thom and Granberg, 1970). The combina-

• tion of, ridge and valley topography, numerous open, fIat surfaces, 

sdch as frozen 1akes and bogs, and the variations in density and 

height of the vegetation cover, ranging from essentially treeless 

ridges, bogs and recent burns to open and closed lichen wood lands 

and feathermoss forest, great1y influences the accumulation of 

snow in this area. In genera1, it has been estab1ished that the 

1east amount of snow accumulates on the ridge,crests. In some 

tases these areas remain snow free throughout the win ter due te 

extreme exposure to wind. The snow is swept off the ridges and 

deposi ted in the valleys below where, at the base of slopes, 

snow depths 'of 1.5 m or more are commonly reported (Granberg, 

1972, 1975; Nicholson and Gr~berg, 1973). 

Distinctive lands cape units, where different patterns 

of snow accumulation occur, are called roughness zones, refer-­

ring to topographie roughness and vegetation roughness. In the 

former, topography influences wind speed (the distributing agent 

of snow cover) by causing wind speed to increase near convex 

surfaces. Hence, ridges tend to be areas of wind Acceleration 

and snow removal, whereas va11eys are areas of dece1eration and 

snow deppsition. On flat terrain, such features do not exist 

which cause variations/in snow accumu~ation and snow distribution 

tends ta be more regular'. Vegetation roughness acts vertical1y 

by reachi~g into the airstream and dissipating vind energy near 

the ground surface. This is most pronounced in areas where tall, 

widely spaced àees are found. In the lichen woodlands ~round 
Schefferville, the trees increase wind speed locally and create 

wind scoops around the trunks. Small trees decrease the wind 
1 

speed, creating small drifts in the d~wind direction. Witb 

increasing forest density, sucb as in the closed woodlands and .. 
. , 
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feathermoss forests, wind scoops and drifts become less pro­

nounce-d. It is estimated that li ttle or no erosion (removal 

and tr~sport of snow a~ the snow surface) can take place in 

forests with a tree density of greater than 30 percept (Gran­

berg, 1975). Since much of the low-lying vegetation becomes 

buried, its influencé decreases through the winter. Snow accumu­

lation in open areas leads .ta a progressive reduction in surface 

roughness caused by microtopoqraphy and brush vegetation which 

leads ta an increase in the amount of snow drifting. Since in-' 

dividual particles are beiftg affected, this leads to changes in 

snow density. This effect is seen on ridges and-lake surfaces 

where snow depths are shallow and densi ties are high. 

Major rouqhness zones in the Schefferville area,which 

incorpora te both topography and vegetation cover types, include 

lakes, bogs (also fens, muskeg and sedge meadows), ridge crests, 

. ridge slopes, open lichen woodland, closed lichen woodland, ~ 
feathermoss forests 'and boundary zones. Boundary zones have 

their own distinctive character of snow acc\l1llulation. An example 

of a boundary zone effect occurs vhen wind, carrying snow, blava 

from a lake or other open area inm a wooded area. As soon as 

the forest ~dge is reached, the vind speed decreas-es rapidly --and snow deposi tion oceurs. Boundary zones in $chefferville are 

approxima tely 100 • vide along a fores t edge and have deeper 

snow depths than the wooded are_s beyond (Granberg, 1975). 

The Schefferville lG-point snow course, located juat 

northeast of the Schefferville .airstrip' and oriènted approxima te­

ly perpendicular ta it, transects Il.everal different vegetation 

cover types and the snaw accumulation. patterns Along this tran-
1 

sect reflect the differences,very conaistently~throu9houtthe 

winter and from ",eu -te year. The first two, points on the snow 

course are located just beyond the clearing for the runway in 

open forest. Points 3 and .. are located on a string bog, point 

5 is located near ~e forest ed9.e just beyond the boq and point 

6 is farther int:o the forest. 'Points 7., 8 and 9 are. loca ted in 

an open woodland and point 10. i8'. short distance'from the shore 
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Snow depths on four dates along the Schefferville 
lO-point snow course' 
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of a small- lalte. The snow'eourse has been u,~d sin~ 1961 to 

proviCle information on snow depths arid wàter equivalents in the 
• <. ~ ~ 1 .. 

Scheffervillereq~on. <?ranbér9 (1975) deseribes some of the pro": 
, , 

b.lems a~sociated with the snow course as .seen in relation ta its . - -

use for e~tiJUtin9 snow vater' ,equivalents of the snOvpack' in the 

SchefferviJ-le area and 1'l0li this relatell to hydrologieal ~nvesti'..: 

- gati~ns. The snow course a.,pears ·to over-estima,te the snowpÀ'ck 
, . 

-w.ter" equivalent by 30 percent as.a result of sndw depths Along 

, the '~ansect bein9~ affected by drifting snow (Granberg, ~975). 

According ta' Granberg (1975). only points 7. '8 and 9 a~e rela­

tively bndisturbed by t:he effects of either snÇ* remova1' or wind­

blown snow deposi tion and arè therefore the only pointa Along 

the course vhich are representative oOf the/ actual; snowfall ae­

CUIIlUla tion. 

, 
Al~oùqb perhaps misleading when est~ting average snov-, 

pack vater .tarage in the region, the data ,for the s~ow ~urse 
,_ useful for illustrating the snow accWll11lation' patterns vhicb 

QCCU,J:' 'thmuqhout the wd.nter ~d a180 the eonsilltent year ta yeu . , 
variations' seen 4-loDg the traDsact. Pigure 2 illustrates the 

" 

.po" depth patterns over five yeara -fr~ winter 1977/78 to 1981/ 

82 ,on' four sU!pling dates. The foux: 8Ulpling dates chosen are ~ 

eUily winter (first veeJt of Decuber) ~ mid-winter (late Pebruary) , 

.la~ "inte~.·' (mid to late April), vhich also representa the peak " 

. anov year or the "in~r'a. anow accuaulation, and aid-lleU (late . , . 
-May) • 

In adèlition ta the yearly variations in anow deptbs', , 
aeveral strong,. recurrent patterns o~ich reaain prevalent . 

throUgbout the.winter 'but are IIOst proDOunced œ.n the Blid and' late 

win ter . periodS after the Snollf COYer· has become establiahed. Of \ 

,~~ five y~ars disPlayed in Pigure 2, vinte~ 1977)78 clearlY 

_haVa 'the .least snow acCuiaulat.ion D,ver the entirè 'wi'nter. In . ,. 
addi tio.n, unlike the fOllovinCJ years. very li tUe accuaul.ation 

'occurred betlf"een Feb'ruary and late April and a net los. in snow 

depth' vas 8èaaurèd at sampl-ing poinu 4, '5. 6 and 7. It is d1:f-

, , 
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Table 1: 

, 

Snow Year 

1 Da~ 

( Depth cm 

,Date ' 

'. Depth an 

D;ate. 
~ptb cm 

-Data 

:,Depth an 
• 

" 

• L. 

-'3,0:' 

. ~el~ctècl ~~ .now- clep'ths a t the 
Sphefferville 10-point 8!'OW èourse 
'durin'cJ: the w~rlters 1977/78 to 
1981/82 -

77/18, 78/19 79/80 80/80 81/82 

08.12, O~ .12- 12.12 08.12 08.12 , 

43.4 59.2 59.0 85.3 50.2, 
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fioult,from the data cleteraine in which of- the five . . 
yeara the qr~atest overall snow depths occurred. Mean valueq, 

averaqed for the.snow coùrse and pres~nted in Table 1, sugqest - . . 
that, by mid and late winter, 1978/79 had the greatest snow . 

accumula tion o""'f ~-fi ve years. A dlffèrence of 57.1 cm betweèn ..-
the mean, peak sD~-year values of 1978 and 1979 was ~asured. 

~early differences in snow depths became most pronounced during 
- . 

the melt when the difference'be~een the means increased ta. 
69 ~ 7 cm and the great:èst single difference in snow depths occur­

red at point 4 between 1978 and 1982, a'difference of 92 cm. 

Although year to· year differences in snow accumulatio~ 

éxist, several patterns of accumulation are strikingly éonsisten~ 

from year to year~ Samplinq point 2 shows consistently shallower 

snow depths durinq aIl five ye,rs,on aIl four samplinq dates. 

Snow depths increase at point 3 and reach a peak at polnt 4., 

This samp1inq point, which is near the boej edge and Qlos-e: to ,the 

fores t, appears to be an area of snoW aCCUlllulation, perhaps re­

flecting snow accumulation in a boundary zone. Po±nt 2 is an 

area of snow removal. The differences in peak snow year accumu­

lation between these t:wo locations rangedfrolD 69.9 cm Hi 1918 tô· 
190 • 3 cm in 198'2. In COlllparison ta the ,.", .. iJtS four pointa;. 

two of whi ch a:re" in the open, the fores t locat!c:ms 5,' 6, 7, 8 and' 

9 show reasonab~y consistent .now ~epth., p.rticuiarly in early 

winter. ,~oint 7 does appe~r ta be a site, of so~ .nov .~ula:...· 

ti!>n which ia quite notieeable in Decè~r .of 1980 but whlcb be­

comes apparent for most years by Pebruary and, April. ' ~1 te 7 ... y 

also be .f'fected by snow accÛIIlulation in, the boundary zone between 
, ' 

the 'closed forest and woodland. 

Although rates of lIIe~t affect the between y~ar .differenc:es 

in depthsmeasured in May, the basic patterns of Sl'1OW accumu1~tion 

do not cbanC]é •. Since snow de}?tha >are lea$t at 'poi'nta 2 and 3-,: 

it ta not surprising that the ~nowpack should disappear. most 

rapidly at these two locatiOns. However, closer examinati~:>n of 
depth changes between April anQ May indicates that greatest. 108-

, . se. during thia per~od occurred at stake ... Further exUdnation 
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of da ~ not', pre'seQted .bere (McGill \SuDa~~tic Re~earch Station 

~. 

.. 1 .. ~ 1 • -1 ... ~ 1 

, ' , ' Snow Coùrse 'RE!eords) inéuea'tes tha't iie'lt p't'oc~èdéd !DOat rapidly 

, 'ip' th~ 'less' shel tere4 ~~ o~ri areas' where p~intS 1 "to 4 are 

. :'k..catéd ~d·.waà most gràdual in the shelt.ered for~~t and ~ood ... 
\ ' l ' • ... 

, lÀndà' (P9tn~ ,S 'te 9i. Given the repr~ducibi1ity of· the pattèrns ,r 

ovèr the fi~e, year Pertod preseriteci, the show course data certain­
,ly , : .... _ -~ sûggèsl: -tha.t: 

" 

i): thè q~ge.~tià.~ s'tructure Along the snow course affects the 
J w' • • ~ .... • f 

,pat~rn' of ,sn~ ac~~ulatl.on; 
'ii). 'a much, g~èa-ter variation in snow ~epth is seen in the open 

• ~ , J ~ ". ' 

ar~a,s; , .' 

~iii) 'the.cbange,from the open bog to closed forest results in a 
! .. ... 

·boundary. zone 'accumulation of sn

t 
at point 4 and . 

',i~! ',t:Pe, shel ter~d wooded areas eyond are mU~h less affected by 

.large 4epth vâriations. 
.... 

• 1 
< 

Îndividual,yearly accumulation patterns do chan~e over 

the winter., Granberg ,(1919) found that winter sn~ accumUlation 

'patterns adjust te the 'changing surface roughness characteristic.s 

. ,within a qiven rouqhness zone and' in the surroundinq areas. In 

one atudy at the 'l'i.tns 4 permafrost experimental si te, 20 km 

nor~est ~rom Sçhefferville, six different patterns of- snow ac­

CU1lulati~n, correspondinq to different topographie' Iveqetation 
uni~; were recognized (Granberg, 1919). The first pattern was 

.asociated with ridge crests and summits where snow depths reach­

ed a maximum early in the win ter and remained constant or decreaa­

ad through the test of the season. The se'cond pattern was found 

adjacent ta ridge crests in narrow valleys and shallow concavi­

tiaa o~ otherwise exposed convex or fIat surfaces where snow 

depths increa~~d/~ply slowly once low-lying vegetation became . 

covered, provia~ a smooth su~face,vulnerable to wind action. 

'!'he , third :distribution pattern occurred near ~.alley bottoms and 

on a~opes'away from ridge crests. Here, initial snow'depth in-

'craase was slqw, followed by a rapid increase and then once again 

by slaver increases. The fourth type occurred in wider valleYJ 

and hollows where, after a short, initial increase. the snow , 
" depth remained. relati vely constant for some time and then sud-

( 

" 
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! 
~~iy' lncreased: The fifth pattern could not bè speci~ically 
&Bsociated with & given 

on changes in snow eond'i,tions and ~oughne8s condi tions in 
surrounding areas. ' The patte~n was character;i.zed ,by a constant 
or sl9Wly increasing snow depth followed by a more rapidly'in­

creasi~g depth whieh was proportional ta snowfall" The la8~' 
pattern was one .of regularly increasing depth which was propor­
tional to snowfall t;proughout the accumulation periode This 
Âgpeared to occur in areas lacking Any major roughness eharaeter-
isties. 

One particularly important aspect of snow accumulation . " 
is the snow water equiva:lent or the amount of water héld in 8,~r-
age in the snowpack. In one study, .now accumulation and water ' 
equivalents in six roughness zop,es in the Knob Lake h~sin were.· 
compared (Gr~nber9, 1975). rt was' found that although snowpack . 
den.i ty decreased and snowpack depth ~ncreased vi th increasing 
vegetation roughnas8, thé average vater equi~alents,appeared ta 

he iIa • .,..,1idt of roughness zones, whe~ boundary zones where not 
in~_ludea in ,the comparisons. Inclusion, of boundary zones result­
ad in variability in water equivalent between zone~. Snow depth 
decreased and density and vater equivalent inereased with decreaa~ 
ing vegetation roughness and inereasing topographie roughness. 

Granberq (1975) found 'that the average vater equivalent 
- in a closed woodland was mor~epresentative of the average for , 

, -
. the basin than the other roughness zones sampled. Wi thin the 
voodland, water equivalent was found to increase rapidly with 
distance away from trees. Snow depth around trees is generaIIy 
,leS8, due to buried branches which Iead to cavi ties in the snow­
pack around tree bases. In the open woodland, where some drift-, 
ing oceurs, grea ter variabili ty in, 'depth, densi ty and water 
equivalent was measured. Although the average depth was slightly 
less, water equivalent and density were found to be slightIy 
greater than in the elosed woodland. This is due to drifting 
and snow compaction.· In a recent burn, where small trees Iead 
to the formation of tail drifts which harden between storms and 
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affect the acctUQulation pattern, - the_ greater dr:iftin~ "leads to 

ân increase in average density and vater equ~v~lent. ,In recent . 

burns, topography ia the main dontrol 'of snow accumulation ainee -4 . , 

the absence of trees allowa high wind- veloci Uas near" the surfacé. 

to cievelop ~d the snow is redistributed. ,Redistribution pro-~ 
, , 

duces a general sJllOOthing such that deep accumula~on occurs in 

~alleys and li ttle or no snow on the ridge crests." This leada 

ta a 'large variation iD (lensi ties and va ter equi va~en~ in the 

are.. 'l'he average densi ty in these area-s" va, found' to 'l>e higher . ' than 1n the other zones but vater equiva~ent vas less due to 

~rge ar~a& of shallow snow depths. Bogs ~ere not. salQpled in, 

thè above mentioned study but "ere described as having a fIat , . 
terrain and the~efore little or no variation in snow accumula-

tion 'due ta topoqraphy. If a boq ls small, drift transport from . 
the bog into the surrounding foresta can cause a depletion in 

. 1 , 

vater equivalent. For l.rger bags, th!. effect ls insiqnificant. 

one ~mportant factor in bog~, is that th,e vet surfa~ causes par ... 
". 

tial mel ting of the snowpack a t. i te base, if accumulation occurs 

" ________ bèforethe bog surface'~freezes. The same effect occurs on lakes 
-------------- . , - - ____ when vater penetrates the ice cover through cracks. 'l'he lakes 

. ~aVe--~ '_lowest' r~u9hne~s of aIl, surfaces and thus allow the 

greatest àmunt of drift ta occur. This in turn leads ta the 

_~ highest av~rage dènsities: Snow depth tends ta be less than 

half the snow depth in ~~dlands. Roughness boundariès, sampled 

,," 
1 
1 ." " 
;(. 
1 

i 
f . 
1 

, ~ ~ . 
between open and closed woodla-nds, showed grea ter depths ~nd 

higher denaitiea and vater equival~nts. than the other site. 

sampled • 

. The den~ity and depth of the snowpack,as,well as the 

presence 9f ice layers; s'urface cruste and dust layers within 

the snowpack, are important fa~tors which control the thermal pro. 

~ties of the snowpack'ana thus the effectiveness'of the pÀck 

in ins ula ting the 9rq~d surface. below. As has b:Em shown,. the 

variety in sriowpack depths and densities is large in Scheffer­

ville. Drifting and redistribution of the snow cqver result in 

denser horizons in the snowpack. The different environments, 

wbere snow cover forms, allow for differential melting and re. 
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freezlng,lead1ng to the formation of ice layera and surface 

crut. which become incorporated into the snowpack * 

A ganeral survey ia not available on the variations in 

.nov morphology and snow temperature changes as tbey relate te , , 

the various snow environments in the Schefferville area. , However, 

1 t is Jt.nown that, as is the case in many other snow covered èreas, 

the ground at the base of the snowpack remains at or near oOe as 

it ia insulated by the snOwpack above and warmed by heat conduct-.. 
ed from the soil below. lteasurements made at the base of snow-

pits fr9m December ta May over four years in a voodland near 

Schefferville showed that the .now/soil interface temperatures 
ranged from -3.0oC··'to C.loe with a mean value of -1.20 C. ,This 

very narr~ base temperature range was main tained ~l though air 

temperatures frequently are recorded below -30.0oC in the area. 

There is very littIe information on snow chemistry in 

the Schefterville area. S~ .pring snowpac'Jt nutrient data i.· 

available frOID Moore (l980) which shows that the nutrient concen-.. '; 

trations in snow s_ple," collecte;d in a lichen woodland site,were 

very low. rangi", fra. O. 10 ag/l for Mg to 0 .. 9 7 1D9/l for Na. ~ 

Bnglish (per. c::o.a.) is currently inveat.1,.gatinq the role of '.now 

cover. in the ,cheaical budget of a drainage basin in the SCheffer­

ville reglon. Levis (per.' co_.) is inveatigatfng tlit? occurrence 

of acid precipitation ln the Schefferville area and has conducted, 

80lIl8' winter sampling. Drake and Moore U98l) foune! tbat snov­

pack cheDtiatry around Scheffervill .. appeara ta be affected by 

dut loading from the mines in the area.· The effect V.8 .ost 

pronounced ta the '~outheast of the town wbere mining activity 

vas grea tes t a t the ti'me. 'rhey also found tha t snowpacJt pB vas 

lowered dovnwind of the town which they ~ttributed ta probable 

sulphate depo8itio~om the burning of heatlnq fuel._ 

-
Th!s review of snow cover in the Schefferville reglan 

indicates that, ~lthough the spatial patterns of depth, densi ty 

and veter equivalent have been stu~ied and their relationship 

~ topography and vegetation cover la well established, the .... 
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ha. not been determined for snowpac.k structure, temperature 

reg!me ..hd snOlfpaE:k cheDlis try. Thèse characteris tics mal' al~9 ' 
...... 

vary accor~ng ta topocJ~.phy and veqeta tion and may be, C~i,.tlcal. 

façtora in deteraining the impo.rtance of -the snowpack to the nu-
oJ 

tri.ent reg1-r ,~f the underlyi~9 so11 body • 
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\ 
,CHAPTER 3 

Sïte Selection 'and Methodology < 

3.1 _ Si t~ ~eleetiçm 

~s' indicated i~ Chapte; 2, ther~ are seve~al important 

t~gx:aph~c/V~ge~ti~n: ~its< in the ,. Scheff:~r-v~iJ.e ,àrea'. These 

hav,e'.,een iae'ntifi~d_' as lichen-heà'th ,tundj:à; lichen" WOb~Uands,' 
',-' ..,#'... .. ~ • 

sprucfi!-featherinoss: forestS' an'd peatlands. fH~ference-s in' the -
nutr,ient sta.tus of the soil between these urii ts can be antici-

patèd and a1s~ differences in the accumulation .and comeosition 

of the snow cove'r: . Th us: it was decided te select a' convenient 
, ' 

'area in which' these rep~esen tat~ ve uni ts appeared ,to.r the s tudy 

area. ' 

~ 

3.1.1 Selection· of the Study Area 

1 .. ~ ... 

Selèction ol an .area.. for the .study was' del*ldeJlt : on three 
''Or ..... ~ .. 

,factors: . ',' 
, ' . 

" il thàt the area pOssess represental:ive me~ers 'of ~e four 

major topOgraphi.c/~gé~~!QIV-units in a :rei~tive1y s,f:llël~1 area; 

1i) . tha.t i t be relllOve~- from poss,ib1e sol1rèes 9~ snowpack con­

'taqdna ti'On by mine dust or, from the town, . 

ii~) 'that i~ be '~eadily, a~c~8~ib1e because of the winter-time 

, , SC9pe' of tilis ,research.' 
.. ... ... 1 

" Based o~ -these cri te~ia, the May Lake area, 4 kJp northwest of 

, ScJleffervi11e, was~ selected for the st~dy>. 

the May Lake catcmaènt encompasses .a 0.65 e 2 area, the 

iohg' a~is 'of wtliqh'" i8 oriented in 'a NW~SE dirëc~iorr fo11owing the 
.... ".. 1 !. ..... .... , 

'mâjor topoqr.phié axis in 'the Scheffervill~ ~eqion ,(Figure )~ 

I~ is bordèred on the' southwest by a major ridge coçlex and 
'" ,.. ~. 

~nïng regi'on';. i.JImediately to the northeas't is a low-lying, 
\ . . 

:poorly-dr~ined ~eà •. Tbree
c 
Jlmall, in terad:tten t' stre~, draining' 

-_th~ coatc~t", fl~ into 'May Lake from the southw~st and no~th-
west.. The ,aast and southeast border of the 

'!-' 'minor rid~e. The. dif1: rence !.'in '-ereva~on 
, ( , , 

- r • ! /)" ' 

, '-~ 

basin' is defined by 

between the crest of 

'::.. 

, 

1 
1 
i· 
i 
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i ,. 
j 
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this ri~ge and the lake is 52 m. 

Although a smaii area, the May Lake catchmen! contains 
" , 

a variety of~vegetation communities which commonly occur in the 

Schefferville arel!l and which reflect th'e topographie variation '. 

i~ the region. The ridge is covered primarily by a lichen~heath 
tundra ~ommunity which grades into moss-heath-shrub towards the 

western and southern edges,where the slope~'n eases and ground 
, ' 2 

hollows occur. This tundra complex covers .28 km or 43.1 
, ! 

,. percent of the total basin area. This can,l be subdivided into 

29.2 percent lichen-heath and 13.9 percent moss-heath-shrub. 

The lichen mat (Cladonia) is thin·and intermittent. Where a 

moss ground cQver occurs, it is c~ntinuous, but also thin. 

Trees arecalmost entirely absent except for a few scattered, 
, . 

stunted black spruce (Picea rnariana). The woody perennials, 

blueberries (Vaccinium uliginosym, y. vitis-idaea) and KalmLa 
polifolia are the, most commonly occurring shrubs followed by 

dwarf bircch (Betula glandulosa) and Labrador tea (Ledum groen­

landicum). The bare ground surface is very ,stony and cobbles 

are scattered widely about. In particularly exposed ar~as, the 

surface is disrupted by frost scars. Sorne evidence of fire was 

found in this area and although the date of the fire is not known, 
"the sparsity of the charred wood' suggests tha t i t was sorne time 

ago. It is possible, then, that this ridge complex was at one 

time an open lichen woodland, but because of its very exposed 

position O~thiS m~nor ridge, the woodland has ndt been able to 

regenerate and the area becarne populated by the current lichen­

hea th communi ty . 

The sheltered uplands and well-qrained lowlands in the 
" catchment are occupied, by lichen woodland~ In to~l, the wood-

lands cover 16.9 percent (O~ll km2) of the drai~~ge basin areâ,' ,- ~ . 
with open woodlands (up to 500 stems/ha) in the more exposed! 
uppe~ reaches (7.7 percent of the total ârea) and close~ wood­

lands (greater than 500 stems/ha) in the low-lying regions (9.2 
- l ' 

,pe:cent). ~he woodlands in th~ May Lake 

of what is fo~d throughout the region. 
catchment are typ~caL 

1 

The continuous ~i~en 

!II • 

,-
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ma t (Cladonia) is 5 to 10 cm thick and interspersed wi th various 

ericaceous 6hrubs. Messes are conuoon around the base of the 

trees. The most common tree species in the this area is black 

spruce (Picea mariana), but white spruce (f. glauca) i6 scattered 

throughout. The understory is dominated by dwarf birch (Betala 

glandulosal and Labrador tea (~dum groenlandicum> . "l'J'--

The lower slopes, valleys and areas along-side stream 

channels, where the soil is moderately to poorly drained, are 

occupied by feathermoss forest. The forests cover 35.4 percent 

(0.23 Jtm2) of the catchment area. Here, the ground is covered 

by a thick (10 to 20 cm), continuous mat of various mosses 

(Pleurozium schreberi, Wy.trichUlJl juniperinum) in terspersed 

with some herbs. The dominant tree species is black spruce 

(Picea mariana) which forros a closed canopy. White spruce (f. 

glauca) is found throughout. The understory i5 once again domi-

nated by dwarf birch (Betula glandulosa) and Labrador tea (Ledum 

grQenlandicum) . 

A small sedge-lIDss fen (0.03 kut) is located at the ex­

treme northwest end of the catchment. A similar communi ty, but 

even smaller, surrounds a small pond at the southeast end. The 

latter is dominated by sedges (carex GR.) and rinqed by feather­

~ss forest. Together, these two, small wetlands comprise 4.6 

percent of the total basin area. The surface cover in the sedge­

mess fen is composed of both sphagnum IIIOSS an,a sedqes (Carex :i1il9') • 

Tamarack (Larix laricina) is sca tter~d thZ:OUg~out as are a few 

stunted black spruce. The edge of the fen and t11 hummoeks are 

occupied by dwarf bircb (Betula glandulosa) and Labrador tea 

(Ledum grQenIAndicum). This fen oecupies a very poorly-drained 

depression where small pat;ches of open water frequently occur. 

This depression is border~d by lichen wood1and. 
tri 

3.1. 2 Selection of the Study Sites 

, 
The vegetation cover of thé basin was mapped using black 

j 

1 
1 
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and white aerial photography (~:12,OOO) aided by field reconnais­

sance. Based on airphoto interpretation and further field recon-
'" naissance, four study sites were selected which were considered 

to be representative of the cover types found within the basin 
( 

and the surrounding area and which incorporated minimized contami-

~ation from nearby roads, site accessibility and size. The site 

locations are shown in Fi gure 3. 5 i te l wa~ loca ted in a closed 

lichen woodland at the north end of the basin. 5i te 2 was located 

to the east of the upper edge of the basin in the lichen-heath 
, 

communi ty and bordered on the moss-h.eath-shrub area. Si te 3 vas 

locatetl in a feathermoss forest at the south end of the basin 

and bordered on a transition zone between feathermoss forest and 

lichen woodland. Si te 4 was loca ted the sedge-mess fen a t the 

northwest end of the basin. Since the fen ~~ 3 ha, it was de­

cided ta use this as a guide, ta the minimwn size a vegetation 

association should be in order to be considered for a study si. te. 

3.2 Project Structure 

The nutrient status of the orqanic horizons in late f.all, 

just pTior to the development of a contlnuous snow cover, vas 

chosen as the base nutrient level of these horizons, sinee this 

marks the end of the growing season and uptake of. nutrients by 

the plants. Only chanqes bebleen the nutr~ent status'of 'the or- ~ 
ganic horizons vere measured sinee this is the mater.j.al from which 

nutrients become available and which forDIS part of the snowl 

vegetation/sail interface. 

Rather then measuring the bulk conc~trations of the 

snovpack chemiçal parameters, thé distribution of the nutrients, 

particu1ate matter and pH throUCJh the snowpaclt vere measured in 

10 cm sampling sections. ThiS was done durinq three sampl..ing 

periods so that changes in the distributions cou1d be monitored 

and to de termine ~e1.:her or not ~ nutriE!nts ~u::cœaul~ted .. as t;he 

snowpack developed or ~~tber ~y became redistributèd or ,de­

pleted frODi the snowpack. The bull sDowPack pB, nut",ient and: 
particu1ate matter concentrations (ire represented by' the ,~s 

-j 
.J 

',\ 

• l, 
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of the concentrations measured in the s~les removed from the 

snow profiles. 

The SnOW morphOlogy was meaBured dur:ing sample colleç-

, tian since changes in snow morphology indicate 'an, active, rather 

than static, body and those changes ~ influence the nutrient 

re'qime of, the snowpack and the environmen't of the snow/vecjetÇ1t:ion/ 

soi 1 in te r,face • Snowpack temperature profiles were rqeasured ta . .-
determine the insulating effect of the snow cover and the tem-

peratur,e of the el'lviI;'onment at the base of the snowpack. 

Measurement of over-winter mass losses in plant t;issues 

was used as a direct indicator of whether or not decomposition 

was oècllrrioq bene~ the snowpack. 

3.3 Field Methods 

~. 3. l Er'rors and Sources of Err:ors 

'Th~_r~ are a number of errors as.sociate'd wi th measuring 

the. physi~al parameters of ~e snowpack. Most proPtin-ent of these­

art! densi ty, va ter equi valen t and tempera ture measUJ;eme~ ts " Snàw­

pack horizon denSities wel;"e meas~~ using' 8~OW~ ~~e vol_ and 

weiqht measurements. Snow cores were'removed usin.q either a' 
,3' . 3 ' \ ' <, ' 

250 CID or 500 cm metAl snow core saapler.. A total. bulk snow c 

saJllPle volume o,f 1000 cm3 vas collected and th.~ core sUiples vere 
, , 

lf8iqh,ed in the field usinq a top-loading balance. The me as ure-

',ment error of the bal~ce i5 !l. 0 ,q and the estimated volume . 

error ()f the core, s~lers i,s ,as qreat as !'lO. 0 CIl
3 • Therefore, 

the e,stiJaated ~rror of ,the' densi ty' measurement ranges' 'fr~ !l 
ta ~2 percent for thè 500 'ca3 and, the 250 cm3 's_lers, respec-

'" -. 
tively. 

The watèr equivalent for each .. horizon wu ~lculatèd 

frOm the 'horizon' deptb and bpriz-oD densitY. Based On a depth -~ 
mèasure.nt- errer of tO.,S ca, the eati_ted error of the vater , , . 
equi.val,erit r~ge",fr~ t3 to t. per~nt .• ,'!'he va~r equiv&lenbs 
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3 f9~ ice ~ayer~were cal'culated using a density of 0.9 g/cm . 

The bulk s'nowpack, water equj.valent is the sum of the snaw hori­

zon' and ice Layer va~er equi v~lents. The numerous ice layers 

in the s~wpack and slushincj at the snowpack base were consistent 

probleIas while tryi,n,9 to remove complete snov core samples for 
. ... 

-huik snowpack density measurements. This method was-eventually 

abandoned and the snowpack density values presented in section 
, " 

4.2.2 have been estimated from the snowpack depth at that loca-

tion and, the total water equ~valent. 

SrlOW' profile temperatures vere measured using pre-, ' 

calibra'ted, snowpack thermometers. The thermometer calibrations 

were Checked rePeatedly throughout the sampling sessions and 

were found ,to have ~emained consistent. The ther.mometers were 

cal.ibrated again8t' standard laboratory mercury thermomet.ers in 

an anti-.freeze solution. 

in'terval's' from - 200 e to 

snowpack thermometers i8 

of the, ~strument itsel( 

Measurements vere calibrated at lOoe 

+100 c. The reading accur~cy of the ... ~ -o. 2°C, although the actual accuracy 

is probably between :tO. 5°C and f: 1. oOe • 

, 1 'Apart fiom tl)e problems ot instrument Accuracy, the 

lDOst obvious, source of error Associated vi th this metho,d is the 

,héat f~ow. ~way, frOm .the 'exposed profile face. Therefore, the 

llléasured profile tèlllperatures (al'thouqh approximately 15 cm 

, inside ~ tilt! ~~ack! away frôm the profile face) can not be truly 

indicative of the undisturbed profile, but rather only approxi-, 

mate it. The temperatures also cao no~ he read ~iately, 

sincfi\! ~e' therJDClDeter responds slowly and takes several minutes 

to reach a constant mea.~t. Tberefore, due to the errora 
1 

inliere!1t' in this, method, SDOW profile temp1!ratures measured in 

this manner .m&Y be usèd for illustrative purposes only and any 

conclusions ba..a on these values àre atrietly tentative. 

î 

t 
1 
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~3. ~. 2 Sampling Procedure 

/ The fo110wing sequence of sampling WAS condue~ed' at each-

site: 

Sep'tember 19-80: '1 '. 

1) Three lxl m soil profiles were excavated and the soils 

were classified accordin9 . ta IDOrPholoq,ical cbaracteraitics. 

profile locations were 'selected to' includê wi·thin"-site surface 
t .. ~ 1 

vegetation and for micr.o-topographie di vers+ ty . \ 

2) Soi1 samples fram each Kori~on vere collected into plas-

tic sampling baqa for later analysis. 
3)· Pive locations, three .near· te the p~vious,ly .excavated 

soil .profiles and two additional ones, transectinq the sites in 

a • x' pattern, were selected and marked with voodeJi stakes of 

known height ~ich would later be JlSed for anow depth measure-
~. 

ments. The stakes, which vere numbered one to five, also tllArked 
. , 

the location of the t'uture snow samplinq, locations. These laca-

tians ~re numbered aecordinq ta the site n~:, follo~ 'by 

the stake n~r. Bamplinq locations, are ahqwn in Figure j. 

4) 2x2 ~ plastic sbeets (0.1 mm thick) were laid.over,the 

ground surface and aecured at;eacb of the five staM locations. 
'fo ." .) .. 

A numbered stak.e marked the corner of each aheet and the orièn-

tation of the sheet, relative to the stake. was noted." Tbe. pur-
, 

pose of the plastic .sheets WBS to fOrIR a barrier between the 

ground/Vegetation surface and the overlyinq snowpack, tbereby 

removinq the contact between the qround surface and the bàse 

of the snowpack. 

5) Ten LIR/Ah soil samples, tvo from each of the five sam-
" . pli:ng locatio~s (~ a maxium depth of 10 cm). vere collected 

for later laboratory analysis. 

6) F.l:eJlh ,tissue saples vere collected fram the dominant 

tree and shrub species ,t each si te. In the laberatory', the ~lk 

tisaue samples we~e aven dried at, 6SoC. for 24 heurs' and weigbe4 

out in approximately, 5 CJ portions (exact wight vas recorded) 

into nuabered, nylon gauze litter bags vith a l.JIIl ... h (O." _ 

,) , ... 

, 

1 
ï 
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, , 
. ~; '" 

for tamarack aamples). 1'wenty J;>a99ed samples of each s~ies " 
"-

were ret-urned tb the sites from wbich tbey vere collected, and 

rediatributed three m avay from and &round each' of the pl.astic 

aheets, vith four samples of each apeeiea at each atate 1ocati9n. 

• 

1) Snow dépth vas measured at the five stake locations at 

each si te;~ on the samè daY. , 

2) Three 1?,1 m snow profiles were excavated a~ the three. 

sulte locations near te where the soil profi.les had previously . , ' 

been dug. care'was. taken nqt te exeavate,over the plastie' s.hee~. 

3) Snow profile depth was recorded and snoW.~rofil~ tempe~­

atures vere ~asure<1 at 10 cm intervals. from ,the snowpack base, . 

using previouaiy calibrated sl'lowpa~ the~ter9. ' Snow strati-

. 9'r~phy vas recor.ded and SftOW grain size and ,the snow denaites- ot 
each majo~ horizon vere measured. 

4) Snow samples for l'aboratory analysis were collected in , 
10 cm segments down the profile, from the opposite profile ,face, . 
diJ;'ectly into plastic sampling bags f using a plas.tic scoop. The 

snow samplès vere Passed throuCJh' a clean" large-mesh (2 Jal) plas .. 

,tic sieve, held over the moutti of the bag, ta remove any large 
,~ . . , 

piece.s of litter wh ... ich could contaminate the sample upon melting. 

The li tter was retained and returned ta the lab ta be ·weighed 

and calculated vi th the pa~ticul~te llatter re,lIIOv.d from the sam­

ple tl',rough f;i.l tering. 

5) The' Bnow sample. vere returned to the laboratory and 

sto~ed outside in snowbanks until they could be melted, analy •• d 
.' . 

fQr pH and filtered ~ntQ-cl.ean, plu,tic sample ~ttleB. 

FebruafY. l1ü: . 

1) Snow depth _asureaentà, sn~. profile telllp8raturea, aua'!.. 
ti-graphy, 9rain size, den.itie. and .DOW ' • .-ple collec~ionJ pro­

ceeded the sa.. as in Deceaber, 1980. 

2) ~ive f~esh snaw ~açle. were coll~ted frbla the "now 
surface the IIIOrning folloWioq a lai.nor snovfall. S.-ple. vere col-

l , 

lected directly into plastic baqa uainq a plastic scoop. 

1 
l 

, . 

1 

l, 
1 
1 
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j 
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~) Snow depth measurementa vere ,recorded on three dates dur-

ing tbis saapU.ng period; one previous to the onset of melt and 
ÏIIS 
two during the _1 t periode 

2) Snow profiles vere excavated and saupled according ta 

the ~œmber and Pebruary sampling. prodee!urea. Bowever, during 

this sampling period, two profiles at the three snow profile . ". 

stake locations vere exeavated: the control profiles, vith a nor­

ml snow/soil interfape, and the 'experi_ntal profiles, excavated 
----~/' . 

above on~ half of the plastic aheeta. Although snow samples vere 

collected fr0D!- both\ profiles, snow s tr4tigraphy, temperatures, 

grain size and density vere recordée! for the control ,profiles 

only. 

3) Following the onset of mel t, a second set of profiles 

vere excavated~ two profiles at each of the fi ve stake locations: 
\ " . 

one vi th a normal snow/soil interface ane! one above the plastic 

sheet. Only snow samples from the bottolll 10 cm of thes. pro~iles 

vere collected. Snow atratigrapby, t...,.ratùrea, 4aft8ity ,~d 

grain si ze vere not _asurad. 

'1) Pollowing the malt, 20 LFB/Ah sallplea (ta a depth.,of 10 

ca) vere col.leeted; tiro fre. beneath aacb of' the five plaatic , , 

sheeta and two adjacent ta .. ch of the .abee.tis. The li.t1::(tr ~9's 
vere retrieved at the SaJ118 ti_. 
3. • Laboratory Methode 

A ,w.ary of the anal.ytical. .• tIloda ia pr ••• nted in 'l'abl. 

2 and includes the analyse. perfor.ed, .tbe .thocbJ and .equi~t! 

us.d, detection 11iai ta and equipaent_ precialon ànd referéncea. 

The esti_ted precision/reprpdueibili ty of 'the resul ta is *10 

per~t. 

. , 

The aoil and organlc .. tter a.apl •• vere air drled i~ 
'>, 

_dia tely upon return ta the laborat:ory. The JBi~eraJ. .oil vu 

f 

J , 

) -. 
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passed thl'Ouqh a standard 2 _ sieve prior to ~eiII1.cal an.lysJ..s, 

All further .analys.s "'ere per..formed on the 2 lB soi1 fraction • 
• 

The LFS/Ah and orgenie soil' material was ground ta a finer par-. , ' 

tiele size pr~or to ehemica~ .nalysis. 
, , 

The snOw pB measuremenu were performed on unfiltered, 

_lted snow samples. A portion of the samp1e wu removed from 

each sample prior to mel tinq and placed in a glus beaker. The 

pH of dle Blél tinl] sample wu JDOni tored as the mel t progressed 

and recorded at o.aoc; while the sample was slush, 2.0~C, 4.00 C 
~' 

) 

\ 
1 

and then J>8riodie~lly until a constant pB measurement was reached. {' 

The staPle ~H value indicated that the malt vater vas in equilib-

,iium with abaoapheric CO2 'lt room teJllperature. 

The r~ininCJ snov sample me 1 ted in the resealed sample 

baq and, immediately fQIlowing .lt, vas filtered through a pre­

veighedi Whatman no. ·42 filter and collected iri-to clean, 250 ml 

plastic bottles. The fil ter papers vere oven-dried at 65°C for . " 

24 hours and reweighed. The veiqht difference represented the 

particulate _tter removed froa the _lted supie. This amount 

vas added ta the wight of the li tter previO?sly collected fro. 

the SDOW sa1Dpl.e in the field' and the colilbined weight vas adj\18t8d 

te 119/1 of" llUIple. ,.he filtered suples were refriqerated until .. 
the following analy.es could he performed: Ca, Mg, K ~ Ha and 

" • < 

TOP. Total diasol ved phosphorua content v.a an.Iy~ed a t the .1 

Schefferville s~ation sbortly after the I...,le liad been _lted. 

cation analyaes vere perfomecl at JlcGill University in Montreal. 
, , 

Becauae of the ~ry 1011 nutrient concentrations antici­

pated, periodic che~s Vere aade for PQs.ible sallple contallina­
tion f.roa the suplinq bags and .up~e bottle.. Several .up~ing . 
baèJ8 vere fill.ed vith di.tilIe4~ detonized vater at the __ 

ti_ tJ:lat 8aJIPles,were be1n9 _Ited and le".ral bours later the 

vater vaa tranaferred -to .uple botu.es and analy.ed in the s_ 

~ner as' the .nov • .-ple.. S-.ple bottle. vère al80 direcUy 

filled "i~, ti.Ulled" de1œ1 .. 4 vater, refrigerated and ahipped' 

vith the 'DOW .... 1 .. to IIDnU'eal. Subaequent analy.i8 In4icated , 
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thàt ~th the ....,1. bàg8 and bottlea 1Mr8 clean ~d Ilot a aource 
~ of .ample cont .. iDa~lon. , . 

. : 

" . 

" 
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Resulta 

. Data Presentation and Statistical Analyses' 

" 

Sn~ and'soil profile data,have'been' presented graphi~ 

cally.' ~now strati9rap~y, b,i!mperature profi).e-s, 4èpths, densi-. , , 

tiea ~nd vater equiva~enta are presented in FLgures Sa to 51; 

the vertical distribu~on of the chemical 'parameters in. ~e snow.­

} pacJç in Figures 6a ta 6p. Soil .profile "lIIOrpholoCJ.Y and chemical 

.~ 

. 
da ta are presentec;1- in Flq1Jres" 8a ta 8d. 

l , 
For mo'st. purposes descriptive' s tàtis tics (mean ~ncen-

tl;'ations and standard deviations) 'are used for the snQW and 

so,#.1 c:hemical data. co~le,te' d_ta seb for 'snow Cbemis~ry are 

foun~ in Appendix '1 .-d for 80il ch~atry and I*)rphology in 

Appendix 2. Statistical te.ta 'us.d includ~ the Stude~t'~ t-test, 

.nalysis of variance. (Gregory, L918 and BUIIIOnd ang' McCullagh, 
~ - , . 

1918) and oorrel,ation oalysis "(SAS Inatitute,' 1979). The re-

.ulta of âa.e 'o~ the fe.ta are 'pre.enteèl in thi. cbapter; èxten­

.~ve, 'r •• 1ll.t. are fOuDà ~" A~ndi)Ç '3 .. 

" . 
Correlation analyai. w ... ,uaed to 'test fo/relatiODshl.P8 

. . . 
betw .. n the va.r'J.oua cbeaical par_terlt .. a.ured· in the' ànowpacka - . . ' 

(""'le l, Appendix 1). PatternS .~d' ckDIpa~iaon. of 'intra- and' 

inter-aite vari.Uc:m. in. snowpaèk cheaiatry _re baaed on the: un~ 
.. 1 .... ... • _ 

".igbted .. ana and ,.~ndard. deviatl't;)~ o'f 'the 'chelllical. paraJâetera, 
, -, . . ",,' ., 

for .vhicb the. aa.ple.si •• , .n, 'ia the n~r o~ 10 ÇWl depth 'auaplea 
ri, .. 

in e.ch protile· (T4lb'le 7). 1,'h. StUdent 'a: t-:-teàt li •• b.en appl.ied . . ' 

to dete~ne the .igDifi:c~ of the c:ti.fferencea b'-tv~n ·paire 

of ,...... for eacb ch8aiçal 'par_.ter. ,D.i,.fferences· ar.e considered 

to be ,si9ll.it1cant. atD<-O.,05. . 

:tDtra-ai te co..,.riàona~ be1:V.een profiles .-.pled, duri~9 ' " . . . 
"the ._ aaIIP~iD9' perlod, ~'tt:ellPt ta, idantify àiCJn.ifi.~nt dU-
(eteÎlcee 'i'n '.nawpa~, ~ftIIi.trY'vithlD ~ a .. site (Table 2, , 

. AppeD:cu,. 3). Intè~-~i.te' COIIIP,IIri;~ ~~ti,ty ·.~i~ie~t· ~f-' . 
l 

' . 
" . 

" 

" 

• 
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ferences in snowpack chemis'try- bet:ween' the four si tes durîng. the 

SaJDe ~ampiinq peri04 ('l'able. 3, Appenclilt .3). .Intra-si te compari-, . 

sons .be'tween profi les ~amp1ed in early-, QÛd- and la te-vinter 
, .. . . ~ 

. identify 'temporal cban'les in snowpack chemstry' wi thin the same 

~it;e (Table 4', APpendix 3). The two-tailed ,test siqnificance 

1avel.s have been Used in, the intra-si te compàrison of spatial 

'va:r.:i.~tions .. , 'The one-,bii.ied test s .. iqnifi-cance ~v~ls have been 

used in lbe intra-site temporal and int-er-site' spatial cOtnpari-
, 

SO~~ since ~t ïs ÇJf inte.rest ,to know w~ether or not one sample 

·mean'is slgnifièantly greater than the other. For the intra­

site cQlllparisons, 1à\is indieates a siqnificant increase (or 

decrease) in mean c6ncentra~ions Ol1er tillie.. In the inter-si te 

co.pari,JJons, '~is -- indica t~s·. a t w~lch si te the mean values ar~ 
siqnificantly higher. 

The influence, of contact vith the qround surface on the 

: snowpack chemis try has beeri' ~valu~ted bY· comparing th~' snow 
~ , ~. . 

chemistry of the control and experi_ntal snowpacks and t;he . . - '-

chemistry· Qf base s~QW ,samples i~.,ved from control and experi.-

~nt41·,prO'f,iles .. in' mid-May ~ .. compar~soll~ " using the. S ~uden't' s 

t-teat, inclûel~ the effect of the' soi1 in~rface 'wi"thin 'each . 
, - , 

si te ël~d between-:-si te comparisQDS of the exp,rimental anel contro-~ 

BallPles .• ' 

... . 
. AB with the snaw Cbemi,try dàta, ,the ~tùdel)tfs t-tes~ 

,,' 'has bee~ ~ed to o~re inter-si te, spatial a~d ~ntra~si'te tem­

porà~ differences' in. soi1 oX'gan!e horiz,?h chemistli}' (Table F.J, 

Appendix.3 ànd "ab~e 19)'- ,;It has a1so been ~~ed ta assess dif­

ferenêes in o'ver-vi~ter' tissue mass l~sses,' bot:;h bewe"en dif­

'~er~nt species and bebreen si œs' (Tables 21 and 22) ~ Differences 

are COnsidered te' be signi.ficant àt the 0(=0.05 level •. 
" , 

'4.2 .Snow Cover- in the May Lake 'CatèhÎaent 

.... 2..1' Snàw 'eover ACèuàu1àtion 

.. , 

The variation ip ~mow co~r acc"u.ulatio~ between the four 

,1 

. " 

,.1 
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. 
( Table 3: Snow depths ,recorded in ·the May Lake 

Winter 80/81 

Date Site Stake Locations 

; 
Snow Depths J;ll 

1 2 3 4 5 

10.12.80 1 0.80 0.79 0.83 0.80 0.73 
21.02.&1 1.20 1.07 1.17 1.16 0.99 
26.04.81 1; 57 1. 51 1. 48 lj6 1.19 
19. OS. 81 1.01 1. 08 0.85 1,80 0.77 
2.4 • 0 5 . 'tn 0.86 0.94 O. 76 , 4 0.73 

. , 

19 .• 12.80 2 0.42 0.58 0.44 0.·69 0.56 
,21".02.81 Q,t52 0.31" 0:23 0.72 0.34 
26.04.81 0.79 0.77 'O. 74 1.18 0.81 
16.05.81- 0.38 0.40 0.38 1. 07 0.72 
22.05.81 0.35 0.32 0.25 0.68 0.33 

10.12.80 3 0.65 1.11 0.46 0.9~ 0.39 
21.02.81 . O. '89 1. 29 0.83 0.87 1.13 
26.04.81 1. 26 1. 64 1.15 1. 26 1.45 . 
19.05.81 0.88 '0.95 0.90 1.18 1.07 
24.05.81 0.63 0.75 0.80 1.15 0.93 

10.12.80 4 0.89 0.80 0.88 0.91 0.87 
, 21.. O~. 81 1.11 0'.94 1.01 1.15 1.09 

26.04.81 l. 41 1. 33 1. 48 1~52 1.53 
19. OS. 81 0-.72 0.69 '0.78 0.92 0.9l. 
24. OS. 81 0.64 0.6l. 0.64'0.77 0 .. 66 

.. ., 

.. 
, .. 

, ' 

, " 

, 

, , , , 

catchment 

Mèan S .D. 
m m 

0.79 0.04. 
1.12 ,0'.09 
1.,4-4 0.15 
0.90 0.14 
0.79 0.12 

0.54 0.11 
0.42, 0.20 
0.86 0.18 
C.59 0-:31 
0.39 0.17 

0.70 0.30. 
1.00 0.20 
1.35 0.19 
1.0'0 0.13 
0.85 ()<. 20 

0.87· 0~O4 
,1.06 0.08 
1.45 o .~8 

"-0 • 80. ' 0 .11 
0.66 0.0-6 

l' 

" 

' ' 

1 
J 

1 
r 
~ 

~ , î 
! 

( j 

1 
1 
:( 
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Table 4 : A statis tical comparison -( t-tes t) of the mean snow ) 
depths at the four s tudy sites • " . 

Date - 1 vs 2 1 vs 3 1 vs 4 2 vs 3 2 vs 4 3 vs 4 
t t t t t t 

) 10.12.80 4.78: 0.66 3. i6 : 1.12 _ 6.30! 1. 26 
'\ 

21.02.81 7.14 ! 1. 22 1.11 4.59: 6.82: " 0.62 
oJ" 

26.04.81 5.54: 0.83 0.13 4.l9: 6.70 : 1. 08 

1~.05.81 2.04 1.l7 1. 26 2. 73: 1. 43 2.63: 

24.'08.81 4.30: 0.58 2.17' 3.92 : 3.35: 2.03 

. 95 / percent 
level of significance 99- perëent based on the one-tailed 

99.9 percen't" .rtes t 
df=8 

Table 5: Study si tes ranked according to snow depth 

Date Decreasihg Snow Depth Greatest Least 
Variation Variation 

lO .12. 8Q 4 >1>3>2 site 3 sites 4, 1 
~ .. 

21.02.81 1 >4> 3 >2 3, 2 4 

26.-04;81 4 = 1 > 3 >2 2 4 , , 

19.05-.81 3 >1> 4 > 2 -",3 4 

24.05.81 3 » 1 > 4 >2 3 4 

" 
• 

, 

: 

; 1 ~ 
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study sites can be seen in thé varying snow depths measured at 

these sites over the winter. The snow depths, measured on five 

dates between ear1y December, 1980 and the end of May, 1981, are 

presented in Table 3 and are compared statistically using the 

Student' s t .. test (Table 4). In Table 5, the study 51 tes have 

been ranked according to snow depth. The si tes showing the 

greatest and least depth variat:ions have been identl.fied for 
o 

each measurement periode 

\ 
i 

At no time durlng the winter werê the differences in 

snow depth between the woodland (site 1) and the forest (site 3) 

statistically significant (Table 4). Differences between the 

lichen-heath tundra (site 2) and the forest were sl.gnlfl.cant 

from February pntil the last sampling date in May. Significant 

differences between the forest si te and the fen (Sl. te 4) .aevel-
\ 

oped only after the onset of melt. Differences between sites 

1 and 2 and sites 2 and 4 were significant up untl.l melt began 

and once more during the latter phase of the melt. Differences 

between sites 1 and 4 were significant at the begl.nning of winter 

and at the end of JDelt. 

Snow depths were shallowest at si te 2 throughout' the 

winter (Tables 3 and 5). Si te 3 showed the greatest ra.nge of 

snow depths and, prior ta snow melt, the deepest SIlOW depths 

were measured at stake 2 (ldcated near the base of a slope) at 

this site. In early winter 1 snow depths were deepest at site 

4, followed by si te 1. In February, the mean snow depth at si te 

l was g'reater than at site 4 and in late April, the mean depths 

at these two sites were the sarne. Following the onset of me1t, 

snow depths were deepest at site 3. Site 4 had the most even 

snow depth distribution throuqhout the wintef' Snow depths were 

as consistent at site 1 durinq the first half of the winter, bUt 

by late winter and early melt, the variations became more pro-

nounced. 

The snowpack disappeared earliest from si te 2, on or 
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Snow depths and water equ1valents 
I~ measured during the winter 80/81 
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about 28.05.81, followed by s~te 4 on 02}03.~6.8IJ The ~oodeà 

si ~s remained snow covered much longe~; si te l was, for the 

most part, snow free on 09/1n.06, wh~le some snow patéhes were 

sb Il ~ntact ~n the forest si te, si te 3, as ,làte as ~L '6. 
The vegetat~on cover and' snow ~ccumulat~on pat~erns at 

the four study S~ tes -can be re).ated _ te the roughness zones and 

snow accumulatlon patterns descn,bed by Granberg (1979) and d~s-

cussed ln sec t:lon 2. 6 . Slte l can be classlfied as a closed 

woodland roughness zone" where vegetat1.on characterJ.,stics A'ra 

the maJor surface roughness ·control. Snov accumulates consis­

tently throughdut the wl.nter and varHlttons ln snow depth· oceur 

nWll.nly around the base of trees. Si te 2 is a r idge crest rough-r 

ness zone, where snow removal and redistrLbution are more actlve 

than accumulabon and whère hollows and nu.nor sldpes, away from 

the rldge crest, âct as areas of accumulation. Topoqraphy i8 

the ma~n surface roughness factor here, although shrub vegetatlon, 

vher(> prèsent, is also iMpOrtant in the éarly -~l.nter. Sj. te 3 

1.5 a valley bottom roughness zone., -where"'"snow dep-th accumulation 

shows considerable ,variation. Jter~~ topoqraphy -and ~e~eta~on 

control surfaCe roughness charact;eristic1i te a considerable ex­

tent.. Si te .. 1.6 an open depres'slon and, al thoucjh 'î'inged by 
woodla.nd and forest.,' does net, itsel.f, have Any major surface 

rouqhness factors. Snow accumulation i5 even an'd' shows very 

11. tUe variation. 

ln Figure 4, snow accUIDulatiôn at, the four study si te. 

in the May L&kè ca tchmen.t has been cOaçar!!d vi'\:.h the Sçhèfferville, 

10 ;point snov course (described J.n section 2.6) to see hov cloaely 

the May Lake catchment reflects the .nov aec:umulatl.on which i8 . 
often consl.dered as representativè of the standard for this en-

viro~nt. Sl.te l, foll.owed by site 4; shows the closest aqree­

JDe.nty/O~ co~-rable dates, to the me,an snow aeCUlll\Ùation a.lP~9 

- tbersnow course. Site 3; And particularly site 2, have conais­

ten:tJ..y lower mean snow deptbs _ for the s&_ sUllPling dates. Ac­

oording te t:pe graph (Figure 4), the peak" ... an snaw -depths and. 
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",ater equiva~ents vere JPeas,urèd on 01.05.81. Melt began sometime 

between 01.05 and 98.08.81. The snpw depths, measured in the 

May Lake catcbment on 26.04.81, may-therefore'be considered as .. 
representative of the accumulation of, the snow season sin,ce no 

major snowfalls occurred between 2'6.04 ,and, 08.05.81: 

The snowpad appears to have ~l t:ed more' quickly in the 

May Lake basin than at the s'nov course, al though this is not an 

accurate co~risoh sinee the.last samplinq date, 24.05.81, 
, , 

i8 compar~d with snow depths two d~ys earl1.er at the snow course 

(22.05.81) . On t,Pe last sampling q.a:te; G8. 06.81, the mean snow 

depth a·t the snow co,urse was 17.0 cm. The cpmplete data set 
\ - - l , 

(not presented here) for the snow course indicates that by 01. 
o ' 

06., the snow had d1.sappeared from the string bog, one day earl-

ier *=.han 1.n the fen, si te 4 (McGill Subarctic' Research Station 
'1> 

Snow Course Records). At aIl three stake locabons, (7, 8 and 9), 

in 'th.e woodland, 13..cm, of snaw were recorded on 08.06: the vood­

land site vas practical1y snow free o.n 09.06. Points 5 'and 6, 

vhich IUl' he compared te t:he f"then.lS8 forest, si te :a, rf;t9is­

ter:ea ~~ depths o'f.~l." and 33..6~, reà~tive'ly. Althouqh 

SI\.OW c1epth lIe~sure::-~t& are l'lot avaj.lablé, the snowpack V)l'8 

still ,continuous in the farest on this ~t:4. , .. 
- , 

1 

4.2.2 SnCIW St;.rat.i.graphy and Teillperatur~ 

Strat1grapllic and teJaperature profile_" dansi tiea and 

",ater equiva~fU'lts for the snowpac:ks,.et the fQur stuc!y sites, . ' " ' , 

excavated during the three major sa.8pli:ng_ .... sona, are pre~ftted, 
1 (') " ' • 

in Figures Sa to "51. Sn~çk denai ties and vater equivalenta 

increased at a11 sitesbebteen Dec~er and April/Ma~. 'l1\ere 

ia ~ certain ..,unt of vi thin-aite v..ariatiOl1 in' dens.i, tiea ~d 
, . , 

~aj:er equiVàl.enta and the variat~~ i-~creases ~8 the wint:er pro-

gres.e.. In Decelllber, 8nowpack. densi t:lès for the profiles et 
, ' , , ..' 3 ' . , 

site l (Fig- 5a)ranged froJII 0.22 to 0.25 g/ca and va~_r equ.iva-
. ' , 

lents frOID 19.2 to 19.8 CIl. ln tate April,' thi. had incre .. ed 

te 0.34 to 0.4" 'J/Clal.for cleD8ity an. 52.5 te 54.8 ça for w~ter 
~ 
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equivalent (Fig. 5c). At site 2, density values ranged from 
3' ' 

0.28 to 0.32-g/cm and water equivalents from 9.9 to 15.4 cm 
, 3 

in December (Fig. 5d), which i~creased to 0.47 to 0.56 g/cm 

- for density and 31.9 to 53.3 cm for water equivalent in early 

May (Fig .. 5f). December density and water equivalent" values for 

the site 3, profiles ranged from 0.22 ta 0.27 gicm 3 and from 

16.3 to 22. l cm, respectively (Fig. 5g). In early May, density 

ranged from 0.32 to 0.4~ g/cm3 and water equivalents fram 40.6 

',te 48.6 cm, (Fig. Sil. At site 4, d~nsity v~lues ranged from 

0.23 ta 0.26, g/cm3 and water equ~valent fr6m 17.5 to 20.2 cm 

in December (Fig. 5j). In May, density ranged from 0.34 to 0.43 
3 g/cm and water equivalent frOID 45.4 to 50.6 cm (Fig. 51). 

Snowpack densities were comparable between sites 1, 3 

and 4, ,durl.ng the winœr. At si t~ 2, snowpack densi ty was notice­

.ably, higher during' ~1,1 three sampling sessions. The mean den­

slties Ccalculated from the thre'; profiles At' each si te) ranged 
, 3 . 

fram 0.24 to D.25 g/cm at sites 1, 3 and 4, compared te 0.30 

g/cm 3 at,site 2 in December. ~e differences increased in 
, 3 " 

February from 0'.29 te, O. 31 g/cm a t si tes l, 3 and 4 compared 

to ,O. 40 g/c~3 at s1 t~ 2. The differenee in May' was the largesti 

'0.3-5 te 0.39 g/çm3 cOlI)pared to 0.52 g/cm3 at si'te 2. 
~ 

Water' equivalents were l'Çwest ·a-t site 2 and although the 
,- -

'mean. wa'ter equivalents between sites 1, 3 and 4 were eOll1pa-robl'E- , 
- \ 

- in December, dif~erences increase9 in FeDruary and, by the spring, 

la;-ge differences had developed between these' three sit~ and 

the, spring waœr equivalents beo.,;een sites 2 ~nd,J.l ~ere dompar­

able. In DecemQer, the mean water equi.'valent·val~~s ranged 

from 18.6 to 19.8 cm at sités 1,3 and 4_compared te 13.6'cm at 

~i te 2. ThiS' increased to ,JO. 5 to 34.1 cm between si,tes 1, 3 

ànd 4 and 21. 9 cm at si te 2 in February'. 'In May, the mean water 

equivalent was higher at site 1, 53.~} cm followed by site 4, 

47.4 cm, '~si.te 3,. 43.7 cm and site 2, 42.1 cm. 

Ice layera vere ~r~sent in all the snqwpa~ks 4D~ range4 

in thickness from 'O. 5 ~ ,(which, were actually buried sqrface 

, 
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melt crusts) to layers as thick as 8.0 cm (Fig. Sf, site 2, pro­

file Il). The majority were between 1.0 and 3.0 cm thick. 

During the December sampling period, an ice layer was preBent at 

the base of the snow profiles at si~e l (Figs. Sa, band cl. 
, 

This did not occur at the other three sites. This may indicate 

that the ground surface was not frozen when the snow first began 

te accumulate and a slush layer formed, whieh was eventually 

buried. Low air temperatures and shallow snow depths caused the 

slush layer to freeze. Slush layers were also found at or near 

the surface bf several profiles in February and once more at 

the snowpack base in late April/early May. The presence of ice 

and slush layers indicates a changing temperature regime in the 

snowpack. 

The snowpack tèmperature regime is controlled by the sur­

face air temperature and he~ting from the ~round beneath. What 

is immediately apparent from aIl the graphs~s that,while the 

temperaturé of the upper snowpack appeared to be strongly af-

1> fected by the air temperatures, ~e temperatures of the lowe:r; 

now profile, and particularly the base of the snowpack, remained 

remarkably consistent. Secondly, the rate of.temperature in-
. . 

. èrease, -through the snowpacks was very pronounced from the surface 

te approximately the centre ,of the ~now profile and changed 

dramatic~ly to a yery gra~ual increase towards the snowpack 

base. Thi$ was particularly prbnounced in' the Dec~er snowpacks. 

At~site l, this gradient change occurs at 40 cm and appears to 
~ , 

be ~elated te horizon and dens~ty changes at 38 cm (Fig. Sa). 
'" 

A~ site 2, two gradient changes occur in the snowpacks: the 
, 
tirst is a very graduaI temperature increase between the surface 

and 10 c~ deeper, at which point the temperature increases rap­

idly to 20 cm at profiles 2 and 3 (Figs. Se and f) and to 10 cm 

at profile 1 (Fig. 5dl. This 'second gradient change corresponds ; 

1::0 major ice 'layers in the snowpack at the-se depths. At site 3, i 
this temperature gradient is more graduaI, but a gradient change 

can be identified at 30 cm in profile l (Fig. 5g), 50 cm in pro~ 

'file 2 (Fig. Sh) and Qetween 30 and 40 cm in profile 3 (Fig. Si). 

A minor iee layer at 30 cm in profiles land 3 also appears to 
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have sorne effect on th1S grad1ent change At 5 l te 4, the 9 rad-

l.ent change 1S at approxunately 40 CJ;U and also seems to be re­

lated to the fl.rst occurrence of l.ce layers (from the surface) 

in the snowpack at thl.S level, as .... ell as to densl.ty changes. 

The extreme al.r temperatures, .... hl.ch obv1ouslY affect the snowpack 

temperature regl.me at or near the surface, have no effect on 

the temperature Condl.t1on at the snowpack base 

The warmer a.l.r temperatures ln F'ebruary led ta a 'sllght 

warml.ng .l.n the upper profl.le sectl.ons Wh1Ch d.l.d not affect the 

lower halt of the profile. In each of the February profl.les, a 

level can be identl.f.l.ed, at or near the proflle centre, where 

the prof.l.Je temperatures were lowest. Temperatures lncreased • 
from Uns point toward the proflle surface and toward the prc-

file base, but at each sl.te, the base temperatures showed very 

little change from December, rernaln1ng at or near oDe. The 

spring profl.les showed an almost lsothermal tempera ture regime, 

at OOC, l.n the rniddle snowpack sect1ons., Wl.th very sllght tem­

perature l.ncreases of 0.1 to a.soc towards the surface and snow­

pack base. 

As previously stated, the temperatures at the base of 

the snowpack were very sirnilar throughout the winter and showed 

only small increases from Decernber ta May. If the values of the 

three profiles are averaged, the increases in the mean base teffi'-

. ° . ° peratures are as follows: -7.0 to 0.9 C, S.l.te 1: -2.4 to 0.3 C, '\ 

site 2; -0.6 to 0.7o C , site 3 and -O. a to O. 50 c at site 4. 

Considering the magni tu de of the air tempera ture changes exper-
" 

ienced throughout the win ter, the envirorunen t at the snowpack 

base appears very constant. 

Only small tempera ture differences were apparent between 

si tes 1 l '3 and 4: base temperatures were lower a t si te 2 by 

1.6 to 1.aoC in December. A temperature range of a.soc occurs 

in May between the four si tes. The lower temperatures a't si te 
.~ 

2 in December are mos t px:obab1y related to the shallower snow 
-

depths and the higher snowpack Bensi ties at this si te, le,ading 
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to Increased heat loss. A second factor may be the absence of 

a vegetatlon mat. S.lte 2 lS the only site wh~ch !iDes not have 

a contlnuous grbund caver. At slte l, the graund IS protected 

by a contlnuous l.lchen mat and at sltes 3 and 4 by moSS. In 

summer, these ground covers 1 ns ula te the ground benea th f rom the 

warmer alr temperatures and the soil temperatures remaln relatlve­

ly 10\11. In wlnter, these vegetat10n covers retard the effective 

transfer of hea t away from the ground through the snawpack and 

act themselves as a heat reservolr , thus ma1ntalnlng a constant 
a temperature a t the snowpack base near 0 C. 

The presence -of lce layers ln the snowpack pOssib1y 

have sorne role ln preventlng heat 10ss from the bott~m snowpack 

sectlon and the1r presence could be an important factor ln main­

taln1ng a constant temperature regime at the snow/vegetation/so1.1 

lnterface. At the same tlme, the1r pr.esence would l.nhlbit the 

ventl.latl.on of the snowpack, leading ta a bui1dup of gases, such 

as CO
2

, !?hould respiration be occurring. This possibility was, 

however, not measured in this study. 

4 . 3 S nowpack Chemi s try 

4.3. 1 The Dis tribution of the Chemical Parameters in the 
Snowpack 

The vertical distribution of the chemical parameters 

measured in the snowpack in DecembeJ:, February and April/May 

is shown in Figures 6a to 6p. It can he seen that snowpack 

che.mistry varies with depth and that strong peaks in concentra­

tions are appar~nt. In sorne instances, the various pat'all\eters, 

particular1y the cations, show simultaneous increases of compar­

able magni tudes. 

'Because of the variation in sampling location and samp­

Hng times, pH, cation, phosphorus ·a~d par.ticulate matter con­

cen trations show a considerable range of values. pH values 

range from 4 .. 0 ta 5.5; th'e majori'ty of pU(l) values fall wi,thin 

'. 
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the lover rllnge of 4.0 to 4,5 and 'pH(2) values betireen 4.5 and 
Il 

" 5. 5. ~atioD and phosphorus concentrations are extremely' lOV 

, ' . 'ànd, often 'near the detection limi t of the methods used. Of the 

, ,.four cations, Na· i5 preaent in the highest concentrations, gen­

er.liy ranging from 0.1 te' O. 3 mg/l; al though occasional peaks . . , 

ln .the· order of 1.0 mg/l occur. Magnesium concentrations 'are 

co~sistently low, normal1y ar~und 0.01 mg/1 and rarely. exceed. 

-0'.05 'mq/l. 'Potassium concentrations were' found ta be highly 

~a~ié.ble.. Large sections of the pI'Ofiles . frequ~~tly di~ no:t'''· . 

.". cORtain measureab1e amounta of K, but concentrati'ons were -180 
" -

often measured at 0.2 mg/l and some peaks of 1~0 to 2. 0.11911 . 
were measured. Ca a1&o shows considerable variation,' ranging 

trom 0.01 to 1.0 mg/l. Total dissolved phosphorus was most co .. 
monly present in concentrations between 1 and 10' ug/l, but peaka . 

, . 
of up te 100 ug/l in some profiles were measured. Particulàté 

matter content was extremely variable, ranging from l te 1000 

ag/l, however, the majority of values can be seen~to fal1 be­

tween 1 and 100 mg/le 

The two pH values, presented in Figures 6a te 6p, are 

the pB of the melting snow, as slush, at 0.2oC, pH(l) and 'tlie 

pH of the snow mel twater in equilibrium wi th atmospheric CO 2 
concentrations at room temperature, pH (2). The pH (2) value 

will be referred to in la ter discussions as the pH of the sam-

, .. 

pled snow, since i t was measured under condi tions comparable ta 
oth~r studies and is, therefore, a value representative of 

me thods in standard use. However, pH (l) is more representa ti ve 

of the conditions found in nature, particu1~rly in spring t when 

, 
1 
, 
" 

î 
1 

slush is present in, or at the base of, the snowpack and the '1' 

temperature of the meltwater a't the base of the snowpack is ne~r 
OoC. 

.pH (1) values are lower than pH (2) (by, in general, 0.5 

pB uni ts) and the t'Wo dis tribution patterns para11el one ano ther 
, 

throughout the profiles. pH is lower in the middle section of 

the profiles and increases toward the base of the snowpacks. 

This increase is seen to be mos t pronounced a t si te 4, where 
, 1 
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·it WAS measured in every prof·ile sampled (Fi98. 1im, n and 0). 

Surf'ace pH (2) values range from 4.5 to- 5. 4 and base values fro{t,·~ 

5.0 ta 6.5. An increase can also be seen in the spring prÇ)files, 
" t.:: Ie\ 

7 and Il, 'at site 3 ~Figs. 6i and k, respectively) and ac' the 

base ~f profiles 1, '(Fig. '~i') and 2 (~ig. 6j) sàmpled in December., 

ror' the rem~inder of ,the profiles at ,s'i~e 3, pH changes were 

mÏ'r\imàl. At "sites land 2 J the majority of the profiles show a 

sligb t d'ecrease - in the pli' ~ t th,e bàse 0 f the Snowpack! Excep'P 
'. ; ~ ~ ~ . 

, tions, to th ls are seen in prof',i les l'and 4., site 2 (F~g • 6 e) 

. ,":"ano·profiles.l (Fi9::'~a) and' 3, (Fig~' ,6C);'sit.e·:J.,:sa,JnPled in .' 

, , 

Pece.mber and a sli-qht .increase in' the Februa.~ 'profil'e, 5 (Fi~. 
.. 1'" ot) , • ~ 

6b),' also at site, 1. '" 

Common distrip.ution patterns frequenUyo oc:~ur and the 

" cations and péaks in concentrations serve "t~ 'accentuat-e :these 

.. ', 'aimilarities. Sin~e Mg concentrations àhow the least t8lllllmlcy. 

to vary thJ:'ough the profile and con,e~ntra~ions remain very low, 
~ \ , -

,ne distribution patterns', do not appear 'ta be' sixnilar to' those 

o~ the other ca tion's. ~he profiles whieh ,do' show very s"imilar 

," ,cUstribution p~ttern's for al.1 f()u~ cations, are' fo'und at si te' 3; 
profiles .1, 4 and 7 (Fig 6i) and 'profiles 3 and 6 (Fig. 6k). 

. ..~, ~ , 

The ~ations in profiles 3 (Fig _ 6e) and 4 (Fig. 6a), si te l also 

h:a~e very si~il.ar dis'tribution patterns":" Calcium and.K parallel 
., "~ ,- " l ~ ~ ~ l' • 

· 'on~ 'ahqther clQsely in aIl of the si te 3 profiles and this oan · ~ - , . '," -, , , 

· alao be se~n at· si te 4 in' profiles 1 and 4 (Fig. 6rn) and 5, (Fig-

· ~~) _ Sodium, distributions are also often similar to 'those of , 

Ca and 11: and at site 1, ;'t is Ca and Na, rather than Ca an,d K" 

that show' ·the oost similat pà t'terns ~ "This ciui best' be seen, in . ,­

, " ". th,e sprin,g' profi les, " 9 and 11. 

, 1 ~ • 

Marked increases in concentrat10ris' occur periodically in 
, , 

the p~o~iles and often corref;lpond to peaks in particulate matter 

cancen tra ~ions • This ls mos t . pronounced in the pro fi les' a t si te 

;3, where' aIl four, ca·t10ns and. 'l'OP frequently parallel' increases 

in particulate matter. Profiles 1 and 4, site 3 fFig.' 61)' show'· 

~is weIl. In profile 4, pH decreases in response ta in~reas,es. 

, , 

.' 

1 
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In the same profile, the sl~ghtly, higher 

particulate matter concentration at the surface i5 paralleled by 
1 . 

higher cation and TDP concentration's and by a lower pH., In sam-

ple interval 40-50 cm, a decrease in par~iculate matter is paral­

leled by increases i,n TOP and' cation conc_e~trations' and an in-' 

crease in pH. Other examples a t si te' 3 include' profilé 7 (Fj.g~· 

6i), where the cati,ons and TOP concentrations iricrease, in sample 

interval 60-70 cm, just below the increase in particulate .matte~ 

a t sarnple in terval 70- BO crn and a t profiles 3 and 11 (Fig. 6k), 

where the four cations and particulate ntatter increase at levels 

20-30 cm and 60-70 cm. Cation and particulate matter distribu- • 

tion patterns are very similar ln > p;uofile 5 (Fig 6j) and in 

profile 9 (Fig. 6i), K, Na and particulate matter at 60-70 cm i8 
" 

followed by an increase in aIl four cations at 50-60 cm. 

At si te l, the only examples of corresponding increases 

in particulate matter and the cations include profile l, 20-30 

cm, followed by decreases at 10-20 cm, and profile 9, where the 
1 

distribution of Ca and Na follow that of particulate matter rea-

89nably weIl and where pH shows an inverse distribution pattern 

(Fig. 6a). At profile 7 (Fig 6b), Na has an erratic distribu-
-

tion pattern w~ich does not reflect Any obvious changes in par-

ticulate matter. The sudden increase in R also appears to be un-
I 

related ta particulate matter. A peak in Na concentration at 

profile 6 (Fig., 6c) 90-100 cm, corr~sponds to a peak in particu­

late matter, but there are no corresponding increases evident in 

the other ca tions. 
, , 

At site 2, profile 4 (Fig. 6e), particulate matter, R 

Ca and' TDP distributions are similar. At profile 7 (Fig. 6e), 

increases in K and Na at 10 .. 20 cm appear unrelated to the other 

eurves. Curiously, particulate matter decreases ,at this le~el, . , 

the opposite trend ta what is normall!f fo~d. ,At p~ofj,.le. 5, . 

(Fig. ~f), the increase in p~rt1çulat~ matter. a~. '?O-~,O ~m is 

'followed by an Increase in çations and TDp"at '.49- 5~ ç:m~ This 

llli.g is 8180 seen in profilé 9 ~F.~q. 6f), where particulate mat- . 

'. 
~----_ ... "-

.' 

1 
f 
\ 

f 

, . 
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90-10Ô cm and Na anq TOP- àt 80~90 cm. 
) 

The 

other ele~nts Ido not respond. ,In- the sarne profile, at 30-40 

CIn, Na shows a~9ther strong increase and Ca anef Mg a1so increa(le 

sliqhtly, but this is not seen in particulate matter. 
;;>, 

Si$i;Lar"\' , 
~ ly, increases i~ 'K, Na and Ca in profile Il, 20-30 c~ (Fig. 6g) 

'-ocpur indepenClently,. At site 4, several strong concentration , 
, ', .. increases, pccur (ie. profile 4, 60-70 cm and 7; 90-100 cm (Fig • 

'",6m); profi1e S, 20 ... 30 cm and 9, 60-.70 cm and 10"\'20 cm (Fig. 6n) 

.. and profile Il, 90-100 cm (Fig . .60» al th~:>ugh there are no obvi­

ous, correspondinq increases in particulate matter. 
1 ~ 

" / 

. . 

C~ftion and TDP concen trations increase a t the base of . 
many of the profiles. The magnitude of these increases var"ies , . 

>'considerab1y but ie rnost pronouncec;1 in the spring profiles at 

site 3. In the majority of cases, particulate matter concentra­

,tions also increase. Exceptions to this patt,ern do QCcur. ,In 

mâny of t:qe profiles sampled in December and February at si tes 

.. .. l, 2 and 3, Na ~ncentrations decreased a~ this leve1. At site 
1 

4, this 'is seen only once, in the Oecember profilé, 3 (Fig. 60) • 

. &gnesiurn shows the least, ,tendency to change.. Potassium, fol~' 
, -

lowed by Ca, shows the most dramatic increases at this level .. , 

Increases l in K ooncentrations are in the order of 1-2 mg/l at . . 
site 3, in the spring. C. concentrations range. from 0.5 to 1. S 

-1' 

119/1. In profile 7, si te 4 (Fig. 6m), K increases to 2 l!'lJ/l' 

and Ca and Mg to 1. 5 mg/l. Sodium also shows an increase, but 

increases in the other siiing profiles' are modest. Xncreases ,at 

8i tes 1 and 2 do not exceed 0.6 mg/l for K. 

r~ " .< 

Changes in pH at the s'nowpàck base are not consistent. 

Increases were measured at aIl sites (Site l, profiles l (Fig • 
\ 
6a), 5 (Fig_ 6b) and 3 and 6 (Fig. 6c); site 2, profiles l and 

4 éPiq. 6e), and 9 (Fig- 6f); site 3, profiles l,' 4 and, 7 (Fi9. 

6i) and 11 (Fig. 6k)' and site 4, profiles 1,,,4 and 7 (Fig. 6m), -
2 t S .nd '9" (F1g. 6nl, ~d 6 and Il (Fig. 60» but occur' predomin-

antly at ,Site 4. In these exa~les, the çatiç;n ,?oncentration8 

a180 show relati:vely 'largè incieases at the snow~ck base, in 
.\ 

.. 

.... : 

1 

1 
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. çolllpar~son to th~' reRtalning cases., whete decreases il). pH at . \\ . 1 
. this levei oceur. j 

.;' Th~ distril';mtion ~att~rns fQr the various ~aràmeters' 
measured,' as iilus'trat~d in Figures 6a ta 6p, 6~n be silmma~ized 
as follows: snow pH lies predominantly in the' range of 4.5 to 

-
S. S,, the lowefit pH values normally occurring in the middle lay-
. 
er-s of 

r' ~.. '" 

Sodium 

" ,ll..t aIl 

the snowpack~ Cà tion and TOP concentrations are lo'!. 
, , , 

is present in 'the highest, Mg 'in' the ~owe~t, 'concentrations 
r f " .. f ? .. ~' '* l , 

sites throughout' the winter., but aIl the paramet~rs, show 
~. , ,~ f 

.. variable concentra'tions throughout the snowpack. Peaks in catd.lon 
, ~ - ~ l 

and TOP concentfâtions ;i,ri the, snow profiles at si tes 1 and 2 are 
• ~~1l in' comp~rison ~ those 'a t 'si te~ 3 'and 4 ~ Th~se increases 

frequently correspond to increases in particulate matter in the 

,snow profiles at the sarne ~ampl ing levels. This effect is most 
, . 

pronounced in the profiles at site 3, where particulate matter 
. ~ \, .. .. 
concentrations are ~lso the lar~est. The greatest va~ia~ions , 
in t;.he concentration distributions of thé cations, TDP and par­

ticulate matter also occur at site 3. Sodium distributions 
, - , • , 1 

have the mos:t'erratic pattèrn, which is apparent at a11 sites-
> 

&pcl' in, aIl the snowpacks sampled. The particulate matter concen-

trations at sites 1 and 4 are reasonablyconsistent throughout 

the ~nowpack, but at site. 4, cation eo,ncentrations change con~ 

sider~ly, regardless of ,this consisten'cy. Phosphorus concen-

,trations are com~ratively stable throughout the snowpacks At 

sites 1 and 2, whereas concentrations vary in the snoçacks -At 

sites 3 and 4, the greatest ,variation,s occurring at $ite .l., 

Calcium, M9, ~~ TDP and Pa~ticulate ~t~er increase,considerably 

at the base of the. snowpack, tl\e effect b~inCJ: mos~ pronounced At 

sit.es 3 .. and 4 and least at sites 1 and, 2. ~lthough increases in 

Na éoncen~ration8' do oecur,' t.'1~y are not as p~onounced as for the 

other parame~rs and, ~!' ... ny of the profiles, Ra concentrations 

decrea&e. 

The r.la~oft.hlpa ~~~ ~, par_~r., · as' 8ugge8ted 

by' the J.any siJl1.lar dlatX!but:4Dn' . pa.~t:en:. •• en tested uaing 

, i 

" 
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. correlation analysi·s.- The result.s· .. are presented in Table 1., 

Appe~dix ,3. Although there are numerous' examples of significant 
\ .~. .... ,....; 

- correlatiOns, parameters are only considered te ,be cocrela~ed 
where -~tber.e . is 'a high pr~babili ty . of correlation be tween. the 

.. s~e' p~r4meters: a t 1 ~ll ~ ~ree pr9fi 1.es' sampled. ,These examples_ 
, àre ,-s~àrized" '(wi1:h correspo'nding Figures) in T~b1.e '6~ - Th~ 

" ièv:~i ,of 'si~nifiéance ia at' 1eas't' 95 percent. 

-
What: ia imme~iately apparent from the results présen~ed-

in. .T~le 6 .ta ,that there.are n~ c~~n pattèrns 'of corrél~tiori' 
At' si,te l' during, the' entire winte.r and th,at correlations, com­

"mon' .t~ Ali three' profiles, onl~ bèco~ àppar~nt' in ~ SpriDg 

.' at 'si~ 2,.. Ther~ are s.ignifica~t cort'elations be~eel,l Ca,: 'Mg 
( • l , 

',ahd K.in,the three pro~iles 'at site 3 and.between the'se càtions 
,....0", • 

and particùl:a te ma tt$r, a t 's,i tes. 3 and 4.,. Ir:" Februaiy, onl y . Mg" _. 

, ~nd ,K and J( and pa'rticulate matter were found to Ile corre1.à:ted.· 

'''Theré w~ o~ly' a slight increase in the number of correlations \. 
i~ the 8Prinq' snowpack, 'and with 'thë exception of ,M<:i ,and !{à . 
at site :3 ~d 'R{l)' arid B(2'- (~H 1 -a~d ~l at 'site 4, thére are 

no othèX', eODllDn patterns 'for the' control profiles. ".. : .. ~ ~ ~,' .. .. ~ \. . 
. " 

~e 'siJÙ.1.aritie~ 8~own ~y many of the di8tribut~~~, pa~-,' : 
terna' (out1ined abow) at ai te 3, in the early wJ:n~r" are sup-, -­

'PoÈ'1;ed ,by tbeBe • .tqn,i~;i..cant ~rr~1.~tio1lS" s~gCJèsting ',that the 
_nce~trat.ion8r of the chemical cons ti tuen ts in' the snowP~ àre _, 
tél.ted and that the cations. appear to be stron'gly r~lated to , \ 

particulate matter. :In addition, as seen in Table 1., App~dix 
l, there are 'also significânt correlations,betwe~n Ca, Mg and 

. Ji .md b,,~~en X' a~ci parUcu1.at:e mat'ter in' one~ February prof.tle, 

, '4, at site 3, a .. i8 suqgested by the distribution 'patterns in ' 
• 1 ~ .. ~ 

Pi.g~e 6~. In,teres'tlngly., the d~stribution patterns in the pr9- . '. ' 
, ,~ 

files at si te 4' do not su9gest the strbnq rel~tionships betweea 
• r ~ • 

~y of t:t,Ie par_tera whi~ become apparent fr9J1l the hiCJh 

correlatron ~fficients • . 
, .. , -

,. 
« ,. 

. , I~ 

l, 

, '~ 

, 
~ 

.1 
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At si tes 1 and 2, r~l.atively few of the rel'ationships 

Îiùgges ted by the graphs are supported by high" correlation ca­
"efficients. However f as -is apparent frQm some of the distr!bu-

, ,tions a t si te l, and as can be seen in 'l'able l, Appendix 3, . 

there fs a èorrela tien between Na and the other cations in sever­

al of the profiles. 'l'he examples ~ncîude profile 4 (Fiq. 6a) 1-
) , ~ , 

Ca and. Na (r=O. 76) and Mg and Na (r=O,o 85); profile 5 ,(Fig. ~b), 

K 'and. Na" (r::.O. 97) and profile' 3 (Fig. ~cj Ca and Na (r=O. 88) and 

K'and Na (r=O. 85). At site 2, the similar'distI.",ibutions at pro-:­

file 5" (Fig. 6f) do ,indicate moderate correlations between Ca 

.. an~·~a '(t:O.79)1' Mg and Ca (r=O.'69) a~d Mg and Na (r=O.71). The 

cations. and part,iculate Înatter are correlated for the spring pro­

files, 9 and 1.1. 

, -

Although the '-distribution patterns for pH(l) and (2) 

sugqes t tha t there is a strong relationship between these two 

, values, rela'ti vely few of these examples are supported b'y high 

~orrelation 0 coefficients. At site 4, the two measurements "ere 

found to be correlated in aIl .thrée experimenta1. profiles. Also 

of importance are the correlations at wo of the December profiles, 
. . . 

.. ', l'and 2", a t si te 1 (r.O. 90 and 0.83) and, the February profiles, 

5 and 6, at site 2 (r-O.9l and 0.99) and 4 and 6, site .3 (r=O.89 

and 0.76) ° 
.. . 

~4. 3. 2 Changes in Dis tribution tSuring the Win ter 
, ~ 

-
It can be expected tha t the vertical d~s'tribution of the 

cheaical constituents in the snovpack will chan~e as the "inter 

.' 'J1rogre •• ea for\'the .following r~asons: new precipitation inp~ 
~f different chemistries, depèn,~in9 on synoptic condi tions; ~d­
ditiona of li. tter to the snowpack and li t'ter deéompqsi tion. and 

, '.., ~. -
1~~chin9; snew/soi1. interactions which will particularly affect 

the lover snowpack sections and snow metamorphosis,' as evidenced 

by 'ohari9~~9, sn~ ~ensities, crystal sizes and iee lenses craection , 
4.2.2)' .' 'l'he. decrease in the number of common correlation pat-

t:érns (Table 6) at sites 3 and 4 afte~ December may be as a result 

of the clianqing nutrient and/or particulate matter distributions 
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. :Cn the snowpack. 

o' 

pH, cation, TDP and part{cùla~e matter distributions do 

change as the winter progresses. The changes a~e, however, often 

inconsistent, not only between sites, but also within thë' same 

site and' common patterns are not a1ways' eas~ly discern,.i.ble. . . , 

There do not appear to b~ any large, overall cha~ngias in the snow-

pack pH at site 1 durinc.:i" the winter; with the exception of" sam­

pling location 1 (F·ig.· 6a), where pH increases from February to 

May (from a range of 4.5-5.0 te 5.0-5.5) in the upper and middle' 
" , . .. 

profile sèctions. No major shif~s in pH are obvious .beeweén Febt.. . 
ruary and May, wi th the exception of decreases in the base' sam-

ple values'from 5.-1 to 4.6. A,t site 2, pH 4ecreases between De­

cembèr and February at stake locations 1 ~nd 5 (Fiis. 6e and g), 

whereas there .is li tt-1e apparent change 'At stak~loc~tio'n 4 (Fig. 

6f). In May, pH shows obvious increases thr.oughout the profiles 

at aIl three sampling locations; the range of yalues incr~ases 

fmm an overall 4.3 to 4.8 in Februa:ry 'tQ 4 .• 4 te 5.2 in May. 

At si te 3, the very erratie December pH distribution at 
IJ 

--sampling location 1 (Fig. 6i), wi th very large v..ariations, be-

co_!J more uniform-in February and, with the exception of a 

large increase in the base sample (4.3 to 5.0), very: ,li tt1e 

~ange occurs between February and May. At the other two sam-

. plill9 -locations r pH values '''are generally less thah 5.' 0 through-. " 
out the profile during the··winter, al.though the increase, measured 

in the l.ower profile section at profile 7, a1so occurred in pro­

files 6 and Il (Fig. 6g), increasing from 4.6 to 5.7. 

Snow pB increases from December to February at sampl1.'Jlg 

locations 1 (Fig. 6m) and 3 (Fig_' 6n), site 4. This is fo1lowed ..... 

by slight, overa1l decreases in May. At location 4 (Fig. 60)', 

pH values become mox-e uniform in February, cornpared to Deèember, 

although a large increase in the base sarnple from 4,5 to 6.5 

occurs. The over~ll pH dis tributi~n does not, however, exceed~ 
,'!,. J 

5.0, .being lower t:han the other ,tw_o February profiles. LitUe 
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change ia apparent between the February and ~y profiles at 
, 

this stake location. 

There is a qeneral increase in Ca concentrati~ns in the 

profï1es at site 1 over the winter, although depletions at cer­

tain levels between rebruary and May do occur. This is parti cu­

lar,ly noticeable in the surface layer concentrations. At site 

2, Ca concentrations are consider~ly higher in the profiles at 

stake location 4 (Fig. 6f), than at the other sampling locations, 

throughout 'the winter. These concentrations decrease between 

December and February, whereas those at stake locations 1 and 5 

increas-e. By May, Ca has b~ depleted from the upper profile 

sections a t all three samplin9.\ locations. 

At si te 3, -cCllpuat4.vgl.lf high Ca conoentrations are' seen 

in the surface -snow layers in Fi.gures 6i and 6k ift February., 

The only large increases in Ca concentrations between February 

and May oecur a~ stake location l (Fig. 61) and this increase is, 

once aqain, very pronounced in the surface sample (0.46 ta 1.84 

mg/l). There is an increase of the same magnitude CO.27 to 1.82 

mg/l) rn the base sampie. CalciUlil concentrations are very low 

in thé upper and middle. section of the,- December snowpapk a t all 

profiles sampl.ed at site 4, with only slight increases in the 

lower depths. The cancan trations change very li ttfe throughout 

the winter,~ although hiqher Ca concentrations are 8eep in the 

Pebruary profiles (Figs 6m and 6p). 

Magnesium conce~trations are very lov at all'sites and 

do not change- ,appreci'ably during the winter. At site l, Mq ia 

absent from the upper sec'tion of the snowpack (80:"40 cm) and 

present in only verY smali concentrations (0.02 mg/l) in the 
... ft , 

lower profile seçtions. A s11gh t increase oeeurs by Pebruary 

in the lower prof~les (particularly not.iceable in the base sa .... 

pIe et profile 6 (Fi9_. 6c»., but Qoneen~rations, othezwise re­

main low (0.05 mg/l). 8y May, Mg appears to have been depleted 
(l 

from the snowpack at this site. Magnesium eopcentrations are 

practically ne91igible througbout the win ter ~n the- snowpaeks 
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( 
a t si te 2, showillg no appreciable inc;:reases from ~cember to ' 

"" May. In camparison te the other cations in the ~rofiles at 

si te 3, Mg concentrat.ions are lOl!', but noUceab1y higher than 

the concentrations at th~ other three sites. Ma,gnesium is ab­

sent frODl the upper sections of 'aIl three Oecember profiles but 

shows definite inere.ses in the low/r half, Ç)f tl\e',profi.1es., 

These concentrations are higher than those,mea$ured in either 

Pebruary or May. In the February and May profiles at stake lo­

cation 1 (Fig __ 6i), concentrations decrease toward the midd1e of 

the profile and inèrease in the lower section. This pattern i8 

not evident at locations 4 and 5, where concentrations at a1l 

depths remain vexy 10v. Magnesium concentrations do not exceed 

0.01 mg/1 at ~st samp1ing levels in the' snowpack at site 4 

through.outf? the winter, vi th the exceptions of the samples frOID 

the base of the prOfiles. 

Al though present in measureablè a.ounta in the December 

snowpack a t si te "l, Jt ls noticeably depléte,d from the Februai:y , 

profiles, being totall:Y absent ~rom the Upper' and middle profi,le 

sections.. Only negligible addi tion of Je ooeurs ~tween Feb-
• ~ 1 • ' 

ruaq and ,., (froll 0.00 tO 0.02 ag/1) . and ~s ,ia liudted ,to 

only a fev aupling lntervals, al though at, leve1 90-100 cm,' p~ 

file 7 (Fig- 6b),1 a very large increase to O.55'~119/1, occurs. . - , 

Potassium also .becomes depleted fro. the profiles at sampling 
, . 

locatjons,4 and 5 (Pigs. 6f and g), aite 2, alttipugh concen.tra~ 

tio~ incraa.e in th~ profiles at-, a tait. "l.o~tion l (l'i,~. 6e). 

There &ré also large increaaes in Je :conCent.rations' at the base 
of the prOfiles sampl6d in May. At si te 3, IC does Dot ,appeàr -

te become deplet:ed lro. the snovpacJt. Bovever, conCentra tio~. 
are higher in the upper and lover profi.1e .sect:ion's ~an "in ,the 

middle aection in February and ,decrease .• t.ODe 'samP1inCl .loc.~ , 
, > ' 

tion in May. Changea are not aPP4lrent 'at .~ •. l~.cation~ l Ud.' ' 
,. Potas.iua concentrations are very 1011 in the ùpper and ai~­

dIe profile aections at-.ite 4 and thls pattern doea not noti~ . 
ably change froa ~r to llay. 

~­
( , 

" -
"cause, o~ t;be gr:e..t var!ab!l! ty}~ ~ . COftc.~:tr.U~ . 
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throughout thé profiles, ft is difficult ta identify patterns . . ~ , 

of,' change. ' At ,si tes l, 2 and 4" Na concent~ations remain hiqh-
er than the o~er ,cations throuqh 'the winter. Concentrations 

~ , 

remain very va;riable end no appàrent ove,rail shifta t<7ffard biqh-= 

er or'lover concentrations occur at sitesi and 2. At site 4, 

an increase ooeurs from December to May., At site 3, K concen tra- ' 

tions +ueDUY exceed thoae of Na at many sAlIIPlinq levela dur-
inq De er and February, but, in May, increases in Na concen-

b:;a tion. a t all three profile loca tions occur so tha t N~ncen­

trati~ eventually exceed those of K. 
, . , 

Phosphorus concentrations -sh'ow a ~, ta. decrease 

from Decembe.r to May at sites l, 2 and 4 and become more uniform 

in the profile as the winter proqresses. At site 3, TOP distri-
- . 
bution~ sh~ a' stronq patt-ern of d~pletiôn in the centre profile 

sections whi.ch be~mes _ more pronounced 'between Dec~er and Feb­

ruary and which is accentuated by th~ very large concentrations 

in the snowpack base sample •• 

Changes in particu~:ate Jl&tter' "iatrü)\~tions in the pro­
files are 'IIIOSt litely due ta the large' &tqree of vithin-site , 

vari~ili ty ,of this par_ter. 'p~J;ticulate DUlt;ter lII&y als~ he .... " , 

redistributed, in the .. nowpack thrc::-.ug~ transport vith pareol.tinCJ: 
_lwater. At. site i, parti,culate matter 'concentrations 'are ' , 

~ ~ .. ~ 

reaaonabl,)' c.onsi~tent ,tb,roU"gbout the wirater, sbovinq .8011e in- ,-

cre.sad variabi li ty' in the. May profiles; , Concentra:t.!ons appear ' 
, . ~ . . , ~ 

to bè~ *Ore. variable bet:ween Decuber and PebruaxY -in the' 

.ite 2, .~ovpàcJta.' ,articula~ _t~r cti.strib~tion 'is ve~ varL­

~l.' a~ ait., 3,.··part1cU~àr~y' i:Jt 'the Feb.ruary prof~ieÎl,'which , 
'. :, l '", • .. 

a:lso ."ow 'general inére •• es l.n concentration compared to, toile 
DeceJlber v':iuea. 'Tbi~ variab1li t;y: decreu ••• oIiewb. t' by May , . ., , ' , ." 

and o'Vltrall .. concéDtr.tion~ &180 appear- to 4ecrea... Con~tra .. ' 
U~ -pattera': ~iD the .... tbrOQcjb~:nl,t ,the ~inte,: at' .i~ '4 J" - ',' 

l '... t 

loW ~ftcentr.ti~ ~~ the ,uppei and, aiddi.' pxofile •• éttorià a~d ' 
increuing' lA th. loWer pro~l~e aectio.... , 

, " • ~ • i' • • ' 
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4.lIS0,22Cll) 5;07.10.15(10) 0.071t4.03Itll' 0.010jO.001(11) 0.0.710.073(11) 0.201*0.0'.(11) 14.2*1'.0(10) 34.013'.5(101 
•• lItO.l'ClO) 5.14*0.13(101 0.074*0.017(10) 0.012io.ozt'IO' 0.06~0.124(10) Q.l!JlO.OIJ(10l a,.lt45.1(9) ".1*1" (10' 
t.(5t O.21(12) t.'7tt.tltt2) 0.101*0.147(12) 0.07Ito.ll,(12) 0.27SiO.121(12) 0.071i0.Ol'(12) 6.51*1.1'(12' 11.1%13.7(11) 

4.IIto.ll(11) 4,'2*0.45(11) 0.'1111.210(10) '0.14'10.42'(12) O.102tO~677t12' 0.112t0.O"(12) I.3,tl'.~C11' S'.S~I.1Cl1' 
t.,7t O.3.(14, ' •• lotO.21(lt, o,Oao:o.Oll(lll O.OOltD.005(121'O.03ltO.02t(12, O.Z(ztO.07IelZ) .,5ItS •• I'l)' 21 •• i2'.'(12) 
t.lltO.43Cll} 5.0,tO.55(11) 0~123t0.l2'(12) O.0IttD~207(12) 0.03~0.Oll(12) 0.17tiO.O'l(12) 7 •• 3Zl4.5(12, 10.1*(2.1(12) 

•• 12*0.3.'12' 4.t3*0.20(12) 0.2S~O.SS7tl0) O.aOliG.OOSCll) 0.01'~0.014(11) a.17tto.07'll1) 2.11*1.0'(11) le.lta3.'(11) 
4 •• ,*0.21U.~J t.,Po.UU" 0.OÙ-O,017(14' o..onJa.onuu 0.OUt O.137(lt)" Ô.17PO.On(U, t.IPI.'7(U) a'.~15. (U) 

4.2 •• 0.11(" t.'.*O.ll") 0.025lo.oao,i.) 0:OOltD.007(11) 0.01,tO.010111, 0.11310._40(11) 4.1,t1.7)(10' 57,li32.I(11) 
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4.3.3' ,Intra-Si1:e Variabillty i'n snowpack Cllemistry 
l 

The ~an' pH, , cation ',and '~articulate matter concentJ;'ations 

,for' each profile' are presented in Table' 7. ',The wi ~in-8ite dif­

.ferences between Mean concen,trations were assessed using the t­

-s~~istiè., -;rhe' results ~rè: pres'ent~d in Table 2, Appendix 3. ~ 
, t. ~ .. ' - '.'. ~, 

For 'the 'majority of comparisons~, the'resultàpt t-statistics'are 
, ' 

very low and sigpificant differences are not apparent, indica-

.ti~g thàt, in' general, within-'site differences in snow chemistry 
, , ' 

, are lQitior., '.There are, however, soine between-profile differences 

whlch are' significant at' at ,least the 95' percent lével. 

, Significant, differences at si te 1 include mean K ~nd Na .. 

cOncentrations in December, Mean pH(2) values in February and ' 

._an pH (1) ~nJl (2j and Na ~oncentrations in 1(p'ril. ,Différén~8 
1 # ~ s- • • ~ • 

in me~ pH (Il and' ~ 2) in ·the e~pe,rimen tal ~ro~il,es are, also. $ig-, 
- ., . 

'nificànt. At 'sLte 2, ,parameters which ,$hoW .~o~ sÏ:g~if~cant, 

differences includè. pH, K and particulate matter in Decemb'er, K, 
, , 

,Na and TOP in February' and pH in May., 'Differencès in particu~ate 
, , . 

pultter concentrations an,d maan pHU) are s,ignificant at til,e ex-', 
perimental p;-ofiies. Other than significant ,differences b~~een 

, ~ll thi:eè exp~~imen tal profiles ,for part~'culate ma tte~ and TOP, 
the mean value~ for the chemical parameters at si t.e 3 are compar­

able during the th~ee sampling pe~i~d8 •. The only exception i8 

pH(2) in December. Differences between Mean December Na concen~ 

trat.ions· were found ·to be significant as well as differences be­

tween niean P!l (1) valu~s ~nd beti1een' mean particula~e 'matter con­

centrations in February and May •. ~et.ween the experimental pro-

. files, ·mean pH'Cl) and. (2) and TDP are "all ,significantly differ­

.nt. 

The nutr..ient_ contept of the sn~ack h~s bee,n calculatècS 

1.n Jtg/ba from the me~ profile~ concentrations and the snowpack, 

vater equivalents. These va,lues are given .in Tabl~ 8. Sinee 

nutrient contentS "account for the varying water equivalents of 

the snowpacks at the samplinq locations, . they should remove 
• • t .. 
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. 
sp~ ~f the ~ariabi~i ty, Sh()wn by the Mean con~ent,ration~, if 
,diff-érences in water ,eq\livalents are causing :tl!ese variation~l'\' , 

,l,t ls, however, clear from T,able 8 t11at withiJl-site variability 
t •• • 

'still, remains, even when nutriént contents 'are expressed' in 

" abso1ute amounts. For example, at sit~ l,'K contents ,rànged . ' , 

,,,:: from, 0.06 .to, 0.15 kg/ha', 'aS; 'înea.sured at thé thrèe December 
,\ . ~ ." ' . . ,. . . . 

protile$, '0.06 to Ô.15 kg!ha in February and 0.05 ta 0.12 kg/ha 

in April. Na contents ranged from 0.26 to 0.84 )cg/ha in February 

and part:l:cu1ate matter from 113 to' 5Bl kg/ha in April. At site 

2,: large diffe:rences were seen in Mg, which rangeq from' 0.03 to . 

'0'.1:3 kg/ha' in ,Apri1 1 K ranging from 0.02 to', 0 .12 kg/ha in Decem-' 

, ber and 0.01 to O.lO-kg/ha in February and particu1ate matter 

,from 15 to 119 kg/ha' in December, 115 ta 488 kg/ha in February 
, ... 

and 328 to 791 kg/ha in May. Phosphorus contents ranged from, 

.. 0.04'to,O.11,kg(ha i~ December at site 3, but the largest varia.­

" ',' _ 'Uans. at si. te, 3 occurred in the' spring: Ca, 0.50 to 2. ri kq/ha; , 
" ' .. - : ~ ',.' ,Mg, 0.-05 ta 0:'50' kg/ha; ,K, '0.6 to' 1.9 kg/hai 'l'DP 0-.05 to -0.16 

• \ t \~ 1 1 > 1 • ~. , > 

," 

" 

Jtq/hà and ,partièulate matter, - 294 ta 7$'8 kg/ha.. Particularly' 
, ' 

, large va r-i a tion~ occurred, 'also, in the spring, at si te 4 ': C,a, 

'0.09 to 2. 80 ,kg/ha;' 'Mg, 0.0'1 to 0.07 kg/ha; K, 0.14 to 1.37 

'JtCJIh~ ~nd TD~, o. 04 to O. 21 k~/ha. 

4'.3,.4. Inter-Si te Variabili ty in Snowpack,''Chemistry 

inter-site comparisons are co~cerned vith Ithe following 

'considerations: • ", .. 0 

" " 
i) whethér or not a pattern of consistentlY'higher con~entra-

tions rn a],1 three p~ofile8' at one site can be identified:. 

ii) whethèr or not ,the m~an values are co~8is tently higbe~ (or 

'lover) at' any o~e si te throughout th,e winter Alld - , 
iii) whèther. the differences between the sitès' are siqnificant. 

The> t .. atatistics· for the •• compÀrtsoDa, ~r~ found in 
4fable 3~-"Àppendix 3, 

" 

< ' 
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~abl. 'Jo 1.,t.r-dU c:oJllO>u'h·,n.' of anovpaclt checiatry ahowln9 a) tba g.neral !J.tveeft-ai~ relaUouhip and 11) t.'1a indivtclual 

t>atveen-aita C:Olllp&riaona' for ... ch paZ'ameter - . 
r ; ~ 

Decalllber rebrua~ , &y 
.l,enud • b}lIebf~on-aite' .)geneul loi) l).tw •• n-ai te- !A) g.neral ' b) betlol .. n-ai. te 

rela tionahlp collpAr bon. relati.onahip COIIIiI.uiaen. . relationahip COIIIparia~na, : 

(1 ,-

9/~ 1/9 ?/9 (,/9 SI' '/9'81t 7/' ;~l' 51' 9/9 8/9 7/' .5/9 S/Il' 

2>1 2>1 2>1 '. 1 3>1 3>1 3>1 
pBl .3>2"'4>3>1 '>1 3>:Z>C>1 . 4>1. 4>3>2>1 4>1 

3>2 
) 

,3>2 3>2 ' ! 4>2 2>4', 4>2 
4>3 3>4 . . ? 4>3 ' ! 1 

, , 
.' 

~ 

, 1>2 1>2" 
, 

1 
, . 1>2 

1>3 - 1>3"' 1>3 
pal 1>3>2>4 1>4 4>1>3>2 '(>1 , 4>1>3-2 - 4>1 

3>2 3>2 3=2 ' 
, . 2>4 ' 4)ô!" 4>2 

3~ 4>31 
. ' 

4 \>3 -
. . 

1 1>2 1>Z - . ' 1>2 
3>1· . 1>3 3>1 - . 
4>1 4>1 4>1 , , ca l>C>1>2 '>1>3>2 4>3>1>2 " 3>J 3>2 - 3>2 

4>l . , 4>2 , 
3>4 4>3 • 4>3 

2>1 1>2 , 2>1 ~ 3>1 3>1 . 3>1" 4>1 1>4 - 4>l III 03>2>1 3>1>482 ' , 4>3>2:>1 ,3>2 3>2 .. , 
~>2 

4>2 , , .. :z 4» '.-4>3 ~ 3lr'<1, . 4>3 , . . 
1>2 1>2 • 2,,1 

3>1 3>1' 3>1 . 
" 

1 

3>01>.2 ,4>1 3>4 1>2 4>1 4>1 , 
It 3>2 3>21 3>4>2>1 3::<2 -

; 
.>2 . 3>4 - 4>2 , '>2 

~ 3>4 - . 3>4 . 
, l>1 . 1)2 

, 
1>2 .J ln 1>3 ',' 

3>1 
1 .. 

. 
1>4 ' -4>1. .... 2>1>01>3 . 

A:>J>I>:Z 2>3 , 
3>2 - 3 2" 

2>4 4>:Z ' - . 4 2" . ' c>3 4>3 • . ' , 
4>3 . . . . 

: 
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:Table 9 (compi1e~,from Table 3, Appendix 1) d~acribe~ 

the re1ationships betw.een the, four sites for each parameter' dur-
. ' , 

,". ing the three different samplinq 'periods. The generalized com~. 

, . 

. 

" 

, , 

• 
, , 

parisons on the 1eft organize the si tes in orfler of decreasing _ 

méan pH, ,ca~ion and partic~late matter concen~rations. On the 

right, this comparison,is broken-dQwn 'ta show how. this 'géneral-
'" "{ ~ - l , •• ' , _. ~ .. ~ , ' .. 

izèd relationship ia determine'd. Six bètween-si·te' comparisons 

", 

. . .' . 
. ar~' Pbs's'ible: site '1 vs 2,.3' and' 4;' , 'si te ~ 'vs 3 and, 4 and- s~té' , " . 

3 vs 4.' By' referri~g ,to these comparisons in' Table 3,' Appendix . 

l, ·it was determined (-on the bàsis'of 'a majority out: ~f the ~iné' 
~ , • ~ .. 1 

between-profilé compari~ons), at which ~ite a given pa'rameter 

had the hignest mean' value. 'The optimal situation occurs, where 

a11 'nine eOtnpariso~$ indica~e highe~ ~an values at the,' p,ro'fi1es 

A't ' Qn'e, s'i te • Thi~, howeve~,. ~e~dom, occur~ ~éc~us~. ~'f. the int;a .... .' 

" 'site,. spatial variations i'n snowpack' chemistry" outlined in the' 

:' ~ tli'eè~ih9 " sections'. 
~ ". • , 1. «~ ~ .. 

, " , For' the samples ~n question', it ·can. only 'be in teq;reted', 

wi1:h ~lnY" ceJ;'tainty', 'tnat ~ a giv'en p~rametèl! is: presént i~ signifi-' 
, . ~ ~ , ,. 

, c~ntly h~r concentrations in 'the' profi'les àt one sl.te when '. , 

, , all ni'n~,,-êomp~r(s&Ds - s~ow 'signitica,ptl,y ~i9~er çonéentr~tiO~S at '. 

one si~e.. Of the comparisons in 'Table 9~ this f3ituation ~ccurs -,' 

once. It ~ .. !. __ .been ll'!.dicafed 'whèth~r seven; eight or nine of, the" ' . 
. comp~lI:iso~s 'are ·s!gnif!can.tlY greàter at' ,one si te. " ' ". '" " . . -' ~ . 

" With r~,fer,e~ce to Table g", the m~jo~i.ty ,'of compa:r'.j.spns;. ... . . ~ 

'. indi~ate th~t mean pH (1) values ·at' sites 2, 3 al)d 4' are g~eatet' 

" th'an "at ~ite 1 ant! .gz:e~t~r at s.it~ 3:"th~n"at; si'te 2.' The pat\t~rn 
, _ f' 

le not as -êlear b~tween, s~tes ,2', and ~ ,and s~t~s, 3' and 4.' J:n~Fe~-
.ruaF,Y, the majority of c9~pari~ons ihdioate ~ower ~eanJpH(lj, i~' 
t,Jle. snOwpack ~t site' 4 than at ,s.ites '2 and 3" wher!!aS in spr,inq, 

1 , • '. <t, • 

. pB i8 highèr at site 4 than ·at si/tes 2 and 3~ " . ,.' 
, ", 

. 
\ ~ f .. 

~ef.ween Qeceluber. and May", there is, a generàl IncreÀse !n . 
. ' JI.. ," .. 

, tJle n~,r 'of "ocèurrences vhere mean pR(l). i8 siqnif.icantiy . high-
.... • ". • • \.. Jo. tI 

. \ , 

.. ' 

", 1 " 

. ~ 

·1 , 

, " 

, ' 
," ~ 

.; 
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er in ~e snowpack at one 'site compared ta another site (Tabl~ .3, 
Appendix 3). With the exception of site 2 vs 3, this trend i8 . , , 

seen in aIl the other between-site comparisoRs. B~ever, ~ the 

number of si~ni~icantly higher values at one site are too few ta 

consider differenees in mean pH(l) as being, in generotll, signi'fi-

canto .. ' , . 
, 

Mean pH(2) 'show. the opp'osite pat:~rn to pB(l}. The..ma':' 

jority ?~ ,co~parisQns~ are consistently hig~er at site 1 ~an at 

'si'tes 2, '3 and 4,' higher il). December at site ·3 than at sites 2 

,'and 4. and a,t site 2'than at site' 4. This pattern continuea 

tbrough the winter~. Irt February, the mean pH (2) of the snowpack' 

i8 highest at site '4., This is maintained int6 spring. \ 

, '-" The occurrences of a significantly h,igher mean pH (2) at 

arly one sïte increase. between Dècember· and February,. ,During' the . . ,. , , , , ~ , 

Fèbrua;r}' sampling period, the mean 'pH (2) of the snowpack" at si tes 
• ~ • ,~ oC ... 

'1 .a~d· '4 is ~ignificàrttly higher than at sites~.2 'and 3 ànd signifi-' ~ .' 

:cantly h~ghe~ 1'n fi~e ~t: the eighi comparisons l\~ sit~ 4- tha~ at -

.r site 1. Little' diff~re'nce between s'ites 2 and' 3 ls apparent . 

. 'The signifi!c~nt differences ,are not maintained in ~y .. 

~Calciwn', ''Mg, K~ !l'pp and p~rticul'ate ~tte+ show' a comman 

patte~n in December; .mean_concentrat~ons for. ~es~ param~ters 

are higher for the,major!ty, of çomparison~ at Sites'3 ~nd 4 than 
'" ... • .. 1 J 

, "at si,tes l,and .2. For many _compari'sons, mean valués at si te 3 
'. J 1 

. are greater than' at si te 1 or 2 in all nine" petween-profile 
, ' 

, co~parisoris. Tnis a1'so. oc'curs for ~mp'arison~ betw~en si tes r 
" anÇi 2 ,aI;ld si tes 4 and 1, al though not 'as frequently, where a1l 

ni ne 'comparisons J indicat~ the largest mean values at site 4. 
!.. t • 

, sodi~ shows th~ opposi t;e pattern,; higher l1\ean Na concentrations 
\ , , 

oceur àt si tea 1 and 2 than at si tes 3 'and 4. When pH (2) i8 
- l ,; ~ ..... ~ • • 

i'n te.rpreteà in' te~ms' of 'H ion éoncentra tl.ona, then tpe same pa t- ' 

.. ' tern' also "partially applies;' 'higher a' ion concentrations in the . " 

snowpa~k. at 'si tes 3 and 4, than. lit. site 1 and bigher H ion ,concen-
'tt-a~on8' at'site :. th~n a't ~ite 2: ' 

" 

, " " ' 
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Coapariaori. between .lb8 1 and.2 o.nd bet:We~ .i:~s 3 
and 4 are'net as consistént. -B~gher .. an'c~, K a~d TOP 90n~eD~ - . ~ . 
trati9n8 are mOre prevalent at site l compared ~ site 2 _and at 

site, 3 ,than at site 4. Particulate matter cOnce~1=-rations are 

.,ISQ higher at site 3 than at site 4. Higher K and 'Na COncen-
, " 

tration. oc::;cur at site 2 colJlPared to site 1 and at site 4 cam-: 

1-

pared to si te 3., The eomparisons iri Table 9 show that' the ~ove 

~seribed patterns are largely maintained'throughout the winter 

with a, fev reversaIs between sites 1 and 2 ,and sites 3 an~ 

In Febx-uary; the dominan~ of one, site, 9ver' the next i$ /otice-':, 

ably less for certain comParisons, particularlY. for Ca/and Mg­

In April/May, th~ comparisons, of mean Na coneentratioJs Agree 

. " 
J .,.... J 

, '. 

f 

with those of, the other elements. -" ' , ' >' 
,. . 

Within',this overall pattern, the'ra ar~~ examples of 
-f 

s,ignificantly gr~ater concentrations at any given si1:e__ Where 

si9nificant diff~rénces do occ~r, they are generallf sig~ifi-. 
'eantlY,higher at site 3 (Table 9). The most, notable examples 

6 ~re the following: in Decerober, Ca is present in significa~tly 
- , higher mean concentrations in the snow profiles sampled at si te 

3 than at site 2. Me~n K concent~ations are likewise signifi-

" ,cantly higher_ ~n th~ snow from profiles at site 3 than -at either 

'sites 1 or 2 in Febr~ary. Mean Na concentrations are signifi-

. 'cantly higher in the snowpacks at sites 3 and 4 compared to site 

_2. 'The number of differences, where mean TOP concentrations are 

.significantly higher at site 3 compared to site l, increase from 

Dècembe~ to F~uary and are maintained in spring. Mean pH(2) 

18 significantly higher in February at site land 4' compared 

ta sites 2 and 3, indicating higher (although not necessarily 

significantly higher) 'H ion concentrations at sites 2 and 3 com-
~ 

pared to si tes land 4.- -

To see if the general patterns described above and seen 

in Table 9 would also apply when combined mean values are, com­

pared, the mean values for pH, Ca, Mg, K, Na, TDP and particulate 

'matter were derived by combining 'the three mean values from the 

~rofil~s sampled âurinq each sampling periode The results are 

1 
i 

~1 

1 
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presented in Table 10 and thé relationships between the four 
sites ~n Table lIa. The agreement betwéen th~ general relation­
ships in Tables 9-and 1 'is good, Where discrepançies do occur, 
they are usually reversals betw~~n the'second and third highest 
values or between si tes 1 and 2 as the lowest value" Most impor­
tantly, the 'basic pattern of the highest con~entrations occurring 
in the snowpack at sites 3 and~4 and the lowest at sites 1 and 
2 is maintained. Included in this table are the mean ~ ion con-

.... -4_ 

ee~trations which~show particularly 910se concentrations between 
, . 

the, four s~tes. Hydrogen ion concentrations were all close to 
\ 'W\lAA_ ~""'4"" ",' (' 

0.01 mg/l in December (0.008 to 0.014 mg/~);' s,howed a slightly 
larger range in February (0.009 to' 0.025 mg/l), !:>eing the same 
at sites, 2 and 3, where concentrations were a1so the highest, 
and decreasing in conèentration by May to 0.012 to 0.016 mg/le 

1> 

The combined means of the nutrient contents, in kg/ha, 
have also .b~en cal cul a te.d' and are a:ls~,p~es'eritéd,' with, the Mean 

, . , 

concentrations, in Table 10. As is' the-case.with mean concen-
trat~, th~ mean nutrient contents 'are gréate~t 'i~ th~ snoi-' 

packs at sites 3 and 4 and least at site~ land?, The ex- \ 
ception la Na, where concentrations and abàolute amounts were 
high~st at site l in Decemoer and February.' The bebween-site . . 
relationships are presented in Table llb. In spite of accoun-
ting for the varyingowater equivalents,' there is little differ­
enoe in the betw~en site relationships of the'nutrient concentra-

, , 

tions,and absolute amoun~s . 

-\ 

lri December, the Il ion coptent w~s the S'Ame at the "four 
, .' 
sites '(0.02 kg!ha). Differences increasèd by February (0.03 

'. ta 0.08 kg!ha) and were once again very similar in spring (0.06 
~ 0.07 kg!ha). BetWeen-site differences were rnost pronounced 

T for the cations. Calcium ranged from 0~05 to 0.20 kg/ha in De­
oemb~r,à.ll to 0.29 kg/ha in February and 0.12 to 1.17 kg/h~ in 

~ - 1 J >" 

May. Magnesium contents ranged from 0.01 ta 0.19 kg/ha in De-

.c:ember to 0 . ,03 to O. l~ in February to 0,02 ta ~. 33 hg/ha in May. 

'With the exception of Mg in February (where contents were,higher 
/ . 

, 
J 

1 
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at si te 3), the largest amounts of Ca and Mg were contained in 

the snowpack at site 4. Mean amounts were lowest for Ca at site .. 

2 and Mg at, site 1. Mean K contents were consistently higher 

a t si te 3 and l.eas t a t si te 2. In December, amoun ts ranged from 

0.05 to O. 30 kg/ha, in February from o. 07 to O. 72 kg/ha and in 

May Vorn. 0.08 ta 1.12 kg/ha. Mean Na contents were h:Lgher dur­

ing December an& February at site 1. Amounts ranged from 0.19 

to 0.28 kg/ha in December and from 0.21 to O. 59 kg/ha in Febru­

ary. In May, the highest mean vàlue occurred at site 4 and the 

range ~as from 0~55 to 0.95 kg/ha. The phosphorus content of 

the snowpack was very simi1ar at sites 1 and 2 and was the sarne 

during Februa.ry and May (O. 02kg!ha). The mean TOP contents at 

si tes 3 and 4 were 0.05 kg/ha in February and 0.09 kg/ha in May. 

Particulate matter content was practica11y the sarne at sites l, 
1 

2 and 4 in Decenlber; 59.5 kgjha at site l, 60.9 kg/ha at site '2 
and 61. 5 kgjha st site 4. The mean content of the snowpack at 

site 3 was 103 kgjha. In February, the amounts ranged from 120 
.< 

to 456 kgfha, being greatest at site 3. Mean values in May 

ranged from 231 to 487 kg/hà and were very' ,?lose at sites 2 and 

3, 4'87 and 484 kg/ha, respectively. 

If nutrient inputs were equal at aIl four sit~s, the 

higher water equiva1ents at site 1 and the lower wateJ equiva­

lents at si~ 2 shou1d lead to higher nutrient amount~\ at site 

, land higher nutrient concentrations at site 2. This, bowever, 

.. 

ls not the case. Both concentrations and amounts are consistent­

ly 10wer at sites 1 and 2. Tl1is suggests that inputs from atmos-.. 
pheric, litter and/or ~derlying vegetation sources are less at 

, ' 

sites land 2 than st sites 3 and 4, where both mean concentra-

tions and mean amounts are consistently grea.ter. 

4.3.5 

, 
late 

been 

Intra-Si te Temporal Differenctts in Snowpack Chemistry 

The temporal differences in Mean pH, cation and pa~ticu­

matter concentrations in the snowpack within each site have 

evaluated using the t-statistic. The results are given in 

. ' 
, ..... 

i 
f 
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1 
1 
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'rable 4~ kppendtx 3. '1'0 identi~y "trends ~n ch,~ges., the 'villues 

haVe .~n ~rganized grapbieally:in' FigUl;e 7. The gr.ph shOws. . 
~e m.gnitUde Qt the t,-stàtiatics for the ~celllber'vs' February 

and i'ebrua.ry vs Ap\E'il/May ~a~i.ons ~nd 'tb. qWr~ll. differe~ces .' ' 

betveen th..- DeceJDber and April~y -~na. Tbe t-statist1cs plot­

ted on the positive aide of the y-axis indieate an inerease in . . .. , 

_an va;Lue8 (F~~ary _ans 9re~ter then Deceœbe.r means; April 

means greater than .Februaxy', or Decémb~r ,-.ans) ,. 'l"hos~ '~lotted' 

on thf! ~e9a ti va' y-axiS :tndiea te a decrease. in mean values.' . 

What i. i .... diately apparent from Figure 1 is that 1;I1e' 

changes in meA1l values are highly' inconsi.âtent, not only for .the 
- '\ . ' ~ 

variQU,s parameters measured, but also for the same paramete~s 
from the snow'profiles'at the su.e site'. ' A nwi:ab~r of s't~tisti'\" 

eal+y signifieant differeQees be~een the De~ember;' Fe~rUary 

. and April/May me~s do occur tthe n'~er of signifieant differ- , 

, 'elices ~eing ~rea1:est at ",site l, follov~d ~y sites 2, 3 and 4), -, 

but they rarely idenUfy. a trend in ~ich the me~ values' for ',' 

. ., 

, . 
any given parameter h~ve d~crea~ed" or increased at,all three 

~amplin9 loea'tions over the, same pe~iod,., ' In f~lCit" in ma~y cases, 
, ' , ' ~'. l ,. ' 

the, Qllanges are conUac;H.etory. Examples incll1dè changes in pH (1) 

and .(2)" ,K 'and Na' at',a11 four sites ,ana Ca, .Mg~ -TDP and pa:r;-'tieu-
~ - ~ .. 1 _ 

141:.8 matter at sites 2, 3 and 4. .Of '_thes~ samplf;!s'" several con- > 

"tradi..ctory changes"are signifieant; site li pB(I} and (2) (Peb/ 
1" r 

Apr}.,,,Nà (~c/~pr); si té 2, pB (2) (Dèc/Apr); B~te 3, pU(2) " . , " 

(Dec/Feb and 'Dec/Apr) , Ca (Dee/P'èb) "and's~te. 4, Na (Dec/F~).' . , " 

In spite of th'-;'ariations observed:, a few consisten~ , , 

p~tterns can be idenUfied, but, they B:re usually rèstri,c~ed 'to, 

the behaviour of one chemical' const! tuent 'within one' site' only 

and for only ,one or two samplirig~da te comparisons. This does 

not ailow many 'ge~eral statements to 'b~ paade concerni~9' the be";' 

hav~our of a g1 ven par_ter ,.,during the winter or to co'iDpare 

'thià, behaviour be tween Bi tès. 

- , 
Thoae Patterns ~hiÇh can be identified indicate that at 

l' sife 1, Ca and Mg bath increased 1,n concentration between De~ .... 
" . 

. ~. -~ 

" 

, ; 
; 
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ber 'and rebruary and d8~aaed' be1:Veu ~ruary and Aprii. ~ In 

Jtwo out of the thrf •• coapari.o~.~ 'botb ca 'and Mg concentrations 

. vere S~9.ft~ficanUy gre.ter iJl· the l'~ruU,Y," ~ODIP~e'4, te.· the 08-

, " .' cember .. s~Ck~ 'The ~o11owin9 decrease ln C~ concentration 

"as .not aign1ficant, but. in two coçarisona,. Mg' conêentrationa 
, . 

vere signifl,c.antly ~ess i", the April .• nowp~cks than they had " 

~en in Februai'y. Calcium concentrations vere significantly 
_ t ", • 

hlgher (for aIl compariaons) lr:t the ,anowpack il'!- April, cOlllpared 

ta 'December, sugges tinq an o~erall lnereas. in Ca.. in the snow­

pack .ovér. the winter. PhoaP!lorus concentrations. decreased 
.' . 
thro~hou~ the vinter at site 1 and,. by April, the TD~ conce'ntra-

t10n of' the, snowpack was sig~J.flcan.tly le.8. than i t haCS been ln 

the· Deçembe,1!' SDOW cover. Particul~ te, _ tte~ showed ,B' genera! 

increase, but th,e differen~" .. not a siCJllif~cant on~. 

At .site 2-1 pB(2) and Na concentrations 'inereaaad bebleen. 

~ruary and April, the difference~ being signifieant .t ~ sam-
, , 

li!linq, locations fQr pB and one for Na., lui. at site 1, phosphb~U8 
concentrations aiso clecreas.d throughoùt the winter ·at site 2. 

In only one e~le, however, vere the differences signiflcant. 
, . 

P~ticu1ate matter concentrations vere, signif~cantly highe~ in 

the, Pebruar.y 8nowpack than in' Dece~~, but the pattern was in­

Consistent for the re1llÛnder of th. winter at thi. site. ' 

\ . ' 

pB(l) and, (2) ~creas~d at aite 3 batw.en December and 

Pebnary. ft. difference was aigni~i~nt for pH(2J, which a18Q 

indicated overal:l lower mean Jnowpack pB in Apri1 compared ta 
. - 'December. ,Sodium concentrations were significanUy higher in the 

.0 April anowpack compared to February'and led to overall, si~nifi­

cantly higher Na concentra tions at the end ~f the win ter. PholJ· 
. , 

pharua, decreased slightly from December ta February, but the 

diffe~ence ,was' not significant. _ particulate matter inereased \ 

from Decemer ta pebruary and in April, particulate matter con-

centrati:0n .w~~ hi9h~r in ,the snowpack tHan i t ~ad been in DeceDl-:­

ber! 

T 1 
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_ , :At 8i te ", I!Jli'l~ vas 'lover in" the Peb,r_ry, than in' the 

'ne_aber. sn.Oçadt Jone .iqnific~t diffé~en~} • ' -.an Mg concen­

tJ:'ationa ~~eaaëd .11ghtly 'over the saÎDe peJ;'iod an~ vere l(?'fer 

. at. tite end oJ the 'winter thian they'had been in December, but 

the diff.ren~s, vere not, aignificant. SOdium concentration,s 

vere algn~ficantly greater in the profiles sampléd in the April 

'ané,.,p.c'k the in "ceJll)er and par~iculate ~tter a180 inereped 

between Deœ~r and 'April, but the dlfferencea vere DOt. aiqnifi­

cant. 

!'he above ~ange~iildièate that _an TOP concentrations 

cleer.ased over the vintèr at aites l, 2 and 3, that .an Na con­

centrations incnased at ,ite, 2, 3 and .. and\ that mean particu'" 
1 

lata uttar concentrations increaaed at all the sites. Given 

the inconaistenci.s in the other changea, It ls not possib~e' to . , 

arri va a t gen.raI conclusions for the other parameters. 

The inconsiatenoies in the observéd pat-te ma probably 

a~i.e because of,the within-site variability ln vegetation oover . -

,ana micro-relief. This leads to varyinq snow accumulation pat-

terns and densi ties ~d thus varying wa ter equi valen ts wi thin 

the 8!/~8 (section 4.2). Th~ vegetatïon èariopy may also be alter-, 

ing the chemistry of the snow passing through it and the canopy 

ana underlying vegetation are sources of litter in the snÇ>Wpack. ' 

'!'hua, the distribution of v~getation in the sampling sites could, 

ta a large extent, affect the snowpack' chemistry within the site.' 
, , ' 

ThIs would malee the iden~ification of changes in ~mowpack chemis-

uy during the win~r, diff.ièult. 

The same diff,iculty in ,iden~ifying ehanges iil nutrient 

concentrations arises with identifying changes' in nutrient con-
~ . . - . 

tenta,' It is, "however, possible to identify more consistent 

changes, based on absolute amounts, than i t is using nutrient 

concentrations. According to the values in Table 8, Ca incteas,ed' 

throughout the wintér at sites 1 and 3, (this was also seen in .Ca 
~ , 

concentrations at site 1). At site 2, increases in Ca were oolll- ' 

mon to all. three sampling locations between Oecember and Pebruary 

, 
!. , ! 
1 
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and Ca content was higher at the end of the wintet at aIl: thrée 

loc.~ons than it was in December'. At s~tes ~ and ~,G~ èonteJ;lta' 

. increased fram December to February and decreased betWeen Febru- -. 
ary and April, but were still higher in the spring snowpack than , , 

, they had ,been in December. The increase between December' a,nd , 

Pebruary was also evident at site 3. Potassium contents at site 

3 were also higher in the February and April snowpacks ,th~n - in 

December. -Sodium showed consistent increases throuÇfhout the 

winter at si tes 3 and 4 and contents were higher in the spring 

snowpack a t si tes land 2 than they had been in December. Phos-
, 

phorus contents were lover in the spri~g snowpack at site 1 but 
1 _ 

hiqher at si tes 2 and 4 than in Decemb~r. particulate matter 

was higher in the spring snowpacks at a1,l four sites" 'but i~­
creues were only continuous through the winter at si te l. 
Bydrogen ion content was, likewise, greater in aIl f9ur' spri~g 

anowpacks, but again, increases were consistent only at site 1 

through the winter. 
,C> 

Many of the cha.nges in -concentrations vere ~u.g:S.bl.. ,.... 

betng less than 0.01 mg/l, yetI as seen in Tabl~ 8, they cor­

respond to measureable changes in absolute amounts. For example, 

_an Ca concentration, in the Deceniber snowp~ck at si te 2 'Was 

O~Oj3 mg/l. The 'me an concentration in April vas O.03l mg/l'~ 

These values correspond to mean Ca contents of 0.05 kg/ha in ' 

December and 0.12 kg/ha in Ap+il. Similar examples can ,be seen 

for K and Na', a186 at site' 2, Mg and Kat' site 3 and K at site 

4. 

,From the "concentr~tion values i t would, appear that, in , 
auch instances, conc:entrations are beinq maintained through an 

input of nutrients which is proportional ta the increasing water 

equivalents,. Decreases in concen'tx::atiQns between {lecember, feb­

ruary and April are very minor, where· they do occur, compared ta 

the increases. Increases ih concentrations and increased water 

equivalents resul t in large" increases in absolute amounts. This' 

is IIIOS t pronounced at si tes 3 and 4. 

.... ~ 

~ 
1 
1 

! , 

; 
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Table 12: Tb, <o"U" ."f :of the ~urf,'c, .aôw ~l •• coll.cte"'~ 21~"2.·'1 
--" ,- - .... :' ~ 

Site pRtl) 'pH(2) / ç.. Mg' ,\ ' ' ~ '.a 
/1 . 

l ".4710.26 5.04tO.-13 O. 042!0. 0 35 
. . ~ ~ . 

O.O08!8.00 0.07010.070· O.090tO.O~6 . . 
2 4.83tO.09 5;. 16!0.18 0.032!0.Q11 . 0.006!0.OQ '0.034!0.O11- 0.).03tO.017 

3 4.26tO.22 5.04:10.18 0.0321:0.018 0". ooa.to. 00 o. 070tO. Q74 0.136:10.09'7 
.... . . 

4 4. 221p'. 08 4.-7810.20 0.04 Sio.,o 30- 0.006tO.O + - O.134~0.066 Ot046~0.032 
' ., 

n-5 ' 
, 

""~~~ . 
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• 1 . " 

,l' ' 

. ' 

~ . 

~ .,...' '1 r 

-. . -, -
~ -
'. ~ 

TOP' PlI 
-dq/1 ' aq/l 

3.1S!1.36 43. Si22. 2 -
" 

2.60:;0.74 56.0!18.6-
_ 3~ 43±2.: 87 66.0!21.0 

+ l' + 
4.45Z3.~66 . 50.0-12.1 
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The .combined me~ns ~n Table- 10 'may be'. Wied ta,. i~.ntify' .. 

gen.~a1 'cbanges over' the' winter~ ât each .site,. ~compa~iaon'p>f:'",:":' 
, the' cha~ge~ in conc~ntrat.L;ns· an~ the 'chan~es' in aMo~t~' re-:-. '.' ", 

. ' _vèal~ '~y Çl.rscr.epenci~s:' Cie'. site' 1:, B, Ca', Mg., R'I Na; .'ai'te" , ~. ~: .'_ 

- ~: ~,' Ca; Ki 'N~, ,TOP; ',si~ 3;".TQP ~d pa-~tic':l1,ate, màtt:er'bd .. 
, .ite .... : 'H, Ca, Mg; K, TDP). " ' ' _, " , . 

.. : .. .~~. ~~end. ~al~.t-"i~~ut ~XcéP~O;': ni fOr the .... unt .. : 

of' ftutrie~ts-\èontained in' the .ànoWpàck',te ,increa~e 'oyer the, ;,in- . -, ... 
,ter~' This su~gests 'a sto,rag~ of n_utrien~ as ~~ wint:er ,pr.o9r~~,: 
...... 'The on1y exceptions are Mg and K, 'which decrease be.tween ' 

',Peb,ruazY and APrii at 'site '1 and H, whlch' décr~~u~es' ~1ighbly 'b'&- .. , 
oP .. • • 

- tween FeJ:>ruary 'and p,.pri1 at slte ,3. Phosphorus contents a'~ ~i:te· 

1. do not change over: th'e' w'inte.r. Increases in meall 'concentra .. · 

tions -,do not, howeve'r, t:lecessarily correspond to thesé ~ncrèases 

in 'absolute amo'unts in the snowpack,' although,there is-an-agr •• ':' . " .. 
,_nt a t si te 3 for' th~ fo"\ll' ~a tions and H (whiCh decreases both 

, Qr/ 1.n 'amount and concentration betWeen February ana A.,r~li. 
t j .. • ~... f .. . 

1 

" , . 
4.3'.6 Freah Snow Chemis try 

.samples were·co11ected from the s~ow 'surf.ace at ,èach' of " 
, : th. four st.udy si tes on 2i. 02. 81, ~ fo11owing a minor snow' fa].'l. -' 

1 

.- !'!le mea.n· concentra'tions are presentea in Table 12. The complete 

d.~ set is' prêsented ciD. Tab'1e l, Appendix 1. Mean pH (1) values 

. ranged from 4.2 a ~ 51 te 4 to 4. 8 at si te "2. and mean plI( 2) values . . 
from 4.-8 at si~~ 4 to 5.2 at site 2. Cation and TDP concentra- j 

l 

1 , 
tions were ver,.y low. ~alcium ranged from 0.03 to 0.05 mg/l, Mg 

concÉm trations were. 0.01 mg/le - Potassium ranged -from 0-.03 ta 
, I.j ·1 

O'.07'mg/l, Na from 0.09 ta 0.14 mg/l and TDP from 2.60 t~ 4.45 , 
U9/1. 'par'ticu1a te '~tter ~on~entrations ranged f~om 43.8 mg/i - \ , , . " 

at site 1 to 66.0 mg!l at site 3. These values are comparable 

to the overall mean snowpack concentrations in Table 7. 

. . 
Analyses of variance (Table 5, Appendix'3) indicate ,that, 

vith the ~xceptipn of pH .. si,qnifican~ diffellepees in the chemistry 
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J 
.. o:f ~e' S'Urf.ce .. Jiow .aaçlet5between thé four'8tudy :.!tea 'are not ' r, 

; appàreftt.· The' t-~btistic~ (!r~le 6, 'Âppendl~ '3) indi.cà~' thAt . . l- . 
_~ pH«l)' va~ue8~wére' si9'~ific~try 'low.r'at '8ite~ l, -J,and '4" , ... :,' . 

èomPared' -U; ·si.t.è ci and ,a·t 'site 4 ,c~çared ta'site 1,;'" '1!f,eaJ'i pHU), : " " è, 
.... 'M -, • -, l' • • - ~ 

~a. àiqnif~cant.l~ .lower, a~ ait.! 4 th~n a\:. the ô.~~r 'threè 'sltes~ . 
Tbe o'~ly' otb~~ siqnific~nt diffe.rence w~s' betve,n 'l'DP"concèn':' ' 

.. '. ..? ~. \ 

tratiOl'1B at sites '2 ·and~. : 
l ".. ..... ,.. 

".3.7 

" , . , ' 
40. , • '" 

A Compari'Sdn of the, .Snowpact Chems,tries, MeaauJ;ed at , 
the Control an~ Bxperimen~l Profi..lefl' . " ' 

." . ~ 

l ' 

.' .', Vertical distributions pf the chemiéal paramatera, i~ 

': 

, the Con~l an,? 'e,xpe~.imèittàl;· spring .DOW ptofil.~s· ar~ cOmpa.:r.le,,· 
" baving the 8_ J!ange .C;;f values,· vith" the' e"ception -of, the lover: 

, ~rofÜe ,s~çtions a~~, ~. s~.c:k .~alPe . ~~~e~ '(Figures' 6,~' te;. ' 
.6p)," fat sites i,' 2 'and :J", ~e ..... general·.p~tter~ 'of .~mpari-" ,. ~ , 

",on~ between. ~e, b.aè santpie V~:lue .. q~c:tir; . 'pH ia lôwez:; and Ki' 

mp and partiéu1Àte ma~r concentrations 'are higher -in :the base 
- _ ~ '\ __ ~. f. ,J 

.,. saJâplés' in; di,reët conta~t vi th' the ground and/or vèqetf. t.ion. -.ur-'" . 
, 111 t • !' " ,. . ', 

facè. Di. ffe rence* ,between Ca,. Mg aqa ~a" are hot' a1J ,marlte":. '. ',' < 

.. ' ..... 

.'< ' At site l" the .pH (2) ,of th,e base samples from ~e r;:ontrol .', 

pio'f.ü~ ,·(Fi.gs. 6.." band' G) - r,an'ge trOJ,D 4.5 to 4'.,7 r compared t.o. ' 
the" experimental profiles CF1'go 6d)', wh~re, valueS rànge. f~m 4 .. -8 " 

~ . 
" 

to 4 •. 9. Magnesium concentrations 40 not cha~ge (0.01 mg/l)'and 
"'1(' ..' .. 

. Ca (0.06 compared' to Q. 12 mg/~) and Na (O. (H compar-ed', to O. 25 

mr.:r/l) show "only IlÛnor dit"ferE!nces. ,At two sampling loca tions , 
. , 

K- concentr~tions are considerably higher in the control p'rofile 

samples (stake location 4, 0.12·vs 0.01 mg/l and location 2, 
\.1 , '10 .., 

0.55 vs 0.02 mg/l}. At. loca~ion l, the valùes are- comParable 

r (O. b9 and 0.'04 mg/l). Phosphorus concehtrations are similar, 

ranging from ".4 to' 4.5 and 4 •. 8 tq ~. 2 ug/l for the experimen tal 
. 

anà control profiles, respectively. At stake location 4, par-

ticulate matter concentrations are higher in the control profile 

base, samp~es (~16 vs 22 mg/l), but !re less at stake location 1 

(4'8 vs 128 lIl9/1.>. ", 

/'. 
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. At sita 2~ pB..v&luea .re lover near ,the ba •• o,f tvo of 
- .. - \ . 

the control. .DOW, profiles (Fi9~ •. ~.f and ',9) th~ at ~e_ corres .. 

Po~~ft, e~riJieJltal. proflles (Fig 6e).· Values r~ge from. 4.5 
'and, 4,.6. to 4.7 .... d 4.'8'., Particulate _t~.~ cOnçentration~ are 

, largel: in . tbé 'baa~ 8aJIPl •• , tro. aIl three ''ContJ;ol .profiles, vith' 
.' '.' :: an 'extre_ diff.re~ce betveen 'profi.les' lï and' 12 (1550 vs ~8' 

.. • ; ~ ~ ~, '"'. "'. l ' 

, ,-'-.J'11). ,~n adcJtUQn ta the very large 4ifference in part~~ .. te 

. Mtter, q~, Mg, K and TOP œn~ntt.a·~o~. are', a18,o higher at the '. 

,ba .. of, prof!le 11. 'W~th ,the excepti~n of Ca concentl-rations in 
., profiles 7 and 8, the. differenées ,betvee~ the othe'r pro'filea are 

" ,not larCle • 
.i '. 

1 • 

l' , ' ... ' . 
The 'maln differençea at site- 3 are in the phoaphorua con.-

. -, 
centra tions vbich ran~ from 12. 8 te 16. 1 ug/l, in the base ... -

pl •• of tbe'·expe-riJDental profiles (Pig. 61) coapared to 52. 7 ta 

198 ug/l in. the control profiles'''(Piga. 6i, 'j and k). At, two . 
, • 1 

'Ullplinq locationa, 4 and 5, K also ahava conside,rable,.,differ-

~nc8. in' the range of value.; 0 ~ 10 ta O. 15 !Dg/l in the experi-
' .. ' ( 

-"" _ntal profil .. auplètcOJIp&red to 1.03 to 1.62 1Ii9/1 in the ~!,':" 

" 

, '. 

tro:l profile • ..,1.'.. '1'Île IC. concentration. in the b~_e samples 
\ ,; fI.. ' '.. ~ 

at ~oc:ation. 1 are hiqher tban at; the otber tvo profile locations , . 
but the con.trol and ~r1aental profile bu •• nov • ..ples are 

coaparabl. (2.26 and 2 .. 77 1DrJ/ll. 
~ l, ..' .. il' 

Tb. differences in cation concentrations are auch .ore 
.. -, + 

pronounced at site 4 the at .ites' l, 2 or 3 'Jith the exception 
~ 

of •• wh!ch shows li ttle dlfference. D~fference8 in particulate 

atter concentrations are not large and pB 18' bigh-er in the ·con­

.. trol profile base samples. pB (2) ranges from 5.4 to 6.2 in the . . 
'control profile samples (Figs. 6m; il and 0) compared te 4.9 to 

5.1 in the experimental profile samples (Fig. 6p). Calciua con .... 

œntrations range from 1.16 to 1.55 vs O. OZ ta 2.06 mg/l, Mg fro. 

0.72 ta 1.50 vs 0.01 mg/l and K from 0.02 to 2.06 vs 0.01 and 

0.02 mg/l for the contlro1 and eJ.CPerimen~l profile samPles, re-

~.pectively. Differences in -phosphorus concentrations are compar­

able to those at aite 3; 21.6 ta 50.9 ug/i. compueà ta 4.71 

te 9. 41 Ug/~. <l 

, .... 

1 
f 

, 
\ 

~ 1 
t 

, . l '. 
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Alth~ugb, the majority of values' for .;~~ ca~ion, phos- , 

phorua and 'particulat:e matter concentrations are slightly hiqher , . 
iil the samplea r~ved from the control snow lU'Qfiles (Table 7), 

the diffetances are rarely s.tqnlfi"cant. The only, siqnificant "~ 

: 

differences are 

'and' 4 (Table 7, 

between pB and Na con~n~a.tlons at sites l, 2', ' 

Appendix 3).. None of the "differences ai:. si te, 

3 vere fdund to be significant. The signifieance of man'y of the - ' , 

differences ia, probâbcl.y redueed by the ~arge à~ndard deviations . ' 

o.f the means, particularly for thE! control profile mean ,v~,lues .. , 

, , 

The ~gree of variation in concentr.ations through the' 
... l' , _ .. ' 

snowpaclt ois seen ,in the (often' larg~) sta~dard deviations of, ' , 

the mean .concentrations. 'Certainly the ,'Yariations throughou,t 

'the e~~ire_profi1e contribute to ~e8e la~ge' s~ndard dev~ation., 
but, J ~n many cases, the higher concentrations 'in, the samp~es, t'è-

- -" ' 

IIIOved from the base of the snowpaclt" qre.tly affect their maqni- " 

tude. Tbe t:.wo set. of statistics pres,ented in 'fJ'able, 9" APpe~c1iX 
3, a;~ the _ans éd aWdm;d- devlaiJ.o~s of. the e!ght, p~iaiaet8X:8' 
.asured, 'calc\1l.ated uaing the en~re 'd.~ ,~et.· .~~ ~~c~·lèu,iated., ' 

,. .. "'. _" -., 1 ...... ".' , ' .' 

.~ttinq the base s&JDple valuea.: ' .. " . 

1 
! 

Î 
~. 

1 
i 
! 

i ,; 
1 

i 

1 
, '1 

, ' ' , . -, " ~ 
, In lMlly cases, the' _n ,c:oncentrations dp"Rot. çh~nge' ... ', ,,"1 

~ ,.~ " 1 1 ~ 1 , .. , _' 1 ~ w ' _ • ' .. 1 \ 

appreciably, as' the aCCOlllp~y:inq: t-s~ti.ti~s 4~1U8'~,.1:e, :,·~4,' _,,: <' 

none of the diff.rencea are .tatilÎt1ëà~iy. ~igni~iç&p~ lai~U9h ' 
in ..ny .:xaJIIpl •• tais 'la '4ue, ,to 1;11 •. ~.;ge ,iI~~ ·~vl,.tion.~". "." 
!ber. ar.~ hoVever, 'bfo':prevalen't 'pattern. 'in_ thea.·,Co.qp.r.i:'ons;:- : ' 

".an -valu..' calculated .~cludinq 'the ba.~ '.~i~ .. v~1~ ar~'- .Ü.1.9ht;-. ' 
't" ~ 1 , • _ • 1 • • 

ly Iower tban _an. caléulated using 't:h~ ~CI).le~ a_ta set '~d'" '~'.' 
the standard' 'c1évlations .dècr~a'se·,~h • .i' ,tbè ba~ • ...pl.· ~,~i~ .. '~re>', " 
aai tt:e4.> ftia sWJgea~ts that the ·cônœritrat!ons in' t:ii~ b~é . < : " 

1 \ , - .. , 

a-.pl.a are large' eiu,-ugb te 'noticeàt)ly àffèct, the' __ ' cOrl~tra-
tion of a' CJive~ ~~~tèr',~n the.'s~~ck.i' ·in ~~.'. ~s~. ~ ia~ 
cre ... "the- ôveral1 coilC:enua't:lon~ _', 'J '. _ ' '" 

1 ~ .....,. • _ 1 • 1 ~ .' 

, ",~ ~~. ca.p~;""iVè 'CQOIPà1'i";';:j;~~' ~ ,;~~",' , ' . 
l' - • • " , - ~ , ~ 

bo1:h tbe .prirlCJ- ~ntrol' àn4 eÇeri..mtd p:r:otJ.i~ -l.,·pnsen.te4. ': -, . , ' .. -
., . . -. ~ . ... --

1 • 

. , 
" , -< -

" 
, . , , 

" , . . ~, " . . , 

, , 

" . ' . , . ~ , . , 
, i 

.. ,. " 
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· ~ '1'41' ' A- ....z1~ Qi ".1à1k ~_1 "'Uioa,:;'1' ~'coat:l'Ol, _,a4 .... ~ÙlllAcat .PriA, ~-..c:k. 
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. ',' ', .. - ' 1," "'1 " i. ' ' l' ," .. ' J , 
•• ,. 'rc,f41. Il p111: a.d. 'Il JIll •• 11. ,'rotua JI 1111, •• 4., 

1 • .. ~ ) • 

1 

',.2 

. ' ~. 

" , , 
11 

7 
t' 

.11 
, l 

• , '1~' 

" 4~Û D.-U •• U 0.2' lO, 4.ii'· 
•• '11" Q.ll 'tU' 0.11, . ~. ,t·.n: 
A.té O.lt. ·4.n. 0.11 ' .. z, 4." 
, .:U 0"'., .... 41,47 :.'1" .... 0· 

, 4. li,: . '0.17, '4.41' O.ll 'l~ C.U 
4.1' '.o.~J . '4.1t', 0.1. 12 4.31:, 

, 4 •• 0' . O.U .. 4.47 :'.:15 .,', , _ ... ' 
.4.U· ,0.15'· 4.41 41 .. 11. 'lG .' t." 

0.31 (f." . 
O •. U' 

0.21 
0.l2 ,.a. 
0;;'$: . 
0.20 . . 4.40, '41.2'.' .4.SS ,,~.2,a ,lt·, ·C.34., 

.. ., . .... 0.11 4.71-' 0.11'. .... t •• z \ O.!.· 
, . t c.,,· ·o.,c· ·.~U ,O.J5. 10 1 C.U O.lt' 

. ' 

•• d.a 
U· 4,~ •... G~.U . , 4.51 O.J,l U ,4 •. 21 0.1" '" 

, f ' . 

~èe kofU. ~ '~2i' c874.1 ,i pH2.a, • ~~. ~ tir~fl1. i: ,.,3 
, " 

, " 

, ,. 
\. 

. '. 1. 
1 , '5.41' . 41.141.', ·5.U ,'. o.li' 10' 

., '4.i'· . ~.1O 4.'S'. 0.1" ... • 
. 11 .. 4.7lt . O.lt., 4.'C, O~U ; IJ 

,', 

5.00 0.21 
4.U 0 .. 20 

, .'.75· . o.~t 
1·.~,1 

,.,...J.L'i 
:~ , 

. ,', 2 ,. 4.17' ,~.U .:,," 0.15 8 

" 

, , 4.77 .. O.U 4.10, -0.22." 10 
· . ::r\ ~l. 4: 7~ 0..241' 4:12 -o"'~' .. '12, 

1'.-:1 . :t ~ .. '2, O." .4. n 1.11 J , 
" • ~.," O~lt ' .• ~ 77' .1', 14. 
, ,11 4.13 0.36 4.17 G.u. . ,l~ 

,4'.tt". 0.29 
4.15. Q.U 
5 .. 02' 0.44 

4.U· 
4 •. 7S~ 

'0 ' 

.. " .' " .. ' . . ' .. 4.412' O.tS.:-- .••• 0 . O • ...., '. 4.U . 
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in Table 13. The means of the control profiles, including and 

excl uding the base sampl~s, are compared wi th one another and 

wi th the means of the complete da ta set for the experimen tal 

profiles. 

Of the four sites, only site 4 shows pronounced changes 

for the majori ty of parameters in the control profiles when the 

base sampl.es are not inc1uded. Both pH (U and (2) decreased as 
, 

_did Ca, K and TDP concentiations. Large decreases in the means 

and standard devia tions of. Mg, K and TOP also occur;red when the 

values for si te 3 were recalculated. Potassium is the only para­

meter for which the means and standard deviations decreased at 

aIl four sites. The values for Na did not change. Where changes 

in pH occurr~d, the values decreased at sites 3 and 4 and in ... 

creased at sites 1 and 2. With the exception of K and particu­

la te matter, the base sample values .do not appear to influence 

the mean concentration of the nutrients in the snowpack at site 

l, although the mean particulate matter content decreased when 

the base sample values were excluded. Sorne larger differences 

occurred at si tes 2 and 3, but the decreases were most consistent 

at site 4 for the majority of the parameters. 

.' 
The means and standard deviations for the experimental 

profiles are lower than both sets of vâlues calculated for the 

control profiles. The plastic sheet removed the interface of 

the snowpack and ground cover and impeded the migration of nu­

trien-tl? into the base of. the snowpack. With the exception of 

K concentrations at -site 1 and Mg at sites 2, 3 and 4, even 

recalculating the statistics for the control p,rofiles by omittinq 

the base samples did not lead to ·val:ues which .were low enouqh 

to be comparable w~ the mean values of the experimenta1 pro­

files 

The Inésn chemical concentrations in the control and ex­

perimental. snowpack base samples Ccollected after the on.et of 

melt in mid ... May) are presented in Table 14. Tf1e co1llPlete data 

s':cs are presented in Table 2, Appendix 2. The coaparisons show 
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Table 14: Chems try of the snaw sample. collected from the bas. of ~. control and 

_experimental profiles in mid-May 

Site pH (1) pH (2) Ca Mg K Ha TDP 
mg/l ug/l 

control. 4.5"2*0. 1·7 4.30tO.09 0.056%0.073 0.Oll~0.OO7 O.lSoi:O .. 070 O.161%0.Q61 17. 9i4. 36 
J 

l 
experimenta1 4.63~0.17 4. 39:t::0.11 0.024%0.025 0.009~0.007. O.135=0.178~ 0.16~0.065 6.52z2.76 

• 
1 

0 4.-42tO.13 4.49%0.14 0.224%0.308 0.069:t0~082 0.24Sto.366 o ;'1. 38tO • 039 11.3%5.36 1""1 control 
1""1 

1 2 + 
experimental 4.37-0.15 4.47±0.18 0.063t O.088 0.01StO.021 0.084%0.066 0.119%0.047 6. 28~3. 8'2 

""",, , 
control S.33iO.27 4. 92±0. 28 0.S37tO.3S8 0.120tO.091 1.460tl.080 0.188tO.OS2 63.St46.5 

3 
experimentai 4.S110.23 4.62'%0.27 0.10S:l:O.115 0.044-=0.057 0 •• '56~0.425 0.170:tO.063 16.9_.22 

~ .. s. 99io. 54 2.00.± 1.67-control 6.0St O.45 1.47 %1.1:5 0.489%0.261 o. 2..4~0 .101 14.0%7.15 
4 

experimenta1 5.74±O.61 5.50±O.71 1.15 ± 1. 23 O.78StO.8l9 O.la8tO.1OS 0.17#0.174 -8 .17i3. 68 
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that mean pH, Ca, Mg, K, Na and TDP concentration's are h~gher 

in the contr.ol snow samples, The exceptions are pH(l) and (2) 

at site 1 and Na concentrations at sites l and 3.' Oifferences 

are minor at site 1 and most pronounced at site 3. 

The differences between the control and.experilDental 

sample· mean concentrations were tested using the t-sta~stic 

(Table 15). pH, ca, Mg, K and TOP concentrations vere found to 

be significantly higher in the control samples at site 3. The 

mean TOP concentratio~s arèsiqnificantly higher in the control 

samples at aIl four sites. Other signifleant differences include 

pB(2), site l, Mq, site 2 and pB(2), K and Na, site 4. 

Between-site comparisons are given in Tables 9 and 10, 

Appendix 3. Analyses of variance (Table,9) show that, vith the 

exception of Na, the mean values for both the control and experi­

mental samples are signifi~tly different between the four si tes. 

The t-statistics (Table 10) identify the siqnificant between-

site differences. The saallest nuDber of significant differenoes 

are between sites 1 and 2. Differenees 'involving eitber sites 3 

or 4 are largely significant. especially betwèen the saaple l;ft8ans 

of the control sample,s. Tbe DIOst consistent significant differ- 1 

ences are between si tes 3 and 4 # vhere .an pB 1 Ca, Mg, 'K and 

Na concentrations are significantly higher and lIean TDP concen­

trations siqnifiaantly lover at site 4 for both the èontrol and 

experimental 8-.ples. Difference. between si ~ 1 and • and 

sites 2 and 4 are also, larqely 1 significant, w;f.tb the', ex~Uon' 
of phosphorus and Ra concentrations in the experilD8ntal' slllllp1es 

of both betveen-si te coaparisons. Pifferences in .. an Je conéell~: 

trations between si.tes l and 4 for the experu.en·tal sa.plfits ~d ' . 

sites 2 and'. for the control • ..ples are also not aignific&Q.t. 
, ' 

With the exception of. Ma (vhere the' differences ~e nQt siqnifi-

" ... 

cant), the .an values at site 3 " for both 'the exper~_~tai ~d, ' 'i 

control sUlples, are significantly hiqher' t:!ian at 'site 1'. The 

el.lP8ri.antal and control ~an. TOP concentration~ ~e~ signit:ic~~-. 
~y bigher at si~e 3 than et sites' l,. 2 or 4 , whereas differenoes' 

betveen sites 1 and 4-' and site. 2. and.' .. ,~~e' n9t: s.i9n1flcCU\t ' 
• • • - ~ 1 
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and only the con,trQlr mean TDP concentratio,n at si,te 1 is.'siqnifi­
cantly higher th~ at site ~_ 

In Table 16, the sites ~a~ been ranked in order of de­

creasing mean pH, cation and TDP concentrations for both' data .. ~ ~ -

sets~ AlI p~ame'ters. (with the, exception of TOP' froDJ the, cé:mtro~ 

samples at sites 1 and 4) show greatestmean, values'at sites 3 

or.4 and lowest at sites 1 or 2. Wheie the highest values occur 

at'site 4, these concentrations are significantly gr~ater than 

at the other sites. This ~lso applie's, vith the elfception of 

Ma,'~hen highest concentrations'occur,at site 3. In yery,few 

instan~s, are mean concentrations significantly greater.at,site 

1 ,than at site 2 or vice versa. Exceptions are the',experimental 
'\, "/, ' 

and control pH(l) and pH(2l values, mean Ma and TDP concentrations' 

for the control samp~es 'and mean Ma concentration fOl: the experi-. 

men~l ,samples. 

The'" pu. "NJ CQIlparisons have illustr,ated that within ! 

this small 'are~~ defined ~'the May Lake catchment~ :there i. ~ j 
great',de.l of 'ap'ati~l',~riabili~Y in ,snC?"Paé15 ~mistrY~ Thi. .t 
la not only apparent ktween the fpqr si'tes, but also within l 
aach sj..té' -and app'!àr. to be ~';~ated ~ ~e vegetation strhct~e 

'~~ à~ea. Tbe difficulty' in 'identifYi~9 ~lIIpOral Change~ in 

the snowpack c~eatistry i. proba))ly due to the ~i thin-si te varia-. , 
tions~' 'Tbe growid coyer ap~ars to havè SOM influence on the • 

, ' . 
'~~c.k ~eaistry. This effeèt is JaOat prOnounced. at sites' 
3 ,and 4'~' The 'da~ :.lso '.indicates: that ',the anowpacks at) sites 3 

. . .... .. 

and ,4 accuanùatèd IIOre nutr~enta than at ei ther si tes 1 or 2 • 

. . 
4.4 

. . ' - . "-
Soil Prope~tie.'a~d.Or9an~c Horizon Ctieadstry 

1 

, , 
~.,4 .1 A DeSCription of the Soila at'the Four Study Sites . , . . ~ .. . "" " 

" .. 

Thè soil .orpbology, _aaurèd at the' tbrtM profiles 'At 

, aach si, ta' in, Septe1lber; , 19BQ. ; ié preae':'ted ,in ",able 1, Appendix 
, • • " 1 

'" .~.:) ,,-be sofl hQrizOI)at.i:0n 'and ~..istry ia pre.ente~ in Figure 

','~. 'The fo~loWing so~l ~.C~iption~'are;~~a on th~.~ nbaerva-
\ ~ 

, , ' , . 
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tien ••. 

i) '!'he apruce licben wood~and and l1chen-beath tundra: . 0 

These salIs are classified as Eluviated Dystric Branl­

sols (canada Soil Survey Commlttee, 197') whlèh~are probably the 

equivalent to the Mini Humo-F~r~ic Podzols described by Nicholson . . 
(1973) for some of the soils in thia reglon. '!'he surface organ-

ic soil horizons (LPH/Ah) are thin «5 cm) and pass d~ into 

a .very èbin Cl-l cm) 1\.e horizon, beneath which are reddish-brown , 
Bm and Bf horizons. The 80ils are sballow; the C horJ..zona or 

bedroc:k being rea~hed a t < 58 cm. 
, 

! 

The soils are acidi·c thr6ughoutJ pB, val.ues ranqed from 

3.7 to 4.7 in the surface organie horizons to 4.9 to 5.3 in the .. 
adneral subso~l. Cation exchange capacity i, relatively"high 

in the organic horizons (20-25 meq/lOO 9 8011). Base saturation 

value. are' low (3 to 17 percent) although thera J..s an incre.se 

. in the subsoi1 horizons where therè ia IIOre Mg. At the time of 

'1 salllpllnq (05.-20.09.80), the gravimet;ric vater content was high 

(300~OO percent) in the surface horizons and about 2S percent 

in the àubaoil horizons, si1Dilar to values r.porte4 by Moore 

U9'O) • 

11) J'eatberB:»ss ~ore.t 

The fe~th,~ forest ai té· 1. under~aln, at wo of thà 

piu (1 and 3).# by a Gleyed Melanie Bruni.ol (Canada SolI Survef 

co.ittee, 1974). These soils have a thicker accumulation of 

surface organic material than th!! soi"ls et the woodland or lichen/­

heath tundra. The LFH horizons are 10 cm thick and overlie a 

~O-lS cm thick Ah. This passes directIy into a 91ey~d Bm hori-

zon 8 ta 18, cm thick. At pit l, this horizon passed into a 

second Bm horizon th~t did not show signs o~ g1eying. Nicholson 

(1973) also describes 9+eyed B horizons directly beneath satur- -

.ted Ah horizons in the forest settinqs. The C horizon wes en- , 

. ' 
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eountered at deptha- of 38 to S4 cm. 

'l'he soils are neuual, pH -v_lues range ~ro. 6.5 to 7. S 

and iner,.s. vi th depth. Cation exchange capaci ty ranges from " 

80 to 100 meq/100 9' .. ail. These soils have higher cation contenta, . . 
partieularly Ca and Mg~ than the 'Dystric Brunisols anel base sat.ur-

ation ranges from 80 tg 90 percent~ 

"'" . ~ . 

The soil at pit 2, site 3 is classified vith the soils 

at sites 1 and 2 .. an Bluyiated Dystric Brunisol. This pit was 

excavated on a lover slope where the .. feathermoss forestgrades 
into lichen woodland. fte sail has' a thin (5 cm) LP horizon over 

, . 
• very thin (1-3 cmt Ae horizon. The underlying Bm horizon is" 

l ' 

not gleyed, 'a~ in profiles 1 and 3, nor 18 there a strongly rad-

coloured B horizon', as at site. 1 and 2. 

The organic' horizons are acidic.(3.8 ta 3.9) and pB (n­

ereases in the B hori zQns (5.1" ta 5. 8). Ce tian exchange cap.ci ty 

CQ!llpares to that of the soi1s at sites 1 and 2; 

9 soil in the organic and 5 to 15 meq~lOO 9 soil 

20.to 25 meq/100 
',' 

in the inOr9aDic 

. horizons, but base satur~tion ia higher, ranging from 14 ta 4~ 
perœnt. The gravimetric water content of the three soils at . . 
.ite 3 was 250 ta 350 percent in the organie horizons and 10 ta 

30 percènt in the subsoi 1 hori zons. 

The organic soil or pe.t in the sedge-mo •• fen is cl •• -

.ified as a Fibrisol beca~e. of the low degree of decomposition 

• in ~e upper half of the core samples. A IDesie bottam tier 

places it'in the eategory of a Mesie Fibrisol (Canada Soil Survey 

CODllittee, 1974). The <,upper Of of all three cores, eontained 

large amounts of reeognizable, poorly deeomposed organ~e materi­

al. The rubbed fibre content ranged from approximately 85 per­

cent in the 'Wper to 50 percent in the lawer Of tiers. The Om 

layer in the bottOlll tier had a rubbed fibre content of appro~i-

-- ~~- '"," 
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, 
Mtely 25 percent. so .. woody .. terial vu· still recognizable 

!n this, layer, althouqh it had li- thick·; lIIU~ky texture a~d "aS ~ 
al.Jaoat black in colOltt~ The peat depo~it is' not ~~p: «l:4,-o' ~) 
and is underlain by marI. A hydrie layer was present in two 

" ' • _ <0. 

of the cores wbich exten!1ed from approximately 80 cm. ' 

The pB ranges from 6.2 to 6.8 in the uppermost fibric-­

layer to S .. 8 to 6.2 in the middle and botto. tiers. Cation ex­

~ange capacity ls highest ,in the upper fibric layer and decreases 
- - . 

<> •• lightly vith depth, the overall range being trom 56 to 76 .meq/ 

100 9 soil. a_e satur~tion r~ges "fram 64 to '87 percent in the 

aurrace tier and from --43 to 66 percent in the mddle and lover' 

tiers." BylroCjen ion oontent is oolllparable to that in the organic 

horizons of th. a~lls at ai tes 1 and 2 (9 to ~4 meq/lOO 9 soil). 

'!'he Ca and Mg contenta" are auclt higherJ 19 to 47 and 8 ta 28' 
meq/lOO 9 soil, respective1y. Magnesiua concentrations are 

highest in the leut deCODi!pOsed surface layer. As at the other 

. stad)' sites, lt and Na _a~e present in only' minimal conc~ntr~tions. 
'!'his peaty material has a very"high vater holding ..,c&paCit:Y and .. 
had a wa1ter coQtent, at_the ti_ of ...-pling ,.c:,.of 500, ~ l~OO ,_ 
percent. 

4.4.2 
.. 

The Cb~.try of the Fall and.Spring Organie Horizon 
Sample. , 

-
A COIDp'lete S1J11111ary of the orgenie horizon chemi'cal: anâly,-

••• is g1 ~n . in Tables 2 .d 3, ,.ppenèli~ 2. '!'he means and stan-

darcS deY!. tiona are pres.nuel in "rabl.. 1 7: The th-re'e 'd~ ta groups': 
inc1ude il the fall i.i) spring control and. Iii> spr;nq eicpéri .. ~-" '. , 
ta~ (beneath plastic) ~uapl,es of the organ~~ horizons·ta a depth - : . -
of 10 ca. 

, 

B!!t.ween-site coaiparisons of the threé -deite groups ·are ' 

presented in "rable 11, Appendix, 3. In 'fable 18, 'the stu4y si~ea 

are arrange d" in o'rder of dee~eas.iAg values" for mean :pHf eati~n 
.nd available phosphorus concentrations; CBC,' base satl1ratio~ ," 

... .~. ~ 

and -perçent water· content. :'l'he gene~al between-site relation" . . 
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Table 18: ,&tUdy ,lit~.·r.nked ,according to' highe.t' ... n value for .aCh 'ehemical 
pa~àmèter, ... aure4 tn the ~urface aoil aamp~ •• 

garierai " 
r.làtion.~ip 

. \ 

,~ffer.nce. aignif,;clÛlt 
at'at 1ea.t ~ao,.05 

, H' 
, ~ , 

- . a 4 > 3 > 2 > I ' 4>3, , 2,' l, 
." . b 4 > 3 > 2.> l' al~ , 

" . d: 4> 3 >. 2 > 1 all! , , , . 

, Ca 

3, 2,>1' 

a 4;)3>2>'1', -4>3,'.'2,,1, 3>~,,'1 
: b 4')3 .. >~.>1 4>2, 1; 13>.2,',1, 2,1', 

"\' ,c .>,3>~>l' 4>3, 2, ,1,"3>2,1, " . 
" , ' Je 

" a ,'>4'>.'1>'2', 
, .' , b 3>.4 >,1 >,2 . 

, C, C 3 >,4 > 1. > 2 _ 

P , ' 

1>2' 
" 

3>4~" l, 2;. 4, 1>2 
3>&" 'l" 2; .4>1,.2, , 

. ' .. :, ' ' a' .3 > '4' ,1 '> 2 .' ,3>4"1,, 2 ' " 
" .. '"b 3-> 4" Z:>l '3>4,,2, 1; "4>'2, ,1 

, , _ C' ,4:>,1 ",.3'>~" ',4>1, 3,' 2) .1>2 , -
".BS 

'"' '\,ge~e'r~ ~ , 
.re1ationship 

,aifferenees siqnificant 
at &t laast 0<=0.0, , 

, H 
a,3>1>2>4 

, b ,1 > 2"> j > 4 ' 
o 3)2')1)4 

J>a; 4, 1.>2, 4 
1 , 2 , 31>4 ; 1>3 
l, 2 l' 3>4 \ 

Mg ~ 

.... a 4'>3 >1 > 2 .• >3,' 2', 1,. 3>2, 1 
P 4 >3)'1)2' 4>3, 2, li 3>2, l, 
c ... >3 ~1 >'2 4>3', 2-# ·1, 3>2, l' 

!Ul, '. 

fi 

1 ~ t " ' , 

a .• )'3 >1:>~, '4>1, ~1' 3>1, 2" 1>2 
l" b -2"> 3 "> 4 >). 'none _ ' ; , 

c 3: > 2 .>.t > 1, . ~ l, -" - ., - - ' .. 
CEe' . . 

a '4">3>,1 >2 
,b .. >3 >'1>2 
.c ' •. > 3 >,1 >,2, 

a11 
~>3, l, 21 1~1; 2 _ 
.4>1, ~: 3>1, :2 

,. ,,' ,.. ,,-, .• ' .. :> 3 -> 2' > l -.. ',4>3',1 2, 1;, 3>2,. ,1 
" ' . :',"b .4 "'3->2">1, 'all- ' . 

\wc 
a '.>1>3>2 

,b '>1'>.3 >2 
4>'1, 2,,3, 1,-3>2 " 
.>1,- 2, 3;,1, 3>2 
4>1, :2" 3;, 3>1~ 2 " .. ' , ' c·" >.3 > 2 >1" ,.>3, 2~ 1; 3>2# l c 4 >a>t >2 

: '. ,,' ·à,', l'a11 ~':mPi~.- ' 
• , • '; ',' '. ': J, bz SP.x:inc;f ~oÎ'lt~l .aq;»l.~ 

, C: l'Spr!ng .~r;~n.~l l!blP.laa 
.. • • r 

J 

•. ~\ --
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-~hip~ are ,descr.1bed. on the-.'lef.t. On the 'right, :th~. 'sign'ificant 

diff~~ences '(based on: the one-tailed test)' aré idént~ièd. Sig­

nifican'ce' ~s 'ac<?e~t:ed at ~e 9S Eerce~t ,levé!. Thé betweèn-:-,site 

reiationship~ remain. constant in ,the fall -and ~P~i~9 sami>l:iJlg· _. 

pè~i()ds a~d betweëri th~· c~ntrol ànd ,expe'rimental. sp':uing' da~ta' ~- : 

sets ·for the followi~9 pa~ameters..: pH, ca,~ Mg,. K; "ÇEC and "base ~ 
, . 

saturation .. 

, 'the 8éURples 

For ~ese parameters, mean value~ ~re hig~est fo~ 

from sites. 3 or '4' and lôwe~t for ~amples from ~iteS 
"1 .. . ~ ~ , 

1 or 2., , Th'e pattern.ls less ~el;t defiJl~d .for-HI' Na and available 
".'. -

phosphorus (in the control samples). 

The majority of differences are statistically ~i~nificant 
At: ât le~s't: the 9S perce,nt level. Many comparisons show .sig~ifi-:­
ca.nt differences be~eBn 'aIl of ,the.' sites. Dif~erenèes which 

Are, frequently not significant occur between si te 1 and 2 and-
~, • J. ..... 

sites 2 and '3., ,Wher,e' ~ighes't mean vâlues .occur at site 4, they 
, • 0 

are si~ificantly'higher ~n at the'other ~ree stud~ ~ites. . . - '. ~ .. ~ 
'l'his applies té pH, 'Ca, '"9, Na,- CEC, ,base ~aturation and water 

~ntent' in b,oth the fall and fifpring sample~ (control and experi­

~Eu~~l),.- .Where.b1gh·est meàn v~l~es' o~~ùz: ~t site 3, they are 
1 ... .. ~ _ -0: 

not 41way·s, si.gnifiqan.t1y higher,.. a1t;.houqh this 'does apply for 

K 'coQ~ntra~on~' in spring', ~a concèn.trations i~ the experimèntal 

.pri~g ~amPres- 'and .~'O'ai1a.ble P i~ the fall artd.control sprinq 

samp1~8'. 

'DifferenCes' re~in, in general,' significant from the fa11 

to the' sprinq :and ,the, 'SAlle signific~t ,differ.ences apply to both 

.th~ c;ontrol and' eXpér;(mèntill 8ainp1e~ •. 'Where changes in siqnifi­

.c~nœ:'ck,' OccUr'~' ·th~y ~llwl~e cO~arisolls be1;Weén~ si tes _1 and 2 

or .ité. 2 and 3! " " 

'. ,·The t-&tati .. ~ics 'for the withi-n~.i te .compar,isons between 

1) ~'COD~X'Ol,' and éxperiiaental 'samp1e~ and 2)' .~e spring JlDd 

. fa11 saIDp1~s, are. given U) Tabl:~ 19'1,' "A pattern ·cap ~t pe defined, 
, ',-whtCh: ide~tifie~ é.ithe~ h:igher. o'r' iOwer -méan' pH; c~tion or P con­

ce~tiation8', CEC, b~e' s'a~uratioil 'or perc~'nt wa~er co-n~ent in ... 
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Table 19: A statistical comparison of the surface soil-horizon chemistry between 

Sitte ,. 

i) 

1 
2 
3 
4 

ii.) 
la 
,b 

a 
2 

b 

3,.a 
b 

4
a 

'b 

il the control and experimenta1 samp1es and iia) the fa1l and sprinq 
control .samp1f!s and lib) the fa11 and 'pp ring experimenta1 samp1es,' 
within the sarne site. 

pH 

t . 

;2.94: 
0.14 

;0.26 
0.71 

'+0.77 

2.41' 

3.66: 
-3.25: 

"1.25 

+0.73 

-0.25 
't , 0.43 

ft Ca Mg 

t t, t 

;1.63 :0.46 
2.03 +1. 26 

~0.73 _1.42 
0.75 0.34 

't10 • 8 ! +2.77: +1.02 

~8.57~ ~1.26 t O. 71 

+6.,68: +5.48: +0.8'9 

+4.32: t 3 . 28 : +1.53 

T2. 4'6' 

+ 3.76: 

+0.77 

+1. 27 

K Na P CEe %BS 

t t t t t 

;0.81 ,,:0.26 + - -2.64' 0.46 1.23 
_0.09 +0~37, :0.64 ;0.34 c :O.l~ 
;0.00 _1.55 + 5 .. 16: _0.68 _'0.97 

1.01 0.68 1.74 0.07 0.97 

+9.31: +4.00! -1.63 

+5.64: +4.a7! -0~97 
+ - ~ 9.88! 0.60 
+ :-5.80. 1.32 

'Wat~r 
'Coment • 

t" 

:b37 
1.14 

-2.24' 
-0.81

1
, 

+ 0.26; 

-1.17 

+6.45! +6.22~ -1.21 

+6.07: +5.78: -1.34 

+11.8: -0.3011'2.06' 

+4.79: -0.27 +2.47' 

+7.09: +2.11' +b.84 

+7.18: +3.16: -0.45 

+8.12: +1.36 

+8.66: +0.50 

+1.11 
+ 3.33: 

-0.30 

-0.49' 

t 3 . 83 : 

+2.76: 
,1 

1'2.78: 

+2.87: 

~5.12r +5.20~ +2.6i: -1.23 +5~49: 
+4.86! +4.06~ +2.44' +1.17 +2.3~· 

+1.22 

+0.77 
:1.11. 
-2.07' 

t me~ ~lues at site 2, 3 and 4 > or <:. at site li 
s,i.te ,2'; at site 4> or <At 'site 3. 

. --'3 at Sl.tes and 4'::> or <a t 

'Level of signifioan,ce 

: 

~:0.001 
: 0,01 
• 0.05 

one- tai led tes t 

1 

, 

.. 
\ 

IL 

1 

""-

1 

'-" 

1 ,.>, ç~< ~",,,::, ..... u~! Iil~S!~" ~ \i f f.-:~ .. 
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Figure 9 Changes in the nutrien_~ statua of the surface 
soil horizons bet:ween ""fall and spring 
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ei ther the control or experimental samples. Ni th the exception 

of pH and avallable P at site l and available P and water content 

at si te 3, there are no siqnificant differences between the sprinq 

and experimental samples. 

The changes in concentrations between the fall and spring 

samples are presented graphically in Figure 9. What is immediate­

ly apparent i5 that the majority of changes are increas~s in con­

centrations. Changes, which are significant at at least the 95 

percent Level, include pH, H, Ca (sites l, 2 and 3), Mg (site 2) 

K, Na, CEe and percent water content (si tes 2, 3 and 4). 

Changes in pH are small in magni tude, al though the s~igh t 

decreases at site 2 (4.4 to 4.2) are enough ta ,ne significant, 

as is the decrease in the experimentaL sèUDPles at si te l (3.8 to 

3.6). If it vere not for the large standard deviations of the 

mean pH values at site 3" the se differences (4.7 compared ta 5.1) 

vould also, probably, be siqnificant, sinee they show the larqest 

degree of change. Change .. at site 4'were minor and net signifi-

canto • 
Hydrogen ion concentrations increased significantly at 

sites l, 2 and 3. Increases were from 16 to 38 meq/lOO 9 sail ~ 

at site l, 13 to 37 aeq/100 9 sO,il a,t site 2 'and 18 ta Jl meq/ 
100 9 soil at site 3 (despite the increase in pB at this s'ite). 

Changes in H ion concentrations at si·te 4 vete minor and not 

siqni ficant. 

CalciUJII, R and Na concentt,atioas incre .. ed signifieantly 

at aIl four s.ites. The increatse in mean Mg, concentr~tion vas 

siqnificant only at si te 4. In abàOlllte, tartIS" - the, a>st iJllPOrtan.t 

increases occurred in mean ca and Mg (,i ~ f) ~ncentrati-ons. 

Calcium increased by 2, 3~S, 26 and 12 1M!!\q/10Q 4) sail .t sites 

l, 2, 3 and 4, respectively. Maqnesiua i.ncnaiJ.ed by i2 meq/100, 

9 soil at si t.e 4. J;lowever f the. qreat.e.st percentage illcreasea 

occurred in J( concentrations at aIl four 'Sites. A.t site If the 
" 

" 
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increase of 0.80 meq/100 9 soil (from 0.07 to 0.87 .meq/lOO 9 

soi1) was an increase of 1100 percent. At ~i te 2, the increase 

was 1600 percent and 350 perce~t at si tes 3 and 4. Increase-s 

in Na concentrations, although also small in absolute values, 

are significant and ~t si te. 2 are large in terms of perc~ntage 

increase (375 percent from 0.06 to ,0.28 meq/lOO g' soil) ~ 

• 

Given the significant increases in the basic catio,ns and 

H, it is on1y 109ical that the CEe of the organic horizons should 

also increase. The increase was significant at aIl four sites. 

The magnitude of the increase is comparable between sites 'l, 2 

and 3, but is much less a t si te 4. Al though the base càtion 

concentrations increased i.n aIl cases, the base saturation' shows 

only very small changes and ev~n decrea~es slightly at si tes 1 

and 2. The Changes are not significant. The s~ changes are 

due to the large increases in H ion concentration at si tes 'l, 

2 and 3, which mini~ize the effect of the increases in ~asic 

cation conçentrations at these sites. 

Percent water content increases are significant at site$ 

2 and 3 (control saiDpl~s) and the decrease at site 4 ia also si9--. . , 

nificant. Perhapa the most imPOrtant change is at site- 2. Dur-

i.ng the fal;Lr- the water côntEU\t of the ~urfa~e soil ho:r;i-zons' was 

less than 100 percent by weight. In the spring, this material 

vas saturated. Interesting"ly, t1;le changes i.n the values Df the . ' 

majority of parameter,s +8 also JB08t pronounc~d at site 2. B, 

Je and Na aIl show decidedly greater increases here than- at the 

other si tes. Chan'Cjes in ca conçentrations are a1so large and 
, \ 

CEe show changes of the greate.st magnitude at site 2. pH valu~s 

at site 2 decrease in both the control and experiJDen~J. sàDlples, 

bath of vhich have si.gnifieantly lover pB values tban tboae 

measured in the fall. 

4. S Over-Winter Mass Los.e.~ - in Plant Tisaue. 
l 

,lIean .percent .... ,~os .... haWn Iiay the Ua.ua s~l •• o~r 

1 
,1 
\ 
,1 

• .. 
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Percebt 1I&SS lost f'rom plant tissu.e' 
samples during the .wiri'ter at the four 
study sites 

'JI Site l 

Birch LabradOr tea Sp~ce 

33. g:!: 3. "3 14. 4! 2 ." 0 l 18.6=1·.13 

Site 2 

Birch L~rAdor tea Bluebe·rry 

20.1i!:2.75.. 9.0ftl.46 

:Site.3 

Birch Labrador tea 'spruce. 

. + . 
40.3_4.86 

Biech 

, ' . 

. , 

) 

, 
" 

'1 , . 
i , 

1 
1 

• 1 
, 
1 . 

1 

~ . 
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'l'able 21: Between-si te cOÏllparisons of p,ercent. mass losses 
shawn by the different plant t~s8ues 

,... 

Bireh 

Between-Si te 1vs2 1vs3 lys4 2vs3 2vs4 3vs4 
Colllparisons t t t t t t -12.72: "' •• 67: 2.05: +15.68: ''''7.9.7 i +5.·87: 

Labrac10r teà Black spruee 

Between-si te 1vs2 lvs3 2vs3 jvs4 
Comparisons t t t t -9.32: +2.93; 1'13.451 +i~ '77 

Table 22: COlDparisODs of"percènt mass lasses between the 
different plant tissues within the same site 

Site 1 

Tissue 
Comparisons 

Birch vs L. tea 
t' 

Blrch vs Spruee L. tea V8 Sprue. 

Ti.sue 
COmparlsons -

Ti.sue 
Comparisona 

Ti .... 
Cmapariaona 

t t 

20.46: 16.56: 6.90! 

Site 2 

Bircb vs L. tea B.irch vs B. berry L. tea vs B. berry 
t t t 

'16.09E 0.61 20.71! 

Birch va L. tea 
t 

20.11: 

Site 4 

Bircb va 'l'_rack 
t 

0.16 

Site 3 

Bi~c:h va Sprue. L. 
t 

14.321 

tea va spruce 
t 

4.241 

t values at site. 2, l and oC >or< At aite l, val ... at aitea 
3 and'4>or<at site 2; val ...... t .ite 4>or< At ait 3. 

1 0.001 
Le~l. of Signiflcance : 0.01 

O.~5 .. 

l , 
; , 
1 

, 
.1 
~ 
! 
, 

t • 
"l' .. 
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.the winter are' ~re!len~d in T~ble. 20. The complete data set ta 
qiven. in Table 4, Appen~Ux 2. bsulta of the -t-test, comparing 

the pércent masa losses,between species, are qiven Table 21. 

,Statiatically- aiqni~ieant differences (at 'at least the 95 per-
, " 

cent lavel) in 'maIs losses are apparent beween, the th,ree tissue . , -
typea at .site 1. Birch ti8sue shawed the greateIJt loas (one .. 

third of its ox:iginal IDAss), which ia signifi.;antly 9r~ater thl?-D 

either that shawn by Labrado-r taa or by spruce tis8Ues. Spruce 

tissue e.lcperienced slightly hiqhE!r percent .masa loss than Labra-

_'dor tea~ which, in terms o~ abs,,?lute values, doe~ not appear ta 

be greatly different (18.6 vs 14.4 percent fbr spruce and Labra­

, dor tea4 respecti vely.) but is siqnificant. 

At site 2, birch and blueberry tissues showed almost 

i~ntical mass 10BBes, 20.6 and 20.1 percent, respect! vely. Bath' 
o • 

of these losses are significantly higher than that shawn by Labra-

dor tea. At;i te 3, differances in NSS losse. be'tween aIl three 

tissue types are si.qnificant. 8irch tiasue showed ~e greatest 

_88 108s followed by spruce and Labrador tea. At si t:e 4, bircb 

and tamarack showed allDOst identica.l maaa loaae. (31.0 and 30.7 

percent, respectively). 

..,1 
The dif.ferenc:es -in ••• lo •• e' fot the ... U.sue type, 

". ~tween each si te ha". been coçared 8 ta ti.~ically (Table 2-2) 

and, for each tisaue type,_ the atudy ai tea have ~en ranked 

froID greatest ~ leas~ a.mount of "'8 10sa (Table 21). F,or tho.~ 
study sites which have cOIIIM)n Uasue types, site 3 shows the 

greate.t, .... lo.a for the thr~ U •• ue type., birch,- ~racJor te. and apruce. For birch and Labrador tea, aite 1 .how.d_ 

great;er 10sse8 than sit4 tvo. Birch a180 ahowed greatar'_ •• . , -
lo.ae~ at, .~te 1 collpared' ta site .. and at site 4,ooJllP&red m, 
site 2. AlI of the •• coapariaona ahaw ataUaUa.lly .:ignlficant . 

-~~f.rence.. M1 thi~ eac" ai te, - birch tisa~ .hOlMd gr.a ter 10.:..·· 

s .. t:Iuûl .pruce and lAbrador tea showed tbe l_i .... los •• 

Cl ' 

.... 

\ 

\ 

l , 

l 

j , 
l 
t 

l, 

·1 
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'l'ab14 23: Study ai/tes -ranked in arder of 
deèreasïng peréént _ •• 10 •• 

Birch 

3>1>4>2 • 

• 1 
1 

L. tea 

3 >1 >2 

!J. spruee 

3 >1 

Tbe visual. appearance of the. retrieved tissue samples 

also .uCJCJea~d t;hat .decOlllposi't-ion had occurred. Although the 

.p~ce and tamar.ack needles and the Lab~ador tea tissue's were 

'intact, the birch 'and Lab~ador téa sfllPlea had 'un4erqone physi-, 

cal chanCJes which, ~tber than some bleaching of the sprUee need­

les, did not appear tQ have affected the other tissue types. 

They bad chanCJed colour to a larqe deCJree, had .c~mpacted and 

clumped together in the li tter baga and SOM of the leave. .ere 

çovered w~ th muld. 

In arder 1:0 avoid the effecta on decolllpOai tion which 

-cQuld have occurred in the ewmt of larCJe Ume diff.rances be­

tva.il s«IIple retri.val, the Ussue sUiples vera retrieved on H 

·tbe. s_ day, June '8, but before the amo.,p.ck had co-.p1ete1y.. 41.-
~ -./ . 
ap~ared Cro. · .• ite 3, vbena. at site. 2 and C, the anow coYer . . 
bad _1 ted more than ODe veek previoualy. At si te l, the snoV . , 

. cover bad allllO. t colilpletely _1 t.ed. 

, The ua. of the ~ .ab .1_ i., c~n ,ln ~y 11tt:er 

decompoaition .tudi •• and -1. c~n.l4ered te be .. 11 enough ta 

pftvent Any major 10 •••• of .11tter, although ~racJt nee4~ ••. 
fa1l 'througb .u'ily. 'f'berefor., 'the 0.5 __ sb .1.e .)tu, ua~d 

for tbi. ti.sue type. 'lb. cUfferant ,.ah .ize could 1.JI' 'a.1!iv 
render compariaona betlf.- the data ~.liable. It la pos.ible 

tbat so.e 11 tter did actual1y fall througb the .ah and that, 

thar.fore, the w.iCJht los ••• are Dot raal. Rowever, th. very . , 

_.11 standard devi.UolUI of the .an. of the 20 • .-p1 •• (Tabl. , . 
,20) .ugqe.,t that, th ••• wight 10. .... Ar. real' and that each 

sap1. 10lt approximately th ..... percent of ..... Bad-the 

,. . 

. ' 

, . 

, 
-i 

l 
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li ~te~ fall.h- 'through ,the litter b_g8, the atandar4 de.vHàtioll8 

v~ld .,.t likely bave b_een JIlUch bigher. 

.... h bag.- ean exelude ... cro-faUllal dèCOlllpO.era, but 

Lucarott:i (197.6) 'has .hawn that the macro-faun_l pop,lla~on o~ 

the lichen "oodland .~il. arqund Schefferville i. low, .0 th,at 

the uae 01 'the -"'ab baga in Wa environment .tiould not. -exclude 

any' bportant deCOlllpOaers. Bow~ver; the .... data are not nece.­
.arily applicable ta the foreat, fen 'or tundra aite., vb8re '''eto''':. 

- l ' 

faunal popu1atio~ count. vere not _de. 'l'bus, thi. a.sWlllPtion 
,) . 

.. y not apply te tbe enUre study ar_. 
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Table 24: A cOllpariaon of May Lake chemistry wi th 
, 

anov anow chea1aitries 
frOll other regions 

r.ocaUoa Da_ .. ca .. • .. , ..... .. ~ 8f/l ""1 JII/l Qf/l 

... ',.......11 •• P.O •• 
_,. "*- ca~t, 

•• 14 u_ naD ..... 15.12." .... " O.OJ . ';81 ••• 5 t.u 
D •• a.11 ····1 0.0' ... , .... 0.17 5.'. •.••.• 1 •••• O.Of 0.81 .... 0.1. l.U 

Uc:Ma· ....... ~. 12.12.", ... , o.u 0.'1 .... O.U 7.2& 
2 •• IZ.11 t •• l 0.05 0.11 ..... ) O." , ... 
.~ .. ".'l .... O.Ol t.u .... ' •. U 4.41 

~~.Ion.t: 11.12." ,S.- O." '.'1 ' .. 1' ' 
•• 11 ll.S ..... ~.~ 1S •• a.p ••• 1 0.10 '.H 1.21 , •. u 11.' 

" •• S.11 •• 11 •• U O.H e.H ,.1' •• 1 ......... , .. u' •• a." "' t.'l 0.11 0'10 ." '.14 '.11 U.l ... 
U .. II.Q. > S.'I .... •• J ' •. u O.U U •• eI.".Il .~.' '.25 .'.07 0.12 . '.JO '.21 

l1.cMa .... 1 •• 21 •• ,:-11 S.,. O ••• '''1 '.0' • •• l.11 
11,11 ....... ~ 21.d.11 ':1. O." '.81 •• 01 1.11 2.M ,.....- ..... ..... n ,.10 .. _ 21 •• '.11' s ... t.u • ioN - .... , 1.1' S.U ......... ,.. 21.'2'.11 t.H O.ts 0.'1 •• os ,.1' t.D 

"'fflani11e, P~O. 
0 10.-' ~P 

1~ tMI"", Apc." 5.71 D.U '.11 '.11 I.ts , .. 8.' -- CUIt. 
.... 1 .... .., 101_ ... 
a.u ..... ca ....... t ..,,~ 71 .. ,2.It ••• '.U .... U 18 .. , ..... ft al. CU_ 
__ tllHa~ 

•• n ..... ,.u aa ,. • ... 1 •• u •• U 
, 

:n::= • YIaWI-, aa 7. •• 5' 
, 1." 1 M ..r .......... C .. ' '.41 .. It •• 14 aa" 1 ••• ... , '.11 .. ., 1.U a - ./ 

~ ......... 
1IIppw ca~. .' ...... ." •. u .. " .... 'ot- • .. 

·U .. M."" 4.47 I.It '.N .... -M .... 17 .\ ...... ..IS .... '.01 t.U aad ".o.n •• 5' ••• s '.11 ••• 1 •• M •• t .U ej ... , .. CI .. ,., 
~Q~~ ....... n 4.SS .... . .... • •• 7 I.D 

H.M.n t.s, .. " t •• l .... •• M ..... " 4.M t." •• u .... 1 > •• a 
" •• S.17 4 •• 5 •••• '.t' '.03 .. " , 

....., ......... ,.... ... ............. ...... ... 
8.1."1 '" 

~ ..... .... ... -i:û ... .... "'n '.11 I.IS 1:0 1.10 '.M ;:,....~ ,ot,_TI •• n •• 3" '.12 l.lS ..... Clnl' 
........... t .-n '.11 .... 1.11 '.14 ••• .... 

" .. ftIIe/~ fone& 
_1'1 '.'2 1." •• 1.' •• U .... ..u 

•• oeeU'al "l ra'ta 
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&~fone. 
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CHAPTBRS 

DisC\lSsion of baults 

5.1 A 'Comparison of the May Lake Catchaient Snow Chemistry 
vith the Snow Chemistry from Other Study Areas , 

During aIl sampling seasons, nutrient concentrations in 

i::he May Lake catchment snowpacks were extre_Iy lov. The com­

bined mean pH, cation, 'l'DP and particulate matter concentrations 

~r the December, February and spring snowpacks and the mean 

v.al.ues for the Fe);)ruary surface Juuilples ar~ sUlllllarized in Table 

24 and compared vith snowpack and fresh snow 'cbemiatry measured 

earlier at Schefferville and w'l-th other locations in northern and 

soutllern Canada, northern U~ited States and northern Europe. The 

differences and similarities in these values are related to re­

gional variations in climatic patterns, continenta-l. or coastal 

locatlons, long-.ran5:!e raJlSport of pollutants, vegetatioR (both 

~ ov.erl~ln9 and underl ng) and soils. The range o~ differenœs, 
which 1. aeen in r,i,nq 'the_ snowpack concentrations from dif-

ferent vegetation IOnes wi .... thin the s_ study area, is often a • 

large as the differences hatveen anowpack or fresh snow cheaistry 

frqa' differen~ regioDa of the verld. 

. . 
COmparison of the May Lake ~ta vi th values reported by 

Moore (1980)' shows tbat th •• an cation concent;a~on. in th. 

May Lak. catch_nt anowpack •. v.re lower than ,tho •• value. _~ 

.ured ln il voo41an4 .novpack near Schefferville in 1976. _ Dif­

ference" bet:ween theae two data •• ta could be due to ... local influ-
, 

ence. or beCaUN of differiDg ayDOptic condi tion.. If tbe bulk 

o~ SChef~rville·. vinter precipitation ha. co~, fra. the Hudson 
Bay/Labr."r cout raglon, the cation content vouid be bigh8r •. . - . - -
If- -the stotwa co.a frca the ."uth. the pB vquld rnely ,be lôller. 

AlthOugh the concen.tration. in the freah SDOW s.-pl •• 

are clearly lowër the value. _wred'froa other ret'iona, l:be' • 

..... ck. .haw • r .... of val •• 1Ib.1cb A91'ee vl th bigber u4 low-
, • .P 

er CQllcentratiou elHWllue. 'Ille higbut CIODcutrationa ocear 
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, . 
in the spring snowpack in the feathermoss forest and the fen and 

are comparable to values from other studies conducted in the 

apring. Phosphorus c0l!cen tra tion-s in both the snowpack and fresh 

snow samples Agree weIl wi th findings from other areas • 

The pH values from the May Lake study areas are notice­

ably lower than the 5.7 measured in 1976 in the lichen woodland 

(Moore, 1980) or campared ta mean pH values of spr~nCl- snowpac~s _ 

.reported by Drake and Moore (1980) ranging from 5.2 -W 5.6. The 
- . 
May Lake values, which range from 4.8 ta 5.1 -in the spring snO!"-

packs, a~e comparable to 'findings of Pierson and Taylor (1980') 

for ,nowpacks in south - central Ontario or ta the values _ ~a~ured 

in the Storefjell snowpacks in southern Norway (Jo~annëa~en ~d . 

Henilksen, 1978). The snowpacks are much less acidic 'than tlloae ' 

a~led in Todval, Norway, which had pH values' of' 4. 4 ~ 4 •. 9,' ' 

increasing as the mel t progressed. 

Al though the Todva1, N~rway snowpacks are more acidic 

tban tho.e at Schefferville, there ia close agreement betveen. 

the cation and phospborus concentrationa .auured" in the woodlan4 

and tundra snowp&cks. This sillilarity ia particul-arly-i.nterest­

ing since~ of t;hoae areas 'presented, the vegetation structure of 

'ro4val reaellbles that of the st~y area .,st cloae1y. The area"­

i .. dominated by a heath vegetation, cover vith acattered pi.n~ and 

birch i~ 1=he '~r -catchlDant and âpruce foreat in the i~r 

ca~nt (Skartveit and Gjeaaing, 1979). Snow cheJIÙ.stry in 

'1'Oclval is, however, influanqed by the long-range transport of 

~11utanta froa ->re aouther1y are .. in Burope, as are the 

study are .. frOll Johann •••• n and .Be~iltaen (1978). '!'his 1.8, 

AppàrenUy~ not a factor in the Schefferville are. during the 

viAter, al'though loc~l 502 ..m.asions froll the townsite,_ iD ad­

dition ., llining operationa and burning at the tovn du.p. prabab-... 
·ly affec~ t;:he .nov cb.eai~~ in "the t-diate, ~urEpundi.Jl9 are~, 

par~cular~y the anow p8 (Drake and Moore, 1980). 
b! 

.... -
'rh. May Late catcta.eDt anowpack data oan alao he COIIpIII"ed 

- : 
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tG ,the Qtber jl,t~t\ieB'i ~"~A~,'" ,'of 'abso1ute concentrations, 

in terms of spatial~-and temporal cha:nqes in snow chemistry, such 
" -' 

as 'the differing concentrations' between forested and non-forested' 

'areas a~d ,the ~anqes in snowpack. conc~~trations du~inq the win­

ter., The ,data ;trom Fëlhey. ('1979), Verry and Timmins (1979) 'and .. " -
Fierson and Taylor (19801, available, for diff~rent vegetati~n 

covers, show differences in concentrations ~etween o~en ,and, for­

ested regions, the open areas having qeneral1y lower concentra­

tions. This' was true for both the fresh snow and the snowp~ck 

sanlples. "Fahey (19-19) suqgested that because Ca, Mg and K con-
, -' ~ 

, 'ce~tra~tions i.n f~éSh sn~ col1ected f~C?m beneath ,the tree oanopy, 

,'were al1 higher than from op~n areas, the, enrichmen t was due' te 
, , 

c~opy l~achir1g or washinq o'f particu1a-te matter from leaf sur-

faCes rather than being due te) au~ntatioJ')' of nutrients in the 

snow 'after it reaches the ground. ~his enrichmènt was a180,highe'r 

, in ,thè, denser 'f9rest stands. !resh snow-, co;J.lected in precipita­

tion co1l:ecto~s by Pierso~ and 't'ay-lor (l-~80), a1so showed higher 

con~trat:ions in' a dense1y' forest:ed area which Uley ,attributed 

,to ~e ~f,~ects of, the çVèrlying V8getatl.on. ' samp~es f,~om, a . 

clear-ing" c1rcled by birch, 'showéd -lover çoncent.r~t.ion8 than at t 
the , fores ~d area al,ld: alBO law"r than in in the open are a ;. , 1 t J 

was sU~gested t:hat thià slDall ele_ring vas protected fram the 

eff~cq: éf' .eoli~ éontribtitJ,ons' whi;Çh inf1uenced the content 

of 'tt,le. fresb 8nCJ!ll' ~~~e8 in the open_ 

In ,general, the anowpaCk concentrations in. the Hay Lalt~ - , 

c;atcru.ent show the 8~.' pattern vhen comparing da'ta- for the SaDIe 

8Ulpling 'datea-. The fe.th.~.8, fo~est, which ois the "s,t den-.e":' 

, ly Vegetated' site, 'had the, hi9h.s~' .~-ek nutrient concentra-
1. ., 

tiOlUl. ~ l:i.ch~n' wooc;Uand' and the 'o~n' 1ichen-he~~ tundra 

b,otb ))ad' lover 'concentrationa. Tbe fen roughly coiresPonds' te 

the clearing 'aèacribed' by Pi~r8on -and 'l'Àylor ti9BO} .Îln that i,t> 

toc .ts ~in .. d by -treea. Bovéver', tbia .. i te sh~d- the secOnd 

highe~t sllOwpack, çoneent,ra ti~~ ~f .the' four: si tes." -arbJ.à ~~4" . 
be clue ta c;onti~utioll8 f~. un.derl.yinC)' vegetation, an eff_ct 
vhj.~. will be diaeus.ad in secUQn 5.3. 

, 1 

. 
j 

" 4 
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Thè- 'concentration of the surface snow samples 'collected 

in' ,February s.bÔwed ,no differences j.n cation or TDP concentrati'ons 

between the four, study sites. However, the snowpack concentra­

tions did show differences (which were often significant). Al-
, 0 

,though data are no.t available for fresh snow samp1es throuqhout 

, the win,tèr, ta substan'tiate the fo1lowing assumption, it would 

appear 1;hat nutrients are being supplied to the May Lake catch­

~nt snowpaCks following sno~fall,_ unlike the explanation sug­

gested bl' Fahey (19-79)" This will be pe discussed in detail in' 

section S. 3. 

Wriqht and Dovland (1978), Johannessen and Henriksen 

'(1918) 'and 'Skartvei t and Gjessinq- (1979) sugqested that ionic 
~ .. . -

speci~s ~re lost from the snowpack during the winter. This is , 
bas~d on studies .showing-higher ~umulative ion èon~entrations in 

snow cOl~ected tn preci~itat~on cdllectars compared ta snowpacks 

which were sampled on corresponding dates. By'sampling at dif­

farent leve1s in ~e .snowpack, Jeffries and Snyder (1981) a1so 

·f:ound that, over the willter; m1gr&tion and 108s of nutrients oc-
l , ..... 

ci,u-r.ed prior to spring melt. Johannessen and Hènriksen (1918) 

reported sizeable nutrient 10sses from the snowpa~ at the onset 
, . . , , ~ '- , . .. 

of the meit. This i5 to be expected si~ce t:he e~ements would 

become "concent+ated in the meltwatér and removed from the snow-

,))4'*. 

The chelliistry of the May. Lake catchment snowpacks a1so 
. -

appearèd ta be- andergoing changes throuqh the winter. The dis ... 

tributi.on P4tterns of the chemical cons~t~nts changed in con­

cordance with th~ findinga of Jeffries and Snyder (1981) in that 

IÜqratio~ t!lrougb the snowpack appeareq to be occurting. Po ta&.­

sium, Mg and, to a lesser extent, P c::on~ntr.a.tions shawed a ten­

deney to decrease in the, upper and aidàl, snowpaqk sec tions in . 

the woodland.. l,ichen-he.th tundra and f.én si teâ. In ~e February 
, . ... ~ 

and spr.inq snowpacka, ,K WQ no. longer present in meas..ureable COIÎ~ 

cen ua_tians i~ tbese snowpack. leya1s.. Tbis did' not occtlr in the 

anowpack ip, the featl)e~8s forest~ wbere ~pu~ froBl th~· vegeta­

.t:.i~n COve.r wQUld bave the qreate.,t influen<;e •. . . . 

1 

j 
, 

! 
1 
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The Relationship of Snowpack Structure to Snowpack 
Nutrient Distribution Patterns 

Ice and slush layera in the snowpack result from p&riod­
f 

ic, short-lived melt episodes which often occur at the sno~ u~ 

face. The snowpacks sampled at aIl study sites in the May La 

.catcnment contained a number of ice lëtyers of varying es 

(see section,4.2.2). The meltwater, which.percol~tes 
'} .1 .. 

the snowpack, transports dissolved elements with it. These become 

deposited at lower depths in the pack or, during melt, are most_ 

prob~ly washed out of the pack (Johannessen and Henriksen, 1978). 

'If the melt water collects and freezes at a certain depth, it 

may be expected that ~e dissolved ions will also collect and 

concentrate, having been '-frozen out' in front of the freezing 

plane (a process similar to the one which leads to a concentra-
"'..:;l 

ted layer of cations Just bèlow ~lake-ice cover). This possible 

meehanism of redistribution and concentration of nutrients in 

the snowpack was not measured directly, but the aampling interva1 

of 10 cmwas sma11 enough that, as seen in Figures Sa to 51, 

coincide!)ees of iee layera and in,ereases in nutrient ooncentra­

tions are apparent .. 

J 

The qistribution of nutrients in the snowpack can be re-. . 
lated to particu1ate matter content. This is discussed further 

in ,section 5 •. 3'- . However, _ the distribution ~f particulate matter 

may itself be pa!tly. related to ice layers since particu1ate mat-

- ter can also be earried through the snowpack in the meltwater and, 

where seepage is blocked by an already existing ice layer, col­

lee1; at thia point. To what extent nut,rients could have been . 

lost from the snowpack thr"ough 'washing. out' is not known, but 

depletion patterns shawn by K, Mg and P would suggest that a 

sizeable proportion ma.y have been lost in this manner from the '.. .... ~ 

snowpa?ks. A warm period in February résulted in sorne melting 

of the snowpack, ~hich would ma~è this a plausible mechanism, 
\ 

and the very presènee of ice and slush layers in the snowpack 

. is evidence "that numerous minor' melt episot;les oceurred. Jeffries 
JI . 

and Snyder (1981) reported sizeable nutrient losses from the 

, 

l 
! 

i 
! ;. 
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snowpacks in their study ~reas following tbe February mel t per­

iod which a1so affected tbe central Ontario reglon. 

Sorne illustrative examples can be drawn from tbe data 

which suggest that ice layers have affected, to some extent, the 

nutrient dlstributions ln the snowpacks. 'l'wo examples a t 51 te 
to-" 

l, proflles land 3, show slight increases ln Lon concentratlons 

at the snowpack base, where an lce layeI? lS present. Depletl0ns 

above tblS level suggest that, at some time prl0r to sampling, 

cations may have been transported Wltb meltwater ffom layers 

above but could not leave the snowpack because of the basal l.ce 

layers and collected above the lce. At site 4, profiles 4 (100-

110 cm) and 7 (90-100 cm), Flgure 5j, profile 5 (20-30 cm), Fig­

ure 5k and profiles 3 (40-50 cm) and Il (90-100 cm), Figure 51, 

marked lncreases Ln ca Uon concentra tl.ons can be seen in the samp­

ling lntervals l.mmedlately above the ice layers, below which 

depletions are apparent. ThlS effect is most pronounced in pro­

files 4, 8 and Il and for Mg and K. 

The snO"" profiles a t 51 te 3 have fewer major ice layers 

than were found at the other sites and the nutrient distribution 

patterns are more erratic at this site than at sites l, 2 or 4. 

Depletions are also not as marked. Factors such as particulate ., 
matter content may be responsible for this, but the thin, less 

frequen t ice layers a t this si te sugges t tha t washing out or re­

distribution of, nutrients in the snowpack was not as pronounced 

as it was at site 4. The effects of radiation melting could be 

~educed at this site because of the closed forest canopy. This 

prevents much of the direct sunlight from reaching the snowpack 

surface and therefore from having as great an effect on surface , 
melting as occurs at an open site. However, trome nutrient in-

creases appear to be related to ice layers at this site, most 

notably at profile 2 (40-50 cm) (Fig. Sh) where concentrations 

above this level are noticeably lower and also in profile 7 

(40-50 cm) (Fig. 5g). In these examples, particulate matter 

does not show an increase at these levels and therefore does not 

appear to have' had an effect on the higher concentrations. There 

.. 
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do not appear to be Any pronounced coincidences of iee layers 

and increased nutrient con~ntrations in the site 2 snowpacks, 

vi th the exception of profile 11 (20-40 cm) (Fig. 5 f) where con­

centrations are higher between two ice layers, one at 18 cm and 

a major one between 30 and 38 cm. 

5. 3 The Effect of Particul.ate Matter on Snowpack Nutrien t 
Concentra tions 

The very low chemical concentrations in the fresh snow 

samples at ~ll sites 'cotfected in February, cornpared to the 

chemical concentrations in the samples of older snow removed 

from other depths in the snowpack, particularly from those inter­

vals where a corresponding, higher concentration of particulate 

matter occurs, suggests that the nutrients are not carried with 

the falling snow but enter the snowpack throu9h the locali zed 

contributions of litter fall and dry deposition. 

At Schefferville, a snow caver begins to develop before 

li tter fall is complete and li tter, particu.larly birch, Labrador 

tea and tamarack, becomes incorporated into the lower snow pro­

file. This was most apparent ~t tne woodland and feathermoss 

1 forest sites. Snow, which colle~ts- in the cree canopiës, eventu .... 

aily falls to the snow surfaée, carrying wi th i t pieces of bark, 

needles and the epiphytic lichens from the spruce trees. This 

was very noticeable in the forest site, where the profile hori­

zonation was often poorly discernible due to the large amounts 

of snow which had cascaded from the overlying canoPy, interrupt­

ing the normal holtzonation in the snow profile and also adding 

chunks of iee whieh were carried down wi th the cascade. In this' 

way, litter material is further added to the snowpack. 

Dus t, whieh is removed tram unpro1rected surfaces, is 

transported and deposi ted on the snoW surfaces in areas of snow 

deposition. This becomes less important later in the winter 

once a continuous snow cover, even on the 'ridge areas, is estab­

lished. The pink layer in some of the lOl/{er profile sections 
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at sites l, ) and 4 \las moI!Jt likely " layer of iron-o~e dust, 

although èh~cal analysis for iron content i5 not available to 

support this aasumption. T~e same layer was not fo~d in the 

sncNpack at site 2, an area of snow removal and redistribution, 

particularly in early.winter. ln these ways, particu.late matter, 

oomposed of dust and li tter, becomes incorpbrated into the snow­

pack. 

Concentration peaks 1 which oocurred in the snowpack, 

frequently corres"ponded to increases 1.n particulate matter. The 

GUlPles of this were outlined in seGtian 4.3.1. Not aIl higher 

_cation and 

amounts of 

ous enough 

phosphorus concentrations corresponded to larger 
lA 

particulate matter. However. occurrences are numer-

to suggest that particulate matter co'uld be a contrib-

utor ta the nutrient content of the snowpack. This applies# in 

varying degrees of importa?ce, to all four sampling sites. 

Certainly, the nature of the li tter and thè fIDOunt vary fro", 

site ta site and a t various depths. 

" As vas shawn in section 4. 3 . l, Table 6, there is a s trong 

correlation between particulate matter and ,Ca, Mg and 1( in the 

December profiles at the forest and fen sites. This vas not 

evident in either the woodland or tundra site _profiles. The,:;e 

correlations at'site 3 were found te correspond to the examples 

of profiles where the cation and particulate matter distribution 

patterns paralle-led each other. ,This sUg<3ests that particulal:e 

matter is contributing to the nutr;ent content of the snowp,ack 

at this site. In addition, one February profil~ (profile '4, Fig. 

6i) also showed a high correlation between K and parti,culate 

matter and the distribution patterns. of these two parameters 

were very similar. Tpe same was also true of particulate matter 

and all four cations and 'TOP in the May profile, 9 (Fiq. 6j). 

The reasons for ,the high correlation coefficienq; between 

the cations and particulate matter in December at si te .. 1s ndt 

as apparent from the qr'Aphs 'as it i8 at site 3. Particulate mat­

ter appears to be more evenly diatributed through the profiles 
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at site 4 'and 'is present in lower concèntrations vith ttle exce~- . 

,tian, of the bot;tom 10 CIR. The larCHe i-ncreases itll the cation 

CXlncentràtions in the base samples .do, however, parallel lar:ge 

.i.ncreases in particulate matter. Ttlese values eQuld be influ- . 

encing the correlation coefficiènts between these parameters. 

The high correlations did not continue t:hrough the win­

ter. One reason for this could be the redistribut,ion of the 

nutrients anQ/or particulate matter thrcugh meltwater 1Z.ransport. 

It would, in Any event, appear tha~ migration has oC,cU1:red, '5 
previous ly shawn in section 4. 3. 2 . This would have r~moved the 

nutrients from their early winter posi tions in the snowpacJt, 

corresponding to high, particulate matter conéentrations, thus 

leading te the lover correlation coefficl.ents between these para-. -
meters in February and May. 

Certai.n parameters, particularly K, ~d)owed marked increa­

ses in the base samples of the snowpack. In Ully of theae sasa­

ples, the particulate matter content a.tso in~reaaed. At this 

level, the particulate matter is largely litter., vhich beco._ 
-' 

incorpo~ated into the anowpack base from the foreat floor 'or foJ.:C)m 

the lov shruba vhich are partially or ful1.y covered before li tt:er 

.,. fal.l is complete. At site 2, wbere SOlDe of the p~files vere ex­

cavated over bare ground, i t vas found that so. sail and atones 

wbere incorporated into the first fev centi_ters of the snow­

pack, probably due ta freezing or frost bubbles. 

The, nature of the qround cover, the organ.i.c: _matter hori­

zons and the li tter at the four si tes are aIl different" But, 

wbereas there are some aiJailari tiea between the woodland, tundra 

and forest ai tes, the fen ia very different in all respecta. 

Tbe resul. ta in Fiqure 8, section 4.4 •• 1, ahow.ed tbat, in the ' 

autwm, the orqanic soil at site 4'vas b~i~, pall-Ucularly in 

coJll)arison ta sites l, 2 and 3, and that the bue cation concen­

trations in the upper organic .. t, cOIIIPOSed prillllfily of spaaCJDUII 

A08a and sedqô, v_ hig'her than at the other three ai tes, vben-

, -

1 • l 

\ 

i,~ 
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as H ion concentration vas lowest (Tab'lé 17, section 4.4.2). 

calcium and Mg vere present in much higher concentrations in the 

fen soil than in the woodland, tundra or forest soi1s and K and 

Ha concentrations vere greater in the voodland and tundra soils. 

Available P contents were fo~d to be similar at a11 four si tes. 

Tbe orqanic horizons of the Bruniso1s at si tes 1, 2 and 3 were 

acidic (4.7 to 3.8), beinq most acidic at site 1. There appears 

te be an effective buffering system in the feathermoss forest 

Brunisols which ooQJlters the large 8 ion concentration in the 

sail, leading t.o higher sail pH than in the woodland or tundra 

soils. Although the concentrations of a11 parameters, vith the 

exception of availab1e P, increased in the sprinq samples, the 

same funàamental relationship of bet:ween-si te nutrient status 

vas maintained. 

In teras of comparative concentrations, it should not be 

surprising"~at, given the higher concentrations in the surface 

_terial at site 4, the concentrations of the same e1e~nta vere 

round ta be higheBt in the base samples frOJD the snowpack at 

this Bi te. Siailarly, concentrations are higher' in the organi.c 

horizons at site 3 than at Bites ,1 or 2 and increases in the 

concentrations of the C«tiona and pbQsphorus in the snovpaek base 

.aap1es vere also greater d~tn9 Decedber, February a~d .April. 

Potassium appeara te be the !mst lIObile Dt the four cations, 

being easily leached fma the under1ying vegeta.t~n_ cover. Al­

tbough J(. is present in the s .. ll.st concentt'atio~" in the soil 

surface horizons a t all four lai tes, i t ahOws the lIIOat appreciable 

increASes in the b_e sUllPles of a11 the s~cJt.s. At the wood­

land Bite, it ia the only el_nt which ahowed an increase. At 

site 2, the tundra r K did incr ... e in the spring r althouqb no in­

cre.s.s occurred in Dec:eJllber or !'ebruary. Calei .. and Mq. wbich 
are present in 1lUc:b higber concentrations, showed only aini.JDal 

increases in the base .nov .&llpl. •• troll the pmfiles in the for-

1- .st and did net incre .. e at this level at a11\ at ~ites 1 or 2. 

'l'be only appreciabl.. incre .... in Ca, Mg and lia occQJ:'red at the 

fen, altbougb It concentration iIlere .... vere still .ucb ,greatar. 
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The migration of elements fro. the~ soil or ground cover 

i~to the base of the snowpack can affect the overa11 snowpack 

chemistry. The degree of tIlis effect de~nds on the typ.e of 

ground caver. The data preserited in aection 4.3.7 indicated 

that contact vi th the ground surface defini tely increases the 

con~ntration of nutrients in the snow at the base of the snow-
\ 

pack and that this effect is IIIOSt pronounced followinq the onset 

of the melt. 

Recalculating the mean snowpact concentrations, olllittinq 

the base sample values (Table 8, Appendix 3 and Table 13, section 

4.3.7), illustrated the extent to which direct contact with the 

ground surface can affect the mean snowpack concentrations. Al­

tbough the differenées betveen the wo aets of meana 'vere not 

si91lifièant, they did show that the base sample values do 

increase the mean concentrationa and the standard errors. The 

influence of the ground (X)~r on the anovpack chelllistry vas 

found to be DOat pronounced at the fen site and least at the 

voodland si te. The effect vas particularly pronOWlced in the 

apring. In addition, the differences between ·the control ancfCe 

experimental profile _an concent:.rations vere also largest for 

the fen and least for the woodland si~., :t'bis suggests that the 

-x»ilization of nutrienta frOll thé organic horizons or vegeta­

tion Mt, and their aiqrat,ion acro.s th. snov/vegetation/aoil 

interface, vu least pronounced at the woodl:and site and .. st 

iJIportant at the fen. 

It ~aa found tbat, after the _lt bagan, nutrient concen­

trations vere ai91lificantly hiCJher in the control Alllplea ~v8d~ 

froa the base of the anovpacks in the fen and fea ~.rmoa. fores t 

(Tables 14 and 15, •• ction .. ']'. 1). Tbe differences in the nutri-

_~t concentrations betveen the control and experi ... ntal saçle. 
froa the woodland and lichen-h •• th vere not siqnificant, auggea­

tlng that" .,a,lliution of nutrieqta fra. th. 80i1 aurface (aite 

2) ,or the lichen .. t (si te 1) i. ain~l, .ven in the presence . . , 

of v.ter at the bue of the apring .nawpack~. 'lbe larger' in-
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. ' 

crea.ea in the nutrient concentratio'ns of the aoow samples from 
~ , 

the forest and fen reflect the higher nutrient status of the or-

ganic material at these two sités. It would thus appear that 

the interaction between the snowpack and the underlying vegeta": 

tion is mos t effective in those s tudy si tes where mess forma 

the underlying vegetation cover. 

The low nutrient concentrations in the base IJnow samples 

from the lieh.en-heath tundra sugqest that the lack of a continu­

ous" ground cover and the low nutrient' content of the soil organ­

ic horizons at this site are factors in the limited mobilization 
\ 

of nutrients from the soil surface or the vegetation mat. HdW-

ever, the effect is mère prono\,lllced at this si-te than at the 

woo41and. Bere the Mchen mat provides an effective barri~r to 

the exchange of nutrients across this interface. The snowpack 

is separated from the organic surfaces beneath the mat and the 

lichen mat its_lf does not appear ta be interacting with the 

snowpack. 

The greater interaction bet.ween the snowpack and the 

ground cover .at ai te. 3 and .. could be due to several factors.' 

Data presented in, section 4.2.2, 'Figureis Sa to 51, ahoved J:hat 

the ~ratures -a t tlie bue of the snowpaek vere èomparable 

betwéen, sites l, 3 and • (at or near OOe), "ber_as those a~ -site 

2 vere conaistently lower (-2.0oC). Just prior to snOWMlt, the" 

basal snovpaCk tellllpera~ures vere O.30 C (sOite 2), O.Soc Jsite, 4), 
- ,'~ 

O • .,oC (site 3) and O. gOC (ai te '1) • Sh'allov.nov depths and the 

lack of an insu.1ating vegetation 'cover vere cited as ~aaons for 

the lover tellpllratur •• at site 2. In addition 110 lta insu1ating 

properti •• , the ., .... t ha. a high vater holdine] capacity and 

can ab.orb .. ny ti.s lu veight in _ltwater froa the snovpack. 

In the voodlands, vater collecu at the' base c,f -the 1ichen .. t 

in the deCOJlP08ing la.yer. At site 2, the lack 00f a continuouS, 

v.geta~on coYer and the fact that in the spring the q.roun4 j~t , , 

below the surface i. fro"n, -re.ulta in the i..e4iate runoff of 

the _1 tvater. ...ter i. not hald at the b~a of' the s~ck by , , 

a highly absorbant "t. vbereas at a,itea '3 u.,4 ., it i. availabl. 

, , - ,-
., 
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for such processes as mobilization of nutrients'through leaching 

from the vegetation cover. At si;te 1, water is available at 

the base of the lichen .mat, but the organic material and the mat . 
~, . 

itself have a much lower nutrient status than the InOas cover and 

organic horizops at sites 3 and 4. In comparison ~o the moss 

surfaces, the lichen mat can release very few nutrients, although 

the temperature at the snowpack base at site 1 was sligptly 

higher than at sites 3 or 4 and although water was availaQle. " 

It appears that this abi'lity is being .controlled; to a large ex­

tent, ,by th~ limited nutrient status of the system. 

5.4 Over-Winter Mass Losses from Plant Tissues 

The perc~nt of mass lost by tissue samples during ,the 
" 

winter was presénted in section '4.5. These 1.osses suggest that 

the tissues unde~ent physical and/or chemical decomposi tion 

-during the wintet:. The percent mass loss differed between the 

species. Birch 4nd b1ueberry tissues experienced practica11y 

the s~me amount of mas~ 10ss at the tundra site (20.6 t 2 •. 8 per'" 

cent and 20.1*1.8 percent, respectively). Si~larly, bitch and 

t:aJaarack tissues shoved almost idéntical mas. losses at the fen "" 

(3i.0*4.,9 percent and 30.7:6.7 percent,' 'respectlve1y)'; At the 
, ..... ~ 1 

tundra site, birch and .,blueberry JIIIllss losses' vere twice tlult of' ' . , ",. 
Labrador .tea (9.0*1.5 per~nt) 'and at tb~ woodland s.ita, the_s 

lost frolll birch Us.ue. (33.9*3.7 percent) waa àlightly IDOre 

than brice' tha-t. froa Labrador tea (l4.,S~2.0, percent) and sllghtl.y 

lesa than tvice that wfroa sprace (18 •. 6:1:1.7 percent). At the 

foreat site, .birc~ (40.314.9' percent) lost approxi .. tely blo an4 
one~b-alf ti __ •• auch ..... 'a_ Labrador tea '1.6.2*1 •. 8 percènt) 

and tIIlce .e auch as spruce tissues (20.3*3. 9 pe~cent). ,AlI of 

th ••• ,41.ff.rences are stati.Ucally .ignific~t, inc1uding that 1-

between ,the' spruee and Lal)J;ador tea tiseuea a t si te 4. Moore 

(in preas, a) -reported .... 10 ••• s Q~ 29 percent for bircb and 
, , 

20 percen~, 'for .p~ce tiaaues O'!8r one vint_x: in a lichen vooc1~ 

,land, val~s' "hicb are co..,arabl. t:o t:h9a. o"f the voodland aita 
",' 

in t:bia·. t:udJ • 
. ' 

j , 

" 

i 

\. 
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. 
Birch and blueberry leaves are much more delicate than 

ei ther Labrado7 tea or spruce needles and are theref~re more 

s~ceptible to mechanical disintigration. In addition, they 

present a la~ger surf~e area aeross which nutrient leaching or 

exchange proeesses can oeeur. This aceoun ts for the grea ter mass 

losses shown by the birch and blueberry tissues. Tamarack 

needles are like~is~ more delieate than the spruce and would al­

so be more susceptible to mechanieal decomposi tion but they do 

not o~fer as large a surface area as birch and bl ueberry for 

chemical interactions. 

Mass losses varied significantly bet)'leen the four si tes. 
, 

A comparison of birch tissue mass losses between the si tes shows 

that losses were greatest in the forest (40.3 percent), followed 

by the woodland (33.9 percent), ,the fen (31.0 percent) and least 

. At. the tundra (20.6 p~rcent). Comparisons between Labrador tea 

mass los ses (not measuréd at site 4) showed thé same. between .... 

site relationship, as did the spruce tissue samples at si,tes '3 

and 1. These differences were all significant at at least the 

95 percént If!vel. 
, " 

. Resulta from litter deoompositlon studie. in a l(i.chen 

WOOdl~d ne.r *cheffervi-lle indicate that the greatest amoun,t of 

.. ss loss, from, tissues occurs in the fall prior to the formation 

of a continuoua ana,r caver qMoor~, in press, b). Over-w:lnter 

... s lo •• e. _fro~ birch, bl.ack spruce: and lichen tissues ranged 

froll 13 to 29 percent (birch >spruce > lichen) 1 _ 80, 51 and 46 
, l ' , 

percent 01 the total lasses Ç)ccurred betlfeen early September 

aDd early Rovellber for 'birch, .pruce and lichen tissues, respec- ' 

Uvaly. Moore (in press, b) sugqeats that litter .uaceptibility 

te- incr .... d occurrences of freeze-thaw cycles durinq the fall 
, ~ , , ... a 

~y he a factor in the greater a.ount of decollposi tion occurring 

at' thi. tu.. The re_in.i.~q _. la •••• (20 percent for 'bircb, 

49 pe;rcent for spruce and 54 percent for lichen) occurred avenly 

tbrC?UC)bout the vi~ter, ûncler Il deep SDOW coyer. 

Tbe _jority of nutriènt 10 •••• frO. the U •••• Al.o 
~. . 

\ 
l 
) 

f 
, ! 
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occurred between September and November. This was mos t pronoun­

ced for the birch samples (90 percent of the total, K loss). 

Potassium was most easily rémoved from the tissues (80 percent 

loss over the winter tram the birch) • Spruce and lichén tissues' 

aiso showed signifieant K losses followinq the establishment of 

a snowpaek. Cale:i.,wn and Mg were also removed from the tissues 

but spruce tendéd ta retain much Ca and lichen Mg. Major P lass­

es occurred from the birch and spruee tissues but not from the 

lichen. Bartsch (per. comm.) measured over-winter K los ses from 

, sphaqnum tissues of 60 to 80 percent and from birch leaves of 
- . 

.,. 

65 to 85 percent in three_boq sites near Schefferville. Calcium 

and;Mq were retained by the sphaqnum tissues. 

Although there is no direct evidence of'nutrient losses . ~ 

from the tissues :Ln the present study, the m&ss losses are com-

parable to those measured by MOore (in press, a -and b) and the 

results of the studies from the Schefferville region indtcate 

that over-winter mass los ses from p;lant tissues are, in part, 

dUe to nutrient removal. The pronounced leaching of K is par­

ticularly interèstinq, ainee i t ia this ion which haa shawn the 

largeat . in~reases in the base .now saJapl •• and in concentrations 

in the sn~: profile, correspon~ng ta h1gh particulate , .. tter 

-contents. 

If, as aU9CJested by Moore (in p~.B, a), fr •• ze-thav 

activity is an important aspect of deeôllpoaition during the fa1l, 

then the fact that the soil and tis.ue. vpuld probably freeze 

earlier at -the expo.ed lichen-heath tUDdQ .houl'd reduce the . 
eff.ctivenesa of the freeze:-thaw cycle. on this _terial. Thi. 

voul4 lead to the lover .... 10 •••• of the tissue. at thi •• i te. .. " 

Lo •••• froll birœ tia.ue. vere les. at the fan that at the vood-

land or for •• t aitea. The lIOaa aurface, beine} .aturated vith 

v.ter, would probably fJ!~z. before a .nov covet de~loped, tb~ 

havine} a' .railar affect on the po •• ~l. fre ... -thav/_. ),0 •• 

relationahip .. at 81 te 2, abould th1. be a factor in fall ti ••• 

d.COJlP08i tion • 
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. 
Al thoUCJh IDOSt of the _ss and nutrien t' los ses from birCh 

tissues oecurred during the fall, 50 percent of the mass loss 

shawn by spruce needles to9k place gradually beneath the snQW 

coyer (Moore, in press, b). If early' f'rèezing of the tissues 

at the tundra si te does cause mass losses ta be less th,an those 

measured in the tissues frOlla the fores ~ and woodland si tes, then 

the development of a deep, insulatinq snow cover may a1so be 

important in providing al) enviro'nlDl!nt for over-winter decomposi­

tion. Snowpack basal temperatures and a water sûpply may be 

addi tional factors leading to the differences in mass los ses 

bebleen the four sites. 

Al though snovpack basal temperatures a t si te 1 were 

alightly higher than at the other sites, including site 3, ~e 

nature of the lichen lUt 1s such that meltwater ~rcolates 

through the mat and collects beneath it. The litter is depOsited, 

on the mat surface .and does not have a direct, continuous supply 

of avaflable vater. If leaching is oceurring in over-winter de­

colDpOsition, if .. y be le8s at this site than at site 3 because 

of the lack of vater at the anowpack. base. Basal snowpack tem­

peratures at site 3 vere very close ta those at site J, but the 

vater holding capacity of the 1I08,S ground coyer is gréater 'than 

that of the lichen ma. t. In fact, mel t vater vas found at the 

bue of the snowpacks in the forest and the mosa cover was 

saturated at this ti... In contras t', the lichen mat was dry 

and neither .ltwater nor a sluah layer vas presept. The eom­

bination of available vater and tàmperatures at or above freezing 

was possibly enough to ...,. .. r ... greater' decolDpOsition of the 

tissue. beneath the snovpack at the forest si te. '!'he mass loss 

fraa birch ti.sues vas less at site 4 than at sites 3 or l 
... l' _ "" 

(although thé percent ~ss loss ~t site 1 was only 2.8 percent 

gre.ter than at si te .. , the difference vas significant). Water 

wa. eertainly available at si te 4 for deeompoai tion processes, 
" 

but teaperatures at tb~ snovpack base vere lover .than thoe. at 

site 3, particularly in .pring, and this could have limited the 

UIOWlt of .... lost by the tissues at this site. 

i 

1 
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,Mass losses sh~n by birCh and Labrador tea ti.ssues at 

the tundra site weré' one-half of what was measured at the .forest 

.,i té. _ Bar1ier freeZinq' of the t,issues Ln the fall co?J.ld be one -

reason -for this diffeJ:'ence f but the shal10w snow depths and the 

resui tant, lower temperatures at the snowpack base could also 

have inhibi.t~d· the continuation of decomposi ti,on over the winter. 
<!) 

The main di,f'ficulty wit,.tl this study is that it is not 

possible te separate that portion of the tnaSS losses which oceur .... 
'" re~ during tlte fall from that which occurred beneath· th~ snowpack. 

However·, if the snow caver is iqfluencing the amount of decamposi­

tion whlch occurs and if spJ:'inc;J conditions, when there is a larg, 

supp1y of melt water at the snowpack base, are auo important, 

then an environmen t, favourable to li tter decQn\posi tian. ia main­

tained longer at si te 3 than at thé other si tes. Snow cover dis­

appeared ea~liest fro~ site 2, fo11owed by si~es 4, land finally 

site 3. The tissue ~ss losses were lea~ at site 2, fol1owè~ 

by sites 4 and 1 and g.reateàtla1=- si.te 3. I~ appears that decom­

posl tion, as evidenced by mass 108s, 18 greatest at the si te!? 

where ·the snow, cove.r remained the l·o~gest. l,f, thi8 is true" then 
1 

an environment, f:avo~able te over-winte,r d~cotDpositio.n, ls maip" 

tained 'longest in the feathermoss' forest. 

5 •. 5 The Influence of the Snow Cover pn the Nutrient Regime' 
of the Soi1s at the Four Study S_i tes 

The ~ata presen.ted in 'section 4 i 4. 2 showed tha t the base 

cation and H ion concentrations 'and the CEe of th~e- surfa.ce, hor.i­

zons increased siqnificantiy at ,aIl four sites from the fàll to 

the spring, immediately following the disappearance of the s'now­

pack. However, the between-si te relationship ,of th~ soil nutri-
, . 

ent sutal' did not change; p~se satur,tion .remained, highest ip 

the fen (86 to 91 percent, fall to apring). fo11owed by th~ - '" 

featbeimoss forest (44~.9 to 61.0 percent). the 1iche,n-heath 
~ ~ , ~ ~. 

tundra, (17.7 to 17.1 -percent) and the lichen woodlan'~ (13.9 to 

12. 5 percent). 
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Althouqh large in, magnitude (particularly K), the ab­

solute increases in base cation concentrations were not large 

en().ugh te significant1y incrêase the nutrient status of the 

soils at the woodland and tundra sites. The 17 percent increa-se 

in the base saturation at the forest site can be- attributed to 

the large, significant increase in Ca concentration from 14.7 

te 41.1 meq/100 9 soil. This increase in base ~aturation was, 

however, no~ significant. 

The increases in the base cation ~oncentrations we~e 

counteracted by the large increases in H ion concentrations (with 

the e?,ception of si te 4, where the H ion content did not change). 

Only the sail at the forest si te vas able to buffer the increase 

(13 meq H 1100 9 soil) and soil pH increased from 4.7 to 5.1. 
lfowever, due te the large standard error of the sample rep1icates, 

the increase wàs not siçnificant. The decrease in pH at site 2 

from 4.4 to 4.2 (an increase of 24.2 meq H ,/106 9 soil} was sig­

nificant. Other investigat.ors have found that a H ion flush 

oCCUrs at thé onset of melt from many snowpacks in diff~rent 

study areas (Jeffr~es et al., 1979; Johannessen and Henriksen, 

,1,978: Skartve.i,t and Gjessing,. 1979). It i~ possible that the 

increase 'in the H ion" content of th.e surface hqrizons is in part 

due te contributions from the overlying snowpack. Should this 

be th~ case, then the mobilization of the- excha~qeable cations 
. - ' .. 

in th~ soUs. at si tes 3 and 4 wela particularly important in buf-

fering the effect o'f a potentially large H ion flush to the soil. 

The presence of a continuous vegetatio~ co~er and/or or­

ganic horizons (which, at site 2, is very thin and often inter­

mittent) appears ta be i~portant in buffering t1l~-. éf,fect of the 

increased» j.ôn content of the soi-ls throuqh the' release of avail­

able .cations, particularly Ca and Mg" te the sy.9tem~ Not only 

is the presence of an organic horizon important, but also i ts 

nutrient status and thus the capa'city to proNide .available ca­

tions. At sit.~s 1 and .2, the nuttient status of the organic 

horizons is low ~d, as evidenced by the base saturation values , - , 

an,d low pH; the ability te effeotively buffer an inerease in ft 

) 

~ : 
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ions through the release of cations fi also, consequently, low. 

Although K concentrations remained very low in the soils 

(0.03 to 0.30 meq/lOO 9 soil in ~e fall and 0.50 to 1.70 meq/ 
... 

100 9 soil in the spring at sites land 3, respectively), K 

showed the greatest magnitude of increase of the four cations, 

as was illustrated in Figure 9, section 4.4.2. This cation has 

shown the most marked behaviour throughout the study. Potassium 

appeared to be particularly susceptible to removal from particu­

late matter in the snowpack and tq depletion 'through 'washing­

out' processes from the snowpack. Potassium sb.owed the greatest 

increases in the base snow samples throughout ~ winter~ an in­

crease which was most pronounced in the samples removed during 

the melt. The data indicated that these increa~es were due to 

the leaching of K as weIl as the other cations from the under­

lying surfaces. Leachate measurements from lichen woodland 

soils have shown that K and Ca are most~sceptible to losses 

(Moore, l~80). Moore (in press, a) has also found that this 

cation is most readily removed from decomposing litter during . 
the winter. 

A combination of the following factors could'be respon~ 

sible for the increased nutrient content of the soil surface 

horizons: 

i) nutrients contained in the snowpack are reLeased during 

the !hel ti 

ii) nutilents are leached from the particulate matter contained 

'fn the snowpack once mel t begins; 

iii) litter decomposition occurring beneath the snowoover and 

iv) the decompositio; of the soil organic matter beneath the 

snow cover. 

The areal values for the nutrieat content of the surface 

horizons have been estimated from the nutrient concentrations and 

from values from Moore (1974) for the organic carbon content~ 

(in kg/ha) for the surface sail horizons in a lichen woodland, 

feathermoss forest, lichen-beath tundra and a peatland and a 

, 

\ 

\ 
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Table 25: An est~mate of the arooun t of nutrlen ts con ta~ned 
in the surface so~ 1 hor l zons and expressed on 
an area1 bas~s ln kg/ha 

* Site Organic Matter H Ca Mg K N" P 
ln the surface 

hori zons 
kg/ha 

FaU 

1 3. 7 6.0 12.4 4.0 1.0 0.9 1.4 
2 7.8 9. 8 29.5 7. B 0.9 1.1 2. 7 
3 7.0 12. 4 206 38.6 8.2 2.7 5.1 
4 5.2 52. 0 3900 1342 50.7 21. 5 23.2 

Spring 

1 3. 7 14. 2 25.0 4.8 12.6 2. a 0.6 
2 7. 8 28. 7 84.6 9.1 15.2 5.0 1.5 
3 7.0 21. 5 580 50.4 46.4 4.4 6.0 
4 5.2 47. 3 5168 2109 225 31. 1 14.9 

Di fference 

1 8.2 12.6 0.8 11.6 1.1 -0.8 
2 18.9 55.1 1.8 14.2 3.9 -1. 2 
3 9.1 374 Il. 8 38.2 1.7 0.9 
4 -4.7 1268 767 174 9.6 -8.3 

1< 
values based on the organic carbon c9-.n.tents in wood1and, forest, 
tundra and bog soi1s from Moore (1974) and a conversion factor 
of 2 for organic matter (Howard, 1966) 
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Table 26: A,n es tlma te of the con tribution of the snowpack to the increase in the 

H Ca 

8.2 12.6 

nutrient content of the surface soil horizons 

Mg K Na H Ca Mg 
kgjha~ ~g/ha 

sfte-l change in the nutrient Site 2 
0.80 11.6 1.10 content of the surface 18.9 55.1 1.8 

horizons 

amounts contained in 

K Na 

14.2 3.9 

0.7 0.39 0.02 0.04 0.16 the spr~n9 snowpack 0.06 0.12 0.06 0.14 0.55 

1.0 0.2 1.0 

1. 39 O. 22 1. 04 

11 25 9 

*estimates of amounts 
contributed from snow­
pack 1itter during melt 

total nutrients 

snowpack contribution .' 
as a percent of the 
increase in the soil 

" 
1.6 0.4 1.5 

l~72 0.46 1.64 

3 26 Il 
&. 

==============================================================================~ Si te 3 

9.1 374 11.8 38:2 1.7 

0.07 0.94 0.05 1.12 0.8 

1.5 0.4 1.5 

2.44 0.45 2.62 

l 4 7 

change in the nutrient 
content of the surface -4.7 1268 
horizons 
amounts contained in 
the'spring snowpack 

estima tes of amounts 
contributed from snow­
pack 1itter during melt 

total nutrients 
snowpack contribution 
as a percent of the 
increase in the soil 

0.06 1.17 

0.7 

1.17 

0.01 

Site 4 

767 174 96 

0.33 0.57 0.95 

0.8 0.7 

1.13 1.27 

0.2 l 

* based on values for Ca, Mg and K as a percent weight of plant tissues (Moore, in 
press, a) and particulate matter contents of the spring snowpack 

.. 
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convers~on factor of 2.0 (Howard, 1966) ta es tlIna te argan~c ma t­

ter content. The contents for fall and spr1.ng are presented l.n 

Table 25. In Table 26, the ~ncreases in the nutrl.ent content 
" 

of the surface horizons are compared w~th the amount of nutrlents 

contalned ln the spr~ng snowpack, lncludlng an estl.mate of the 

patentlal contrlbutl.ons from the particulate matter contalned 

ln the snowpack (based on the assumptl.on that most of the par­

t1.culate matter lS li tter) . 

It lS apparent from these estl.mates that the nutrlents 

ac:;cumulated in the snowpack over the winter can nat account for 

t'he magn 1. tude of increases 1.n the exchangeab le nutrl.ent content 

of the underlying soi 1. In the woodland, the amoun ts con tained 

ln the s nowpack accoun ted for 9, Il and 25 percent increases in 

K, Ca and Mg, respectively. At the tundra site, the percentages 

were 11, 3 and 36 percent for the same cat1ons. These percen t-
• 

ages were even- smaller at the forest si tei 7, l and 4 percent 

for K, Ca and Mg, respectively. At the fen, the amounts contain­

ed in the snawpack were (;0 small, compared ta the increases in 

the surface layers of the peat, that their estimated contribu­

tions were less than one percen t. These increases must theréfore 

be due, ta the decomposi tion of the li tter layer and organic matter 

beneath the snow cover ov~~' the winter. The mass lasses shawn 

by the various plant tissues at aIL four si tes indicate tha t 

decomposi tion was occurring. This is further substantiated by 

the findings of Moore (in press, a and b) and Bartsch (per.conun.), 

showing that nutrient release from plant tissues, particularly K, 

occurs between the fall and spring. The large inc reases in the 

nutrient concentration of the snowpack base samples further con­

firms these findings and i t does appear that nutrients are being 

leached from the underlying ground caver, li tter and/or organic 

horizons. 

Although the snowpack accumulates nutrients from atrnos­

pheric throughfall and litter inputs over the winter, the accumu­

lation re~resents only a minor contribution to the increased nu-
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tr'ient\ contents measured in the sOlls at the four study sites . 
• 

The sncJwpack contributions are of greater importance at the ' 

woodla.nd and tundra sités where the additions from the thin, 

organic layers and vegetation mat are ~mall, but they have no 

1.mpact on the nutn.ent status of the soils at the forest and 

fen where the nutrl.ents are released through the decomposition 

of the thick, litter and organic layers at these. two sites. 

Th us , i t would appear that the importance of the snow cover to 

the nutrient regime of these subarctic soils is that i t provides 
~ 

an environment at the snow/vegetation/soil interface, which 1.5 

conduci ve to over-winter decomposi tion in an otherwise harsh 

environment. The nutrients accumulate at the base of the snow­

pack and do not appear to be removed from the soil during the 

mel t periode 

.. 

-
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CBAPTER 6 

summary and Conclusions 

Snow cover accumulation 

The observed differences ;n snow cover accumulation and 

snowpack structure were found to be directly related to the vari­

ations i'h the roughness zone parameters of topography and vege­

tation i'll the May Lake catchment. The snowpack was shallowest 

at the exposed tundra site and deepest in the woodland and fen. 

During December and February, the snowpack water egui valents and 

densities were similar at the woodland, forest and -fen. Water 

egui valents were consistently lower and densi ties higher at the 

tundra site. By peak snow year, the differences between sites 

l, 3 and 4 had increased considerably so that ·snow water equiva­

lent was greatest for the wbodland snowpack followed by the fen, 

forest and least for the tundra. 

2) The subnivean environment 

The differences in snowpack acètimulation and structure 

resulted in between-site variation in the subnivean environments, 

as evidenced by the temperature regime of the snowpacks and, par­

ticularly, the very consistent basal temperatures. The snowpack . ..... 
basal temperatures at site 2 were consistently lower than the 

values measured at th.e other three sites. These temperatures 

appeared to be controlled not only~by snowpack density and d~pth, 

but also by the presence and thickness of ice layers in the snow­

pack, features which also varied betweel) -the four si tes. 
.,. 

3) SJ;?atia'l variations in snowpack .chemistry 

Snowpack chemistry was found to vary considerably, both 

within an~ between the four sites. The spatial variabili ty has d ,. 
been shawn ~ be Closély related to the veget~tion l;itructure of 

the site. The IDOQt densèl~ forested site, the feathermoss for-
• est, contained large ~unts of partleulate matter (largely lit-

, 
1 

~ 
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ter) throughout the snowpack. Concentration increases at certain 

levels in th,e snowp~ck were often associated wi th high particu­

late matter concentrations at the same levels, an effect which 

was very pronoWlced at the forest site and also in the woodland, 

but which was not strongly expressed in the tundra -or fen. The 

nature of the underlying 'vegetation mat appeared to have a 5ig­

nificant effect on the mean snowpack concentration. The snow/ 

vegetation/soil interface was active over the winter. The mobili­

zation and migration of chemical constituents from the underlying 

vegetation to the snowpack base was important in influencing the 

Mean snowpack nutrient concentrations. This was found to be par­

ticularly true in the forest and fen, where the underlying vege­

tation cover is a mess mat and where the nutrient status af the 

soils, and the surface horizons in particuiar, are considerably 

higher than at either the tundra or woodland sites. 

4) Temporal variations in snowpack chemistry 

Temporal ~hanges also reflected the varying vegetation 

structure of the site.. Potassium, Mg and, to a lesser extent, 

•• 

P became depleted from the upper and middle profile sections in 

mid- and late winter at the w90dland, tundra and fen sites. This 

did not occ~r at the forest site, where throughfall effects from 

the forest canopy or inputs from litter would be the most pro- . 

nounced through the winter. 

Temporal changes in mean snowpack concentrations were 

difficult to identify because of the within~site variations 

caused by variable water equivalents and very localized inputs 

from the litter and underlying ground cover. However, th~ mean 

nutrient contents, in kg/ha, showed that the snow cover acc~u­

lated nutrients i:hroughout the winter but, o,nce aga1n, the aInOlln:ts 

were related to vegetation type and grou'nd. cover.. The total nu­

,trient accumulation in the spring snowpacks was greatest at ;he 

fen, where the underlying mas s' mat appeared ta have' the most pro­

nounced influence on mean nutrient concentrations, and in. the 

forest, where the mess qroundcover ~d litter inputs are i'lnpor-
; 

". 
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tant. The woodland snowpack contained less than half of the 

total nutrients accumulated in the snowpack at sites 3 and 4 and 

the tundra "snowpack contained roughly one-quarter of this amount. 
~ .. 

5) Litter decomposition 

The percent mass Losses, shown by the plant tissues,- in­

dicated that decomposi tion was occurring over the winter. The 

amount of rnass which was lost varied between the different tissues 

sampled (birch> spruce > Labrador tea) and also between the four 

sites for the sarne tissue types. Mass losses were greatest at 

the fores t site, where a combina tion of a deep snow cover, snow­

pack basal temperatu~s near oOe and available water, particular-, -
ly in the spring, may have enhanced the decornposi tion process 

• 
beneath the snowpack. In addition, a.- continuous snow coyer re-

mained the longest at this site. This is in cont~ast to site 2, 

where the percent mass 10s8, shown by the plant tissues, was the 

least of the four si tes and where the snQwpack was the shallowest, 

where snowpack basal temperatures were the lowest and where the 

snowcover disappeared the earliest. 

6) Seasonal changes in the soil nutrient status 

Although the exchangeable nutrient content of the soil 

surface horizons was greater in the spring than in the fall at 

all four study si tes, the base saturation of the tundra and wood­

land soils did not change (due to the large increases in H ion. 

concentrations in the soils) and thus the nutrient status of 

these soils did not increase. The', increases were most effective 

in the surface horizons at the forestand fen sites, where the 

nutrient $tatus of these soils was already high compared to the 

very low nutrient concentrations in the tundra and lichen wood­

land 50 i1's . 
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7) Cone l us ions 

Topography and vegetation influence the deve10pment of 

both the physical and chemieal properties of the snowcover in 

this area. The snowpack does not accumulate enough nutrients 
~ 

from either atmospheric o_r vegetation inputs tO.,rnake any, size-

able contribution in direct inputs to the nutrient status of the 

soils in the respective topographie/vègetation. units. lt does, 

however, provide an ènvironment where over-winter li tter and or-
-

ganic matter deeomposi tion can oecur and where nutrients are 

accumula ted at the snow/vegetation/soil interface. The follow­

ing factor~ are thus identified as beinq important in determin­

ing the extent to which the snow cover influences t:he nutrient 

regime of the soils in this area: . 
i) the topography and vegetation structure of a site, in that 

they control snow cover acc~ulation and hence the development 

of a deep, insulating snowpaek, beneath whieh over.winter decom­

posi tion and nutrien t release can occur and 

ii) the presence and nature of a continuous vegetation mat or 

LFH horizon whieh can influence both the thermal and water regime 

of the snow/vegetation/soil interface and hence decomposi tion 

proeesses at the interfa~e. This organic material also leads to 

the development of a. thick organic horizon, from which nutriE!nts 

can be mobilized in over-\tIinter de eomposi tion beneath the snow­

pack. 
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• 
9 

10 
i •• 

6.26 

6." 
6.06 
5.'18 
6." 
6.5& 
6.42 

6.0at0.45 

6.32 
6.10 

'.98 ,.68 
6.4' 

, 6.38 
6.42 

,.~.,. 

U .. 4 IaperiMntal S.-pl •• 
1 4.8' 4.12 
2 '.16 4.80 
" 6.20 6.22 
... 6.'1 6.38 
, 6.12 6.22 

6 '.0' 4.98 
'1 '.52 4.82 
• 6.2' 6.34 
9 ,.&2 5.0' 

1. 6 • .., '.4' -i.. 5.~.61 '.~.71 

"', ... -
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1.10 
0.02 
0.88 
'0.42 
0.78 -
0.50 
0.20 
0.78 
0.10 

.. 
0.50 2.a. 0.20 46.a 
0.01 0.'4 0.19 a-.4 
0.1' 1.82 0.11 1~., 

0.11 '.7' ,,0.11 20.0 
Cf.15 1.41 0.12 90.0 
0.09 1.01 0.20 42.5 
0.02 o." 0.12 81.' 
0.20 1.99 0.21 139 
0.'- 0.21 - 0.12,.""-/' 40.0 

~0.58 
.'~7!.'se 

0.09 1~41 _~.1a 131 
.110.!.091 1.~1.i .,yt.o~ 6'.~.5 

0t1 0.29'-0.38 
0.'-
0.'-.. 
0.06 
~ 

0.01 
0.01 
0.14 
0.01 
0.06 
0.01 
0.02 

o 0 ~.1, 

o " 0.14 '_55 0.29 
/o.~ 

o." 
0.12 
0.29 

0.11 
0.17 
0~1, 
0.17 

0.01 0.21 0.'5 
0.02 0.5'1" 0.15 

18.1 
1,.6 
11.6 
Jo., "., 

0.'-' 
0.12 
0.06 
0.12 

.1oet.115 .~ • .,., .4561.425 .11Ot .o6) 16.9!9.22 

Ca 

0.62 
0.89 
2.52 
5.54 

• 

0.52 
0.&2 
2.06 

' .. 82 
114 

0.54 
0.46 
1.47 
2.40 
1.52 

0.96 
0.38 
0.61 
0.91 
o." 
0.51 

0.30 
0.2'l 
0.39 
0.22 

0.4 ' 19.1 
0.19 10." 
0.19 2'.0 
0.42 11.' 
0.2' 8.1' 
0.25 28.1 
0.17 10.4 
0.16 12.4 

-, 0.16 10.2 
0.22 5.94 

D4 

0.54 
0.56 
1.~ 

'.46 
2.20 "1 

•• oO!1.67 1.411:'.15 • ...ag!.261 .242!.101 14.~7.15 

o.~ 0.06 0.09 0.11 16.1 
0.16 0.11 0.1.! 0.10 8.1' 
2.33 2 • .- 0.30 0.19 12.2 
,.,. 1.76 0.34 o." 1.96 
2.09 1.'1 0.22 0.19 5.63 
0.00 0.00 0.05 0.19 6"-1 
0.24 0.11 0.18 0,1' 5.59 
1.09 0.79 0.11 o~12 6.62 
0.00 0.01 0.0' 0.18 7.~ 
2.21 1.60 o.~ 0.22 4 •• 1 

1.1,t1.25 .?B5!.819 .161!.'0$ .172!.,,. 8.111'.68 
, \ 
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ftbl. 1. 80U IIDrpbo109Y 

lit. 1 
\' 

ProfUe Roda on Depth HUM.1l '1'extur. Stl:\lCtuZ'. COlUliatency Root. 80llAdary 
CIl Calour 

(.-obt) 

1. Blu"îat.4 Dy.tric Brunbol, liehen woodl.nd, 101.11"-41:.10.4, l.v.l 

U 0-1 SYal.5/'}, org.nie flbroua .bundant a 1 .. 1: 
\ tin •• nd 

•• dlua 

"""h 3-" SY1tl.5/1 orq.nia P'lbrou. .bundant alNr 
tin •• nd 
•• dlua 

Aej 4-6 lOYR6/3 q ••• 1. fin. fri.bl. tew 41ftu •• 
gr.nular tin. 

au 6-15 :t.SYR1/5 9.' .1. .1ngl. friable tew dUfa. 
gr.in fin. 

an 15-27 SY1t .. / .. q ••• l. fin. fZ'iable non. el .. 1' 
gr.nular 

C 27- IOY1t5/ .. .ton.y uncon.oli- non. 
dat.4 
.. t.rial 

2. Blu"l.ted Dy.trlc Bruni.ol, lichen woo41.nd, w.ll-clr.in,ch 1.".1 

L-B/Ah 0-3 SYR2.5/2 orc}anic fibrou. .:. • bvndabt cUlfu •• 
.., 

fin. and 
.ediua 

"A.j 3-5 10Ylt6/3 •• 1. .1ngl •. fri.bl • .bvnêlant dt-con-
gr.ln fine .nd tinuou. 

.. diua 

8fl !-olS 5-nt .. / .. 9 ••• 1 • fln. fd.bl. nana !Surv •• 
9r.nul.r 

an 15-38 5Y1t3/ .. 9 •• 1 •1 • crUllb fri.bl. nane alNr 
l' 

C 
0 

38-58 lOns/2.S v9 ••• l. qr'l\ul.r fJ.ra nOne 
.04 plat y 

3. .lu"l.~.d Dyitrlc Bruni,olr liahen voodland, w.1l-clr.lM4, 1-..1 
~ " ! 
i.-R/Ah 0-5 SY1t:!.5/'}, or9'nlc fibrou. .bundant 4iftUII. 

~-'! fin. and 
'J aadlua 

a.j 5-7 lO'YR5/2 g ••• l. .1I\gl. friabl. abundant 41Il001\-, gr.ln ., fin. and tinuou. 
u41ua 

al:l 7-12"'- 5Y1U/4 '1 •• t .1• • ln91. friabl. t_ dUt •• 
91"ln fin. 

a' l2-JO SYJl.4.5/J 9 ••• 1. fine fdabl. non. 41ffu •• 
'ir.nular 

.. 1 30-39 SYJl.4/6 9.' .1. gr.nular fri.bl • none cSlffll •• 
to cZ'uab 

8112 39-50 Sn3/ .. 9.·;1. 9I'.nular fri.bl. non. .brupt 

50-51 10Ya3/1 
, 
\ 0 ~ V.9. uncOIUlOU- none \ 

clat.c1 \ 

.. "dal 
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table 1 COAt. 
.... 

( lita 2 

l'toUl. IIorbon Deptb Munaell Textura Str"llClthre Contlbtancy Roota louncSary 1 c. colour 
. 

1 
(..oiat) 1 

i 
1. Bluvtated Dyltdc Bruni.o!'. Uchen-bellth tundra, wa1.1-dtatnaa, lavah 

, 

dilcontinuoui v.gatation 

L-B/Ah 0-2 SD2.5/1 organtc tibrou. t ... dllcon-
fini and Hnuoui 
.. edlum 

Aaj 2-3 lOns/2 • 5 g ••• e1r19l~ Idabll f ... dlecon-
9raln fine and tinuoui 

medi_ 

If 3-17 5YR4.5/4 g ••• l. crUlllb friable none ditfuae 

III 17-42 7.SYR4/4 g.l. _ak fin nOIlI ellar 
bl6c:Jty 

c:: 42-44 .tonay uoconlOU- nonl 
dateeS 
II!Iterill 

-- ------

2. BllIViatad Dyltric Brunilo1. lichln-haath tuncSra, MOderate to ".ll-drained, 
Illgbt d'pre'lion, 41acont:inuou. v.gatation 

L-B/Ah 0-1 5YR2.5/l or91nio tibrou. lav 4l1eon-
tinl and tinuoui 
.. 1<2iulII 

Ae:! 1-4 10YR6/2 9 ••• 1. 11n911 ~rlabll tMl 4hcon-
9%"aln fine and Hnuou. 

.. 14111111 

ln 4-14 5YR4.5/4 g ••• l. .crUlllb ~rilbll nona elaar 

ln 14-22 5YR3.5/l g ••• l. crumb friable nona 41ffula 

C 22-33 10YR5/4 V9 ••• 1. crumb nonl 

3. Bluviatad Dynric Brunleol. lichen-beath tuncSra, _ll-drainad, "vlh 
41..continuou. v.gatation 

L-B/Ah 0-2 5YR2.5/1 orgenl.e fibrou. tMl dllcon-
fini end Hnuou • 
• 141.l1li 

Aej 2-4 7.5YN/3· g ••• l. ain91a ~rf.abla 
,.., cUltu •• 

grain " fine ane! 
.. 4i,. 

If 4-1. SYR4.5/4 g ••• l. cru.b friabla none el .. r 

c 14 .. 20 lODS/4 Dvg ••• l. cru.b friable none 

( 

1 
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t 
1 
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'1'lIble l eon.!=. 

Sitel 

ProfUe Harhon Depth Ma .... 11 Texture Structure COlUliltlncy IIootl 
1 C1II Colour 

(.-oht) 

1. Gl.yed Mllanie Bruni.o~. 

L-R 0-10 5YR2.s/1 

t-;" ~ 

Ah 10-25 5YR2.S/1 

teathenao •• ~oreltf 
.light dapre.aion 

org8nie fibroui 

org8nie turf y 
1. 

lIIOderlt.ly ~all-dr.inadf 

abundant cllir 
tine and 
lIIed1u. 

abundant cl .. r 
fine and 
lIIediUlll 

8IIIg 25-33 10YR3/4 d.l. erumb friable t_ diffu •• 
fino 

, f, 

)'-..: 1,-' 
3l-547.5YR4.5/2 triable diffa •• ' BIll aL 1. weale: none 

blocky ta tirm 

C S4- vg. unconaolida t.d nona 
.toney material 

2. Bluviated Dylltrie Brunboh feathermoll' fore.t1 well-drainedr 2 0 dope 

H,/Ah 

BIIIl 

Ba2 

~ 5YR2.S/1 org.nie fibroua 

5-7 5YR2.s/1 organie turf y 
1. 

7-10 10YR6/l g ••• l. I1ngh 
grain 

10-30 10YR3.5/3 81.1 crUlllb 

30.67 IDYR3.5/l g •• 1.1 er\Dlb 

friable 

triable 

friable 

abundant ellar 
fine and 
lIIadiUlll 

abundant clear 
fine and· 
media 

abundant 
fine and 
... dia 

fMl 
fine 

none 

3. Gleyad Melanie 8runi.oll fe.tbanaol. fOrllt, imperfactly drain.d, 
.light depr ••• lon 

Il ,,0-10 SYJt2.s/l orgenle fibroull 

H,/Ah 10-205YJt2.5/1 orgenie turf y 
1. 

20-l8 7.5YR3/2 ,.d.l. _le: 
bloc1c:y 

• 

firll 

ebundant 
fine Ind 
•• diUli 

abundant 
fine and 
•• 151_ 

ellir 

cll"" 

o 
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'l'able 1 oont. 

Cl fite 4 .' 
Profil. Horizon Deptb "umteU Texture Structure Couiateney RooU ~uncSary 

011 Colour j 

(mobt) 1 
- ! 

1. Melio ribrboll •• 4gB-IIIO •• fen, very poorly drainact l 

organte 
lr on 0-12 10YR3/3 vary ol .. r 

fibrou. 

on 12-25 lOYR2/2 argante fibrau. diffu •• 
o' . 

on 25-75 lOm2/l argente fibrou. cl ... 

~5-~35 
ta peety '" 

Ole lOYR3/l argante p .. ty cl"&' 

C 135- cl. fin 

2. Melie Pibrboll sedge-mo.. t.n, very pooxly drainaIS 

on 0-10 10YR3/3 oxganic vexy 01 .. 1:-

fibrou. 

on LO-27 10YR2.5/2 organie fibroua c1 .. r 
• 

on 27-48 lOYR3/l orqanic fibrou. diffuae l ' 

to peaty 1 

0iII 48-80 10YR2 .5/1 orqanié peaty olaar 1 

C 80- 01. fLn 

3. Melio ribri.oll a ec!cIe-IIO •• fenl very poorly .srained 

Ofl 0-13 10YR3/3 or~nie very 
" 

ol .. r 
fibrou. 

on 13-32 10YR2 .5/2 orqanic fibroua cS1ffll.~ 

on 32-90 10YR2/l orqanio fibroua diffuae 
ta .,.aty 

0iII 90-145 lOlJt2/1 orqanio 'peaty .J cl.er 

C 145- cl. fin 

( Ji 
~ 
J 
1 

(~ 
~ 
'1 
:11 

-. 
It. 11 

" ... " .. .~ 
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t'able 21, R.sults o-r thl chea1ctl ~)'II'I ot th!! fa11 surface soU ... JÏlcD 

c 

( 

8a.pll 
.Wlber 

8it.1 
57 
58 
59 
60 
61 

62 
6} 
64 
65 
66 

81~e 2 • 

pH 

'.72 
}.72 
'.76 
".'75 

'.91 
4.01 

3.62 
3.60 
3.68 
3.84 

_ 67 4.18 
68 4.48 

69 4.56 
10 4.4,2 
11 4.48 

12 4.'0 
13 4.45 

1/4. 4.'0 
15 4.22 
16 4.54 

Ut. , 
17 
78 

'19 
80 
81 

8é! 
83 
84 

85 
86 

8it. ,. 
fYl 
88 
89 
90 
91 

,,92 
93 
~ 

CJ5 
CJ6 

4.08 
4.01 

4.96 
4.60 
4.84 
4.86 

5.92 
4.70 
3.90 
5.39 

6.29 
5.34 
5.91+ 
5.?4 
6.44 
6.25 
6.55 
6.25 
6.19 
6.42 

B 

15.2 
14.9 
18.7 

1'7.' 
15.2 
15.; 
16.5 
17.2 
1;.2 
17.2 

16.7 
13.5 
12.0 
12.0 
11.2 
14.9 
11.2 

11.2 
11.5 
12.0 

ca 

1 •. 5 
0.4 
'0.8 

, 0.7 

2.5 
1.1 

1.2 
1.6 

3.1 
3.9 

1.0 

2.5 
1.6 
1'.8 
2.1 
1.6 

20.5 8.1 
20.7 4.2 
15.2 22.2 
19.0 nd 
16.0 '7.6 
14.0 16.0 

14.2 31.8 

20.2 9.0 
18.0 17.0 
18.8 16.1 

8.44 
20.9 
12.9 
14.4 

5.00 
8.90 

10.4 
10.9 

4.00 
4.$0 

,56.9 
29.9 
'2.1 
nd 

42.5 

34 .. ' 
41.7 
44.5 

".9 
41.1 

Mg K If. 

1II.q/l00 g Bo11 

0.66 0.06 0.09 
0.05 
0.13 
0.12 
à.09 

0.09 
0.12 
0.12 

0.09 
0.15 

0.'7 0.03 
0.81 0.08 
0.65 0.08 
0.95 0.06 
0.5? 0.02 
0.83 0.06 
1.38 o.o? 
1.01 o.o? 
1.88 0.12 

0.86 
0.;5 
1.26 
0.79 
0.53 
0.93 
0.53 
0.91 
0.88 

0.57 

0.40 
1.69 

7.07 
1.64 
1.66 

2.38 
13.9 

2.10 
7.59 
7.58 

2;.0 
18.2 
17.4 
17.4 
2;.6 
2;.4 
23.' 
21.8 

.19.1 
22.2 

nd 0.10 

0.03 0.06 
0.03 0.05 
0.03 0.05 
0.04 0.05 
0.04 0.06 
0.02 0~04 

0.04 0.05 

0.04 0.06 

nd 0/~7 

nd 0.11 

0.04 0.09 
0.22 . o.~, 

0.08 0.12 
nd 0.38 

0.85 0.09 
nd 0.18 
nd 0.16 

nd 0.27 
nd 0.12 

nd 

0.07 

0.06 
0.07 
0.10 

0.09-
0.13 
1.66 

0.05 
0.05 

0.15 

0.2' 
0.11 
0.16 
0.16 
0.13 

0.23 
0.22 
0.29 
0.13 

P CBC 
uc/lOOg meqjlOOg 

Bo11 BOU 

1.70 
0.70 
2.60 
2.10 
4.36 
1.25 
1.50 
1.40 

14.; 

3.?2 

1.90 
1.96 
1.10 
1.66 

14.0 
2.60 
0.80 
4.06 

,.?o 
2.50 

12.0 
6.36 
4.50 
6.40 
8.26 

11.5 
6.16 
8.86 
4.16 
4.10 

2.10 

'.36 
0.80 
1.86 
6.56 
1.66 
3.70 

14.0 

1.75 
2.16 

17.5 
15.6 
20.50 
18.8 
18.8 

17.2 
18.? 
20.3 
19.4 
23.2 

20.0 
15.6 
15.6 
14.9 
12.8 
18.4 
13.} 
14.0 
14.; 
14.2 

29.1 ' 
26.7 
44.8 

rut 
nd 

33.3 
nd 
nd 
rut 

nd 

70.; 
70.5 
63.2 

rut 
73.4 
68.8 
75.8 
79.1 

57.3 
68.0 

_ DB _ 11&1:11' 

Cont.nt 

13.1 ~ 

5.2 377 
8.8 290 

8.0 '16 
19.1 273 

9.9 223 
11.8 381 

15.3 362 

21.6 '1' 
25.9' 322 

1G.5 
13.5 
23.1 
19.5 
12.5 
19.0 
15.8 
20.0 
21.4 

.15.5 

29.6 
22.5 
66.1 

nc1 
nd. 

58.0 
rut 
rut 

rut 
nd. 

88.0 

10.4 
79.6 

nd 

93.2 
81~1 

86.' 
86.2 
93.0 
93.4 

128 

71.2 
68.1 
75.9 
69.0 
86.8 
80.0 

92.' 
112. 

70.6 

318 
332 
298 
281 
292 
285 
221 
262 
329 2', 

92' 
962 
911 

952 
646 
118 
862 
810 

75' 
726 

{ 

.. 

.. ' 
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'l'able ) ... Re.u1t. Dt tbe ohlmlca! analy ••• ot th •• prina surdce sol1 ... pl •• 

Site 2. 
Saaple. 

'IWllIer 

• 1.1.1 
• 1.1.2 
o 1':1., 
o 1.1.4 

• 1.2.1 
• 1.2.2 
01.2.3 
o 1.2.4 

- • 1.'.1 

• 1.'.2 
01.'.' 
01.'.4 

• 1.4.1 
• 1.4.2 

'1.~.1 

-----.1.~ •. 2 
01.5.3 
01.5.4 

pB 

'.60 
'.50 
,.62 

'.92 

B 

45.0 
'0.0 
'0.0 
'7.0 

40.0 

'0.0 
4?0 
40.0 

45.0 

'7.0 
42.0 
4-2.0 

25.0 
'2.0 
45.0 
30.0 

o. 

1.8 

1.4 
2.1 
2.6 

1.4 

2.5 
2.8 

3.0 

1.2 

45.0 nd 
45.0 4.8 
40.0 .6.2 
30.0 1.6 

Ms K 
meq/100 g 11011 

0,86 0.45 
0.68 0.60 
1.06 0.61 

0.78 0.59 

1.35 
1.22 
1.61 
1.41 

0.61 
0.68 

1.03 
1.33 

0.76 
0.63 
1.02 
0.89 

0.47 
o.o? 

,1.06 

0.62 

If. 

o.YI 
0.21 
0.16 
0'.13 

0.18 
0.21 
0.34 
0.23 

0.15 
0.20 
0.22 

0.23 

0.17 

0.23 
0.~5 

0.14 

1.01 
1.29 
0.93 
0.61 

0.96 0.13 

1.26 0.35 
1.0? 0.'5 
0.54 0.11 

P , 'CEe 
ug,!100 .. eq/loo 

. g 11011 g 11011; 
2.'16 48.5 
1.55 32.7 
1.13 33.4 
1.40 41.0 

2.66 43.5 
2.46 34.7 
2.26 52.7 

Dd 44.7 

'.}6 52.5 
3.66 nd 

2.'0 51.4 
1.20 47.9 

1.05 
1.70 

1.85 
2.26 

2.80 nd 
}.46 52.? 
1.75 48.6 

1.25 '2.9 

• experll11ental sampl'. 
o control 81l111pl'lI 

Slt. :2 

8uple 
laber 

'2.1.1 

• 2.1.2 
o 2.1.' 
o 2.1.4 

• 2.2.1 
, 2.2.2 
c 2.2.' 
o 2.2.4,· . 

• 2~,.1 

• 2.'.2 
c 2.,., 
c 2.'.4 

• 2.4.1 

• 2.4.2 
c 2.4.' 
o 2.4.4 

• 2.5·1 
• 2.5.2 
o 2.5.' 
e 2.5.'" 

pB 

4.23 
4.12 

4.'2 
4.18 

4.42 
4.20 
4.'2 
4.22 

4.12 

4.21 
4.30 
4.00 

4.:33 
4.28 
4.10 
4.22 

ft o. JiIg l "a P CEO 
U&It~ lIleqf100 

\ 

lJIIIq/1oo g .~il .__-----i 80U ~ 8011 

22 1.8 _1)032-- - 0.32 0.53 -1.85 24.8 
30 ~,.-- 1.61 0.50 , 0.22 1.95 38.B 
31 5.5 0.81 0.35 0.12 1.95 43.B 
2' 4.9 0.11 0.48 0.40 nd 28.9 

52 
42· 

25' 
45. 

52 
42 

25 
45 

45 
45 
55 
45 

nd 

1.0 

2.0 
6.6 

0.'71 
8.?5' 
1.13 

,0.71 

0.82 
0.82 

0.36 
0.79 

1.26 0.08 
1.41 0.85 
0.73 0.58 
1.60 "'-0.84 

0.'3 
0.20 

0.30 
G.11 

0.27. 
o. 
0.36 
0.38 

0.38 
0.15 
0.23 
0.24 

1.40 51.2 
1.35 54.9 
1.10 ~3.2 

1.95 49.6 

2.96 nd 

1.1)0 45.9 
1.76 28.2 
,.~ 54.4 

2.20 51.2 
1.76 51.8 
1.60 nd 

1.90 53.Z 

1.25 11 • .7 
1.50 29.0 
1.~ 44.8 

1.90 47.8 

• ,xperwntal lIampll' 
c control aUlpl.. ' 

7.2 210 
8.' 294-

10.1. 296 
<).8 .314 

8.9 
nd 

10.6 
14.7 

Bd 

14.6 

17.6 
8.9 

"IlS 
11.' 
8.8 

15.5 
20.4 

" nd 

8.5 
11.5 
11.2 

348 
278 
416 

nd 

255 
167 

:: J 

" Vate .. 
Oent.Dt 

10} 

" 85.9 
70.' 

128'" 

12.2 }}8 

13.2 .a2 
nel 193 

15.4. 410 

~9.8 

24.0 

17.} 
22.6 



" 

1 
1 

1 

, ' 

C), 

.. 

-1---
1 
1 

l' . 
1 
1 

l'au., cont. 

BDpl.. , 

8aap1e • _.ber 
• 3.1.1 
• 3.1.2 
03.1.' 
03.1.'" 

• '.2.1 
• '.2.2 
a ?)'2.' 
03.2.4 

• 3.'.1 

• '.'.2 
o 3.'.} 
o 3.'.4 

~ 3.4.1 

• 3."'.2 
o 3.4.' 
a 3."'.4 

• 3.5.1 
• 3.5.2 
o 3.S'.' 
o 3.5.4 

B 

22 
25 

2' 
32 

60 
60 
62 

55 

25 
10 
10 
11 

50 
42 

'1 
20 

... 177--

Ca III 1 .. 
...tlOO, .0U 

58 19.1 1.71 
6, 2o..s 1.71-
"2, 14.6 1.76 
37 6.50 1.67 

8.5 2.58 
7.5 4.92 

15 3.17 
1... 10.6 

1.49 0.J7 
1.68 0.29 
1.42 0.502 
1.~ 0.21). 

18 
39 
20 
65 

13.1 
.... 08 

" 3.17 
~.83 

3.17 1.68 
2.92 1.8S 
6.00" 1.trI 
3.33 1.W/ 

0.3" 
0.60 
0.37 
0.11 

1 .... 2 0.34 
1.8~ 0.24 
1.19 -0.11 
1.51 0.30 

• .xperll1.ntal. ... pl., 
o con'trol Impl •• 

na .. 
S .. ple 
lfuaber 

• 4.1.1 
• .... 1.2 
o 4.1.' 
a 4.1.4' 

• ".2.1 
• .... 2.2 
c 4.2.' 
o 4.2.4 

• 4.'.1 
• 4.'.2 
o 4.'.' 
c 4.'.4 

• 4.4.1 
• 4.4.2 
o 4.4.' 
c 4 •••• 

• 4.5.1-
• 4.5.2 
c,4.5.' 
c ".5.'" 

pB 

6.'2 
6.60 
6.02 
6.39 

8 Ca .. 1 
...vtoo ,IIOU 

20 
10 

15 
11 

"'3 39.7 1.02 
'0,_ 21.3 1.26 

37 39.7 1.~ 

~7 ~.3 1.24 

2.0 
5.0 

20 
20 

0.0 
... 0.0 

0.0 
5 .. 0 

49 
43 
40 

29 

20 90 
5.0 65 
5.0 58 
5.0 60 

22 69 
0.0---'1 

2.b 72 
2.0 55 

0.67 
1.28 

1.'1 
1.45 

0.71 
0.81 

0.18 
0.88 

• Ixperl .. ntal ,upI •• 
a con'trol .gpl., 

.. 
0.21-
0.211-
0.23 
0.24 

0.2' 
0.22 
0· .. 30 
0 .. 22 

0.24 
Del 

0.30 
0.23 

0.21 
0.25 
0.20 
0.18 

r 

~oo .. :Jroo 
g aoU • 10U 

6.36 101.1 
1.86 110.5 
1.56 81.1 
6.86 71.'" 

9.80 
1.26 
?S6 
9.00 

JI 
6.96 
5.26 

"1.'" 
12.'" 

7'.2 
19.'" 
1~~, 

74.' 

4.06 85.0 

. 6:~;y 88.' 
1.46 ".0 
5.90 92.6 

P ClIO 
\1&1100 I11III100 
18011 ,HU 

2.06 85.7 
"'.76 39.1 

Del. 9'.' 
nd 11'.8 

" Vater 
Ooa~ 

414 ~ 
420 • 

355 
238 

t 
17.8 ,321 
19.'- 178 
24.5 26~ 

3U4 208 

31.1 

"'1.1 

64.2 
13.1 
2 
21.1 
52.5 
45.4 
16.3 

"lB "Vat.r 
Ooated 

76.7 588 
74.'" 7'1 
83.9 953 
85.0 635 

9'7.5 126 
93.8 M 
79.... 678 
16.2 _ 10ft,. 

9'1";'1 ;100 
n4 / D4 
8'.' 100 
11.2 100 

5.70 
2.56 
2.96 
2.10! ' 

82.0 
100 
98.2 
97.8 

540 
114 

:\ ' <,;,'-f'-
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Tabl. 1 cont. 't • t~, .f" ~ ~~_: : j sn: r , 

t 

I 

Site 1 St.ke 2 Profile 2 .(l'i9. 6hl ? 

1 

.COAAELATI~ COE~~ICtENT5 ! PACB > lA' UNOER HO:AHo-O , HUMe ER O~ OBSERVATIONS 

, 
1 

1 , 

.\ 
1 

, 
! 
1 

- : 
1 
1 , , 
1 

1 

1 
--"-~ 

, 
.... 
00 .... 

1 

Hl 

H2 

CA 

MG 

K 

MA 

~ 

P 

PM 

,. 

,-i,,-, 
~~~~,,)i:..t..:. ;~"1::~:;-:.. .... ~'" -..,"" ~ /-~- .... 

H' H2 CA MG IC NA " PM 

1.00000 0.8284' 0.65121 0.0881. 0.36736 o • 29 ii.1 7 -0.00907 0.018ZI 
0.0000 0.0416 0.1131 0.8356 0.3707 o •• ,,·a6 0.9830 0.9659 

JI 6 7 a a 8 8 1 

0.8214' 1.00000 0.~4361 -0.117ao 0.02992 0.06217 -0.13946 0.37715 
0.0416 0.0000 0.3436 0.8253 0.9551 0.9058 0.7922 0.4611 

6 6 5 6 6 6 6- 6 

0.6512' 0.54368 1.00000 0.00000 0 •• 4918 -0.13572 0.41566 0 ... 2904 
0.,1131 0.3436 0.0000 a.oooo 0.2017 0.7717 0.3537 r·336~ 7. 5 ., 7 7 ., 7 

o.o •• ,~ -0.11700 0.00000 1.00000 o. 35675~ -0 .20976 0 •• 6621 .09309 
0.1356 0.1253 1.0000 0.0000 0.3857 0.6181 0.2 •• 3 0.8265 • 6 '7 8 8 8 8 '8 

0.36736 0.02992 0.84918 0.35675 1.00000 -0.-22.49 0.00292 0.68344 
0.3707 0.'551 0.2017 0.385·7 0.0000 -0.5930 0.9945- . 0.0617 

8 6 7 8 a 8 1 1 

0.29917 0.06Z8? -0.13572 -0.20976 -0.224.9 a.ooooo -0.34649 -0.80493 
0 •• 716 0.9051 0.7717 0.6181 0.5930 0.00.00 '.4005 0.0159 

8 6 ·7 8 .. .. • • 
-0.00907 -0.13946 0 •• 1566 0.46621 O.0029Z -0.34649 1.00000 0.i24S5 

0.9830 0.7922 0.3537 0.24.43 0.9945 0.400S 0.0000 0.7689 

• 6 7 8 8 S • '. 0.01821 0.37715 0.4290. 0.09309 0.683.4 -0.80493 0.12"$5 1.00000 
0.9659 0 .• 4611 0.3368 0.8265 ~0617 .0.0159. 0.7689 0.000' 

8 6 7 8 8 8 8 • 

"'v 

-

. -" ~ 

,.-
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'hble 1 cont. 
.' 

, ~ 

Site 1 Stak. 4 Profil. 3 (l'lg. 6c) 

COARELATION coeF'ICleNYS ~ PRGe > IRI UHO&A HOfAHo-O ~ NU.eeA OF OSalRVATIONt 

HI Ha -CA 

Hl '.00000 0.691'. 0.13201 
'0.0000 0.0813 0.7777 

7 7 ·7 

. H2 0.69784 1.00000 -0.3313. 
0.0813 0.0000 0.'4678 

7 7· 7, 
CA 0.13208 -0.33138 1. o~ooo 

0.7777 ' 0 •• 678 0.0000 
7 ' 7 7 

MG 0.53916 0.22001 0.73030 
0.2117 0.6355 0.062. 

7 7 7 

K -o. ,.3 ... 2 -o. '-0271 _ O. S2150 
0.7590 0.1520 0.0234 

7 7 7 

NA -0.04705 -0.37065 0.88153 
0.9202 0 .... 131 0.0087 

7 7 7 

P -0.30323 -0.5 .... 92 0.46038 
0.5591 0.2635 0.3582 

) 
6 6 6 

PM 0.2 ... 20 ... . 0.02408 0.10066 
0.6010 O.959~ 0.8300 ., ., ., 

1 • 

/-

• 

o '. 
' . .. 

MG t( .. HA ft ... 
0.53916 -0.1.3 •• -0.0.701 -0.30313· ••• t •• t 

0.2111 0.7.90 . 0.9101 0 •••• 1 0 •• 0.0 .., ., 7 6 ; 7 

0.22001 -0.601271 -0.3"7065 ... 0 •••• 92 o •• a ••• 
0.6S •• , o~a.ao 0 •••• 1 0.1.,. o ••••• 

., 1 ., 6 ? 
, 

0.73030 0 •• 2150 0.88153 0 •• 603. 0.10066 
o~ 06a. 0.023. 0.0087 -0.3.82 0 •• 300 

7 1 ., • , 
1.00000 0.31957 0.61968 O.34~O. 0.3131'9 

0.0000 o ••••• 0 •• 3'7 1 0.5 •• 3 •• ••• 7 ., ., 6 " . --
0.31957 1.00000 0 •••• 55 0.1 •• " O.al:IIO 

0 •• 848 0.0000 0.0155 0.764' o ..... 
7 .., .., .- - l' 

0.61968 0.8.955 1.00000 0 •• 6.8. 0 •• 0". 
0.1377 0.0155 0.0000 0.6050 0.6sa7' 

7 7 7 6 'P' 

0.3 ... 104 0.1551' 0,,691. 1.00000 -O. 6.6J., 
0.5083 0.1691 .0.601: 0.1000 0.1143. 

6 6 - 6' • 
0.38379 0.2131D 0.20.a -0.6 .. '" t ..... O 
-0.395. 0 •• 4 •• 0.61S7 ' O.I'.~., O.OO~, 1 ., 7 

1 
.. 

_ , fi ft r 
--.. ---- . __ .~.~ .. _~--_._-----

6 

'1 
'-' 
- .~ ............ --, 

• ... 
: 
t 

1 

1 

1 

t 
l 
1 

, 
~ 

~ 

I~ 
1 
~ 

t 
1- · 
1 

i 
-1 1 • 

1 

1 
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Table 1 cont. 

• 0 

.,. '"~ 
site 1 Stake 1 Profile 4 (Fig. 6a) 1 

CORf'ELAT1ON ctl~FFICIEN:r$\/ PROS ~> IRI UNOER HO:RHOzO / N - 11 
~ ~ . ... 

Hl ~ CA' -MG K' NA " ~1' • • 

HI\ 1.00000 0.50808 -0.21663 -0.04961 -0.12533 -0.027Z4 0.086S4 
0.0000 0.1106 0.5184 0.8848 0.7135 0.9366 0.7996 

\ ., H2;, 0.50808 1.00000 0.62472 0.69791 -0.11633 0.77139 0 .. 08994-
0.1106 0.0000 0.0399 .-0.0169 0.733_- 0.00~ ~'. 7926 

CA -0.21863 0.62472 1.00000 0.88652 -0.05435, 0.760.4 -~.021Z8 
0.518" 0.0399 0.0000 0.0003 0.8739 O.oOlt6 0.9505 

1., 
(": . 

MG 
- ~ ~ 

-0.04961 d .69791 0.88652 1.00000 0.21529 O.6.9~~ -0.067&4 
0.8848 0.0169 0.0003 0.0000 0.5249 0.00b9 0.843. 

K', -0.12533 -0.11633 -O.05~35 0.21529 1.00000 0.26989 -0.41081 
0.7135 0.7334 0.8139 0.5249 0.0000 0.4222 0.2~94 

fIA -0.02724 0.77139 0.76044 0.84964 0.26989 1.00000 -0.12895 
0.9366 ,0.0054 0.0066 0.000.9 0.4222 0.0000 0.7055 

P *', ~~ '! 

..... ;; 

. - 1 
0.,08684 0.08994 <'-0.02128.. -0.06764 -0.4.087 -0.12895 1.00000 

0 .. 7996 0.7926 0.9505 0.8434 0.2094 0.7055 0.0000 

, ' 
:'~I 

" .. 

r 
L " : 

" f 
;/ ( .. " 

p 

o \,J' 
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Table 1 cont. 
"Ù' 

/" 

Site 1 Stake ~ Profile 5 ~ig. 6b) 

CORREL4TION COEFFICIENTS / PROB > IRI UNOER HO:RHO=O / HUMBER OF OBSERVATJONS 

HI 

H2 

CA 

MG 

K 

HA 

p 

Hl 

1.00000 
0.0000 

13 

0.61717 
0.0246 

13 

0 .. 08605 
0.7903 

12 

H2 

0.61717 
0.02~6 

13 

1 • ..00000 
0.0000 

13 

0.03383 
0.9169 

12 
, 

-0.10977 -0.19.03 
0.7342 0.5457 

12 12 

-0.40210 -0.42264 
0.1951 C417.t 

12 ~e;t2 

-0.39004 -0.50828 
0.2101 0.0915 

12 12 

~ 

CA MG 1( NA p 

0.086Q5 -0.10977 -0.40210! -0.39004.-a.3791~ 
0.7903 0.73~2 0.1~51 0.2101 0.2502 

12 12 12 12 Il 

0.03383 -0.19403 -0.42254 -0.50828--0.61377 
0.9169 0.5457 0.1711 0.0915 0.04~6 

12 12 12 12 11 

1.00000 o.qooo 
12 

0.6".31 
0.0237 

t2 

Of·5838 
0.1339 

12 

0.43290 
0.1598 

12 

O. 6~. 31 
0.0237 

12 

1. 00000 
0.0000 

12 

0.638~4 
0.0255 

12 

0.56185 
0.0573 

12 

0.45838 
0.1339 

12 
, 

0.638'. 
0.0255 

12-

1.00000 
0.0000 

12 

0.97317 
0.0001 

12 

0.43290 
0.1598 

t 2 

0.56185 
0.0573 

12 

0.97317 
0.0001 

12 

1.00000 
0.0000 

12 

0.48?84 
0.1575 

10 

o. 19155 
0.5960 

10 

0.55692 
1).09~5 

la 

0.67933 
0.0307 

10 

-0.3791. -0.61377. 0.48284 
0.2502 • O.0~46 0.1575 

0.19155 
0.5960 

10 

0.55592 
0.0945 

1 a 
0.67933 

0.0307 
10 

1-.00000 
0.0000 

11 Il Il 10 

<r . ) 

... 

r-

U 

~ : 
1 

t~ 

,,. 

.... "'Q"~ 
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i Table 1 co nt • 

f-
t 

! Si te 1 Stake 4 Profi. le 6 (Fig. 6e) 

CORRELATION COEFFICIENTS / PRoe > 1 RI UNOER HO:RHO=O / hUMBER OF OBSERVATIONS 

1 

Hl H2 CA MG K NA P PM 

) iii 1.00000 0.66946 0 •• 8164 -0.21411 -0.17844 -0.29285 -0.05246 ~.05786 
, 0.0000 0.0243 0.1129 0.5040 0.5790 0.3556 0.8783 0~865e 

12 11 12 12 12 12 11 11 

H2 0.66946 1.-00000 0.73563 -0.32587 -0.18010 -0.13163 0.20299 0.09698 
0.0243 0.0000 0.0099 0.3281 0.5962 0.6997 0.5494 0.7767 

1 1 11 11 11 11 11 1& 11 
~ CA 0.48164 0.73563 1.00000 -0.01785 0.21625 -0.29725 0.46183 -0.07605 1 

l 
0.1129 0.0099 0.0000 0.9561 0.4996 0.3481 0.1527 0.e2.1 

12 11 12 12 12 12 11 11 
"A , f!r MG -0.21411 -0.32587 -0.01785 1.00000 0.917je -0.16028 0.45787 0.15151 

~ t 
. 0.5040 . 0.3281 0.9561 0.0000 0.0001 0.6188 0.1567 0;656. 

an 12 11 1~ 12 12 12 11 Il 
CI) 

M K -0.17844 -0.18010 0.21625 0.91738 1.00 000 -o. 15119 0.72173 0.06893 
1 0.5790 0.5962 0.4996 0.0001 0.0000 0.6390 0.0122 0.8.04 

12 11 12 12 12 12 11 Il 

NA -0.29285 -0.13163 -0.29725 -0.16028 -0.15119 1.00000 -0.14533 0.40910 
0.3556 0.6997 0.3481 0.6188 0.S390 0.0000 0.6698 0.2115 

12 Il 12 12 12 12 11 11 

1 
P -0.05246 0.20299 0.46183 0.45787 0.72173 -0.1~533 1.00000 -0.18474 

t 
0.8783 0.5494 0.1527 0.1567 0.0122 0.6698 0.0000 0.5866 

11 11 11 11 11 11 tl Il 

PM 0.05786 0.09698 -0.07605 0.15157 0.06893 0.40910 -0.le.7. 1.00000 
0.86S8 0.7767 0.8241 0.6564 0.8404 0.2115 0.5866 0.0000 

! 11 11 11 11 . 11 11 Il 11 

i 1 • 

l ~ ! 
1 

l' 

/' ! 
1 
1 

1 
"\. 

"-.... 

1 

~ ......... ., 
:.J .. "-" 

~i -----~ __ w~ .... 
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Table 1 cont. i • l 
" t • 1 

Site l St~ke l Profile 9 (Fig. 6a) j 

~ 
1 1 

CORRELATION COEFFICIENTS 1 PROB > a RI UNDER HO: RH 0=:0 1 HUMBER OF OBSERVATIONS l 
~ , 

Hl H2 CA MG K NA P PM 

Hl 1.00000 0.32116 -0.09914 0.11534 -0.17490 -0.42195 -0.16508 -0.14499 - 0 

0.0000 0.2431 0.7252 0.6823 0.5330 0.1172 0.5899 0.6061 
15 15 15 15 15 15 13 15 

H2 0.32116 1.00000 -0.02999 0.49481 0.31583 0.21\.061 0.39105 0.40959 
0.2431 0.0000 0.9155 0.0608 0.2515 0.3877 0.1864 0.1295 

15 15 15 15 15 15 13 15 

CA -0.09914 -0.02999 1.00000 0.'18233 0.10708 0.33854 -0.00612 0.04010 
0.7252 0.9155 0.0000 0.5155 0.7041 0.2171 0.9842 0.8872 

15 15 15 15 15 15 13 15 

MS 0.11534 0.49481 0.18233 1.00000 0.18687 0.33167 0.20470 0.25480 1 
0.6823 0.0608 0.5155 0.0000 0.5048 0.2272 0.5023 0.3594 1-' 

15 '5 15 15 15 15 13 15 co 
en 

K ;-0.17490 0.31583 0.10708 0.18687 1.00000 0.23835 0.80214 0.94597 
, 

0.5330 0.2515 0.7041 0.5048 0.0000 0.3923 0.0010 0.0001 
15 15 15 15 15 15 13 15 

NA- ,-0.42195 0.~'061 0.33854 0.33167 0.23835 1.00000 0.62813 0.33669 
0.11 72 0'.3877 0.2171 0.2272 0.3923 0.0000 0.0215 0.2198 

15 15 15 15 15 15 13 15 
~; 1 

lit -0.16508 0.39105 -0.00612 0.20470 a.S021' 0.62813 1.00000 0.90752 
0.5899 0.1864 0.9842 0.5023 0.0010 0.0215 0.0000 0.0001 -

13 13 13 .13 13 13 13 13 
\. , .... -0.14.99 0.40959 0.04010 0.25480 0.9.597 0.33669 0.90752 1.00000 
0.6061 0.1295 0.8872 0.3594 0.0001 0.2198 0.0001 0.0000 , 15 15 15 15 15 15 13 15 

.. 
~ 

1 

1 

~ 
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l'able 1 cont. 

Site l St.ka • Profile 11 (!lg. &c) 

. , , 
"J",,~~'<."'~"~.a~~tJ MM,j=~ 

CQAAeLATION COEFFICIIN~S- , PAOB > lAI UNOER HO:AHo-O , HUMBEA OF OBSEAVATIONS 

HI 

HI 

CA 

MG 

K 

NA 

It 

PM 

Hl H2 CA MG ft NA P PM 

1.00000 0.76815 0.16631 0.60030 0.64447 0.71592 0.46458 -0.42715 
0.0000 0.0022 o .60S. 0.0301 0.0174 0.0059 0.1281 0.1455 -'\ 

13 13 12 13 l~ 13 12 13 

0.76815 1.00000 0.13707 0 •• 8433 0.47501 a .6927't 0.28566 -0.41041 
0.0022 0.0000 0.6110 0.0935 0.1009 0.0087 0.3681 0.1636 

13 13 12 - 13 13 13 12 13 

0.16631 0.13707 .1.00000 0.59943 0.24779 0.27668 0.29864 ~0.52519 
0.6054 0.6710 0.0000 0.0394 0.4374 0.3840 0.3724 0.0795 

12 12 12 12 12 12 Il 12 

0.60030 0.48433 0.59943 1.00000 0.49603 0.57694 0.40499 -0.20453 J 
0.0301 0.0935 0.0394 . 0.0000 0.0847' -0.0390 0.1916 0.5027 .... 

13 &3 12 13 13 13 12 13 co 
co 

0.64447 0.47501 0.24779 0 •• 9603 1.00000 0.66222 0.88579 -0.08256 1 

0.0174 0.~009 0.437. 0.084" 0.'0000 0.0137 ~ 0.0001 0.7886 
13 13 12 13 13 13 12 13 

0.71592 0.69277 0.27668 0.5769. 0.66222 1.00000 0.35988 -0.18004 
0.00~9 0.0087 0.3840 0.0390 0.0137 0.0000 0.2505 0.5561 

13 13 12 13 13 13 12 ... ~ 13 

0.46458 0.28566 0.2986. 0.40499 0.88579 0.35988 1.00000 -0.14587 
0.1281 0.3681 0.3724 0.1916 0.000 t 0.2505 0.0000 0.6510 

12 - 12 11 12 .12 12 12 12 

-0.42715 -0.410~1 -0.52519 -0.20453 -0.08256 -0.t8004 -0.1.581 1.00000 
0.1455 0.1636 0.0795. 0.5027 0.7886 0.5561 . 13 13 12 13 13 13 

_.,~~ .. ~;"I.~""",,,,~~~~/.~~~,,,.~.t~"')"d~l(~~""""'~,,,. 3'_ g lW11hw~ .. A !itlPtlllriwli *,,; ••• lE l "rei" brirt • i' M! 

0.6510 
12 _ 

t 

0.0000 
13 

! ............, 

-~ .. , ... ...a.. ...... ~ ~ ........ __ .... __ _ 

- ; 

_f 1 
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Tabl_ 1 cont. 

Site 1 Stake 1 Profil. 10 (Pig_ 6d) 
1 

CORREL4TION COEFFICIENrs / PROe > lAI UH~ER HOtRHOaO , HUNaER ~~ OBSERVArlONS 

H' HI CA MG " NA ,1 Pli .. 

Hl '&~a88 °a~S~I~ O~!1J'1 -O&~J'" -Oa!'." -0&~1t8t 0a~"11 -Oa!"11 
" 14 a3 .4 '4 '4 Il '4 

1 -
1 

l 
1 

Ha O&!tlIJ t&~3S'8 
'4 t4 

O&~till -01~9JJI O&~I'" O&!t&li. °l!"" -OI!JtI' 
13 .4 14 '4 '1 .4 

> 

{ . -CA °3~t~3~ °o~t~'f 11!&I. °a!IIZ' -Oa!IIII O&~llft °a!tllt °a!'''' 
1 MG 

1 1 
i et 
! 

CI) 

l 
.... 

1 . 1 

te 

NA 

P 

! 

1 PM 
1 1 

J 

1 
J 

t 

1 
';} 

,-. 
10 

13 1 13 

- o. 07 472 -0 Ik 57'76 
v.7996 a.31. .4 .4 

13 

°a!'llf 
13 

-oo~liII °ô~I;'~ ~~a~'tSI 
14 .4 13 

-oa~I:Br O&~:&II, °ô!llfa 
.4 .4 13 

°1.°4 • 99 
v.e95S 

Il 
°ô!tf8! °a:tllt 

II 10 

-oô!lJII -Oô~J'11 ~a~ISlI .4 .4 .a 

r: 

AlI. 

13 13 13 10 13 

1&!8388 °o~JI18 °D:81It °a!JlI' °a!"f! ù 

14 ,. ••• II •• 
°a~ilf& t&~88IS O&!I!!T °a!8TI' -Oa~"a, •• 1" ,. It •• 
°o~8'lt O,,~'llr 13~888' °ô!II~1 -Oa!llIt 

.4 ., .4 Il .4 
~ 

°6~111' °a!8Ift °ô~3~~1 .lo~1811 -Oa!lttl 
Il li Il Il al 

°o~fJf' -06~t~1' -o.!rt:t -o6!1'11 '&~IIII 
.4". .4 Il .4 

-< 

--
.... './" '-" "', .. ~~ .... , .. ~ ....... 1 _=:- • W ";~ --
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Table 1 cent:'. 

Sit:e 1 St.ke 4 Prof~l. 12 (!tg. 64] 
, . 

'1 CORReLlTl ON COE,,:PICIENTS , ""OS) lAI UN)IR HOUtHO-" , "U"'8~R 0" 08SERVATIONS 

1 1 
pofJ 

G\ 
pof 

1 

1 
;.' 

~ ; 

1 

" 

..-... 
1 1 
......" 

HI CA 

~ I.~OOOO Ml ' 

HZ 

0.70951 0.29836 

"1 

~ .. ' -

te 

NA 
t ' .. 

.... 

0.0000 
Il 

0,10951 
0.0'4" 
1 Il 

°6~'il 
li 

0.26376 
0.4332 

Il 

0.02128 
c 0.9505 .. 
0.14tU 

.-"'\, 0.6602 
JI 

0."'027 
, 0.2029 

10 

0.0'4' 0 0.372' .. Il 

'.Olgoo o. 00 
0.10660 
0.755. 

11 11 

°610&60 .7551 
1.00000 

0.0000 
II . 12 

0.35092 
0.2900 

0.10570 
0.7437 

fi 12 

0.Z4314 -0.4.225 
0.4713 0.1830 .. 12 

.0.,.,0." 
0.6156 

0.2.773 
0 ... ..176 

Il 12 

0.196'3 0.53900 
0.5863 0.1079 

10 la , 

-0.0986'1 -0.28920 -0,31141 
0.1'29 0.3 •• ' 0.12S ta ta . 12 

/ 

f 

.1,. r $'P'lt II_IY"j'"'''h •• - ... ----.-- -.-

MG K NA P , PM 

0.2&37& 0.02128 0.t4981 O. "027 -0.09867/ 
0.4332 " 0.9505 0.6602 . 0.2029 0.7729-

11 11 Il 10 Il, 

0.35092 0.24314 3.17078 0.19653 -0.28CJ20 
0.2900 0.471.) 0.6156 0.5863 0.38"'4 

Il 
_____ II 

li tO 1 1 

0.10570 -0.41225 0.24773 0.53900 -Oe37147 
0.7437 0.1830 0.437. o. t079 0.2 51 

12 12 12 10 12 
1 

1.000001 
0.0000 

0 040.4'3 
.ICJ3. 

3.46873 
0.1243 

0.53506 
0.1 tl 0 0. 25051 0.4:'2 

12 12 12 10 1 2 

0.40148 1.0000" ,).62131 -0.44100 0.06168 
o • 1 CJS" 0.0000 0.0310 Oe20~0 0.8490 

12 12 12 10 12 

0.46873 0.62131 
0.12.3 0.0310 l~ogooo -0.0849~ -0.1~3&0 • 000 o. 892 O.. 8 

12 Il 12 _1..CL-___ 12 

0.53506 -0.44100 -0.00.93 
0.1110 0.2020 0.9892 

1 • noooo -O. t 11:1 5 
0.0000 0.7594 

10 10' 10 10 10 

O&~III~ 
ta 

0tO'I.8 -' •• 0310 -0.llI35 0."'.0 IO~''' •• 8 0.15.' la l ',. la 10 

,II , ' : \\1 
/ 

... 

, :;" 

:1.00000 
0.0000 

12 

, 

u 
_ .... ~- _ ........ ~ 

• 

) 
1 

1 

~ 
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'table 1 cont. 
~ 

Site 2 Stake 1 Profil. L (Pig. 6.) • 

" 

CORRELATION COEFFICIENTS / PAOe > 'Ra UNDEA HD:RHOwD" 'N. » 
Hl Ha CA ~ le NA P p~ 

'1.00000 0.99578 0.87987 0.00000 -0.73704 0.02405 0.19684 -0."382 
O~OOOO 0.0585 0.3153 1.0000 0.4724 0.9847 0.8739 0.1942 

0.99578 1.00000 0.91915 
0.U58S 0.0000 0.2568 

0.87987 0.91975 1.00000 
0.3153 0.2568 O.OOO~ 

0.00000 0.00000 O~OOOOO 
1.0000 1.0000 1.0000 

-0.73704 -0.67193 -0.32733 
0.4724 0.5309 0.7877 

0.02405 -0.06777 -0.45392 
0.9847 0.9568 0.7000 

0.19684 0.28596 0.63912 
0.8739 0.8154 0.5586 1 

-0.95382 -0.97736 -0.S8198 
0.1942 0.1357 0.1210 

. ' . 
-~1.'" ~~ "'" >1-

0.00000 -0.67193 -0.06777 0.28596 -0.97736 
1.0000 0.5~09 0.9568 0.8154 0.1357 

1 
0.00000 -0.32733 -0.45392 0.63912 -0.98198 

1.0000 0.7877 0.1000 0.5586 0.1210 
-

o.ooo~o 0.00000 0.00000 O.OOBOO 0.00000 
1.0000 1.0000 ,1.0000 1.0000 1.0000 

0.00000 1.00000 -O.69338~ 0.51754 0.50000 
1.0000 0.0000 0.5122 0.6537 0.6667 

0.00000 -0.69338 1.00000 -0.9754~ iO.27735 
1.0000 O.~122 0.0000 0.t415 0.8211 

0.00000 0.5175. -0.97542 1.00000 :-,0 •• 8225 
1.0000 0.6537 0.1415 0.0000 0.6796 

0.00000 C.50 000 '0.21735 -0.48225 1.00000 
1.0000 0.6667 0.82U 0.6796- 0.0000 

1 . 
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!'able 1 cont. 

, > 

Site.2 Sbake 5 Profile 3 (l'ig. 6g) 

• 
> C~.RlL'TION CQI".CIINrSo/ PROe ) IMI U .... OER' HO:RHO-O 1 t4UMIIIR 0' OBSERYATIONS . 

HI H2 CA MG K NA P PM 
-, 

H' ",!Sln -O3~l~11 °t~gI8i O.OOOOi 0.43769 O.IOlf' 0.07947 0.3670. 
1.000 0.562J 0.J9., 0.920~ 0.6330 

" 3 " l, " ~ " • • 
,::1"'", <~O':l,al . '&!SIII Qtoogoo o.oogog -0.67'9J -0.9949j 0044982 0.93916 

:: ; z', '\ .' . .0 00 1.0 0 0.5 09 0.064 .7030 0.2221 . 3 l 3 l 3 3 

y '''','''--•. ', 0.000:: 0,00000 0.00°8° 0.00000 0.00000 0.00000 0.00000 Cf.OOOOO 
; a.ooo , .0000 1.00 ° 1.0000 1.0000 1.0000 . 1.0000 1.000,0 

\4 , .. .. • • " " .'0.0000. .,.,'" °J~gl= °toogo, 0.00000 0.00000 0.00000 0.00000 0.00000 , ' , .0 00 ,.0000 1.0000 1.0000 ,.0000 1.0000 1.0000 1 " ' .. . 3 " 4 4, 4 4 4 ... . . ~ 

le 0a~iIIJ ~O&!'ill 0.00000' 0.00000 1'.00000 ',37619 0.42366 -.0.6'6329 • , -:;, • 
-' ~ 1.000'0 1.0000 0.0000 0,6238 0.5763 0.3367 

.• 3 ,. • " " " " ,~ • 

'!V . -O,'OlfJ ,-0,99"1 0.00000 0.00000 0.37619 1.00000 -0.45329 0.119!HS /' a: • 
"~ .. l, • j -lI , 1 • o •• 1.0000 t.oooo 0.62.18 0.0000 0.S.67 - 0.8201 

; L '" :5 
.. " " " " 4 

, - li 0,
0114

" O ••• '11 0t OO~OO 0.00000 0'.42366 -3.45329 1 • 00000 -0.22366 
"- .t OS 0.10 0 " .0000 '1.0000, 0.5763 0.5467 0.0000 0.7763 
~' 

4' '3 - - - 4, 4 .. 
-;"',',M 

0.!lIJ3 o.:lllr 01:3118 0.00003 -0061-319 :».17985 -0.22365 IOOQOOO 
t li " .. {~ 1.000 • 3 7 a.aacu 0.1713 .0000 • " 4 • . , 4' 4 -. 

/ 

"' 
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-- -. 0 
"fI \~ 
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'; Table 1 cont. , ' . 
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Site 2 Stake l Profile 4 (Fig_ 6e) }' 

~ 
CORRELATION COEFFICIENTS ~ PROS > 1 RI UN6EA'HO:RHo-O , ~.eR ~ OISERVATJONI r • , 1 

t ;. • ,1 , 
Hl -H2 CA MG K NA P PM 

~ 
• , '-1 . . 

\ 
cf HII •• 00000 -0.37732 -D.167.~D •• 5017 0.21133 -o.2sa.6 -0.3672l -0.11009 
1 0.0000 0.1312 0.051 0.4.68 0.1J04 ~.67.6 0.6318, 0.6 •• 9 '. 

~ 5 5'!5' 5 5 !5 4 5 . 1 

HZ -0.37732 .1.00000 -0.04264 0.404'5 0.2a ... ' 0.79008 -0.53281 -0.40600 ~ 

, 0.5312 0.00.00 0.9457 0.499a 0.64.' .. 0.U'8 0.4672' 0 •• 9" 
r 5 5 ,5 5 5 S 4 S " ' 

~ i CA -0.86711 -0.04264 1.00000 0.43082 -0-.07538 -0 •• 5.91 0.70390 0.63487 
0.0570 0.9457 0.0000 0.4689 0.9041 0.7985 0.2961 0.a498 { 5 5 -s 5 5 1 ~ s • • 1 l 

f ~G -0.45017 0.40415 0.43082 1.00000 0:40eZ5~-0.2 51? -0.20480, 0.60439 , 0.4468 0.4998 0.4689 0.0000 0.4950 0.7282 0.7952 0.2803 
f 5 5 5 5 5 - 5 '. S ~ 

i 

i 
, 

K 0.21333 0.28284 -0.07538 0.40825 1.00000 0.00000 0.00000 O.330lG an 0.7304 0.6447 0.9041 0.4950 0.0000 1.0000 1.0000 0.S875 ' , 
b\ S 5 5 5 5 5 4 5 

1 

.... 
t ~ 

NA -0.25846 0.79008 -0.15891 -0.21517 0.00000 1.00000 -0.26916 -0.1 •• 41 
0.6'1.6 o. lIla 0.'1.85 0.7282 1.0000, 0.0000 0.1308 0.'''.3 

t 5 5 5 5 5 5 4 . S -' 

f 
. 

i P -0.36722 -O.5~2al 0.10390 -0.2Meo 0.00000 -0 •• e916 1.00000 0.'.16. 
j 0.6JII 0 •• 611 0.Z961 0.1912 < 1.0000 o .?308 O.OOQO O ..... 
~ • • • 4 .. ,4 4 .. 

PM -0.25009 -0 •• 0600 0.6~.87 0.60.39 ' 0.33010 -0.7 •••• 0 •• 4162 ••••••• 0.6 •• 9 0.4976 0 •• 498 0.2803 0.187' o .. 'J" 0.4.a4 O •••••. 
5 '5 '5 5 <, S .. "~ 

.. 
~ 

[r 

â 

(' 
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~, 0' 
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'1'IIble 1 cont. 

Site 2 St.ke 4 P~ofile 5 (Piq. 6f) 

QORR!~ATION tOI~~ICIINTS 1 PROS > IRI UNDIR HOtAHO*O -, NUMIER OF OIS~RVATIONS 
Hl H2 CA 'M~ K ~ NA , P PM 

, " . HI a.ooooo 0.91137 0.52820 0.06906 -o. a 19. 1 0.37438 -0.01829 0.09616 
" .. ""'1. 0.0000 0.0016 0 ••• 38 0.8599 0.9591' 0.3209 0.9627 0.8056 

9 8 ca 9 9 9 9 9 

,,;,;' .. 0.91237 1.00000 0.68785 0.30761 o~ 19290 0.7 964: -0~01775 -0.10.40 
, "t,"";': ., 0.0016 0.0000 0.0593 0.45.6 0.6.1'2 0.018 0.9667 0.8112 , 

.' 8 8 8 '8 8 8 8 8 

".1' :,', ,·Cil 0.52820 0.68785 1.00000 0.68641 -0.10127 0.80233 -0.32544 -0.54780 
"\,~-,,, . C'-'43e 0.0593 °flOO; 0.0412 0.7954 0.0093 0.3928 0.1268 _ ~ f' ~ 

, ! 9 8 1 9 9 9 9 9 

" ,",' - 0.06906 0.JOT61 0.6864' Il .00000 -0.38730 0~T0711 -0.38542 -0.75571 
--. ·iI 0.8599 0.4586 0.0412 0.0000 0.3031 0.0331 0.30.56 0.0185 

9 8 9, ' 9 9 9 9 9 ·f 

". 1 ..., 
" ~oo~~::~ 0.19290 -0.10127 -0.38730' ..00000 0.0260. 0.76203 0.60760' \Ct 

v' 
0.6472 0.7954 0.3031 0.0000 0.9469 0.0170 0.00.26 r 

9 8 9 ca 9 9 9 " 9 , 
NA 0.37.38 0.79649 0.80233 0.10711 0.02601 1.00000 -0.23793 -0.63873 

0.3209 0.0180 0.0093 0.0331 0.9469 0.0000 0.5376 0.0641 .. 9 8 9 9 '9 9 9 9 
:~ F-

fi -0.01829 -0.01715 --0.32544 -0.3'.542 0.7. 203 -0.23193 1.00000 '0.70959 
) 

~ '1 0.9627 0.9667 0.3928 0.3056 0.01?0 0.1376 0.00.00 0.'0323 
9 8 9 9 9 9 9 9 

': ',' j.)' '"'fI. ,0.09616 -0.10140 -0.5.'180 -0.7557' 0.601'60 -0.63.73 0.70959 1.'00000 
c' 0.e056 ·0.8112 0.1161 0.01'5 0 •• '26 ·0.0.4. 0.0323 0.0000 

9 8 9 9 1 9 9 9 1 
9 • 

v 
• TF 1 p • pnT ; r ' .. II l 'X _tb_ .. 
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(1 

Table 1 eont. 

Site 2 Stàke 5 Profi~. 6 - (F19. 69) 
~ 

CORRELAT10N'COEF~tCIINTS / PiS'> lAI UNOEA HO:RHOeO / N 
Hl H2 CA MG K ~ NA 

r· 

• 4 

p 'PM 

1.00000 0.99474 0.27328 -0.11448 -0.17835 -0.12322 -0.39033 -0.3230. 
0.0000 0.0053 0.7267 0.8855 0.6216 0.~768 0.6097 0.67? 

0.99474 I.~OOOO 0.28325 -~.1332. -0.~3215 -0.02106 -0.31303 -o.3S.I' 
. 0.0053 . 0.0000 0.7167 0.8668 0.7679 0.9789 0.6870 0.6438 

0.27328 0.28325 1.00000 0.87946 0.68101 0.03.? 0.50505 0.7116. 
0.7267 0.7167 0.0000 0.1205 0.3190 0.9652 0.4950' 0.Z81. 

'-0.11"& -0.13324 0.879.6 1.00000 0.92111 -0.21630 0 ••• 650 0.96261 
0.8855 0.8668 0.1205 0.0000 0.0728 0.7837 0.5535 0.037. 

-0.17835 -0.23215 0.68101 0.92717 1.00000 -0.54.33 0.13.84 0,",00 ~ 
0.&216 0.7679 ~.3190 0.0728 a.oooo 0.~551 0.&652 0.0310 p 

-O~12322 -0.02106 0.03475 -0.21630 -0.5.433 1.00000 0.75233 -0.3362$ 
0.8768 0.9789 0.9652 0.7837 0.~S57' 0.0000 0.2477 0.6637 

-0.39033 -0.31303 0.50505 0 •• 4650 0.134.4 0.75233 1.00000 0.36S8S 
0.6097 0.6870 1 0.4950 0.5535 0.8652 0.2477 0.0000 0.634. 

-0.32304 ~D.35617 0.71764 0.96261 0.96900 -0.33625, 0.36585 '.00000 
0.6770 0.643. 0.2824 0;0314 0.03&0 0.6631 0.6~2 0.0000 , 
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Table 1 cont. 

," 

Site 2 Stake 1 Profile 7 (P'ig. 6.) 

CORRELATION COEFFICIENTS / P~8 > IRI UNDtr: R HO: RHQwO , N •• 
'/' 

Hl H2 CA MG K NA P P. 
Hl 1.00000 0 •• 6285 0.02278 0.37289 0.08340 0.19269 0.09479 0.4tH.) 

0.0000 0.24SI 0.9573 0.3629 0.8.43 0."75 0.8233 0.3116 

Ha 0 •• 6285 1.00000 -0.1.27. -0.00902 -0.273 .. 5 0.07896 -0.13111 0.46351 
0.2"8" 0.0000 0.7360 0.9831 D .5123 0.8526 0.7570 0.2.74 

CA 0.02278 -0.14274 1.00000 0.84904 0.37504 0.28177 0.97110 0.68020 

1 
1 0.9573 0.7360 0.0000 0.0077 0.3600 ,~ .4990 0.0001 0.0634 

MG 0.37289 -0.00902 0.8 .. 90. 1.00000 0.61.96 0.45951 0.91075 0.57163 1 
0.3629 0.9831 0.0077 0.0000 0.10.7 0.2520 0.0017 0.1388 

K 0.083 .. 0 -0.273.5 0.3750. 0.6'.96 "ooor 0.87026 0.40724 -0.20946 
0.8 .... 3 0.5123 0.3600 0.1047 0.00 0 0.004_9 0.3166 0.6186 

0.870
1 

6 
1 

NA 0.19269 0.07896 0.28177 0.45951, 1.00000 0.24822 -0.08595 Jt: 0.60\75 0.8526 0.4990 0.2520 O~OO, 9 0.0000 0.5533 0.8396 
~ • 

Il 0.09479 -0.13111 0.97110. 0~91015 .D.4072 .. o.~ 1.00000 0.67452 • 
0.82331 0.7570 0.0001 0.0017 0.3166 0.5533 0.0000 0.0665 

0.41113 
1 

PM 0.46351' 0.68020 0.57163 -0.2094. -0.08595 0.67 .. 52 1.00000 ,~ 0.3U6 -0,2.'. 0.063. 0.1388 0.6186 /0.8396 0.066. 0.0900 .1 ,4 
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Table l cont. 

Site 2 Stake l Profile 8 (Fig. 6h) 

CORRELATION COEFFICIENTS' PROe > IRI UNDER HO:qHO-O , H • 7 

HI HZ CA MG K NA P PM 

11>00000 O.1911i -0&16393 0. 0800t O.3459~ 0. 31197 0.13407 0.06g76 
.0000 0.671 .7254 0.864 0.44 0.4 85 0.77.4 0.8 35 

r 

1 1 & 00000 0.~92~· °ô?3~1~ °o!8~3~ 0.90610 °ô~~i8~ -Oô!lill 00 19 71·5 
.67118 .0000 0.1 1 0.0049 

-°a !'I:i 0.Sn 74 O. 661 
1. oog08 0.0 0 

0.52j4Z 
0.2 11 0.5i778 O. 441 0.48'83 0.2 2 °ô~f~A1 -Oô!33tl 

°o!lift °ô!~5JI °ô~~3tf 'ô~8g88 °ô!g~tL °t.~3t2~ °3~~gil -Oô!i2jl 
O.34S,~ °o~883l 0.50778 0.90741 1.00000 0. 87862 °ô!&'~3 -Oô:l111 0.'4 0.20\47 0.0049 0.0000 0 .. 0 9 

°a31 a97 
.4 85 0&~g813 °a!I'li 0&~~t~3 °a~~8S2 la~888?' °a:)~tl -Oô!lljf 

°o!J~~I °o~81'Y O&~l\~~ O&;~~~i O~!A~~8 °a!Jgfi 1 o~g88g -oo~t~tl 
-

0&:1151 -oô:~ll' -Oô!332t -0&:313' -oô:!111 -Oô!'l~t -Oô!t~tJ 1 &~88B8 

~ 

~ 

4 

1 .-....-; 

,. ... 
a~pl-il"'Lr~ 

1 

--_._-----_. ' ..... ____________ w __ ~ _~_~ ___ --/~- ------ ---- ................. ~-~~~.L<"',.!"'k!!.~ 
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t 
Site 2 Stake 4 Profile 10 (Fig. 6h) 1 
CORREL~TIOH COEFFICIEHrs ~ PROS> IRf UNOER HOSRHO-O , HUMseR O~ OeS~RYAT'ONS i 

HI H2 CA MG K NA Il PM 1· { 

Hl 1.00000 0&105"~ 0.52 •• 9 0.488 .. 8 0&15046 0.17B61 0.114 '1 °o!l'fl ~ 
0.0 000 .015 0.'196 0.&274 .6588 0.6 9 O. 71 f 

11 1 i 10 11 11 Il Il Il , 
- l 

H2 0.78 5.j J.ooooo 0.17621 0.20940 0.3598. 0.35899 0.63 ... 79 °o!111& o. 15 0.0000 0.6263 0.5366 0.2770 0.2783 0.0359 
Il 11 10 Il Il U' Il 1 l 

CA 0.52 ...... 9 0.17621 1.00000 0.937 ... 7 0.026~0 0.18330 -0.39557 -0.02170 
0.1196 0.6263 0.0000 0.0001 0.9'" 1 0.6122 0.2579 0.9 26 

la tO la 10 10 10 10 10 

MG , 0.48848 0.20940 0.93747 1.00300 -0.06419 O.1~32J -0.34'49 -0.01281 0.1274 0.5366 0.0001 0.0000 0.851..1 o .... 03 0.30 ... 0 o. 1 
Il Il 10 11 Il Il Il • 1 N 

1:) 

te °Ô15046 0035984 O.026iO -0.06.\9 1 o~&888 0.97269 0.66391 O.S11J' N 

.!»S88 .2770 0.94 1 0.85 3 0.0001 0.0259 0.06 9 
, 

Il Il 10 Il JI Il Il 1 J 

NA 0.17369 
0.6095 0.3i999 o. 83 °o!g~i~ °ô!~l~~ °ô?~S~1 1.080 80 o. 0 0, 

0.57977 
0.0615 o·'sa' O. 1 

11 11 10 11 1 1 Il Il 1 1 
§Î 

P Oô 14443 0a6~479 -0.39~57 -0.3"A49 0.68 391 0.57977 j.OOOOO 0.541fT 
l, .' 

.6718 • 359 0.2 79 0.3 40 o. 259 0.0615 0.0000 0.08 
Il Il 10 Il 1 11 • 1 JI 1 a . 

PM °o!~~f~ 0.39Jl1 -0.02170 -0.06g8i 0.2 40 0.9526 0.8 °Ô577~. .06 9 °ô~5~11 °o~3'tr 1 o~8881 , li II 10 11 li Il Il 11 

~ -
t 
f 

J' 1 

\. 

o. 
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, 

Site 2 St.ke 5 Profile 12 (Fig_ ~h) 

èORAELA"ON CO!FPICIINTS , PROS> IRI UNOER HO:RHO-O 1 . N • T 

HI H2 • CA MG te NA P PM 

\ ~ . Ml ·,',!S8S1 °o!~'tl cjo~tt~' 0&6860': 
.0888 °o~f:3~ 0.4)378 o. 09 00 mil °6~1'11 .. 0661765 • 81. 1&~g888 °3~tiY~ °ô~~~il 0.01 766 o. 85 • 0.3 SIA" 0.4 9 °ô~'fi~ -Oô~'I~J 

CA °066419 0.34300 1.00000 0.496J. 0.67937 0.38214' 0.52860 0.04'&7 .10 7 0 •• 513 0.0000 1.2574 0.0932 0.3976 0.2225 0.93 2 

,1 ... 0&6860 •. 0~82AOI o. 4096~" 'ô~8888 0.09129 0.5705. 0.69.79 -0.261'; 
• 0888 .0 .3 0.25 • 0.8457 0.1810 0.0832 0.5 • 

i 
fil 

~ 0.605ft 0.06766 0.679J' 0'-09129 1.00000 ~., 2500 0.299". 0.2601~ _ 
0.149 0.S85. 0.09 2 0.8457 0.0000 0.789. 0.51 •• 0.57 .. °o:JI" °035114 0&38214 0.5705. O&I,SOO 1 (,0°3°0 °ô!i~Al -oô~t'I •• 89 .3976 0.1810 • 89. .0 00 • '-' " --, , °ra!ZIII 0.861~7 0.0 7 

0.52860 
0.2225 

0.-69.71 
0.083 

0&299 .... 
.51.1 0):i5~1 lo~8g8% °o!"I" 

'- ..... ·a~tll -Oa~"~J t&!UU -Oa!tm °ô~19J5 -~ô?llf~ °o!J'It 1 ft!8'" 

\. 

,fl'L 

.. , . ~ 
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Table l cont. 
,'/ 

Site 3 Stake 1 Profile 1 (Pig. 6i) 
• 0 

CORRELATION COEFFICJ!NTS , PAOB > lAI UNOER HD:R"Q~O , NUM8~. OF OeSEqVATfONS 
1 

Hl HZ CA J4G t( NA p P'M, 

c 

Hl 1.00000 
- 0.0000 0.02901 -0.8&089 -0. 55218 -0. 49719 -00421'1 -0.411&3 -oo~'lIt 0.9508 0.027 0.19 2 0.25 3 .3 8 O. 3 • 

7 7 & 7 , 7 ., ., 
Mt 0.02901 1.00000 -0.338&3 -0.35265 -0.190tO -3.021H -0.ZHo·7' -0.'794! 

0.9508 0.0000 0.5115 0.4378 0.68 3- 0·.963 0.6 59 0.700 
7 7 6 7 ., 7 7 ., 

CA -O.~080 -0.338&3 1.00000 0.97073 0.8826. '.51405 0.813ft. o.euo, o. 277 . 0.5. 15 0.0000 0.0013 0~0199 0.2968 0.0488. O. 0 
6 6 6 6 6 6 6 6· 

MG -0.55268 -0.35265 0.97073 1.00000 0.91735 0.43933 0 082953 0 09230 L 
0.1982 9.,4378 0.0013 0.0000 0.0036 0.3240 .0210 .003 

7. 7 6 ., 7 ., 7 ., 
te -0 •• 9719 -0.19060 0.8826. 0.91735 1. 000000 0.'7972 0.9885~ °o!'3AI 0.2563 0.6823 0.0199 0.0036 .0000 O. 651 O. 0 • 

1 

-t 
7. 7 6 '1 '1 ., ., ., . 

NA - 0.0\2013, -0.02131 0.51.05 0 .• 43933 0.13972 1.00000 0.02331 0.12986 
0.30\80 0.9638 0.2968 0.324' 0.7651 0.0000 0.9604 0.78t' ., 7, " ., ., ., 1 

P -0.40663 -0.22607 0.813S. 0.82953 0.96822· :».02331 1.00000 O. 89.Ù" 
0.3653 0.6259 0.04S8 0.0210 0.~003 0.960. . 0.0000 ' 0.0063 

7 7 6 7 7 7 ., , 
PM -0.51368 -0~17941 0.85301 0.92301 0.97511' 0.12986 0.896'" 1.00000 

r 
O.2~831 0.7003 0.0308 0.0030 o.oooa 0.7810\ 0.0063 0.0000 

7 - T 6 7 .,. 7 7 
11' 

, z 

o , 
'-

tiID' LI. :P''', ---,.--,,-........ "'_._""""'.~'"""'-',"'" ""._".--' -,_ .. _ .... _".- . .,. . 
. '" 

! 
i 

l 
1 
1 
,1 
1 

, 

i 
! 
1 , 

l' 

~ 



"",~~t""'~ot!:t .. """'-=..,_ ....... -.-_~ ..-"_ . ___ w.aq4iXAl511i4 ._tp:astt_I{I~.n, "_l'S,Vil"";s;::;;.:;;, '!lJtJJ"',(:"bdIItt&h"!,,! ~Q4Ji4& il a24MAS'.;'. j il aa!2tJ!2ja3tt.,..I~1 

~ 
<, 

1 
\ 

! 

! 

f 
!. 

) 

l'. 

l J , 

'" 

f 
1ft 

2 
1 

Hl 

Ha 

. CA 

Nt 

K' 

NA 

11 

, ' 
~ ~ PM 

t 'j 
1 

, 
1" 

~ 

,~ 

V 

-' 1 \: 

il' 

" 

'l'able 1 com. • ... fJ..t .. :r 

< • 

Site 3 Stake 4 Profile 6 (Fig_ 6k) . ~~ ~ " 

1 . ' J 

tQAAELATION COEF'lCIENTS I.PROI ) lAI UNDER HO!RHOaO ~. N. 6, 
HI H2 CA 

1.00g00 -0.0.363 
0.0 DO 0.9346 

0.11454 
0.8289 

",,0.0_363 1.00000 0.60991 
0.9346" 0.0000 0.1985 

0.11454 0.60997 1.00000 
.0.8289 1 0.1985 0.0000 

1 

0>,19769 0.11119 0.95005 
0 • .,0.,3 0.1131 0.0037' 

-0.0'1'42 0.71123 0.97562 
0.9739 0.1130 0.0009 

0.61606 0.52410 0.82555 
0.1928 0.2858 0.0"30 

- •• lS907 0 •. 47539 0.1.938 
0.'63_ 0.3406 0.2588 

-0.0 •• 94 0.7959~ 0.88809 
~.199" 0.0512 0.0181 

MG K 

0.19769 -0.01142 
0.70t3 0.9739 

0.7U19 0.71123 
0.U31 0.1130 

0.95005 0.97562 
0.0037 0.0009 

7 

1.00000 0.92013 
0.0000 0.0093 

0.92013 1.00000 
0.0093 0.0000 , 

0.87186 0.75750 
'0.0236 0.0811 

0.38175 0.6185. 
0.4415 0.131. 

0.95016 O.~1552 
. 0.0031 0.010 • 

NA P , PM 

ô.6i606 -0.15907 -0.0669. 
0.1928 0.:1634 7 0.8997 

0.52410 
0.2858 

0.82555 
0.0.430 

0.87186 
0.0236 

0."~7~0 
0.0811 

1.00000 
0.0000 

0.37790 
0.4601 

0.71825 
0.101'9 

0.47539 
0.3406 

0.54938 
a.a588 

,0.38715 
0.4475 

0.678$. 
0.1384 

0.37790 
0.4601 

1.00000 
0.0000 

0."6123 
) 0.357,2 

0.19593 
0.0582 

0.88809 
0.0181 

0.95016 
0.0037 

0.9U55& 
0.0104 

0';71825 
0.1079 

0 •• 6123 
0.3S7a 

1.00000 
0.0000 
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Table 1 cont. 
! 

Site 3 Stake 5 Profile 2 (Fig. 6j) 

. 
CORRE~ATION COE~F'CleNTS , PROS> JRI UNDER HO:RHo-O - .. /-NUMSER OF OBSERVATIONS 

, . " .. :' 
~--' ... \, ~ ~\ 

,Hi·": " : ,. "; ~ 

.. :: " '. 

::$ ~? ',: ' 
H2 

">Ct.,H"'-'· 
~t~ ~ ~" 

u~~ .. (l. f ..., -;' 4 .. ~t 
,! ,~~' 

K 

NA 
'." 1 

.p 

PM 

. , 
~. 

o 

Hl' 

1.001)00 
" 0.0000 
.. :.- ~ 

.. 6~CS4441 
0 .. 0846 

8 

H2. CA' 

0'.64441 -0.15584 
0.0846 0.71.,25 

8 ,,' 8 

1.00000 -0.00281 
0.0000 0.9947 

. ,8 8 
.' 

~-0.15584 -0.00281 
0.7125 0.9947 

I.QOOOO 
:0.0000 

8 ·8 8 

-0.10735 -0.15209· ~.66l55 
0.8003 0.7192 0.0740 

8 '8 8 

-0.l3314 -0.27107 U.82449 o." 200 0.5161 o .ou è 
8 8 8 

1,).36789 ~57461 0.28254 
0.3699 .1363 0.4978 

8. a 8 

-0.47092 -0.45387 0.62673 
0.2862 Q .3063 0.1320 

7 7 7 

-O~9711 -0.23147 0.74830 
0.4748 Q..5812 0.0327. . 

8 a 8 

.: 

/ 

MG KI' 'NA.' P PM 

',o .. ~~" :"0 .. 47092 -0.Z97.11 
o.'~ 0.2862. 0.474 •. 

-0.10735 -0.33314 
0.8003 0.4200 

8' {S' 

.-.0.'15209,-0.27107 
0.719-2 0.5'161 

IS 8 

q.66155 0.82449 
0.0740 0.OU8 

8 8 

1.00000 0.85384 
0.0000 0.0070" 

8 8 

a • 853ts<\ 1.00000 
-0'.0070 0.0001) 

8. 8 

0.2ge77 -0.04503 
0.4723 0.9157 

8 8 

0.88285 0.79413 
0.0085 0.0329 

7 7 

0.91262 0.97259 
0.0016 0.0001 

8 8 

" 

';', 8' 7 a 
0.57461 -0.~5387 ~0.231.7 
0.13~3 0~3063 ~.5aI2 

8 7 , 

0.28254 
0 .. 4978 

~ 
~ 

0.29677 
0.4723 

8 
\ 

-0.04503 
0.9157 

8 

0.62673 
0.1320 

7 
, 

0.88285 
0.0085 

7 

0.7941'3 
0.0329 

7 

0.7483Ô 
0.0327 

8 

o. 912~2' 
,0.0016 

8 

0.97259 
0 .. 0001 

8 

--.!. 

1.00000 
0.0000 

8 

0.07981 
0.8649' 

7 

0.05859 
0.890 •. " 

8 

0.07981 
0.8649 

7 

0.05859 
0.8904 

8 

1.00000 
0.0000 

7# 

0.77824 
0.0393 ,. 1 

0.77824 '1.000ClO 
0.0393 0.0000 

7 8 

~\ 

,"--
'0 
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-Table 1 cont. .. 
Site 3 Stake 1 Profile 4 (Fiq. 61) 

CORRELATION COEFFICIENTS / PROB > IR 1 
Hl H2 

1.0.0000 0.88729 
0.0000 0.0014 

0.88729 1.00000 
0.0014 0.0000 

0.36006 0.523'15 
0.34'2 o. a. 77 

0.32267 0.46!598 
0.3971 0.2061 

0.15705 0.16325 
0.6866 0.6741 

0.83883 0.90772 
0.U047 a.OOU7 

-0.04028 0.07001 
0.91S1 i'i&. S5S-o 

-0.06247 -0.20786 
0.8732 0.5915 

.~ \ 
'\ 

CA NG 

0.36006 0.32267 
0.3412 0.3971 

0.~2395 0 •• 6598 
0.1477 0.2061 

1.00000 0.940-04 
O.O~OO 0.0002 

0.94004 1.00000 
0.0002 0.0000 

0.70858 0.88640 
0.0326 0.0015 

0.4798l 0.39876 
0.1912 0.2877 

10. S8919 0.48979 
0.0946 0.1808 . 

0.40171 0.60571 
0.2838 O.01:S39 

,.,. 

C
J 

/ 

1 

" 

UNOeR Ho: RHDaO / N • 9 

le NA P PM 

0.15705 0.83883 -0.04028 -0.06247 
0.6866 0.0047 0.9t 81 " 0.8732 

0.16325 0.90172 0·.07001 -0.20716 
0.67.7 0.0007 0.8580 . 0.591S 

> 
/ 

0.70858 0.47981 0.58979 0.40177 
0.0326 0.a912 0.0946 ' 0.283. 

0.88640 ,0.39876 0.48979 0.6057' 
0.0015 0.Z877 0.1808 0.0839 

/1. 

1.00000 0.10190 "0.34699 0.aa426 
0.0000 0.7942 0.3603 0.0015 

0.10190 1.00000 0.18016 -0:25699 
0.7942 0.0000 0.6428 0.!504. 

0.~.699 , 0.18016 1.00000. 0.29586 
0.3603 0.6428 0.0000 0.4;395 

0.88426 -0.25699 0.29586 leOOOOO 
0.00\5 0.5044 0.4395 6.0000 

~ 

o 

f 
4 

'0 

--...../ 

- -~- ~........-_~~~~ 
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Site 3 St.le. 5 Profilej2 (Pig_ 6:1-) 
i 

~ELArION coe~~'C'!NTS / PAOB ) lAI UNDeA"HO:AHOaO 1 N • 9 

HI Ha CA MG K NA P PM 

Hl 1.00000 0.43337 0 •• 591. 0,,'4247 0.09049 0.01169 0.16236 -0.aI390 
.o.UOOO 0.2439 0.2137 0.1146 0.8169 0.9436 0.6764 0.41591 

.~ Ha 0.43331 1.00000 0.15396 -0.le068 -0.11338 -0.16036 -0.13354 -0.18692 
0.2439 0.0000 0.6925 0.6411 0.'·115 ,0.6a02 0.7320 0.630& '\ 

1 

CA -o.4S9a4 O. 1t1396 1.00000 0 •• .,57i 0.17023 0.20203 0.87.03 -0.17039 
0.21.57 0.6925 0.0000 0.0020 0.0023 0.6022 0.0021 0.6611 

1 c 1IIG 1 0.I.a4 7' -o. '1068 1 0.17S7, 1.00000 -0.92191 0.21621 t 0.95023 -0.laI09 " ---" 0.714. 0 •• 411 0.0010 '0.0000 0.0003 0.5163 0.0001' 0.1.,6 , 

K 0.09049 -o. 11338 0.8T023 0.9289. 1.00000 0.18403 0.915829 -0 .. 09339 1 
0.a169 .,.,.7715 0.0023 0.0003 0.0000 0.4589 0.0001 0.1111 1 

HA 0.01769 -0.16036 0.20103 0.t1621 O. al.03 1.00000 
N 

0.05190 -0.491.7 0 
tf.'436 0.6802 0.6022 0.5763 0 •• 589 0.0000 0.1.45 0.1,.6 co 

1 ,. 0.16236 -0.13354 ~. eT403 o. t;S023 0.95829' 0.OS190 1.00000 -0.05016 
0.61 •• , 0,7'10 U .0011 0.0001 0.0001 0,."45 0.0000 0.1910 

.pM -0.28390 -0.18692 -0.17039 -0·.11809 -0.09339 .-0.491:: -0.050~6 1.00000 
,,0.4591 0.6301'.0.6612 0.7426 0.8111 0.17 0.89 0 0.0000 

-
• 1 

• . ~ " 

1> 
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\ 
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Table 1 cont. 

Site 3 St.ke 4 Profile 6 (Fig. 6k) 

CORR~LATION COEFFICIENTS 1 PROe > I~I UNOER HO:RHo-O ,1 HUM BEA OF' OBHAV.ATtONS -

" 
Hl 

H2 

CA 

MG 

1( 

NA 

p 

PM 

'" 

Hl 

1.00000 
0.0000 ' 

10 

'0.76475 
0.0100 

10 

0.74389 
0.0136 

10 

-0.00853 
0.9813 

10 

0.5850a 
0.0756 

10 

0.59660 
0.06.7 

10 

0.23003 
0.5226 

la 

Hi2 

O. Tt. 4 75 
0.0100 

10 
&.0000'0 
0.0000 

li 

0.82160 
0.0019 

Il 

0.23558 
0.4856 

11 

0.1.028 
0.6808 

11 

0.16451 
0.0006 

11-

-0.OS691 
0.8680 

lJ 

CA l'G' 

0.74389 -0.00853 
0.01"6 0.9813 

10 10 

0.82160 
0.0019 

II 

1.00000 
0.0000 

ta 
0.04263 

0.8953 
12 

0.2.952 
0.4342 

12 

0.74' 19 
0.0057 

12 

0.10940 
0.7350 

12 

0.23558 
0 •• 816 

11-
'0.04263 

0'·'1_ 
1.00000 

0.0000 
12 

0.0.60, 
0.8869 

12 

0.4S505 
0.1100 

12 

0.07496 
0.8169 

12 

K 

0.5850B 
0.0756 

10 
0.14028 
0.680. 

11 

0.24952 
0.4342 

12 

0.04608 
0.a869 

12 

l.OOOOO 
0.0000 

12 

0.0829. 
0.7~rt 

0.9' 58a 
0.000' 

12 

NA 

0.59660 
0.0687 

10 

.. ., PM 

0.2~003 -0.1523. 
0.5226 0.6743 

10 la 

0.~645. 
0.0006 

1) 

-0.05691 -0.4.972 
0.8680 0 •• 263 

0.74189 
0.00S7 

'1 
,0.4.505 
\\0.1100 

12 

0.08298 
0.7976 . 

12 

Il 11 
0.10940 -0.29436 
0.7350 0.3530 

12 12 

0.07496 
0.8169 

, 12 

0.05325 
0.8695 

- 12 

0.94581 -0.00733 
0.0001 0.9820 

12 12 

1.00000 -0.08678 -0.24629 
0.0000 0.7886 0 •• 403-

12 12 12 
/ 

-0.0867. 
0.78'6 

12 

1.00000 
0.0000 

12 

0.01323 
0.9674 

12 

-0.1$238 -0.48972 -0.29436 
0.6743 0.1263 0.3530 

p.05325 -0.00733 -0.24629 
0.8695 0.9820 0 •• 403 

0.01323 
0.9674 

12 

1.00000 
0.0000 

12 10 '1 12 12 12 12 

, 
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Table 1 cont. { 

r-
Site 3 Stake 1 Profile 7 (rlg. 6i) 1 ~ 

1 
.. 

1 
CORR!LATION coeFF1CI!NTS / PRoe ) 1 AI UNO!R HO:AHo-O / HUMBER OF OBSERYATIONS 

Hl H2 CA MG K NA P PM l , 1 

j 
Hl 1.00000 0.1211? -0 •• 10e. -0.65111 -0.6694' -0.29446 -0.61101 0.54018 

0.0000 0.q061 0.2724 0.0539 0.04. 0.44'8 0.0452 0.1669 j 
9 9 9 9 9 9 9 a 

1 1 

-HI' 0.82611 1.00000 -0.12031 -0.61373 -0.62501 -0 •• 6352 -0.6139. 0.11521 , 

O.OO6~ 0.0000 0.7571 0.0718 0.0119 0.2089 0.0716 o.~ 7159 

~ 
- 1 

9 9 9 9 9 9 8 

CA ' -0.41054 -0.12032 1. 00000 0.69055 0.69559 -0.32400 0.71013 -0.23331 
0.2724 0.75"8 0.0000 0.0395 0.0375 0.3950 0.0321 0.5782 , 9 9 9 9 9 9 ., 

.... -0.65828 -0.61373 0.69055 1. 00000 0.99945 0.aSS91 0.98687 -0.0.1819 
0.0539 0.0788 0.0395 0.0000 0.0001 0.5063 0.0001 0.9659 t 9 9 9 9 9 9 9 , 

b .' -0.66945 -0.62507 0.69559 0.99945 1.00000 ,,0.16327 0.99068 -0.01161 1 
0.0486 0.07'19. 0.0375 0.0001 0.0000 0.4937 0.0001 0.9782 

? 9 9 9 9 9 9 , 
"A -0.29446 -0.46352 -0.32400 o,~~, 0.26327 _1.00000 0.30736 0.52052 

0.4418 0.2089 0.3950 0.5063 0.4937, 0.000,0 0.4211 0 •• 860 
9 " 9 9 9 9 9 , cs 1 -' ':;' 

',':'" ' .-0.&7701 -0.6139. 0.71013 0. 9161l 0.99068 0.30736 1.00000 0.Oa271 "-
0.0452 0.078' 0.0321 0.000 0.0001 0.4211 0.0000 0.95" • 

9' 9 9 , 9 9 . 9 9 • •• (t.S401-' o.llsal -0.233.3t -0.01IU9 ,..0.01 16t' ,0.52052 0.02271 1.00000 
0.1669 0.1859 o .S78a 0.9659 0.9182 - 0.t860 0.951. 0.0000 

1 • J a , • a 8 . 8 • 8 
1 ( 

1. 

l 

~ -- ' 

~J 

) _ .. ~-~\ 
~ 

-~ 
• 1 

-....-~ 

~"---- -~, ,--.. 
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Site 3 Stake 4 Profile 11 (l'ig. 61t) 

1 

COA~LATIOH COE~~ICIENTS / PA08 > IRI UNDEA HaIRHO-O , NUMB~~ OP 08$ERVATtDHS 

HI 1 H2 CA MG K NA P PM 

Ka ,.ooog: 
0.00 a 

0.Z958, -0.36374 -0.32291 -0.35364- -l.03693 -0.30167 -0.29765 
0.2a43 0 •• 826 0.Z404 0.l960 0.8960 - 0.3165 O.ZI!U 3 

IS -15 t5 IS 15 15 13 15 , i 
Ha - 0.Z9SM 1.00000 -0 •• 18Z8 -0.43738 -0.49211 -0.22587 -0.57182 ~0.48960 

0.ze43 0.0000 0.1208 0.1030 0.0 06 0.4183 0.04'2 0.0640 
15 15 15 15 15 J5 13 , 15 , 

! 

CA -0.36374 -0.4'8a8 1.00000 0.91568 0.98811 0.2834e 0.92609 0.97063 
0.18. 0.120e 0.0000 0.0001 0.0001 0.3059 0.0001 0.0001 

15 1-5 15 IS 15 15 13 15 

MG -0.3.19& -O.~3'38 0.97568 1.00000 0.91315 0.22265 0.97400 . 0.96206 
0.2404 0.1030 0.0001 0.0000 0.0001 0.425J -0.0001 0.0001 

15 IS 15 15 15 15 '13 15 

te -0.3, .. ,-0.49511 ·0·8a.7 0.913&5 1000000 0.24.52 0.94911 0.9910e \ 

o. 960 .0.0606 <: .0001 0.000. .0000 0.3798 0.0001 0.0001 
,. 

IS UI IS ."as 15 15 13 15 

NA -OedI693 -0.ZI,a7 .0.2a3.8- - 0.a22l5 0.244'2 '.0000% 0.09669 0.2J081 
" . O. 960 0.4 a3 0.3 .. ' 0.42 1 0.379a 0.000 ' 0.1533 0.450a 

1-5 15 15 15 15 15 13 15 

ft -0.30167 -0.57Ie2 0.92609 b.97.00 0.949'1 3.09669 1.00000 0.95227 
0.3165 0.04'2 0.0001 0.0001 0.0001 0.7533 0.0000 0.000 t 

.3 13 -13- 13 13 13 13 13 

PM --0.29765 -0.43960 0.97063 0.911°' 0.99105 0. 211eu 0.95227' 1.00000 
0.Z81') O. 640 0.0001 0 •. 0 Ot _0.0001 0.4 oa - 0.0001 0.0000. 

15 .~ IS 1"5 15 15 t~ 15 .. 

~ 

, 1 

" 
\..,../ 

~âir nltlll.'l'hll.,iIIh ..... '"""""~-'.u·' -",., " •. ,_ J ._~. ___ . ~ 
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Table 1 cont. 
~ 1 

1 

Site 3 Stak. 5 Profile 9 (Pig_ 6j) --
CORRELATION COEFFI~IENTS / PROS> IR' ,UNDER HO:RHO-O , N • 13 

Hl H2 CA MG K NA P 

HI 'ô~88g 0 •• 7546 o •• 0600 0.30201 °aZI ..... hO!!!" 0.0102" 0.1006 0.1687 0.3159 .... ao 0.12 2 0.9735 
li 

HZ 0 •• ,7546 1.00000 0.15822 0.05370 -0.09307 l.O 28 -0.18 ••• 
0.1006 0.0000 0.6057 0.8617 0.76D 0.9166 0.5.6. 

_ CA ~ 0 •• 0600 0.15822 1.00000 0.91.38 0.88368 0.5114. 0.80585 
O. J 681 0.6057 0.0000 0.0001 0.00-01 0.0740 0.0009 

MG 0.30201 0.05370 0.91.38, 1.00000 P.962jS 0.57938 o. t;2239 
0.3159 0.8617 0.0001 0.0000 0.0001 0.0380 0.0001 

K 0.211 .... -0.09307 0.88368 0.96268 1.00088 0.65430 0.933.5 
0 •• 880 0.7623 0.0001 0.0001 0.00 0.0153 0.0001 

NA 0 •••• 35 0.032~8 0.511.4 0.57938 0.65.30 1.00000 0.49171 
0.1282 0.91 6 0.0140 0.0380 0.0153 0.0000 0.0879 

P 0.01026 -0.18 .... 0.80585 0.92l39 0.93345 :l. '9171 1.00000 
0.9735 0.5.6. 0.0009 0.0001 0.0001 0.0879 0.0000 

, -PM 0.1.7ff -0.1 ~125 0.85567 0.95"99 0.99192 0.64814 0.92321 
0.63 o. 22 0.0002 0.0001 0.0001 0.0166 0,.0001 

, 
" ,Q • 

~ , 
.. 

Il \ 
'1 \ 

a_ 

I 

Î i 

\. l':' '\ 

III 'lIrE 1 Il. ,.......--_ .... -- ~-'-""'"!I' .' • ..... " 'rr .... ·11"' ," " .. 

~.? 

PM 

0.''''7l' 0 
' 0.631 3 

-0.10525 
0.73?2 

0.855(,7 
0.0002 

0.95499 
0.0001 

0.99192 o. 000 l 

a .64ft? .. 
0.0166 

0.92321 
0.0001 

1.00000 
0.0000 

J 

~'-'" -

• N 
J-
NI 
1 

1 
- 1 
i -
! . 

, 
l 
I 
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r 
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.. _ t .. A -.-..,....-,....,...-----...,....,_ 

J " ~ , 
~ 

... 



) 

, 

, 
1 

~ 

'l'''' 

<5 

T'a k!tr~", __ ~ _~ ... ___ ...... ":'-..... .... '*" .~ .. t(laILYJ",""" U i cq ..... ,,"'* (42 

1 
, l 

f 
i 
) . , 
i 
l 
, 

i 
·f 

, 
,." .... 
N 

1 

.. 

-\ 

---, -. 
:-

'~ 

Table 1 cont. 

;, 

Site 3 Stake 1 Profile 8 (Piq. 61) ~ 

CORRELATION COEFFICIENrs / PRoe > IRI UN~ER ~:RHa.o , HUMBER QF 08SERVATIONS ' 

HI 

H2 

CA 

MG 

J( 

1-1 

HA 

P 

PM 

• 1 

HI H2 CA MG J( NA P PM 

1&~8S8g °o~e~r~ -Oo~IJ~I -Oô~13t~ -Oô!:3~9 -O&!i~l' 0&!91l' -o&!g~'i 
., 766 667 ., 

0&2809" .5417 
7 

IO~SSSS 
7 

0t.69093 
u.1285 

6 
°a~l~ti 

6 

-OÔ53757 0.69093 •• °8°00 0.50489 
.2713 0.1285 O. 000 0.1657 

6 6· 9 9 

-oo~~g~3 ._ °o~\~\~ O&;?t~' 1 &~~8~~ 
6 . 6 9 9 

-0~39945 0.62560 0.47868 0.99513 
u •• 327 0.1840 0.1924 o.ooot 
669 9 

-oo~i~l~ °ë~J~li 0o!5IJ~ -o&!gA~? 
6 6 9 9 

0.15146 0&81153 
0.7458 .02.7 °o:~&&2 °ô!gl~1 

., 7 ., ., 
( -Oa!S.I& -o&!ttl~ 

7 1 
°ô~~Yr~ °a!I"; 

6 6 

~ ~ ; ~ 

'!> 

°a:fBt8 °o!3'~~ °o~&II~ -Oo!:!ii 
6 6 7 ., 

0. 47818 
0.19 " 

(J. 4i~74 o. 32 °o:~&'1 °o~3tT9 
9 9 7 6 

°a!3S3f °a?3AA? °ô!ggJi O&~I!'I 
9 9 7 6 

h, 

1 &~88S8 °6!g8~f o~:~g:g °3~itIT 
9 9 7 6, 

O&!88~1 lo~gg88 °o~~'~l °o~lJ'f 
9 9 7 6 . 

°ô!IUI o&~n'l- lt.~8~8S -Oo!:~Y' 
. 7 7 a ., 

O&!itil °ô~il'f -o&!I~Y' 1&:883' 
661 1 

( 

\ . ..1 

, -

$ M;b ~ 

J 

" 



, l 
1 
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~ 
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Table 1 cont. 

Site 4 Stake 1 Profile.l (Fig_ 6m) 'Il 

1 

CaRREL4TION COEFFICIENts / PROe ) IRI U~~tR HO:RHO'O, I NUMAER OF OBSERVATIONS 

HI H2 CA MG _K NA P PM 

HI 1.03000 0.70787 ~0.580 •• -0.59576 -0.57746 -0.0925. -0.44'40 -0.5.379 
0.0000 0.0751 0.1718 0.1581 a.2JOl 0.8.36 0.3178 0.2070 ., 7 7 7 6 7 7 7 

"'2 0.707"7 1.00000 -0.37336 -0.4193. -0.59865 -0.30607 -0.41649 -0.42645 
0.0751 0.0000 0.4094 0.3.90 0.2093 0.504. 0.3526 0.3400 

1 1 7 7 7 6 7 7 7 1 
1 

1 
1 

CA - 0. 5894 • -0.373~6 1.00000 0.99105 0.97883 0.30968 0.93772 0.99071 l 0.1 18 0 •• 0 • 0.0000 0.0001 0.0007 0.4991 0.0019 o. 000 1 \ ! . \ 7 7 7 7 '6 7 7 7 
\ 

,MG 
j 

-0.59576 -0.4193. 0.99705 1.00000' 0.98862 3.28742 0.95270 0.99562 ' . ! 
0.1581 0.3490 0.0001 0.0000 0.0002 0.5320 0.0009 0.0001 N ' , 

7 7 7 7 6 7 7 ., ... 
et 

,1 -
K -0.57746 -0.59865 0.97883 0.98862 1 • 00 000 0.24560 0.98031 0.99198 

0.2:101 0.2093 0.0007 0.0002 0.0000 0.6387 0.0006 0.0001 
6 6 6 6 6 6 6 6 

NA -0.09254 -0.30607 0.30968 0.28742 0.24580 1.00000 0.34405 0.29939 0 

0.8436 0.5044 0 •• 991 0.5320 0.6387 0.0000 0.4499 0.5142 ., 7 ., 7 6 7 1 7 ~ 

ft -0 ••••• 0 -0.41649 0.93772 0.95270 0.9803l 0.3.405 1. 00000 0.96289 i' " ~ , 0.3178 0.3526 0.0018 0.Op09 0.,0006 0.4499 0.0000 O.OOO! 
, 

- ~ 7 7 7 7 6 7 7 ., 1 
, , 

PM -0.54379 ~0.42645 0.99071 0.9956Z 0.99193 0.29939 0.96289 1.00000 ~ 
0.2070 0.3400 ShOOOI 0.0001 0.000 1 0.5142 0.0005 0.0000 ., ., ., 7 6 ., 7 ., 

~ 
\ t 

CJ ", 

~'-

J 

-" , 'v 
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Table 1 cont. - , 

Bite 4 it.t.~ Profile 2 (pig.6nt 

CORAaLATrON COE~~ICIENts , PRC8 ) lAI UHOeR HO:AHOaO , NUM.ER ~ oaSERvATtONS 

Hl 

HI 

CA 

MG 

Je 

NA .. 

P' 

' .... ' 

: 

~"I HI CA - MG K NA P PM 

1.00000 0.14734 -0.39580 -0.33334 -o.S_9a. 
0.0000 0.7277 0.3317 0.4197 o. lS8Z • • • a 8 

0.'473'4 1.00000 -0.e7700 -0.65182 -0.59433 
0.7277 0.0000 0.0.52 0.0762 0.1202 

8 • • fi 8 

--O~'J9I1O -0.677.0 1.00000 0.91302 0.97661 
.3317 0.06sa 0.0000 0.0001 0.0001 1" • 8 8 a , 

-O.3~334 -0.6578. 0.9830Z 1.00000 0.96785 
0.4197 0.0"'. 0,0001 0.0000 0.0 00 1 

8 8 1 8 8 a 
-0.14964 -0.59433 0.9'661 0.96785 1. DO 000 

0.1582 0.1201 0.0001 0.0001 0.0000 
8 8 a 8 8 

~0.a'860 -0.5.776 0.7.8.8 U.75156 0.74512 
;- 0.520', 0.1599 0.OaS8 0.0315 0.0339 
,0 ' 8 • 8 8 8 

0.45166 0.32798 -0.03434 -0.09471 -0.11812 
0.3090 0 •• 727 0 •• 4'7 0.8399 0.a009 

7 7 .., 7 ? 

-0.-33.' -0.86031 0.9373. O.90.lIa 0.aS9" 
0.5779' 0.0061 0.0006 0.0021 0.0063 

8 • • .' a 

.... 
l , 

-0.26860 0.45166 -0.23346 
0.5201 0.3090 0.5779 

l' 7 e 
-0 .54776 0.32798 -0.86031 

o. il 59: 0.4727 ., 
0.76868 -0.03434 

o .0258 O. 94 1 7 
. 8 7 

0.?Sl56 -0.09.71 
0.0315 0.8399 

8 7 

0.74512 -0.11812 
0.0339 0.8009 

1 

• 7 

1.00000 -0.00876 
0.0000 0.9851 

8 7 

0'.0061 
8 

0.93731 
0.0006 

8 

0.90315 
0.0021 

8 

0.85926 
0.0063 

8 

0.71491 
0.0462 

8 

-0.00876 
o .98Sa· 

7 

1.00000'" -O. 0632t 
0,0000 0.8929 

7 '7 

0.'7'49' -0.0 ••• 1 
0.046.. 0.e919 

'. ? 

1.00000 
0.1.00 • 

,. ';) 

~ , "\ ~ 

. ! 
1 

1 
,"1 
......". 

L 
10 
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'!'abl. 1 con'. ./ 

Site 4 8ta" 4 'cofil. 3 (rig. 60) . ' 
CORRELATION caePPlclaNTs , P~Q8 > lA' ~.R HOtRHQ-O ',NUM8€A OF 08SERVATIONS . 

HI HI CA MG K NA P tt. 
.,. -. 

'. Hl. to~:aa 0,67a,_ 0 03211' -0.49811 -0.3aO'9 0.43992 -0.4a'97 -0.17a84 8 

.06 9 .5 ' 0.31 0.52 0 0.3233 0.2 23 0.1012 
0 • .' • • • 5 7 ., 7 .. , 

! .. 
°a~"" ,.og08° 0.41111 -0.1"9'3 -OÔ' 8 "'9 ).~2tI4 -0.1$01 • 0.2U'" o. 0 0 O. 0.64 6 .76 7 0/. a 0 0.7480 o. 29 • • 6 • fi 

3~~97: 
,., 1 

'. "JCA 
, 

O.8!508~ 

'î 
0.31573 0.4' a_. 1.00000 °ô~t'" 0.734" 0. 65i 96 
0.5287 0.4085 0.0000 0.15 0.3589 0.1 89 0.0317 

6 6 6 6 .5 6 6 ~ 
, " .. -0 •• 9811 -0.23953 0."911 ,.ooogo 0.93815 -0.30460 0.98628 0.91497~. 

0.3'4 0.'.76 0.1 9 0.00 0 0.0 .83 0.5572 0.0003 0.0105 
6 6 6 6. S 6 6 6. 

~:'~: ft > 

-0.38089 -001818' ·0!f3'T °6:if" 'a~8080 -0. 30191 °ô!8~:J 0.97841 
0.5210 ,.1" • 0 0 0.6 0.0037 

S,S 5 5 1 . S 5 5 5 

~ 
1 

1 1 1 • 

\ 
1 
1 

• f 
N 1 

, ... , 1 
'411 ! 

1 f 
-1 

! 
1 ,. 

0.4.991 O&~IJI' °a!!'" -Oi!II'. -Oo!lr,X 1.000 00 -o. J 043" 0.3824' 'O. 23 0.0000 0.8a38 0.39., 
7 , 6 6 5 7 , 7 

1 
- •••• '91 -Oo'SO" 1 

'II . °1~lilt O.SJall! oo963a~ -Oel0411 J.oOOOf 0. 85081 0.1 a .74 0.00 . .ooa ) .82 0.000 0.015 
T ., 6 " 1 ., ., 

t '.~ . ~ '1' j l' < 
• 1 1 _ 1 

. 1 
; , 

, ! t'~.r .. J 

, ~ : .... ._,.,.,.- •• allll O.UO!' 0.91.:r- 069789J 0.3824. 0.85085 ,.000&0 
.70 1 o. 0.03 0.01 S .003 0.3972 O.OIS! 0.00 0 ., ., .6 6 5 7 7 7 ! t , 

i 
1 , 
ï 
i 

- ! 
l', " j 
" ", 

," ~ -
, 1 

_c 

\; 

, 
t • 
l J 

Î 
~ 
1, 

'"> ...... ..",'IiI'') 

" v r 
t 

~rWb'''hb::'M''r+t.'f#é, tM.y.'*XYztct mss" 1=' 
~ ... < ~ (>~- ... "", - ... ~ 14 ..'t~. 'P"'~~~~j:it 
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Table 1 cont. ..' 
4. 

, 
Sité 4 Stake 1 Profile 4 i (Pig_ 6m) 

'-
~ '" 

1 

~ CORRELATION COEFFICIENTS / PRoe ) IRI UNDEA HO:RHa-O /.NUNaeR OF nasE~vATtON~ , 
-Ie~' t.. \ .# • 

HI H2 CA MG K NA 0 P PM ). j ~ , ' 

. ! 1 
F 

.... ~ ~::'f , 
0.463", -0'.24:: s· -0-. 6ga86 f HI, 1.00000 0.200 •• 0 ••• OOl,-0339al~ -G32'IO~ 

r 0.0000 0.5793 0.115 .U5 • 5 0.15 . O •• ail) . 0.. 81 Il 
t Il 10 Il Il Il Il 10: 9 
i 
r 

0.32210 -0.12476 -0.2416,) -0.03682 '-0.Z'135 -0 • .JJ64·" H2 - 0.200'4 1.00000 
0.5793 0.0000 0.36 9 0 .• 731" 0.501a- 0.9196 '0 •••• 1 ,o. lao 

tO 10 10 10 la 10 10 9. 

CA 0.44001" . 0.3~" • • 00381 0 0.03-1&' 0.4"11 0. 11511 0.3191t -0.21590 c r ~ -0.1756 o. 0.0 O. .21 0.1 ·0.01 o. 9 9 O. 951 " 
<Ii • Il ,10 Il Il Il U 10 9 

" . r 1 -
t MCi -0.398l4 -G. IZ4Tl 0 •• '3&' 1.00003 O.TTftt 000=$6 °0·S··5 0~6,,33 1 , 0.Z2 2 0.131 O. 1 9- .0.000 0.00 .3 • n • 050 o. 9. 
1 ~ Ji . 10 .. Il •• . . 1 10 9 .... 
1 

, 
te , -0.21508 -o. 24~ 0 •• 9311 0.7718 1' 1,&08813, °ô·"g °o!1LIT °ô!i~l: 

\ ' 

.0.5253 0.5 o • 1 2 , , o • .0 5.1. • 1 Il tG -II lU, .. SI 10 • ! 
1 NA _ 

- -0 ••• -3" -00°36= 0.7'5J2 0.05656 0 •• 5151 a.oooo. 0.37004 -0.21a97,~ 
-~ 0.15 .91. 0.01 • o.e.aa 0.161 0.000.0 0.2926 0.5714 

Il 10 .. 11 Il Il 10 • 
'P -0.2.a.5 -0.29135 0,~1~1' o,ao.,s ,'o.,t'I' 0.311H l.og80g' 0 •• 110 • o..... o ..... .00 0 0.00 a 0.1 '0.. 0 O • .095 

10 tO 10 1. 10 . 0 10 9 

PM -ci.608ft -.0.376.7 -.0.2181' 0'. 61211 0,'1111' "'Oa21'fT o.aolol • o~I:38 o.oa 0.3180 o. . O~07 ~ 2 - .s_. e.Go9. 

~ 9 9 .> ".' ."9' • 
9 9 

1 ..., 
1 0 ., 

~ 

,( 

.., v 
• 

~:.r"''''L''''''\'''''~~ .... ~"hL .. .J.~'~~ ... i-,~_, !~.~v"''''~·~,j, >l'~l,,,,... ,"'\~'""'- ri1 ' ....... 
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'l'able 1 eont. .\--

" Site 4 staka 3 Profile! 
1 • 

CORRELATION COEFFICIENTS / PROB > IRI UNOER HO:RHO=~ 7 HUMBER OF OBSERv~trONs 

Hl 

H2 

, CA 

·~G. 

K 

NA 

fi 

PM 

/ 

Hl 

(.00000 
0.0000 

10 
1 
0.22.53 

0.5329 
10 

-0.12543 
0.7299 

la 

/~ CA MG 1( 

0.22453 -0.12543 -0.16731 -0.16807 
O~S329 0 .7299 ~64.1 0.6.26' 

10 la 10 la 

1.00000 
o.ooo~ 

10 

0.13.79 
0.7104 

10 

0.13479 -0.3245S -0.23980 
0.7104 0.3602 0.5046' 1 

la 10 la 

1.00000 0.86002 p.89213 
0.0000 0.0014 0.0005 

JI0 10 10 

'-0.16731·-0.32455 
0.64.1 0.3602 

0.86002 
O.q014' 

1.00000 0.98374 
,0.0000 0.0001 

" 

, " 10 10 

-0.16B07 -0.23980 
•• 6426 0.5046 

10 10 

, 0.26384 
0.4614 

'1 10 

0.75257 
0.0120 

10 

-0.03862 -O.lS938 
0.92&4' 0.3422 

9 9 
,[ 

-0.20030 -0.33901 
0 •. 5790, 0.3319 

10 ' 10 

10 

0.89213 
0.0005 

10 

0.47396 
0.1664 

.10 

0.96075 
0.0001 

9 

0.84535 
0.0021 

10 

10 10 

0.98374 1.00000 
0.0001 0.0000 

10 10 

0.05390 0.12591' 
0.8824 0.7289 

to 10 

0.92092' 0.92167 
0.0004 0.0004 

9 9 

0.98841 0.99203 
O.OOOt 0.0001 

1-0 la 

NA p 'PM 

0.2638.'~0.03862 -0.20030 
0.4614 0.92'tt4 0.579-0. 

10 9 10 

0.75257 -0.35938 -0.339~1 
0.0120 0.3422 0.3379 

10 9 10 

D.47396 0.96075 0.84535. 
Œ.1664 0.0001 0.0021 

10 9 10 

0.0~390 0.92092 0.9884. 
0.8824·' 0.0004 0.000.1 

10 9 10 

0.12591 0.92167 '0.99203 
o.728~OOO' 0.000-1 

10 ~ 9 10 

1.0000C) 0 39842 0.01561 
0.0000 0 2882 0.9659 

10 9 10 

0.398"'2 1.00000 0.90226 
0.2882 0.0000 0;0009 

9 9 9 

0.01561 0.90226, 1.00000 
0.«;659 0.0009 0.0000 

10 9 10 

~ 

,. 

r; o _~ __ _ 
'1 tt.IT.,~t"1Wir î~l ftd"' tfe ..... ~ ___ _ 

1 .......... __ .. ~.w .. ~~ ...... ~ .. ~ .. ~~N .. ~~~~'~\.1QM~~t~e~ ••• ~~".,~Ut*~.~'~~~w~~'~'~:~-"M •• ~·'r~~~.·_ •• "'~.~'~'.W~2R~~~~~~~.q r '51 tas 1 $ e - i II!I 1 1 .. 
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Table l cont. 

' .. 
Site 4 St.k. 1 Profil. 7 (Fig. 6m) ~ 

CORR!LATION COE~~ICIINTS 1 ~RCI ) tRI UNDER HO:AHo-O 1 NUMB!A OF 08S~AVATIDNS 

Hl H2 CA MG K NA P PM 

HI 1.00000 0.52.59 -0.66821 -0.60683 -0.63022 -0.37280 -0.58347 -0.49982 
1 0.0000 0.0976 0.049. 0.0.'7'7 ' 0.03'7'7 0.21588 0.01595 0."'75 

Il 11 9 " i 11 Il il Il l HI 0.52459 
1 

0.13614 -0.59001 -0.53042 1.00000 -O.TOS.' -0.11218 -0.27a •• 1 

~ 
0.0916 0.0000 0.0338 O. 0659 0.4.9. 0.6S83 0.0560 O.09~2 

~ 
Il 11 9 1& Il Il 11 Il 

CA -0.6'121 -0.'0541 1.00000 O.'HIS 0.994 •• 0 ••• 742 0.99728 0.91413 
0.0491 ct.033' 0.0000 0.0001 O. 000' O. ta 14 0.0001 0.000 1 

9 9 10 10 10 10 9 9 

MG . -0.60683 -0 •• 7211 0.9"" 1 .00000 0.16211 _0.3e89, 0.99.32 0.94'42 
1 
N 

0.0." 0..0619 0.0001 '0.0000 0.0003 . 0.2114 0.0001 0.0001 N 
Il .11 ao 12 ut 12 1 1 Il N 

1 1 

le -0.63022 -0,'7.4. 0.99 ••• • 0.16215 1.00000 0.1"'73 0.8130'7 0.'75829 
0.0317 0 •• 1'. 0.0001 0.0083 0.0000 0.009. 0.0013 0.0068 

11 Il 1., . II II 12 II 11 

NA -0.37280 0.t3684 0.54"42 0.388'96 o. '71 11'3 1.00000 0.31256 0.23195 
0.I'h'8 0.6883 0.101. O.IU. 0.009. 0.0000 0.3.9. 0 •• 925 

( 
, 11 Il 10 12 12 Il II Il 

l " .. -0.la3.' -0.59001 o. '9721 0.99432 o. a 13b., 0.31256 1. doooo 0.95.99 
0.0595 0.0560 0.0001 0.0001 0.0023 0.349. 0.0000 0.0001 

1& Il • Il l'l Il Il li 
0 .... -0 •• 998' -0 •• 30 •• 0.9'.'3 0 ••• 642 0.15829 0.231915 0.95499 1.00000 

l 0.11'11 0.0932 0.0001 0.0001 0.0068 0 •• 9:r 0.0001 0.0000 
~ 1 li 9 Il Il 11 Il 

1 1 

~ 
.r ~ 

.,:; 
-... ... "..,._.~.. .._-- ,.... ... _~ 

) 
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Table l cont. 

Site 4 Stake 3 Protile 9 (Fig. 6n) 

~oAReLATION COe~PJCIEN~S ~ PRoe > lA' UN~~R HOIRHO-O , HUMBER OP OeSp.AVATIONS 

) 
HI H2 CA MG 1( NA P PM 

Hl 1.00000 0.155~6 -0.00329 -OO02~.6 O· 06iIO ~O'~II -0&36178 -00.'257 0.0000 0.595. 0.9919 .9.2~ o.. e • 0 •• 2. SI. -30 0 
14 1. 12 12 Il Il ", -II 

-. H2 0.15556 1.00000 -0.150.6 -0.27716 -0.315 '. -0&19.23 -OÔ4"8. 0.1 '9& 1 0.5954 0.0000 0.6.07 0.38 4- O. 015 .5453 • 66 o. 3 1 .. .4 12 12 12 Il 13 Il 

CA -0.00JI9 -0.15046 .I.ogogo O&!Jtll O&~ttll -'&~IIU °3~ltt o&!nt' .0.9919 _ 0.6407 o. 0 0 
12 IZ 12 12 12 12 11 1 0 

• MG -0.013.t -0.17'la O&~li'1 1 &~1113 O,&!I'" °3~i,n 'a!llf' O&~1~'t M 0 ••• 2 0.382. 
N 12 1.2 12 12 la 12 Il 10 
N -
• K 0.06300 -003257' 0···t99 0.65'70 • &:8813 °o!IIII, °ô!l,al °ô!~'IT 0 •• 4-58 .lot 0.1 51 0.0 '8 

12 Il 12 12 tl 12 Il 10 

NA 0.11111 -0.1'9423 0.3"720 0.53099 °o:Jllf '0 ~8a8S 0.3'441 °o!"11 0.7310 0.'453 0.1268 0.0718 O. ,. 
12 12 12 II Il Il Il 10 

~ P -0036178 -0.45684 0. 35160 0.6713~ °o~,g, GI!la:1 1.00000 °o:all' 1 .2245 0.1166 0.2 75 0.0 1 0.0000 
~ 13 13 .. li Il Il .3 , 1 

PM - 0.4'157 0.10917 0.13619 0 •• 4356 0.30'707 o.aoJeo O.S36"" 1.00000 
0.1300 0.7356 0.7074 O.I~.3881 0.5 •• 0.0889 0.0000 

12 12 10 10 10 10 Il 12 

~ 

,""" , 
-,' '-
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Table 1 cont. ~ 
1 1 

~ 
Site 4 Stake 4 Profile 11 (Pi9. 60) 

1 

CORRELATION COE~FICII"TS / PRCe ) 'A' UNOIR HOZRHO-O 1 NUM8ER OF 08SERVATIONS 
HI K2 CA IIIG K NA P l'III 

HI 1.00000 0.63454 -0.16715 -0.54929 -0.64471 -0.l97tU i-0.61029 -0.lI709 ~ 
1 0.0000 0.0360 0.0614 0.0801 0.0322 0.2260 0.0461 0.2395 

l Il 11 1 1 Il Il 1 1 11 11 

Ha 0.63454 1.000'0 -0.11560 -0.49095 -0.66340 -0.71IS3 -0.56462 -0.41921 1 

0.0360 0.")00 0.1045 0.1252 0.0261 0.0127 0.0704 1 0.1553 l Il Il 11 II Il Il . Il . 11 

-0.56785 -0.5J560 .1.00000 0.99733 0.80822 0.48205 0.95140 
. 
0.l8Z54 CA 

0.06.4 0.1045 0.0000 0.0001 O.OOtS 0.1125 0.0001 0.2197 
!~ II li 12 12 12 12 12 12 

MG -0.54929 -0.49 95 0.99733- 1.00000 0.7795J 0.43918 0.93997 0.34708 
, 1 0.0801 0.1 52 0.0001 o.OOfO 0.0028 0.1532 0.0001 0.2690 1 ta Il 12 ' 2 12 12 12 12 1\) 

1\) 

" -0.64.', -0.663 ° O. 80822 ~ 0.7795J 1.00000 0.830 Il 0.91062 0.78288 ... 
O.0~22 0.026 o !l0OUS 0.0028 0.0000 o,_oooa 0.0001 0.0026 1 

Il 1 12 12 12 12 12 12 

NA -C.397Il -0.71153\ 0.48205 0.4391' 0.830 Il 1.00000 0.59185 0.66243 
0.a2-60· 0.0127 0.1125 0.1532 0.0008 0.0000 0.0426 0.0189 "-

Il 11\ \ 12 12 12 12 1.2 ·12 

P -0.61019 -0.56462 \0,91140 b.93997 0.91062 o .S911S 1.00000 0.61088 
fl 0.0461 0.0104 0.0001 0.0001 0.0001- 0.0426 0.0000 0.0349 

Il Il \ 12 12 12. 12 12 12 

PM -0.38709 -0.41921 ~JaZS4 O.-347O. 0.7aaae 0.66243 0.61088 1.00000 
1 O~.J9' 0.15.l 0.219? 0.2690 0.0026 0.01e9 0.03.9 0.0000 

, Il Il 12 12 12 12 12 12 

~ \ 

\ 

~ 
j 
~ 

~ ~ 

1 

0 \ 
'-

1 
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Table 1 cont. ,/ 

Q 

Site 4 Stake l-Profile 8 (Pig_ 6pl 

COltRel..4TI0N CO!P'trICI!f!lrS' / PRal) IRI UN)IR HOZ"""'O , NU_IR •• ".YATt ... 
\ -

HI Ha CA MG K NA Il ... 
~ 

, 1 

'&!8B81 O&!&lll °a!I"" O,!"" ~O,!l'll D&~1I11 -Oa!Jt1l -Oa!tl'I 
12 12 10 1 la 11 II i' 11 ' •• 

Hl 

HI ,O&!&81f la!118S 
12 12 

O&!lfll °a!tI3I'·o'a!&IJ1 Clr.~ftn -oa~JI -'a!llJ1 
~o· 11 11 Il II: 1. 

CA 
" . 

°a!l8"o °a!ltll ',~8881 °6~JI'1 -O&~JI'1 °a!tIt' Ga!"fl 
'lO 10 10 10 10 101 9 

1 

Ne; °a~"lf °0!t331 °o?!!'l l ô!81S1 °1!1.'! °a~1I11 °a~tllt 
11 Il 10 Il' Il .. 10 

, 

k -Oa!181i -oi~~JI -o&~ifXl D&!II'i 'ô!1811 -Oa!"I" °ô!llli -·,!lIt 
li Il 10 Il Il, .. '10'" a 

, 

NA °o!II3J °ô~ft~t' °1~11t' °ô~IIIJ -oô~"tl 1&~'II' °1!ttIf ·a~8I 
.11 Il 1 0 '~Il Il - • .a a 0 • 

P -03~Jtlg -Oa?II!1 °ô!fl\1 °ô!"lt °â!IJlA °a!tI" 11!ll1l °a!Itlt 
Il' Il . 9- , • .0 10 10 Il 1 • 

, 
PM . -Oo!t:" -oo~ftJI °a:IJII °a!tIU -~I!rlrl °a~IHI o&:n,1 ',,u8 

. 11 1 11 9 10 , 10 10 1 -·-1, 

~ 

." "-' 

" 
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1\ ~~le 1 cont. 1 1 

'1 ' 

, - , il 
Site 4 Stake 3 Profile 10 (Fig. ~p) -

'" 

CORRELATION COI~~ICIENTS ~ PR08 > ,'RI UNOER HO:RHa-O , NU_BER OP OBSERVATIONS 

Hl Ha CA ') MC K NA .. P .. 

>c. " 
Hl la~&,n °a!1ill -O.~~~JI -Oa!1t2& °a!I"1 O&~t§lt -O&~3lfl -Oa:"'. 

1,3 1'" 13 .3 .3 - Il 13 13 

HI 'Oa!31U la!1111 -Oa!lll~ -OI!ILIi -O&!"Jt -Oa!"" -Oa!fl&" +03!~tll 
L~ 13 13 IS, 13 1,2 13 '13 

........ . 
CA -Oa!Jlti -oa~IIIJ 1&~II,g 1 0a~lili °a!'tl' o&~tllt, O,!J&J' °l!"t! 

1~ 13 •• loi ,., 13 ' .. '4 
,; \ 1 

MI -Oa!111l -Oô!I~11 °a~3n~ 1 a!S&SS °ô!III1 °a!&II! °o~'"1 O~!ll:! ' 
'3 13 ,. loi ,. 13 '4 •• 

le °a!IStl -o&~~1t °a!ltl' °o:flll 1 a!I'SBB' °o~t'SI -oo~ll,r -oa~i"1 
13 1.3 14 1. 1. 13 •• 1 • .. °ô!:iI8 -oô~a'i °o!Illt °o~Ult °o~l'It 'o~8881 -Oô!llIf -01!1I'* 
&2 12 13 13 l' l' .3 13 

,,-
Il -O$!:lfl -o&!fl~1 °ô!J.J' °ô!f&la -O~!li't -Oo!Il:J 'r,!8381 °a!fl" 

13 13 , . 1. 1. 13 14 ,. ... -oa~'''' -o,~ltll o,llIIt o&!I~tJ -o,~'9'1 -Oa!ltl* o~~fl" II.OUlg 
~ r~ ~~ ': ~ J 

'" 

I~ 13 14 ,.' •• 13 •• toi 
fl ~"\o.,~;' " ' 1 

\ 1 1 

- " ,1 

o 
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// 
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Table 1 cont. 

, Site 4 St.ke 4 Profile 12 (Fig. 6p) 
l', 

, 1 
CORA!L~TION CQe~F1Cl!N'S / PAOB > IRI,UN~IR HO:RHGaO / HUMBER ~ O .... VATIONs 

HI 

HZ 

CA 

MG 

K 

NA 

p 

.... 
./ 

\ 

! 
HI H2 CA MG K NA P P. 

1 

1&!S88S °ô~l&f' 0.01'72 -0 •• St2' 0.48770 0 ••• "'8 -0.61t72 -0."6.' 0.9 0 0.2 3 0.1829 0.22 9 0.0 69 O •• 
9 9 8 9 9 9 9 9 ,.-

0.1119f O.OOt 1.00:00 -0&0'.77 -00.397J 0.0 00 • 723 .236 0 •• ,2&6 
0.19 4 0.2649. -Oe"'.2 -0&6297' 0.4909 0.0.1 .069. 

9 9 8 9 9 9 9 9 

0.0"'1 -OaO~' 7' 'a~SS8S -0&!'2It O&!tt~~ 0&29·U O&~iIZl 0&!!11t ,O. • 723 •• 0 
8 a 10 10 la 10 9 10 

-Oa:ltS' -O&:IJ~~ -0~!'2~t la 08888 -0.4f94: -O.'937~ • o. 87 0.568 °O!~:,~ °o~1I11 
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.. ba. Wltld. ... U. ·tilf ........ la .~ a~ .---" . t-a.~ 
lia 1 11&:8 a -) 

oea .... r 
'\,t 

',1 , , ....... hofll. 1"'2 1 .. , ",.1 l".a 1'" 2ft, 
," c:a..p.~t- t ~ t t - t t 

,.Cl) 0.17 0.56 0.84 O.JI 2.73 lA' \ 

a, " \ 

,,(2) O.U 0.19 0.31 2.11 1._ 
ca 1.91 0.00 0.21 2A0i2 0.67 1..1l ... o ... 0.00 0.66 1.4' 1.78 
K LJJ 2.04 0.22 1." 0.5' 4"" .. ~ i..1' O.ts o.,. o •• , 0.4' 
tOI' 1.16 tdf 1.54 0.41' 1.51 .. 0.01 0.46 0.2' 1.17 2.45 1._ , 
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........ bDfU. 4"., 4~6 ,ft6 ."., 4".. s. 
c:.p.rt.-. t ~ t t ~ t 

(111(1' ,1 •• o •• 0.20 1.50 1._ 
~ .. ." 0.70 MO I.&J.' o.,. o •• , 1. --..... 

ca 0.:11 O. 2 0.50 1." 1.11 1.4.1 

iii 0.51 0.4' (b74 1.27 1.2' 1.13 

• 1.U 0.00 1.12 1.2' 4.:,!!O 1.17 .. 1.52 2.08 0.3' o.s. 2.a16 1." .. 0.15 0.'3 0.63 1.54 2.17 1." 
PI 0.14 1._ 1 •• 
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control ,colU. 

.. "' ... ft'OtU. '"7 ,.,.11 7".11 7".9 ' 7".U ... 11 

~ t ~ t t ~ t 

.. ut 1.71 ~ 5.d' 1.", 2...JO 1.U 
(lllta. ~, ~ 1.47 2.42 '.10 0.10 
.ca 1.'1 O.ll 1.44 01 O.M 1.JJ ... 0.4' 1._ 0.41 0.00 1.14 1.14 
K 1." 1.24 1.43 1.21 0.35 O." .. ~-:l' 1.68 1._ 0.11 1.56 1.9 ..... O. 2 1.Je 1.'4 1." 0.24 0.17 .. 0.72 0.12 1.51· O." 0.7. o •• 

apcl1l*y 
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...... ftOft1 .. 10ft. 10..12 .,.12 ... 10 ... 12 ION.J2 
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(111,(1. 2.10 4.48 1.21 4.Al 4""" O.'f .. (2' G l:,!' Y,1 o." 0.70 1.4' 
ca 1.10 0.08 1.1' 1.21 O.GO 1.1S .. 0.4' 1._ 0.41 O.M 0._ 1.a 
K 1.69 1.24 1.41 O.S. 0.82 1.U .. Y' 1 •• ' 1.0.5 1.62 1._ o •• 
tOI' 0.02 1._ 1.14 o ... 0.01 1.11" .. '0.71 o.a 1.51 1 •• ys t.Il 
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e. 0.10 .... 0.13 
K 0.11 .. 1.15 .,. 1.00 ,. 0.65 

.. ~... ~'1. 41ft, 
~ "t 

= 1.21 
O.M 

C- 1.U .. 1.51 • O.OJ .. O.ts 
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.. a, JO.4' 

"12' 0.74 
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Rte. J .ta .. 
_ .. he 

" be' a..J l .. a 1 .. , 2ft, 
t t -•.. :i' t= -, 

'O.!JO O.St 1.lt O.M 1.16 
2.J2 0.:17 0.41 1.11 1.5. 
O.tS 0.84 1.10 1.67 0.60 
O." 0.00 O.IS 0.0' O.JS 
0.65 0.54 0.64 1.12 0.'9 
1.lt 0.84 1.31 2.31 O.U 
0.11 l.;:~/ 0.01 0.13 D.ll 
0.34 O. O ... O.JJ O." 

hltruazy .... ,,,.. 4 .. , .... lft5 i t t t t , . , 
0.11 1." 1.20 1.73 O." ~ ~ 

1.41 0 • .0 1.12 1.42 1.M 1 1.SS' o •• , O.U O.M o." 
1 •• 0.06 0.2' 1.0' 1.06 
1.51 1.54 O." O.M O." 
O.M 1.64 • 1." ua y, 
0.'5 0.02 0.7' 1.42 1.J2 
1.54 1.8' 0.14 0.84 1.11 

Aprl.1/IIIy 
c_b'ol pmfU •• 

.",.11 ..,dl .",.," .,.,.11 ..,.11 
t t t t t 

H: y4 '.ù' 1.04 1.M 
1.11 0.7t 0.65 1.45 

1.65 1.3D 1.47 1.17 1.0' 
1.52 1.05 1.U 0.51 O." 
1.24 0.0' 1.39 1.34 0.40 
1.23 0.50 1.76 o." 1.U 
2,dO 1.23 0.41 0.27 0.35 
U O ~ 1.77 0.1' U' 

AprU/MIy 
..... rt..ntal profU •• 

..,.12 10..12 .,,810 ..,.U 10..12./ 
t t t t t 

H' ~ .. '....t' t...24 1.to ... 1.11 2...JI U· 0.5. 
1.65 1.3D 1.40 I.Sa 1.10 
1.52 1.'" 1.41 0.3' 0.10 
1.24 0.09 1.21 0._ 1.14 
1." 0.05 0.15 O.lS o.a • ... l.n t.Jt t..II o •• 
yo 4..&.P 0.25 1.71 
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.fllbl. s ... "' ..... 1t. ~ff.~ .. 1n\-"Ok o_ùhJ', .~t·. -t-)' 
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....... lIeOfU. 
CoIIpIId.OIIII 

.. Cl) 
,,(2) 
Ce .. 
K-.. 
St .. 

,.twMD-lIpf11e 
C..-d.OM 

"Cl) 
_(2) 
Ca-.. K ____ .. .,.. .. 

~lW CoaIpa~ Onll 

.. Cl) • 

.. CZ) 
Ce 
Nf 
K .. .,.. 
fil 

lite 1 •• .it. 2 

OC"-l' 

Iftl ba2 1".3 2".1 2Ye2 bd lYal 3982 ",., 
t t t t t t ~ t t 

·0.01 +0.55 +LJJ +0.89 .0.95 +~ ·0.70 ·0.10 .1.M 
-LB -0.68 +1.15 .1.» -0.11 ·0.97 .~ -0.5~ ·1.3t 
·0 •• 3 +t..lIt .!l.JlP ·0.00 .L.WJ .2....Q.4 ·0.73 +t.,ao -~ 
·1.13 ·Y7 -1.70 ·0.81 ·1 •• ·U3 ·2,d,1 ·U7 ·Ut 
·Ul ·O.U ·Ut ·0.31 .a..» -~ ·0.47 +a...,œ ·U' 
.~ .U6 ·0.14 +0.05 ·0.83 +1.13 ·0.29 ·0.43 +0.56 
-US -0.65 ·y2 -1.07 .0.14 -1.13 -1.54 ·0.4~ ·U7 
·U3 "1.'8 ·0.04 -1.15 +1.30 ·0.03 ·-t..Q.4 ·1.56 +0.11 

rebruaQ' 

4v.4 4v.5' 4vd 5v.4 5".S Sv.6 6v.4 6".5 6.,.6 
t t t t t t t t t 

+0.46 .U7 -1.7J ·1.56 ~ .0.00 -1.19 +L.t.4 -O.U 
·t .. 13 -l...I2 -~ -1.34 -1.02 -J..,D ·"-L8 -~ -4,d6 
-0.62 ·1.0' -0.27 -0.61 -U2 +0.81 -0.88 -1.71 -0.25 
-1.06 ·l..l6 .O.U -0.59 -1.51 ·0.77 -0.95 ·1.21 -0.36 
-t.Jl .0.95 ·0.85 -0.45 -0.81 -1.32 +~ ·0." -O.tl 
.U2 +1.01 ·0.01 -1.12 -1.24 -1.64 -1.68 -1..l.8 ·2.20 
.:....JO ·0.76 -0.34 +J,.J5 ·0.64 ·0.56 +1.1l -0.12 -1.13 

• U1 + t...l1 .:t.IJ 

,.,., ,.,.9 tv.11 lv.7 7 •• 9 lv.ll 1lva7 11.8' 11 .. 11 
t t -t t t t t t t! 

.~3 .t.2' -0.05 ·~6 .t&lt *0.62 ·0.30 .~ -~ 
-U2 ·U4 -U2 +U2 ·0.70 ·0.51 ·S,.i6 '0.59 "0.65 
-UI ·US -0.68 -1.55 -1.25 ·0.01 -2..10 -2..Jl4 ·0.1' 
-0.24 ·0.23 +1.03 ·0.00 ·0.00 ·1.15 ·0.95 +1.21 ·0.36 
*1.50 ·0.57 ·1.28 -0.14 -1.53 ·1.00 +1.04 ·0.« ·0.72 
-0.68 ·0.7' ·0.91 ·U8 ·ua -1.47 -U2 ·2...J.4 ·0.57 
+0.99 -0.'4 ·0.45 +1.22 ·0.98 ·0.51 -2.34 -1.20 -1.3' 

.• 0.95 +0.13 +0.87 ·t..§7 +1.06 .0.97 ·0.49 +0.81 ·0.64 

Slte 1 •• 81t. 3 

.. twa ... l'nfil. lYal lw.2 bd 2vel 2ve2 bd lYd ,..2 ",.3 
CallpadMIIII t t t t t t t , t 

.. CU ~.'3 ·1.67 +1.12 +1.00 +yS +J..4S +0.50 "1.25 ·O.M 

.. CI) +1.64 ·0.41 ·0.72 +1.48 -0.51 ·0.81 +us -0.22 ·0.51,<If 
ca ·U7 t"..., +,..,3 t Ul .~ ·1.47 +1...1' +J,..J:I +0.17 
MI +1.69 ·1 .... +1.51 +1.61 +1.33 +1.4' +1.71 +1.53 +1.64 
Jt ·O.M ·0.89 ·0.56 +1.2. tl.)1 +1.40 +1.25 +1.2. +1.32 
.. -7~ -2..JlI -J,J' -3...19 +0.69 ·0.42 ·'~3 ·0.29 -0.'1 
... +0.56 .U' +1.30 ·0.87 .J..,J6 "1.Jl6 ·0.82 +J,.J2 +1.75 
pa +1.07 +0.4' "0.92 +1.02 ·0.40 .0.85 +1.21 "0.63 +1.15 

la_ ... l'nfilt 

~t:"'" 

.. Cl' 

.. (2) 
ca ., 
• .. .,. .. 

rebruarY 

4 •• 4 4v.5 4v.6 Sv.4 Sv.S S." 6v.4 6_5 6 .. 6 
t t t t t t t t t 

+0.80 -0.7' ·1.33 +1.66 ·0.42 ·2..aJ.5 +1.37 "0.20 +l.lt 
-1.22 -U1 -y3 -0.55 -1.76 -US -'.dl -5...A6 -(Jl6 
+1.00 -0.12 -0.37 ·1.60 -0.49 ·0.00 +1.30 "0.00 -0.43 
.Ut +1.22 ·0.96 +U9 .~J...l.4 "'1.29 +1.52 "0.28 "0.2' 
+2...13 ·U9 +2.,&7 ·U1 +J"..J4 ·0.71·+Y3 +y9 +Y' 
+1.43 ·uO +0.62 -1.12 -0.91 -1.3' -1.66 -1.45 -\d4 
"U' +1.69 "U' ·US +1.66"~ +L.11.6 +1.46 +Ul 

- ' - - - +y8 +t..z6 +tJIP 

_ .'pUicant diUar.nc_ ('*0.05) .lt. 1 v., 2. _n va1_. at 
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Il ... 1 ... Ilte J 

/ Apdl/Mly· 

... , ... , ~11.,...7 7Yd .,..11 11".7 11 .. , 11 •• 11 
t t t· t t t t t t: 

+yo +U4 +1.ll ~ +"-Il1 +U1 ·0.00 -1...1' -we 
-l...II -y7 4..11 -0.07 -0.12 -0.00 +0.73 +0 • ., +1.03 "'W' io.u -0.41 +\dl +1.17 ~ +1.70 +0.71 -0.55 
+1.44 +1.41"+1.20 +1.45 +1.62 +1.36 +1.46 +J...lt +1.54 
+i.56 +l.M ... ~4 +)..24 +0.43 ·0.7t +1.52 +1.S0 +1.61 
+4.J4 .yl +1:62 +0.6,--o.l' -0.11 ~W7 tO.61 +0.14 
+1.5) +1.6. ·Y4 +1.54 +1." "'U2 +Ut +Ut "'US 
.0.54 +0.63 +1.41 "'U1 +1.07 +U7 -1.51 '.07 +U7 

.lbl 1 ... Ilt. 4 

Dec""'~ 

1 ... 1 1".2 1 •• l 2Ya1 2Yl2 :lval ",11 lYI2 ,..3 
t: t - "'i t t t t t t 

.1.25 -0.06 +1.36 +1.44 +0.07 +1.61 +0.92 +O.U +0.t7 
·0.55 -1.02 +O.U ""CI.67 -1.11 +O.ll -0.40 -0.10 +0.70 
+~ "1.00 .0.10 "1.26 +0.16 +~2 +J"..J4 +O ... +0.87 
+0.56 +1." .1.0' +0.55 +1.34 +1.07 +0.56 +1.51 +1.09 
+O ... +o.l. -YI +1.09.0.82 -0.60 +1.08 +0.79 -0,67 -'.JO ·0.11 -ua -U9 +0.9l +0.46 -U4 "'0.79 -0.19 
+0.12 .0.32 -0.03 +0.78 +1.'(6 +1.25 +0.64 +t.2S +0.98 
+o .... "'0.61 +0.19 to.42 -0.43 +0.15 +0.75 -o.l4 +0.62 

"bMIIIookofU. "..... 4vd 4".,6 5".4 Svd Sv.6 6V14 6".5 6"., 
CGIipIIdilOft t: t t t t t t t t-

pl Cl) -\aJ5 ·0.63 +0.37 ·0.43 +0.74 +1.35 -0.60 +0.44 +1.06 
pB(') +4.11 ·U1 +O.n+Y3 +\J5 +0.97 +0.97··~ -0.91 
Ca ·0.10 "0.11 +0.45 +o-:iô +0.27 .0.96 "0.04 -0.09 -to.66 
III -1.51 ·0.'3 +0.'1 -1.41 -0.57 "'0.9B-1.:I1 -0.98 +0.77 
It +1.22 +1.13 ·0.08 -0.51 -0.17 +0.83 +1.12 +0.17 +0.83 
• +'..1' ~ -:0.15 +0.08 ""'0.47 -1.S! ·0.44 -1.00 -2..J1 
IDP +1.74 +1.41 +0.58 +1.72 +1.40 +0.51 +1.52 +1.l4 +0.09 
.. +0.03 *0.84 -0.85 

........... hofU. 
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t: t t t t t t t t 

+4.a11 +0.95 ·yl ~8 +y6 +4...15 +20&!6 -L,.19 ·u-0~5~7L...--__ _ 
-1.0' ~ -0.16.0.62 ""0.34 +1.32 +1.34 +0.12 +LJ5 
+1.» .ua +0.57 +1.40 +l.15 +0.79 +1.34 +~ -'0.50 
+1.10 ·Ut +0.95 -1.11 +1.42 -0.93 +1.11 -1.02 +0.95 
+t.50 +t.j'7 ·1.50 +1.01 ""1.26 -1.05 +1.43 +0.'3 +0.11 
~.s. +~6 +1.57 ""'0.23 +1.71 -0.l3 +0.58 +U7 +0.51 
.0.57.0.35 +O.ll .0.5' +0.39 +0.94 +0.91 +1.11 +1.25 
"0.02 -1.01 +0.10 +1.36 -1.04 +l.Bl -1.04 -i.6B -0.18 
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CcIIIparlaonl t t t t t t t - t ~ 
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,.(2) +y' +t..JO +1.46 ·U2 +0.34 ·0.00 ·0.60 -1.65 -L..IS 
CI .U7 +wO +1.26 +0.14 +0.61-0.53 +:t..JO ~ +Ul 
III +1.53 +1.19 +1.27 +1.23 "'0.60 +0.64 +a.00 +yo ·W5 
" +l.ll ~.)6 +1.46 +0.16 +0.92 ·0.62 +1.41 +1.50 +1.43 
.. "1.11 +0.44 -0.28 -1.'7 -0.11 -0.96 -1.89 -0.57 -1.22 
!Dt ·0.99 +tJ)5 +t.J.4 +0.76 +y7 +t.S5 ~.16 "'t..Q3 +t.lI 
.. +1.57 +1.15 +1.66 -0.11 -0.84 -0.51 +1.07 "0.43 ·0 •• 3 
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Site 2 .. lUe 3 

rebraerr 

4n4 4".5 ... 6' '".4 ,,,., ,... , .. 4 ... , • ..-
t t 't t t t t "t t 

........ - + +0 +";' ·v._ -1.03 ·v •• ' ""0.74 - •• 14 -O •• 1.85 .41 ~ 
·0." -0.27 ".79 +a.M -0.72 -10 

.. 26 +1.11 .0.52 +0.10 
+0.6. ·0.87 "".41 +O.,.. "1.61 +1.4, +1.44 ·0.2' -0.16 
+U4 +a...19 +1.55 +t.,U +t..m +Y7 ".oa.. +1.01 +0 •• 1 
·U4 ~ +UI +a...» +ta» +t..11 ~ +t.u +a..u 
-0.05 +0.76 -1.36 +0.37 +1.03 -0.4' +l..Il +t..» +t.1S 
i'J..l5 +0.75 +0.95 ~ +1.'2 +~ +:t...u +'-D ~ 
+0.57 +0.83 -1..15 ·0.71 ·0.98 -1.10 +1.47 +1.77 -0.16 

Nay 

7.,.7 7v" ?v.U,.,.7 9V19 !JvIIll 11".7 11".9 11_11 
t t t ~------T t t t t 

'0.24 -1.03 -1.C2 +1.25 ·0.14 +0.15 ·US o+Y7 +1.4' 
-1.10 :-td' -1.31, +0.35 ·0.00 ·0.53 +0.27 -0.10 +0.40 
tu! +1.57 101.12 +l.to +i.52 "1".01 tu' +t.OS ·0.11 
+1.4' +1.17, "'.16 ·1 •• ' +1.13 +1.14 ·0.12 -O •• -O •• 
+l.41 +1.0,'+1,,27 +1.54 +1.'7+1..8 +1.45 .1.22 +1,.40 
tU' +Ut +Ul +4.» ·U .U3 +U4 +1.04 +0.65 
·1.32 ·1.51 ·t..l6 +t • ., +'-16 +y- +1.35 +1..14 <+ue 
"'1.17 +0.22 +l.JO +0.44 ·0.57 +1.46 "'0.81 -0.11 -0.41 

~e 2 .. lit. 4 

Dac ..... 

1 .. 1 1".2 1_3 2ft1 2ft2 :a..J ,.,.1 ,..2 JIN, 
t t t t t t t t t: 

·1.35 -0.00 +1.50 +1.03 -0.51 +t.U ""0.3' -yt "'.5' 
'y. +1." ~ .... 10 -0.41 +1.27 -l.n -Wl -0._ ·U' +1.21 +1.30 "1.51 +O.JI -:0.71 tus +1 •• +u.c 
.0.54 +1.10 +1.04 ·0.51 .1.15 ..,.'" +0.'1 +1.13 '*1.16 
+1.12 +0.11 +0.05 +0 •• +0.41 +t...It +1.18 +1.02 +1._ 
-l.cta +O.,s ·0.11 -Y' +O.U "'0.51 -Iad1';.lt ·O.to 
+1.1' +l.Q6 +l..2'+O.43,+o.11 +0." +l.~ +laJ' 
·1 ... "l.U +~, -O •• -1.61 -1.27 +0.4' +V.n +o:Ia 

~rr 

.......... , .... , , .. 4 , .. ! -'-' .... -..s .... 
t t t: t t t \ t t 

-l..I' '"O ....... -'-17 -YJ -l.B -0.50 ".It +1.5~ 
+\dG ~ +1.12 4LJo ~+t.54~ ~...., 
+1.11 .... 51 "'.17 +r. .. ti.ll +t.5' +0.35 .... -:iI +O.G 
-1.U .... 25 +1.OS -0.00 • .... -·1.10 '"\dl 4.10 +o •• 
'"O.U-+O.IO ·0." +0.15 .... 71 +1.11 +1.11 +t •• +t.1» 
~ +'-U ,... .~ ~ -1.11 +tM :'t.» "O.s~ ".U +1.12 -1.07 +1." +1 ...... 18 +1 • ., +1 ........... 78 
-l...t.S "0.74 -....., -"-& .... U -~ -taU -o.U-4.I1-

1ft •• _ fioUl. ,",7ft, ,..11 .... ' ... , ... 11 11".7 U"., U..u 
c:a.,. ...... t t t: t t t: 't t t: 

... ", +1." -1.U ·0.15 ·'.00 -0.07 'H.75 • •• 01 +1.,,·2.,. 
.. c~r .... 4." .... 52 +o." ".11 fl.6J ......... 1' +t.U 
ca +1.41 ...... "1 •• +t .... -0.15· +t.OS "'1.40 ~.U "lAS 
.. ' +1.U +O.n -0.0 +l.U ".It ..... " +0.19 1.14 ".31 
• +1.H -0.71 "'D.41 +1.46 +t.17 +1.01 +1.33 -O.'" ".U 
.. +1.111 "\.D ~ + ..... +~ ~ te •• +~ +o •• 
-. •••• -0.21 +0 •• , ·0." +O.n +t.ii ".lt -o.U •• _ 
.. '"\.Il ,.. ~ it.19 -1.JI -0:.. -O •• '.01 .... -

_ ..... ,.. tilf._" ........ , .... l," .. ~ ~ ~_ 
üte.>_<.t .... , 1 

) 

, 
i 
1 
1 , 
~ 
r 

l, 
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'ita , .. 'lte 4 

1_1 bd 1 .. 3 2Y81 2Y82 ,.., ,..1 ,.,d ,.., 
,t: t t t t t t t t 

~ .. 1S -0.'1' +0.2. +0.05 -1." -0.01 .0.47 "1.01 +0.4' 
-~ -2.14 -1.11 -0 .. 21 ~.75 +1.01 ·0.10 -0.14 +t.lO 
~.1. -0.10 -Jo.I0 -+t.21 -0.03 -1.01 +1.61 -0.12 -0.10 
·0.3'1 +0.4' ·0 .... +0 •• 7 to.n +O.1t +0.47 +0.17 +0 •• ' "o.a. -0.14 -U' iD.40 ""0;3' "1.37 .0.72 +1.12 -1.52 
+0.,. tl.35 +a...;" -~ +0 .... -0.11 -1.07 +1.01 +0.66 
-0.5' -o~St -0.'- -1.71'-1.72 -1.71 -o." -1.01 -1.2' -o." -1.17 -o.,. "0.05 -0.72 -0.32 -0 •• 7 '.21 -0.80 

Pwbniry 

..... ...5 .... 5.... 5 .. 5 5 .. 6 ha4 6ft! .... 
t t t t t t t t ~ 

'"t.J.2 "'1.16 -0.37 -0.83 "0.23 ...... 'to , ... &.n -o.s. 
~l ~, +1.21 +7..l7 .~ .~ ·7..., +~ .L,1' 
""1.35 "'.17 - • .51 +0." -0.o, +V.N 60 .. 61 '.25 +o.~ 
-U1 -YI + ... 01 -taU .. ~ +0.70 -,.,... "'1.501'0 ••• 
-t..,p -t.,ta -0.13 -yI -J".,It -0.11 "l.54 -\.11 +0.11 
+tdG '!Lit -1:.61 ~ "1.42 -t,.B '-'.1 ~ -0.81 
-0".1 ".oH ~ .... 0' ft.a '.35 ·0.08 "'à ... '.72 

, -UO -l.U ".., -a.&.!.. -1.H r-y. -'td.l -0.01 -~ 

-~ 
""',7 ,..,., .,..11 .... 7 ln' .... 11 11_7 11 .. , 11_11 

t t 1: t t 1: \ • • t t 1: ., c, 

~ -1.40 +0.42 ~ ".10 ~ •• , ~ -o.8!1.d7 
+toM -0.14 +t.15 ,1~" .... 35 +1.67 +0.55 ..... 1-:21 
".oH ~. ""1.41 +1.21 "'l." ,400.0' +1._ 71.31 ..., • ., 
ta.14 -'.17 ..... +1.4''''' .... " 40.5. ,.. .... U 
... •• -1 •• ' "'l~ ...... 79 ,.)t +t.a'-o.51 -1:51 +&.42 
-0 .. ". +s .... , -'.10 ... H +J.07 ........... ~7 +0._ -0._ -1." ...... 1 '"1.11 71.St ~.at "'\..17 :-W' ".. 
-o ... -i.aIjI -e ....... ,. "'l.U ..... I:t '.10 -YI ""1." 

_ .a..u .... Glf._ ••• ".Os) . alte J' .. 4., _ ... l_ 
at dt. 4·> _ < .1:' rite '. 
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'hble 4. t.ponl 41fferenee. ln .~ck cbftl.try, StucS.nt'. t-t.at 

Site 1 

Sbke l.ooaUob 1 Stllk. Loc.Uon 2 

"bree_ProU 1. Iv.4 Iv.9 4"., lv.5 2v.7 5 •• 7 
eeCoepar18ol111 t t t. t t t 

-1: 

pB(l) +0.10 -],.25 -1.,d8 -0.73 ·y3 

~~v pR(l) -1.22 +0.62 +LD -1.4. -0.96 
ca"" +1.22 +taIl -0.32 +y' +Ul -1.48 
IIIJ, ' +ys +o •• '*'L!5 +1.80 -0.68 -2..a.l8 , 
JI: -L.l.2 ".. ~~' 

+o:ï3 +t.22 +0.30 .. -WO -:y,s .44 +1.15 ij! 0.06 m, -t.l.l -y4 -1.11 ',56 -2 -1.64 
PI8 +0.88' ;/ +0.37 

Stake Loea tion 4 

.. breen-ProUl. 3n6 3vell 6v811 
Coepa r bOIIII t t t 

pRel) -1.26 +1.24 'tt..J4 
pRUI) +0.41 -1.4' -Ll.O 

,Ca +~ +~ -0.01 
N9t +1 •• 7 -0 •• 5 '-1.53 
JI: -1.27 -0.97 +0.34 .. -1.52 +yl -0.95 

~ ,:" -yo "':t..V 
S- +0.39 ~3 +1.51 

Sit. 2 

Stake I.ooa Uon 1 Stillt. LocaUon 4 

.. ~.rof11.· lva4 IVll7 4".7 av.5 
c:c.parlaofta t C' t: t 

pB11) ·0.52 +1.40 ~.lt +1.23 
pIIea) +1.11 +t..!1 . "<\...U -1.37 
ca +\a.ll +0.04 '.71 -2.d,2 
lit +1." -0.16 -1.'6' -1.,. 
It_ +1.24 +~.80 +o.O~ -U2 ... -0.00 +O." ·0.88 -0.98 
'l'DIP +1.52 -0.41 -2.01 L.56 ,. ._+US +UJ -1.32 +0.9' 

Sta1l:. Loc.tion 5' 

lv.6 3".11 '6vaU 

frotll •• 1,2," m.c.-ber 
"ProUl •• 4,,5,6. re.ury 
frotll.. 7, t,U •• ",lMay , 

t t t 

-4.16 ·3..r.!' -1.01 
-Ü' "'\.l8 + l:.s.!5 
+~8 '+1.63 -0:61 
.y4 +1.34 +0.59 
-0.63 +1.15 +1.30 
-~ ·0.25 +4.02 
-'..d7 -1.22 -0.15 
".dI +0.99 +0.72 

-aipillaut dUf'lI'ancee (ot<O.05) 
""""./ 

J 

2va9 5 .. , 
t t 

·0.73 -1.47 
'='"0.48 +1.41 
-a....!l -0 •• 3 
'.74 -0.90 
"l...iO -1.01 
-0.42 +0.98 
4..87 -'.al,8 
"".40 ~.6. 

, 

• 

\ , 

\ 

1 
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!'IIbl. 4 eoat:. 

lit. l 

Stau ~aU.oa 1 ltau l.ocaUoa 5 

"~Profll.. 1., •• 1"a7 4 ... , ,.,.5 2n9 S ... 9 
eo.p.ri_ t t t t t t 

pII(l) ·O.U ·0.14 +0.69 -:1.32 -1.47 +1.48 
pB(2) "1..l0 -2..,J4 "0.97 ""2~0 -1.0:1 ~~2 
c:. "O.P ... 1.63 ~.40 ·0.26 ~.Sl +0.67 
Mg ~.91 +0." ~.5' +0.78 "'.96 -0.30 
X +0.60 "0.81 +0.49 "0.81 ·0.10 ,,&.21 .. ·~3 ·'...18 ·4...!8 ·0.16 +1.26 "2.00 
'!Dt -0.12 -0.61 \0.71 '.66 -1.58 -0-:14 .. -1.59 ".01 i.l,d5 

+y7 +0.88 -1.26 

State Location .. 

.. ~ .... Profil. lYa6 lYa11 6 .. U 
C..".ri_ t t t 

pa(l) -0.57 -1.11 -1.12 
pB (2) -2....l3 -d.07 ·2....!' 
c:. ·0.39 t-o.68 -0.2' 
119 "0.72 ·0.77 +1.45 
le ·0.1. "0.67 +0.64 .. -0.31 "t.J6 +J..al2 
p -0.92 ·0.84 +1.45 
~ +1.22 +1.53 ·1.0' 

Site 4 

Stau l.ocau.oa 1 .teII:a l.ocation l 

htwe-.Profil. LY •• 1 ... 7 4.,.7 Z-5 2n9 5wa9 
eo.apri_ t t t t t t 

pIIn) -L,g7 +1.04 ·Y· -0.15 -0.19 -0.10 
pB (2) +1.. +0.10 -1.04 +2..aV +0.25 -4.&!.0 
c:. -1.37 +1.04 +l.n -0.17 '.26 -1....l' 
IIIJ -0.f07 ·0.12 +1.07 -Ln '." -1.5. 
Il -1.02 +0.10 +1.30 -0 •• 9 -0.14 -0.12 .. +L.!5 +:I.:lI -0.54 -0.:17 +0.51 +ut 
'fi» +0.27 +o .• "'Ln "'0.'1 -2.37 -1 •• 5 .. -0.33 +0.65 "'1.20 +1.01 , ·0 •• .". " 

Stalt. ~UOll 4 

latween-Prof11. ~ lYa11 6"8U 
c:c..-rt- t t t 

"(1) -1.20 +0.27 "1.55 
pB(2) -1.11 -0.17 +0." 
ca tl.20 +0.73 ~.14 
Mg -0.21 -0.34 -0.16 
.: +1.05 ·0.'1 -O." .. -J,.,29 ... J....1' ~ 
'mP -1.51 -0.71 +o.:n .. -1.18 ·1.57 ~.....!1 , 

-dpUicaDt tiff • ..- (O(CO.05) 

l'roMl .. l,2,lIa DaaeIIIber 
l'rofit.. .,5,6 a ran.~ 
l'rofll. .. 7,9,11. Mar 

... -- ".1_ 10 r.tn:.q .ad Ma)' _ lD Dac..a.r 
aad _D .,.1_ iD ~ or iD """.ry 

.... 
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Table S. Andy.l. of .. _lance OCIIiparln9 the chea1etry of the aurface e_ 
• • ..,1 •• froa th. four etudy site. 

.ource of a_ of davr". of nrlaDOII r 
variance squares fI' .... .su..tIt 

b.t:w_" HlIIPla 1.11 1 O.lt 11.0' 
pBl vith1n Hl\lPl. 0.54 16 0.03 

ht:w_ supl. 0.17 l O.U 4.ll· 
pa2 vithin aupl. O." 16 0.03 

batIN." HlliPl. 0.0009 3 0.0003 2.00 ca 
vi~" supl. O.OlOl 16 0.0006 

batwee" aSIIP1. 0.0000l 3 0.000007 Z.33 
III; vi~" a • ..,l. 0.00040 li 0.000001 

babl_n s • .., 1. 0.0049 l 0.0016 1.11 
It vith1n .. ..,1. O.OUO 16 0.00.24 

babl_ supl. 0.0070 3 O.OOZl Z.13 .. vith1n ·"1IIP1. 0.0691 14 ~04t 

batween aaçl. 24.l l '.06 1.54 7Dl' vith1n .. ..,1. 14.0 li 5.Z5 

bat:w_ aupla 1340. l 447. 1.25 pa v1tb1n ..-pla 5709 • 16 357. 

• 0.01 
Levai of sicplificAnc. 0.05 

Tab1. 61 

pH (1) "2.93. -1.31 -5.361 -a.06· -11.31 -0.31 

pHU) +l,Zl -0.00 -1.0S -Z.U· -3.li. -2.16 • 

Ca ·0.61 -0.57 -0.00 ·0. :rt +1.12 "1.0Z 

JI9 ·0.18 ·0.00 ·O.U -~.11 ·0.00 -0.1' 

• -1.07 ·0.00 +1.01 ·0.71 +D." -0.57 

•• +1.44 ·1.06 "0.75 +1.41 +1.07 ·0.04 

ftIP -0.14 +1. SI +2.14' +:".73 "1.11 -0 •• 7 

.- "O.,. +l.U ·0 •• 0 +0.55 -D.1l -1, •• , 

t __ 1_ at ai.e.a Z, 3 and .. > Dr < et eLta 11 Yal..a at elt». 3, • > 01'< 
ai aite <2 Alul _l.a et eitlt 4 > or < at alee J 

1 0.001 
lewl of e191l1fiQDCe • 0.01 oea-ul1a4 tes't 

0.0.5 
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Table 7: Differtme •• in anowpack eb_iatry bet:weeD the 
eontrol and experi.aental profile., Student t

• t-t •• t 

Site 1 

8etw •• n-Prof i le lOva 9 8.87 12v.11 
COIIpa ri.ons t t t 

pH(l) 0.74 ~ 0.85 
pH(2) 0.94 0.26 0.40 
Ca 0.14 0.55 0 •• 9 
Mg 0.55 0.97 0.52 
K 0.76 1.66 1.33 
Ha 0.52 - 2....t4 ~9 
TOP 0.51 1.88 0.84 
ta 0.19 1.74 0.96 

control profilea: 7, 9, Il 
experimenta1 profi1ea~ 8, 10, 12 

Site 2 

Between-Profi. le ev.7 1Ov.9 12'9.11 
Compariaona t t t 

pHU) 0.79 1.63 0.14 
pH(2) 0.75 0 .. 19 1.31 
C. 0.73 0.76 1.51 
Mg 0.18 0.76 1.24 
K 1.41 0.24 1.53 
Ma 0.72 5,.J8 1.39 
TOP 1 .. ~5 0.57 0.36 
pa 0.87 0.4.9 1.05 

control profile.: 7, 9, Il 
experi •• ntal profil.a: 8, 10, 12 

- aiqnif ic.nt 4iffaranc .. (0(.( 0 .. 05) 

, 
... 
') 
j. 

Ji , 
~ 

î 
-à 

t 
f~ , 
... .. 
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'table 7 cont. 

( 
Site 3 

Between-Profile av.7 lOva 9 12val1 
Ca.pariaolUl t t t 

pH(!) 0.00 0.99 0.66 
pB (2) 0.30 0.85 0.75 
Ca 0.20 1.21 0.59 
Mg 0.03 0.81 0.3-3 
K 0.10 0.13 0.55 
Ha 0.82 0.61 0.31 
'1'DP 1.21 0.88 1..51 
~ 0.02 1.14 0.58 

control profil •• , 7, 9, Il 
experiraent.l profil •• , 

Site 4 

BebMeD-Prof'ile 8v1I7 10..9 12"11 
Ca.pari.aoaa t t t 

pB(l) 0.27 0.78 2.78 -pB(2) 1.36 1.19 .. 2...J.8 
ca, 1.37 1.30 1.09' /' 

Mg 0."67 1.58 0.901 
Je: 1.47 0.81 1.04 t .. 0.08e 2~8 0.14 • " " i 

TOP 0.86;. 0.05 0.89 i 
< , 

~ 1.30. 0.06 0.19 , 

~ 

control profil •• , 7, 9, Il 
expert.ental profil •• ~ 8, 10, 12 

- .i.?Dif~c.Dt diff.rene~ (oC, 0.05) , 

( l " 
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ADalysis of variance ca.paring the cbe~atry of 
the control profile baae s-.pl.a betwee~ ~e ' 
four a tudy ai tes 

aource of 
-'" variance 

, 

betveen 
vithJ.n 

pB~ betveen 
vithin 

·ca 

•• 

betveen 
vitbin 

betveen 
vitbin 

tietveen 
vithin 

betveen 
vithin 

TOP betveen 
vithin 

auple 
81U1ple 

aupl. 
aup1e 

aa.ple 
sa.ple 

aaaple 
aaçle 

aaaple 
s&llple 

auple 
aUlp1e 

auple 
sUlple 

8ua of ' 
squares 

18.13 
2.93 

17.20 
2.33 

21.39 
24.24 
13.65 
10.79 

10.47 
12.11 

0.06 
0.17 

18803 
20331 

degrees of 
freedo. 

3 
36 

3 
36 > 

3 
34 

3 
35 

3 
36 

3 
36 

3 
35 , 

variance F 
eati_te 

6.04 
0.08 
5.73 
0'.07 
7.13 

t· 0.71 

4.55 
0.31 

3.49 
0 .. 34 

0.02 
0.01 

6257 
581 

88.2= 

10_2: 

14.7: 

10.2: 

2.0 

10.8: 

Tabl. 9b: 
!i...1 0 r 

Analysia of v"riance COJIp&ring th. chem1stry of 
the exper1aen~l profU. bas. sa.pl •• bebreen tbe 
four s~udy site. 

_oarée of .ua of degr __ o'f variance P c 

variance .quarea free40ll •• ti_te 

,betv.eft sUiple 10 .. 73 3 3.58 . 
'pB1 32.5-0.11 vitbin . a.-ple 3.80 ( 36 

1 betveen suple 7.83 3 2.61 16.3' pB2 vitbin a~1IP1e 5.61 36 0.16 
bewe,n aample 8.71 3 2.90 

.f 

ca 7.07= within aample 13.83 34 0.41 

Mg betveen sample 4.37 3 1.46 9.13: wi'thin' siuaple .6.07 36 
.' 

0.16 

-1( between sample 0.84 3 0,.28 4.67: within sample 2.09 36 0.06 

Na between sample 0.02 3 0.007 1.75 withln sample 0.13 36 0.004 

TDP between sample 761 3 ' 254 8.'9: 
, within sample )1077 36 29.2 

1 

1evel of aignificance :0.01 
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Table 10: Between-si te comparisons (t.test) of the snowpack-bas. sample ebelÛatry -. 

-~emieal Parameter Site Ivs2 Site lvs3 Site lvs4 Site 2va3 Site 2vs4 Site 3va' 
t t t 't t \ t 

pHl control -1.48 +8.03' t lO • 3: t-9 •60 1- t ll •2 : +4.52: 
pHl epxerimental -3.63; +3.211 +5.54: +5.07= +6,90 1 +4,.51 1 

(y 

pH2 control +3.61: +-6.67: +9.76: +4 .. 34: +8.50: ·5.56: 
pH2 eJlperimental +1.20 "2.49' +4.89' +1,46 +4.45: +3.66: 

1 Ca control "1.67 +4.151 "'3.49: +2.10' +3~151'-' +3.33 1 

:: _ Ca experimental t-1. 35 "2.0r +2.89: +0.91 +2.-19 ' +2.65 1 

ri 
1 l + 3' + : + 1 + + 1 +- : Mg contra ... 2.2 +3.18 ... 3.81 +1.32 +3.84 +3.51" 

Mq experimenta1 0.86 1.93' 3.00: 1.51 2.t7' 2.85· 

J( control -0~81 +3.821 +3.97' +3.37: +1~12 +2073: 
K experimental +0.85 +2.20' +0.50 +2.74° +2.14' +2.08· 

Na con~ol _1.00 :0.28 +2.17-, :1.46 :3.04 1 :2.07'~ 
Na experi_ntal 1.79 G.38 "'0.14 2.25° 0.93 0.05 • 
TDP control -2.92: +3.09 1 -1.47 +3.52&" "0.94 -l.33 1 -# 
TOP experi_nul -0.10 +3.43: t 1 • 17 +3.37~:/ "'1,13 -2.18 1 

+ mean valùea at sites 2, 3 and 4> or<at aite l, mean val a at ai te SC 3 an«\ 4 
>or<at aite 2, mean vlauea ,At aite 3 ~or<.t ait. 4 

" : aignifieant at the 0.01 level 
aignifieant at the 0.05 leval 

f '/ 
! 

J ' t l 

j - ~ 1 ~ ~ 

~ 1 
; ~ '~r * ~ , • n 

,'Wrct1tt·. Mrl!ttér:sf~~~....., ... r-·!·'" " ...... ~ ... ~ • L~_ ..... ~ ......... ,....~, , '" "' ............ ~~ .......... - ~ " -"", ::_~u""""'lItiil::..,....::kt*"" 
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- ftbl.11. .. twea-dt ..... 1'1....- of f.ll 1'" .pd ... nudKtl .oU 
~ 

c~.try. 8tudeDt·. t-t .. t. 
i .. ~.n. bd be' b •• 2nl 2ft. ,.., 

c:.perl ... · 
" 

• -1Q.14 -4..27 -IY· -1 .• 17 -ltal1 -'.al0 
.,.Cl) b -~ -5~ -IWl -w-t -IYI ·3.17 

c -Uz" ~ 'lJ' '...t6 -lU.I -)..,v. 

• -4.77 -1.:12 -bI3 -y7 -1.49 -Y' 
pII(Z' b -0.37 -z.." -'.12 -1.55 -10....,1 -7.JI 

0 -O •• ""O • ., ·S..P8 -q.72 "'Ul ,>-~ 

• -0.06 -4.50 -29J7 ,..!, -ZCZd3 -Wl 
~ca b -ys -t..!' 'l.J7 ·'..dl -1O..J3 -1.10 

0 -1.43 -..,. -~ -y7 ""l..J2 -2.)5 

• -1).74 -272 -lti° -~ -lLl4 -\011 ., b ""0,6.1 -4~' -1 • -• ...l2 -lU' 't..)I ;,a;: 
~- __ ~"1'.Z1- "'..,L.11 -1.L.47 ""U4 ~4 -'.13 

( 1 -~ -1.21 -1.02 -1.42 -1.21 -0.19 
&1 b -ldO -US -1.12 -lU' - ..... 1 -yo 

....... "'.~ 1 e -1.1' -!a!.2 ~4I -1tJ.' -''''1 -1d2 
-~ ,J - '~-- 1 -Ut -z..JO ~ -,~ -\dO ·0.2' ---- III -1.11 -O." -0.79 -o.1t -0.41 ~-0.2a 

' " 
'4 

./ 0 1.16 -US -0.70 -1.10 -1." -y7 
"or -~-"'--/ / -'.Ge • -0.13 -Z.IJ "." ".59 -a.l1 

• III ~." -S.I' ""J._ -S." -l.n -4._ 
c ""2.41 ,.at , ... -0.10 '.06 '.OS 

• -'.dl -' ... ""1LJO ,.. ""21.7' -'.Il 
AD ~ -0.27 ..,~, 

~ '"7J!' "Y' ~ e ·0.17 '..,p -1"7 -'.l' -O." 
• ~.'1 -a •• ~ ~ -2S.aJ2 -3d: - III 1.r.Jt ' -laJl ~ -. 

_./' 0 '.U -".d' '"1Id4 -bI1 '&t..l0 "'.aJI 

• ~ 
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ftbl.11. "D." dt. CIIIIPt~"-- 01 fall a" apl'1.., ... 1_ n11 
Cf~. '~t·. t-a..t. 
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