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In alpine/arctic habitats, mobility and bioavailability of metals may increase
because of:

« acidifying vegetation
* the high humidity and waterlogging.

. And onIy few studres deal wrth brogeochemrstry of alpine/arctic serp. Soils.
. Descrrptron of the main pedogenrc processes and their relationships with
geomorphology and vegetatron above present- day timberline.

. Characterrzatron of mobrlrty and bioavailability of trace metals (Ni, Cr, Co, Mn),
through “spec:|at|on” of their chemical forms.

. Analysis of the COTTEIAlCTIS DElTe e edaphic and biological parameters,
and vegetatron
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{ 1 - 97 pits: standard analysis and vegetation survey: soil- vegetatron rel.

Standard chemlcal analysrs (pH, texture, TOC, N, CEC bases)
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2 - 20 typical proflles chosen between the 97: S|m|Iar processes but

dlffrerent parent materials
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Ni, Cr, Co Mn speciation & BSQ Brologrcal Sorl Quallty index (O- 6) based

(selective sequential on microarthropodal communities;

extraction) w * Soil-dwelling adaptative body morphology;
&< - Biological diversity.

Extractant Vol. T Temp.

H,0 20 ml 1h 25°C Soluble
CH,COONH, (1M) 20 ml 45° 25°C Exchangeable
NH,OH-HCI (0.1M) 20 ml 30° 25°C Mn Oxy-hydroxides
Oxalate (1M) 20 ml 4h 25°C Fe Oxy-hydroxides

Base resplratlon

H,0, (30%) +CH,COONH, (0.1M) | 20 ml 20 ml 10h 30° 65°C 25°C | oxydable (organic matter, sulfur) }w R ST A AR T S T T R TR T e T S

% Stress indicators:

DCB 40 ml 14 h 25°C Pedogenic oxydes

Adua regia 10 ml 90’ MW owen Residual

§ Metabolic quotient (qCO2):

i Base respiration / biomass: if it is high, it means
that there is an excessive energy consumption
for purposes other than growth: stress indicator.
Used for comparison.




« Serpentinite / chlorite-schist

 Metagabbros

« Calcschists A8

* Meta-basalt « Acid rocks
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Mn in prasmlte and calcschlsts
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Cr hlgh in metagabbros Cr I‘ICh Chlorlte’P
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Serpentlnlté and assoc:|ated chlorlteschlsts are rlch
1}~ in NI and Cr followed by amphlbolltes

y
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Serpentlnlte Metagabbro Prasinite | Amph | Calcschist | Chloriteschist
Fe,O, (%) | 5,9 (¥2) 4,3 10,6 (x3) | 7,8 5.4 6,5
Cr (ug/g) | 3700 (x2000) | 2654 506 (x200) | 860 4.85 2242 (£1500)
Ni (ug/g) | 1400 (£800) | 310 284 1390 || 27 2373 (£300)
Co (ung/g) | 10,7 (£7) 11,2 (£7) 12,3 5,6 2.5 3,4
Mn (%) 0,10 0,06 0,21 (¢0,1) | 0,09 [ 0.21 0,12
SiO, 42,5 46,1 42,4 36,2 |31,5 61.2
Al,O, 0,3 15.7 10.6 11.8 15.4

42.0 15.6 18.2 31.0

10.5 7.6 7.8




Example: stable soils
* RN ACNSTYRE DAL v el TR 2 WalW el JURY i":’ﬂ"?"..“"l
pH CaMg Nig Nig  Niy,  Nige  Nigg  Nig  Nig

A 57 21 0 089 469 121 1963 2321 171.21

; AE 5.5 | 28 0 | 004 391 087 1544 12.67 154.67

| BW Ps6 56 89 0 013 | 2143 934 1321 6538 22145

| ce 51 25 0o |043 8967 | 16.38 2629 83.11| 256.45
C 47 26 0 |034 2554 1373 | 3686 612 24121 [
A || 48 | [03 ] 021 1687 10481 16089 10063 35.82 1864.21 |
Bw P138 |56 | |02 || 188 | 22.9 19332 28589 12052 50.44 2356.57 %
C 57 [ |01 | 155 144 | 12082 18493 12392 2474 1992.00 [ g
A || 37| 23| 021 497 735 1039 5279 1134 221.34 @
aw 0 lao||23|| o | 442 388 1730 417 1561 41561 |
Ah |40 33 0 0O 437 28 991 186 186 F
AE P4l 39| 34 | 0 0 072 495 072 103 103 B3
Bhs 44 | 32 | 0o | 007 121 1221 556 378 378 g

Strong acidification.
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3.4
Base and metal leaching depend on snow cover, humidity and parent material p
(P138 vs P10) E



1: soil-vegetation r
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Different plant communities
(usually)

Caricetum fimbriatae (Carex fimbriata,
Thlaspi sylvium, Cardamine plumieri,
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Different plant communities

-

WisUaly) & Caricetum curvulae on gabbros and calcschists,
Caricetum fimbriatae (Carex fimbriata, or rich Poa alpina meadow

Thlaspi sylvium, Cardamine plumier:,
Thlaspi rotundifolium, Luzula lutear—
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Correlation with bioavailable Ni

CCAT
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egetation

Different plant communities
(usually

w € o 3 ‘\ w i h - ¢ }),7 :
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ST ) w3 WP Caricetum curvulae on gabbros and
o 7S or rich Poa alpina meadow

Caricetum fimbriatae (Carex fimbriata,
Thlaspi sylvium, Cardamine plumieri,

Ni.av <}34.985 cover [ﬁ 225

aT & <
e Y
o, # " B Camgl<5.93 Ni.av < 52,395 :
Ul FalsEraLsE
% o pH <|3.95
b /|
'ﬁp : ,J slope[< 0.5 cryo g 35 RALSE
AL T v 3 pH <(4.35 %
(oA L TRUE >
08| FALSE FALSE
i pH <[4.05 ) Ni.av 4 2.265 Ni.av 4 3.745
s FALSE [l 1 N
W7 Niav & 86 5 A FALSEFALSE
R . R
o Thlaspi FALSE | N — B CaMg k 4.105 Nigv|< 32
NE B . : =SR2 4 I__I Cryo p2-J ]
- @l sylvium FALSE _ | TRUE TRUE | £ TRUE
A - - TRUE TRUE Carex curvula FALSEFALSE
> ., ™ - P } 'W N e CE & ( BTN VI s T NN T N AR e e B RERE Y " aRRT N




e 2 blologlcal activity and metal speciation
: Great var|ab|I|ty depending on substrate and topography/geomorphology:

® - serpentinite: acid soils, rich in heavy metals, Ca/Mg ratio between 0.1 and 10);

& - calcschists: complete decarbonation, surface acidif., low metals, Ca/Mg>15;

- metagabbros/mafic: extremely acidic soils, podzols;

- cryoturbation and other disturbs increase labile metal content, because of
surface mput of “fresh”, eaS|Iy weatherable materlals

> Lack of correlatlon between blologlcal actIV|ty (for example metabollc quotlent) and
iﬁ;‘ metal speciation / bioavailability (excessive variability): no comparison possible.

S gCO2 vs Ni av (subsurface) TOC/Cmicvs Ni av (subsurface) 5
i 0.25 16 :
' o 5
e L 4 14 3
')! 0.2 5% -
.‘7)’ 2 v :‘;.
# 015 - 1 s :
.., 08 1§ y=0 (z)riox +0.390
;’3 0.1 o :
& oos TE-05x + 0.024 o L 4 |
: : ® y= 1E-05x+ 0. s b
| R7=0.003 02 ’ §
»" 0 : < g T L T ey & 1 0 - L & ‘I
,/l 0 200 400 600 800 1000 0 200 400 600 800 1000
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CO ass* NI ass* Niav .mn I\IiOX NIOI’g
0.21 0.50 -0.21 : -0.01 0.33
Mng Crox Crorg pH KCI pH H20
-0.14 0.59 0.78 : 0.00 0.17

CO tot* Mnav Mnmn Comn COOX
-0.20 -0.47 -0.11 : -0.13 0.23

TSB Ca/Mg umidita Na
012 -048  0.10

RN o

BSQ decreases W|th Mn av, whlle it increases Wlth Cr and Ni. No ecologlcal S|gn|f|cance
| BSQ higher in talus soils, low in fertile grassland soils. Why??




Y A:ﬁi& e

¥ Transects crossrng the Whole crrcle/
stripe, 5 surface samples and 3 in
depth in the center

, N ST AR i N - 2«* b\ ome it e R 2 ‘13 4 ’ < T
~ Chemical, morphological.and biological sorl propertres can be compared 5
- samples in such profiles can represent surface condition better, because

j of great micro-scale varrabrlrty
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9.69 | 37.56
49.88 | 57.88
46.22 | 69.98

122.45
220.14
137.21

1275.79
1742
1649.02

Cr Cr

mn 00X

Crg

Crtot

43.96
49.16
41.75

4
6.8

2714
2550
2580

C/N Txt

0.6
0.5
_ 0 2

14.1 FS
8.2 FS
11.4 FS
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| Low Corg but strong aC|d|f|cat|on

" High Cr(VI)
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4 High metal moblllty and potential availability

P141

2 serpentlmté

e 4

- Low organic matter content (redistribution under the surface cryoturbatlon) but hlgh
% metals associated with it. ~ ;




Eg. : Turblc RegosOI (serpentmlte)
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. Great horizontal variability:

—- TOC accumulates on the
sides, and lowers pH;

- C,,p has no clear trend;

N

- Ni,q Shows no trend;

& - Nig,, Cr, higher in TOC

5
48
216 !
258 |
d Toc |082| 036 0.28 0.32 2.11
1 Nio | 423 | 527 5.26 4.2 5.15
1 Ni, | 2027| 1882 17.57 17.47 20.55
1.83 0.82 1.3 3.04

2.11

N rlch parts (because of CEC)

g
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Cmic and respiration
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1 5 3 4 5  are not related with
TOC or Clab,
TOC 0.82 0.36 0.28 0.32 2.11 .4 unexplainable.
C,.p(mg/kg) | 11.47 50.62 12.77 38.84 115.17 DN R NS
Resp (10°C) | 6.52 7.18 6.93 9.32 10.10
Cric 12.89 14.22 33.56 37.38 33.37







Eg.: Turbic Cryosol (calcshlsts)

SR \\ a"\":*
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Instead of rock circles, vegetatlon C|rcles hummocks,
because of stronger physical weatherability

Strong surface acidification

: Large content in labile Ni and Cr (CrVI) fraction

Because o?"external |npu*t~of soluble metals'?

2 org
0.11 558 26.8| 1295 4711 11.75 470
AC P52 O.50| 262 30.62| 26.67 77.37 53.1 510

C 0.63 182 |95.73] 29.81 56.6 79.46 572
] CrVvVI Cr,,  Cr, Cro, Crg Cry Cr &
; A 5.04 13.35 58.88 4.20 351.56
AC P52 |7.75 1502 46.95 569 331.29 &
C [ 2.2] | 11.32 30.19 9.21 298.43
pH Corg C/N Txt Ca/Mg
A 4.9 1.3 11 FS 5.9

AC P52 5.1 0.8 9.2 FS 7.6
4.7 0.7 13 FS

PR
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Heavy metals are always very high, particularly on serpentinite. Speciation
evidences high mobility and bloavarlabrlrty.
e N R
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Weatherlng processes increase the release from easily weatherable parent f

material, also in weakly developed parts of cryoturbated soils;

The different pedogenic processes differentiate speciation and bioavailability ’
In different alpine habitats:

- in cryoturbated areas, cryogenic movements associated with weathering of
“fresh” materials recently brought to the surface increase labile fraction
content;

- in stable areas, strong acidification and leaching.

= M\ =

Biological activity and stress indicators show unclear trends and correlations
in high altitude soils: excessive variability in microclimate and pedogenic
processes7

High metal mobility at high altitudes, shown by accumulation on deep horizons
on metal-poor substrates: water contamination?

How does mineral weatherrng work In cold alpine sorls?
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