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ROBERTO BUGlNI·, LUISA DE CAPIT.\~I·, ACOSTINO MACCAGNI·

SEDIMENTARY AND GEOCHEMICAL CHARACTERS
OF LAKE COMO RECENT SEDIMENTS

RlASSUNTO. - I sedimcnti, raccold in quattro punti dd Lago di Como in carote di
circa 50 cm di lunghezza, sono Sllld analizzati ad intervalli di 1-2 cm rellllivamenle ai seguenli
parametri: granulometria, composizione mineralogica c ehimica. Le quattro slazioni di prelievo
(Olgiasca., Bcllagio, Como e Lca:o) sono slate sedte in base aUe diflerenze litologiche dei
relativi bacini di drenaggio: corpi intrusivi, roccc metamorfiche, o60liti, calcari, dolomie, etc.
In tune le slazioni i sedimemi IOno dassi6cati come «$&l'Idy.silt., lrannc quclli di BeI1agio
cbe 1000 classificati come c mud., I principali mincnIi dd1e argiUe sono illite e dorite.
Sono stale dclcnninate le conccnuuioni di Ca, Fe, K, Mg, Mo, Na, Ti e di Co, Cr, Cu, Pb, Zn
e sostanza organica. In gcnaa.le si O$$CI'Va un .umento dc:IIa conccntruiooc di V, Cu, Pb e Zn
neIle pani supemciaJi dei scdimenli cd una Strena corrcluione fIll quesu elcmenti. Con it
metodo del Cs-137 IOno stati datati i sedimenti Illcoolti, che risultano euere st.d dcpositati
Ira 50 e 150 anni con un coefficiente di scdimentazione pari I 0,2..(l,3 g/cm"/anno. Sono stati
infme calcolati i f1ussi medi degli e:lementi con i rellltivi livclli di accumulo narurali ed attuali;
il f1usso antropogenico di Cr, Cu, Pb e Zn ~ risullato eucre anche tre volte superiore al
8uslO naturale degli stcssi.

ABSnACT. - Some sediment cores from prealpine Lake Coma (Northern Italy) were
sliced in 1-2 ern sections llDd analysed for gratn-sizc. mineralogy and chemical comptl5irion.
The sampling points (called Olgiasca, BdIagio, Coma and Lccco) were chosen on lCCOUDt
of lithologic differences in its drainage aras: intrusive bodics, mctaIDOl"phic rocks, ophiolitcs,
limcsIODCI, dolomites, etc. Scdimcnts are «sandy·silt. in all cores excepl for onc: (Bcllagio)
which Ire • mud., IIlite and chlorite are the main clay minerals. ContenlS of Ca, Fe, K,
Mg, Mn, Na, Ti and Co, Cl', Cu, Ni, Pb, Zn and organic matter were determined. Generally
a surface cnrichmem of Cr, Cu, Ph and Zn contents and I strong correlation among these
clcmcnu can be observed. By Cs-137 method were dated the sediment cores, that were laycd
between ~ and l~ years with a sedimentation Illte ranging from 02..(l3 alern"/yr.
The f1uxcs of dements 10 the scdimcnu together with natural and prcselll-day Ic.ds were also
computed; V, Cu, Pb and Zn anthropogenic 8WlCS are till l-fold .bove its natural inputs.

Introduction

Lake Como recent sediments are almost unknown in their mineralogical and
chemical composition. The first attempt to get a mineralogical analysis of bottom
scdiments was carried out in 1903 by ART1NI. The present work tries to deal entirely
with the sedimentary problems, 3nending to deepest sediments too, with the aim
to observe the development in the time of their chemical composition and the
possible increase of heavy metal concentrations approaching the present time.

• Istiluto di Mineralogia, Petrografia e Gcochimica, Universil' degli Studi di Milano, via Bot­
ticclli 23, 20133 Milano,
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This increase was already r('marked in 5('vcra! Europ=an and NOM-American
lacustrine and marine environme:nts owing to industrialization of the last years
(UUNKEUSEJ. e:t at., 1974; FOUTNU and MUlLfJl, 1974; GOUlBDC et al.. 1978;
SUI and PioUS, 1979; N.IACU et al.. 19'79; WAHLEN and THOMPSON, 1980; KITANO

et ,I. 1980).
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F"IJ. I. - Gco\ogial sketch m3p of dIe drca;nagc areil of L:ake Como (Norlhcrn h..ly).

Lake Coma occupies a deep and narrow glacial valley, marked by branching
in the southern part (Coma branch and Ucca branch); the lenght is about
50 km and the width is about 1-2 km (4 km in the branching point, Bdlagio).
Most freshwater input enters the north of the lake from Adda and Mera rivers
(average 115 mB/sec.). From a geological point of vicw the drainage area reaches
South-Alpine, Austroalpine and Pennine units and is interested by tectonic events
of different time. This basin presents a wide range of lithotypes which are
different in chemical composition too. These are metamorphic rocks (phyllites,
micaschists, gneisses and granitic gneisses), intrusive bodies (granites, granodiorites,
diorites and gabbros), ophiolites (serpentinires and amphibolites) in the northern
pan and Adda Valley (Valtellina); sedimentary rocks in the southern part:
siliceous limestones in the Como branch, dolomites and siliceous limestones in
the Lecc:o branch. A synthesis of geolithological situation of Lake Coma drainage
area is rtported in fig. 1.
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With this aim a series of core: sampla was collected in four points of the:
lake:. which are: diffe:re:nt in grological charaete:rs: in the: northe:rn part, off
Olgiasca; in the: ce:ntral branching point, off Bdlagio; in tht: t:nd of tht: southe:m
brancht:s, off Coma and off ucca. Grographical and morphological data and
sampling points are: summarizt:d in table 1.

In the collected st:dimems, Ca, Ft:, K, Mg, Mn, Na, Ti among major elements
and Co, Cr, Cu, Ni, Pb, Zn among trace: de:me:nts we:re analysed. Grain·size analysis
was carried out on all st:diments and mineralogical analysis on the only clay fraction.
The whole: sedimt:nts wt:re dated by Cs-137 method.

TABU: 1
Locationl of caul and dncript;tJ~ data

STM'Jal I STATra< ~ f!'ATla< J STATla< •
0191....,. &.11.910 - -

S_l1nq poInt '1;·07' " "°00' 11 '5°'0' >l '5°51' >l

0°18' " 0°16' " 11"(1<1,' " 1I"2J' "

,,-l1nq u.. _y 1079 _y 1978 o<:t.1978 "-<:.l978

Doopt.ll of _!JAg ,., ~ no ~ ~

Cor. l~ Call ~ " y "0"'1_~ ca21 ""J570 ~OO ~'" .,'"

Sampling and analytical method8

The sediment cora we:re collected with a gravity core barrd (10 cm in
diameter), wert: sliced in 1-2 cm sections, afterward were dried at (JJ> C. 1.0 g of
each section was homogenized in agate-mortar and dissolvt:d by HF-HCIO,
digestion. Ca and Mg wert: determined by EDTA titration. Na and K we:re
determined by Ramt: photometer, Fe, -Mn and Ti by photometric dt:termination:
with 1,10 phenanthrolint: (Fe:), with Potassium periodatt: (Mn). with Hydrogt:n
peroxide (Ti). All methods art: dt:SC.ribed in }EFfDY (1970). Heavy I1ld:3I
concentrations wt:re dt:tt:rmined by atomic absorption sp«trophotometry. On another
portion of every section, grain-size composition by pipette: method (FOLK, 1965)
was dt:tectt:d. Clay minerals were determint:d by X.my diffraction technique in
the few centimett:rs only of tht: sediment cores. y activity of Cs-137 was measured
by Ge-Li detector on drit:d and homogt:nized sections. Loss on ignition, at 4SOO C.
is assumt:d to represent the approximate contt:nt of organic matter.

Results

ChfflJiItry
The analytical data relating to the: conce:ntrations of major and trace: elemt:nts

III the four Stations are shown in tablt:s 2 and 3.
Particularly wt: can observe:
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TABU: 2
EJemmla/ concentration$, means, standard deviations .ad rdative standard

deviatiom in udimenlJ of Lake Como (Stations 1 and J)

- relOI ~ .,. ~,o ',0 ~ "0, 0. .. ~ '" ~ ~
~..
... tt .

• • ------ •
SUUCn ,, 6.13 ,.~ J." ..~ 3.46 O.OH '.M '" '" .. ". .. .. 6.55, 6.81 '.M ~.10 2.07 1.01 a.DIP 0.55 '" n. .. m M " '.H, •. w 3.81 •. n I. 79 ,.% a.on 0.57 '" ,~ " '" M " 4.61

• '.M ,.n •. w ,.~ ,.~ O.OH 0.57 'H ", " '" ~ " 4.80

• ,." ,.~ ..~ 1.03 ,.~ O.~I 0.S3 '" ", " '" u .. ..~, 6.7' 1.22 •. n 1.4' 2.59 0._ .... ... m " m '" " ,.~, 6.S. 1,0 S.29 1.63 ,.• 0.<:1'1 0.S3 '" "" w n, ,,, n 6.7'• ,.~ l.O 4.11 ..~ 1.01 0.o" 0.61 "" ,% Y ~. '" " 5.51

• ..~ l.n .." 2.14 ,.~ o.~ o.~ '" '" n '" " " 4.57

'0 6.49 ,.~ S.55 ,.~ ,.% 0._ O.SS ,w ,w n ,~ • n S.U
IItn 6.67 2.71 3.57 i.~ ,.w 0.011 0.11 ,n 'n M '" n n l.1l
11/14 '.00 ,." J.U 2.1' 3.25 0._ 0.16 ... ,~ .. '" " " 1.11
15/16 6.67 •. n 5.26 2.2\ ,." 0._ 0.63 n. u, n 'H " " l.n
11/l1 7.15 •. u ..~ ,.~ 3.30 o.~ o.u '" '" ~ '" " n. J.l4
ltno 7.lf 4.4f ..'" ,.~ 3.30 0.092 0.61 ,% ,~ .. '" " " 1.BI
21/22 ,.~ 4.01 ..~ 1.9l 3.14 ..... O.H '" '" n 'M ~ " 7.47
n/24 6.50 2.:14 1.01 2.07 3.50 0.07' 0.79 ,.. .. " ... ~ " 5.81
~5n6 6.14 2.67 2.56 ~.48 3.44 0.0lI0 0.8~ '" .. " '" " '0 ,."
"27n8 6.38 3.91 t.lO ~.U 3.10 0.0lI5 0.67 ,.. ,.. " '" " .. t.9~

29/J0 .... 5.38 .." ~.n 3.01 ..~ 0.6l '" ,n n ,.. .. " ..%

• .... 3.55 t.n ~.Ol 3.12 0._ .... ,.. ,y
" m .. n 4.9~

• 0." O.K 0.91 0." O.n O.~ .... n w • ", .. • 1.~9

• .., 24.2 "., 12.1 ,.. n.S U.I '0 " " " " " 26.2...~ ,, .... 4.39 ~.n I.ll 1.91 O.04S 0.59 ,.. '" " m '" n ,.~, 4.11 .... '.H .... ,... 0.051 O.Sl .. '" n = ,~ " 4.11, 4.11 S.9l ,.% I.U 2.11 O.~ O.S~ % '" .. ~ " " l.IS

• ,.u ,.~ 1.76 1.1I ,.n 0.043 0.47 " '" ~ '" .. " t.11

• ,.y ,." ~.O~ 1.33 1.ll o.on 0.43 M ." .. ,~ K .. s.n

• l.52 5.49 1.9) 1.93 l.l9 0.054 O.SI ~ % " ~ '" " s.n, l.71 S.16 ,... 1.26 1.76 0.05~ O.SS ,~ n, n ,.. '" .. 6.13

• '.H ,.~ ,." 1.49 ,... O.OSO 0.61 ", ,,, % .n ,.. " 9.l5

• 4.12 l.l7 1.77 1.32 .... 0.044 0.59 ", ,,,
'" ... '" " 8.46.. 4.18 ,... ~ .02 1.32 1.89 0.048 0.74 '" '" m ." '" " 1.4~

11/12 4.12 3.82 2.10 ,.~ 1.79 o.on 0.74 '" ,~ '" ... '" U 10.84
13/U 4.32 3.92 ,." 1.0~ 1.79 0.040 0.89 ,.. ... '" ." '" 13 10.91
15/16 l.71 l.7I 2.18 0.91 I.n o.on 0.75 ,~ '" n. '" '" 16 10.85
17/11 ,." ,." ~.07 1.11 1.1S O.OJ.l 0.51 ,~ '" ". 'K m " ,."
19/20 '.M ,." ~.16 1.17 ,.~ 0.0J.fi 0.52 ", m n '" '" '0 6.91
21/2~ 4.11 4.U 2.33 1.16 1.91 0.034 0.55 ,~ ... " ... '" n 1.59
25/26 3.91 '.M ,.n ,... ... O.~ 0.5~ '" ... ... ." 'M " 1.35

"''' l.74 .... ,... 0.% ..H 0.044 0.55 m '" .. '" ~ " 6.24
)J/34 ,." ,.n 1.74 ,... 1.11 O.~ 0." K - " ,.. '" " 4.01
ll/l4 ,.w 4.11 1.11 ,.y 1.19 ..... 0.49 M on M '" ... U '.M
tl/42 .." 4.59 2.01 ,." ,.~ O.OU o.y " '" u .., '" " '.K
45/t6 ..~ •.n 2.11 .... 1.91 ..~ 0.57 on '" " '" - " ,.~..". .... 4.83 ,." ,.n 2.21 ..~ 0.59 ,n H " '" " " 1.45

• S)/S4 '.M 3.59 ,.~ 1.~4 ..~ ..~ .... '00 ~ w ,~ ... .. 6.40

"'" l.5~ '.M l.15 .... "H 0.015 .... " '00 " ~ .. .. 5.62

• ,.~ 4.47 '.M .... 1.87 0.044 0.51 '" ,~ % '" '" " '.K• O.ll 0.91 0.19 0.21 0.16 0.010 0.11 " .., " '" ~
, ,.~

• .., 20.t .., 11.8 ••• 25.0 19.3 " .. .. " .. " 29.1

Sw/ion J (O/giasco): av('rag(' conc('ntration of major d('ments m rdativ('
ord('r of ahundanc(' IS: F(' > Mg > Ca > K >Na>Ti>Mn. Co and Mg
cont('nts ar(' discontinous along th(' cor(' axis; Na, Mn and Ti ar(' lightly Roating;
F(' and K .,. uniform. Av('rag(' conc~ntration of trace: d('m('nts, ia rdativ(' ord('r
of abundanc(', is: Zn>Cr>Ni>Pb >Cu>Co; all the d('ffi('nu show a
remarkabl(' incr('a5(' towards ih(' surf.ac(', simil.ar tr('nd is shown by organic mau('r
content.
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TABLE 3
Elemental concentrations, ,!,eans, standard deviations ond relatitle standard

deviations in sediments 0/ Lake Como (Stations 2 and 4)

- .... lO' ,~ "'" ''''lO ',0 ~ ..).0, 0< "' ~ '" ~ ~
OrQ .
..tt •

• • • • ------SUUon ,
, 5.44 ,.~ 3.60 1.35 3.05 0.32 0.70 ". '00 '" '" ". " 7 .30, 5.50 2.36 2.79 I.n 2.85 0.1J 0.59 '" ~, ~ '" 'H .. 6.44, 5.50 2.36 3.07 1.65 3.29 0.14 ..~ m '" ~ m 'H " 5.87,

'.~ 2.49 2.51 1.64 3.31 0.14 0.58 '" on " m '" " 4.07• 6.72 ,." '.00 1.73 3.35 0.15 .." m H' ~ '" '" .. 4.35

" 6.94 2.80 2.60 1.67 3.40 o.~ 0.55 '" '" .. '" " " 4.10

" 6.76 2.97 3.03 1.71 3.45 0.13 0.61 ,.. ... " '" " ~ ,.~

" 6.46 ,.~ ,.~ 1.67 3.44 0.12 0." ,.. '" " ". " " 0.27

" 6.00 3.60 3.36 1.56 3.37 0.05 0.52 '" '"' " '" " " ....
" ,." 5.20 3.67 1.52 3.25 0.12 0.56 '" '" '" ''" .. .. 0.01

" 7.16 2.73 3.53 1.79 3.51 0.13 0.59 ,.. '" " ,.. " " 3.84

" 6.32 2.06 3.38 1.58 3.42 0.12 0.58 '" ". " ". " " 3.79

" 6.40 2.58 3.47 1.55 3.48 0.09 0.55 '" ... " '" " ~ 3.88

" 6.72 2.60 3.ll 1.59 3.51 0.14 0.57 ,.. n. .. '" '" " 3.70

• 6.31 2.93 '.M 1.59 3.ll 0.1l 0.59 '" '" n '" " " ••59
• 0.55 0.75 0.50 0.13 0.16 ..~ 0.05 " ". " '" "

, 1.12
• .., 25.6 16.2 .., ,.. 46.2 .., " " " " " • 2•.•

SUUOn •, 6.97 6.35 '.M 0.92 2.01 o.~ 0.53 '" '" m 148. H' " 15.14, 7 .05 7 .81 5.05 ..00 2.H 0.05 0.53 '" '" "" 2151 ... " 12.28, 6.88 6.1J 2.29 0.69 ..~ o.~ 0.08 ... '" ,~ ,- m " IS .43, 5.43 S.U l.24 I. 75 2.07 o.~ 0,'0 '" '" '" ""' ". " 6.29• 9.78 7.50 '.~ 0.91 ..~ o.~ 0.55 .., '" ,~ 3214 '" " ID.6/;

" 10.61 7.01 5.20 1.01 ..~ '.M 0.73 '" ,.. ", 2652 ... " 8.73

" 10.40 7.l6 5.15 1.10 ,." 0.10 0.68 ... '" '" 2267 '" " 8.30

" 10.72 6.12 5.22 ..~ 1.72 0.12 ..~ ~ '" ,~ 1767 ,.. " 7.ll

" 7.95 8.69 .... ..~ 2.17 0.1l W '" .., '" 1008 ,W " 7.45

" ,.~ 11.09 '.~ 1.03 2.19 .... 0.5l '" " '" '"'" '"' " 5.76

" 5.7' 11.63 6.1\ 1.03 2.28 0.07 0.46 '" .. '" ,- m .. 4.87

" 5.91 11.91 7.01 0.91 2.05 .... 0.51 '" " '" 1544 '" " 5.71

" 7.40 8.0l 5.1l .... 2.31 0.07 0.53 '" ". '00 '" '" .. 7.85

" 6.70 9.87 9.03 0.91 2.51 0.07 0.58 ~ % 44~ ,- m " 6.25
n 6.57 11.0l\ 5.92 .... 2.12 0.07 0.47 " " ... 1050 H' " 4.67.. 7.74 9.ll 6.40 0.91 2.2. 0.07 0.51 " .. '" 1236 ". " 8.65

" 8.6l 8.44 6.22 0.91 '.00 '.00 0.'7 " " ... 1120 n. " 9.09.. 6.77 10.65 ,.~ 0.66 2.26 ..~ 0.48 " " '" %. '" " 7 .24

" 6.33 '.% '.00 .."' 2.38 0.08 0.56 "
.,

'" .~ '" " 7.17

" 7.22 .." 6.37 1.02 2.5. 0.10 0.09 " " '" ". '" '" 6.73

" 5.50 1O.0l 7.H 1.12 ,.~ '.00 0.06 " " "' '" " '" 5.50

" 5.03 10.94 8.02 0.65 ,.~ '.M 0.47 " " ~ '" " " 5.31.. 5.01 9.69 1.71 0.97 2.78 0.08 0.5l ~ " " ." 00 " 5••2

" 4.55 9.65 7.l5 1.01 2.97 '.00 0.50 .. " ~ m m " 5.02

• 1.23 9.06 '.M .. 00 2.27 ..~ 0.55 '" .. '" 1176 '" " 1.79
• 1.8l 1.81 1.55 0.18 0.3l 0.02 O.ll ". .. '" '" '"

, ,.~

< 25.l 19.9 25.5 18.0 10.5 25.0 2l.6 '" " " " " " 38.1

Station 2 (BeJ/agio) : average concentration of major dements IS:

Fe> K > Mg> Ca > Na > Ti > Mn. F" K, N. .od Ti contents .eo fairly
constant, while Ca, Mg and Mn show • strong fluctuation. Average concentration
of trace dements IS: Ni > Zo > C, > Pb > Cll > Co. C" Cll, Pb .od Zo
levels increase considerably towards tb, top of th, core like orgamc matter.

Station 3 (Coma): average concentration of major dements IS: Ca> Fe >
Mg> K > Na > Ti > Mn. F" K .od Mg amounts remalO constant. N. i,
lightly floating, while Co, Mo .od Ti show • remarkable unconformity. Average
concentration of trace dements is: Zn > Ni > Pb > Cr > Cll > Co. Cr, Cu, Pb
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and Zn lc=vds increase up to 10 cm and then decrease; organic matter follows
the same behaviour.

Station 4 (kco): average concentration of major element is the same of
the formc=r Statioo. All the dementi have a great variation along the venical
profile. Avcragt:: concentration of trace dements is: Zn > Pb > eu > Cr >
Ni > Co. Cr, Cu, Pb and Zn amounts increase up to 9 cm and then decrease
like organic matter. Zn content is remarkable (~O.1 %).

" .."'" 1 0__ la

o ".,"'" J •

".,"" ..
• ••

•
• • •.~
•.tn'.

• ........ ~t ...•• ...,
Fig. 2. - Sand-Sill-Cby ratios (land < 2.0 mm, oill < .0625 n,m, dol)' < .ooJ9 mm; afeCT Fouc. 1965).

Generally, the average contents of major dements vary in a wide range
among the Stations, excc=pt for Ti; highest average amounts arc observed in
Station 4, lowest in Station 3. Along the vertical profile:: of the:: cora, a strong
variation is ge::ne::ralizc=d; the:: most discontinuous de::me::nt is Calcium, followe::d
by Mn and Mg, Fe:: and K are:: more:: uniform than othe::rs. In the:: Stations 3 and 4
the:: same:: rdative:: order of abundance:: of major de::me::nts is shown, this is probably
due:: to calcareous..dolomitic nature:: of both drainage:: basins.

Ave::rage concentrations of trace elements are very diffe::rent, but there is a
distinct increase upward, except for Co and Ni; this increase is more remarkable
in the Stations 3 and 4 than in the other two. Organic matter even shows an
enrichment towards the surface. This trend is remarked in some lake sediments
of North Ame::rica (NRIAGU et al., 1979; WAHLEN and THoMPsoN, 1980) and
Europe (FORSTNEIl and Muu.u, 1974); in coastal marine sedimenu of North
America (GOLDBEltG e::t al.. 1978). North Europe (ERuSKEUSUl. e::t al., 1974; SKEI
and PAUS, 1979) and Japan (KITASO ct al., 1980).
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TABLE 4
Grain-size and classification of udim~n/s

of Lake Como

Grain-size analysis
Data conc(:rning th(: four Stations ar(: shown in tabl(: 4. Th(: sand-sih<.1ay

ratios ar(: r(:ported in fig. 2.
Particularly w(: can o/,S(:rv(::
Sf(1!ion 1: a pr(:val(:na of silt fraction on clay and sand is shown; th(: 3vaag(:

classification is • sandy silt. (FOLK, 1965). W(: can r(:mark: a very high standard
d(:Viation in sand ~rc(:nt with two lay(:f$
charact(:rize:d by valua above avc:rag(:,
wher(: there is consequently, a dear
decr(:3se of silt content, while day ~r·

centage r(:mains constant.

Stalion J: silt fraction prevails over
other components, with an increase of
sand fraction in som(: lay(:f$, like Station
I, whil(: clay remains constant. The
average classification is c sandy silt ...

Slalion 2: a light pr(:val(:nc(: of silt
~rc(:ntage on clay is shown, whereas
lh(: ~rc(:ntag(: of sand is v(:ry low; th(:
average classification is • mud.. Th(:
S«Iiment is homogeneous along th(: core
samp!(:. 111(: difl"(:r(:nca with other
Stations are due to th(: higher depth of
sampling.

SU~

~sll~

Sll~

Sl\~

SetIdr .u~
Silt

Sandy aUt
Sandy aUt
~ allt
~ slit
s~ silt

15.118
21.71
24.61
11.48
I ..... ]
n.59

24.99
19.35
I1.U
11.26
19.5-11

7.17

5S.29
64.67
62.60
66.69
68.)0

75.44

".~

"."7'.'5
65."
".06

I9.SO
15."
19.96
16.12
12.U

9.t9
11.82
'.0)..~

19.a

5."

•
ii .. 1/9
• ". 11/20
o .. 21/)S
0 .. '1/58
' .. 61/H

ii Uti

ii "'" 1/$
• "'" 6/10
• "" 11/20
• "" 21/)0
• "" 31/SO
• "'" SI/58

- SIL.T M I'Olk,I965

• • •
St..Uon I

ii mll 16.)9 ".n 19.55 Saftdy sll~

• I7.U 12.86 '.15

·- '" 7.S9 71.C* 22.'0 Sll~

· - ..,,, .... 67.92 25.11 alU
• CIO 11/1' n.n ".~I 14.58 ~ sll~

• ". 15/20 6.)1 76.00 l7.n .u~

• ". 21/30 )).00 S2.7) 14.2) ~ sll~

S.....o.1.,.. 2

ii 114l ).02 51.65 t5.l1 -• ,.~ 5.15 •. n

·- ". ).81 52.'0 '4.00 .~

• "" 11/19 2.S0 ~l.n 46.18 .~

• "'" 21/27 2.69 ~1.26 46.05 .~

...... 0.1"" )

ii 1281 11.01 69.15 19.40 ~ allt

• 6.71 •. n 5.U

......Uon .. Sllllion 4: silt fraction prevails over
16.91 6).)1 19.12 Saftdy al1~ day and sand; along th(: cor(: thu(: are

no remarkabl(: difl"er(:nca among the
compont'nts. Th(: av(:rag(: classification is
.. sandy silt.. In one of the cores, col.
lected in thi~ Station, at 28-30 cm two
platy p<:bbles of a 5(:dimentary rock
(limeston(:) and 00(: platy p<:bble of an

intrusiv(: rock (diorit(:) 24 cm in diameter, ilnd at 40 cm one platy ~bble of
a sedimentary rock (Iim(:stoo(:) 5 cm in diameter w(:re found.

X-ray analysi$
The less than 2 ~ siu fraction, coming from th(: top, middl(: and bottom

parts of (:3ch S«Iim(:nt cor(:, shows th(: sam(: minaalogical composition: iIlite
and chlorit(:. However, in Station 3 with th(: former min(:rals, w(: obsecv(:
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muscovite in higher part and a mixed layer illite-montmorillonite in the deeper
part of smiment core. This mineralogical composition was also indicated in
these European lakes: Leman (VUNET, 1972), Thuner (STUIlM and MA1TEJl, 1972),
Bider (WEISS, 1979). In the core sample collected in Station 2, the complete
mineralogical composition, at TJ cm, was determined: qU3itz, muscovite, illite,
chlorite, pl:igioclase and dolomite.

TABLE 5
Two hypothu~J about sedimentation rate and age by CJ·117 dating method
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By measurements of Cs-137 y actiVity, the sediment accumulation rate can
be: determined (R,wElVr. and "P1u.U.ZZI, 1972). This isotope: was introduced in the
atmosphere when started the nuclear weapons testing. By atmospheric fall-out,
which began in 1954, the Cs-137 accumulates on the earth surface and in lake
sediments too. The isotope concentr,nion has a typical shape: it is remarkable
in 1954 and shows a marked peak in 1963 (PENN1NCTON et aI., 1973).

From the profile of Cs-137 activity in the core samples, il is possible to
idemify therefore the ccntimeters of sediment corresponding to these two' years.
The determination of sedimentation rate was carried out with a method proposed
by R08BINS and EDC1NGTO:-" (197'»); scdiment:llion ratc is assumed uniform
over the last several hundred years and the postdepositional mobility of
radionuclide is very small. This method consideres the sediment companion,
evaluated by the logarithmic decrease of sedimem porosity with depth (Ann,
1930). The sediment porosity was estimated from the density of the solid phases
and from measured sroimc:nt water content. The Athy rule is valid in the core
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materialterrigenousof
input;

2) continuous turbidity currents due to
very dense inAows, during the nver
Aood stages (LI\MBI'JI.T. 1978).

sample collected in Station 2. On the con­
trary in the other cores we can observe
two different pans: one following the
former rule and other, layered in the
first, not following this rule, with low
porosity and high density relating to a
sandY·silt composition. This disconti­
nuous sedimentation IS fit for two in­
terpretations;
1) variations
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TI\BLE 6
Comparison with sedimentation rates
of oth" lacustrine and coa#al manne

sediments

The first hypothesis can be named
4' differential sedimentation), the second
one (: alluvion).

In the first case, once singled out
two points concerning the years'1954 and
1963, an equation system is set up with
data unknown the regular sedimentation
rate WR, for the parts following the Athy
rule and the anomalous rate WI\, for the
parts not following this rule. In the
second case, for the parts following
Athy's rule, the sedimentation rate is

WR. We can assume that the amount of sediment deposited by a single turbidity
event is representative of all deposition in the year when the event is happened.
Therefore, for each layer not following the Athy rule, we can consider a period
of one year with a sedimentation rate WL. Hence every hypothesis gives two
sedimentation rates and consequently two different ages of sediment cores (table 5).
We estimate more valid the second hypothesis and we use it in the Aux calculation.

In the four Stations we can observe an increase of the rate from North to
South except for Station 4. This rate is high and similar to that observed in lakes
with the same size and morphology. In comparison with great lacustrine basins,
the rate is almost always very higher; this comparison is shown in table 6.

Discullllion

Statistics
For all the elements analysed in each Station wc computed the correlation

coefficient 4' r) (tables 7 and 8).
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TABLE 7
Correlation coefficients .,. among elemental concentrations (Stations 1 'nd 1)
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TABLE 8
Correlation coefficients ", among elemental concentrations (Stations 2 and 4)
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In the four Stations the correlations among Cr. Cu, Pb and Zn have the
same high significancy (99 %), as well as the correlations among these elements
and organic matter; but in Stations 1 and 4 the correlations Cr-Cu and Cr-organic
matter, though positive, have not significancy. Th('se correlations were also
observed in two lakes of New York State (WAHLE.N and THOMPSON, 1980).

Ti with Fe, Cr, Pb and Zn are positively correlated in Stations 2, 3, 4 and
negatively in Station 1.

. Hence each Station must be GOnsidered by itself for the very different
lithology of drainage basin. The same cause should give the reason of the significant
correlations observed in only two Stations or in only one and away from other
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Stations (Ni with other trace elements in Station 1 and 4; Fe with trace elements
in Station 4, Mn with trace elements in Station 2).

The most significant correlations among major dements and sediment
components (table 9) are observed in Station 1, where are present sharp differences
in grain-size composition along the core. Particularly K and Ti are positively
correlated with sand fraction and negatively with silt fraction. Ca, Fe and M..s.
are positively correlated with silt fraction and negatively with sand fraction. Trace
elements are posilively correlated with clay fraction and negatively with sand
fraction, as well as indicate in Lake Michigan (PEZZElTA and lSKANDAR, 19n)
and in Lake Erie (NRIAcu et al., 1979).

TABLE 9
Co"eJat;on coeOicient$ .n among sediment comfJOnents

Qnd elemental concentrah'on$
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Element fiuxe$ to the udimmt/
The elements are supplied to the Lake Como from both natural and

anthropogenic sources; it is important to evaluate the contribution of each source
to total elemental amount. Then we can calculate the Auxes of elements to the
sediments, if we assume that diagenetic re mobilization of elements after deposition
is absent, that the elemental amounts in the deeper part of cores represent the
natural loads and that sedimcntation rate remains uniform for several years
(GOW8ERC et al., 1978).

For each one of the four Stations the average contents of the elements in
the sediments former to 1940 are considered the natural loads. The present-day
average contents are related to surflcial sediments (1-10 cm) and are meaning of
the sum of the natural and anthropogenic inputs. Natural and present day Auxes



68 •• BUG.NI, L. " CAPIT"NI, ,. MACCAGNI

TABLE 10
Natural and PT~!N1t-dQY {/IIXU of ~l~m~nts to th, s~d;m~nts of lA' Como

-~ ..,., ~ .., ..,. ~. .., ..., « .. « h ~ «
UaU_1

• '" 1.7. ..~ ... 0.6) 0.82 0.(12. 0.11 .. ~ .. " .. •• O.Ol ••• o.n ,.~ 0.02 0.001 0.01 , .. ., • , ..
yea..-. 1'MG-19)a I_ 21118 - .. nllo)

.~u_ 2,
'" 2.2l ..~ ..~ 0.55 I.IS 0.010 0.19 .. .U " ~ .. ..

• O.ll '.u O.\a O.OJ 0.01 0.010 0.01 • "
, , • •

-..- 1972_1_ ... 11 • "" 191

St.oU.., J, '" 1.49 1.49 0.75 0.46 '.N 0.015 ,.~ " " " " "
,

• 0.15 ,.~ '.0, O.OJ ,.~ 0.00) .00' .. ~
,

" ~ •
~--

1944_l92) Cell 41/42 _ CII n!SO)

.... tioft 4,
'" I.Z8 2.03 1.4\ 0.19 0.49 0.010 0.10 "

, .. ,to " •• C.IS 0,07 D,n 0.01 ,.~ 0.001 0,0\ • ., " " " .,
~.. 1900_1eU I"" n _ .. 611

P""$EJlT-l>O.Y n.uus

....Uon 1,
'" 1.92 '.00 1.26 D.n '.00 0.021 0.15 N .. .. '" "

,
• '.00 0.11 O.IS ,.'" 0.07 0.001 0.01 .. , ,

"
, .,

,_a 1979-19f;5 le. I _ .. 71

.....U_ 2,
'" ... '.M ••• 0.51 ..'" ,.- ,." " ut " '" N ..

• 0." '.00 0.2l ,.~ ,.'" a.Glll ..~ ,
"

, .. "
,_.

1'J80.19'12 I.. I ·01>9)

n.Uaa J

• '" ..u .." 0.11 0.17 0.6\ 0.01l 0.2a .. " " 'M ''''
,

• '.0, ,.~ 0.02 ,.~ ..~ ,.= ,.~ • " " " .. ,
~. 1913-1963 le. 10 ... 19I~1

St<ouc. 4,
'" 1.52 I.ll '.00 0.22 O.~I 0.010 0.10 M • " '" ,~ ,

• O.J~ ..~ o.K ..'" O.OJ 0.001 0.01 " • " '" u .,- 1~1961 Cc. I • c. 9)

0'1_ r ..... , ooWIotI i 10-2/c."~_vy ....1& ~i1 17r

of elements calculated as product of sedimentation rates and elemental concentrations
are sh~wn in table 10; the anthropogenic Auxes were derived by subtracting the
natural Auxes from the total Auxes of elements and point out the impact of
ind ustriali zation.

Among major elements wc note generally a weak decrease ~tween natural
and present-day Auxes; among trace elements we note a strong increase between
the two Ruxes for Cr, Cu, Pb and Zn while Co and Ni have no variations
(GOWBEilG et al., 1978; SKEI and PAUS, 1979; NRIACU et al., 1979; W AHLEN and
THo~iPsoN, 1980). Particularly we can detail:

Station J: major elements, ~cept for Fe,' show a decreaSl:: between natural
and present-day Auxes. Trace elements show an increaSl::, Zn anthropogenic flux
is equal to the natural onc.
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TABU 11
Anthropogenic ffuxes of lead, zinc and copper to the sediments of Lake Coma

and to lacustnne and coastal marine sediments
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Station 2: major elements show a natural flux like the present-day one, except
for Mn and Ti. Trace elements show an increase, except for Co and Ni; Pb
anthropogenic Aux is double and Zn one is equal to the natural Aux.

Station 1: major elements, except for Ti, show a decrease between natural
and present-day Auxes. Trace elements show an increase, except for Co and Ti;
Pb and Zn anthropogenic Auxes are equal to the natural ones.

Station 4: major elements, except for Fe, Na and Ti, show a decrease between
natural and present-day Auxes. Trace elements show an increase, except for Co;
Cr anthropogenic Aw is four times greater than the natural Aux, while the Ph
and Zn Auxes are double than its natural inputs.

In conclusion, we can infer that present-day major element input is mainly
due to clastic erosion material, while for trace elements is mostly due to cultural
pollution, except for Co and Ni. The rates of Cu, Pb and Zn accumulation in
Lake Coma sediments are very high both in natural and anthropogenic values.
The ratio between the two Auxes are however lower than those observed in the
lakes surrounded by heavily populated and industrialized regions, like Lake Erie
(NRIACU et al., 1979). Table 11 shows the Auxes of Cu, Pb and Zn to Lake Coma
sediments and to lacustrine and coastal marine sediments.
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ConclusioDI!I

The great variations generally shown by concentrations of major elements
among the core samples. would be attributed to different clastic material supplied to
the st:diments from natural runoff of areas with different lithology. The changes of
contents along the cores, different for each element in the four Stations, suggest
a change in clastic material input during the time. This variation is confirmed
by grain-siu composition profile for each corc sample and by associated porosity
differences, which influence on sedimentation rate.

In Station 1, directly affected on Adda and Mcra river basins, based mordy
in crystalline and metamorphic rocks, the strong corrdation among K, Ti and
sand fraction suggests a detrital origin of these dements; this origin is excluded
for C'l, Fe and Mg correlated to silt fraction. In Stations I and 3 trace elements
are correlated to clay fraction and to organic matter. The cation exchange capacity
of illite and chlorite is very low, consequently the precipitation as metallic coatings,
incorporation in crystalline struclure and in organic matter, would be the main
trace elements enrichment processes in clays and organic matter.

Trace element contents show an increase towards the top of the cores, except
for Co and Ni; really, if we consider the average amount of the d~per part of
cores :IS representative of local nalural load, we can observe, towards the surface,
a concentration increase greater than 100 %.

Sedimentation rate is very high, but similar to rate of lakes with the same
size and morphology. Anthropogenic Auxes of Cr, Cu, Ph and Zn to the sediments
are till thr~ times greater than lhe natural ones and show an enlarged availability
of Ih~ elements due to cultural pollution. These Auxes are very higher in the
southern Stations (Como and Lecco) where atmospheric pollutants and superficial
runoff are present together with industrial and domestic sewage discharges, shipping
operations and vehicle circulation.

Admowl~d,pn~nts. _ We gretlltly appreciate the: help of Dr. GIOIlCIO P....ISE (Hydr.
Limn. Lab. University of Milan. haM in obtaining the cores and grain-size: data and
Dr. GUIDO PaEMAZZI (EURATOM - Ispra, lIaly) for performins the trace element and
Cs-137 analyle'.
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