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ARSTRACT. ~ In the disposal of radioacli\'e wastes,
the I:lvchemical ,har2Cten of the geological for·
mation and their lon~ tcrm maimrnaocc an: funda·
ment.l Il'ilh regards to the mobility of the radio
nucli~ in the: geosphe:re.

In onkr 10 study the vari.tion of the geoehemical
mnc.lilions Ihrough the boundary betll'ttn oxidized
and ralueed en\'ironmt'lll in lhe: day, geological,
mincralogical, snlimenlological and geochemkal
ill\'L'$tigalions ",,'e-re- nrriaJ OUt in a quarry near
Orte, where a da~-ey series is imerbedded ",,'ith
sand~' h~\'ds and in the: upper p.art il is covered
by oxidized sandy b;lnb, The sedimentary sequence
corresponds to a deltai, or near·dehai, environment.
1llC series is cUlll-d by tWO principal normal faults;
minor faults Hnd fractures :lre also Hssociated with
principal (aults.

The ~<:ochcmical analyses wcre performed both
alon~ thc ",,'hole seriL'$ anll, in more details, in the
upper pan of the series at the boundary between
the c1..y and the: oxidized sand. "The samples .....ere
analyzcd for major, minor aoo trace demenu as
lI.'ell lIS for organic subslance and sulphur.

In order 10 gel all indireel indication of lhe
Eh value- in the differrnl 1C\'e!s Fe"/Fc" and
l\!n"/Mn" 1'.l1ios Il'ere measured; lhe- samples form
lhe c1aye-y·silt b'ds sha",,' a Fc"/Fe-" ralio higher
lhan thar shov.'n by the sands and rhe sihy·sand.

Some correlarions bel""'ttn major, minor and lrace
dcmentS and their distribulion in rhe whole rock
a~ lI.'cll as in the differcnt grain.size- ftllC'lions ar~
related to the: mineralogical composition of lhc
samples,

Kty words: g~hcrnistry, radioaclive WlSle
disposal, daY'5lIoo suite, redox potcmial, II'lICe

elemems.

Rt.\SSUI'>'TO - Ai fini dello UlllIhimcnlo dei rifiuti
r:XJioauivi. in oonsiderazionc dell.a mobililit <kgli
demenli nell.a geosfera, giocano un ruolo di pri
maria imporlanza Ic caraltl:ristiche geochimkhe del·
le- formazioni geologiche, so:ltc per ospitare i res.idui
delle industric nuclcari, e le loro p:lSSibili variazioni
per Icmpi .oche assai lunghi. In particolare uno
dd fallori piu import.mi in grado di rondizionare
la migrazione dei radionuclidi c rapprcsenlalo dal
pCItenziale ossidoriduttivo.

Per studiarc appunto la variazione e le Icndenze
cvolutive delle condizioni geochimiche dellc argille,
al contallO fra .mbicllli ossidanli c riduecnli, sono
State esplclale una seric di indagini geologichc, mi
neulogkhe, ~imenlOlogiche c g~himiche in una
cava nei prcssi di OtiC, Qui affiora inf.tti una
serie argillosa plio-pldst~niCII inleRlratificllla con
Iivelli sabbiO$i c ricopena da banchi sabbiosi ossi·
dali. La seque-nu sedimcmaria rorrisponde .cl un
ambirnle dehizio 0 quasi-dehizio. La serie e .lIra
\'etSata da due faglic normali priocipali, cui sono
associare fagHe- minori c fralture.

u indagini gcochimiche di cui si riferiso: ncl
presalle la\'Oro, 501'10 Slale condone 5ull'inlera seric
e. ron maggior dellaglio, ncll.a sua parle 5uperiore,
al Iimile fra le argille e Ic sabbie ossidatc. u
analisi sono Slale condone sia per gli elementi mag·
giori che per quelli minori cd in lracce,
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P~r ~\"crc delle indicnzioni. sia pure indircllc.
sui valuri dclrEh nci dilferent! livdli. :;ono sl,ui
misurati i rapJXlrti Fc,o/Fc" c /I.In'·/~'ln'·; i
campioni prol'cnicmi da 1i\'l;11i limo-argil1osi 010
.[rano un rapporlO Fe" IFc" piu aho rispeno a
quelli misurali su materiali sabbiosi e sabbiQM'·
Emusi.

Vengono c\·idcnzial<.' aleunc corrdazioni ha cle
mtmi maggiori, minori ftl in tra:cj,~. nonchc b
loro dislribuziune n<:l1a roccia «in IOto» -;: nelk
differenti frillioni I;runulomclrichc, anche in rt:la
ZkllC all;! composiziunc mincralogka dei materiali.

ParolI' chitJ/J(: g~'()(himica, riflllli radio:lllil'i, S"rlC
argillosa Pli~Pleisl<lC"nica, c1o:mcnti in Iran-b.

~ a E:::m b

Om ________

\ c ed

Introduction

As a part of the ENEA research program
me for r,ldioactivc waste Jisposal in the
geological formations, a series of studies
coordinated by the Environmcntal Geology
Laboratory, focussed on the possibility of·
fered by chly formation in Italy, are in
progress (GERA Ct al., 1975; ANsELMI et
,11., 1981; BRONDI, 1984; CHAPMAN, 1985).
A correct approach 10 such a problem implies
a thou rough knowledge of the geological
framework of such formations. Accordingly
it is mand,l(ory to implement a basic in
vestigation on their geology, paleogeography,
hydrology, mineralogy, geochemistry and
geotechnical characteristics (ANTONIOLI and
BocCOLA, 1983; ANTONIOLl and LENZI,
1984; LEONE et al., (984; FONTANIVE el al.,
1985).

-In particular, the physico-chemical cha·
raClers of the geological formations have to
be considered as the main factors conditioning
the migration of the radionuclides within
the geospherc. With the aim of evaluating
such characters as well as their evolutive
trend within clay formations, detailed infor
mation have to be acquired on the processes
occurring at the boundary between reduced
and oxidized environments.

Among various clay formations, the OtiC
quarry suite has been chosen for a training
cooperative work, as it possesses an optimal
situation, whereby a clayey material sequence
is interbedded with more or less sandy layers,
and ir is cut by two principal normal faults,
associated with minor fractures (FAREBEGOLl,
1983), ensuring enough circulation for
aqueous solutions.

From the geochemical point of view, the
presence of sandy layers (apparemly oxidized)

Fig. l. _ Cross sL-..:lion of tin: Ort.: quarry OUICrop:
u = clayey and silly rocks; b = sandy l"ycr:
c = faulr: d = sampling poinlS.

interbedded with clayey horizons (apparently
unoxidized), gives the opportunity to study
the distribution and the beh,lViour of major
and trace elements in different environments.
A trial was also made to record information
on the redox character of the environments,
bv measuring Ihe Fe~· Ire"· and Mn~· IMn H

ratiOS.

Sampling

Sampling of the Orte series was aimed at
obtaining general information on the varia
tions of Ethological, mineralogical and geo
chemical char,lcteristics along the series, and
at checking the behaviour of the clay ma
terial in relation to the redox processes occur
ring at the boundary between the apparently
oxidized sandy layers <lnd the apparently
unoxidized clay layers. It can be then con
firmed that the geochemicll characters of a
thin clay layer can be preserved, even if it
is interbedded with oxidized sands.

From the front of the Orte quarry out
crop, section of which is shown in fig. 1,
a set of samples (numbered 1 to 8) was
sele<:ted as the most representative ones of
the series. A second set was sampled in
more detail within a sandy layer (n. 5 of
the first set), which ,lppears to be oxidized
(fig. 2). Some thin lenticular pelitie layers
are also present in it, with a thickness of a
few centimeters; their grey colour is expected
10 be related to reducing conditions.

Samples n. 6A and 6B are two sandy
layers respeclively on the bottom and on the
top of a clay layer (n. 6).
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Fig. 2..- Ikt'lil uf s'lInplinj< within the sandy
lava: <I = sam!; b = mar!: c == sand\, silt; ,,= leri.
tic~i1ar stt'llili'-ation: e = stratified !laser; I = iron
o"ulcs hard.grouml: g = ~amplinl< points.

EXIJf:rimclllal proCCdllrC8

The dcrermin:ltion of the gram.size cha
racteristics of the materials were preceded
by dispersion with sodium eS<llnetaphosphate
(0.025 %); then the sHmple was wet-sieved
,It 0.063 mm and weighed. The fraction
< 0.063 mm W:IS analyzed by sedigraph.
The miner:llogical composition was studied

Rl',mltil mul di8Cl1!1l>ion

on the whole rock and the gr:lin-size fraction
< 0.5 ~m by XRD. The identification of
clay minernls \\',IS performed treating the
sample with ethylen glicol and heating ,It

550" C.
Chemical analyses were performed as fol

lows:

u) tout! carbonates hy CO~ 'lbsorption on
sodium asbestos after hot concentrated
H;;P01 attack;

b) silica by ICP nfter fusion by N<bO~;

cl Na, K, Ca, Mg, AI, and IOwl Fe by ICP
and/or AAS :lfter dissolution by HF +
HCIO~ + HNO,,; .

d) Sr. Rb, Zn, Mn, Cr, and Ti by XRF;
e) B by Optical Emission Spectrography

(Bc as internal standard);
f) ClI, Zn, Cr, Ni :lnd Mn by AAS;
g) Pb, Cd, Co, V, As, ,lnd Mo by GFAAS;
h} U by fluorimetry after fusion by Nn~O~

'lIld ion·exchangc separMion;
i) Fe~' /Fea - by spectrophotometry (a.-a.di

piridile method) after dissolution 1Il

PTFE sealed cont'liner by HF + H50~;

jl Mn~' /Mn,l' by AAS after differential
dissolution for reduced (Mn~') and easily
reducible (Mn~') forms bv (NH~)COO

CH:1 + CHaCOOH (pH;'" 5) nnd b\·
(NHdCOO·CH:t + CHICOOH + NI-f~
OH-HC1;

k) U, Th and Ra by y-spectromeny.

Lithology

In table 1 the dMa re],ned to the major,
trace elements, carbonates content and grain
size distribution ,Ire reported. The distri·
bution of samples <lCcording to their grain·
size composition (fig. 3) implies that they
cnn be roughly classified as clayey·silt, sandy
silt and sand; the detailed classification IS

as follows (PI::TTlJOHN, 1975):

Sand: samples n. 5, 5FI, 5FII, 5FllI, 5i
and 5M.

Silty.sand: sample n. 6A.
Sandy-silt: samples n. 5H and 5L.
Clayey-silt; samples n. 1,2,3,4,7,8, 5G,

and 6B.
Sihy·day: sample n. 6.

b~Y; ..·;<:,<;1 a
1H-8+H-f!B b
L;.-".iI C
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Fig. 3. - Grain size composition of the samples.

It is worthwhile mentioning, however,
that within the so-called «silt ~~ fraction
(63 ~ to 2 IJ.), the fine fraction (20 II to 2 IJ.)
is dearly prevailing.

The carbonates content generally falls in
the 12% - 30% range, with the exception
of sample n. 6 that shows a CaC03 content
of ,loom 3%. It is evident that the carbonate
occurs either as fragments of shells and mi
croforaminifera, or finely dispersed in the
mfltrix of the rock.

~

~~

",
~
,~,

",.,
FE"

",,~

Fj~. 4. - Distribution of samples according to
their general chemi~lry.

In the whole rock, quartz and subordinate
feldspars are present as detrital minerals;
the clay minerals are illite, kaolinite, chlorite
and/or montmorillonite. The ~ne day frac
tion is essentially composed of montmoril·
lonite, illite and kaolinite.

Geochemistry

An exhaustive definition of the geo
chemical parameters of the sequence IS an

riR 5. ~ Dcndrogr~m snowing the relationships between the (onccntration of major e1emems and
the grain-size of the rocks.

Mineralogy

Mineral identification ""llS performed by
XRD both on whole rock samples and fine
day fractions (0 < 0.5 1-1) before and after
removal of carbonates by 2% CHaCOOH.

essential TOol for a better understanding of
the geochemical processes that have been
conditioning the behaviour of the elements
in the One series.

In line with this trend of thought, as the
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TABLE 1

Ch~mical and'l.rain Sf::/: da/a 0/ Ih~ samples
,

I 5'-2 18-1 10-0 11-1 55-I 11-0 36-1 21)-1 33-0 24-0 n-o 25-2 13+1 85-0 14-0 15-0
2 63-2 18-1 "-I 18-1 62-1 1'-0 32-1 21)-1 35-0 It-O 89'-0 26-2 11>1 82-0 12-0 65-0
3 4'-2 18-1 11-0 19~1 62-1 11-0 31-1 It-I 32-0 23-0 to-O 16-2 13+1 12-0 13-0 11-0
~ 51-2 16-1 IJ-O 11-1 58-1 18-0 31-1 20-1 30-0 18-0 110-0 30-2 l!_1 65-0 12-0 1>5-0
5 11-1 15-1 97-1 92-2 40-1 24-0 It-I 58-2 12-0 19-0 48-0 20-2 65-0 42-0 14-0 31-0
6 55~2 25-1 12-1 20-1 70-1 23-0 37-1 12-1 37-0 23-0 11_1 18-2 15+1 85-0 87-1 10+1
7 52-2 16-1 12-0 18-1 58-1 11-0 30-1 16-1 27-0 23-0 81>_0 18-2 10+1 62-0 12-0 66-0
8 59-2 11-1 12-0 18-1 60-1 It-O 32-1 20-1 30-0 21-0 85_0 17-2 tl.1 70-0 13-0 1>5-0

,vI 11-1 12-1 81-1 64-2 41-1 21-0 15-1 1tO-2 90-1 18-0 49-0 12-2 51>-0 29-0 17-0 39-0
Y2 tt-I 12-1 81-1 60-2 4J-1 2So-0 20-1 5(1-2 12-1 It-o 37-0 13-2 1>3-0 JZ-O 11-0 41>-0
Y3 Il)-l 13-1 88-1 75-2 4'-1 25-0 16-1 110-2 12-0 16-0 4'-0 11-2 1>4-0 35-0 15-0 42-0
se; 41-2 12-1 14-(1 13-1 53-I 18-0 J~d n-2 U-O 11>-01>1-0 22-2 79-0 64-0 11>-0 12·1
5H 81-2 IJ-I "-I 12-1 57-1 22-0 21-1 81-2 2J-o 18-0 31-0 12-2 92-0 35-0 11>-0 65-0
U "-2 11-1 ID-O 81)-2 48-1 24-0 18-1 98-2 12-0 11-0 55-0 90-3 62-0 41-0 14-0 43-0
~ 47-2 13-1 79-1 12-1 54-I 21-022-1 12-1 27-022-41 61-41 13-2 9l>-4I 7l>-4I 19-G 12-0
51! 10-1 11-1 11-0 74-2 44-1 34-G 17-\ 11-1 11-0 21-0 54.... 81)-3 .101-0 43-0 \4-0 19-o
611 88-2 lid 60-1 81)-2 52-I 23-0 24-1 92-2 U-O 22-0 52-0 75-3 79-0 61-0 15-0 61-0
MI 42-2 11-1 (,9-1 ID-I "-1 It-O 62-1 32-1 29-0 21-0 u-o 8I)-J 13+1 74-0 15-0 12.1

rH RIl CllC03 SIt R8 rl 8 S04 SA!/!) SILT ('lilY

, 65'1 32+1 43_1 70-1 35-2 3\-\ 88-1 70-11 27-0 34_1 16·\ 28_2 7hO \7-201.167,2 JI.6, 15_1 ]7_1 H·I ,,-, 40-2 36-\ n-\ 84-8 24-0 34.1 11>'\ 28·265+023-201.571.926.6, eO-I 33·\ 44·\ 70-1 J5-2 34-1 10-0 "-8 27-0 411.\ 18+1 27_287.0 11-200.2 (,9.8 29.9

• 80'1 y., ..·1 ,,-, 35-2 32-\ 73-1 (,9-8 30-0 42'1 15'1 24<260+084-301.315.023.1• ",., 26'1 31'1 65-1 45-22So-1 5I>-l 70-8 21-0 33-1 11·1 15·226·011-172.715.810.1

• 25·1 "'-. 50--0 13-0 37-1 42-1 13-0 79-8 29-1 11·1 3" 42.212.1 74-209.144.546.3, ss·\ J8·1 42.1 6So-1 75-2 26-1 78-1 70-8 33.... 41-1 15·1 25·2 64·0 16-2 03.' 62.4 33.6• "·1 39·\ 48.1 70-1 4&-2 21-1 10-0 85-8 2J-o 29.1 U.I 30.2 ..a.o 13-2 DJ.2 72.6 24.2
y, ",., 25·1 41.1 30-1 25-2 19-1 50-1 541-84:1-0 28.\ 93.015.224<0 I9-J 82.4 12.505.1
y, "., 29·1 45-1 23-1 JI-2 22-1 50-1 65-e 24-0 29.1 U+O 16.2 36+0 26-3 78.6 14.1 07.J
y, 51 0 1 26·1 41.1 29-1 3So-2 16-1 55-1 62-t 22-0 29·\ 10.1 le.2 48+0 JI-J 14.1 11.0 06.3

" 11·1 25·1 41 .. 60-1 25-2 1>4-1 12-1 11-134-0440 1 11-121.234.0 55-3 11.551.823.4
~ "·1 23·1 36'1 51-1 32-2 32-1 14-\ n-t 24-0 30-1 12.1 25.260.0 43-3 33.3 53.3 13.3.. M" 25·1 51'1 29-1 3So-2 24-1 61-1 16-8 24-0 30.1 n.o 19.2 41.0 26-3 45.3 27.0 01.6... 45'1 23.1 41.1 81-1 41-2 78-1 It-I 12-8 22-0 JI.I 13.121.244<0 11-309.114.1 11>.2
~ "·1 25·1 46.1 3O~1 45-2 25-1 60-1 93-8 26-0 31+1 88.018.232.0 29-2 14.1 18.901.0.. 35'\ 12.1 20'\ U-I 30-2 29-1 63-1 86-' 15-0 29.\ 12.1 21.2 52.0 12-1 55.3 32,6 12.1.. 95" 25'1 SO.I n·1 25-2 39-1 89-1 1I~1 18-0 25.1 13'1 30.248.0 26-2 16.064.7 19.3

Na, K, Ca, MK, AI, Si. Fe, Fe·', CoCO+. SO" in ot.; Ra in I-lCi/Il and Ofher t"lemems in ppi'll (lhe s{'ConJ
ftgur.... is lhe power of 10); Sand. Silt, and Clay in Ob; Mn = \OIal Mn; Mn"· = soluble reduced Mn;
~tn·· = lotal soluble Mn.

main objective of the aClUal research is to
unravel the: elements migration connecl«l
with the environmental redox conditions,
information on the partition between re
sidual, authigcnic and adsorbed elements
were sought through monitoring the ~bun·

dance of scvcral major, minor and trace
elcments in the whole rock as well as in the
different gr;un-slZC fr;1(,tions.

Whole rock
The major constituents of the samples

arc shown in table 1 and the correlations
between chemicill and tilhological compo
sitions are displayetl in the Iriangular diilgram
of fig. 4, chartlcterized by two clusters of
points, the first one representing samples
n, 1, 2, 3, 4, 7, 8, 5G and 6B (clayey-silt)
\lnd the second one samples n. 5, 5FI, 5FlI,
5FIll, 5H, 5i, 5L, 5M and 6A (silty.sand

and sand)··siltl. The chemical parameters ha\'e
been selected in order 10 show the con
sistency of the chemistry with the lirholOl!Y

0.0 0.20 0,40 0.60 0.80 1.00

,
2

",,
•
'""..

5
5n
5<2
5F3

"'"50<

'"6
Fig 6, _ O""ndro~ram showing Ihe duslering of
samples o~"(:ording lO lheir Iltllin·si7-e ond moior
elements composition (sce text).
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T,\llLE 2

Linear correlatioll coefficients for the (h,-mical dnd granulometric parameters
First jigure shows the value 0/ coefficient .wd the second onc the numher of samples

that have been ({nalized

Sodium IS positively related to sand
(r = 0.97; fig. 7) and Si (r = 0.70)
whereas it IS negntively related to clay
(r -0.77), silt (r = -.0.91), Fe~'

(r = -0.73), Fe,,,, (r = -0.75), Mg

and
dij.

fractionclay

'reated
arltlin

highand

,. """ .... " _'Ill
•. " -." •. OJ •. " •. OS _.OS ..

1. '. " " ,. ,. " " "
.... •. " •• :It ...... " ...... " •. "

" " " " " 10 " "-... -." -.,. -." -.'" -.......
11 .. " " " " 1O.... - ... -.J1 ,.,. .... ,.11
11 " " " 11 "...,-." -." .... ,."
11 " " " ".... -." -... ,."
" " " "•• OJ -." •. :0

11 " "' .., ....
11 "0••

"

carbonntc content
abund.mce.

Table 2 is a geneml view of the linear
correlation coefficients for the chemicnl and
granulomerric par,lmeterS; some of them
deserve particular consideration, since they
are nble to show the Pilrtition of elements
within different phases.

TAJ3LI.' 3

f roll COlltent (ppm) III
untreated samples referred /()

faCIO particle sizes

I -... c:~!!!m~~ ·mm::J"TiiiOij"'1iiOiin0iil~",",:--J
.l.---.l""!!"!"'1 :DZ"'l!t!!:W~O-5-0.0j I .... j ZIO...~~o·...l
L-L-1..hl..I~I_h!..I ..h!..1 I ~~3 I .~o I..~ .• I .. '..! I
I~~~ 12...l_1~~L I ..!~!..I_~,!_I I_!,!_I~,!.. I ..!~!..I ..h!.1
I~!~ l ..hL I~,!..I~ I ..!..!_I 1..!~! .. 1~~!..I..L!..I_!.c!..1
'~~'_I ..hLI..l~I~...2..I_h!..1 1....!..!..I-hLI.!..!.I ..!..!..1
I • I I,JU ..!...!..I~I ..!...!.. I I ..!~~_I...!,!_I_~~~I..!~!..I
I=!:=I:i.!.. I ..!,!..I..l,!.. I_!".!..1 L!.,.L 1..l..!.. I..l~!..I ..!~!..1
I~!.._I ..M .. I ..!...l.I...!...L I_h!..I I...!.,.L 1..l...l.. I..l~!..I ..!~!_1
I__L_I_hL 1..l~!..I..!~!..I ..!...L I 1_!,!_1 ..l,!_I_!~:!..I..!~! ..1
I.!..LL I.-!,!..I ~..!..I..1~!_I_!...!...1 1..l~!.. I_!,!.. 1""!"'!..I_!...2..1
1..!..!!LI..L.L 1..!2..1 !2.cLI_!A..1 l_hL 1..h!_lll~!..I ..!,L1
I ..L.!1!!l.-!~1.. I~~L I ..!~!..I ..~!L I I_~,!_I...!,,~_I_!,,!..I ~~:!..I

I_!...9_I..l,"- 1..l~!..1~...l.I_!...!..1 I .!,!_I_!..<L 1_1,,1..1_!~!L 1
1~_I..!",-'LI ..'..t_I_~ .•_L!...!..1 l __h.LI_h!..I..!~L I~.:.LI
1----.!!..L..� ..L!..�_!~!..L!,!..1..!..!..1 1..!.2..l-!.:.!..l...!...l..l...!,L
I_~..!....L!,.!..L!...-'Ll...!.d..L!.cLJ L...L!..Lh.!...L!,L!..!...1.. I
L..!..!---.l..L1..1...!.:.!..1..1..Ll..LE.. 1 I ~., I $.1 I 7.8..!J.,l..1
1_!..a__L~~LM.l.Jj.d..L!.d..1 I ..!.!..!..!...! I '.0 I '., 1
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of the rocks under examination. In bet, thc
dendrogr,tm of fig. 5 clearly portrays that Nil
"nd Si arc strongly corrcl<ltcd with sllnd,
whereas K, Mg, AI imd Fe are significantly
connected with clay and silt fraction. The
CO~ content obviously represents the carbo·
n<lcCQus fmclion.

The other dendrogrilm {fig. 6) shows the
clustering of rocks with regard to their grain
sizc Hnd major elements composition. The
correspondence between rhe chemical and the
granulomerrlc composirlon is respected only
for two groups (shaded areas) including
respectively clayey.silts and sands.

The other samples show an intermediate
composition, but sample n. 6 possesses a
rather specific behaviour, due to its low
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(r = -0.76) and K (r = -0.52). Such
a behaviour can be attributed to the
presence of Na-bearing feldspars in the
sand fraction, as it W,IS shown by XRD.

TABLE 4

Manganese content (ppm) In treated and
untreated stlfnples referred to certain dif·

ferent particle sites

8
r = 0.966

100

Na·snnd correlation. and
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Fig. 12. - DcndrOllnml sho\\'inll lhe rdaliollShips
~l11Qng all Ine m<';,surcd pamlllclers. .IIN -t 2* =
soluble reduced 1\ltl: ,\IN" = IOlal soluhl.. ,\In:
AIN = IOlal Mn.

(r = 0.80l and Al (r == 0.8"') hUI :.
negalive correlation with sand (r =
-0.91) llOd Si (r == -0.65).

5. Aluminum is esscntiallv associ:uoo with
clay minemls (Ihe corr~lalions coefficient
belween Al .m<! c1:!v fraction is r=0.86).
as il also emerges 'from rhe .lblwc mcn
tioned correlalions,

6. Toral iron 1>hows l(uile a high posilive
correl:!lion with reducetl iron (r = 0.86).
However their l-orrcl:uions with K. AI,
and i\'lg, llssumed to be ch:mlclerislic
elemenls of the clay fraction. lue signi
ficant bur not liS high as rhe correllltions
llmong these three elements. This obser
vation is enhllnced by the presence of
iron not only in clay mincmls but .1[50

in sulphides. oxides, and hydro,xidcs. In
sample n. 5FG, for ex •• mple, the Fe
excess is undoubtedl\' related to iron
hydro- and/or oxides,' as dctermine<1 by
XRD.

Further inform:l1ion "hout the iron distri·
bution can be obtainoo from table 3 where
the iron content is shown for different grain
size fraclions both from acelic acid leached
and untreated samples. For Ihe whole rock
dala the higher iron percentages in lhe
leached samples are due 10 the dissolulion
of no iron bearing carbonalcs, when~'as no
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2. Potassium is positively correlated with
day (r= 0.85; fig. 8), Mg (r = 0.751,
Fe~' (r = 0.50), Fe"" (r = 0.'8) and
AI (r = 0.79). This seems to support the
assumption Ihat this element is connecled
with clay minerals, iIIite and also chlorite.
On the contrary, it appears to be nega
tively correlated wilh Ihe solndy fraction
(r = -0.63), probably due 10 both the
low content and the irregular disuibution
of feldspars in Ihis fr.lclion.

3. Gtlcium is essentially rclaroo to carbo.
nales (r = 0.81) whereas no correlalion
is shown wilh Mg (r = 0.10).

4. Magnesium shows a highly positivc cor
relation wilh clay (r = 0.93; fig. 9), sill

Filt 11 _. 1\ln "-Rwudble 1\ln (vrrdullon.
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rill. 13. - !(·Rh rorrdalion.

significant di(fcrenet:s >lppe>lr for iron distri
bution in the fractions.

OxiJtlfiOIl stalt: of iron Ilnd mlll//l.llI/l'St!

The post-depositional vari:llions of Ihe
redox potellli;ll can be conveniently slUdieu
by IWO suilable pafilmelers, the Fe:!'/Fe~'
ratio, and the ralio betWl.-en l\otn:! and thal
fr:ll,:tion of manganese, found in reducible
condilions(Mn:1 ,Mn1·)(hereinaftef: Mn l

').

Accordingly, Ihe IOtal content of reduced
and oxidiz.ed forms leads to meaningful re
suhs when dilTerem samples of similar mi
neralogiclll composilion arc compared.

It is funher accepted thal the values of
the Fe: /Fc:" and Mn:' /Mn l

' ratios depend
upon: t) the composition of the primary
miner'lls, 11) the possible vari;ltion of Ihe
ratios within some of the primary minerals
due to the change of the Eh conditions, and
111) the presence of new, secondary minerals
formed during the post-deposition;!l evolution
of the rock.

Iron

In fiR. 10 a plot of 10lal Fe:!' versus total
Fc'" is presellled (referred to the whole rock).
The samples of the clayey-silt layers show
a high Fe:!'/Fe:l

' ralio, in good accord with
the assumption thal a postdepositional oxi
dalion is hard 10 occur for the low permea·
bilil}' and buffering capacity of clayey-silt
materials.

In sands and sihy·sands the Fe: /Fc:"
ralios are lower than those of the previous
group: this is panially due to the free cir-

culation of oxygenated waler, possibly
1e".Iding 10 the paflial oxidation of the pre
exisling Fe:!-. :Uld 10 the formation of iron
oxides and/or hydroxides. Nevenhelcss, in
some Sl.lllds or sills the oxidillion of iron is
nOI so evident, [heir Fe:- /Fe3 • ratios being
similar 10 lhose shown by the clayey-silts.
Despile its lower permeability, sample n. :SG
exibits a low Fe:!' jFe3

' ralio, bUI a very
high 100al iron conten!; il is a vet}' thin
(2-4 cm) silly layer, underlying an iron oxide
hard·ground (Fe,... = .30 %). In fact it has
not been possible to pick-up a sample with
no conlamimuion from the hardground.

Mall/l.l/lleSC

Although m;!ngancsc has an affinity with
carbonates, as exemplified by the correhltion
coefficient (r = 0.61), this affinity is also
valid for other minerals in which it can be
present in different oxidation forms. From
table 4, where the dislribution of manganese
in different grain.size fractions is shown, the
whole rock values for the acetic acid leached
and the untreated s.1mples confirm Ihat pari
of manganese is conlained in the carbonalc
fr-dclion. On lhe Olher h:llld lhe higher Mn
contCn! in the 20-2 Il fraclion is explained
if manganese is assumed to be also present
as finely dispersccl mddes enriched in such
fraClion.

As far as the oxidation slate of manganese
is concerned, (referred 10 Ihe easily soluble
fraction), the results arc presented in fig. 11
where the clayey-silt samples exhibit the

TABLE 7

Borol! cOl/fellt (ppm) ill trellled I/nd
lI!l/rt't/fed sI/mp/cs referred (0 cerfain dif·

fereJlf p(/rticle sizes
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TABLE 8
Titanium COI//Cllt (ppm) l!I treated and
lIn/realed J(IIlJplcs rejerred 10 cafaill dif
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highesl ratio between Mn~' and reducible
manganese, in <lgrcement with the observa
tions made on the Fc~- Ire'\' r<lrios. The
sandy, silty-sandy ,md silty samples show
howevcr more scattered and lower ratios.
S'lmple n. 5 (sand) has a Mn~' content similar
to that nvcmged by the other sands, but a
much lower content of reducible mang:mesc;
this means that the IlmOunt of oxidized man
g.lnesc compounds in rhis levels is low, as
specific pH·Eh conditions mav have only
nllowed the oxidation of iron (Gi\~NI'.LS :1Od
CmlsT, 1965).

Trace demelltJ

Their contents and their correlation cod
fidents are shown in t,lble 1 and table 2
respectively.

Owing to the large number of parameters
here considered, the Jendrogram appears the
most 'lppropriate representation (sce fig. 12).
The following considerations can be made,
bearing in mind that correl.ltions are pos
sible, simpl~' because of the relative abun
dance, in each sample, of minernls containing
different elements.

a} Rb, As, Cll, Zn, B, Ti, Cr, Ni and
Th seem to be associated with the clav
fraction. Rubidium, in accord with its geo
chemical behaviour, IS strictly associated
with potassium (r = 0.94, see fig. 13). From
table 5, where the Rb contents for differem
grain-size fraction is reported, it appears
that this element is mainly concentrated bv
adsorption in the fine clay fraction. Arsenic,

TABLE 9
Stronlium conlent (ppm) in treated and
Iwln'dled JIImp{es "'fared 10 certain dif
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copper, and zinc in sedimentary rocks are
mainly related IQ iron oxides and clay mi
nerals (when they are adsorbed), organic
matrer and sulphides (ONlsm, 1969; WE·
l)Et>HOL, 1972, 1974). In the One suite
they arc chiefly related to the clay fraction
(r = 0.83 for As, r = 0.89 for Cu, and
r = 0.91 for Zn), as it can be seen from
the diStribution of Zn for different grain-size
fractions of table 6. The distribution of
boron within the different grain-size fractions
(rable 7) confirms that this element is
strongly enriched by adsorption by the fine
fractions (VtLLUMSEN and NIELSEN, 1976).
The enrichment of Ti (tab. 8) in the fine
fractions (0 < 2 p.) ties well with the
results of the clllster analysis, in agreement
with the known capability of Ti to be
accepted in the structure of many day mi
nerals. Ni and Cr are striclly correlated
(r = 0.86); in the dendrogram they fall
distant from iron, which is also present in
secondarv minerals, devoid of Ni and Cr.
The association of Th with the day fraction
is in agreement with its capability to be
adsorbed by day minerals (ROCERS and
AOi\MS, 1969).

b) According to its geochemical be·
haviour, vanadium shows :l good correlation
with Fe:l

', since it is associated with iron
miner.lls such as oxides and hydroxides.
Nevertheless it is worth noting that, although
the clayey-silt and the sandy-silt samples
average a very similar Fe~' content, the first
group shows a higher vanadium content,
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prob:lbly due to adSQrplion of vanadium in
cion- minerals .

. cl Strontium is cssemiallv correlated wilh
curbomltes (r = 0.70), bUI' it is itlso con·
tained in the nOl-(Mbonutc fr'lCtion (table 9).
It i1ppears cnriched in thc 20-2 IJ. and 2-0.5 IL
fractions, referred 10 the acelic acid leachcJ
samples. The Sr contenl of the fine silt and
clay fractions from sundy silmples is lower
with respect to the same fractions from
clayey samples.

For other ltilce elemellls only a few SI

gnificant correlations Clll schcm'llically be
made, ,lS follows:

1. Co is negillivdy correlated with cby
and elements enriched in clay.

2. Pb is posilively correlated with day and
elemenn enrich<.-J in cla~',

3. Cd shows it positive correlation with
clay, My ,lnd Cll, and a ncg,llivc onc with
Si and sand.

4. Mo shows a ncgiltive corrclution with
ciltbonatcs, wherc it shows ,I fIOsitive cor·
relation wilh clay.

5. U is negatively correlated with Na. lis
positive correlation with V agrees wilh
its general gcochemical behaviour.

6. Ra only shows positive correlations wilh
Fe and V.

Cont·lu!liOlUl

From Ihe lithological poilll of view, in
agreement with the results of a geologic and
paleogeographie study carried out bv FARA
SEGOLI (1984), the sandy milterials' of thc
Orte series can be classified as sands, silty·
sands or sandy-silts, whcreas the clayey layers
correspond to clayey-silts or silty.clays.

These rocks, as far ilS the mincralogy, are

mainly composed of illitc and k:lOlinite ilS
sociall.."(1 with ('hlorilc and some mommoril
lonitc. Detrital miner,lls are presenl as
quartz nnt! subordin,lle fcldspars. The carbo
nate CQnlCnl is quire high i1nJ it is due 10

calcite (:lra~oniH: is prcsent only in sample
6A) as well ilS shell fragments or micro
fossiles.

The distribution oC major elcments is
coherem with the litoological ilnd minera
logical characteristics oC the rocks and the
behaviour of trace elements is related 10:

clay miner,lls (Rb, 13, Ti, eu, er, Zn, As,
Ni, and Th), carboniltes (Mn :lnd Sr), and
iron minerals (V).

The Fe~ IFe" r:ltio is generally lower
in the sands and sandy-silts, than in lne
c!uyey·si!ts, as the circulation of the oxidating
ilgent is easier in the more permeable rocks,
where iron can be precipitated as more or
less hydrmet.l oxides. Some exceptions of this
may be cxplained by the vMiabilit}' of the
r:e~·/Fc3' ratio in the detrital and syngenetic
minet:lls, th.1t can be able to hide the va
riations of the same ratio due to redox pro
cesses occurring after the deposition.

A confirmiltion of this is supplied by the
state of oxidation of milnganese: in the
samples n. 5i and 5M (sands) the ratio
between retlucible and divalent manganese
is hil':h, whereas the reduced iron is prc·
vailing over the oxidized. 1n this case it can
be assumed that the Eh value was high
enough to oxidate manganese and, thereforc,
iron; nevertheless, it is possible that iron
oxidation did not occur, as iron is strictly
bound in detrital mineral structures. .

\'.;Iork carried OUI in the frame uf Ihe Research
llnd Development Programme Oil i\'1anagcmem and
Disposal of Rauiooclive Waste of European Corn
munit)' fColllUC! n. }n:·8}·j WAS!).
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