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Rare Earth Elements - REE

Small differences in ionic radii determine slightly
different ionic potentials (charge/ionic radius),
which cause a natural (and predictable)
fractionation of the REE ions relative to one
+20 another.

1000
. However, environmental/geological processes

that can modify the oxidation state of REE can
change the mobility of these elements. It leads to
an anomalous distribution of some RE elements in
the rocks.

For instance,
+3 ] * ) Cerium (Ce): Oxidizing conditions
100 g o 1:!3—61—[1-—-:1—:.‘1—:.5—:1 Ce3* > Ce*4, and Ce precipitates as CeO, creating

negative Ce anomalies in water and often in

50 | e P sediments, while retaining it in topsoils.
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Europium (Eu): Reducing condition (low fO,)

Eu*3 > Eu*? and Eu is incorporated more efficiently
AN into silicate minerals, producing Eu fractionation
DEFEN? (removal) with respect to the other e REEs
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Rare Earth Element (REE) contents in siliciclastic rocks are primarily controlled by provenance, transport, and
sorting, mirroring their source composition (in general, Upper Crust like PAAS = Post Archean Australian
Shales). Due to the variability of weathered rocks, the REE contents in siliciclastic rocks are very variable.
Sedimentary Environment: REE signatures can be modified by diagenetic processes, with Fe-Mn
oxyhydroxides in oxidizing conditions potentially creating positive Ce anomalies or influencing MREE
enrichment.

Clay Concentration: Fine-grained clay-sized fractions often act as the primary sink for REEs in sedimentary
rocks.
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Rare Earth Element (REE) contents in limestones represent paleo-seawater chemistry. marine carbonates, such

as aragonite and calcite, inherit REE patterns directly from sea or pore water. Due to the low REE solubility in water,
the REE content in carbonates is relatively low.

Diagenetic Alteration: Post-depositional processes (diagenesis) can alter primary REE signatures
Environmental Proxies:

= Oxygenation: negative Ce anomalies indicate oxygenated conditions;

= pH Indicator: REE concentrations, specifically variation of HREE/LREE ratio, are a proxy for ancient seawater
pH;

» Terrigenous Input: a lowering in Y/Ho ratios indicates higher terrigenous, or land-derived, input.
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Map showing the Tethyan (Triassic-Miocene, light blu)
sedimentation domains in the Central-Southern Apennines
and sampling localities. Sampling sites: Maratea and
Brienza for Lagonegro platform/basin; Alberobello, Castel
del Monte, Apricena, Vico Garganico, Peschici, for Apulian
Garganic platform; Pacentro and Ofena for Lazio-Abruzzi
sequence and F.sso Burano and Bottaccione for Umbria-
Marche sequence.
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Stratigraphic schemes are representative of the different
paleogeographic domains recognized in the central-southern
Apennines. The length of the columns is related to the time-extent
of each succession (reported in Ma on the vertical axis) and not to
their actual thickness (i.e. not to scale).




Rare Earth Elements concentration in limestones

Lagonegro basin Apulian platform Lazio-Abruzzo Umbria-Marche
ppm LOO L03 L05 LO6 LO7 A13 A16 A09 A08 A15 A14 LA23 LA17 LA22 LA20 UM26 UM27 UM28 UM29 UM30
La 025 021 3.14 0.87 040 524 043 019 017 096 7.06 309 010 137 0.30 137 589 404 298 875
Ce 011 040 376 1.25 043 425 019 019 032 031 390 093 019 169 0.25 162 480 457 227 788
Pr 0.05 0.04 1.00 0.19 0.07 121 0.06 0.05 004 011 123 046 0.02 028 0.04 028 109 092 059 175
Nd 0.18 0.18 467 077 0.31 560 025 0.18 0.16 048 5.1 201 009 116 0.20 122 455 379 258 7.30
Sm 0.03 003 1.18 0.16 0.06 129 0.05 0.03 0.03 0.09 1.01 036 002 o025 0.04 028 093 080 o055 155
Eu 0.01 0.01 0.29 0.03 0.01 0.33 0.01 0.01 0.01 002 026 0.09 001 0.06 0.01 007 022 019 014 042
Gd 0.04 003 143 0.18 0.08 168 0.07 0.03 004 013 118 046 002 028 0.06 03 114 088 073 1.83
Tb 0.00 0.00 0.22 0.03 0.01 025 0.01 0.00 0.00 0.02 019 0.07 0.00 0.04 0.01 005 017 013 011 027
Dy 0.02 0.02 131 0.18 0.08 168 0.08 0.02 0.03 0.12 112 043 0.02 o025 0.07 037 104 072 069 1.70
Y 023 020 1111 199 107 1674 101 015 024 154 9.06 494 016 245 107 484 1068 529 75 13.43
Ho 0.00 0.00 0.26 0.04 0.02 0.37 0.02 0.00 0.01 0.03 024 0.10 0.00 0.05 0.02 008 023 014 o015 0.36
Er 0.01 001 0.71 0.13 0.06 114 0.06 0.01 0.02 0.08 0.75 030 001 017 0.06 027 070 039 043 1.10
Tm 0.00 0.00 0.09 0.02 0.01 0.15 0.01 0.00 0.01 0.10 0.04 000 0.02 0.01 0.03 009 005 o0.06 0.15
Yb 0.01 0.01 054 0.10 0.05 093 0.05 0.01 0.01 o007 069 025 001 015 0.05 022 035 031 035 1.02
Lu 0.07 0.01 0.01 0.15 0.01 0.01 0.10 0.04 0.02 0.01 0.03 008 0.04 0.05 0.15
2.REE 073 096 1867 396 160 2425 129 072 085 243 2294 862 051 579 1.12 6.25 21.48 16.96 11.67 34.22
2XREE+Y 096 1.17 29.78 595 267 4099 230 087 1.09 3.98 3200 1356 0.67 824 219 1110 3217 2224 1841 47.65

Sum of REE may vary of 3 orders of magnitude

Very low concetrations sometime below instrumental detection limits
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REE+Y concentrations normalized to PAAS (Pourmand et al., 2012); a) southern section:
Lagonegro basin; b) southern section: Apulian platform; c) central section; Lazio-Abruzzo
sequence; d) northern section: Umbria-Marche sequence.

The REE+Ypaag patterns for
the limestones display an
overall progressive
enrichment of heavy REE
(HREE) over middle REE
(MREE) and light REE
(LREE).

The relative enrichment of
HREE over LREE observed
is typical of “seawater-like”
patterns and is related to
REE bound to CO,?%-.

There is negligible input from

hydrothermal fluids or
terrigenous detrital
materials.

Common features include

the negative Ce anomaly,
only a few samples showing
an Eu positive anomaly.



Considering the distribution of other trace elements (Sr, Rb, Ba), the depth of the
depositional environment was responsible for the REE+Y budget in seawater

and in limestone.

It is also interesting that the data from the Italian Tethys limestones fall close to
those of the meso-Tethyan oceanic plateaux in Tibet (Zhang et al., 2017), and

suggest a geographical link between the two basins.
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Ligurian Tethys

Ionian Tethys

continental input continental input

@ lUmbria-Marche sequence

& Latium-Abruzzi sequence Rb+100

0 Apulia platform '
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Schematic paleogeographic reconstruction of the
central Mediterranean area during: a) Toarcian, Lower
Jurassic (185 Ma); b) Aptian, Lower Cretaceous

(120 Ma). UM = Umbria-Marche limestone series, LA =
Lazio.Abruzzo limestone series; A = Apulian platform, L
= Lagonegro basin; PP = Panormide Platform.

Redraw after Stampfli and Borel (2002); Zarcone et al.
(2010); Tavani et al. (2013); Vitale et al. (2017).



Development research opportunities within DEFENS:

1.

Evaluation of the geochemical behaviour of other trace
elements in the fault escarpment. for instance, mobile
elements like Ba, Rb, Sr vs immobile elements Cr, Ni, V, Ti;

. Assessment of the role of Fe-Mn oxydes and Phosphates

on the REE mobility along the interface soil-fault surface
and within the soil;

Improving analytical capacities;
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