@ ITIN=RIS

Stable and radiogenic isotopes: a geological

perspective in Critical Zone studies

Use of isotopes in environmental investigations

Maddalena Pennisi, Istituto di Geoscienze e Georisorse (IGG-CNR)

IR0000032 - ITINERIS, Italian Integrated Environmental Research Infrastructures System .

(D.D. n. 130/2022 - CUP B53C22002150006) Funded by EU - Next Generation EU PNRR- - Z:?Sﬁiizt:e curopes {i o g"e'l'}.'atneh’;r sita
Mission 4 “Education and Research” - Component 2: “From research to business” - Investment SaiBenenioni % o della Ricerca
3.1: “Fund for the realisation of an integrated system of research and innovation infrastructures”

X1 T—
. Naliadomani
o ERANEE S o



Using Stable and Radiogenic Isotopes in environmental @ITIN=RIS
i nvestlgatlo ns: Pisa, 1960: Pisa 1960.

From Aston (1919) .... Geochronology and isotope
hydrology are born

Why a geological and geochemical approach? :
In those early times

of isotope hydrology,
available data were
still scarce and the
scientific farmework
very incomplete, and

v'Sources and process identification

v - State of the art Mass Spectrometers to . odiad
produce isotope data in Earth Science and . to 1992 “ with the advent of s e e L s

Environmental studies to discover new effects

the first plasma -sourced mass il il S Aar

spectrometer

findings.

Roberto Gonfiantini

v’ - Multi-isotope toolbox of traditional, non
traditional and state of the art isotopic
systematics (Sr, Nd, Pb, and B, Cr, LI, and Fe,
Ca, Mg, ....) & chemistry & Hydrology & Geology

Stable Isotope
Environmental Science

A multi disciplinary & Interdisciplinarity
approach in environmental investigations

Microbiology

Nutrition

Training current RIS staff and user communities: "Use of Stable Isotopes in Environmental Investigations", Montelibretti (Roma), 11-14/03/2025



Using Stable and Radiogenic Isotopes in environmental @ITIN=RIS
Investigations:

Disciplinary Perspectives

Why a geological and geochemical o

multidisciplinary  interdisciplinary transdisciplinary

approach?

* Sources and process identification

» State of the art mass spectrometer allow to produce isotope
data in earth science researches and environmental studies

Chemist
Biogeochemistry I'yAtmosphen

= emistry
i A
v <\ \ I Biochemistry
A\ >\
-

Stable Isotope
Envi ronmental Science :> Ecology

/ H \ /3 Physiology

icrobiolog

* Multi-isotope toolbox of traditional, non traditional and state of
the art isotopic systematics (Sr, Nd, Pb, and B, Cr, Li, and Fe, Ca,

Mg....)

A multi disciplinary & Interdisciplinarity
approach in environmental investigations

. . .- Biolo:
Growing new generations of Critical gy

Zone Scientists (Wymore et al., 2017) Nutrition
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The Geochemical Approach: Elements distribution on earth: Intrusive,

@ITIN=ERIS
edimentary, metamorphic, volcanic rocks ©
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Processes investigated using geochemistry and isotope

geochemistry
@Chemical

weathering
@Adsorption
@Desorption

®lon Exchange
@®Redox

®Mixing
(geogenic and
anthropogenic
sources)

Intergraded Processes Controlling Elemental Cycling
within the Critical Zone

®Precipitation

Climatic dominance

e ——

Biogenic dominance |

1

Lithologic dominance

Airborne constituents
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Atmospheric gases

ISoluble minerals
Iand soil gases

I Insoluble residues
Open system

|
relative to
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Closed system
relative to
soil gases

Volcanic or magmatic CO,

e

* lon exchange
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Isotopes of metals and semimetals to investigate the Earth

system

STABLE ISOTOPES
RADIOACTIVE ISOTOPES
RADIOGENIC ISOTOPES
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@Research
@State of the art
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The isotopic systematic of a
given element has peculiar
geochemical
characteristics:
the multi-isotopes toolbox




Isotopes to decifering Critical Zone’s processes: the multi- g rinzRIS
isotope toolbox (Chemical Geology, Vol 445, 2016)

®

®

®

@

Li isotopes: ideal tracer for continental weathering (not
affected by phytoplankton or plants grow)

Mg: ideal to trace the origin of dolostone and weathering

Cu and Zu isotopes: contrasting behaviour. Preferential
release of the heavy isotopes into fluids during
weathering of chert and shales (global cycling of Cu and
Zn into the ocean), not observed for Zn in basal and
granitoid environment

Mo isotopes: Influx from a combination of precipitation,
volcanic fog, anthropogenicinputs as well as Mo-organic
matter interactions

Uranium-series: tracer of residence time and mixing of
different water sources

Sr and Ca isotopes: interaction between slower chemical
weathering processes and more rapid, biologically driven
cycling between soil and biomass

Synthesizing multiple isotope proxies to elucidate Critical Zone’s processes across
timescales in a temperate forested landscape. Sullivan et al., 2016

Vegetation, Weathering, Tectonic and Climatic Processes
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Geochemistry

@ITIN=RIS

Rainwater/Snow
0.22t0 1.22 AN, e
_0.75 tO _051 \ % Comptes Rendus Geoscience {iﬁ?

\. \,

Processes controlling the stable isotope compositions of Li. B, Mg and

\ \ Translocallon Ca in plants, soils and waters: A review
. ’ Ashootroots 0-98/ -1.16
Aupper Jlower- 0-40 needles
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= Clays _—
= Carbonates “a
Drainage
\—4 Surface water

Congruentdissolution . 017 to 1.35
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|Isotope investigations @ ITIN=RIS

Understanding the isotope fractionaction mechanisms during Earth surface
processes is the prerequisite for using isotopes in Environmental, Hydrological
and Critical Zone studies

Only a very precise determination of isotopic compositions allows
quantification of isotopic fractionations in nature

This was not possible in the past due to the lack of analytical techniques
Teng & Ma, Chemical Geology 2016

Research questions cover different space and time scales



Most isotopic fractlonatlons recognized in nature take place @ ITINSRIS
near the Earth's surface

Isotopic fractionation occurs in any thermodinamic reaction due to difference in the rates of reaction for different
molecular species. The result is disproportionate concentration of one isotope over the other on one side of the

reaction

Isotopic fractionation being more significant in low-temperature environments, most isotopic fractionations recognized
in nature take place near the Earth's surface

from Clark and Fritz (1997) | L . . I
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Isotopic systematics of B, Sr and Li

011B%o

(B/*%B)campions
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The relatively light Li (5Li and 7Li) and B
(0B and 11B) isotopes have a 17% and
10% mass difference, respectively
and undergo significant stable
isotope fractionation

In contrast, the heavy isotopes 8/Sr
and 8°Sr have a 1.1% mass
difference and do not exhibit
detectable mass fractionation

~ .7/ Water-Rock -~ .
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Boron Isotopic systematic

@ "Because boron is
higly soluble in
aqueous fluids, its
geochemistry depends
(and potentially tracks)
the roles of such fluids
in the mantle,
lithosphere, and
hydrosphere”

® Leeman & Sisson ,
2006

(113/103)
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Boron reservoirs

Basalt Atmaspherie input
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» 5''B=-248,6%

Continenial shale|
8" B=-16%
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up to-40%a
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Fig. 1. Schematic of the main sources of B input into rivers and B isotopic fractionation in regolith. The uncertainty of 8''B values in each reservoir is expressed as
one standard deviation {1SD). The estimated 5B values of seawater and the continental crust are from Foster et al. (2010) and Marschall et al. (2017), respectively.
For atmospheric inputs, see Section 2.1; for evaporites, see Section 2.3; for igneous rocks, see Section 2.4.1 (for granites, see Section 2.4.1.1 and for basalts, see
Section 2.4.1.2); for shales, see Section 2.4.2; for anthropogenic inputs, see Section 2.5; and for adsorption and plant uptake, see Section 3.2.2.

0 Mao et al., 2019



Boron: isotopes fractionation in water

@ There is a broad agreement
that the boron isotopic
composition of
groundwater is controlled
both by the host bedrock
mineralogy and processes
fractionating boron
isotopes, mainly due to
sorption

@® In fluids and rocks, boron is
always bound to oxygen

@ In fluids, the distribution of
B(OH); and B(OH), species
is controlled by mainly the
pH

HO/

Boric Acid

HO
B —oH

|

0

4
OIH
+ HZO ""—___._ HO"‘B\OH +H

OH
~ Borate Anion

Boric Acid
BO,*
Trigonal Planar

Borate

BO,"

1B preferentially enters trigonal sites

Large fractionation due large

mass difference between 1°B-11B

Tetrahedral Pyrimidal Branson, 2018
’

Concentration (wmolkg)

5B (%)

0B preferentially enters tetrahedral sites
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Principle of B-isotope fractionation

@® |sotope fractionation

A_>\

Isotope fractionation
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mineral precipitation,..
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Valdi Cornia
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waters from
geothermal
fluids
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non marine borates marine borates

nin marine salts marine salts

non marine brines marine brines

non marine
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Principle of B-isotope fractionation @ITIN=ERIS

High temperature environment

® |sotope

6
& sl 3§ \fo sw Vulcano fumaroles
fractionation A —> BE —> B ¢ I B ma
-y 4k N I O FBIv
i ® FSAT * F11
processes: o A EA + MF
. . No isotope fractionation from A to B —o— [ SWHA007 —o— MSWAMH
evaporation/condensation 1p
. . 0 I
sorption/desorpion, Lo
mineral precipitation, ] 2
Low temperature environment "
k]
1 -
[ [ 25 6 B | | 250
® footprinting .
20 o
Rocks, waters, contaminants, ect 84  "whwopic boron?
. . . . u
Lack of fractionation during given - o . -
processes (biological or other) . . .
L]
=]
[} = - o

Etnean’s basalts
61B=-5 permil
878r/%08r=0.7033 "W ¥ : & @ ® ¢




Research questions: the different space and time scales @ ITINERIS

@ Dissolved boron budget from global riverine input
®Wide range of values of 1B, due to variable lithogenic (silicate and evaporite), atmospheric,

and anthropogenic inputs

D. Lemarchand et al. / Chemical Geology 190 (2002) 123-140

>

Flux = 38.1010 g.yr
8B =10 %o

ﬂ g e, ST

Fig. 7.11 Global riverine input of boron to the ocean. Gaillardet (2006), Chetelat et al. (2009), Louvat et al.
Database from Lemarchand et al. (2000) and Spivack etal. (2011, 2014) for Lesser Antilles and Réunion Islands.
(1987) updated by more recent studies of Lemarchand and ~ Note the ''B enrichment in tropical surface waters

Boron isotopes geochemistry of the Changjiang basin rivers

3. Chetelat™*, C.-Q. Liu®*, J. Gaillardet®, Q.L. Wang?, Z.Q. Zhao®, C.S. Liang®,
Y K. Xiao®
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Strontium: isotope variation in geological reservoirs @ ITIN=RIS

@ Strontium (Sr) is an ever-present trace element within rocks,
water, soil and plants. It has four naturally occurring

vilage that gave itg name

the clement Strontium > [ isotopes, 34Sr, 88Sr, 87Sr, and 8Sr, where #’Sr is a radiogenic product
i of 87Rb through beta decay with a half-life of 48.8 billion years

0.7065+ /
0.700—
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BABI T

0.598L 0 100 260 3(')0 4C'|0 500 600
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- Oceanic ridge 87Sr/%¢Sr - 0.703  Continental crust (rivers)




Using water chemistry and Sr-isotopes to determine the Sr source/s @ ITINERIS
and mixing processes in groundwater
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Contribution of DEEP SOURCES to the shallow environment

@ITIN=RIS
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ISOTOPE GEOLOGY vs CROPS

Understanding the mechanism that control
element transfers between vegetation and soil is

@ITIN=RIS

= range of 37S¢®Sr in wines :l = range of 87Sr#8G¢ in rocks:
0.71400 T T T T T
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Evaluating complex groundwater circulation patterns
zoning, and water-rock interaction

@ Murgia, Apulia karst aquifer

/ . Groundwater |

Hydrogeological o

: hydlrogeologi%@ll_nNER"5

® The chemical & multi-isotopic approach (O, H, B, Sr) - - Boron s wning g P | S
.- I_~_\._.“_7 e o Ly =
@ Establishing the origin of the water molecule, define - Tz =
Il = ] ] 3 -
water/rock interaction, and the sources of salinity U_ A eEEEE T
(present or fossil sea water) o b T
( ' Water
chemistry ::
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Chemical and multi-isotopic investigation in hydrology: @ITINERIS
The Murgia example

580000 630000 680000 730000

4580000

@)

Sampling site selection

4530000

Sampling

Chemical analyses

Isotopic analyses

(® Main towns
- o

Caneptua| model % Alta& Bassa Murgia divide

[ Main recharge areas

~— Main GW flow directions

° NW-SE Murgia divide

Salento
4480000

I 40km |

D NW sector - GW monitoring site (€1 = 250 mg/L)  [Jl] NW sector - GW monitoring site (Cl < 250 mg/L)
o SE sector - GW monitoring site (Cl = 250 mg/L) @ SE sector - GW monitoring site (Cl < 250 mg/L)
W Additional GW sampling site (Tara spring) A Additional GW sampling site (Canosa deep well)




Evaluating complex groundwater circulation patterns,
hydrogeological zoning, and water-rock interaction

@ Coupling water chemistry,
water isotopes, water and
hydrogeology

@ Identifigation of_water_
reservoirs and circulation

M. Salvadori et al.
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@ITIN=RIS

630000 680000 730000

/Santo Spirito
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Evolution in time of IGG-CNR’s Thermal ionization MS lab @ ITINERIS

1970 -1981
Monocollettor
thermalionization
sourced

o——
LA-HR-IGP‘-’M'Sv a
NEOMAl )

Tk

1991 Multicollector
Thermo ionization
sourced

| ' 2025
2017 Multicollector v" From rock and

plasma sourced

NEPTUNE PLUS™ minerals, to
fluids and
environmental

2025 Multicollector matrices

plasma-sourced
with Laser Ablation
NEOMA™

v" From ppm to
ppb to laser

2017 ablation

Training current RIS staff and user communities: "Use of Stable Isotopes in Environmental Investigations", Montelibretti (Roma), 11-14/03/2025



Multi-collector Plasma Sourced Mass Spectrometry @ITIN=ERIS

@®MC-ICP-MS NEPTUNE PLUS ™

MC-ICP-MS Neptune Plus™ lab

Training current RIS staff and user communities: "Use of Stable Isotopes in Environmental Investigations", Montelibretti (Roma), 11-14/03/2025



Clean Room and lon Exchange Procedures @ ITINSRIS
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® resins and reagents

Relative fraction of boron attached on resin
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Boron procedure: Solution pH

Specific ion-exchange resin (Amberlite)
TONARINI ET AL 1997

laboratory mimics
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Adsorption on clays
Palmeretal.,1987; Spivack et al, 1987; You et al., 1995
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The advantages of using MC-ICP-MS in Earth Science & @ ITIN=ERIS
Environmental studies

@ Analysis of metals and metalloids —

@ High Precision and Accuracy (10" Q

o

Intensita (V) =

amplifiers; International Standards;

Bracketing)

0.00

10.485 10.500

® High number of samples analyzed H24




Environmental |sotopes the challenge to |nvest|gate B-low environments
@ITIN=ERIS

@ A first attempt to determine the
isotopic signature of Sr and B (ppb
level) in glacial drainages was done
using the MC-ICP-MS Neptune Plus™
installed at IGG Pisa to investigate
the origin of these solutes

@ 87Sr/86Sr ratio and 511B data were
determined in surface waters
sampled in the Kongsfjorden area,
where a network of glacio-drainage
system develops and remains active
in the June-September period, as a
consequence of glacier melting




The challenge to investigate low-B (ppb level) environment:

The ARTIC glacial drainage, Svalbard @ITINERIS

8 0.74500
i 87Q/86Qy (i 3
High values of °/Sr/%°Sr (i.e S0 » .
87Sr from rich silicate & " :
H H H § 0.73500 cl 0.74000
minerals) are evidenced in I . g
. . 0.73000 =
the low salinity waters ol
. .. S °
(electrical conductivity <50 | & *7% . 5 2
> 0.72000 s o 0.72500
uS/cm) o g
r‘!’ ° L] LY r‘-.n
© 071500 < ° 5 0.72000
%@ 0.71000 L : uﬁ ° C' @ G200
51"B values close to or g ‘ LW
) g 0.70500 gﬁunnuu
equal to the marine 0 10 20 3 4 50 e 70 80 ' T
signature of +40%o indicate — i ’
. . r
a significant marine (/L)
atmospheric source 45 ﬁ Marine source (aerosol) 3 z j:
40 ¥ = 3
L . i 2 é%ao
a3 . EJe
30 30
25 ! ﬁn 25
? 20 © 20
w 5 15

15 ]
L]

10

Lithogenic values
a w
Lithogenic values
-
o w o

6 8 10 106
B (ug/L) increase in thaw depth

Salvadori et al., SSC conference, 2021




The challenge to investigate low-B environments: the meteoric precipitation

@ Boron in the atmosphere an

meteoric precipitations

Temperature dependant
Gaseous boric acid = primar

in the atmoshere (vs particu
Sea salt particles source of gaseous

o)

boric acid as they dehydrates

Residence time

The B content in rain from 1500 to

4500 times less than sea water

Rains from oceanic islands and

coastal area have B content

on

average higher than those from

inland continental/areas

3B (%o)

Coastal, Continental, and
Anthropogenic signature of
rainwater

B (ug.g™)

Gaillardet and Lemarchand, 2018

@ITIN=RIS
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| anthropogenic

Fly ash and fuel oil:
Wood fuel:
Agriculture burning: 36 x 1010
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CUVE (mol/maol)

Mao et al., 2019

Anthropogenic sources of B: g/yr

12 x 101°
5 x 1010

Park and Schlesinger, 2002



The challenge to investigate meteoric precipitations: Mt Etna

® A persistent volcanic

plume supplies
volcanogenic
elements through
rainfall and dry
deposition with
implication on water,
soil, and vegetation

(a)

Plume Derived Elements (PDE)

Semi volatile and volatile elements
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HCl yBr
00

\
CO; '\ Acdrain |
\ \

\

(Na, K, B, Se....)

The closest spring is about
10 km far from the craters
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The challenge to investigate low-B environments

: Mt Etna ecosystem

@ Elemental sources in
meteoric precipitations

@ Water-rock interaction
processes

» Rock-derived
chemicals and biota

L
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Diffuse Carbon degassing — Allard et al., 2001

@ITIN=RIS

0O Sediment-hosted
® Volcanic-hosted
A No borchole data

o Dbiogenic
7 ﬂamonalss
+t 1

) £ ":};X

-
MW-Flysch rxn./ x x

siliciclastic '\ /, Y
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Water-Rock interaction Pennisi et al., 2000



®

The challenge to trace nitrate pollution in water:
the co-tracers §°N & 611B

Nitrogen is biologically modified by nitrification
and denitrification processes, which cause
isotopic fractionation of nitrate

Combined use of B and N isotopes is used to
trace the origin of nitrate in polluted waters

Regulations; excess from fertilizers; livestock

and civil effluents

Sr isotopes provide an additional constraint for

pollutant identification

Advantages and disadh

isotopes

of Nitrate and Borate ‘

85N NO,: intrinsic molecule
* Useful for determining mixing processes.

+ Isotopic fractionation by natural denitrification.

8'"B  Co-migrant of the NO, molecule
* Useful for determining mixing processes.
+ Not affected by natural denitrification.
« Isotopic fractionation by adsorption/desorption

on clay minerals
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D. Widory et al. / Journal of Contaminant Hydrology 72 (2004) 165188
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PNRR ITINERIS: Origin and Evolution of a potential unconventional @ ITIN=ERIS

N N carbon neutrality
Lithium resource e 2
@® Lithium demand is estimated to increase 15l Z‘“‘“"Mf.f";.:";;:’:umm.w
s =] onts iniamatioal Evargy Agsncy)
by 12 fold by 2030, and 21 fold by 2050 in § ]
s 4 Produzione globaie di litio
. § 109 -~ mm"&%wm,,
1 ]
EU (89 fold worldwide by 2050) g Bt Gectogca Suvey
; E Produzione stimata futura basata sufle
g 4 E riserve note dei glacimenti ..
- | mmdm;:msam Dini A., 2023
0.5 NG ETY
EUROPEAN Schema semplificato di una zona di subduzione con formazione di apparati vulcanici in superficie
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R O e e e
From 2020 in the list of Critical Raw Material 1980 2000 2010 - 2060
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2024 > European Critical Raw Materials Act
Lithium-ion Cell
Electrolyte Li-rich claystone Spodumene

LiAI(Si03)2
Li-Sources: granite and pegmatites with high

Current |05 y Current

= spodumene (LiAISi,Og) content

50-70% of known world lithium reserves, the Salar de Uyuni in Bolivia

Continental brine deposits in evaporative is the world's largest lithium deposit
https://www.geologyforinvestors.com/brine-lithium-deposits/

Lithium ions
Anode

Separator

basins, Li-rich volcanic rocks



NEW!! Developing techniques for Lithium extraction from brines  @ITIN=RIS
(salinity>> than sea water)

Fraunhofer ISE developing lithium
extraction processes in Germany

The Thermlon project is intended to take into account the entire process chain from
the pretreatment of the brine to lithium extraction and lithium carbonate or lithium
hydroxide crystallization to the controlled return of the brine. The new process is
intended to be both environmentally friendly and economical.

OCTOBER 31, 2024 PETRA HANNEN

DISTRIBUTED STORAGE ENERGY STORAGE GERMANY

PERMEABLE LAYER

IMPERMEABLE LAYER

Parker et al, 2022

Vulcan Energy's geothermal lithium brine project in Germany

Image: Vulcan Energy Resources



Isotopes in Li and B-rich geothermal fluids

® The concentrations of B and

Li are unusually high in
geothermal waters and the
total resource reserves are
even significantly higher than
that in the terminal salt lakes,
(Han et al., 2024)

* B—rich metamorphic rocks and Li—
bearing pegmatites create differential
B—Li contents

« B-35""B and Li—®’Li of meteoric water
and host rocks constrain B—Li cycling

* Deep circulation reactivated by thrust
or strike-slip faults formed geothermal
water

@ITIN=RIS
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PNRR ITINERIS: Set-up of the analytical procedure for the analysis

of Li isotopes in rocks and fluids (php M. salvadori: DST Pisa, IGG-CNR)

@ Large fractionation due large mass

difference between 6Li-7Lli,
determined by bonding environment

(coordination number, distance Li-O)

® At IGG-CNR, Pisa (PhD PNRR
ITINERIS) is ongoing the set up of
the analytical procedure for the
measure of 7Li/SLi

liquid geologic matrices

@® Intercalibration with BRGM, Orleans

in solid and

............................................

@ scawater
marine pore waters _

raln water ﬁ

cont. groundwaters
e
river bedloads
river suspended loads
river waters |

* solls

marine sediments
continen olcanic rocks
DAsaNK. of
crust

crust

l|i|

ecio;

| ois
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° - Vesta

® I hoon
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Tomascak et al., 2016

@ITIN=RIS

CHEMICAL PURIFICATION PROCEDURE Cleanroom IGG-CNR

Single-pass purification
AGMP-50 100-200 resin

High aspect ratio columns

MC-ICP-MS
Neptune Plus

MASS SPECTROMETRY ANALYSIS

Bracketing method
NIST SRM 8545 L-SVEC

. Er'acketlng methud
108 Q2 amp: Jet mterface
Afidus desalvator system

4L

=== 1013 Q amplifier

= Jet interface and jet cones
Aridus desolvator system

A




PNRR ITINERIS: Set-up of the analytical procedure for the analysis @ ITIN=ERIS
of Li isotope in rocks and fluids (PhD ITINERIS, M. Salvadori)

High to intermediate enthalpy water GG
o 1-10mgh

Z ‘_ > S

Z TN

@ 10-100mgn Salsomagg ore . P
W 100-480 mgh

Low enthalpy water g et % ; Pa :

o 1-10mgh o f* =
i

Li-RICH FLUIDS IN ITALY:

00,000

) 10-100 mgf!

« | ® 100-480mgn
Surtace heat fiow isolines mWjmq
Roman magmatic province

* Qi field

- High-to-mid enthalpy geothermal
fluids in the peri-Tyrrhenian volcanic-

geothermal zone
1a

- Low-enthalpy Li-rich fluids (up to

LEGEND
O SPA / Spring
O Rock samples
A Mud volcanoes

200 ppm) occurring in several areas
along sedimentary sequences in the
Apennines margin

Scientific goals: 0w o\ - A
- processes controlling - . -

. . . Dini et al, 2023
Li-enrichment in rocks

* 48 rock and water samples including mud volcanoes:
- water/rock interaction Identification Li-enriched rocks

processes controlling Li- Identification of water-rock interaction using chemistry and a multi-isotope approach
enrichment in waters



PNRR ITINERIS: Li isotopes in rocks: the challenge using NEOMA
and FSEM (PhD ITINERIS, M. Salvadori) : @ITINERLS

FEG-SEM BSE image

/ LA-MC-ICP-MS: Neoma MC-ICP-MS/MS + NWR193 LA \

In-situ B In situ isotoBic analyses
Laser Conditions M

+ 6 Jicm2 Fluence

@ Mineralogic zonation to study Li variability

and its association with other elements

. . e . . * 13 Hz repetition rate
@ Heterogeneous Li distribution observed at + 100 pm circle spot size
+ Jet Interface

+ 0.750 L/min He

+ 4 mL/min N,

the macroscale is attested also at the
microscale

Reference Materials
NIST SRME10

JCt-1

JCp-1

/Field emission scanning electron microscope (FE-SEI\M

@ Constraing the sources of Lithium and

its enrichment in water

High-resolution imaging and
characterization

Identify phases and analyze
texture in 2D and 3D

Sigma 360 VP

EW PNRRITINERIS IINSTRUMENTS ISTALLED AT

IGG-CNR PISA

J:
|

/




ISOBORDAT: an onllne database on boron isotopesin = @ITIN=RIS

hydrology #35
>
http://isobordat.igqg.cnr.it \"m

Dala

xH

IsoBorDat

' | Groundwaters : ‘Surficial Waters: 'Heleorlc Precipitations: Cﬂlllilllllllﬂllls E §Relerences

.......................

........................

ISOTOPE
VRE

ISOBORDAT aims to be as interactive as possible, and calls to
cooperation of the whole boron isotope community.

The database helps boron isotope hydrologists and geochemists by
speeding up the research of, and the comparison with, data
already existing in the scientific literature

IsoBorDat

IsoBorDat a online database application for Boron isotope fans

CONTAMINATS GROUNDWATERS RAINWATERS RIVERS LAKES REFERENCES DOWNLOADS Q

WELCOME TO ISOBORDAT

Home » WELCOME TO ISOBORDAT

By IGG-CNR, Pisa, Italy

The site is addressed to all are interested in hydrogeochemistry and can have in boron isotopes a tool to investigate the origin of salinity, and the sources
of pollution in surface and groundwaters.

Bibliography is a benchmark of extreme importance to fully understand the application of 511B.
The data base consists of & items:

1) bibliography, which contains references to papers dealing with boron isotopes

and five categories:

1) rainwater

2) lakes

3) rivers

4) groundwaters

5) contaminants

that report analytical data on B content and 811B, together with the study site and environmental context, the name of first author, the year of publication
and the number corresponding to the full reference.

This site aims to be as interactive as possible and will be developed taking into account the infarmation and suggestions that come.

Enjoy boron and its isotopes..

Daniela Andreani, Alessandra Adorni-Braccesi, Maddalena Pennisi* (data collection)
Lerenzo Gori (webmaster)

*corresponding author: m. isi@igg.cnr.it

Cite as: ISOBORDAT: an on line database on boron isotopes. Pennisi M., Adorni-Braccesi A., Andreani D.. Gori L.. Sciuto P.F.. Gonfiantini R.
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For.those who woul.d like to explore isotopes in earth and @ITINERIS
environmental studies further...

@lsotopes to decifering Critical Zone’s processes: the multi-isotope toolbox
Chemical Geology, Vol 445, 2016
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