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- U-Th-Pb geochronology



8900 QQQ (Agilent) Excimer Laser 193nm ArF (GeoLas 102, Microlas)

LA + ICP + MS 



LA + ICP + MS

Ablation cell

He flow

in

out Nd:YAG laser



LA-ICP-MS approaches

“In situ”: isotopic analysis of 
small cylindrical volumes

 (5-100μm diameter)

Mineral/solid material 

separates or 

directly on ordinary thin 
sections 

100µm crater in fused silica
(from Coherent web site, 193 nm)

40µm crater in glass 
(from Resonetics web site)



Ablation protocols
Static Scanning

Laser: 266nm Nd:YAG

NiS NiS

Zrn Zrn

Raster

Jan Kosler (2008) in:
Laser Ablation ICP-MS in the Earth Sciences: Current Practices and Outstanding Issues



Analisi raster di zircone con Excimer LASER (193 nm).
Spot 5 µm, 200 KHz

(Irydia, Teledyne, Spot da 1 µm, 1 MHz)



Agilent Series 8900 QQQ

Q-and-QQQ-ICP-MS

Q1 Q2R/CC

Quadrupolo (Q)

Reaction/Collison Cell (R/CC) 

= rimozione inteferenze

isobariche



ICP-MS-TOF

Q

RC

TOF

- scansione velocissima dello spettro in massa a partire da 

una soglia con acquisizione di tutte le masse



INTERFERENCE SEPARATION
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SAMPLE PREPARATION

CHEMICAL SEPARATION

MEASUREMENTS Retarding Potential Quadrupole 
(RPQ) improving abundance 
sensitivity 

Thermo Scientific NEOMA 

MS/MS MC-ICP-MS 

SAMPLE WEIGHTING

SAMPLE DIGESTION 11 Faraday Cup mobile detector array

1013 Ω Amplifer Technology

Highest sensitivity and stability

Superior Vacuum System

Extra High Resolution (XHR) increasing 
the resolving power

IN SITU ANALYSES

MULTI COLLECTOR ICP MASS SPECTROMETRY LABORATORY

ISTITUTO DI GEOSCIENZE E GEORISORSE (IGG) - PISA

ICP-MS a Settore Magnetico
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ISTITUTO DI GEOSCIENZE E GEORISORSE (IGG)

IN SITU ANALYSES MS/MS TECHNOLOGY

ESI NWR 193
Laser Ablation system

MINIMAL SAMPLE
PREPARATION

SAMPLE CONTAMINATION
REDUCTION

FILTER REACTION SEPARATION

REMOTION OF
SAMPLE MATRIX

MAGNETIC SECTOR
TECHNOLOGY

NON-ISOBARIC
INTERFERENCE

REMOVAL

EFFECTIVE
INTERFERENCE

REMOVAL

DIFFERENT
REACTIVE GASES

ROBUST ISOTOPE
SEPARATION AND

DETECTION

SIMULTANEOUS
MEASUREMENT OF
ALL ISOTOPES OF

INTEREST

LOW TO HIGH
RESOLUTION MODE

NEPTUNE-NEOMA LABORATORY

ICP-MC-MS



Trace element
(<1000 ppm/ 0.01 wt%)

U-(Th)-Pb 
Geochronology

LA-ICP-MS analysis:

what we can do!



LA-ICP-MS Trace element

PGEs



LA-ICP-MS Trace element

Carbonates: calcite and dolomite

Silicates: Olivine, Amphibole, Pyroxene, Garnet, Mica, Plagioclase, epidote, 

titanite..

Oxides: chromite, rutile, corundum 

Phosphate (e.g. Monazite) 

Sulfides (e.g. Pyrite) & Sulfates (e.g.Anhydrite CaSo4)

Glasses

Petrology

Biology

Archaeometry

Main 
application



LA-ICP-MS Trace element

Petrology….

(La <0.010ppm)

(Eu <0.005ppm)

Trace element composition normalised to Chondrite CI (Primitive Meteorites)



LA-ICP-MS Trace element

Anhydrite (REE<0.1ppm)

Fluorite

Dolomite

Calcite (REE<10ppm)

Plagioclase (REE<1ppm)

Monazite (REE=500’000ppm)

Cpx-Amph

Grt

Petrology….



LA-ICP-MS Trace element

Lithothamnion corallioides 
(Alghe rosse calcaree)

In collaboration with Prof. Basso Daniela Maria (UniMiB) 

and co-authors

Piazza et al. 2021

Biology: chemical profiles of carbonate growth

Mullet Otolith
(Otolite di triglia)

In collaboration with Marco Stagioni (UniBo) 



LA-ICP-MS Trace element

LA-ICP-MS was performed on longitudinal sections
of the calcareous red algae Lithothamnion
corallioides, following the growth direction

In collaboration with Prof. Basso Daniela Maria (UniMiB) and co-authors

May 2019

5
m

m

200μm



LA-ICP-MS Trace element

356.0 μmol/mol < B/Ca < 954.1 μmol/mol
171.7 mmol/mol < Mg/Ca < 311.2 mmol/mol

53.8 μmol/mol < Li/Ca < 178.5 μmol/mol
2.9 mmol/mol < Sr/Ca < 5.1 mmol/mol

Sampling site 
B/Ca  

(μmol/mol) 

Mg/Ca 

(mmol/mol) 

Li/Ca  

(μmol/mol) 

Sr/Ca 

(mmol/mol) 

Mg/Li 

(mol/mmol) 

 mean st. dev. mean st. dev. mean st. dev. mean st. dev. mean st. dev. 

Aegadian Isl. 610.8 63.9 224.9 30.3 81.9 18.4 3.7 0.4 2.8 0.5 

Elba 757.7 75.5 223.4 26.4 85.2 14.3 3.6 0.4 2.7 0.3 

Pontian Isl. 462.8 49.2 216.1 21.9 79.6 14.6 3.3 0.3 2.8 0.4 

Morlaix 726.9 102.8 239.5 41.2 113.1 32.9 4.1 0.5 2.2 0.4 

total 661.9 138.9 225.3 30.4 89.0 23.3 3.7 0.5 2.6 0.4 

 
Piazza, G., Bracchi, V. A., Langone, A., Meroni, A. N., and Basso, D.: Growth rate rather than temperature affects the B / Ca ratio in the calcareous red 
alga Lithothamnion corallioides, Biogeosciences Discuss. [preprint], https://doi.org/10.5194/bg-2021-21, in review, 2021.

Lithothamnion corallioides 
(Alghe rosse calcaree)



LA-ICP-MS Trace element

Mg, Li, Sr/Ca show cyclic
variations corresponding to the 
seasonal fluctuation in seawater
temperature.

B/Ca lack of a significant temperature 
influence.

Dark bands correspond to 
winter growth,
Light bands correspond to 
summer growth.

Lithothamnion corallioides 
(Alghe rosse calcaree)



LA-ICP-MS Trace element

In collaborazione con il Dr.
Stagioni Marco (UniBo)

core

rim

LA-ICP-MS was performed on mullet otholith

Core => larva => pelagic conditions

Rim => 1 year old => deep water conditions



LA-ICP-MS analyses:

U-(Th)-Pb Geochronology

what we can do!



(Schoene, 2014)





(Schoene, 2014)

Wetherill Concordia Diagram

Tera-Wasserburg 

Diagram



Zircon: ZrSiO4 Monazite: (LREE)PO4 

Common minerals used for U-Pb dating

Igg-PvRutile (TiO2)

Titanite (CaTiSiO5) Ca(REE,Ca)Al2(Fe++,Fe+++)
(SiO4)(Si2O7)O(OH)

Allanite

Th between 0.05 and 3 wt.% 
and U between 10 and 3000 

ppm 
prime target for U–Pb and 

Th–Pb geochronology



Cherniak DJ (2010) Diffusion in accessory minerals: Zircon, Titanite, 
Apatite, Monazite and Xenotime. Reviews in Mineralogy &amp; 
Geochemistry 72: 827–869.

(Schoene, 2014)



Calcite 
(CaCO3)

…. calcite U-Pb dating

Geology, 2016

http://www.geology.neab.net/various/page3.htm

U ranges from 13 to 2400 ppm!!!!

14% 2sigma error

3% 2sigma error



U ranges from 0.47 to 5.3ppm!!!!

…. calcite U-Pb dating



U-Pb dating: Garnet vs. Zircon

Garnets Zircons

Andradite: 

Ca3Fe3+
3Si3O12



U-Pb dating & Traces: Garnet



U-Pb dating: Mantle Garnet

U = 20-85 ng/g

No Pb comune

ca. 85 Ma

Coincidente con 

età magmatismo

Piropo: 

Mg3Al3Si3O12



..with 10 ng/g about 15-30 spots give precision <3%

This guy is doing U-Pb dating in orthopyroxene…pers. comm



Laser Ablation Split Stream (LASSS) for Zircon Petrochronology



ICP-MS Imaging
• 2D elemental map oftentimes used for biological or geological samples
• Instrumental setup: Laser ablation – ICP-MS

• Sample is shot at with a laser (typically 5-50 μm in size).
• The generated aerosol is carried to the ICP for analysis

• Modern laser ablation systems can generate separate aerosol clouds 
every few milliseconds

• Combining the coordinates of the laser shot and the intensities results 
in 2D elemental distribution map

• Pixels can only be resolved if every laser shot is discriminated

ICP-MS-TOF



Elemental maps of the entire periodic table

- Thin section of entire mouse

Multi-element imaging
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ICP-MS-TOF



Gabbro oceanico da 
Hess Deep, che 
rappresentano i 

cumulati più impoveriti 
in Terre Rare di 

ambiente oceanico

Basch et al. (2024)
Journal of Petrology

ArF Excimer ESI + Vitesse (Nu)

Clinopirosseno
(CaMgSi2O6)

Plagioclasio
(Ca,Na)Al2Si2O8

ICP-MS-TOF



Elementi in tracce in 
Zircone Magmatico

ArF Excimer ESI + 
TofWerk

1 mm

ICP-MS-TOF



Rapporto isotopico Lu176/Hf177 in Zircone magmatico

1 mm

ICP-MS-TOF



IGG-CNR 
LA + ICP + MS laboratory of Pavia

Grazie
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ISTITUTO DI GEOSCIENZE E GEORISORSE (IGG)
NEPTUNE LABORATORY+ +

AT PRESENT

Rb-Sr
TRACING MIXING OF
GLOBAL RESERVOIRS

HIGH-T PROCESSES

DATING CARBONATE
SUCCESSIONS

OCEANIC WATER
MIXING

Sm-Nd
ISOTOPE MARINE
SIGNATURE AND

PALAEOCEANOGRAPHIC
VARIATIONS

Pb-U-Th

GEOGENIC OR
ANTHROPOGENIC

POLLUTION

EVOLUTION OF
SOLAR SYSTEM

FORMATION OF
EARTH CRUST

ORE-FORMING
MATERIAL SOURCES

GEOCHRONOMETER

WATER-ROCKS
WEATHERING

MANTLE AND CRUST-
DERIVED IGNEOUS

CRUST DISCRIMINATION

B
MIXING AND

TRACING PROCESSES

CONTINENTAL
WEATHERING

ANCIENT MARINE PH 
RECONSTRUCTION

MAGMATIC
ACTIVITY

WATER-ROCKS
WEATHERING

GEOGENIC OR
ANTHROPOGENIC

POLLUTION

ORE-FORMING
PROCESSES

NEW
SYSTEMATIC

Fe

LI-RICH
GEOTHERMAL

FLUIDS

HYDROTHERMAL
CIRCULATION

ORE-FORMING
PROCESSES

CRITICAL ZONE
STUDIES

HIGH-T 
PROCESSES

HUMAN HEALTH

IN PROGRAM

U-Th DATING OF
SPELEOTHEMS

Li

IN SITU B ISOTOPES
ON CARBONATE

SAMPLES

Mg SYSTEMATICS

Zn-Cu
SYSTEMATICS

Ca SYSTEMATICS

NEPTUNE-NEOMA LABORATORY

LAB HEAD: DR SAMUELE AGOSTINI

IN PROGRESS

HIGH-T 
PROCESSES

WATER-ROCK
INTERACTIONS

METAL SOURCE

IN SITU Rb-Sr 
DATING



Cella porta campioni 
fast-washout del sistema 

LASER

Da ablazione a analisi 
pochi ms

Analisi di qualunque 
matrice solida, geo e bio



LA-ICP-MS Trace element

No gas MS/MS mode

MS/MS improves the accuracy and confidence, reduce the oxides



NH3 reaction gas

Glenn Woods (Agilent)

contain Hg => 
204Hg-204Pb isobaric interference

Titanite Allanite

…. to correct isobaric interference



QQQ: what we would like to do

Rb-Sr dating

(NO2 in reaction cell) 
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