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• Basics & Principles

• Instrumentation & Data plotting

• Age dating cases:

• for research

• to support origin determination

• for ‘story telling’

• Conclusions

Colour zoning in a Kashmir sapphire
Microphoto: M.S. Krzemnicki, SSEF
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| Earth time periods
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Radiometric age dating is 
used to date materials such as 
for example rocks, minerals, or 
historic artefacts by comparing 
the abundance of naturally 
occurring radioactive isotopes 
and their decay products in a 
sample.

Scheme  © Ray Troll
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| Principle of radiometric dating

• An unstable isotope transforms into a stable isotop e 
by a radioactive decay (e.g. 238U to 206 Pb).

• Often through a complex cascade of intermediate 
steps (alpha and beta -decays).

• Each radioactive decay path has a unique constant 
‘half- life’.

• Ratio of instable (radioactive) to stable isotope i s 
used for radiometric age dating.

4He
2

Figure © www.sciencefacts.net
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| Radiometric systems

At SSEF, we mainly use three decay mechanisms (geoc hronometers):

• radiocarbon dating
e.g. for dating biogenic or archaeological samples of ‘young’ age (< 60’000 years).

• U-Pb dating with two routes: 238U to 206 Pb and 235U to 207 Pb.
well established in geoscience for dating of minera ls (gems) and rocks.

• Th-Pb dating
well established in geoscience for dating of minera ls (gems) and rocks.

• Further geochronometers, such as for example 87Sr-87Rb have been used so far only on 
specific research samples but are explored further on gems.
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235Th to 208 Pb
10 million - 4.6 billion +

235U to 207 Pb
10 million - 4.6 billion +

238U to 206 Pb
10 million - 4.6 billion +

Fission track dating
100‘000 - 2 billion years

87Rb to 87Sr
10 million - 4.6 billion +

40 K to 40 Ar
10‘000 - 3 billion years

234U to 230 Th
1000 –300‘000 years

14C to 14N
0 –50‘000 years

10 1001 1k 10k 100k 1m 10m 100m 1b 10b

Age (years; logarithmic scale)

Age of Earth 4.6 billion

| Radiometric systems
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| U-Pb and Th -Pb decay

• Radioactive decay through complex alpha ( 4He) and beta (e -) decay

235U to 207 Pb decay
Scheme from Berkeley University; 

slightly modified

4He
2

• 238U to 206 Pb
Half -life: 4.468 billion years

• 235U to 207 Pb
Half -life: 0.704 billion years

• 232Th to 208 Pb
Half -life: 14.050 billion years
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| Analytical Methods used by SSEF

Images ETH Zurich & ionplus AG (AMS), TOFwerk , (TOF-MS) and Nu Instruments, Ametek (SF-MS)  

• Accelerator mass spectrometer (AMS)

for radiocarbon dating of biogenic samples (e.g. pea rls)

• Time -of -Flight mass spectrometer (LA-ICP-TOF-MS, aka GemTOF )

for analysis and dating of geological samples (e.g.  gemstones)

• Sector -Field mass spectrometer (LA-ICP-SF-MS)

for high -resolution analysis of selected isotopes (multi -collector)

and radiometric dating (e.g. zircon with zoning)
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| Dating plots:

• The Concordia diagram for U -Pb radiometric dating

Pb*: radiogenic Pb

Discordant cord due to Pb loss

crystallisation age
(e.g. 2700 Ma)

metamorphic age (e.g. 140 Ma)

4 zircon analyses

Schemes  from  Cornell University, USA, slightly  modified

1800 Ma 
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| Options for radiometric dating

Direct age dating

Dating of inclusions

Dating of ‘nearby’ phase

Radiometric 

dating

• Radiocarbon: Pearls etc.
• Certain sapphires
• Grossular garnets
• ….

• Various inclusions
(mostly zircon)

• Has to be exposed at surface!

• Ash layer in soil
• Rock -forming minerals
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| Reasons for radiometric dating in gemmology

Dating of geological event(s) and history , e.g. metamorphism related to gem- deposit formation.

sample location and geological context exactly known !

Dating of mineral formation , e.g. zircon in mineral/gemstone.

may support origin determination if sample location  is not known!

Dating to support historic provenance of biogenic g ems , e.g. pearls in historic jewellery.

to check if the documented provenance is reliable o r not?

Dating as an additional information for clients.

offers the client an intriguing fact for story -telling about a gemstone!
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| Special case: Zircon (ZrSiO 4)

• Common U -Th-bearing accessory in igneous rocks.

• Very durable (minimal abrasion and chemical alteratio n).

• Often reintegrated in rocks and minerals (so -called detrital zircons )

• Zircon = ‘time capsule’ (igneous and metamorphic history record).

• Window to protogenetic events prior to gem -formation at a later metamorphic event.

• Often ‘mixed ages’ (old and young zones ablated simultaneously during an alysis).

• Dating of zircon zones requires highly focused beam  techniques (e.g. laser - or ion -beam).

74 ± 5 Ma

23 ± 0. 8 Ma
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Selection of appropriate 
ablation spot size and position 
to analyse radiometric age of 

core and rim . 

| Dating of zircon with core and rim zone

• Ideal case of scientific mineral/rock sample contai ning a zircon:

Sample polished 
down to best 

expose the zircon 
grain and its 

core/rim zoning.

1
2

3 4

Documentation of zoning 
with electron microscopy. 

rim core

VPSE-image © Phyo  et al., 2020

Core: 74 ± 5 Ma

Rim: 23 ± 0.8 Ma
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Not accessible for 
ablation.

No radiometric dating, 
only ‘age’ estimation 

possible using Raman 
microspectroscopy .

| Dating of zircon with core and rim zone

• Real case of gemstone containing a zircon:

Various but 
unpredictable 

situations !

Ablation spot 
only in rim zone. 

Dating of ‘younger’ 
geological event 
(e.g. formation of 

gemstone).  

Ablation spot 
only in core zone. 
Dating of ‘older’ 
geological event 

(e.g. magmatic formation 
of detrital zircon).  

Ablation spot 
covers both core 

and rim zone. 
Mixed age!  

Ablation drills from 
rim into core zone. 
Ideally two ages 

can be calculated 
from one 

measurement .

1

1 2

2
34

3 4

5
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The Rhino Ruby, Mozambique (22.04 ct), 
ca. 550 million years old 

Burma Ruby, 
ca. 22 million years old

| Cases:
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Minerals and Gem deposits usually develop in 
areas where large -scale geological processes have 
shaped the surface of the Earth.
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The collision of the Indian plate with the Eurasian  continental plate has produced some of 
the most important sources for coloured gems, such as the sapphires from Kashmir and the 
sapphires and rubies from Burma, and many more.

© US Geological Survey

Photo by Bisesh Gurung on Unsplash
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| Geological framework

Uluguru  mountains , Tanzania . © Michael S. Krzemnicki

Three main global geological frameworks for many ge m deposits:

• Pan -African tectono -metamorphic events about 750 -450 Ma ago.

• Himalayan orogeny about 40- 10 Ma ago.

• Recent volcanism (alkali -basalts), mostly 4 Ma ago and younger .
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| Geological framework
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World map  from  Liou  et al. (2004) in International Geology  Review.
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| Age dating of Gemstones

Sapph ire
Kashmir  

(Indi a)
Map © Wikicommons

Sapph ire
Sri Lanka

Sapph ire
Madagascar

Red  Beryl
Ut ah , USA

Pegm at ite
Paraiba, Brazil

Em erald
Colom bia

Sapph ire, Burm aGrossular

Ruby, Burm a

Zircon

Zircon
Cam bodi a

Zircon
Malaw i

Ruby
Greenl and

Ruby
Tajik istan

Tsavorit e
Tanzani a

Sp inel, Burm a

Co-sp ine l
Tanzani a

Co-sp ine l
Vietnam

Ruby
East A frica

Pink Sapph ire
Sri Lanka
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| Age dating based on inclusions

Selection of inclusions analysed at SSEF:

• Zircon
• Apatite
• Titanite
• Rutile (primary)
• Baddeleyite
• Zirconolite
• U-Pyrochlore
• Parisite -Ce
• Xenotime
• Chondrodite
• Monazite

• Inclusions either syn- or protogenetic to 
gemstone formation.

• Gemstone not older than dated inclusion!

rutile

titanite

apatite

zircon

xenotime

baddeleyite
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| Geochronological Study: Mogok , Myanmar

Photo: M.S. Krzemnicki , SSEF
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| Geochronological Study: Mogok , Myanmar

from Phyo et al. 2020 (modified from Jiang et al. 2017) 

Map showing current research of Mogok combined with 
previous geochronological studies in its surroundin g area.

Neogene

Paleogene
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| Geochronological Study: Mogok , Myanmar

22.88 ± 0.72 Ma 
(Spinel)

22.26 ± 0.36 Ma  
(Ruby)

LA-ICP-TOF-MS
LA-ICP-SF-MS

40 ± 3.64 Ma

22 ± 0.9 Ma

74 ± 5 Ma

23 ± 0. 8 Ma

23 ± 0.5 Ma

67 ± 4 Ma

Spinel

Ruby

Ruby

Data and figures from Myat Myint Phyo , (PhD thesis, University Basel)

Youngest U -Pb ages of zircon 
inclusions indicate age of ruby and 

spinel formation in Mogok .

Zircons in Rubies and Spinel from Mogok (Himalayan orogeny)
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74.34 (+/-) 1.58 M a

25.59  (+/-) 1.69 Ma
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| Geochronological Study: Mogok , Myanmar

Data and figures from Myat Myint Phyo , (PhD thesis, University Basel)

Ruby formation in Mogok at about 20 Ma years further 
confirmed by syngenetic zirconolite rim formed on zircon.

Zirconolite (CaZrTi 2O7) rim grown around zircon inclusion in ruby from Mogok

VPSE

56 ± 1.3 Ma

20.3 ± 0.3 Ma

CaZrTi2O7

BSE

20 7Pb /  235U
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6
P

b
 / 
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| Geochronological Study: Mogok , Myanmar

Data and figures from Myint Myat Phyo, (PhD thesis, University Basel) and Phyo et al . 2020

Jurassic

Cretaceous

Precambrian

Paleogene
Oligocene

Miocene Formation of 
marble -hosted ruby 
& spinel in Mogok
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| Paraiba -tourmaline bearing Pegmatite in Brazil 
U-Pb dating of Zircon in pegmatite 

The Boquerao granitic pegmatite: Zoning and coarsening towards t he core. 
Photo: SSEF Fieldtrip 2017

The Mulungu mine in Rio Grande do Norte (Paraiba tourmaline)
Photo: SSEF Fieldtrip 2017
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| Paraiba -tourmaline bearing Pegmatite in Brazil 
U-Pb dating of Zircon in pegmatite 

Zircon in Pegmatite:
491 ± 26 Ma

• Calculated U -Pb age of zircon 491 ± 26 Ma .

• in good agreement with literature dating the Boqueirao
pegmatite using 40 Ar/ 39Ar at 502.1 ± 5.8 Ma (Strmic & 
Palinkas et al. 2019).

Figures from S. Degen, 2019. Unpublished Bachelor t hesis 2019, University Basel

Pegmatite from Mulungu mining area with tiny zircon inclusion.
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| Red beryl from Wah Wah mountains, Utah

• Geologically rather young mineral formation. 

• By regional extensional tectonism and associated vo lcanism. 

• ~ 23 Ma ago, volcanism along tectonically induced fa ults.

• small -volume intrusions, and lava flows - including the red 
beryl –bearing rhyolite flow.

Photo © Barras -Gauthier Minéraux
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| Red beryl from Wah Wah mountains, Utah
Direct U -Pb dating of red beryl

Direct dating (U -Pb) was carried out on the hexagonal 
polished sample. All samples from the Henry A. Hänni
collection at SSEF.

• Three analysed spots ( GemTOF ) resulting in a U -Pb
age range of 19.8 to 21.0 million years , 

• well fitting with literature about the volcanic act ivity 
in the Wah Wah mountains, Utah.

Red beryl

Morganite

High U
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| Emerald from Colombia

Photo © Jay Dash, from www.visitutah.com

• Hydrothermal formation of emeralds in Colombia.

• Variou s rad iom etric ages reported for emerald -
bearing veins in the Muzo area (30  to 6 7 Ma).

• The variation may possibly indicate several periods  of 
hydrothermal activity in the Muzo area. 

Photo: A. Castillon & L. Cartier, SSEF

ChivorMuzo

Cross section of the bivergent fold - and thrust belt of the Eastern Cordillera. 
From Altenberger et al., 2022
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| Emerald from Colombia

Microphoto © M.S. Krzemnicki , SSEF

• Parisite -Ce is a complex REE -calcium -fluorcarbonate. 

• First described from the Muzo mines, Colombia. 

• Occasionally as inclusion in Colombian emeralds.

• Th–Pb radiometric dating of parasite -Ce inclusion in 
drop -shaped emerald (sample A) from a client. 

• Approximate age of 37 Ma , in-line with hydrothermal 
formation ages of emeralds in Colombia.

Th-Pb dating of parisite -Ce in Colombian emerald

Parisite -Ce
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| Ruby from Myanmar

Titanite inclusion with
‘young’ age (possibly mixed 
age) predating ruby 
formation in Mogok .

Burmese ruby (12 ct ) in Harry Winston necklace 

Titanite:
40 ± 2 Ma

ablation
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| Ruby (marble type): East -Africa vs Myanmar

• Inclusion features similar to Burmese rubies, 
but metamict zircon inclusion (Raman).

Ruby with zircon inclusions

silk

zircon

Metamict zircon in EA ruby
FWHM 1010 = 21.6 cm-1

Zircon in Burma 
ruby

Raman
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| Raman spectra of zircon inclusions
• May assist heat treatment detection 
• Provide information about origin
• May be used as indirect age estimation (‘old’ vs ‘young’)

Metamict zircon in East -African ruby
FWHM 1010 = 21.6 cm-1

Zircon in Burma ruby
FWHM 1010 = 5.7 cm -1

Raman

from Xu & Krzemnicki. 
Journal of Raman Spectroscopy 2021
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• Zircon inclusion with ‘old’ age 565 ± 20 Ma.

• Fitting Pan African ruby formation (450 -750 Ma).

• East -African origin determination supported by age datin g of zircon inclusion!

Ruby with zircon inclusions

Zircon:
565 ± 20 Ma
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| Ruby (marble type): East -Africa vs Myanmar
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| Burmese Sapphire
SSEF GemTrack TM: Documenting the journey of a sapphire from rough to cut

101 ct 59 ct
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| Burmese Sapphire
• Supplier information: Sapphire from Mogok , Myanmar

• Analytical data: Burma or Sri Lanka possible, but data better fittin g with a Sri Lankan origin.

from  Hpone  Phyo  Kann -Nunt  et al. 2013

GemTOF  data  SSEF

Fe: 440 ppm
Ti:   190 ppm

UV-Vis-NIR
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| Burmese Sapphire

Tiny zircon inclusion 
within the sapphire.

Polishing at SSEF to expose the 
zircon at surface for age dating.

Resubmitted after cutting together with smaller pie ce of rough containing zircon inclusion .
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| Burmese Sapphire

Polishing at SSEF to expose the 
zircon at surface for age dating.

U-Pb dating reveals age trend over ablation 
(young rim and old detrital core of zircon inclusion .

Pre-ablation Post -ablation

1 2

Start of ablation:

26 +/- 3 Ma
37 +/- 4 Ma

End of ablation:

147 +/- 9 Ma
109 +/- 10 Ma
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| Sapphire: Kashmir vs Sri Lanka

U-Pb dating of two sapphires with velvety blue “Kashmir -like” visual appearance …

• U-Pb dating of zircon inclusions supporting origin deter mination in the gem lab

22 ct Kashmir

8 ct Sri Lanka
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| Kashmir sapphire

• U-Pb dating for ‘story -telling’

Kashmir sapphire of 43 ct , royal blue.
Sold for US$ 6 million at Christie’s New York in De cember 2020

https://www.christies.com/en/lot/lot -6295931

Two zircon inclusions:
21 ± 1 Ma
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| Greenland Ruby

Greenland ruby of 1.22 ct with evident features of heat treatment at 
high temperatures and significant glassy residues. 
Age dating was successful on a tiny zircon inclusion . 

Aappaluttoq ruby deposit in W -
Greenland. 
Map: Krebs et al. 2019; 
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| Greenland Ruby

The tiny zircon revealed an age of 2.7 b illion  years!

This is well in accordance with literature describi ng the rubies from 
Greenland as the oldest ones known on Earth (e.g. K rebs et al. 2019: 
Pb-Pb isochron age of 2686 +300/- 74 Ma).

before ablation

after ablation

0.1 mm

Zircon
(60 x 15 µm)

Zircon
Pb loss due to heat treatment ?



| AGA Conference  | February  2025 | PAGE 45

| Direct dating of corundum

232Th - 208 Pb decay

• Sapphires occasionally with traces of exotic 
elements, such as Th and Pb . 

• Commonly attributed to fine dispersed nano -
inclusions.

• Th-Pb dating provides rather rough estimate of 
formation age 

• ‘old’ (e.g. Madagascar) vs ‘young’ (e.g. Kashmir). 1 4 12 16

1 16

8

Chrysoberyl -Sapphire (basaltic) intergrowth. 
See M.S. Krzemnicki , 2008 (IGC Moscow)
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| Direct dating of corundum

Th-Pb direct 
dating confirms 
Madagascar
and 
Kashmir origin for 
these two 
sapphires.

522 ± 28 Ma

21 ± 4 Ma

ThPb

Th

Pb

selected trace elements in these sapphires

Lo
g 

C
on

c.
 (

pp
m

)
Lo

g 
C

on
c.

 (
pp

m
)



| AGA Conference  | February  2025 | PAGE 47

• Dating of several tsavorite samples from Kenya.

| Direct dating of tsavorite garnet

• The Ca-site in grossular garnet can 
accommodate large ions (substitutions), 
among them U, Th, Pb, REEs etc.

• Direct dating is possible based on U, Th, 
and Pb isotope ratios.

Tera–Wasserburg concordia diagram

Tsavorite direct dating 
640 ± 9 ma
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| Direct dating: Blue Zircon project

Cambodia Malawi Mogok , Myanmar

The blue colour of all these zircons is the result of a heat treatment.

Colour -changing

Basaltic deposit Basaltic deposit Metamorphic deposit
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| Direct dating: Blue Zircon project

Cambodia Malawi Mogok , Myanmar

238U: about 200 ppm 238U: about 10 ppm 238U: about 6000 ppm

• U-Pb dating
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| Statistics

• Direct dating vs dating of inclusions

zircon

direct

status October 2024
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| Conclusions

�¾ Age dating is applied at SSEF on client stones and pearls since 2017.

�¾ Radiometric dating is possible on specific inclusions (mainly zircon) or by direct dating .
• but only if inclusion at surface, or U, Th, and Pb present as traces in gemstone.

• Consequence: not possible to offer as a standard client service.
if done, then offered for free to client with no ex tra costs.

• may help to elucidate geological history of gem dep osit
• may assist origin determination
• may provide intriguing facts about a gemstone (stor y-telling)

�¾ Radiocarbon dating is direct dating , possible for all carbon- rich biogenic samples .
• restriction: not older than about 60‘000 years

• Consequence: is offered as a client service by SSEF
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| Thank you for your attention

www.ssef.ch/ssef -facette

Thanks 
to Dr H.A.O. Wang and Dr 
Markus Wälle , both SSEF, 
for age dating analyses 
and calculations.
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