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 Basics of medical mineralogy / geochemistry and 
geology

 Biominerals and biomineralization

 Volcanic ash and Saharan dust

 Radioactivity 

 Asbestos minerals and surface reactivity (Fenton cycle)

 Characterization of asbestos in building materials using 
laser-based in-situ techniques (laser μ-Raman, LIBS)
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Short Courses and

Workshops

Medical Mineralogy and Geochemistry

Fall, 2006 
Short Course organizers: Nita Sahai, University of Wisconsin, Madison, WI and 

Martin A. Schoonen, State University of New York - Stony Brook, Stony Brook, NY . 

meeting: Fall 2006 American Geophysical Union, San Fransico, California 

sponsors: Mineralogical Society of America and The Geochemical Society





26. Environmental and medical mineralogy (ICAM, WGEM): 

Anhuai Lu (Peking Univ.), Mihaly Posfai (Univ. of Veszprem), 

Tsutomu Sato*(Kanazawa Univ.), David J. Vaughan (Univ. of 

Manchester), Roy Wogelius (Univ. of Manchester) 







• High arsenic concentrations in groundwater are associated with an increased risk of 
cancer.

• Low iodine levels in soils may lead to iodine deficiency and related thyroid disorders.

• Desert dust exposure can contribute to respiratory problems.

• Radon gas emanating from certain rock types is linked to an elevated risk of lung 
cancer.

• Naturally occurring asbestos minerals, when disturbed and inhaled, are associated 
with serious respiratory diseases, including Asbestosis and Mesothelioma.



Biominerals and 

biomineralization

Pasteris et al.,

Elements 2008
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CaCO3



Fe3O4Magnetite nanocrystals
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Godelitsas et al.,

Goldschmidt 2011 (Prague)



SR μ-XRF (FLUO beamline, ANKA Synchrotron)



SR μ-XRF (FLUO beamline, ANKA Synchrotron)

Godelitsas et al., Goldschmidt 2011 (Prague)





Isotope Type Half-life Notes

Hydrogen-3 (³H, tritium) Light, radioactive 12.3 years
Produced by cosmic rays; exists in trace 
amounts in nature

Beryllium-7 (ABe) Alkaline earth metal 53.2 days

Produced by cosmic ray spallation in the 
atmosphere; trace amounts in air and 
rain; not primordial

Beryllium-10 (;:Be) Alkaline earth metal 1.39 × 10@ years

Produced by cosmic ray spallation in the 
atmosphere; trace amounts in minerals, 
rocks, and ice cores; used in 
geochronology

Carbon-14 (;>C) Light, radioactive 5,730 years
Formed by cosmic rays in the 
atmosphere; used in radiocarbon dating

Aluminium-26 (<@Al) Metal 7.17 × 10? years
Cosmic ray spallation of Si in rocks; used 
in surface exposure dating

Chlorine-36 (=@Cl) Halogen 3.01 × 10? years

Produced cosmogenically and by 
neutron activation of Cl-35 in rocks; 
trace amounts in minerals; used in 
dating

Argon-39 (=CAr) Noble gas 269 years

Trace amounts in atmosphere and 
rocks; produced by cosmic rays and K-
40 decay

Sodium-22 (²²Na) Metal 2.6 years
Produced by cosmic ray interaction with 
Ar in the atmosphere; short-lived tracer

Potassium-40 (>:K) Alkali metal 1.25 × 10C years
Naturally present in minerals; small 
radioactive fraction of potassium

Titanium-44 (>>Ti) Metal 60 years
Produced by cosmic ray spallation on Ca 
and Ti in meteorites

Manganese-53 (?=Mn) Metal 3.7 × 10@ years

Produced by cosmic ray spallation of Fe; 
used in meteorite studies and surface 
exposure dating

Rubidium-87 (BARb) Alkali metal 4.88 × 10;: years

Half-life longer than Earth's age and 
over 3 times the age of the universe; 
practically stable;  ~28% of natural Rb



Technetium-97 (CATc) Metal 4.21 × 10@ years
Produced by neutron capture in U ores; 
exists only in trace amounts today

Tellurium-128 (128Te) Metalloid ~2.2 × 10<> years

Half-life longer than Earth's age and the age 
of the universe; practically stable; ~31.7% 
of natural Te

Promethium-147 (;>APm) Lanthanide metal 2.62 years

Produced naturally in extremely small 
traces as a fission product of U-238 in U-
rich minerals

Samarium-147 (147Sm) Lanthanide metal 1.06 × 10¹¹ years

Half-life far longer than both the Earth and 
Universe.; practically stable; ~15% of 
natural Sm

Thallium-208 (<:BTl) Metal 3.05 minutes

Part of Th-232 decay chain (Pb-212 → Tl-
208 → Po-208 → Pb-208); transient in Th-
rich minerals

Lead-210 (<;:Pb) Metal 22.3 years
Part of U-238 decay chain; found in soil, 
sediments, and air via radon decay

Lead-212 (²¹²Pb) Metal 10.6 hours
Part of Th-232 decay chain; present in 
thorium-bearing rocks

Lead-214 (<;>Pb) Metal 26.8 minutes
Part of U-238 decay chain via Rn-222; very 
short-lived

Bismuth-209 (<:CBi) Metal 1.9 × 10;C years

Half-life longer than Earth's age and the age 
of the universe; practically stable; ~100% of 
natural Bi

Bismuth-210 (<;:Bi) Metal 5.01 days
Part of U-238 decay chain (<;:Pb → <;:Bi → 
<;:Po); short-lived

Bismuth-212 (²¹²Bi) Metal 60.55 minutes Part of Th-232 decay chain; short-lived
Bismuth-214 (<;>Bi) Metal 19.9 minutes Part of U-238 decay chain; short-lived

Polonium isotopes (e.g., <;:Po) Post-transition metal 138 days Part of U-238 decay chain; short-lived
Astatine isotopes (e.g., ²¹¹At) Halogen 7.2 hours Very short-lived; trace amounts in nature

Radon isotopes (e.g., ²²²Rn) Noble gas 3.8 days
Produced by Ra decay (U-238 chain); occurs 
in soil and rocks

Francium isotopes (e.g., ²²³Fr) Alkali metal 22 minutes Extremely rare; from decay chains
Radium isotopes (e.g., <<@Ra) Alkaline earth metal 1,600 years Decay products of U-238
Actinium-227 (<<AAc) Actinide metal 21.77 years Part of U-235 decay chain; trace amounts

Actinium-228 (<<BAc) Actinide metal 6.15 hours
Part of Th-232 decay chain (Ra-228 → Ac-
228 → Th-228); transient in Th-rich minerals



Thorium-228 (228Th) Actinide metal 1.91 years

Short-lived decay product of Ra-
224 in the Th-232 decay chain; 
transient in Th-rich minerals

Thorium-230 (230Th) Actinide metal 7.538 × 10> years

Radioactive decay product of U-
234; trace amounts in uranium 
ores and sediments

Thorium-232 (²³²Th) Actinide metal 1.41 × 10¹⁰ years Major primordial radionuclide

Protactinium-231 (²³¹Pa) Actinide metal 32,760 years
Part of U-235 decay chain; trace 
amounts

Protactinium-234 (234Pa) Actinide metal
6.7 hours (Pa-234m: 
1.17 minutes)

Daughter of U-238 decay chain 
(U-238 → Th-234 → Pa-234 → 
U-234); exists transiently in 
uranium ores; very short-lived

Uranium-234 (234U) Actinide metal 2.455 × 105 years

Alpha emitter; part of U-238 
decay chain (U-238 → Th-234 → 
Pa-234m → U-234 → Th-230); 
found in uranium ores; 
~0.0055% of natural uranium

Uranium-235 (<=?U) Actinide metal 7.04 × 10B years
Minor primordial uranium 
isotope

Uranium-238 (²³⁸U) Actinide metal 4.47 × 10⁹ years
Major primordial uranium 
isotope

Plutonium-244 (<>>Pu) Actinide metal 8 × 10A years

Trace primordial isotope from 
nucleosynthesis; not from U/Th
decay





URANINITE: UO2

PITCHBLENDE:
UO2+UO3+Th+REE







The Cigar Lake Project is the world's
highest-grade U mine ((average grade 15%
U3O8, the highest in the world; since 2015),
located in northern Saskatchewan, Canada,
operated by Cameco Corporation. It
produces roughly 11% of global annual U
demand. Mining at Cigar lake takes place
480 m below the surface. The ore mined at

Cigar Lake is processed at the McClean

Lake Mill. The mill can produce ~10000

tonnes of yellowcake (U concentrate)

annually and total production of ~8.16

tonnes of U3O8.









RADIOACTIVITY





238U (~99.27%) 235U (0.72 %)

! DEPLETED URANIUM ! ….





Schoepite, [(UO2)8O2(OH)12](H2O)12, 
transforms slowly in air at ambient 

temperature to
Metaschoepite, UO3•nH2O,

and crystals commonly contain an intergrowth 
of both minerals







On 26 April 1986, reactor no.4 
of the Chernobyl Nuclear 
Power Plant, located near 
Pripyat, Ukrainian SSR, Soviet 
Union (later Ukraine), 
exploded. 

Short-term danger (days–weeks): 
131J, 133Xe, 132Te 

Medium-term (years):
134Cs

Long-term (decades+):
137Cs, 90Sr

Ultra-long-term (localized):

Pu isotopes



Cesium-133 (133Cs)

Status: The only stable, naturally occurring cesium isotope 

Abundance: ~100% of natural cesium 

Half-life: Stable (does not decay) 

Origin: Primordial (formed in stellar nucleosynthesis before the Solar 

System formed)

Cesium-134 (134Cs)

Half-life: ~2 years 

Radiation: Beta + gamma 

Role: Important in the first decade after release, then mostly disappears

Cesium-137 (137Cs)

Half-life: ~30 years 

Radiation: Beta + gamma 

Decay: Turns into Ba-137m, which emits strong gamma radiation 

👉 This gamma radiation is what makes 137Cs easy to detect—and 

dangerous at a distance. Very hazardous radionuclide that spread 

across Europe.



De Cort 

et al. 

(1998)



Petropoulos 

et al. (2001)





• Chrysotile

―White‖ asbestos

• Crocidolite

―Blue‖ asbestos

• Amosite

―Brown‖ asbestos

Mg3Si2O5(OH)4

Na(Fe3
2+, Fe2

3+)Si8O22(OH)2

(Mg,Fe)7Si8O22(OH)2



• Tremolite

• Actinolite

• Anthophyllite

Ca2(Mg,Fe)5 Si8O22(OH)2

Ca2Mg5Si8O22(OH)2

Ca2Mg5Si8O22(OH)2









Mg3Si2O5(OH)4

SERPENTINE POLYMORPHS





Transmission Electron 

Micrograph of chrysotile. 

Misfit between the smaller 

Si-rich tetrahedral sheet 

and larger Mg-rich 

octahedral sheet results in 

curl (Yada, K., 1971, Acta 

Cryst., A27 659-664)



LIZARDITE
LIZARDITE

CHRYSOTILE
CHRYSOTILETransformation 

of

LIZARDITE

to 

CHRYSOTILE 

in

nanoscale

(nano-

intergrowths)



CROCIDOLITE (AMPHIBOLE ASBESTOS)

CHRYSOTILE (SERPENTINE ASBESTOS)

Mg2+, Fe2+, Fe3+

Na+

Mg(OH)2



Fenton Chemistry

Fe2+ + H2O2 ---> Fe3+ + OH- + OH*

Hardy and Aust: Iron in Asbestos Chemistry and Carcinogenity.
Chem. Rev. 95 (1995) 97-118.



Fenton Chemistry

Fe2+ + H2O2 ---> Fe3+ + OH- + OH*

Ferrihydrite

see:

Hochella Jr. Mineral. Mag., 66(5)

(2002) 627-652.

Shen et al. Chem. Res. Toxicol., 13
(2000) 913-921.



 Removal and disposal

 Characterization

ex-situ and in-situ 

(portable equipments)

Asbestos in building materials ...



Ex-situ and in-situ

characterization in 

building materials

Determination of asbestos minerals 
and phase identification (serpentine 

polymorphs, amphiboles)



 ΜICROSCOPIC TECHNIQUES
(Optical microscope, SEM, TEM)

 SPECTROSCOPIC TECHNIQUES
(Laser-μRaman, IR, LIBS)

Ex-situ and in-situ

characterization of asbestos in building 

materials

Anagnostopoulos et al. (2009)



SAMPLES

FROM BUILDING MATERIALS (CEM)



Chrysotile (CHR), Crocidolite 

(CRD) from U.I.C.C. (Union 

International Contre le 

Cancer), see also Free Radical 

Biology and Medicine, 20(6) 

(1996) 853-858 

Chrysotile from 

Zidani asbestos 

deposit, N. 

Greece (ZID)

REFERENCE MATERIALS



ZIDANI ASBESTOS DEPOSIT, N. GREECE

(abandoned mine)



SEM-EDS
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Laser-μRaman
(Raman microprobe)



In-situ Laser μ-Raman 

portable Raman microprobe

RamanRxn1

Microprobe
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ANTIGORITE

LIZARDITE

CHRYSOTILE

Serpentine 

polymorphs

Rinaudo et al.,

Can. Mineral. 2003
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LIBS
(Laser-induced breakdown

Spectroscopy)



portable LIBS microprobe 

Institute of Electronic Structure

and Laser (Crete, Greece)  



200 300 400 500 600 700 800

0

1000

2000

3000

4000

5000

6000

7000

8000

 chrstand

Mg

Si

Intensity

wavelength (nm)

Mg (λ = 285.21 nm)

Si   (λ = 288.16 nm)

Fe  (λ = 293.69 nm)

Fe



200 300 400 500 600 700 800

0

500

1000

1500

2000

2500

3000

3500

 zidwhite2

Mg

Si

O, N, H

Intensity

wavelength (nm)



200 300 400 500 600 700 800

0

100000

200000

300000

400000

500000

Y
 A

x
is

 T
it
le

X Axis Title

 cem12

Ca

Mg

Na

Intensity

wavelength (nm)



200 300 400 500 600 700 800

0

500

1000

1500

2000

2500

 crl1

Mg

Si

Fe
Na

Intensity

wavelength (nm)



Caneve et al., Spectrochim. Acta 2005



LIBS Ratios

y = 4.1397x - 2.1613

R
2
 = 0.688
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LIBS Ratios

y = 4.0468x - 2.1096

R
2
 = 0.6769
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LIBS Ratios
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Correlation SEM-EDS / LIBS

y = 4.2754x - 0.0783

R
2
 = 0.2593
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