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Outline

» Raman spectroscopy

» Portable instrumentation

» Examples of geoscience applications
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Raman effect - principle
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Raman spectroscopy

» Analytical technique based on the
Raman effect
» Discovery of lasers in 1960s

Raman Spectroscopy . m Amilifier
jecti | cco

Notch Filter /

% Mirror

» Raman microspectrometers

Today many advanced techniques
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Advantages of Raman spectroscopy
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Fast analysis
Inorganics and organics in one analysis

Possibility to obtain spectra of micrometric

Possibility to obtain spectra outdoors onsite

No pretreatment of samples necessary
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Raman spectroscopy in geoscience

(a) Gt
Inclusions in UHPM rocks g
Cin Gf
(b) C‘?x
Cfx
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Korsakov et al., 2010 Raman shift, cm’
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Excellent for mineral phases
identification

» Arsenic mineralogy of soils and mining
waste at historic Smolotely-Lisnice gold

[ o [EE
. . ° > 173 3[3394']4 Arsenopyrite
district, Czech Republic S S
é Bariopharmacosiderite
14

» Micrometric analysis, identification of
minerals and more amorphous phases

477
88557+
392 788
237281
B | (a3 545 we R2
: 858
938 o
292 Arseniosiderite
i 198 248 540 967 R3
~37 ~700  Arsenical ferrihydrite
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Portable versus laboratory spectrometers

Laboratory instruments Portable instruments

» Static, but highly configurable » Lightweight and flexible

» Samples have to be brought to a lab » Fast in-situ analyses

» Highest precision, accuracy and details » Generally lower performance
» Micrometric measurements, mapping » Larger laser spot sizes

(=
ks
+—

)

[ S
L°

[©L

X
Ll
©

[ .

v
£
=

=

@)

]

|9}

(=

()

—

<))
Y

c

@}
\
©

=
0
+—

(4]

=

—

)
+—
c
©

c

=

v

|9}

)
(@)
o=
+J
k=
wnm

P~
A
(@)
~N
LN
~
(@]
+—
—
~
—
()
0
O
+—
v
O
*
(18}
O
(19}
c
(19}
|\
O
+—
c
O
S
l_

7/

Exploration ’17

. S £
Portable Raman Spectrometers for Geoscience Applications g
Workshop 9 - Status and New Developments in Field Portable Geochemical Techniques and 9/3 5
Site Technologies for Mineral Exploration, Thursday October 26t 2017

! k)
auasw®

74 FACULTY OF SCIENCE
Charles University







Research using portable instruments

» Mineral identification and in-situ analyses

» Applications in ‘extreme‘ environments (burning
coal dumps, underground in mines, Alpine
conditions

» Arts and cultural heritage (gemstones, artifacts)

» In-situ studies of pigments of microorganisms
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In-situ analyses of minerals at outcrops

» PleSovice quarry,
granulites with
pegmatic veins

» Anorthite, muscovite,
quartz, zircon, apatite,
garnet, tourmaline
identified using
handheld R.s.

» Light vs. dark minerals
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In-situ analyses of minerals at outcrops
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Sulfates - Valachov

Locality in Czech republic, pyrite-bearing shists

» cca. 1850s mining mostly for pyrite for production
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Sulfates - Valachov

» In-situ analyses
using 532 and 785
nm handheld
instruments

» ldentification of
sulfates in natural
relatively complex
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Sulfates - Valachov

Raman spectra of magnesiocopiapite
(Mg,Fe?*)Fe3*(S0,)¢(OH), - 20(H,0)

» Based on the
interpretation of the
Raman spectra, gypsum,
rozenite, melanterite,
fibroferrite,
magnesiocopiapite, and
jarosite were identified
within the collected
samples.

1017

DeltaNu
785nm

1125

Raman intensity

laboratory
514nm
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Burning coal dumps
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Burning coal dump - Hermanice

» Clastic Upper Carboniferous sediments, bituminous coal seams

» Dump material accumulated from 1850s till 1993

» Underground combustion for decades, currently remediated
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Burning coal dump - Hermanice
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» Lower temperature environment
» Similar sulfate-rich mineralogy

» Work in progress

Sixth Decennial International Conference on Mineral Exploration
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Arsenates — Kank, Kutna Hora

» Locality in Czech republic, highly
weathered mine dumps after historic
silver, arsenic and copper mining

» Primary arsenopyrite in association
with secondary arsenates and other
minerals

» As contaminated soil and ground
water
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Arsenates - Kank |

» Bukovskyite, kankite,
parascorodite, and
scorodite were identified
in situ using portable
Raman instruments
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Arsenates - Lehnschafter

»

»

»

»

Locality in Ore Mountains, Czech
republic, historic silver mine
complex

Slowly being re-opened for visitors

nnnnnnnnnnnnnnnnn

Secondary arsenate minerals,

nnnnnnnnnnnnnnnnnnn

deposited on walls and galleries N COR e

Considerable secondary As
mineralization, esp. zykaite
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Arsenates - Lehnschafter

» Challenging in-situ
measurements

» Deep in the
mountain (200 m
tunnel)

» Very high
humidity,
condensing water
may damage
instruments

Exploration ’17
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Arsenates - Lehnschafter
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Applications in cultural heritage and arts

» ldentification of gemstones,
exposing fakes or subtitutes

» In-situ identification of
pigments (anorg. and org.)

» Precious artifacts, cannot
be sampled, or even moved
to alab > portable
instrumentation

» Fast analyses
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Ring monstrance

Religious artifact (1748)
made fo Loreto, Prague
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Huge historical value
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Heavily decorated with 65
mounted jewels and 324
stones
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Great number of 'diamonds'
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Ring monstrance

» Over 200 Raman spectra
collected in a few hours
using handheld and palm
instruments

» All diamods were confirmed
plus other stones such as
emerald, rubies, sapphire,
amethysts, garnets
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Recent advances in portable instruments

» Overall improvement of
performance and data
output getting closer to the
laboratory spectrometers

Raman intensity

» Spectral region up to 4000
cm™ accessible: OH
stretching vibrations,
genetic studies of emeralds 3800 3000, 2500 2000 1500 “1600 500

Wavenumbers (cm™')
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Recent advances in portable instruments

Sequentially shifted excitation

» Sequentially Shlfted e L
excitation A T s

: ‘
INE
vy
I A

» Suppression or elimination
of fluorescence from the
Raman spectra

Raman intensity

» Very useful for natural
samples of minerals (REE,
and other elements form W i
fluorescence centers) P e " e
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Conclusions

» Portable Raman spectrometers are powerful tools for
geoscience research

» Applications include in-situ mineral identification at
outcrops — a possible tool for mineral exploration,
fast and non-destructive identification of gemstones,
inorganic and organic pigments detection
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» Instruments are rapidly improving technologically -> <
greater scientific output, i.e. fluorescence suppression =
_g__
Portable Raman Spectrometers for Geoscience Applicati B”
B L oL srench i oo e st 33 ,BSuﬁL; 117/

EXPLORATION

Site Technologies for Mineral Exploration, Thursday October 26t 2017



Acknowledgements

Filip KoSek

Peter Vandenabeele, Danilo Bersani, Jaroslav Hyrsl,
Howell G. M. Edwards...

References:

A. V. Korsakov, M. Perraki, D. A. Zedgenizov, L. Bindi, P. Vandenabeele, A. Suzuki and H. Kagi, Journal of Petrology,
2010, 51, 763-783.

(=
ks
+—

1)

[ S
L°

[©L

X
Ll
©

[ .

v
£
=

=

@)

]

|9}

(=

()

—

<))
Y

c

@}
\
©

=
0
+—

(4]

=

—

)
+—
c
©

c

=

v

|9}

)
(@)
o=
+J
k=
(Va]

Toronto, Canada * October 21to 25, 2017

A. V. Korsakov, K. de Gussem, V. P. Zhukov, M. Perraki, P. Vandenabeele and A. V. Golovin, European Journal of N
Mineralogy, 2009, 21, 1301-1311. <
F. R. L. Faulstich, H. V. Castro, L. F. C. de Oliveira and R. Neumann, 2011, Spectrochimica Acta Part A: Molecular and S
Biomolecular Spectroscopy, 2011, 80, 102-105. S
P. Drahota, O. Kulakowski, A. Culka, M. Knappova, J. Rohovec, F. Veselovsky and M. Racek, 2017, subm. to Applied ©
Geochemistry o
o
x
OLOGY . L

Q"s-oi < %,

Portable Raman Spectrometers for Geoscience Applications gm b"'g ﬂ '7/
L ABIUILILC (L G DAL Workshop 9 - Status and New Developments in Field Portable Geochemical Techniques and 3 4/3 5 ’

Charles University

Site Technologies for Mineral Exploration, Thursday October 26t 2017

EXPLORATION






