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Quartz is ubiquitous within continental crust and can virtually be found within all rock types (plutonic, uartz trace elements characterization
metamorphic and sedimentary). During erosion, weathering and sedimentation processes, it has a very Quartz structure defec‘ts Q

high preservation potential and is therefore a good candidate to trace sediment production and transport © silicium linked togetherby theiroxygen atoms. Tetrahedra are arranged L A-ICP-MS analyses were carried on an Agilent 8900 triple

The ideal quartz structure is a network of SiO, tetrahedra
- Comparison  of

8 quartz ablation

dynamics One Of the a|ms of the Quartz ANR project |S to develop a mul“_method protocol for quartz /\\ _____________ /_/\\ - In :‘:e::cal Stl':}'thure.S that Create ChannEIs para”el to the quadrup0|e ICP'MS Coupled to a TeIEdyne EXCite EXCimer with the Excimer
. .. . : \ s crystallographic c-axis. i i
characterization that can be use to trace the origin of river sediments. \ ystatlograp 193 nm laser in the BRGM (French survey) laboratories. Zsjrvsegi'zy set
_ Ccation compensateur  SOMe Of the most common defects of the quartz dQuartz bel:gha difficult mlnedral to analyze with LA-ICP-I\I/IS -
. . M Na, Li, H i i ; P ue to its high resistance and its transparency, a particular
The Strengbach catchment, selected to develop the method, is relatively small L/ e hi lattice are atom vacancies and Si substitutions. The tub had tg b 4. Duri | g th yl g
Al Aluminium most common substitutions to Si4* are Al3*, Ti** and ~ S€tUp had 1o be used. During analyses, the laser energy

(ca. 40 km?) with a relatively simple lithology. As a first step, bedrock samples /
have been characterized to establish their quartz signature that will be Strengbach e AT A Ti | Titane
compared in a second step to the quartz signature within river sediments. \

\ Ge*. Substitutions and vacancies may require was set to 6 mJ instead of the usual 4 mJ, and analyses

charge compensation to keep the crystal electronic ~ Were carried on thick sections (100-150 um thickness)

neutrality. This role is often taken by foreign cations  instead of more common thin sections (30 um thickness).
Spot size used from measurements was 50 um for whole-

such as H*, Li*, Na* or K* that can circulate within c-
axis channels. rock samples and 35 um in the case of grain samples.

e~ Electron

The Strengbach river catchment

Intrusive units Principal sedimentary units Defects in the quartz structure are intricately linked to quartz LIBS imaging analyses were carried out using an ABLATOM microLIBS equipment (ELM-XS-I)
Biotite porphyroid anatectic Thannenkirch monzogranite Coarse Buntsandstein ferruginous 4 Y . conditions and environment of crystallization and consecutive allowing micrometric chemical analysis on a macroscopic scale (surface area of several square
+/- granito-gneissic features I:l sandstones and conglomerate hi .. : . . : .

: . - . . istory (recrystallization, metamorphism, alteration, etc.). It implies centimeters).
Two-micas Brezouard leucogranite [ ] Buntsandstein Vosgian Sandstone _ _ o :
Buntsandstein voltzia and shell-rich that, by choosing complementary analytic methods, it is possible to
sandstone establish a signature common to quartz with a similar history.

Other sedmimentary units
I Early Muschelkalk shell sandstone

LIBS imaging instrumentation is based on the generation of a series of
plasmas at different positions on the sample following a scan
sequence. Each spectrum is then processed to build the

Two-micas syntectonic Bilstein leucogranite
Two-micas Turkheim leucogranite

-
with granito-gneissic features 29 '\
[
X
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Cathodoluminescence, OSL (Optically stimulated Luminescence) and ESR (Electron Spin ESR

I Undifferentiated early Muschelkalk Resonance) are techniques relying on electronic traps that are a direct consequence of the B{t) | corresponding elemental maps. The step size was between 40 et 50
i gypam " mineral structure and its defects. Not only chemistry affects the analyses, but also purely =~ _h +AB) um for about a millions spectra allowing the analysis to cover the
\:l Late Muschelkalk entroques limestone \)

whole surface of the sample. 3 spectrometers were used
simultaneously, laying a range for a wide elemental analysis including
major, minor elements and even light elements like H and Li.

Early Keuper dolomite and veriegated  StUCtUral defects (vacancies, extra O or Si, dislocations, etc.). Cathodoluminescence is mostly
marl +/- gypsum . . _ . . . . o .

used to image mineral structure variations in minerals or for mineral identification. OSL and ESR
are more commonly used as dosimetric methods for dating but have shown there interest for
source tracing. These two methods require pure quartz grain samples. Analyses thus return
bulk results in opposition with other techniques punctual analyses.

=

01 The combination of LA-ICP-MS and LIBS techniques is particularly interesting because both are sensitive
LA-ICP-MS (Laser Ablation coupled to Inductively Coupled Plasma Mass to different elements. LA-ICP-MS is particularly good at analyzing heavy elements while LIBS is best for
spectrometry) and LIBS (Laser Induced Breakdown Spectroscopy) are used oSL light elements (some of them being difficult or impossible to analyze using ICP-MS). LIBS is also an
for trace elements quantification due to their complementarity. interesting complement to LA-ICP-MS as it can generate elemental maps much quicker than what can be
Quaternary units IR light done with LA-ICP-MS, highlighting areas interesting to further investigate using LA-ICP-MS.
[ River deposits LA-ICP-MS LIBS Cathodoluminescence ]
ICP-MS Spectrometer blue light Luminescence Sa m p I e p re pa ratlo n
/\_ Strengbach river A \e- .
\_ Strengbach river . ] N ' _ : =
affluent Metamorphic units Matter: . . §.. | heat'source (T)
[ ] Laminated sillimanite paragneiss " Faults k3 . ’/ . ynescence k’. Sampling
I Migmatized sillimanite paragneiss ,-=” Inferred faults - ’
|:| Amphibolite Box plots of whole rock samples exclude hydrothermal data and outliers. Step 1- e Sievi Hel — M i Whole-r O_Ck
. Sample names in black are whole rock samples; sample names in grey are purified quartz grain samples. Mineral iz a.ration Crushing (250Ie1‘g(r)‘g m) (37%) = . aag;eti:acn Ath/ck-secton
LA-ICP-MS: Grains vs whole-rock iagmatc 3 iagmatc 3 iagmatic 3 P “ Rl S
Metamorphic Magmatic 2 Magmaticl Sedimentary Metamorphic Magmatic 2 Magmaticl Sedimentary Metamorphic Magmatic 2 Magmaticl Sedimentary -
0 0 _l_f_'l‘_\u 1 '} . V l _I_II_'I‘_\I ! '} . V l 120 ! I’_'l‘_\l : '} . V l M H
* LA-ICP-MS analyses carried out in quartz of both whole-rock 400+ | : : = | : : | : : Step 2: 1/3 HCl+ 2/3 H2SiF6 — agnetic. LST
and purified grains samples — | | | . | | | - 100 - i i i Quartz extraction  with agitation — 6 days i Ser::;agtr:z:it\zlth d=2.62 g/cm3
* Analyzed elements: Li, Be, B, Na, Mg, Al, K, Ca, Sc, Ti, V, Cr, : | : : : : | | |
Mn, Fe, Co, Ni, Ge, As, Rb, St, Sb, Cs, Pb, Th, U, REE 2009 o | [ 25 - o | l - o e
* Main elements detected: Al, Ti, Li 250 : : : ' : | | = | : : Step 3 . 1/3 HCl+ 2/3 H2SiF6 = Final sieving
= I | I I ‘E 204 l | I _ £ I I l Quartz purification with agitation - 2 weeks u (250-140 pm)
* No significant effect of quartz purification & 200 - H | a a 7
* Exception: STR22-02 due to selective quartz type sampling = 5151 It = ’
150 7 N :I I ) : 40 - 3 :I i
' 11 | | o 5 ai i . | 100 K- thick
Quartz SIgnatures “ i i _ i * i i I 20 - % i H grains _ sections
oIl Ty L8 TR Y | ] i 201 B | . I ' ? B |
Based on rock petrology and quartz chemistry, six quartz et e e T O_H B é ii P N A L R P S ! !
types can be distinguished: . TREEINTEEEEEEEE FUGRIEEEEEEEEEE ppnigpminaszan MM (oo purifed orens mountedi CL+ LA'ICP-MS + LIBS
. Sedimentary  Magmatic group 3 343 8 nn 7 20 30 0 mGnpRR G Ra AR EE | mhsszanamatistssmenans R R gs  msmsagapmsyse sy vy sy sy Y ns sy 3 cponyresin s tick sctions \
* Magmatic group 1 * Metamorphic
. I e e B e e e e e B o e e A =y e el T T e o e e B e e e o gy S oy = o e T e e e e g e e e e o o g
¢ Magmatic group 2 e Hydrothermal Gg by by oY b Eo B GY 0F by by by By by G 0 0y 0Y 0y b By BN Gg 0 0 0 0y By by 6y Gy g 6 Gg G REoBa6g GY g BY ag by by by
" b 6B EE GG GH GG E GG & 6 6 6 EE LB GE G HE GGG » & b 6 EE GG HGBGEE GG
. . - o ioh i i i . . oa e Slight CL colors variations . . . e 0
Magmatic group 1: Unspecific granitic quartz Al Il giems clensiiny Magmatic group 2: Deformed granitic quartz J Magmatic group 3: granito-gneissic quartz

between recrystallized grains
(likely due to crystallographic
orientation differences) w

* Turckheim granite (samples STR22 32, 33)

* Small granite intrusion emplaced within a
metamorphic country rock

* Warm intrusive body led to partial melting of
surrounding metamorphic rock

 Bilstein syntectonic granite (samples
STR22 09A, , 10)

* Magmatic and recrystallized quartz

* Dominant quartz type: recrystallized

* A few quartz relics (magmatic)

* Intense recrystallization by subgrain rotation
(10-25 um @)

* No distinctive chemistry differences between
quartz types

* Thannenkirch and Brézouard granites (samples
STR22 15, 17, 20, 45)

* Magmatic and recrystallized quartz

* Dominant quartz type: magmatic

 Large (several mm @) magmatic quartz grains with
local bulging recrystallization

* Magmatic and recrystallized quartz

* Dominant type: magmatic

* Medium (ca. 1 mm @) magmatic quartz grains
with local bulging recrystallization

* No distinctive chemistry difference between quartz
types

Slight CL orange tint
associated with an
inclusion-rich zone of a
magmatic quartz grain. p»

* No distinctive chemistry differences between
quartz types
* Chemistry close to metamorphic quartz

e

A L[IBS elemental map of part of
sample whole-rock
thick-section. Quartz are in grey,
feldspar in light blue, and micas

’XPL 3 4 Bulging recrystallization
. M are in dark-blue + red.

in magmatic  quartz
grains.

Magmatic group 1 Magmatic group 2 Magmatic group 3

E STR22_15_LM Magmatic O STR22_09A LM O STR22_32 LM

% STR22_15_LM Recrystallized % STR22_09A_LM Recrystallized o STR22.32_Qz LM Bulging recrystallization in
o STR22_15 Qz_LM o o 5TR22_09A Qz LM o m STR22_33_LM o magmatic quartz grains.

m STR22_17_LM Magmatic O O STR22 09B_LM O 4 STR22_33_LM Recrystallized o

* STR22_17_LM Recrystallized 1.0 % STR22_09B_LM Recrystallized 1.0 + STR22_33_LM Hydrothermal 1.0

o STR22.17 Qz LM STR22_09B_Qz_LM

STR22_17: Verreries facies

O STR22_20_LM Magmatic O STR22_10_LM °
. . . . o STR22 20 Qz LM o # STR22_10_LM Recrystallized Metamorphlc quartz
* Partial anatexis (locally granito-gneiss features) 5mm T2 45 LM Magmati o STR22 10 0z LM
_45_ agmatic - o olre . .
° Sample intensely fractured STR22_45 LM Hydrothermal 0.8 Sl”lmanlte paragneISS (Samp|eS
. . STR22_45 Qz_LM STRZZ_O]., 02, 14)
* Lower Al and Li concentration than the rest of _ _
magmatic group 1 closer to magmatic group 3 ’ Meta.morphlc and recrystalll.zed quartz
chemistry  Dominant ty.pe. metamorphlc
Metamorphic quartz either show
undulose extinction or are recrystallized
by subgrain rotation (@ > 200 um)
* No significant difference between
_ different quartz types
Fractures and cataclasite
V¥ Undulose extinction in metamorphic quartz.
¢ ¢
‘o ‘o
¥ The fractured nature of ) 7 7 7 7 > 0.0 ) 7 7 7 7 > 0.0 :
. ' ' Q v " © % Q N oy " © % Q : T :
et 5 the_ .?am.ple is particularly > o > > N ~ o o o 3 3 ~ A Undulose extinction is associated
" striking in CL. ‘. . . . . . .
NY; < with higher inclusion density and
higher CL intensities.
° i o o
Bunt.sandst.eln sands.tones (.sz?mples , 30, 44) Sedimentary 2, Metamorphic 2,
* Detrital grains of various origins © STR22.29 LM 1.0 A STR22.01_LM 1.0

STR22_29 Qz_LM STR22_01_LM Recrystallized

STR22_01_LM Hydrothermal

+ *

* Sub-rounded to well-rounded grains

>TR22_30 LM Recrystallized metamorphic quartz; CL colors vary slightly between grains

-]

e Syntaxial th o STR22_30 Qz_LM o STR22.01.Qz LM o
yntaxial overgrow o STR22 44 LM A A STR22_02_LM A (likely due to crystallographic orientation differences).w
* Grains imbrication S e i e ] 0.8 = STR22_02_LM Magmatic 0.8 | b —
_44_Qz_ o STR22 02 Qz LM
* Similar chemical signature as magmatic group 1 A STR22_14_LM
STR22 14 Qz LM
% LIBS
Si
Li
: . Ti
Quartz grain showing imbrication and Al
syntaxial overgrowth. ¥
STR22_02: Different whole-rock vs purified quartz
signatures
¢ °
‘© ‘©
/ r 4 V4 rd rd V4 O O 7/ rd 4 I rd 4 0 0
Q ~ & © % Q Q v W © Q© )
o Q Q Q St ~ NS Y Nt Q Nt ~
"':,‘ .l ~ % !* e & i # : L SRR i g ' ' p":'ar Pseudpmoﬁphs s ' : :
Fon B e T Rl b AR N AR VBT S Full symbols with a black outline are LA-ICP-MS results for the different quartz types identified in the whole rock thin sections. s\' R i A Magmatic quartz grains can be found in inclusion in
A LIBS elemental map of STR22_44 whole rock thick section. Quartz Hollow circles are LA-ICP-MS results of unknown quartz type(s) from purified quartz grains thin sections. Y seg domor Zs . STRg > 02 whole rock thin section
are in grey and feldspar in blue. Other bright color spots identify ’77_ eir ch p i — eved i o d. _
other phases such as oxides and micas. Some light colored spots Me/rc e.mlca srgnatur.e IS ZOt retrlevhe ”? p l/mf, T Gl Igra/ns.
s A oy . agmat{c quartz grains have a chemical signature close to
Comparison to ESR and OSL A Mogmaticgroup 3
HYd rothermal quartz LIBS elemental map showing
y s sh ] FAlidl i part of sample STR22-17 OBAT: Optically bleachable Al signal  ESR data: 550
* Most samples show signs of fluid circulation whole-rock  thick-section DAT: non bleachable Al signal |
: : gna . Cirmi . .
* Hydrothermal veins observed in a few whole-rock samples (STR22 01, 17, 33, 45)  Magmatic quartz are in gre 400 A Similar quartz signatures extracted from ESR signal 20 .
. g q grey, S %28 . Granite STR22-32 " 3 q 2004 m @45 OSL data:
7 * Chemical signature not retrieved in purified grains of the same samples feldspar are in blue, micas 0 m L4 09p fa”' e -32 (magmatic group 3) groupe 290 + Low OSL signal: metamorphic or magmatic group 2 and 3 quartz
CL 15kV 40s » Hydrothermal chemical signature identified in sample purified grains are in red, and light red color 300 - we 30 with metamerphic quartz E 1504 15 ST —— I " . di ) .
« Two types of hydrothermal signatures: highlights  Li-rich  quartz  ~ - * Quartz metamorphic vein (STR22-01) separated = 098 18 - 5|g-na ..magma Ic group 1 or se |mc.en ary.quar z 5
C . i : . = 10 - -
B [ hydrothermal veins. ¥ S o 0 . from other metamorphic quartz 2 100.- 449 30 10g #OQA * Granito-gneiss signature of STR22-17 (Verreries facies) not visible
< 17 . .
s & 2 * ESR Al center: no correlation with Al concentration o l4A3 * Correlation between OSL and Al concentration
+ Hydrothermal high Al-Li 1001 % * ESR Ti-Li center: good correlation with Ti 2 oot I
- A . . . : rotherma
600 + 30- = LRl Sl Lo concentrations; weak correlation with Li 0 —————— ¥ ,
o STR22 01 _Qz LM . : . . 0 200 400 600 800 1000 BOSL: Blue light OSL signature:
STR22 02 Qz LM 0 ' S e * Not all Al and Li are associated with active ESR I(A]) (a.u.)
500 + 25 STR22_14 Qz_ LM DAT (3.u.) centers 1500 - 290 250
STR22 32 Qz LM - S 20 45
204 STR22_09A Qz LM £ 1250 - R=0.946 / S o O e
400 - + g STR22_09B_Qz_LM 25 > Y=5.49X-79.09 // PR
= = - — 15 -
g +, * e o - 20 1 " 290 O 750 / = 10, 0987 :
& 300 - + + STR22_15_Qz LM 30. 4% $ . / =
= +-.|-. 10 o STR22_20_Qz_LM _ - 09B 102 (20 -0 *1729 20, s S 30 /' g* < 1004 ﬁ%l:l/ 24130
. o STR22 45 Qz LM £ 09A T s £ 15 - 7 2007 20, ﬁ\ 14 00A | 117
t o+ STR22_30_Qz_LM o - o - O 10 09A 17 T 33
200 5 % S o _ 44 Q - @ 501 R’=0.734
o + - STR22 29 Qz_LM - -~ 01 = _ ~ 250 1 01 - 44 A —0.
¥ R + + +@+o (é ) 29 Qz_ =201 @ - R'=0.61 L * 32 33 15 01 02 Y=0.66X+57.92
$D o o 109 Y=0.22x+1.41 - m_w = 32
) ) ﬂ;ﬁ > 000 . R STR22 44 Qz LM 10 : - Al1a 2~ 02 HooB
A The diversity of CL colors reflects the « 0 - T T T 14 R’=0.82 09A -7 300 117 0 —————— - 0 . . . . .
diverse origins Of the minerals 100 A + 0 100 Al (ppZmO)O 300 10 4 Y=0.31X+19.99 0/9§ 2 + 0 0 5|0\ 160 150 2(.)0 250 10! 102 0 50 1000 150 200 250
-] o
composing the sandstones. Bright { 5 100 i o, - 14 Al (ppm) BOSL 125°C (cts/Gy/mg) BOSL 125°C (cts/Gy/mg)
colors are associated with feldspar and o o . . . . A Comparison of Li and Al LA-ICP-MS 1 2 A %01
dark color shades are associated with 0 1000 2000 3000 4000 5000 concentrations from purified grains and from 0 0 2'0 4'0 6I0 0 0 2'0 4'0 6I0 References: Ackerson et al., 2015; Augustsson & Reker, 2012; Baele et al., 2016; Boggs et al., 2002; Duttine et al., 2002;

Al - } L5 g ates, SEMREERR - St
quartz. (pom) ETBUTERRCY QB 57 MANENE OB SEEES I(Ti-Li) (a.u.) I(Ti-Li) (a.u.) Gétze et al., 2021; Minelli et al., 2021; Shimada et al., 2013; Tissoux et al. 2015



