Virtual
Poster Session

2020
30.11.-3.12.2020

DMG VIRTUAL POSTER SESSION 2020
30. November – 03. Dezember 2020

Book of Abstracts

Abstracts DMG virtual poster session

Die junge Garde der deutschen Kristallographie
gewidmet Horst Saalfeld zu seinem 100. Geburtstag
aus der Erinnerung von Martin Okrusch

Bildnachweis: UHH/Schöttmer

Horst Saalfeld 2018
Meine Erinnerungen an Horst Saalfeld reichen bis in das Jahr 1956 zurück, als ich als Berliner Austauschstudent mein Mineralogiestudium an der
Universität Würzburg fortsetzte. Dort war gerade das selbständige Extraordinariat für Mineralogie gegründet worden und Siegfried Matthes
(1913-1999) bemühte sich, unterstützt von seinem Assistenten Emil Eberhard, mit sehr bescheidenen finanziellen Mitteln ein eigenes
Mineralogischen Institut aufzubauen. Wesentlich günstiger waren die Verhältnisse am benachbarten Max-Planck-Institut für Silikatforschung, in
dem sein Direktor Adolf Dietzel (1902-1993) im Jahr 1955 eine eigene Abteilung für Kristallkunde installiert hatte. Sie wurde von dem

bedeutenden Kristallographen Heinz Jagodzinski (1916-2012) geleitet, der eine außerordentlich aktive Arbeitsgruppe junger Kristallographen um
sich scharte. Zu ihr gehörten Horst Saalfeld (*1920), Hans Wondratschek (1925-2014), Otto Wilhelm Flörke (*1926), Friedrich Liebau (1926-2011),
Heinrich Arnold (-2020), zeitweise auch Christel Tennyson (1925-2010), die eine aktive kristallographische Grundlagenforschung betrieben, die z.
T. auch deutlichen Anwendungsbezug aufwies. Darüber hinaus beteiligten sich Heinz Jagodzinski und Horst Saalfeld auch intensiv an der
akademischen Lehre. Ihre Vorlesungen und Übungen vermitteltem dem kleinen Studenten, der in Berlin gerade eben die Anfangsgründe der
Mineralogie kennengelernt hatte, staunenswerte Einblicke in die moderne Kristallographie. Viel lernte ich auch im silikatkundlichen Praktikum im
MPI und bei den gemeinsamen Kolloquien.
Zum Nachkolloquium traf sich die junge Garde im Röntgenraum des Mineralogischen Instituts, wo bei Bockwurst und Bier fröhlich gefeiert und
manchmal auch tüchtig gelästert wurde. Emil Eberhard verdanke ich, dass ich bei diesen Feten dabei sein durfte. Das war eine große Ehre für
mich. Alle zwei Jahre fuhren wir in dem PKW der Kristallographen nach Erlangen zum Gemeinschaftskolloquium mit der Erlanger Mineralogie. In
besonderer Erinnerung ist mir eine rauschende Faschingsfete unter dem Titel „Fahrt zum Mond”, die wir - wild kostümiert - in der noch leeren

neuen Wohnung des Ehepaars Arnold feierten. Otto Flörke erschien in Nachthemd und Zipfelmütze als „Mann im Mond”; er war durch eine
riesige Pappnase so verändert, dass ihn meine Frau auf der folgenden DMG-Tagung nicht erkannte.
Alle Mitglieder der jungen Garde machte erfolgreich ihren Weg. Horst Saalfeld habilitierte sich 1959 in Würzburg mit einer richtungweisenden
Arbeit „Strukturen des Hydrargillits und der Zwischenstufen beim Entwässern”. Er wurde schon 1960 auf die Professur für Strukturforschung an
der Universität des Saarlandes berufen und folgte 1963 einem Ruf auf den Lehrstuhl für Mineralogie und Petrographie an der Universität
Hamburg, auf dem er bis zu seiner Emeritierung 1986 in Lehre und Forschung erfolgreich wirkte. Sein besonderes Anliegen war die Deutsche
Mineralogische Gesellschaft, der er 1972-1974 als erster Vorsitzender und 1974-1993 im arbeitsaufwendigen und verantwortungsvollen Amt des
Schatzmeisters diente. Mit seinen grundlegenden Arbeiten zur Kristallographie der Silikate habilitierte sich Friedrich Liebau 1964 ebenfalls in
Würzburg und erhielt 1965 den Ruf auf Professur für Mineralogie und Kristallographie an der Universität Kiel. Zusammen mit Heinz Jagodzinski
erhielt Friedrich Liebau das Ehrendoktorat der Würzburger Fakultät für Geowissenschaften. Seine Arbeiten bilden die Grundlagen für sein 1985
veröffentlichte Buch „Structural Chemistry of Silicates”. Nach Assistentenjahren an der ETH Zürich und der Universität Bonn habilitierte sich Hans

Wondratschek dort 1961 mit der Arbeit "Untersuchungen zur Kristallchemie der Blei-Apatite (Pyromorphite)", wurde 1962 Dozent an der
Universität Freiburg und folgte 1964 einem Ruf auf die Professur für Mineralogie an der TU Karlsruhe. Nach fruchtbaren Assistentenjahren an der
ETH Zürich und seiner dortigen Habilitation 1960 wurde Otto Wilhelm Flörke 1963 auf den Lehrstuhl für Mineralogie und Kristallographie an der
Universität Bochum berufen, wo er bis zu seiner Emeritierung 1989 aktive Lehre und Forschung betrieb.
Ich werde die Zeit mit der jungen Kristallographen-Garde, die mich sehr geprägt hat, dankbar in Erinnerung behalten. Nachdem uns nun schon
einige Mitglieder aus diesem Kreis für immer verlassen haben, bin ich umso dankbarer, dass Horst Saalfeld seinen 100. Geburtstag feiern kann.
Martin Okrusch, Würzburg
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Crystal Growth and Characterization of
(Al, Ge)-Mullite Incorporating Large Foreign
Cations Using Flux Techniques

Synthesis and Characterization of Chabazitetype SAPO-44 with Different Silicon Contents
Akinbodunse, S.J.*1, Fischer, M.1,2, Spieß, I.1

1

Abdelmaseh, S.*1, Burianek, M.1, Birkenstock, J.1,
Fischer, L.A.2, Schneider, H.1, Fischer, R.X.1
1

Fachbereich Geowissenschaften, Univ. Bremen, Germany
Inst. Geo- und Umweltwissenschaften, Univ. Freiburg, Germany
* Corresponding email: samuel3@uni-bremen.de

2

Keywords: Flux Crystal Growth, Mullite, EMPA, Single-crystal XRD

The flux composition of 49% PbO−51% MoO3 has
successfully been used for the incorporation of large cations
of REE such as Nd3+, transition metals such as Fe3+ and
Cr3+, and LPE Pb2+ into (Al,Ge)-mullite. Crystals of (Pb,
Nd)-incorporated (2:1)-mullite were grown at the melting
temperature of 1230 °C, as it seems that a combination of
REE with the flux components decreases the temperature
needed to grow relatively large crystals of mullite (2 mm).
The chemical composition determined by EMPA is
Al4.82Ge1.18Pb0.07Nd0.03O9.69. The Structure refinement, with
R1 = 0.0291, has revealed that there is no indication for
lowering the symmetry of orthorhombic Pbam (a =
7.6585(7) Å, b = 7.7666(7) Å, c = 2.9164(3) Å, V =
173.47(3) Å3, Z = 1). Forbidden reflections, described
previously by Saalfeld and Klaska (1985), in the singlecrystal XRD data can be well-explained by the contribution
of the 𝜆/2 effect, or as artifacts arising from background
fluctuations affecting the integration process. Pb2+ and Nd3+
are located in the large interstitial sites that are terminated
by the tri-cluster formation due to the removal of O3 linking
the tetrahedral di-clusters. On the other hand, melting
temperature at 1350 °C was efficient for growing relatively
large crystals of mullite incorporating transition metals with
high quantities up to 17 mol%. Fe3+ and Cr3+ are
incorporated in the mullite structure by substitution of Al3+
on the octahedral site M1. Only Fe3+ is observed to
substitute Al3+ on the tetrahedral sites T and T* based on the
structure refinement of (Al,Ge)-mullite with the chemical
composition Al3.95Fe0.68Ge1.37Pb0.02O9.71, with R1 = 0.0130
and orthorhombic space group Pbam (a = 7.7125(7) Å, b =
7.8527(7) Å, c = 2.9528(2) Å, V = 178.83(3) Å3, Z = 1).
Incorporation of these transition metals causes significant
expansion of the unit cell along the three axes due to their
comparatively larger ionic radii (Shannon et al. 1976). Pb2+
is also incorporated with minor concentrations occupying
the two large interstitial sites. (Al,Ge)-mullite with the
chemical composition Al3.90Cr0.63Ge1.47Pb0.01O9.75, derived
from the structure refinement with R1 = 0.0205 in the
orthorhombic space group Pbam (a = 7.6917(6) Å, b =
7.8168(6) Å, c = 2.9522(2) Å, V = 177.50(2) Å3, Z = 1). The
structure refinement of all single crystals of the
incorporating (Al,Ge)-mullite has demonstrated that Ge4+
can also occupy the T* site with lower concentrations.

Faculty of Geosciences, University of Bremen, Germany
2
MAPEX, University of Bremen, Germany
* Corresponding email: akinbsil@uni-bremen.de

Keywords: SAPO-44, AlPO, zeolite, material characterization

Silicoaluminophosphates (SAPOs) are aluminophosphate-based zeolite-like frameworks in which silicon
atoms occupy a fraction of the tetrahedral sites. The varying
degree of silicon incorporation influences their framework
structure, physicochemical properties, and catalytic
behavior (Ashtekar et al., 1994; Liu et al., 2008). In this
work, we synthesised CHA-type SAPO-44 samples with
different silicon contents via a hydrothermal route in the
presence of cyclohexylamine as organic structure-directing
agent (OSDA). The samples were characterised with
powder X-ray diffraction, X-ray fluorescence, thermal
analysis, scanning electron microscopy, and N2
physisorption in order to study the effect of silicon
incorporation on various physicochemical properties of
SAPO-44, including crystallinity, crystal morphology,
thermal stability, and porosity.
Variation of the silicon content in the synthesis gel
within a range of SiO2/Al2O3 molar ratios from 0.5 to 2.0
results in phase-pure SAPO-44. The incorporation of a large
amount of Si in the framework was confirmed (Figure 1).
The varying silicon content does not have a significant
influence on thermal stability, pore volume, and surface
area. SAPO-44 has a rhombohedron/cube-like morphology,
with twinned crystals of varying particle sizes up to 120 µm.
It is thermally stable up to 1000 °C. The chabazite cages of
SAPO-44 contain approximately six OSDA molecules per
unit cell, indicating nearly complete filling of the pores. The
removal of organic templates from the cages leads to a
shrinkage in the overall cell volume, and the formation of
Brønsted acid sites, which are vital in catalytic activities.

Figure 1 A plot of different Si contents in the product against the
respective Si contents in the reaction mixture of SAPO-44.

We thank the DFG for funding this project under grant FI442/25-1.
Saalfeld, H., and Klaska, K.H. (1985) A Pb/Nd-stabilized mullite of the
composition Al 5.03 Ge 0.97 Pb 0.15 Nd 0.06 O 9.71. Zeitschrift für
Kristallographie, 172, 129–133.
Shannon, R.D., (1976) Revised effective ionic radii and systematic studies
of interatomic distances in halides and chalcogenides. Acta
Crystallogr. A32, 751-767.

Ashtekar, S., Chilukuri, S. V. V, & Chakrabarty, D. K. (1994): Small-pore
molecular sieves SAPO-34 and SAPO-44 with chabazite structure :
A study of silicon incorporation. J. Phys. Chem., 98, 4878–4883.
Liu, G., Tian, P., Li, J., Zhang, D., Zhou, F., & Liu, Z. (2008): Synthesis,
characterization, and catalytic properties of SAPO-34 synthesized
using diethylamine as a template. Micropor. Mesopor. Mater., 111,
143–149.
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High spatial resolution mapping of H2O
concentration in glass
1

Allabar, A.*1, Nowak, M.1

Department of Geosciences, University of Tübingen, Germany
* Corresponding email: anja.allabar@uni-tuebingen.de

Keywords: FTIR spectroscopy, H2O mapping, high spatial resolution

Several spectroscopic techniques are available to
quantify H2O concentrations in silicate glasses. However, a
very high spatial resolution on a µm-scale is necessary to
quantify small scale degassing or hydration processes such
as H2O resorption from vesicles into melt during cooling
that causes µm-scaled H2O concentration gradients in
quenched glasses around vesicles (McIntosh et al. 2014).
Lowenstern & Pitcher (2013) calibrated total and
molecular H2O concentration in glasses with mid-infrared
attenuated total reflection (ATR) FTIR spectroscopy
providing a spatial resolution of ~8 µm. We present the
novel usage and the calibration of ATR FTIR spectroscopy
coupled to a 64x64 pixels focal plane array detector (FPA)
to quantify and map H2O concentrations in experimentally
degassed and vesiculated melts that were quenched to glass
with high spatial resolution on a µm-scale (min. possible
pixel size ~0.5 µm). The results document the ability of the
ATR-FPA method to quantify µm-sized H2O gradients in
glass surrounding vesicles (Fig. 1, Allabar & Nowak, 2020).
Schanofski et al., (2019) calibrated ATR FTIR
spectroscopy for CO2 concentrations in silicate glass. Thus,
future studies can apply the high resolution ATR-FPA
method for CO2 concentration mapping. In addition, we
suggest the ATR-FPA method as a useful tool for the
spatially resolved analysis of H2O and CO2 in melt
inclusions, partly crystallized glasses, or strongly
vesiculated samples. The adaption of spectrometer
equipment or the usage of a synchrotron MIR light source
may improve the ATR-FPA method for future applications.

Shine On You Crazy Scheelite:
Unraveling micro-textures of scheelite from
the Eastern Alps
Altenberger, F.*, Raith, J. G.
Chair of Resource Mineralogy, Montanuniversität Leoben, Austria
* Corresponding email: florian.altenberger@unileoben.ac.at
Keywords: ore deposits, tungsten mineralization, Eastern Alps

Scheelite (CaWO4) is the principle carrier of tungsten
in the Eastern Alps occurring in different mineralization
styles (strata-bound, skarn-type, orogenic Au-(W), etc.).
Studies involving fluorescence and cathodoluminescence
(CL) have proven to be very useful revealing complex
micro-textures and zoning in scheelite, which can be used
for discriminating between scheelite from different
environments (Poulin et al., 2016).
This study compares scheelite from the economic W
mine in Felbertal (Salzburg) with those from many smaller
sub-economic W occurrences all over the Eastern Alps; i.e.
from a broad spectrum of different mineralization styles.
This study is part of the "W Alps" project which reinvestigates the tungsten potential in the Eastern Alps using
a combined analytical approach (CL, trace elements).

Figure 1 UV-fluorescent scheelite in (a) ferroan dolomite, TuxLanersbach and (b) sericitic/chloritic host rock, Lienzer Schlossberg. CL
images of scheelite: (c) cataclastic scheelite, Tux-Lanersbach; (d)
primary growth zoning in euhedral scheelite, Lienzer Schlossberg

Figure 1 Total H2O concentration map of an experimentally degassed
peralkaline rhyolitic melt quenched to glass and analyzed with the ATRFPA method (3 FPA frames). H2O resorption during cooling cause H2O
concentration gradients around the intersected vesicle.
Allabar, A. and Nowak, B. (2020): High spatial resolution analysis of H2O
in silicate glass using attenuated total reflection FTIR spectroscopy
coupled with a focal plane array detector, Chem. Geol., 556.
Lowenstern, J.B. and Pitcher, B.W. (2013): Analysis of H2O in silicate
glass using attenuated total reflectance (ATR) micro-FTIR
spectroscopy. Am. Min. 98, 1660–1668.
Schanofski, M., Fanara, S. and Schmidt, B. (2019): CO2-H2O solubility in
K-rich phonolitic and leucititic melts. Contrib. Mineral. Petrol. 174,
52.
McIntosh et al. (2014): Distribution of dissolved water in magmatic glass
records growth and resorption of bubbles. EPSL 401, 1-11.

CL studies show that scheelites from magmatichydrothermal settings (e.g. Felbertal, Lienz) may preserve a
distinct primary zonation, whereas "metamorphic"
scheelites lacking any obvious relation to granitoids (e.g.
Tux) show rather homogeneous internal micro-textures
(Figure 1). In the latter, deformation and metamorphic
overprint resulted in specific cataclastic and
recrystallisation textures as well as localized remobilization
leading to formation of several generations of scheelite.
Poulin, R. S., et al. 2016, Can Mineralogist, 54, 1147-1173.
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Phase characterization of Mn-, Cu- doped
Zincsulfides from combustion synthesis in
variable gravity
1

2

1

Altona, K. T.* , Castillo, M. , Akinbodunse, S. J.
Gunder, R.3, Schorr, S.3

1
Department of Geoscience, University of Bremen, Germany
Center of Applied Space Technology and Microgravity (ZARM),
Bremen
3
Departement of Structure and Dynamics of Energy Materials, Helmholtz
Zentrum Berlin (HZB), Germany
* Corresponding email: karim@uni-bremen.de
2

Within the 2diZplays project at the ZARM drop tower
facility in Bremen doped ZnS materials are produced using
pure elements in variable gravity by combustion synthesis
and characterized in cooperation with HZB in Berlin.
Understanding the structural and compositional behavior to
later relate these to physical properties is aimed at. This
study is an excerpt of the materials characterizations of
several dopant series such as Cu, Mn, Mg, Pr, Eu, each in
various concentrations of which the highlighted are here in
described. AFM and SEM are used to capture size and shape
of the particles. The distribution and concentration of
dopants is qualitatively examined by EDX element
mappings. Phase identification is based on XRD data
recorded at a Guinier diffractometer, and a whole pattern
decomposition using the Le Bail method is applied to treat
the XRD data. Particle sizes range from 10nm to 10µm in
diameter with a tendency to agglomerate to larger particles.
Zn and S are found to be rather evenly distributed in the
majority of the grains whereas the dopants appear localized
in dopant-rich particles. Wurtzite-type (P 6/3 m c) and
sphalerite-type (F -4 3 m) ZnS are commonly co-existing,
though Mn seems to stabilize the wurtzite phase. Results
from Le Bail refinements show significant correlation
between lattice strains and dopant concentrations for the Cu
and Mn series. Within the Mn-series the best fit results of
the XRD patterns are obtained for several wurtzite phases
with slightly deviating lattice parameters, thus indicating a
partial substitution of Zn by Mn and a multi-modal
distribution of Mn as was suggested from the EDX
mappings too. UV-VIS bulk sample analysis provides band
gaps for ZnS, ZnS:Cu and ZnS:Mn of 3.65(5)eV
independent of dopant or concentration. Wurtzite is the
characteristic phase where the partial substitution of Mn
leads to an expanding unit cell volume.

Crystallization History of Phonotephritic
Dikes Inferred from Crystal Size Distribution
Bamford, C. A.*, Fischer, L. A.
Geochemistry, University of Freiburg, Germany
* Corresponding email: clare.bamford@outlook.de
Keywords: Crystal Size Distribution, Kaiserstuhl Volcanic Complex,
multistage crystallization

Textural analysis of igneous rocks can reveal much
information about the crystallization history and
petrogenesis of a sample. A crystal population reflects the
relative amounts of nucleation and crystal growth in a melt,
reflecting the level of undercooling and cooling rate. Crystal
number, size, and morphology determine the final texture of
a rock and are intimately tied to rates of nucleation and
crystal growth. Qualitative and quantitative textural
analysis can be used to understand variations in nucleation
and crystal growth and then infer the dynamics of a
magmatic system and its crystallization scenario. Textural
analysis of alkaline SiO2-undersaturated systems is scarce
and the effect of the degree of undercooling on
crystallization in such systems is also not well understood.
In this study, crystal size distribution (CSD) analysis
was used to investigate the crystallization history of a
phonotephritic dike in the Kaiserstuhl Volcanic Complex
(KVC) in Germany. Manual tracing was used for CSD data
acquisition and then processed using ImageJ, CSDSlice
(Morgan & Jerram, 2006) and CSDCorrections 1.60
(Higgins, 2000). Three distinguishable petrographic stages
were identified (Figure 1). The dike is understood to have
formed from magma which originated in a near-surface
magma chamber, leading to euhedral, sector-zoned crystals.
It then ascended sporadically, causing nuclei destruction
and aggregate crystals. Finally, it intruded due to weakness
in the rock above, inducing a final spurt of nucleation. The
system most likely experienced a low to moderate degree of
undercooling. These findings provide further insights into
the petrographic understanding of the KVC and contribute
to the understanding of textures and crystal morphologies,
which arise in alkaline SiO2-undersaturated systems.

Figure 1 schematic diagram showing the potential petrogenetic model
of the natural sample and the resulting CSD plot sections and textures.
Higgins, M. (2000): Measurement of Crystal Size Distributions. American
Mineralogist, 85, 1105-1116.
Morgan, D. & Jerram, D. (2006): On estimating crystal shape for crystal
size distribution analysis. Journal of Volcanology and Geothermal
Research, 154, 1-7.

5

Abstracts DMG virtual poster session

Magmatic volatiles released from intraoceanic
arc magmas: Constraints from Apatite
compositions and implications on magmatic
processes for Brothers volcano, Kermadec arc
1

1

1

1,2

P. Beckmann* , F.Holtz , C. Zhang

Institute for Mineralogy, Leibniz University Hannover, Germany
2
Department of Geology, Northwest University , China
* Corresponding email: p.beckmann@mineralogie.uni-hannover.de
Keywords: Brothers Volcano, Apatite, Volatiles

The active Brothers volcano of the Kermadec arc is an
ideal location to study the magmatic-hydrothermal
processes that control the transfer of volatiles and metal
elements from Earth’s interior to the surface at an
intraoceanic subduction zone. Brothers Volcano is
characterized by relatively evolved compositions (dacitic
bulk rocks, dacitic to rhyolitic melts), high melt chlorine
contents but probably low melt water contents. Three of the
five drilling sites consisting of fresh lavas and
volcanoclastics were recovered and cored during IODP
expedition 376 and are exclusively addressed in this
presentation. To clarify the controversy regarding the nature
of magmatic source and composition of primitive magmas,
a large dataset of compositions of bulk volcanic rocks,
minerals and melt inclusions for various eruptive stages is
crucial for exploring the most “primitive” magmas, as well
as temporal and spatial relations between “primitive” and
evolved magmas. In this presentation, analytical results on
the volatile concentrations in apatite are discussed. Cl and F
concentrations (1.42 – 2.15 wt.% and 1.25 – 2.81 wt.%
respectively) have been measured for both phenocryst
apatite and apatite as inclusion in plagioclase and pyroxene.
Both types show a similar compositional range in terms of
volatiles with distinctively higher Cl contents compared to
the majority of apatites observed in volcanic-plutonic
systems (Webster and Piccoli, 2015), indicating an
uncommon high Cl concentration in magmas from Brothers
volcano. The variation of apatite compositions seems to
have been largely controlled by fractional crystallization
with negligible influence from degassing of hydrosaline
fluids (McCubbin et al., 2013). The low OH concentrations
in apatite indicate that at least some of the coexisting melts
may have contained more Cl than H2O, which is expected
to influence significantly the fractionation trends. The low
water content is confirmed by the presence of only
anhydrous mafic mineral phases in the volcanic rocks
(plagioclase, pyroxenes). Depending on the concentrations
of Cl and H2O present in the melts, fractionation trends (and
degassing behavior) may differ significantly, which could
explain partly the variety of melt compositions that have
been determined so far from quenched glasses and melt
inclusions.
McCubbin, F.M., Elardo, S.M., Shearer, C.K., Smirnov, A., Hauri,
E.H.and Draper, D.S. (2013): A petrogenetic model for the
comagmatic origin of chassignites and nakhlites: Inferences from
chlorine-rich minerals, petrology, and geochemistry. Meteoritics &
Planetary Science, 48(5), 819-853.
Webster, J.D and Piccoli, P.M. (2015): Magmatic Apatite: A Powerful, Yet
Deceptive, Mineral. Elements, 11(3), 177-182.

Ternesite Formation and Decomposition at
High Temperatures Studied by In Situ
Hyperspectral Raman Imaging
1

Böhme, N.*1, Hauke, K.1, Neuroth, M.2, Geisler, T.1

Institut für Geowissenschaften, Universität Bonn, 53115 Bonn, Germany
2
RWE Power AG, Research and Development, Kraftwerk Niederaußem,
50129 Bergheim, Germany
* Corresponding email: nadine.boehme@uni-bonn.de

Keywords: ternesite; dicalcium silicate; high-temperature; in situ
Raman imaging

Knowledge of the high-temperature properties of
ternesite (Ca5(SiO4)2SO4) is becoming increasingly
interesting for industry in different ways. On the one hand,
the high-temperature product has recently been observed to
have cementitious properties. Therefore, its formation and
hydration characteristics have become an important field of
research in the cement industry. On the other hand, it forms
as sinter deposits in industrial kilns, where it can create
serious problems during kiln operation. Here, we present
two highlights of in situ Raman spectroscopic experiments
that were designed to study the high-temperature stability of
ternesite. For the first time, the spectra of a natural ternesite
crystal were recorded during firing from 25 to 1230 °C in
10 °C-steps with a heating rate of 10 °C/min and a dwell
time of 100 s. The heating study revealed that ternesite
reacted to the high-temperature polymorph of dicalcium
silicate (α’L-Ca2SiO4), while the sulfur is degassed. The
reaction started at about 730 °C and was completed at 1120
°C. Using in situ hyperspectral Raman imaging with a
spatial resolution on a micrometer-scale, we were able to
monitor the solid-state reactions and, in particular, the
formation properties of ternesite in the model system CaOSiO2-CaSO4. In these multi-phase experiments, ternesite
was found to be stable between 930 to 1020–1100 °C. Both
ternesite and α’L-Ca2SiO4 were found to co-exist at high
temperatures. Furthermore, the results of the experiments
indicate that whether or not ternesite or dicalcium silicate
crystallizes during quenching to room temperature depends
on the reaction progress and possibly on the gas fugacity
and composition in the furnace.

Figure 1 Stacked Raman spectra of ternesite recorded between 25 and
1230 ± 5 °C. From 730 ± 5 °C, the ternesite transformed to α’L-Ca2SiO4
and sulfur (orange spectra). Above 1120 ± 5 °C, only bands of
α’L-Ca2SiO4 can be identified (red spectra). At 1230 °C, only 14
Raman modes can be identified between 100 and 1230 cm−1 and their
frequencies are indicated.
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Epithermal pyrite as target for tellurium
exploration in Vatukoula, Fiji

High temperature volcanic gas uptake by
rhyolite

Frederik Börner1*, Manuel Keith1, 2, 3, Daniel J. Smith3,
Tiffany L. Barry3, Thomas Neumann2, Reiner Klemd1

1

GeoZentrum Nordbayern, Friedrich-Alexander-Universität ErlangenNürnberg, 91054 Erlangen, Germany
2
Technische Universität Berlin, Institut für Angewandte
Geowissenschaften, 10587 Berlin, Germany
3
University of Leicester, School of Geography, Geology and the
Environment, Leicester, LE1 7RH, UK
* Corresponding email: frederik.boerner@fau.de

Keywords: Pyrite, tellurium, alkaline-hosted epithermal systems

Tellurium demand is projected to surpass the current
supply due to its importance in the green energy sector (e.g.
thin film photovoltaic). An additional source to the present
production from anode slimes could be the direct recovery
from pyrite, which may secure the future supply of Te for
the high-tech industry. Although it is known that the
alkaline-hosted epithermal system of Vatukoula, Fiji, hosts
pyrite with Te contents of up to 1.4 wt. %, the
physicochemical constraints that control the Te
incorporation have not yet been deciphered. Pyrite at
Vatukoula can be subdivided into three groups based on
variable As contents: (1) stoichiometric (<0.5 wt.% As), (2)
low As pyrite (0.5 - 13 wt.% As) and (3) high As pyrite (1343 wt.% As). Tellurium concentrations increase from
stoichiometric (up to 220 ppm) to low-As pyrite (up to 1.4
wt. %), but show a regression towards high-As pyrite (up to
185 ppm). This is a yet unknown relation, since the trace
element incorporation is usually facilitated by increasing
As. Instead, the results of this study highlight that an As
threshold may be defined (~13 wt. % As), above which the
Te incorporation is suppressed by increasing As (Figure 1).
Mineral stabilities, trace element ratios (e.g., Sb/Pb, Tl/Pb)
and LA-ICP-MS mapping of texturally distinct pyrite
suggest that fluid boiling was a critical process for the Ag,
Au and Te enrichment at Vatukoula. Fluid sulphidation
states decreased with proceeding evolution of the
epithermal system from initially intermediate- to late lowsulphidation conditions, which led to the diverse chemical
character of pyrite. Early stoichiometric pyrite primarily
formed as a replacement product of magnetite in the altered
host rocks, whereas low- and high-As pyrite precipitated in
the direct vicinity of Ag-Au-telluride veins, from which
most of the As, Ag, Te and Au hosted in pyrite was sourced.
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The aim of this work was to investigate the complex
and under-constrained physicochemical interactions that
can occur between ash and hot gases during volcanic
eruptions. Gas uptake occurs during collisions between ash
and gases at high temperature. These result in the
development of heterogeneous reactions, where exsolved
gases are “sequestrated” by ash particles and form soluble
products (e.g., sulfate- halide- and fluoride-salts) on ash
surfaces. Aiming to contribute to investigate high
temperature volcanic gas uptake by glass, I developed an
experimental campaign to test the potential of rhyolitic
(SiO₂-rich) glasses to sequestrate two of the main volcanic
gases exsolved upon eruptions, SO₂ and Hcl. Experiments
were designed to test the effects that temperature, exposure
time, grain size distribution, humidity, and chemical
composition had on SO₂ and HCl uptake. Results the SO₂
experiments, confirmed occurrence of gas uptake at high
temperatures and was noticed to be enhanced by crossing
the glass transition of the rhyolites tested here. In fact, the
highest experimental temperature (800 °C) yielded the most
efficient SO₂ sequestration. SO₂ uptake was observed to
occur almost exclusively by formation of CaSO₄ (anhydrite)
grown on the particle surfaces, due to direct reactions
between SO₂ and calcium present in the bulk glass network.
Characterization of SO₂-treated rhyolite particles clearly
indicated that Ca²⁺ diffusion is the cation-supply mechanism
that sustains CaSO₄ formation and that addition of water
vapour to the gas mixture does not affect this process. The
main conclusions of this thesis are (1) that calcium diffusion
was confirmed to be the limiting-process controlling high
temperature SO₂ uptake by rhyolitic glass, (2) that the effect
of increasing humidity in the gas mixture showed to be
negligible to calcium diffusion (thus, to SO₂ uptake) and (3)
that mobility of monovalent cations is strongly inhibited
when Fe²⁺ oxidation takes place. The ubiquity of calcium in
ash and the water vapour rich nature of volcanic gas
emissions, make these findings of great importance,
because they simplify the input variables necessary for the
development of models aimed to predict the total mass of
sulfur that can be effectively sequestrated by ash during
volcanic eruptions. This could be especially useful for better
assessment of the various physical, chemical and biological
effects that volcanic eruptions have on diverse receiving
environments. Finally, estimations of the global budget of
the geochemical sulfur cycle can potentially benefit by
considering high temperature sulfur sequestration of past,
current and future large volcanic eruptions.
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Figure 1 Te over As from LA-ICP-MS analysis, solid solution limit
from Keith et al. 2018
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Emplacement history of a phonotephritic dike
in the Fohberg phonolite,
Kaiserstuhl Volcanic Complex

Aluminous bridgmanite for Al, Si
interdiffusion experiments by using a
multianvil press. TEM-EDS evaluations

Ciblis, M.-S.*1 Spürgin, S.2, Nowak, M.3, Fischer, L. A.1

L. Czekay*1, N. Miyajima1, C. McCammon1, D. Frost1

1
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The Kaiserstuhl Volcanic Complex in southwest
Germany is largely composed of tephritic to phonolitic
rocks. The intrusive bodies in the central part of the volcanic
complex are cut by numerous dikes, predominantly of
tephritic to phonolitic composition. The repeated activity of
the magmatic system led to different generations of tephritic
and phonolitic rocks.
In this study, the emplacement history of a
phonotephritic dike in the Fohberg phonolite body was
investigated by petrographic studies of natural samples and
crystallization experiments were conducted. The results
show that crystallization experiments that were held at 1050
°C and 1 kbar for 12h contain the same phenocryst phases
as the natural sample (Ti-augite and titanomagnetite).
However, the experimental conditions resulted in
dendritic/skeletal crystal growth and a higher crystallinity.
From these results, it can be inferred that at a fast
cooling rate and a low degree of supercooling a residual
melt of phonolitic composition forms through fractionation
and separation of Ti-augite and titanomagnetite from a
primary phonotephritic melt.
Also, the results indicate that the phenocryst-phases
formed at shallow depths before the melt intruded into the
phonolite body. Based on microscopic observations and
electron microprobe analysis, the common name ‘Essexite’
(Albrecht 1981, Wimmenauer 2003) is not recommended,
given the absence of kaersutite and nepheline. Instead, the
dike can be classified as phonotephrite, following a volcanic
classification.
The reconstructed magmatic evolution of the Fohberg
phonotephrite provides further information about the
differentiation processes of the Kaiserstuhl magmatites, in
particular regarding the same fractionation series as it shows
that phonolitic melts could potentially be directly derived
from a phontephritic melt.
Albrecht, A. (1981): Mineralogische Untersuchung des Phonoliths vom
Fohberg, Kaiserstuhl, mit besonderer Berücksichtigung der
mafischen und akzessorischen Minerale. Diplomarbeit, AlbertLudwigs-Universität Freiburg.
Wimmenauer, W. (2003): Magmatisches und metamorphes Tertiär. In:
Wimmenauer, W. (Eds.): Geologische Karte von BadenWürttemberg 1: 25000, Erläuterungen Blatt Kaiserstuhl. Landesamt
für Geologie, Rohstoffe und Bergbau Baden-Württemberg, Freiburg
i. Br., 47–131.

1
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Earth’s lower mantle is considered to consist of ~80%
MgSiO3 bridgmanite (Brg) by volume that contains
significant amounts of aluminium (Al) (Irifune 1994). Al
can be incorporated by substituting for silicon (Si), with
charge balance provided through the formation of oxygen
vacancies (OV) or by charge coupled (CC) substitution of
magnesium (Mg) and Si by 2Al (Liu et al. 2019). Previous
theoretical studies on deformational strain rates show that
the key mechanism for deformation in Brg is a pure
diffusion-controlled creep of the slowest element, Si (Reali
et al. 2019). The aim of this study is to experimentally
investigate Al,Si interdiffusion in Brg. The Brg diffusion
couples for the interdiffusion experiments were synthesized
from 1-5 mol.% Al2O3-bearing MgSiO3 enstatite at 24 GPa
and 2000 K using conventional multianvil apparatuses. The
recovered samples were analyzed by transmission electron
microscopy (TEM) equipped with an energy-dispersive Xray spectrometer (EDS). Preliminary EDS results show that
Al in Brg coexisting with majorite (Maj) and stishovite
substitutes nearly entirely with the CC mechanism and
negligible OV (Fig. 1). In TEM-EDS evaluation, Al
substitution mechanisms in Brg can be measured on the
nanometer scale along the crystalline diffusion couples. The
couples are also characterized in terms of crystal orientation
and lattice defects. Brg coexisting with periclase will be also
synthesized to evaluate the effect of Maj on Al substitution
mechanisms, which may be a significant factor for
interdiffusion in bridgmanite.

Figure 1 EDS map of Al2O3-bearing bridgmanite.
Irifune, T. 1994. “Absence of an Aluminous Phase in the Upper Part of the
Earth’s Lower Mantle.” Nature 370(6485): 131–33.
Liu, Z. et al. 2019. “Strong Correlation of Oxygen Vacancies in
Bridgmanite with Mg/Si Ratio.” Earth and Planetary Science
Letters 523.
Reali, R. et al. 2019. “The Role of Diffusion-Driven Pure Climb Creep on
the Rheology of Bridgmanite under Lower Mantle Conditions.”
Scientific Reports 9(1).
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IODP Hole 1473A (Atlantis Bank, SWIR) Formation of felsic veins in gabbros: reactions
between felsic melt and host rock
1

Engelhardt, A.*1, Koepke, J.1, Holtz, F.1

Trace element variations in sulfides between
mineralization styles of the sediment-hosted
Dolostone Ore Formation copper-cobalt
deposit, northwestern Namibia.
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Keywords: Felsic veins, Atlantis bank, ultra-slow spreading ridge

Hole U1473, located on the summit of Atlantis Bank
at the ultra-slow spreading Southwest Indian Ridge was
drilled to 789.7 m below seafloor (mbsf) during IODP
Expedition 360. It consists of massive gabbros cut by nearly
400 felsic veins, which are evolved, SiO2-enriched
lithologies comprising ~1.5 vol% of the drill core. They
vary in composition from diorite to trondhjemite. For their
formation, 3 endmember models are discussed:
(1) fractional crystallization as consequence of oxide
saturation at a late stage of tholeiitic magma evolution; (2)
anatexis of mafic rocks in the deep oceanic crust, triggered
by hydrothermal fluids; (3) liquid immiscibility in an
evolved MORB system.
Mineral assemblages in the felsic veins include
mainly plagioclase, amphibole, Fe-Ti oxides ± quartz and
minor zircon, apatite, ± titanite, ± biotite, ± K-feldspar.
Vein minerals often show strong zoning, which is
especially expressed in amphiboles clearly visible by their
variation in color ranging from brown to green
corresponding to compositions from pargasite via pargasitic
amphiboles, magnesiohornblendes to tremolite/actinolite.
Moreover, zoning patterns can be observed in plagioclases
from the veins, in which their An contents vary from An34
down to An5. This is distinctly lower than in the plagioclases
of the host gabbros, which are virtually unzoned.
Clinopyroxenes at the contact between felsic vein and
host gabbro show reactions either towards orthopyroxene or
amphibole. TiO2 in brown pargasites in the host rock at the
contact is enriched (up to ~4.6 wt%), whereas counterparts
of the same crystals in the felsic veins are distinctly lower
in TiO2 varying from ~2.5 wt% down to 0.1 wt% TiO2,
associated with variation in color from brown to green.
Calculated equilibrium temperatures based on Ti-content in
amphibole (Ernst & Liu, 1998), consequently lead to higher
formation temperatures for amphiboles in the host gabbro
(up to ~1000 °C) compared to their counterparts in the
veins, ranging from ~890 °C to ~500 °C.
F and Cl contents help to distinguish between
magmatic and seawater derived fluids controlling the
amphibole formation. In profiles, Cl often parallels the
zoning pattern for TiO2 in contrast to F, which seems to be
unaffected. Enriched Cl contents in amphiboles indicate the
influence of seawater-derived hydrothermal fluids.
Ernst, W. G., & Liu, J. (1998). Experimental phase-equilibrium study of
Al-and Ti-contents of calcic amphibole in MORB—A
semiquantitative thermobarometer. American mineralogist, 83(910), 952-969.
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In the pursuit for new cobalt resources, the sedimenthosted copper-cobalt Dolostone Ore Formation (DOF) was
discovered in the Ombombo Subgroup of the
Neoproterozoic Damara Supergroup (Miller, 2008), in
northwestern Namibia. The predominant sulfide
assemblage of the DOF deposit is chalcopyrite, sphalerite,
pyrite, pyrrhotite and linnaeite. Sulfides of the DOF deposit
occur in five mineralization styles: fine-grained
disseminations, disseminated clusters, nodules, veins, and
“slump-like” structures.
To assist understanding the relationship between the
mineralization styles, LA-ICP-MS analyses were carried
out on sphalerite, chalcopyrite, pyrite and pyrrhotite from
the five different mineralization styles of the DOF deposit.
A NWR ESI 213 nm laser was utilized, coupled to an
Agilent 8800 mass spectrometer at the Department of
Applied Geosciences and Geophysics of the
Montanuniversität Leoben, Austria.
Preliminary results demonstrate several trace element
differences between the mineralization styles. Sphalerite
from veins are almost one hundred-times enriched in Cd,
compared to sphalerite in fine-grained disseminations and
disseminated clusters. Vein sphalerite contains an average
of 2000 ppm Cd. Cobalt concentrations in sphalerite also
differs greatly between vein sphalerite (687 ppm Co) and
the other four styles (between 7095 and 9747 ppm Co). Tin
concentrations in chalcopyrite vary between the
disseminated styles (13 ppm), nodules (29 ppm) and veins
(67 ppm). All aforementioned concentrations are mean
averages. Tin in chalcopyrite from the “slump-like”
structures varies from 4 to 56 ppm, a trend that is relatively
common for the trace elements of the “slump-like” style.
Laser ablation results indicate that trace element
concentrations differ between mineralization styles of the
DOF deposit; reasons could include a multi-stage formation
or a complex zonation of the deposit.
Frenzel, M., Hirsch, T. and Gutzmer, J. (2016): Gallium, germanium,
indium, and other trace and minor elements in sphalerite as a
function of deposit type—A meta-analysis. In Ore Geology Reviews
76, pp. 52–78.
Miller, R. McG. (2008): The Geology of Namibia. 2nd ed. Windhoek,
Namibia: Geological Survey, 13-69–13-84.
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Determining the “freezing” temperature of
vesicle volumes in vitrified samples using
image-derived liquid H2O volume fractions
1
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Experiments at high pressure and temperature are one
of the key tools to investigate melt degassing processes
occurring in the subsurface. If not performed in-situ,
degassed melts are quenched to glass for analysis. This
quench step is supposed to freeze the melt properties at the
target pressure and experiment temperature (Texp). The
interpretation of the resulting glass samples and more
importantly the volatile filled vesicles therein allows for the
reconstruction of the melts degassing behavior. However,
even at high cooling rates (q), the volume of vesicles
continues to decrease even after the onset of quench due to
H2O resorption (McIntosh et al., 2014) and volume changes
of the exsolved H2O phase (Marxer et al., 2015) until a
“freezing” temperature (Tf), which depends on q, is reached.
Knowledge of this Tf is critical for the correct interpretation
of quenched samples.
One method to determine Tf for such samples is the
analysis of the volume fraction of liquid H2O to total vesicle
volume which decreases with increasing Tf. Previously, this
has been investigated using computed tomography
(McIntosh et al., 2015). While CT tomography is the most
accurate method to measure this phase ratio, it is timeconsuming and thus not feasible for a large number of
samples.
Here we applied an approach using transmitted light
microscopy to calculate the phase ratio of vesicles using two
different calculation approaches. Our analysis indicates
mean Tf to be well below Texp for quench rates between 40
and 90 K/s in hydrous haplogranitic melts. These Tf’s are in
good accordance with independent reference values based
on a porosity equation of Gardner et al. (1999). However,
individual vesicle values show a large scatter, not correlated
with spatial or size trends, which seems to be method
independent as a similar scatter is also visible in CT data of
phonolitic samples (Allabar et al., 2020). Nevertheless, the
applied methods provide a useful and less time-consuming
tool in quantifying Tf, improving the quality of sample
interpretation by more accurately determining Tf which is
often falsely assumed to be equal to Texp.
Allabar, A.et al.(2020): Vesicle shrinkage in hydrous phonolitic melt
during cooling, Contrib. Mineral. Petrol, 175,21
Gardner, J.E., Hilton, M. and Carroll, M.R. (1999): Experimental
constraints on degassing of magma: isothermal bubble growth
during continuous decompression from high pressure, Earth Planet.
Sci. Lett, 168, 201-218
Marxer, H., Bellucci, P. and Nowak, M. (2015): Degassing of H2O in a
phonolitic melt: A closer look at decompression experiments, J.
Volcanol. Geotherm. Res, 297, 109-124
McIntosh, I.M. et al. (2014): Distribution of dissolved water in magmatic
glass records growth and resorption of bubbles, Earth Planet. Sci.
Lett, 401, 1-11
McIntosh et al. (2015): ‘Practical’ glass transition temperatures of
vesicular glasses: a combined FTIR-XRCT approach. Abstract, 10th
Silicate melt workshop. La Petite Pierre, France

Spatial variations in submarine hydrothermal
systems:
Insights from sulphide chemistry, Niuatahi
caldera, Tonga rear-arc
Jan J. Falkenberg*1, Manuel Keith1, Karsten M. Haase1,
Christian Sporer1
1
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Submarine “black smoker” systems and their
associated seafloor massive sulphides (SMS) may represent
economic resources for future generations. However, the
geochemical characteristics in subduction zone-related
systems and their spatial variations remain poorly
constrained from a micro-analytical perspective. The large
caldera of Niuatahi volcano in the Tonga rear-arc hosts
several active hydrothermal vent systems including the
central Niuatahi-Motutahi vent site, the Niuatahi Southwest
and North caldera walls vent sites as well as the Niuatahi
Southcentral vent site, which is associated with caldera-ring
fault structures. Thus, the Niuatahi hydrothermal system
represents an exceptional area for studying spatial
variations in the formation conditions of hydrothermal
sulphides in submarine caldera volcanoes.
Here we present data based on a combined approach
of bulk sulphide chemistry, stable S- and radiogenic Pbisotopes and in-situ EPMA/LA-ICP-MS analysis of pyrite,
sphalerite, and chalcopyrite. This comprehensive data set
allows to define the hydrothermal processes and source
components leading to the spatially distinct geochemical
signature of the seafloor precipitates at the Niuatahi caldera.
Our results suggest a continuum from a magmaticdominated system at the central Niuatahi-Motutahi cone
(high Cu, As, Bi, Te, Au, Sb, δ34S = -8.2 to 0.8 ‰, Kim et
al. 2011) to a more fluid-rock-dominated system at Niuatahi
North (high Au, Ag, Cd, Pb, δ34S = -0.6 to 0.8 ‰). The
element budget of the Southcentral vent site
(high Te, Se, Bi, Co) is controlled by the input of magmatic
volatiles (δ34= -1.3 to 2.7 ‰) and possibly subseafloor fluid
boiling. Niuatahi Southwest is a hybrid system, dominated
by fluid-rock interaction and a minor influx of magmatic
volatiles (elevated Te, Se, Bi) followed by a seawater
overprint (δ34S= 1.7 to 6.3 ‰). Radiogenic Pb-isotopes of
sulphide separates suggest a connected hydrothermal cell
and/or similar source rocks for Niuatahi Southcentral and
Southwest but distinct ones for Niuatahi North. We
conclude that contributions of metals and metalloids from
distinct sources (volatiles vs. host rocks) combined with
hydrothermal fractionation (e.g. boiling) lead to spatial
variations in economically relevant trace elements (e.g. Te.
Au, Ag, Bi, Se, Co) in submarine caldera-hosted
hydrothermal systems. This may have important
implications on exploration of submarine SMS or
volcanogenic massive sulphide deposits on land.
Kim, J.; Lee, K.-Y.; Kim, J.-H. (2011): Metal-bearing molten sulfur
collected from a submarine volcano: Implications for vapor
transport of metals in seafloor hydrothermal systems. In: Geol 39
(4), S. 351–354. DOI: 10.1130/G31665.1
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Geochemical characterization of Late
Pleistocene glacial and interglacial deposits
from Port Moody (SW British Columbia)
using µXRF scanning and their potential for
reconstructing paleo-ice-flow directions
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The objective of this study was to characterise and
correlate late Pleistocene glacial and interglacial deposits
from six drill cores retrieved from the Fraser Lowland in
southwestern British Columbia via their chemical
composition and to determine their potential for paleo-iceflow reconstruction. The geochemical characterisation is
based upon µXRF scanned samples, supplemented by the
according core logs (Jackson and Ward, 2019). To identify
distinct clusters in the data, element ratios were calculated
and plotted on binary diagrams. Clusters consisting of
datapoints from multiple cores, which displayed a similar
ratio were designated as chemozones. A weathering index
was employed to complement the already available data.
Subsequently, principal component analysis was utilised to
assess the credibility of the used ratio. Ice-flow directions
were reconstructed by comparing the averaged composition
of diamicton samples from this study to the averaged compositions of samples from potential host rock formations.
The weathering index revealed boundaries coinciding
with those found in the core logs, whilst also providing
additional ones. The Al/Ca ratio was the sole ratio capable
of exposing distinct clusters which conformed to the
boundaries provided by the core logs and the weathering
index. Utilizing it, three chemozones were identified,
although, PCA found the employed ratio to be inadequate
for chemostratigraphic purposes. Ice flow reconstruction revealed a generally westward flow into the lowland, accompanied by a minor influx from the Coast Mountains to the
north. This result conflicts with the findings of Hicock and
Armstrong (1981, 1983, 1985), whilst being substantiated
i.a. by Ward and Thomson (2004).
Hicock, S.R. and Armstrong, J.E. (1981): Coquitlam Drift: a pre-Vashon
Fraser glacial formation in the Fraser Lowland, British Columbia.
Canadian Journal of Earth Sciences, Vol. 18 (9), p. 1443–1451.
Hicock, S.R. and Armstrong, J.E. (1983): Four Pleistocene formations in
southwest British Columbia: their implications for patterns of
sedimentation of possible Sangamonian to early Wisconsinan age.
Canadian Journal of Earth Sciences, Vol. 20 (8), p. 1232–1247.
Hicock, S.R. and Armstrong, J.E. (1985): Vashon Drift: definition of the
formation in the Georgia Depression, southwest British Columbia.
Canadian Journal of Earth Sciences, Vol. 22 (5), p. 748–757.
Ward, B.C. and Thomson, B. (2004): Late Pleistocene stratigraphy and
chronology of lower Chehalis River valley, southwestern British
Columbia: evidence for a restricted Coquitlam Stade. Canadian
Journal of Earth Sciences, Vol. 41 (7), p. 881–895.

Structure and water adsorption properties of
aluminophosphate AlPO-11 studied with
density functional theory calculations
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Synthetic zeotypes having the AEL topology, such as
the aluminophosphate AlPO-11 and its heteroatomsubstituted derivatives, are promising catalysts, especially
for isomerization reactions (Kulprathipanja, 2011). The
crystal structure of calcined AlPO-11 has been refined in
space group Ima2 (Richardson et al., 1988), but prominent
diffuse scattering indicates that the local instantaneous
crystal structure has a lower symmetry (Liu and Withers,
2003). A symmetry reduction to space group Pna21 occurs
in hydrated AlPO-11 (Khouzami et al., 1990). To study the
stability of distorted phases, phonon calculations were
performed in the framework of density functional theory
(DFT). Calculations for the Ima2 and Pna21 phases revealed
several modes with imaginary frequencies. Distortions
according to some of these unstable modes allowed the
identification of lower-energy structures, e.g., a phase with
Pn symmetry (Fig. 1).

Figure 1 DFT-optimized structures of AlPO-11 with different symmetries.

NMR investigations of hydrated AlPO-11 indicate that
a bonding of adsorbed H2O molecules to framework atoms
occurs for a fraction of the available Al sites, which increase
their coordination number from 4 to 6 (Peeters et al., 1993).
In order to determine the most likely water positions, the
adsorption of a single H2O molecule at all non-equivalent
Al sites of the Pn structure was studied with DFT
optimizations. Interestingly, these calculations revealed a
rather large variation in the interaction energies, indicating
a strong influence of local distortions on the ability of the
Al atoms to expand their coordination number beyond 4.
Funding by the Deutsche Forschungsgemeinschaft
(grant no. 389577027) is gratefully acknowledged.
Khouzami, R., Coudurier, G., Lefebvre, F., Vedrine, J. C., and Mentzen,
B. F. (1990): X-ray diffraction and solid-state NMR studies of AEL
molecular sieves: Effect of hydration, Zeolites, 10, 183–188.
Kulprathipanja, S. (2011): Zeolites in Industrial Separation and Catalysis,
Wiley-VCH.
Liu, Y. and Withers, R. L. (2003): Rigid unit modes (RUMs) of distortion,
local crystal chemistry and the inherent displacive flexibility of
microporous AlPO4-11, J. Solid State Chem., 172, 431–437.
Peeters, M. P. J., de Haan, J. W., van de Ven, L. J. M. and van Hooff, J. H.
C. (1993): Hydration of AIPO4-11 Studied with X-ray Powder
Diffraction and 27Al and 31P NMR. J. Phys. Chem., 97, 5363–5369.
Richardson, J. W., Pluth, J. J. and Smith, J. V. (1988): Rietveld Profile
Analysis of Calcined AIPO4-11 Using Pulsed Neutron Powder
Diffraction. Acta Cryst., B44, 367–373.
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Anomalous electronic polarizabilities of Ti4+
and V5+ in compounds with short [5]Ti-O and
vanadyl bonds
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We have shown that the electronic polarizabilities of
most cations, such as Na+, Ca2+, Fe2+, Fe3+, and Zr4+, show
a monotonic decrease as the cation coordination increases
(Shannon & Fischer, 2016). However, polarizabilities of the
ions [5]Ti4+, [5]V5+, and [6]V5+ show strong deviations from a
regular decrease (Groeneveld et al., 2020; Shannon &
Fischer, 2020). We characterized the [5]Ti and vanadyl
compounds by infra-red frequencies, by the short [5]Ti4+– O,
[5] 4+
V – O, [6]V4+– O, [5]V5+– O, and [6]V5+– O bonds and the
polarizabilities of [5]Ti4+, [5]V4+, [6]V4+, [5]V5+, and [6]V5+
determined from refractive index measurements (Shannon
and Fischer, 2020). Analysis of the structures of 18
compounds containing short [5]Ti–O bonds supports the
concept, originally proposed by Sokolova (2006) and
Sokolova and Cámara (2014) for lamprophyllite minerals
and yoshimuraite, of the short Ti–O bond being associated
with the bond valence sum (omitting Ti) around the oxygen
atom O*. The short Ti-O* bond occurs to satisfy the bond
valence requirement of (O2-) of ~2.0 v.u. Plotting the [5]TiO* distances of 18 minerals vs. the bond valence sum (bvs)
around O* shows an approximately linear relationship.
Extrapolation to bvs = 0 yields a minimum distance of 1.65
Å. The mean value is 1.693 Å. The mean short distances in
V4+ vanadyl minerals are 1.597 Å (CN=5) and 1.590 Å
(CN=6) whereas the mean short distance in 5 V5+ minerals
is 1.647 Å (CN=5) and in 14 minerals is 1.644 Å (CN=6).
We compare the polarizabilities of [5]Ti and [5,6]V4+ and
[5,6] 5+
V ions with the polarizabilities of [4]-coordinated Ti4+
[4] 4+
( Ti ) and [6]-coordinated Ti4+ ([6]Ti4+) and of [4]-, [5]and [6]-coordinated V4+ and V5+ ([n]V4+ and [n]V5+) and
hypothesize that the reduced polarizability of [5]Ti4+, [5]V5+
and [6]V5+ ions is caused by the short Ti–O* and V=O bonds.
We thank the DFG for funding this project under grant
FI442/21-2.
Groeneveld, J.D., Burianek, M., Birkenstock, J., Fischer, L.A., Shannon,
R.D. and Fischer, R.X.. Z. (2020) Kristallogr. 235, 533-551.
Shannon, R.D. and Fischer, R.X. (2016). Amer. Mineral., 101, 2288–2300.
Shannon, R.D. and Fischer, R.X. (2020). Can. Mineral., in press.
Sokolova, E. (2006). Can. Mineral. 44, 1273-1330.
Sokolova, E. and Cámara, F. (2014). Can. Mineral. 52, 569-576.

LA-ICPMS analyses of detrital zircons of the
Koralpe-Wölz nappe system (Eastern Alps) A tool to get information about the
paleotectonic history
Frank, N.*1, Kurz, W.1, Schuster, R.2, He, D.3, Skrzypek,
E.1, Gallhofer, D.1 & Hauzenberger, C.1
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The Koralpe-Wölz nappe system, as part of the
Austroalpine nappe complex, belongs to the crystalline
basement of the Eastern Alps and is composed of different
metasedimentary complexes with mono-, bi-, or
polymetamorphic history (Schmid et al., 2004; Habler &
Thöni, 2001; Thöni & Miller, 2009). Very little is known
about the protoliths of the Koralpe-Wölz nappe system,
while the metamorphic conditions for several metamorphic
events are very well constrained. This nappe system
experienced high grade Eo-Alpine metamorphism during or
after Alpine nappe stacking. The different complexes were
also affected by Permian high-temperature – low-pressure
metamorphism.
Based on U/Pb data of detrital zircons from different
metasedimentary complexes, we can give an overview
about maximum ages of sediment deposition. LA-ICPMS
data imply different provenance areas and / or different
ways of sediment transport of the particular complexes of
the Koralpe-Wölz nappe system.
Zircon age spectra of sampled metasediments of three
different complexes indicate post- Variscan sedimentation
with maximum ages of ~ 300 Ma (Koralpe / Saualpe), ~ 330
Ma (Rappold) and ~ 360 Ma (Millstatt). Zircon ages of the
Radenthein
complex
indicate
postCadomian
sedimentation. The main peaks for zircons of the Koralpe
and Saualpe complex show Ordovician and Carboniferous
ages. Two samples from Saualpe (Koralpe Complex) have
metamorphic rims or crystals and show main zircon age
peaks at ~ 275 Ma which agrees well with the metamorphic
“Permian event” (THÖNI et al. 2008). The age spectra for
the Rappold, Millstatt and Radenthein complexes are
dominated by Cadomian zircons. One micaschist sample
from Saualpe and one micaschist sample from the Pohorje
massif (Koralpe) are dominated by zircons with an age of
around 90 Ma, recording the Eo-Alpine high-grade
metamorphic event.
HABLER, G. & THÖNI, M. (2001): Preservation of Permo–Triassic lowpressure assemblages in the Cretaceous high-pressure metamorphic
Saualpe crystalline basement (Eastern Alps, Austria). Journal of
Metamorphic Geology, 19, 679–697.
SCHMID, S.M., FÜGENSCHUH, B., KISSLING, E. & SCHUSTER, R.
(2004): Tectonic map and overall architecture of the Alpine orogen.
Eclogae geol. Helv., 97, 93–117.
THÖNI, M. & MILLER, C. (2009): The “Permian event” in the Eastern
European Alps: Sm–Nd and P–T data recorded by multi-stage
garnet from the Plankogel unit. Chemical Geology, 260, 20–36.
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Contrasting magma evolutions through zircon
petrochronology
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Glass corrosion under stagnant and flow
conditions observed in operando by fluid-cell
Raman spectroscopy
Fritzsche, M. B. K.*1, Lenting, C.2, Lönartz, M. I.1,
Geisler, T.1

2
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Understanding magma evolution and storage
conditions is an indispensable prerequisite to elucidate
eruptive behavior and thus, ultimately, volcanic hazards.
Whereas most rock-forming minerals crystallize and/or
equilibrate only shortly before eruptions, and dissolve fast
upon reheating, zircon is capable to record chemistry and
temperature of intermediate to evolved magmas over long
timescales. Here, we complement SIMS U–Th–Pb zircon
rim and interior crystallization ages for >1000 crystals from
two neighboring stratovolcanoes (Friedrichs et al., 2020b)
with new trace element analyses to unravel their magmatic
histories. Furthermore, these data are approximated by
thermochemical modeling to derive magma recharge rates.
Mt. Hasan (Friedrichs et al., 2020a) and Mt. Erciyes
(Friedrichs et al., 2021) are the two largest stratovolcanic
complexes of the post-collisional Central Anatolian
Volcanic Province (Turkey). Both are characterized by
protracted magmatic and volcanic activity since the Middle
Pleistocene, with similar integrated eruptive fluxes of ~0.3–
0.4 km3/ka. However, their thermochemical evolution
contrasts both systems: Whereas Mt. Hasan is characterized
by narrow ranges of Ti-in-zircon crystallization
temperatures and differentiation indicators such as Zr/Hf
ratios as well as Eu anomalies (Eu/Eu*) over the last ca.
300 ka, these parameters fluctuate over broader ranges for
Mt. Erciyes. Importantly, these magmatic conditions
resemble in their eruptive histories: Whereas Mt. Hasan
erupted numerous andesitic lava domes and flows as well as
block-and-ash-flows throughout the Late Pleistocene, the
youngest eruptive phases of Mt. Erciyes are characterized
by scoria cones and nearly-coeval dacitic to rhyolitic lava
domes with associated fall-out and pyroclastic flow deposits
at ca. 105–85 ka and ca. 9 ka, and a protracted eruptive lull
in between. Thermochemical modeling (Tierney et al.,
2016) reveals similar magma recharge rates of ~1–2 km3/ka
for both systems, but in a steady-state regime for Mt. Hasan
and intermittently, and thus overall lower, for Mt. Erciyes.
Friedrichs, B., Atıcı, G., Danišík, M., Atakay, E., Çobankaya, M., Harvey,
J.C., Yurteri, E. and Schmitt, A.K. (2020a): Late Pleistocene
eruptive recurrence in the post-collisional Mt. Hasan stratovolcanic
complex (Central Anatolia) revealed by zircon double-dating.
Journal of Volcanology and Geothermal Research, 404, 107007.
Friedrichs, B., Atıcı, G., Danišík, M., Yurteri, E. and Schmitt, A.K. (2021):
Sequence modeling in zircon double-dating of early Holocene Mt.
Erciyes domes (Central Anatolia). Quaternary Geochronology, 61,
101129.
Friedrichs, B., Schmitt, A.K., McGee, L. and Turner, S. (2020b): U–Th
whole rock data and high spatial resolution U–Th disequilibrium
and U–Pb zircon ages of Mt. Erciyes and Mt. Hasan Quaternary
stratovolcanic complexes (Central Anatolia). Data in Brief, 29,
105113.
Tierney, C.R., Schmitt, A.K., Lovera, O.M. and de Silva, S.L. (2016):
Voluminous plutonism during volcanic quiescence revealed by
thermochemical modeling of zircon. Geology, 44, 683-686.
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Silicate glasses are metastable and prone to alter in
contact with aqueous solutions, especially at high or low pH
conditions. This will lead to the formation of complex,
usually amorphous and silica-rich surface alteration layers
(SALs). We will present results from a corrosion
experiment with a ternary borosilicate glass performed
under stagnant and flow conditions at 85 °C and pH85°C of
7. In situ fluid-cell Raman spectroscopy allows monitoring
glass dissolution, the formation of an SAL, and the
evolution of solution chemistry in operando (Geisler et al.,
2019). Recording a Raman spectrum at each point in space
and time revealed the formation of two distinct SALs which
were separated by an interstitial solution (c.f. Fig. 1). The
first SAL started to form after the pump rate has been
reduced to 1 ml/h and grew until an SAL thickness of about
20 µm had been reached. At this stage the SAL growth
stopped, but glass dissolution underneath the SAL still
progressed, forming a solution-filled gap between the glass
and the SAL, until finally the pump was switched off and a
second SAL formed again at the dissolving glass surface.
The results cannot be explained by classical glass corrosion
models and indicate an interface-coupled dissolutionprecipitation (ICDP) process for SAL formation that is also
known to be an important alteration mechanism for
numerous mineral replacement reactions (Putnis, 2014).

Figure 1 Proposed ICDP mechanism for multiple SAL formation.
Geisler, T., Dohmen, L., Lenting C., Fritzsche, M. B. K. (2019): Real-time
in situ observations of reaction and transport phenomena during
silicate glass corrosion by fluid-cell Raman spectroscopy. Nature
Materials, 18, 342-348.
Putnis A. (2014): Why mineral interfaces matter? Science, 343, 14411442.
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Rheological characterization of (non-)
newtonian liquids and liquid-solid phase
transitions at high temperatures

Investigation of Rare Earth Elements in
Lateritic Bauxite and Red Mud, West
Kalimantan, Indonesia

Giehl, C.*1,2, Ehgartner, D.2

Hakim, A.Y.A.*1, Sunjaya, D.2, Yudaprawira, P.2, Indriati,
T.1, Hede, A.N.H.1
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Oscillatory rheometry is an established technique to
characterize the visco-elastic behavior of various nonnewtonian liquids and solids. While rotational
measurements provide viscosity data (η), oscillatory
measurements provide and relate two values, viscous
modulus (G‘‘) and elastic modulus (G‘). The temperaturedependent visco-elastic properties reveal the presence,
temperature (range) and character of phase transitions,
namely glass transition and crystallization.
This study compares a glass-forming silicate melt
(reference glass DGG1), a synthetic slag and natural rock
melt by using high temperature concentric cylinder
rheometry in rotational and oscillatory mode. Thermomechanical characterization was performed with a furnace
rheometer system (FRS 1800) combined with an air-bearing
DSR 502 measuring head (Anton Paar) and concentric
cylinder measuring geometries.
Isothermal rotational measurements on DGG1
confirm shear-rate independent, Newtonian flow behavior.
Similarly, the crystal-free synthetic slag shows Newtonian
flow behavior above the liquidus temperature, but nonNewtonian, shear thinning, behavior with decreasing
temperature, in agreement with increasing crystal fraction.
Isothermal oscillatory measurements on DGG1 reveal
the frequency-dependent glass transition temperature (G’’
maximum). The observed Maxwell behavior allows to
perform
time-temperature
superposition
analysis
(mastercurves), thus enabling calculation of relaxation
times and glass transition activation energies.
For the rock melt, temperature cooling sweeps were
performed both in rotation and oscillation. The results show
that both higher cooling rate and lower shear rate (or strain,
in oscillation) suppress crystallization and shift
crystallization and solidification to lower temperatures
(Fischer et al., 2019).
In conclusion, these examples demonstrate that
oscillatory rheometry serves as a powerful toolbox for hightemperature characterization of both glass-forming and
crystallizing materials beyond viscosity measurements due
to its ability (1) to quantify viscous and elastic moduli of
non-Newtonian liquids (2), to characterize both viscoelastic liquids and solids, and therefore phase transitions,
and (3) to derive relaxation times and glass transition
activation energies.
Fischer, L.A., Giehl, C., Spürgin, S. and Joachim-Mrosko, B. (2019) AGU
Fall Meeting V23E-0235, San Francisco, USA
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Mines in Indonesia are often focused on the
production of one or few commodities (e.g., Cu and Au),
while the by-products from mineral and ore processing are
often overlooked. For example, gallium as a by-product of
aluminium during the processing of bauxite into alumina
has not been assessed yet. Gallium can also be occasionally
extracted from the sulphidic zinc ores and coal; however, no
studies that have been performed in Indonesia on that
matter.
The existence of gallium and rare earth elements
(REEs) in bauxite and red mud Indonesia is poorly
understood. This project will shed some light on the
possibility of REEs and gallium from the topsoil, bauxite
ores, bedrock, and red mud using mineralogy and
geochemical study on the Tayan lateritic bauxite mine,
West Kalimantan.
Red muds show moderate enrichment in total REE
when compared with the original bauxite. Total REE
concentrations range from approximately 40-75 ppm in
topsoil, bauxite, and bedrock, and up to 1,013 ppm in red
muds and tailing sand samples. The Tayan bauxite show
similar paths of flat-pattern REE distributions with a
pronounced europium anomaly in most of the samples.
Small positive Ce-anomaly in the bauxite zone is attributed
to redox changes. Bauxite is mainly gibbsite, hematite is
partly altered to goethite; apatite, ilmenite, and rutile are the
most common accessory minerals in bauxite and red mud.
REEs, Ga, and Sc are pronounced in red mud samples
and tend to enriched in the lower part of the bauxite horizon,
which might implies the leaching processes from the upper
parts of lithological profile into the lower parts. Weathering,
leaching, and Bayer processes causes element mobilization,
distribution of REEs and is further absorbed onto various
minerals. Correlation between the existence of iron mineral
(i.e. goethite) in residual iron rich layer and red muds has a
positive correlation with the REE and scandium
concentrations, which may be interpreted as a scavenging
effect of mobile REE, mainly LREE (Kühnel, 1987). REE
is probably hosted Although the quantities of REE
contained in red muds appear to be low when compared to
other REE deposits, it may contribute to understand the
conditions of mineral formation and REE in lateritic-type
bauxites.
Kühnel, R.A. (1987): The role of cationic and anionic scavengers in
laterites. Chemical Geology, vol. 60, issue 1-4, pp. 31-40.
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Annealing kinetics and closure temperature(s)
of radiation damage in zircon
Härtel B.*1, Jonckheere, R.1, Wauschkuhn, B.1,
Ratschbacher, L.1

1

Institut für Geologie, TU Bergakademie Freiberg, Germany
* Corresponding email: haertelb@mailserver.tu-freiberg.de

Keywords: Zircon, Raman spectroscopy, annealing experiment

We conducted annealing experiments on radiationdamaged zircons between 500 and 1000 °C for durations
between ten minutes and five days. We measured the widths
(Γ) and positions (ω) of the internal ν1(SiO4), ν2(SiO4),
ν3(SiO4), and external rotation Raman bands at ~ 974, 438,
1008, and 356 cm-1. We fitted a Johnson-Mehl-AvramiKolmogorov and a distributed activation energy model to
the fractional annealing data calculated from the widths of
the ν2(SiO4), ν3(SiO4), and external rotation bands. From the
kinetic models, we determined closure temperatures Tc for
damage accumulation for each Raman band. Tc ranges from
300 to 420 °C for the internal ν2(SiO4) and ν3(SiO4) bands;
the external rotation band is more sensitive to thermal
annealing (Tc ~ 250-360 °C). Our estimates are in general
agreement with previous ones (Figure 1). The Tc difference
for the different Raman bands offers the prospect of a multiclosure-temperature zircon Raman thermochronometer.

Figure 1 Zircon radiation damage closure temperature Tc based on
annealing experiments (red) and geological data (blue).
Deliens, M., Delhal, J., and Tarte, P. (1977): Metamictization and U-Pb
systematics - a study by infrared absorption spectrometry of
Precambrian zircons. Earth and Planetary Science Letters, 33, 331344.
Ginster, U., Reiners, P.W., Nasdala, L., and Chutimun, C.N. (2018):
Annealing kinetics of radiation damage in zircon. Geochimica et
Cosmochimica Acta, 249, 225-246.
Hueck, M., Dunkl, I., Heller, B., Stipp Basei, M.A., and Siegesmund, S.
(2018): (U-Th)/He Thermochronology and Zircon Radiation Damage
in the South American Passive Margin: Thermal Overprint of the
Paraná LIP? Tectonics, 37, 4068-4085.
Jonckheere, R., Heinz, D., Hacker, B.R., Rafaja, D., and Ratschbacher, L.
(2019): A borehole investigation of zircon radiation damage
annealing. Terra Nova, 31, 263-270.
Pidgeon, R.T. (2014): Zircon radiation damage ages. Chemical Geology,
367, 13-22.

Metallogenesis of the Niederschlag fluoritebarite deposit, Erzgebirge, Germany
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The Niederschlag deposit, situated in the western part
of the Erzgebirge, is actively mined for fluorite and barite
since 2013 with an annual production of 100000 t of raw
fluorite and 12000 t of barite. Hydrothermal mineralisation
is bound to NE-SW trending fault structures, which are
hosted by metamorphic rocks of the Variscan basement.
Here, we present new fluid inclusion and (isotope)
geochemical data, providing insights into the origin of the
fluorite-barite
mineralisation
at
Niederschlag.
Mineralisation is polystadial and comprises two main stages
of fluorite mineralisation. Stage I fluorite is varicoloured,
mostly fine-grained and associated with abundant
quartz/chalcedony, whereas sulphides are scant. Fluorite and closely associated barite – of Stage II occurs as coarse
crystalline often banded vein-infill.
Microthermometric investigations of fluid inclusions
related to stage I are characterised by low to medium
salinity (7-20 % eq. w(NaCl+CaCl2)) fluids with
Na/(Na+Ca) ratios of 0.5-0.8 having homogenisation
temperatures ranging from 140 °C to 180 °C. Fluid
inclusions related to fluorite II, in contrast, show moderate
to high salinities (18 and 27 % eq. w(NaCl+CaCl2)),
homogenisation temperatures between 80 °C and 120 °C
and Na/(Na+Ca) ratios between 0.8 and 0.4.
Trace element analyses (LA-ICP-MS and bulk ICPMS) reveal that stage I fluorite has relatively low absolute
REE concentrations (82.0 to 124.0 mg/kg REE) with a
distinctively flat shale normalized REE pattern, very similar
to the REE pattern of the host lithology. Preliminary Sm-Nd
data yields a Permo-Carboniferous age (289 ± 20 Ma),
which coincides with the post-Variscan crustal
reorganization and magmatism.
In contrast to stage I, stage II patterns are depleted in
LREE, whereas MREE are strongly and HREE are slightly
enriched. Preliminary Sm-Nd data of stage II fluorite
implies a Mesozoic age (182 ± 33 Ma). Fluid inclusion,
trace element, and geochronological data suggests that the
two fluorite stages were formed in distinctively different
fluid regimes: Fluorite I is most likely related to a
magmatic-hydrothermal environment coinciding with PostVariscan orogenic collapse, while stage II is related to
mixing of highly saline fluids near the basement-cover
unconformity during the rifting of the northern Atlantic.
15

Abstracts DMG virtual poster session

The role of magma mixing in the formation of
massive Fe-Ti oxide ores in the Panxi region,
SW China

Crystallization Kinetics and Phase Relations
of Calcium-Aluminate-Silicates Investigated
by In Situ Hyperspectral Raman Imaging
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In the Panxi region of the Emeishan Large Igneous
Province (~260 Ma), SW China, massive Fe-Ti-V oxide ore
deposits are hosted in mafic-ultramafic layered intrusions.
These intrusions are associated with high- and low-Ti flood
basalts and granitoids, and either intruded the Neoproterozoic limestone or the Proterozoic meta-sedimentaryvolcanic rocks. With respect to the ore reserves, Panzhihua
is one of the biggest intrusion in this region. One model
addressing the formation of the massive oxide ores – mainly
magnetite (Mt) and less ilmenite (Ilm) – in Panzhihua
suggests multiple magma replenishment events where an
H2O-enriched parental magma intrudes into a ‘dry’
crystallising magma chamber (Howarth et al., 2013).
In order to test this hypothesis, we investigated the
possible role of magma mixing in the formation of cumulate
rocks composed of almost pure oxides. Consequently,
magma mixing processes were experimentally simulated to
constrain the conditions at which the oxides are the only
stable solid phases coexisting with silicate melt. For this
purpose, two Ti-enriched ferrobasaltic glass powders were
placed next to each other in varying proportions in noble
metal capsules and finally ‘mixed’ in internally heated
pressure vessels at 200 MPa and temperatures between
1025 °C and 1100 °C. One glass represents a parental
magma composition pre-hydrated with 5 wt.% H2O (P1,
~13 wt.% FeO*). In contrast, the second glass (LS,
~18 wt.% FeO*) is of a more evolved and nominally dry
composition.
Experimental results show that, with changing
temperature, different solid phases crystallise, i.e., oxides
only, oxides + pyroxene, or oxides + pyroxene + plagioclase. At relatively reducing conditions (∆FMQ+1),
however, either pyroxene or no mineral phases are observed
in the experiments performed so far. And while Mt and HmIlmss crystallise at ∆FMQ+3.3, titano-Mt is the only stable
oxide phase observed at ∆FMQ+2 – with one exception at
1050 °C and a bulk H2O content of 1.25 wt.%, where also
Ilm crystallises. Ultimately, the coexistence of oxides with
silicate melt, i.e., no other solid silicate phase, is obtained at
oxidising conditions (∆FMQ+3.3 and ∆FMQ+2) and
temperatures above 1050 °C only. Furthermore, depending
on temperature and redox conditions, at least a 1:1 mixture
of P1 and LS – corresponding to a bulk H2O content of
2.5 wt.% – is necessary to trigger oxide only crystallisation.
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Here, we present a novel method to study the sintering
process in silicate ceramics by in situ hyperspectral Raman
imaging. Solid-solid reactions and phase transitions can be
studied in situ at high temperature and thereby spatially
resolved. Thermodynamic and kinetic phenomena can be
investigated without the need to quench the sample to room
temperature before analyzing the run products. In the
present study, hyperspectral Raman spectroscopic imaging
has been applied to in situ study the isothermal sintering
process of a calcite-kaolinite mixture at six temperatures
between about 800°C and 1100°C. Confocal micro-Raman
spectra were recorded with a 2W Nd:YAG laser
(532.09 nm) and an electron-multiplier CCD detector. For
each experiment 24 hyperspectral Raman images (100 x 100
µm, 1 µm step size) were recorded within a dwell time of
about 48 hours. A Classical least squares (CLS) fitting
procedure with house-intern reference spectra was used to
obtain the relative phase proportions from each Raman
spectrum (i.e., pixel of the image). The hyperspectral
Raman images were then created by false-coloring each
pixel of the image relative to the fraction of each component
in the spectrum. From the data, the fraction of each phase
(e.g., gehlenite, wollastonite, and anorthite) in an imaged
area can be determined as a function of time from which
kinetic information can be gained. Mainly gehlenite,
dicalcium silicate, wollastonite and an unknown phase 560
(which has one broad band near 560 cm-1) are formed. In
general, the amount of this phases increases with time,
whereas the amount of kaolinite and CaO decreases.
Gehlenite is formed in all six experiments and in almost all
the gehlenite content increases with time. Up to 971°C a
higher sintering temperature leads to a higher gehlenite
content. At a firing temperature of 971°C gehlenite makes
up 60 % of the map after a dwell time of 48 h. At the highest
firing temperature far less gehlenite is present and anorthite
has formed instead. The results demonstrate that in situ
hyperspectral Raman imaging is a suitable technique to
investigate the crystallization kinetics and phase relations of
calcium-aluminate-silicates during firing.

Howarth, G.H., Prevec, S.A., and Zhou, M.-F. (2013): Timing of Timagnetite crystallisation and silicate disequilibrium in the
Panzhihua mafic layered intrusion: Implications for ore-forming
processes. Lithos, 170-171, 73-89.
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The effect of weathering on platinum-group
elements-rich chromitites of the Bushveld
Complex

High pressure and temperature X-ray
emission and diffraction studies of iron
containing minerals at the European XFEL
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The Bushveld Complex in South African contains vast
resources of Cr, PGE and V. Currently, the Merensky Reef,
the Platreef and the UG-2 chromitite seam are the major
mining targets for PGE, although chromitites of the Lower
Group (LG) and Middle Group (MG) may also contain
concentrations up to several ppm PGE.
In a suite of chromitite samples from the Thaba Mine
in the western Bushveld Complex it was shown that Pt
concentrations in weathered chromitite seams (LG-6 to
MG-4) generally exceed those of Pd. However, differences
are observed by comparing individual chromitite seams as
total PGE concentrations of weathered chromitites from the
LG-6 to MG-4 range between 760 and 1300 ppb. Elevated
concentrations of Pt and Pd are also present in hanging and
footwalls of chromitite seams (median 333 ppb Pt). The
PPGE (Rh, Pt, Pd) contents of weathered ores are generally
lower than those of the pristine ores. The IPGE (Os, Ir, Ru)
are very similar in both pristine and weathered ores.
Particularly, Ru concentration are in the same range as the
pristine ores.
Platinum concentrations increase from LG-6 to MG-4,
whereas Pd remains at near-constant levels, resulting in a
strong increase of the Pt/Pd ratio from 2.2 to 15.3. Platinum,
largely remains within the chromitite seams and is only
locally mobilized within the chromitites and their
surrounding hanging and footwalls, whereas a large
proportion of the Pd is leached out. Weathering causes
mobilization of Pt and Pd out of the chromitites, locally into
the hanging and footwall. The general decrease (in
particular of Pd) can also be observed by comparing the
average Pt/Pd ratio of pristine chromitites from the Thaba
Mine. The IPGE are generally less affected by weathering
processes which may be explained by the fact that laurite
[(Ru,Os,Ir)S2] commonly occurs as inclusions in chromite,
and PGM incorporated in chromite are largely unaffected
by weathering processes.
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The understanding of the spin state of iron is crucial
for our understanding of chemical and physical properties
of the deep Earth’s interior. Nevertheless, data on the spin
state of iron bearing minerals and iron alloys that compose
Earth’s interior are scarce at high temperatures and
pressures, due to limitations of the commonly used
techniques to heat and probe the spin state in-situ, especially
at core-mantle-boundary conditions and beyond.
To overcome these limitations, we conducted an
experiment with a different approach by measuring
simultaneous X-ray emission (XES) and X-ray diffraction
(XRD) on siderite (FeCO3) pressurized to 51 GPa within a
diamond anvil cell (DAC), at the High Energy Density
instrument (HED) at the European XFEL. We used the
unique properties of a pulsed and highly brilliant X-ray free
electron laser (XFEL) beam that allowed us to heat samples
contained in a DAC via isochoric X-ray heating, a method
that was developed by the efforts of the EuXFEL
Community Proposal #2292. This way we were able to heat
and probe the sample with the same X-ray pulse train
utilizing a pink beam with an energy of 13 keV. We
collected the Fe Kβ fluorescence, which is sensitive to the
spin state [1] and simultaneously measured the XRD to
directly probe the samples structural changes. i.e. a volume
change across the spin transition [2].
Using both in-situ and ex-situ measurements, we
identified the decomposition phases magnetite-h (Fe3O4),
tetracarbonates (Fe4C3O12), CO2 and melt, suggesting
heating of the sample above 3000 K while using a pulse
energy of 250 µJ during the experiment. This successful
proof of principle of combining XES, XRD in a DAC using
an XFEL beam opens up unique possibilities to probe the
spin state of pressurized samples at very high temperatures
in solid and molten systems relevant for deep planetary
interiors.
[1] C. Weis, G. Spiekermann, C. Sternemann, M. Harder, G. Vankó, V.
Cerantola, C.J. Sahle, Y. Forov, R. Sakrowski, I. Kupenko, S. Petitgirard,
H. Yavaş, C. Bressler, W. Gawelda, M. Tolan and M. Wilke, (2019)
Combining X-ray Kβ1,3, valence-to-core, and X-ray Raman
spectroscopy for studying Earth materials at high pressure and
temperature: the case of siderite, J. Anal. At. Spectrom., 34, 384-393
[2] Liu, J., Lin, J. & Prakapenka, V. (2015) High-Pressure Orthorhombic
Ferromagnesite as a Potential Deep-Mantle Carbon Carrier. Sci. Rep
5, 7640
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Vielfalt in Schülerlaboren – das Museum
Reich der Kristalle, ein
geowissenschaftlicher Lernort
1

1

1

1
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Das Museum Reich der Kristalle stellt das museale
Fenster der Mineralogischen Staatssammlung München
(SNSB) dar. Es zeigt durch vielfältige Sonder- und
Dauerausstellungen
immer
neu
aufgearbeitete
geowissenschaftliche Themenbereiche, die sich auch sehr
gut an schulische Themen anpassen lassen.
Besonders Themen wie die vorangegangene
Ausstellung Vulkanismus oder auch die aktuelle
Sonderausstellung Metamorphose lassen sich in vielfältige
Schulprogramme einbinden. So spricht das Thema
Metamorphose Schulbereiche aus der Biologie,
Mineralogie, Geologie, Kunst und Musik an und kann auch
als Spezialführung oder zwei- bis dreistündiges Projekt
gebucht werden.
Der LeLa-Lernort Museum Reich der Kristalle möchte
bei Schulkindern, aber auch bei Kindergartenkindern,
unterschiedliche Fähigkeiten wecken. Minerale, Kristalle
und Gesteine werden "greifbar" gemacht und erlebt. Kinder
und Jugendliche können die einzelnen Objekte im LeLaProjekt makroskopisch betrachten, mikroskopieren, mit
neuen digitalen Medien (Mikroskop-Kamera, Tablett)
aufnehmen, aber auch im Rahmen des Kunstunterrichts
Lieblingskristalle nach der Führung abmalen oder anhand
von Kristallmodellen aus Pappe nachbasteln. Zudem lernen
die kleinen Besucher auch, wie und wo diese Minerale
entstehen und was sie verändert. Ziel ist es, bei den Kindern
und Jugendlichen aus einer Kombination von neuen Medien
und "alten" Sammlungsobjekten Interesse an der Natur zu
wecken und diese schätzen und lieben zu lernen. Denn nur
was man liebt kann man auch bewahren.

Influence of silanes on the crystallization of
portlandite Ca(OH)2
Kaltenbach, J.*1, Schwotzer, M.1, Krause, F. 1 Arévalo
Galván B. 1 Janssen V. 1, Süssmuth J. 1, Gerdes, A.1,2
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The functionalisation of cement-based materials with
organosilicon compounds (silanes) is a common way of
tuning material properties. However, the interaction
between Portland cement hydration and silanes is not well
understood. In this context, we investigate the influence of
relevant silanes such as isobutyltriethoxysilane (iBTES),
isooctyltriethxysilane (iOTES) and n-octyltriethxysilane
(nOTES) on the growth of hydrate phases. Model
experiments related to the growth of portlandite Ca(OH)2 as
one of the main cement hydration product were carried out.
Therefore, a diffusion controlled synthesis approach for
portlandite (Johnston, 1913) was modified. In pure water,
millimetre-sized hexagonal prisms grow (Figure 1a).
Portlandites grown in iOTES- and nOTES-containing
solution are exclusively platelet-shaped crystals, which
hexagonal crystal face is well developed (Figure 1b and 1c).
In contrast to that, the portlandites grown in the presence of
iBTES show no regular morphology (Figure 1d). However,
in all experiments silanes were found on the crystals. The
results of these model experiments show that silanes
influence the formation of the crystal shapes differently.
This indicates, that silanes have a multifaceted influence on
the cement hydration. In addition to kinetic effects, the
morphology of the products can be changed and affecting a
wider range of material properties.

Figure 1 Electron microscopic images of portlandite grown in pure
water a), with iOTES b), with nOTES c) and in the presence of iBTES d)
Johnston, J. (1913): The utilization of diffusion processes in the
preparation of pure substances. Journal of the American Chemical
Society, 36, 16-19
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Corrosion of high alloy steels in hot,
multicomponent gas atmospheres
1

Kingsbery, P.*1, Stephan-Scherb, C.1,2
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To move towards more environmentally friendly
power sources, coal powerplants will in the future be partly
powered using biomass. The combustion of biomass
however brings complications with it, due to the different
fuel composition compared to coal. The interaction of
humid and strongly corrosive gases in these atmospheres
with the boiler and tube material causes substantial material
loss by corrosion [Shao et al., 2011] This study looks at the
impact of different dry and humid SO2 containing
atmospheres at 560°C on two commercial ferritic-austenitic
steels used in powerplants and three comparable model
alloys to determine the impact of Cr on the corrosion
behaviour in the different gas atmospheres.
Shao, Y. (2011): Ash deposition in co-firing three-fuel blends consisting
of woody biomass, peat, and lignite in a pilot-scale fluidized-bed
reactor. Energy Fuels, 25, 2841-2849.

A Lower Jurassic U-Pb-ircon age for a tuff of
the “upper Triassic” Nariwa Group (Honshu,
Japan)
Knittel, U.*C, Yukawa, H2., Suzuki, S.3, Walia,M.4
1
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3
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4
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* Corresponding email: knittel@rwth-aachen.de
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The so-called Nariwa Flora was discovered in 1932 in
the Nariwa area, south-west Honshu, Japan (Ôishi, 1932). It
was quickly realized that it of late Triassic, Norian or
Rhaetian age (Ôishi, 1932; Ôishi & Huzioka, 1938) and was
subsequently also discovered in other parts of East Asia, in
particular in eastern Siberia (e.g., Volynets & Shorokhova,
2007; Volynets et al., 2008).
Doubts on the age assignment arose from a study by
Kouchi et al. (2014) who analyzed detrital zircons from the
upper units of the supposedly Triassic strata and found early
Jurassic zircons (190 ± 9 Ma). Since detrital zircons provide
an upper age limit for sedimentary rocks this implied
sedimentation in Jurassic time.
Dating of a rhyolitic tuff should provide a more precise
age estimate as the tuff is conformably intercalated in the
sedimentary sequence. 32 zircons were analyzed by LAICP-MS. Based on the youngest 10 grains, an age of 193.4
± 3.1 [MSWD = 0.47] is calculated.
This new result confirms the earlier findings of Kouchi
et al. (2014), improves the interpretation of the earlier
dating by providing a lower age limit and implies that age
assignments based on the Nariwa Flora need to be reevaluated.

Kouchi, Y., Hokuto, O., Otoh, S., Yamamoto, K. (2014) Detrital zircon
geochronology of the Nariwa Group in the Akiyoshi Belt, Annual
Meeting of the Geological Society of Japan (2014 Kagoshima). The
Geological Society of Japan, pp. 456.
Ôishi, S. (1932) The Rhaetic plants from the Nariwa District, Prov. Bitchu
(Okayama Prefecture), Japan. Journal of the Faculty of Science,
Hokkaido Imperial University. Ser. 4, 1(3): 257-380.
Ôishi, S. and Huzioka, K. (1938)Fossil plants from Nariwa. A supplement.
Journal of the Faculty of Science, Hokkaido Imperial University.
Ser. 4, Geology and mineralogy, 4(1-2): 69-101
Volynets, E. and Shorokhova, S. (2007) Late Triassic (Mongugai) flora of
the Primorye region and its position among coeval floras of Eurasia.
Russian Journal of Pacific Geology, 1(5): 482-494.
Volynets, E., Shorokhova, S. Ge, S. (2008) Late triassic flora of the
Partizanskaya River basin (Southern Primor’e). Stratigraphy and
Geological Correlation, 16(1): 47-58.
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Mineralogical characterization of podiform
chromitite deposit in the
Eastern Mirdita Ophiolite, Albania
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Chromite deposits in the Bulqiza and Shebenik
ultramafic massifs of the Mirdita ophiolite are investigated
by microscope and electron microprobe analysis. In the
chromite deposits of Bulqiza, Batra, Thekna, Katjil and
Xisellas massive chromitite hosted in serpentinized
harzburgite were analyzed. In Bulqiza additional samples
from disseminated and nodular chromitite as well as various
types of harzburgites are analyzed. All five deposits are
classified as podiform high Cr chromitites. The pristine
chromite cores exhibit a narrow range in Cr# (80 – 85) and
are more widespread in Mg# (60 – 80), whereas Ferrian
chromite rims reach higher numbers of Cr# (> 85).
Additionally, ferrian chromite is enriched in Fe3+ and Mn.
Olivine shows a positive correlation of forsterite component
with amount of chromite from host harzburgite to massive
chromitite. Serpentinization is observed in all deposits. The
degree of serpentinization is increasing from harzburgitic
host – dunite envelope – nodular chromitite – disseminated
chromitite to massive chromitite. Latter one exhibits
serpentine mesh cell pseudomorphs after olivine and
pyroxene.
Parental magma estimates yield a boninitic melt with
high degree of partial melting as source of these chromitites.
The evolution of the Bulqiza peridotite massif starts in the
basin between the Pelagonian and Apulian plates. Oceanic
crust and upper mantle are produced during a seafloor
spreading sequence, terminating in the Late Triassic-Early
Jurassic. Next step in the time scale is the formation of an
intraoceanic subduction zone in this basin. Dehydration of
the slab is triggering a higher degree of partial melting of
the refractory harzburgite at shallow depths in the
suprasubduction zone. The extracted melt percolate in
channels through the refractory harzburgite. Melt-wall rock
interaction leads to incongruent melting of pyroxene leaves
behind a residue dunite. SiO2 enrichment in the boninitic
melt provokes massive chromitite precipitation in the
harzburgite. Uplifting of the peridotite leads to retrograde
sub greenschist facies conditions. Water-rich fluids intrude
through fractures into the peridotite. First stage of
serpentinization is the hydration of magmatic silicates to
form pseudomorphs of them. Fe3+ and Mn enters the fluid
phase and leads to the formation of a ferrian chromite rim
around pristine chromite cores (2. stage of serpentinization).
Further cooling and introduction of more fluid cause
serpentine recrystallization and replacement with fibrous
chrysotile veins. At a last stage calcite introduced and
developed veinlets and replacement of serpentine.

Crystal growth and characterization of rareearth doped mullite
Krämer, K.*1, Burianek, M.1, Spieß, I.1, Schneider, H.1,
Fischer, R.X.1
1
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* Corresponding email: kraemeko@uni-bremen.de

Keywords: mullite, Czochralski, rare-earth elements, sol-gel synthesis

Czochralski-grown crystals of pure Al2O3/SiO2 2:1mullite and 2:1 mullite doped with 0.25 wt.-% Tb407 were
characterized structurally and chemically. Powder X-ray
diffraction and single-crystal diffraction were implemented
for structure analyses, whereas an SEM equipped with an
EDX unit was used for spatially resolved chemical
composition yielding a heterogeneous distribution of Tb
within the melt-grown doped mullite. Investigations with
X-ray tomography showed, that there are various cracks and
inhomogeneities within the doped mullite.
A second set of syntheses via sol-gel method was
conducted, testing the limit of incorporation of rare-earth
elements. Using TEOS and aluminum nitrate nonahydrate
as raw materials mullite could successfully be obtained.
Further analysis to determine the Al/Si ratio in the sol-gel
mullites are in progress. A 1:1 HCl/H2O solution was
determined to be the best solvent for Tb4O7. Its dissolution
was not complete within 36 h of stirring in the mixture.
However, no precipitates were observed after mixing with
the other constituents. First results show that the ratio
between crystalline and amorphous material synthesized by
this procedure heavily depends on the maximum
temperature to which the dried gel is heated in the furnace.
Whereas a low degree of crystallinity was observed at
1100°C, heating to 1300°C visibly increased the amount of
crystalline material. We thank the DFG for funding this
project under grant FI442/25.

Figure 1 Czochralski-grown mullite crystal with 0.25 wt.-% Tb4O7doping showing brown coloration from X-ray radiation
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Detecting deep rock weathering
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Using neodymium stable isotopes in tonalitetrondhjemite-granodiorites to reveal new
insights into crust formation

1

Keywords: rock weathering, weathering geochemistry, Critical Zone

The weathering front, the interface beneath Earth’s
surface where unweathered bedrock is converted into
weathered rock, is a zone where chemical disequilibrium
results in some of the most intense mineralogical
transformations. These are focused into a narrow zone; yet
its depth is poorly known due to its inaccessible nature deep
beneath the Earth’s surface. Studies in humid and temperate
climate suggest a maximum depth of 20 m for the
weathering front in granitoid rock (Hayes et al., 2020).
To explore whether this depth is unique to humid
climate we drilled into fractured rock in the semi-arid
climate zone of the Coastal Cordillera of Chile. We found
deep weathering down to 76 m below the surface which
represents one of the deepest weathering fronts ever found.
To characterise and quantify rock weathering, we
investigated
mineralogical
and
geochemical
transformations. Iron (Fe) oxidation and related porosity
formation is the first weathering process taking place and
hence an indicator for the onset of weathering (Buss et al.,
2008). Elemental (t) and bulk loss (chemical depletion
fraction, CDF) calculated from the chemical composition
reveal multiple zones with more intense weathering
compared to bedrock, and where BET surface area also
increases due to formation of secondary solids. Fracturing
and the related increase in macro-porosity thus induce these
mineralogical and chemical transformations. Below 76 m,
bedrock is devoid of weathering features. We suggest that
tectonic pre-fracturing in this geologically active region
provided transport pathways for oxygen to greater depths,
inducing porosity by oxidation. This porosity was preserved
throughout the weathering process, as secondary minerals
that might fill pores were not formed due to the low fluid
flow.
Hayes, N. R., Buss, H. L., Moore, O. W., Krám, P. and Pancost, R. D.
(2020): Controls on granitic weathering fronts in contrasting
climates. Chemical Geology, 535, 119450.
Buss, H.L., Sak, P. B., Webb, S. M. and Brantley, S. L. (2008): Weathering
of the Rio Blanco quartz diorite, Luquillo Mountains, Puerto Rico:
Coupling oxidation, dissolution, and fracturing. Geochimica et
Cosmochimica Acta, 72 (18), 4488-4507.
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Stable neodymium (Nd) isotope analyses are a novel
geochemical tool. Previous analyses presented by McCoyWest et al. (2017, 2020) comprise investigations on the Ndisotopic composition of the Earth’s basaltic crust and
chondrites (mid ocean ridge basalts (MORB), ocean island
basalts, island arc basalts and continental intraplate basalts)
with stable Nd showing promising results as a tracer for a
range of time-independent magmatic processes like
fractional crystallization or partial melting, whereas they are
insensitive to secondary terrestrial processes (i.e.
weathering and alteration). Consequently, stable Nd
analyses have proven their potential as a tracer for crust
formation and may contribute to the big questions of the
Archean, i.e. when plate tectonic started operating on early
Earth and how continental crust formed during the Archean.
Bond valence theory predicts that a stable Nd-isotope
fractionation will occur during partial melting, as the
stronger bonds in garnet, a pressure indicating mineral in
the crust, should retain heavy Nd-isotopes. Hence, the stable
Nd-isotope fractionation (expressed as δ146/144Nd) could be
an indicator for the pressure state (i.e. depth) a rock has
formed at and may identify the presence of high pressure
rocks like garnet amphibolite and eclogite as dominant
source rock.
We apply this theory to Archean felsic rocks, so called
tonalite-trondhjemite-granodiorites (TTGs) from the
Yilgarn craton, western Australia. The average δ146NdTTG
for the Yilgarn TTGs is -0.013 ± 0.011‰, which is
resolvably heavier than δ146NdMORB = -0.025 ± 0.002‰.
Although, the TTGs exhibit a significantly greater variation
than MORB. The large range in δ146NdTTG may be the result
of magmatic differentiation or might be relatable to
continental crust formation and/or early Earth
differentiation processes in the mantle. We are still lacking
comparative data from modern continental rocks, so a
global comparison cannot yet be made. However, given we
obtain the traditional radiogenic 143Nd/144Nd isotope
compositions simultaneously with the stable δ146Nd, this
enables us to relate the stable Nd isotope data to timeintegrated processes during TTG genesis and crustal
maturation (crustal growth vs. crustal reworking). This
makes our coupled Nd dataset a very powerful tool to
understand crustal growth.
McCoy-West, A. J., Millet, M. A. and Burton, K. W. (2017): The
neodymium stable isotope composition of the silicate Earth and
chondrites. Earth and Planetary Science Letters, 480, 121-132.
McCoy-West, A. J., Burton, K.W., Millet, M. A. and Cawood, P.A. (2020):
The chondritic neodymium stable isotope composition of the Earth
inferred from mid-ocean ridge, ocean island and arc basalts.
Geochimica et Cosmochimica Acta, in press.
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Experimental investigation of the phase
stability in the bridgmanite-magnesite system.
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Magnesite is observed to be chemically stable at high
pressure (>80 GPa) (Binck et al., 2020). However, to
constrain its stability in the lower mantle, we have to
investigate its interaction with co-existing lower mantle
phases. Previous experimental studies on MgCO3+SiO2
imply that at <35 GPa magnesite is stable at mantle
geotherm conditions (Litasov & Shatskiy, 2019). In
addition to those studies, we are considering a more
complex system that involves reaction of magnesite with
(Mg,Fe)SiO3-glass, a bulk composition closer to that of the
lower mantle.
Experiments were conducted using a multi-anvil press
and laser-heated diamond anvil cells (LH-DAC) with
conditions ranging from 25 to 65 GPa and 1700 to 3000 K.
The experiments were designed to test sub-solidus
reactions, melting, decarbonation and diamond formation.
Multi-anvil press experiments at 25 GPa and T below the
mantle geotherm (1700 K) show formation of carbonatesilicate melt. In addition, bridgmanite and stishovite are
found, indicating that bridgmanite melts incongruently to
form stishovite at the chosen bulk composition, in
accordance with Litasov & Shatskiy (2019). LH-DAC
experiments were performed associated with in situ X-ray
diffraction. Our data show reaction to bridgmanite,
ferromagnesite and stishovite. A melt phase could not be
detected at high T. However, formation of stishovite could
indicate incongruent melting, implying that any traces of
melting is erased during cooling.
Our preliminary interpretation indicates that the
melting curve in the magnesite-bridgmanite system is
situated at T below the mantle geotherm. Therefore, our
data suggest that subducted carbonated-bearing silicate
lithologies that survive down to the lower mantle would
melt at conditions of the top of the lower mantle, implying
that carbonates are not stable at these conditions. This
process could give a better understanding of carbon storage
in the deep Earth.
Binck, J. Bayarjargal, L. and Lobanov, S. S. (2020): Phase stabilities of
MgCO3 and MgCO3-II studied by Raman spectroscopy, x-ray
diffraction, and density functional theory calculations. Physical
Review Materials, 4(5), 1-9.
Lisatov, K. D. and Shatskiy, A. F. (2019): MgCO3+SiO2 reaction at
pressures up to 32 GPa studied using in-situ X-Ray diffraction and
Synchrotron Radiation. Geochemistry International, 57(9), 10241033.

FTIR-spectroscopic analysis of Hydroxide in
natural olivines: A characterization of OH
signatures
Luft, C.*, Haeger, T., Botcharnikov, R.
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Olivine is the predominant mineral in the upper mantle
and plays a key role in mantle physics and chemistry.
Although olivine is a nominally anhydrous mineral (NAM),
it is able to incorporate significant amounts of hydrogen
making Earth mantle an important reservoir of water.
Furthermore, olivine is one of the main minerals in
primitive magmas and hydrogen concentration and mobility
in the olivine structure imposes crucial constrains on
volatile budgets in magmatic and volcanic systems.
The main aim of this doctoral thesis is to investigate
the hydrogen incorporation mechanisms in the crystal
lattice of natural olivines (~Fo83) of 16 different deposits
and thus the relationship to genesis of olivine. Oriented
cubes of single crystal olivines were made to show the
orientation of the OH dipoles in the lattice using polarized
FTIR-spectroscopy. A fully automatic four-circle X-ray
diffractometer and a X-ray diffractometer with precession
goniometer were used for the crystal orientation. The
chemical characterization was carried out with EMS and
LA-ICP-MS.
OH absorption bands in the FTIR-spectra appear
between 3.100 and 3.750 cm-1. After a peak fitting
procedure of all spectra, the following results were
obtained: A total of 50 peaks were detected and all of them
were known from previous works. The same peaks with the
same polarization dependent behavior (pleochroism)
always appear in samples from the same locality, while the
variability among different localities is great. Thus, the OH
signature of an olivine represents a fingerprint for the
mineral origin and can be used to determine the deposit.
This was discovered earlier (Miller et al., 1987), but its
importance to gemstone industry and the demand for “fair
trade gemstones” was has not been not considered, yet. In
the course of this work, the OH signatures for each locality
were characterized in detail (Peak positions, amplitudes,
full width at half maximum and areas). Thus, this present
work provides a basis for a broad IR-spectra analysis of
natural olivines from different origin. In the literature, the
calculation of the OH concentration from the FTIR
spectrum is controversial. However different substitution
mechanisms in olivine, formed during mineral genesis and
maybe changed by metamorphosis, have their own molar
absorption coefficients (Kovács et al., 2010) and make a
simple calculation using the Beer-Lambert law impossible.
Kovács, I., O’Neill, H. S. C., Hermann, J., Hauri, E. H. (2010): Sitespecific infrared O-H absorption coefficients for water substitution
into olivine. American Mineralogist, Vol. 95, 292 – 299
Miller, G. H., Rossman, G.R., Harlow, G. E. (1987): The Natural
Occurrence of Hydroxide in Olivine. Phys. Chem. Minerals, Vol.
14, 461 – 472
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Diffusion in pyroxenes: T-t-path
reconstruction in silicate systems
1
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Estimation of mineral residence time in silicate melts
with diffusion chronometry uses the diffusion behavior of
the elements in crystals. Concentration gradients of
elements at zonings in minerals are used to investigate the
diffusion behavior, as solid-state diffusion is dependent on
high temperature, which determines the balance of the
various concentrations.
Before diffusion occurs the signature of the zonings
are characterized by two different concentration plateaus,
which follow each other abruptly. The diffusion effects the
mutual exchange of an element and creates a curve, which
is described by the error-function. For synthetic samples,
the spatially resolved concentration profiles of the
respective elements are often simplified by horizontal
concentration plateaus.
However, in natural samples the concentration
plateaus are often characterized by slopes due to the
compatible or less compatible incorporation of elements in
the respective mineral.
Here we show an alternative numerical solution of this
problem by extending the usual error-function, which was
modeled with the software MATLAB by the fit-function.
The required curve with the slopes is obtained by the
sum of the error-function and the integral of the partial
derivative of the error-function. MATLAB modeling allows
the evaluation of several element profiles simultaneously,
which stores diffusion data for the investigated system.
The storage of the residence time simplifies the
quantitative investigation and thus reduces the
uncertainties. By a selected diffusion coefficient of Al, a
residence time of 160.67 days of natural titanaugite from
Kaiserstuhl Vulcanic Complex was determined. This
indicates a short time between crystallization and eruption.
The numerical solution and modeling should facilitate
the evaluation of more complex diffusion curves at zonings.
These diffusion data can be used to quantify different
magmatic and volcanic systems. Furthermore, different
residence times for the same minerals and systems can be
used to reconstruct the temperature paths. Additionally,
generated diffusion data can be used to gain information
about sector-zoned minerals, which leads to magmatic
history, eruption trigger and ascent rates (Ubide et al.,
2019).

dD and d18O determination on fluid inclusions
in sulfides using a state-of-the-art analytical
approach - the case of the Veliki Majdan
replacement deposit, Western Balkans
Markmann, T. A.*1, de Graaf, S.2, Prelević, D.1,3, Vonhof,
H. B.2, Mertz, D. F.1
1

Institute for Geosciences, Johannes Gutenberg University of Mainz,
Germany
2
Climate Geochemistry Department, Max Planck Institute for Chemistry
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3
Faculty of Mining and Geology, University of Belgrade, Serbia
* Corresponding email: tmarkman@students.uni-mainz.de
Keywords: fluid inclusion, metal sulfides, dD and d18O, mantle source

Isotope compositions of fluid inclusions are excellent
tracers indicative of the origin of metal-rich fluids forming
ore deposits. This study presents δ18O and δD data on fluid
inclusions in metal sulfides (galena, sphalerite, pyrite) and
calcite from the Pb-Zn-(Ag) carbonate replacement-type
deposit Veliki Majdan, Serbia. Isotope data were
determined by crushing samples and subsequent analysis of
the released water on either a cavity ring-down
spectroscopy (CRDS) instrument or an isotope ratio mass
spectrometer (IRMS). This pioneering approach provides
statistically robust datasets and a direct comparison of
isotope data acquired with CRDS and IRMS techniques.
Galena, sphalerite and pyrite define distinct fields in
the δ18O vs. δD space, but overall yield comparable fluid
inclusion isotope signatures, ranging from -4 to +11‰ for
δ18O and -40 to -78 ‰ for δD (vs. VSMOW), respectively.
The highest values suggest a major role of a magmatic,
deep-seated source for the ore-forming fluid. Upper mantle
lamproitic magmatism of early Oligocene age appears to be
the crucial trigger for fluid release into shallow crustal
levels. Preliminary Pb and S isotope results on Veliki
Majdan sulfides confirm the involvement of an upper
mantle source.
Interaction with a second fluid component is indicated
by δ18O and δD of fluid inclusions in calcites plotting on or
close to the global meteoric water line. Sulfide δ18O and δD
values follow a rough trend towards this meteoric
endmember, which indicates mixing between meteoric and
mantle fluid components. Generally, the provided data are
highly significant for understanding the metallogenetic
evolution of magmatism-related replacement deposits in the
entire Western Balkans.

Ubide, T., Mollo, S., Zhao, J., Nazzari, M. & Scarlato, P. (2019): Sectorzoned clinopyroxene as a recorder of magma history, eruption
triggers, and ascent rates. Geochimica et Cosmochimica Acta 251,
265–283.
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Challenges in updating the luminescence
chronology of the Chaîne des Puys, French
Massif Central
McCreary, W.*1, Fischer, L. 1, Mueller, D.1, Preusser, F.1
1
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The U-PB geochronology and geochemistry of
felsic dyke in Deo Cau, Ninh Thuan: Its
implications
1

Pham Minh*1, Pham Trung Hieu1
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The Chaîne des Puys in the Auvergne, France, is a
prime example of a young volcanic province with the last
eruption dating to 7130–6370 years ago. Considering its
central location in France, a potential future eruption could
have serious impacts on a large population. An additional
appealing aspect of the Chaîne des Puys is its recent
designation as a UNESCO World Heritage Site. However,
less than half of all the eruptions in the Chaîne des Puys
have been dated so far. Furthermore, most of the dates
available are from the thesis of Guérin (1983), who used
thermolumiescence dating. Since then, luminescence dating
has seen several major methodological refinements.
The primary objective of this project is to establish a
revised and more reliable chronology of the Chaîne des
Puys. A particular focus will be put on dating deposits in the
range of 30 - 50 ka that have previously only been dated by
Guérin (1983), along with dating of deposits with wellestablished ages for assessing the performance of the
methodology. The secondary objective is to create a
protocol to test the chemical, mineralogical, and
luminescence properties of crystalline feldspars from
volcanic samples in order to determine the optimum
luminescence method for dating. This protocol will be of
significant value due to its applicability to luminescence
dating of Quaternary volcanic deposits.
Initially, we used the multi-elevated temperature preIR IRSL protocol (MET-pIRIR) (Li & Li, 2011) to measure
the feldspar fraction of two xenolitiths contained in lava
from an excavated scoria cone. These xenoliths both
originated from the Variscian granitoid basement below the
Chaîne des Puys. The xenoliths experienced different levels
of alteration during their ascent in the magma, with one
being fully altered into a buchite, while the other only saw
limited alteration. Surprisingly, the luminescence signal
released from these took an abnormal shape. A large
intensity difference was also observed between the two
xenoliths, with the buchite being brighter. Fading tests show
an additional contrast between the two xenoliths, with the
buchite showing almost no fading while the other xenolith
had high fading rates. Furthermore the applied fading
correction did not succeed in bringing the xenoliths into the
same range. These observations together indicate the need
for further mineralogical analysis of the xenoliths and an
investigation in the connection between the mineralogy and
the properties of the luminescence signal emitted.

The felsic dykes of Phan Rang Complex are mostly
located in Deo Cau, Ninh Thuan, Dalat zone. The felsic
dykes are mainly distributed in a north-east trend and
intruded the granitoids of Dinh Quan complexes. Zircon
LA-ICP-MS data yields crystallization ages of 91 Ma,
corresponding to the crystallization ages of granitoids in
Dalat zone. The petrographic composition consists
generally of porphyritic granitic aplites with fine granular
texture. The major minerals are nearly plagioclase (2535%), K-feldspar (15-30%), quartz (35-45%), epidote (25%) and biotite (<1%). Geochemical characteristics show
that the felsic dykes have A/CNK values of 1.05 to 1.13,
and strong negative Eu-anomalies. Trace elements of the
samples are depleted in Ba, Nb, P, and Ti, but enriched in
Rb, U, Th, K, Pb and Zr. The mineral assemblages and
chemical characteristics show that the felsic dykes plot in
high K and are typical of I-type granite. The felsic dykes are
believed to be involved in subduction of the Dalat zone.

Figure 1 Simplified geological map of felsic dykes in Dalat zone, southern
Vietnam.

Guérin G. (1983). La Thermoluminescence des Plagioclases, Méthode de
Datation du Volcanisme. PhD thesis, Université P. et M. Curie,
Paris.
Li, B. and Li, S. (2011): Luminescence dating of K-feldspar from
sediments: A protocol without anomalous fading correction. Quat
Geochrono, 6, 468-479.
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Aeolian placer sapphires characterization
from Portezuelo de Pajas Blancas, Northern
Chile.
1,2

1

1

How does layering in lower oceanic crust
form? A high-resolution study
Mock, D.*1,2, Neave, D.A.1,3, Müller, S.4, GarbeSchönberg, D.4, Namur, O.5, Ildefonse, B.2, Koepke, J.1
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Since its discovery in 2016, the placer sapphires from
Portezuelo de Pajas Blancas represent a unique
concentration of these minerals by aeolian processes in
northern Chile. A total of ~60 kg of sapphire-rich nonconsolidated sediments were collected from 3 sampling
sites, from which 600 well-preserved crystals were selected
using the Jig concentrator.
All crystals were codified, photographed, weighed and
classified by their colour properties (e.g. colour
predominance, zoning and colour distribution).
The sapphires from the Portezuelo de Pajas Blancas
have the colours blue, dark-blue, light-blue and colourless
and display different colour distribution patterns:
homogeneous; symmetrical zonation; colour core with
external colourless zone; plate-like colour with internal
colourless zone; random colour distribution.

1
Institut für Mineralogie, Leibniz Universität Hannover, Germany
Géosciences Montpellier, Université de Montpellier, CNRS, Université
des Antilles, Montpellier, France
3
Department of Earth and Environmental Sciences, The University of
Manchester, UK
4
Institut für Geowissenschaften, Christian-Albrechts-Universität zu Kiel,
Kiel, Germany
5
Department of Earth and Environmental Sciences, KU Leuven, Belgium
* Corresponding email: d.mock@mineralogie.uni-hannover.de
2

Keywords: lower oceanic crust, modal layering

Despite the ubiquity of modal layering in lower fastspread oceanic crust (e.g., Oman Ophiolite, East Pacific
Rise), its formation processes are still not completely
understood. We studied two coherent layered gabbro
sections from the Oman Ophiolite where layering is mainly
expressed by variations in the olivine abundance: 1) dmscale layering from Wadi Somerah (Sumail block) with
olivine contents grading from layer bases to their tops, and
2) mm-scale layering from Wadi Wariyah (Wadi Tayin
block) with mm-thick olivine-rich bands. Our multi-method
approach includes field, petrographic, petrological,
geochemical, and microstructural observations which
suggest that the dm-thick layers in Wadi Somerah deposited
from crystal-laden density currents slumping from the
chamber walls. Density-controlled phase segregation
during slumping then leads to gradual modal layers
(Fig. 1a). On the other hand, element diffusion competing
with the heat loss in a relatively fast-cooling system
provokes oscillatory nucleation of olivine, hence creating
mm-bands of high olivine nucleation (Fig. 1b). These may
have been overprinted by Ostwald ripening where larger
crystals grow on the expense of smaller ones, resulting in
thin modal layers (Fig. 1c). Simple shear induced by mantle
convection possibly affected both sections and enhanced
initial heterogeneities to produce distinct modal layers.

Figure 1 Sapphire crystals types from Portezuelo de Pajas Blancas,
northern Chile. (a) Dark-blue. (b) Blue. (c) Light-blue. (d) Symmetrical
growing zonation. (e) Random colour distribution. (f) blue core with
external colourless zone. (g) Mostly colourless. (h) plate-like colour
with internal colourless.
Ferguson, J. and Fielding, P.E. (1971): The origins of the colours of yellow,
green and blue sapphires. Chemical Physics Letters, 10(3), 262-265.
Fritsch, E., Rossman, G.R. (1988): An update on color in gems. Part 2:
Colors involving multiple atoms and color centres. Gems &
Gemology, 24(1), 3-15.
Hughes, R., Hughes, B., Manorotkul, W. (2017): Ruby & Sapphire: a
gemologist’s guide (1st edition). Bangkok: RWH Publishing/Lotus
Publishing.
Nikolskaya, L.V., Terekhova, V.M., Samoilovich, M.I. (1978): On the
origin of natural sapphire color. Physics and Chemistry of Minerals,
3(3), 213-224.

Figure 1 a) draft of density currents leading to layering formation in
dm-scale in Wadi Somerah. b) mm-scale layers created by oscillatory
nucleation. c) Ostwald ripening leads to coarsening of larger crystals
on the expense of smaller ones emphasizing modal heterogeneities.
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A new in situ method to determine the
hydrolysis rate constant of adenosine
triphosphate (ATP)
1

1

2

3

Geoscience Education for the Young
Generation: The Mineralogical Science Kit
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Life can be found all over our planet, even in extreme
environments, e.g. near black smokers on the ocean floor.
In order to maintain vital reactions under such conditions
organisms are interacting with the surrounding geochemical
system, which is not well understood. Particularly, the
stability of the essential energy storages adenosine
triphosphate (ATP) and adenosine diphosphate (ADP) is
constrained by the non-enzymatic hydrolysis reaction,
which is kinetically enhanced at high temperatures.
In previous studies (e.g. Leibrock et al. 1995), the
reaction rate constants of the hydrolysis of ATP and ADP
were determined for several compositions, temperatures,
and pressures by using quench experiments and subsequent
analysis. So far, it was not tested whether quench artifacts
might have affected those results. Therefore, the current
study was performed to develop a method following the
reaction in situ with a high sampling rate at elevated
temperatures.
A confocal micro Raman spectrometer and a
hydrothermal diamond anvil cell (HDAC) were used to
perform experiments at high temperatures and vapour
pressure. Spectra were obtained in the range of 660 cm-1 to
1157 cm-1 as a function of time. Different solutions of ATP
and ADP were measured at 353.15 K, 373.15 K, and 393.15
K, at starting pH values of 3, 5, and 7.
The results are consistent with the data of earlier
studies and show that with decreasing pH value, the
hydrolysis rate constant increases. Constants are in the order
of 10-3 s-1 at 393.15 K and decrease by a factor of 10 per 20
K. These high rates suggest that organisms must have
developed a mechanism to counteract this automatic
reaction at high temperatures to maintain this vital process.
Leibrock E., Bayer P., and Lüdemann H. -D. (1995) Nonenzymatic
hydrolysis of adenosinetriphosphate (ATP) at high temperature and
high pressures, Biophysical Chemistry 54, pp. 175-180
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Geosciences only play a minor role in today’s German
and Austrian curricula although being strongly related to
important topics such as climate change, sustainability of
resources, and facts-based thinking in general. The
mineralogical science kit (Mineralogischer Lehrkoffer
‘mileko’) aims at bringing back geoscientific and
mineralogical contents into STEAM-fields (science,
technology, engineering, art, mathematics) by linking
mineralogy to regular teaching subjects.
In 5 different modules pupils can not only discover the
world of rocks and minerals but also get an understanding
of important principles and processes such as redox
reactions when extracting copper from ore (chemistry), the
density of rocks which can be linked to the structure of the
Earth’s interior (physics, geography), or how the inner
structure of materials affects their outer appearance by
exploring natural crystalline bodies and their geometry
(chemistry, mathematics).
Since 2014 about 650 boxes were produced and sent
to schools all over Germany. The ongoing project phase
(until 12/20) is specifically focused on the implementation
of a rent-a-scientist-program and a network of lending
stations where boxes can be borrowed by schools or be used
to host workshops for teachers and pupils in-house. These
workshops and school visits will also provide a platform to
enhance discussions between the younger generation, their
teachers and scientific experts, which will not only result in
knowledge transfer from the scientific community to
children and young adults but will also spark interest in
geosciences and especially mineralogy. This is of particular
importance in light of continuously dropping student
numbers in recent years.
The DMG-project is currently funded by the
Alexander Tutsek-Stiftung and strongly depends on the
helpful support of universities, museums and individuals
across Germany and Austria.
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Late Mesozoic volcanism in southern
Vietnam: Geochemical and zircon U-Pb
geochronological constraints
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Late Mesozoic volcanic rocks comprising mainly
basalt to dacite occur in south-central Vietnam (Dalat area)
and to a lesser extent in southwestern Vietnam (Bay Nui
area) (Bao, 2000). Mineral and whole-rock chemistry is
characterized by a calc-alkaline affinity for samples in the
Dalat area and high-K calc-alkaline to shoshonitic affinity
for rocks in the Bay Nui area. Harker diagrams of selected
elements show a decrease in MgO, FeOt, CaO, Al2O3, P2O5,
TiO2, Rb, Ba, Sr, and Cr with increasing SiO2 consistent
with fractionation of pyroxene/amphibole, Fe-Ti oxides,
and apatite. Rare earth element patterns do not display a
negative Eu anomaly indicating that plagioclase
fractionation was not dominant. Trace and rare earth
elements of these southern Vietnamese volcanic rocks show
a similarity to plutonic rocks of equivalent silica
concentration in the corresponding areas. The chemical
characteristics along with a similar emplacement age of
volcanic and plutonic rocks indicate that the magma feeding
the volcanic eruptions has the same source as the plutonic
rocks.
The observed enrichments in LILEs (e.g., Cs, Rb, Sr)
and depletion in some HFSEs (e.g., Nb, Ta, Ti) as well as
the obtained zircon U–Pb dates link this Late Mesozoic
volcanism with the continental arc magmatism driven by the
subduction zone of the Paleo-Pacific beneath eastern
Indochina. The Bay Nui volcanic rocks, apart from the
typical arc characteristics, might be partly influenced by
additional, possibly late stage fluids seen in potassium and
LILE enrichments, which is less developed in volcanic
rocks from in the Dalat and adjacent areas.
Geochronological data for the volcanic rocks indicate
an age range of 95–105 Ma for the eruption. Xenocrystic
zircons are commonly observed with oscillatory zoning and
a Th/U ratio >0.1, typical for magmatic zircons (Rubatto,
2002). The xenocrystic zircon U-Pb dates cluster around
336–350 Ma and 248–253 Ma indicating earlier magmatism
in this region, most likely related to the subduction of the
Paleo-Tethys beneath western Indochina and the SibumasuIndochina plate amalgamation during the Indosinian
Orogeny, respectively.
Bao, N.X. (2000): Tectonics and metallogeny of southern Vietnam, Project
Report. South Vietnam Geological Mapping Division (in
Vietnamese), Hochiminh.
Rubatto, D. (2002): Zircon trace element geochemistry: partitioning with
garnet and the link between U-Pb ages and metamorphism.
Chemical Geology, 184, 123–138.

Direct nanoscale observation of arsenic
sequestration sites on green rust surfaces
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High levels of arsenic (As) in groundwater remain a
global concern due to their widespread occurrence and
distribution. Under oxygen-limited conditions, redox-active
minerals may be crucial in controlling the toxicity and
mobility of As in these contaminated environments. Among
these phases, green rust (GR), an Fe(II)-Fe(III) layered
double hydroxide, has been shown to have a high sorption
capacity for As under anoxic and circum-neutral pH
conditions (Perez et al., 2019).
While the geochemical controls of As uptake and/or
re-release have been identified, a clear mechanistic
understanding of the As-GR interaction is still lacking.
Synchrotron X-ray absorption spectroscopy (XAS) data
have helped identify possible local bonding environment for
As sorbed on GR surfaces, but the lack of independent,
cross-confirming analyses to validate these molecular-scale
interactions led to contrasting interpretations (cf. Jönsson &
Sherman et al., 2008; Wang et al., 2010).
Here, we extend our knowledge of the interaction
between synthetic GR sulfate and As [As(III) and As(V)]
under anoxic and circum-neutral pH conditions using
scanning transmission electron microscopy (STEM)
coupled with energy dispersive X-ray (EDX) imaging
(Perez et al., 2020). Our STEM-EDX maps revealed
oxidation state dependent As distribution and
morphological changes in GR. The direct visualization of
As binding sites was also complemented by local structure
data from synchrotron pair distribution function (PDF)
analysis and XAS, which showed that As sorption primarily
occurs as bidentate binuclear inner-sphere complexes. No
secondary Fe-As(III) phases were observed; but
parasymplesite (ferrous arsenate) formed in the As(V)reacted GR, acting as an additional stable immobilization
pathway for ~87% of initial As(V). We show that
pinpointing mineral-contaminant reactions at the nanoscale
require the combination of high-resolution STEM imaging
and elemental mapping with bonding environment from
EXAFS and PDF.
Jönsson, J. and Sherman, D.M. (2008). Chem. Geol. 255, 173-181.
Perez, J.P.H., Freeman, H.M., Schuessler, J.A. and Benning, L.G. (2019).
Sci. Total Environ. 648, 1161-1170.
Perez, J.P.H., Freeman, H.M., Brown, A.P., van Genuchten, C.M.,
Dideriksen, K., S'Ari, M., Tobler, D.J. and Benning, L.G. (2020).
Environ. Sci. Technol. 54, 3297-3305.
Wang, Y., Morin, G., Ona-Nguema, G., Juillot, F., Guyot, F., Calas, G. and
Brown, G.E. (2010). Environ. Sci. Technol. 44, 109-115.
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A Look at Unindexed Planar Deformation
Features in Quartz: How High Should the
Value be for Shocked Rocks in Impact
Craters?
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Impact craters continue to fascinate and attract new
researchers of many different fields, however, the false or
insufficient identification of shock metamorphism in
terrestrial structures remains a problem. Planar deformation
features (PDFs) in quartz are commonly used to identify
shock metamorphism. PDFs are crystallographically
controlled, straight, narrow, parallel lamellae consisting of
multiple, crosscutting sets that can be found within quartz
grains under a polarized light microscope. The
identification of PDFs requires measurement with a
universal stage microscope. Here, the orientation of PDF
surface normals relative to the quartz c-axis is determined,
and then rotated in a stereonet template with 5° error circles
to determine their low, rational Miller indeces. Boehm
lamellae and fluid inclusion trails in quartz are often
misidentified as PDFs and incorrectly measured in the Ustage, as seen in several recent publications.
This abstract focuses on a currently underrepresented
metric of the PDF indexing process, namely the percentage
of unindexed “PDFs” in shocked and un-shocked samples,
i.e., the amount of measurements that do not land with the
5° error circles of the stereonet template. This value has the
potential to help differentiate between PDF lamellae of
shock metamorphosed quartz and measurements of Boehm
lamellae, fluid inclusion trails of healed fractures, etc., and
thus potentially expose falsely identified impact structures.
A compilation of recent PDF measurements from a
number of confirmed impact structures shows that
unindexed values are as high as 16-17%, but the average lies
at 6%. In comparison, data from several structures that are
not accepted as impact craters are clearly higher, lying
between 18 and 32%. Based on these data, the acceptable
maximum percentage of unindexed PDFs in a shocked rock
sample should lie below ~16%.
In order to constrain how many unidexed PDFs can
occur if Boehm lamellae or fluid inclusion trails are falsely
measured and indexed as PDFs, histograms of these features
were taken and random orientations of 1-2 sets of were
generated that follow the statistical distribution of these
histograms, which were then indexed.
Results of this simulation show that for 1 set, only 14%
of microfractures and 13% of Boehm lamellae remain
unindexed. For 2 sets, 21% of microfractures and 41% of
Boehm lamellae remain unindexed.
In conclusion, measuring single sets should be avoided
if possible, and unindexed values above 15% for multiple
sets should be discussed critically.

Protolith geodynamic setting of eclogites and
metagabbros in the Münchberg Massif
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The Münchberg Massif is an allochthonous nappe pile
within the Saxothuringian zone of the Variscan orogen.
Eclogites and gneisses in the Hangendserie experienced
Variscan high-pressure metamorphism. A dark, kyanitefree eclogite (Mg# ~45–70, Al2O3 ~13–16 wt%) can be
distinguished from a light, Ky-bearing eclogite (Mg# ~70–
85, Al2O3 ~18–21 wt%, higher Cr and lower HFSE
contents, positive Eu anomalies). Amphibolite facies
metagabbros in the Liegendserie were commonly
considered as potential lower-pressure equivalent of the
light eclogites due to chemical similarities and similar late
Cambrian/early Ordovician protolith ages. However, the
interrelation and geodynamic interpretation of the dark and
light eclogites and metagabbros has remained uncertain.
For many major and immobile trace elements (e.g.,
HFSE, REE), the dark and light eclogites form a continuous,
linear array when plotted against Zr contents. Immobileelement discrimination diagrams classify the dark eclogites
between N- and E-MORB. Due to their high Th/Yb ratios,
many light eclogites plot between the dark eclogites and arc
basalts. The metagabbros also display high Th/Yb ratios,
but have more within-plate character than the eclogites
(high Nb/Yb, Nb/Zr, and Ta/Hf ratios). Elevated δ18O
values in the eclogites (+5 to +11‰) and metagabbros
(~+10‰) largely correlate with Li, B, Bi, and Sb contents.
Based on major and trace elements, the light eclogites
and metagabbros are identified as former plagioclase-rich
cumulates. The dark eclogites behave as a chemical
counterpart of the light eclogites and are thus likely derived
from the same parental magma via fractional crystallization.
Thorium enrichment in the light eclogites and metagabbros
can be explained by crustal contamination instead of an arc
magma source (see Stosch & Lugmair, 1990; Bosbach et al.,
1991). But crustal contamination cannot explain the high
Nb/Yb, Nb/Zr, and Ta/Hf ratios of the metagabbros, which
appear to be derived from a more enriched, almost OIB-like
mantle source. Nevertheless, for both units, crustal
contamination indicates a continental rather than oceanic
origin, although the δ18O correlations with Li, B, and Sb
suggest seawater alteration. Despite reflecting different
mantle sources, the protoliths of the eclogites and
metagabbros appear to have formed within the same largescale extensional tectonic setting in the peri-Gondwanan
realm that accompanied the opening of the Rheic Ocean.
Bosbach, D., Stosch, H. G. and Seidel, E. (1991): Magmatic and
metamorphic evolution of metagabbros in the Münchberg Massif, NE
Bavaria, Contributions to Mineralogy and Petrology, 107(1), 112-123.
Stosch, H. G. and Lugmair, G. W. (1990): Geochemistry and evolution of
MORB-type eclogites from the Münchberg Massif, southern
Germany, Earth and Planetary Science Letters, 99, 230-249.
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Effect of thermal annealing on
mechanical and structural properties of
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Pyrochlore phases, with the ideal formula A2B2X7
have been suggested as promising crystalline host phases
for the long-term disposal of actinides (e.g. Ewing et al.
2004).
We present the results of the investigation of three
natural pyrochlore samples (A2B2X6Y) with varying U and
Th concentrations and increasing degree of structural
disorder. The changes of the mechanical properties
(hardness (H) and elastic modulus (E)) have been examined
by nanoindentation before and after step-wise thermal
annealing up to 900 K.
Additional
Raman
and
photoluminescence
spectroscopic measurements and in-situ annealing
transmission electron microscopy allowed to follow the
structural evolution. This enabled us to obtain a
comprehensive picture of the reorganization process during
thermal annealing.
Recrystallization has been found to start above 500 K
leading to an increase in E and H. The pyrochlore sample
with the highest initial structural damage reaches a
polycrystalline state, whereas the lesser damaged
(nevertheless highly disordered) sample transforms into a
single crystal.
It could be shown that the structural reorganization
behavior depends strongly on the chemical inhomogeneity
as well as the initial degree of damage. In general, the
mechanical properties have been found to be sensitive
indicators of the structural reorganization process. (Reissner
et al. 2020)
Ewing, R.C., Weber, W.J. and Lian, J. (2004) Nuclear waste disposalpyrochlore (A2B2O7): Nuclear waste form for the immobilization of
plutonium and “minor” actinides, J. Appl. Phys. 95:5949-5971
Reissner, C.E., Roddatis, V., Bismayer, U., Schreiber, A., Pöllmann, H.
and Beirau, T. (2020) Mechanical and structural response of
radiation-damaged pyrochlore to thermal annealing. Materialia,
DOI: 10.2139/ssrn.3693558, published online

Triassic Barrovian peak metamorphism and
Jurassic extension-related basement uplift
and cooling of the Gasht Metamorphic
Complex, Alborz Mts., N Iran
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The Alborz Mts. are the location of the Palaeotethys
suture that formed during the Cimmerian orogeny due to
collision of Iranian microplates with Eurasia. The Gasht
Metamorphic Complex (GMC) is one of the few exposed
basement complexes and comprises metasedimentary and
metabasic rocks metamorphosed at amphibolite-facies
conditions (c. 630°C and 8.6 kbar, Razaghi et al., 2018)
during Cimmerian terrane accretion and collision.
Monazites from Bt-Ms-St schists yield 226 ± 24 and 229 ±
25 Ma CHIME U-Pb ages. In contrast, biotite, white mica
and amphibole yielded 175.1 ± 0.5 Ma to 177.0 ± 0.4 Ma
40
Ar/39Ar step-heating cooling ages (Rezaei et al., 2020). In
the central and eastern Alborz Mts., deposition of the
Shemshak Gp. cover started in the late Carnian – early
Norian above local unconformities. In the eastern Alborz
Mts. deposition lasted until a tectonic event in the Middle
Jurassic (mid-Bajocian) that caused the regionally
important Mid-Cimmerian unconformity (Fürsich et al.,
2009). The mid to late Triassic monazite ages date the
Barrovian peak metamorphism in the Gasht-Masuleh area
and mark collision and terrane accretion that followed
closure of the Palaeotethys Ocean (Wilmsen et al., 2009).
The much younger (Toarcian) and overlapping 40Ar/39Ar
ages for minerals with different closure temperatures cannot
be attributed to slow post-collisional cooling. Instead, they
reflect very rapid cooling of the GMC basement and must
be due to the late Toarcian to Aalenian extension and
subsequent rapid uplift that is recognized in the Shemshak
Gp. throughout the Alborz Mts. and that peaked in the MidCimmerian unconformity. Extension probably started in the
western Alborz Mts. in the Toarcian and culminated in the
Aalenian in the east Alborz with the formation of a deepmarine basin (Wilmsen et al., 2009). Extension may have
been triggered by the onset of northward subduction of the
Neotethys Ocean to the south.
Fürsich, F., Wilmsen, M., Seyed-Emami, K., Majidifard, M.R. (2009):
Lithostratigraphy of the Upper Triassic–Middle Jurassic Shemshak
Group of Northern Iran. The Geological Society, London, 312, 129–160.
Razaghi, S., Nasrabady, M., Gholizadeh, K., Davoodi, Z. (2018):
Thermobarometry and tectonic setting of Gasht-e-Rudkhan metapelites,
Gasht metamorphic complex, west of Rasht. Iranian Journal of
Geosciences (English abstract), 27, 269-280.
Rezaei, L., Timmerman, M.J., Moazzen, M., Sudo, M. (2020): Latest
Toarcian (c. 175 – 177 Ma) 40Ar/39Ar mineral ages for amphibolite-facies
basement rocks of the Gasht Complex, Alborz Mountains, North Iran:
deep crustal response to mid-Jurassic rifting. EGU General Assembly.
Wilmsen, M., Fürsich, F. and Seyed-Emami, K., Majidifard, M.R., Taheri,
J. (2009): The Cimmerian Orogeny in northern Iran: tectonostratigraphic evidence from the foreland. Terra Nova, 21, 211-218.
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Platinum-group minerals at Tweefontein Hill
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The Platinum-group minerals (PGM) occurrences at
the Tweefontein Hill locality are product of the primary
magmatic interaction between the intrusion of the Platreef
(Bushveld Complex) within the Transvaal Group, and
subsequent late hydrothermal alteration and supergene
processes. In order to characterize the platinum-group
elements (PGE) mineralogy previously reported in the area,
a hydroseparation (HS) process was performed to
concentrate heavy minerals from a sample associated with
the Penge Formation outcropping at the Tweefontein Hill,
well known for the occurrence of sperrylites (PtAs2)
(Coggon et al., 2012). Such sample presented a main
mineralogy Fe-Ti-oxides altered strongly altered to
goethite+limonite with structures of chrysocolla+
malachite+Cu carbonates and quartz-calcite veinlets. The
SEM results confirm the presence of euhedral sperrylites,
but electrum (Au,Ag) grains were also obtained. A
highlighted result is the founding of Pd-Ru-Si-Cu phases
showing textures of chemical modification in which there is
growth of minerals possibly not reported to date of Te-BiFe-Cu-Pd-Si, Se-Sb-Fe-Cu-Pd-Si, and Te-Bi-Fe-Cu-PdRu-Si. Previous investigations into similar occurrences
identified elsewhere suggest that this mineralization could
be the product of acid, saline late-hydrothermal fluid
activity (Cabral et al., 2015). Our results confirm the ability
of Pt over Pd to maintain its structure during secondary
weathering and hydrothermal processes (Oberthür et al.,
2014). Further research by EPMA and Raman spectroscopy
will be necessary to characterize the new Pd-Ru phases
discovered, to understand the nature of electrum, and the
various alteration stages that shaped the mineralization at
Tweefontein Hill.
Cabral, A. R., Ließmann, W., Lehmann, B. (2015): Gold and palladium
minerals from the former Roter Bär mine, St. Andreasberg, Harz
Mountains, Germany. Mineralogy and Petrology, 109, 649-657.
Coggon, J.A., Nowell, G.M., Pearson, D.G., Oberthür, T., Lorand, J.P.,
Melcher, F., Parman, S.W., 2012. The 190Pt- 186Os decay system
applied to dating platinum-group element mineralization of the
Bushveld Complex, South Africa. Chem. Geol. 302–303, 48–60.
Hydroseparation Laboratory Barcelona. http://www.hslab-barcelona.com/
Oberthür, T., Weiser, T., Melcher, F. (2014): Alluvial and eluvial
platinum-group minerals from the Bushveld Complex, South Africa.
South African Journal of Geology, 117(2), 255-274.

Experimental Constraints on Magmatic
Conditions in Basanites Parental to the
Laacher See and Wehr Phonolites, East Eifel
Volcanic Field
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Two prominent phonolitic complexes in the East Eifel
Volcanic Field (EEVF) occur at Wehr and Laacher See. The
Laacher See volcano (LSV) is considered to be the youngest
of three major volcanic complexes at the EEVF, having
erupted ca. 12,900 years ago. The Laacher See Tephra
(LST) represents the inverted and chemically strongly
zoned magma column: the latest, most differentiated Lower
Laacher See Tephra (LLST), Middle Laacher See Tephra
(MLST) and the earliest, least differentiated Upper Laacher
See Tephra (ULST). The Wehr volcano belongs to an older
phase of East Eifel volcanism, having erupted ca. 215,000
years ago. The Hüttenberg tephra represents a
compositionally zoned deposit, shifting from more evolved
and silica-undersaturated to mafic and silica-saturated
compositions.
Although both phonolitic complexes of Laacher See
and Wehr are considered to originate from a primitive
basanitic parental magma, they differ in their major element
compositions and silica-saturation index. The Wehr
phonolite is silica-saturated, while the Laacher See
phonolite is extremely silica-undersaturated.
In order to reconstruct the petrogenesis of the Laacher
See and Wehr phonolites, we conducted phase equilibria
experiments using a natural sample of the Hochstein
basanite. All experiments contained two stacked capsules
with different water content: A) 1% H2O and B) 10% H2O.
The P-T conditions ranged from 5 to 15 kbar and from 1100
to 1200 °C. The experimental melts exhibited an extremely
silica-undersaturated to less silica-undersaturated chemistry
similar to that of the Laacher See magmas and did not match
with the silica-saturation of the Wehr volcano. The
experiments also demonstrated that pressure has a strong
effect on silica-saturation. Experimental melts that
experienced high-pressure conditions (15 kbar) were less
silica-undersaturated compared to samples that experienced
lower pressure conditions (5 kbar). Thus, silica-saturation
index increases with pressure, whereas temperature has no
significant effect on silica-saturation.
Hence, Wehr and Laacher See phonolites must have
generated from genetically distinct parental melts or
evolved through significantly different petrogenetic
evolutionary pathways.
The experimental results also indicate early crystal
fractionation at a depth of the crust/mantle boundary (15
kbar) as first stage of differentiation (phonotephritic
composition). Therefore, this study favors a model of deep
primary magmatic reservoir rather than magma origin in the
crust.
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Competing Effect of Transport versus Surface
Reactivity on Mineral Dissolution Rates
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Raman spectroscopic investigation of Qspecies in SiO2-phases in relation to their
solubility in alkaline environment – fast
testing for ASR-susceptibility of SiO2containing aggregates
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Mineral dissolution plays a key role in many
environmental and technical fields, e.g., weathering,
reservoir and host rock characterization, as well as building
materials. The rate of mineral dissolution in water is
determined by two parameters: (1) transport of dissolved
species over and from the interface determined by advective
fluid flow and diffusion (transport control) and (2) crystal
surface reactivity (surface reactivity control). Current
reactive transport models (RTM) simulating species
transport commonly calculate mineral dissolution by using
rate laws (e.g., Agrawal et al., 2020). These rate laws solely
depend on species concentration in the fluid and therefore
do not include intrinsic surface reactivity. Experimental
studies at surface reactivity controlled conditions have
shown a heterogeneous distribution of reaction rates (e.g.,
Bibi et al., 2018). This rate heterogeneity is caused by
nanotopographical structures on the crystal surface, such as
steps and etch pits that are generated at lattice defects. At
these structures, the high density of reactive kink sites is
leading to a local increase in dissolution rates.
In this study, we test whether experimentally observed
rate heterogeneities can be reproduced by using current
RTMs. We apply a standard RTM approach combined with
the measured surface topography of a calcite single crystal
(Bibi et al., 2018). The calculated surface dissolution rate
maps are compared to experimentally derived rate maps.
The results show that the measured rate heterogeneities
cannot be reproduced with the existing RTM approach. To
improve the predictive capabilities of RTMs, the surface
reactivity that is intrinsic to the mineral needs to be
implemented into dissolution rate calculations. We discuss
parameterization of surface reactivity via proxy parameters,
such as surface roughness or surface slope.
Agrawal, P., Raoof, A., Iliev, O. and Wolthers, M. (2020): Evolution of
pore-shape and its impact on pore conductivity during CO2 injection
in calcite: Single pore simulations and microfluidic experiments.
Advances in Water Resources, 136, 103480.
Bibi, I., Arvidson, R.S., Fischer, C. and Lüttge, A. (2018): Temporal
Evolution of Calcite Surface Dissolution Kinetics. Minerals, 8, 256.
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Alkali-silica-reaction (ASR) is a deleterious reaction
in concrete of the alkaline pore solution with silica from
aggregate (Broekmans, 2012). Current empirical methods
for testing ASR-susceptibility of aggregates are usually
time-consuming and expensive.
The aim of this study was to quantify the Q-species of
SiO2-phases in aggregates for use in concrete. Thereof
information about solubility of SiO2 and ASR-reactivity
was to be gained. For this purpose, seven aggregates were
investigated via Raman spectroscopy as well as three ASRtests – the DAfStb accelerated mortar bar test, DAfStb
60 °C concrete prism test and BTU-SP test.
In Raman spectra of SiO2-phases, almost exclusively
consisting of α-quartz, bands in the region of 10001200 cm-1 are ascribed to vibrational modes of Q-phases.
Here, the band at 1066 cm-1 is attributed to the Q3-species
and the band at 1161 cm-1 to the Q4-species (Parkinson et al.
2008, Sharma et al. 1981). In the case of the examined
borosilicate glass, Q2-species bands appear at 926 cm-1 as
well as two Q3-species bands at 1001 cm-1 and 1061 cm-1.
The band at 1162 cm-1 is assigned to the Q4-species
(Parkinson et al. 2008, Tan et al. 2004). The different QSpecies are quantified by comparing the integrated areas
below their respective bands (Parkinson et al. 2008)
A correlation between solubility of SiO2 and relative
amount of Q3-species was shown. This combined with open
porosity can be used to estimate an aggregate’s ASRreactivity (Bachmann et al. 2007, Voland 2015). Based on
this, Raman spectroscopy might be able to substitute for
solubility experiments in the BTU-SP test.
Bachmann, R., Hünger, K.-J. and Scholz, Y. (2007): Entwicklung eines
direkten Prüfverfahrens zur Alkaliempfindlichkeitsbeurteilung von
Gesteinskörnungen. Forum der Forschung, 20, 73-78.
Broekmans, M. A. T. M. (2012): Deleterious Reactions of Aggregate With
Alkalis in Concrete. Reviews in Mineralogy and Geochemistry 74 (1),
279–364.
Parkinson, B. G., Holland, D., Smith, M. E., Larson, C., Doerr, J.,
Affatigato, M. et al. (2008): Quantitative measurement of Q3 species
in silicate and borosilicate glasses using Raman spectroscopy. Journal
of Non-Crystalline Solids, 354 (17), 1936–1942.
Sharma, S. K., Mammone, J. F. and Nicol, M. F. (1981): Raman
investigation of ring configurations in vitreous silica. Nature, 292
(5819), 140–141.
Tan, J., Zhao, S., Wang, W., Davies, G. and Mo, X. (2004): The effect of
cooling rate on the structure of sodium silicate glass. Materials Science
and Engineering: B, 106 (3), 295–299.
Voland, K. (2015): Einfluss der Porosität von Beton auf den Ablauf einer
schädigenden Alkali-Kieselsäure-Reaktion. Dissertation. BauhausUniversität, Weimar. Fakultät Bauingenieurwesen.
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The earliest magmatic record of the onset of
India-Asia collision

An experimental study of liquid lines of
descent in high- and low-Si boninites
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The immense Tibet plateau is a masterpiece of the
ongoing India-Asia collision, but the timing of the collision
remains debated. Recognizing the input of Indian
continental material into the Asian plate is a way to
constrain the onset of the collision between India and Asia.
Here, we report the earliest known input of Indian
continental material recorded by an Eocene (53.8 ± 0.2 Ma)
potassic intrusion in the Yangbajing area (YPR), south
Tibet. The reverse 207Pb/206Pb zoning exhibited by feldspar
(Fig. 1A), and the linear isotopic arrays between whole-rock
187
Os/188Os and 1/188Os (Fig. 1B inset), in situ feldspar
208
Pb/204Pb and 206Pb/204Pb (Fig. 1C), in situ zircon eHf(t) and
18
d O (Fig. 1D) strongly demonstrate a binary interaction
process occurring during the YPR genesis. Os isotopes
further illustrates that the interaction process was recycled
crustal melt assimilating minor mantle. In addition,
different isotopic systems consistently point to an Indian
continental crustal endmember (Fig. 1C and D). Following
the Yangbajiang potassic magmatism, abrupt isotopes shift
towards enriched values (Chu et al., 2011) and composition
towards high potassium content in Tibetan magmatism (ca.
50 Ma; Mo et al., 2008), corresponding to increasing
involvement of Indian continental crust into the upper plate
magmatism. Hence, the YPR is probably the earliest known
magmatic witness for the onset of the India-Asia collision.

Figure 1 (A): Reverse 207Pb/206Pb zoning of felspar. (B): 187Os/188Os versus
Os and 1/188Os (inset). (C): 208Pb/204Pb versus 206Pb/204Pb of feldspar
crystals. (D) δ18O versus eHf(t) of zircon.
Chu, M.-F., Chung, S.-L., O'Reilly, S. Y., Pearson, N. J., Wu, F.-Y., Li,
X.-H., Liu, D., Ji, J., Chu, C.-H., and Lee, H.-Y. (2011): India's
hidden inputs to Tibetan orogeny revealed by Hf isotopes of
Transhimalayan zircons and host rocks. Earth and Planetary Science
Letters, v. 307, no. 3-4, p. 479-486.
Mo, X., Niu, Y., Dong, G., Zhao, Z., Hou, Z., Zhou, S., and Ke, S. (2008):
Contribution of syncollisional felsic magmatism to continental crust
growth: A case study of the Paleogene Linzizong volcanic
Succession in southern Tibet. Chemical Geology, v. 250, no. 1-4, p.
49-67.
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Boninite is a key type of magma forming in response
to subduction initiation. Along with fore-arc basalts they
form a genetic sequence of magmas which has long been
recognized in ancient and recent fore-arc systems as well as
in well-exposed supra-subduction zone ophiolites. Though
fore-arc basalts show chemical compositions and thus
generation and differentiation fairly similar to MORBs,
little is known about low pressure crystallization conditions
of boninitic magmas, since they have not been addressed
experimentally and compared to natural samples, yet.
We present results of our crystallization experiments
conducted on high-Si (HSB, with 61 wt% SiO2 and 7.8 wt%
MgO) and low-Si (LSB, with 57 wt% SiO2, 8.8 wt% MgO)
synthetic analogues of less differentiated boninitic glasses,
recovered by IODP Expedition 352 from the Izu-BoninMariana fore arc (Reagan et al., 2017). Experiments were
conducted in an IHPV at pressure 200 MPa and fO2 ranging
from FMQ+0.5 to FMQ+2. At each investigated
temperature, 6 capsules were run simultaneously (3 with
LSB, 3 with HSB glass powder). For each isothermal
boninite series H2O was added in capsules with an
increment from 1 to 1.5 wt% H2O (with total range dry to 5
wt% H2O). Our experimental data shows that in the range
of 1.5-3 % H2O contents at 1120°С Opx+Cpx and Ol+Cpx
are crystallizing in HSB and LSB melts, respectively. In
LSB, with temperature decrease Ol disappears and Opx
crystallizes as a result of peritectic reaction. The latest phase
crystallizing in both LSB and HSB is plagioclase.
Experimental residual liquids perfectly reproduce SiO2,
CaO, Al2O3, and Na2O observed in natural HSB and LSB
glasses. However, FeO observed in experimental glasses
produced at low temperatures is lower than in natural
glasses. This discrepancy can be explained by a low
proportion of solid Plag, resulting in stronger depletion of
FeO in residual melts due to enhanced crystallization of
mafic minerals. A wide occurrence of Ol in natural HSB
rocks requires its presence amongst experimental products
of HSB crystallization. Choosing slightly evolved parental
HSB composition (most magnesian natural glass), preludes
crystallization of Ol, suggesting that peritectic reaction
could have been completed, already.
Additionally, petrological investigations of natural
samples are in progress. From each boreholes U1439 and
U1442 of the IODP Expedition 352 representative samples
from each stratigraphic unit of HSB and LSB are selected
and their mineral composition are compared with
experimental products.
Reagan et al. (2017): Subduction initiation and ophiolite crust: new
insights from IODP drilling. International Geological Review,
59:11, 1439-1450.
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An experimental study of liquid lines of
descent in fore-arc basalts from the IzuBonin-Mariana island arc
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The fore-arc basalts (FABs) erupted immediately after subduction initiation are generally considered to be
MORB-like decompression melts with little or no involvement of subducted fluids in their genesis (Reagan et al.,
2017). Compared to MORB, FAB span similar ranges in
MgO (5–9 wt%), FeO* (8–14 wt%), and CaO (10–13
wt%), but exhibit the highest CaO/Al2O3 ratio and FeO*,
and the lowest Na2O and TiO2 concentrations as well as
lower Zr, Sr, LREE. They are also more enriched in H2O
(up to 1.3%). These compositional peculiarities make the
FAB an interesting object for experimental investigation to
envisage the role of small amounts of H2O on crystallization at low pressures. The modelling of fractional
crystallization requires evolution of melts as a result of
Ol+Plag followed by Plag+Cpx crystallization, however
natural FABs have no or only sporadically present olivine
in few less differentiated glassy samples (Shervais et al.,
2019).
We present results of our crystallization experiments
conducted on 4 natural and synthetic compositions spanning the range of natural FAB glasses collected by IODP
Expedition 352 (Shervais et al., 2019). 1 atm experiments
were conducted in a vertical GERO furnace under
controlled redox conditions along FMQ and FMQ+1.4
oxygen buffers. Experiments at 200 MPa were performed
in an IHPV under intrinsic conditions without adding
initial H2O. It was however generated in melts during
experiments in runs with Au80Pd20 capsules (~0.7% H2O).
Anhydrous and reduced conditions at 200 MPa were
simulated using Pt-lined graphite double capsules. Olivine
crystallization was observed only in the most magnesian
FAB at 1 atm and FMQ. An increase of fO2 at 1 atm, or
pressure under both hydrous and anhydrous conditions
results in destabilization of olivine due to the enhanced
Cpx (along with Plag) crystallization in melts with initially
elevated CaO/Al2O3 ratio. Experimental LLDs produced
under 200 MPa hydrous conditions more accurately
resemble the natural glass compositions. Dry experimental
glasses produced at 1 atm and 200 MPa deviate from
natural trends demonstrating stronger depletion of Al2O3
and an enrichment of TiO2, which was caused by high
proportion of Plag in solid phase. This confirms the damp
character of natural FABs which would suppress Plag
crystallization in the presence of small amounts of H2O.

Sittner, J.*1,2, Merkulova, M.2, Godinho, J.R.A.1, Renno,
A.D.1, Cnudde, V.2,3, Boone, M.4, De Schryver, T.4, Van
Loo, D.4, Roine, A.5, Liipo, J.5
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Image-based analytical tools in geosciences are
indispensable for the characterization of minerals, but most
of them are limited to the surface of a polished plane in a
sample and lack 3D information. X-ray micro-computed
tomography (micro-CT) provides the missing 3D
information of the microstructures inside samples.
However, a major drawback of micro-CT in the
characterization of minerals is the lack of chemical
information that makes mineral classification challenging.
Therefore, we introduce a potential new analytical
tool: Laboratory-based Spectral X-ray Micro Computed
Tomography (Sp-CT). This method uses a CdTe
semiconductor detector, installed inside a TESCAN
CoreTOM micro-CT scanner. Based on the X-ray
absorption spectrum, elements in a sample can be identified
by an increase in attenuation at specific K-edge energies.
With this information, the minerals inside rocks and
particles can be classified. The method is able to distinguish
elements with K-edges in the range from 25 to 160 keV,
which corresponds to elements larger than Cd. Moreover,
Sp-CT is non-destructive and refrains from time-consuming
sample preparation (Sittner et al., 2020).
We present new results from various sample materials
(e.g. pure elements, minerals, and rocks). Different pure
elements were measured to compare positions of the
theoretical K-edge energy with the measured one.
Furthermore, we show the results of measurements of
different monazite grains and their variation in the rare earth
element composition. In addition, measurements of a gold
ore show the possibilities of Sp-CT to be used for geological
samples.
Sittner, J., Godinho, J. R. A., Renno, A. D., Cnudde, V., Boone, M., De
Schryver, T., Van Loo, D., Merkulova, M., Roine, A., & Liipo, J.
(2020). Spectral X-ray computed micro tomography: 3-dimensional
chemical imaging. X-Ray Spectrometry, September, 1–14.

Reagan et al. (2017): Subduction initiation and ophiolite crust: new insights from IODP drilling. International Geology Review 59, 14391450.
Shervais et al. (2019): Magmatic Response to Subduction Initiation: Part
1. Fore-arc Basalts of the Izu-Bonin Arc From IODP. Geochemistry,
Geophysics, Geosystems 20, 314-338.
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Relics of sodalite in the Fohberg Phonolite:
implications for postmagmatic gas emission
1
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We report the first find of a foid mineral from the
Fohberg Phonolite (FP), a subvolcanic intrusion in the
Miocene Kaiserstuhl Volcanic Complex, SW Germany.
The FP has suffered substantial postmagmatic hydrothermal
alteration which transformed all primary foids to zeolites
(bulk rock: 45 wt-%), mostly to natrolite and to a lesser
extent to gonnardite (Weisenberger et al. 2014). However,
in one exceptional sample we detected ca. 5 wt-% sodalite
(Sdl) using PXRD and EMP. Besides Sdl, the sample
contains Kfs (60 %), Cal (20 %), Cpx (5 %), and other
minor phases (phillipsite, sheet silicates, apatite; 10 %). Sdl,
chemically Na7.7[Al5.9Si6.1O24]Cl2.1, shows considerable
porosity tracing an orthogonal pattern. Voids are partly
filled with calcite (Fig. 1). This is in sharp contrast to the
rest of the FP, where zeolites are the characteristic reaction
products of foids.
Spürgin et al. (2019) report evidence of primary
haüyne (Hyn) based on the presence of secondary sulphate
in pseudomorphic zeolite aggregates. We therefore suggest
that both Sdl + Hyn were originally present in the FP. Using
the zeolite content as proxy for the primary foid content, we
calculate the total mass of gases that were potentially
released during postmagmatic alteration from a spherical
igneous body. In case of complete gas release, max. 8 Tg
(teragrams) of HCl (if only Sdl) or 6 Tg SO2 + 2 Tg HCl (if
only Hyn, composition from Kirchberg; Spürgin et al.
2019), or a composite, were emitted from the FP during
passive postmagmatic degassing resulting from foid
alteration and zeolite formation. This is in the order of the
recent global annual volcanic HCl emission, and one quarter
of the annual volcanic SO2 production.

Figure 1 BSE image of porous sodalite (Sdl) and associated minerals.

Molybdenum isotope budget of the modern
continental crust: the role of crustal derived
cumulates
Storck, J.-C.1*, Greber, N.D.1, Tiepolo, M.2, Pettke, T.1
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Differentiation of primitive basaltic magmas is a
fundamental process contributing to the production of
intermediate to silica-rich rocks. Changing pressure,
temperature, and ƒO2 conditions induce fractional
crystallization of hydrous magmas on their pathway through
the crust. As a consequence, magmatic cumulates derived
from aggregation of exsolved mineral phases (e.g., olivine,
clinopyroxene, amphiboles, Fe-Ti oxides) segregate while
the melt evolves along the liquid line of descent (LLD). For
more and more non-traditional stable isotope systems
systematic isotope fraction associated with igneous
processes is documented, suggesting that they bear great
potential to increase our understanding of magmatic
differentiation and element cycling in subduction zones
(Teng et al., 2017).
We present an extended Mo isotopic dataset of the
magmatic differentiation suite of the Kos Plateau Tuff
along the Aegean volcanic arc (Voegelin et al., 2014) and
crustal mafic cumulates from Sanandaj Sirjan Zone (Iran),
Alpine Orogen (Italy) and Sierra Nevada Batholith (USA).
The detailed dataset sheds light on the key minerals that
fractionate Mo and its isotopes as a consequence of
magma differentiation and late stage fluid exsolution.
Furthermore, the crustal derived mafic cumulates reported
here are overall isotopically lighter than the average upper
continental crust, but heavier than the depleted and
primitive mantle.
Our study therefore offers new insights into reported
98/95
discrepancies between heavy and light d
MoNIST reservoir
formation of emerging modern arc crust. This information
becomes a major factor when running Mo isotope based
crustal extraction models from a depleted mantle (e.g.
McCoy-West et al., 2019) and helps to refine future mantlecrust mass balance calculations.
McCoy-West, A.J., Chowdhury, P., Burton, K.W., Sossi, P., Nowell, G.M.,
Fitton, J.G., Kerr, A.C., Cawood, P.A. and Williams, H.M., (2019):
Extensive crustal extraction in Earth’s early history inferred from
molybdenum isotopes. Nature Geoscience, 12(11), 946-951.
Teng, F. Z., Dauphas, N., & Watkins, J. M. (2017). Non-traditional stable
isotopes: retrospective and prospective. Reviews in mineralogy and
geochemistry, 82(1), 1-26.
Voegelin, A.R., Pettke, T., Greber, N.D., von Niederhäuser, B., Nägler,
T.F. (2014): Magma differentiation fractionates Mo isotope ratios:
Evidence from the Kos Plateau Tuff (Aegean Arc). Lithos, 190-191,
440-448.

Spürgin, S., Weisenberger, T.B. and Marković, M. (2019): Zeolite-group
minerals in phonolite-hosted deposits of the Kaiserstuhl Volcanic
Complex, Germany. American Mineralogist, 104, 659-670.
Weisenberger, T.B., Spürgin, S. and Lahaye, Y. (2014): Hydrothermal
alteration and zeolitization of the Fohberg phonolite, Kaiserstuhl
Volcanic Complex, Germany. International Journal of Earth
Sciences, 103, 2273-2300.
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Inverse modelling for the estimate of cooling
rates in magmatic processes
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The chemical composition of major petrogenetic
minerals is commonly used to determine thermodynamic
parameters such as temperature, pressure and oxygen
fugacity. However, minerals in many cases are chemically
zoned reflecting evolution history of the system rather than
fixed equilibrium conditions. Hence, a chemically zoned
mineral allows the utilization of rate-sensitive methods such
as diffusion chronometry (e.g. Girona & Costa, 2013). The
most commonly-used diffusion-chronometry models for
olivine consider the relevant timescales of magmatic
processes by assuming that the temperature remains
constant (e.g. Sundermeyer et al., 2020). In many cases,
having a constant temperature is not a strict requirement for
applying the method but it rather serves as an upper limit
for the timescale estimate (Ague & Baxter, 2007).
Alternatively, the inverse diffusion modelling can be
applied to estimate the cooling rates. By this approach, more
realistic physical scenarios can be considered since dynamic
processes rarely maintain constant temperature or pressure
conditions. In this work, we develop new numerical tools
that can be used for the calculation of the effective cooling
rates (constant or not) of geologic processes (e.g. volcanic
eruptions). Our approach is based on the Finite Difference
Method and we have considered a general formulation that
allows for the calculation of Explicit, Implicit or SemiImplicit schemes (i.e. Crank-Nicolson method). We use an
adaptive timestep method that takes into account the
diffusion coefficient at the given temperature and
demonstrate convergence of the results. The non-linear
dependence of diffusion coefficient on concentration is
treated via fixed-point iterations. Our calculated examples
focus on the anisotropic Fe-Mg diffusion in olivine crystals
and we use the diffusion coefficients from Dohmen &
Chakraborty (2007). Despite the particular test study, our
approach is entirely general and can be extended to different
minerals/systems.
Ague, J. and Baxter, E. (2007): Brief thermal pulses during mountain
building recorded by Sr diffusion in apatite and multicomponent
diffusion in garnet. Earth and Planetary Science Letters, 261.3, 500–
516.
Dohmen, R. and Chakraborty, S. (2007): Fe-Mg diffusion in olivine II:
point defect chemistry, change of diffusion mechanisms and a model
for calculation of diffusion coefficients in natural olivine. Physics
and Chemistry of Minerals, 34, 409–430.
Girona, T. and Costa, F. (2013): DIPRA: A user-friendly program to model
multi-element diffusion in olivine with applications to timescales of
magmatic processes. Geochemistry, Geophysics, Geosystems, 14.2,
422–431.
Sundermeyer, C., Di Muro, A., Gordeychik, B. and Wörner, G. (2020):
Timescales of magmatic processes during the eruptive cycle 20142015 at Piton de la Fournaise, La Réunion, obtained from Mg-Fe
diffusion modelling in olivine. Constributions to Mineralogy and
Petrology, 175.1, DOI: 10.1007/s00410-019-1642-y.

Xenoliths from the Weinfelder Maar and
Meerfelder Maar, West Eifel Volcanic Field:
Deciphering intra-crustal processes and
pyrometamorphic overprinting by petrology
and high spatial resolution zircon
geochronology
Sturm, A.*1, Schmitt, A.K.1, Schmincke, H.-U.2, Dunkl, I.3
2

1
Institute of Earth Sciences, Heidelberg University, Germany
GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany
3
Center of Geosciences, Göttingen University, Germany
* Corresponding email: a.sturm@stud.uni-heidelberg.de

Keywords: Eifel, Xenolith, Zircon, Geochronology

Xenoliths brought to surface by rising magma provide
valuable information on deep crustal structures, particularly
in regions where no outcrops of basement rocks exist, such
as the Eifel (Germany). Geochronological analysis of zircon
in crustal xenoliths paired with petrological investigations
can determine crustal provenance, reveal major magmatic
or metamorphic events and refine their timing during crustal
formation.
The Quaternary Eifel volcanic field as the youngest
part of the Cenozoic European Volcanic Province (CEVP)
is located within the Paleozoic tectonic block of the Rhenish
Massif with basement rocks belonging to the Avalonia
terrane, which underwent several phases of magmatic and
metamorphic events. Detrital zircon ages from sedimentary
rocks of the Rhenish Facies reflect Gondwanan, Baltican
and Cadomian provenance with Proterozoic to Paleozoic
ages, whereas regional metamorphism during the Variscan
orogeny affecting the Rhenohercynian crust is recorded in
metamorphic zircon crystallization (e.g. Eckelmann et al.,
2014, Franke et al., 2017).
In pyroclastic deposits of the West Eifel volcanic
centers Meerfelder Maar and Weinfelder Maar, felsic
crustal xenoliths of both igneous and sedimentary origin are
abundant along with peridotite and mafic cumulate
xenoliths (Schmincke, 2007). Three of the analyzed
samples represent mid- to lower crustal para- and
orthogneisses, which were variably affected by Variscan
metamorphism. Zircon from meta-sedimentary rocks show
wide age distributions ranging from 300 Ma to 1.9 Ga. A
fourth xenolith investigated here is magmatic origin and
based on a concordant zircon rim age of 270 Ma coeval with
post-collisional volcanism during the Permian. All samples
show variable pyrometamorphic overprint related to the
Quaternary volcanism reflecting different residence times
in the magma, but zircon rims are unaffected by
pyrometamorphism. Subsequent (U-Th)/He dating of the
same zircon grains yielded eruption ages for both maars.
Eckelmann, K., Nesbor, H., Königshof, P., Linnemann, U., Hofmann, M.,
Lange, J., & Sagawe, A. (2014): Plate interactions of Laurussia and
Gondwana during the formation of Pangaea – Constraints from U–
Pb LA–SF–ICP–MS detrital zircon ages of Devonian and Early
Carboniferous siliciclastics of the Rhenohercynian zone, Central
European Variscides. In: Gondwana Research, 4, 1484–1500.
Franke, W., Cocks, L. R. M., & Torsvik, T. H. (2017): The Palaeozoic
Variscan oceans revisited. In: Gondwana Research, 48, 257–28
Schmincke, H.-U. (2007): The Quaternary volcanic fields of the East and
West Eifel (Germany). In Christensen. U. R. & Ritter J. R. R. (Ed.),
Mantle Plumes (pp. 1–82). Berlin: Springer.

35

Abstracts DMG virtual poster session

Natural blue zircon from Vesuvius
Sun, Y.*1,2, Schmitt, A.K.1, Häger, T.3, Schneider, M.1,
Pappalardo, L. 4, Russo, M. 4
1

Institute of Earth Sciences, Heidelberg University, Germany
2
Institute of Geochemistry and Petrology, ETH Zürich, Switzerland
3
Institute of Geosciences, Johannes Gutenberg University Mainz,
Germany
4
Istituto Nazionale di Geofisica e Vulcanologia, sezione di Napoli Osservatorio Vesuviano, Italy
* Corresponding email: yi.sun@erdw.ethz.ch
Keywords: blue zircon, Vesuvius, Rayleigh/Mie scattering, Optical
absorption, Raman spectroscopy, Mineral inclusions, Syenite

Zircon from syenitic ejecta of Vesuvius (Campania,
Italy) is unusually blue, a property shared with gem
zircon from Ratanakiri province (Cambodia), which
turns from natural reddish-brown to blue when heated
under reducing conditions. Here, the origins of these
unusual crystals were traced through geochronology,
trace elements, and O-Hf isotopic compositions.
The causes of its colour were investigated through
optical and electron microscopy, optical absorption
spectroscopy, and Raman microspectroscopy. Colour
stability upon heating and ultraviolet light (UV)
exposure was tested using Ratanakiri zircon as a
control.
Vesuvius zircon contains vesiculated zones with
abundant inclusions ~2.5 μm to <100 nm in diameter
(mostly U-rich thorianite and pyrochlore-group
minerals), while homogeneous zircon domains are high
in Th and U (up to 5.9 and 1.8 wt%, respectively). Its
blue colouration is stable under UV radiation, as well as
heat-treatment under reducing conditions (1000 °C;
>15 h). Turbid domains rich in large inclusions change
to yellow-brown after heating under oxidizing
conditions, while transparent domains remain pale blue
or colourless. Optical absorption spectra display sharp
absorption lines attributed to U4+, and slightly elevated
absorption towards shorter wavelengths. The ~1007
cm−1 ν3(SiO4)
Raman band is broadened due to lattice distortion
by non-stoichiometric elements in high-Th/-U zircon,
whereas narrow bands in inclusion-rich domains
indicate a decrease in lattice strain due to inclusion
precipitation.
Blue colouration in Vesuvius zircon is explained by
the effect of light scattering (Rayleigh and/or Mie
scattering) on highly refractive actinide-rich inclusions
ranging in size from <1/10 to few multiples of the
wavelengths of visible light. Inclusions likely formed
during
fluid-mediated
coupled
dissolutionreprecipitation that locally transformed lattice-strained
actinide-rich zircon within several hundreds of years
prior to eruption.

Spatiotemporal zonation of the Freiberg AgPb-Zn-(Cu) epithermal system
Swinkels, L.*1, Schulz-Isenbeck, J.1, Rossberg, C.M.1,
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The Freiberg district, located in the eastern part of the
Erzgebirge, Germany, hosts one of the largest epithermal
Ag-Pb-Zn-(Cu) vein systems in Europe. This contribution
aims to decipher mineralogical and geochemical zoning on
the district-scale and to constrain the underlying oreforming processes. Detailed petrographic investigations,
geochemical analyses and fluid inclusion studies are carried
out on samples from historic mine workings in order to
develop a district-scale metallogenic model.
Five different mineral assemblages related to Permian
magmatic-hydrothermal activity have been recognized
within the Freiberg epithermal vein system exhibiting a
distinct district-scale and vein-scale zonation. The central
part of the Freiberg district is dominated by Zn-Fe-Cuquartz and Pb-Ag-quartz assemblages with a mean silver
grade of 769 g/t (n=65) - silver is mainly present as
inclusions in galena. Similar base metal-rich assemblages
also predominate the deepest vein intersections (>300m
b.g.l.) in the peripheral sectors of the Freiberg District. Vein
infill at intermediate depth/ peripheral positions in the
district is, in contrast, dominated by a Ag-Pb-Zn-carbonate
assemblage. This assemblage is marked by an abundance of
carbonate gangue and significantly higher silver grades
(mean = 4800 g/t; n=25). Silver is hosted by silver sulfosalts
and fahlore. Veins in the shallowest / most peripheral parts
(depth <150m b.g.l.) of the Freiberg district are dominated
by a Ag-Sb-quartz assemblage with a mean Ag
concentration of 4900 g/t (n= 56). Silver is again mostly
associated with sulfosalts and fahlore. Even shallower, the
veins comprise a Sb-quartz assemblage with distinctly low
Ag contents (410 g/t Ag, n=4). Fluid inclusions related to
the various assemblages yield consistent salinities in the
range of 0.1 to 6.0 % eq. w(NaCl). The homogenization
temperature, however, progressively decreases from about
320°C for quartz associated with proximal Zn-Fe-CuQuartz mineralization, down to ~170°C for quartz related to
distal Ag-Sb-quartz assemblages.
The general formation of the Freiberg epithermal veins
is related to the continuous evolution of a magmatichydrothermal system in time and space. Silver deposition is
most likely triggered by CO2-degassing and boiling, which
results in a distinct carbonate horizon (typically at ~500m
depth b.g.l. for peripheral parts) with significantly elevated
Ag grades (Ag-Pb-Zn-carbonate assemblage). After boiling
and degassing occurred, cooling can be regarded as the
major ore-forming mechanism resulting in high grade AgSb-quartz mineralization that typically occurs just above the
Ag-Pb-Zn-carbonate assemblage. Once Ag is largely
removed from the ore-fluid by precipitation of ore minerals,
continuous cooling results in the formation of the Ag-poor
Sb-quartz assemblage.
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LA-ICP-MS method enhancement by
hydrogen gas addition for analyses of trace
elements in olivines and orthopyroxenes
1

1

1,2

Veter, M.* , Foley, S.F. , Alard, O.

1,2,3

Department of Earth and Environmental Sciences, Macquarie
University, Australia
2
ARC Centre of Excellence for Core to Crust Fluid Systems, Department
of Earth and Environmental Sciences, Macquarie University, Australia
3
Géosciences Montpellier, UMR 5243, CNRS & Université Montpellier,
France
* Corresponding email: marina.veter@hdr.mq.edu.au
Keywords: LA-ICP-MS, hydrogen, trace elements, olivine,
lithospheric mantle

Laser ablation-ICP-MS is a powerful and widely used
in situ method that requires minimal sample preparation and
acquires rapid multi-element data with high spatial
resolution contributing to its growing popularity. The
concurrent increasing demand for analysing samples with
low-level compositions close or below detection limit
necessitates the continuous improvement of this analytical
technique. The motivation for this study is the acquisition
of the low-concentrated trace and ultra-trace elements
(UTE), such as the rare earth (REE) and volatile chalcophile
and siderophile (VCSE) elements in the major mantle
forming silicate minerals olivine and orthopyroxene, which
are widely underrepresented in literature. Olivine and
orthopyroxene in the Earth’s oldest subcontinental
lithospheric mantle rocks are often the only repositories for
UTEs and contain information on early mantle evolution.
Therefore, both minerals bear great potential to record
depletion and re-enrichment events in the mantle and
promise to be useful petrogenetic indicators for our
understanding of the geochemical construction of
lithospheric profiles.
In order to improve the method, we tested the
influence of molecular hydrogen gas added to the LA-ICPMS and compare it with the standard method (He-Ar carrier
gas). The hydrogen gas is set to a constant flow of 5 mL/min
and is admixed to the He-sample aerosol mixture before
entering the torch. Our results show a clear improvement in
sensitivity on certified reference material (CRM) glasses
NIST 612 and BCR-2G. It is shown that the sensitivity
enhancement in Zn, As and Cd is coupled to the higher first
ionisation energy in these elements, indicating a
temperature increase in the plasma when using LA-ICP-MS
in hydrogen mode. The enhanced method considerably
enhances the precision of measurements, expressed as
RSD%, improving from 3–16% to 2–6% on CRM.
However, addition of hydrogen gas also facilitates
formation of polyatomic interferences on the CRMs.
Nevertheless, analyses on the natural olivine demonstrate
improvements in precision (e.g., RSD% for Ga from 68%
to 34%) and the limit of detection (LOD ranges for Cu from
6–10 to 4–6 ng/g), which facilitate the acquisition of a
complete REE pattern on olivines, filling the gaps in
predominantly missing MREE. Furthermore, the volatile
chalcophile and siderophile group of elements (e.g., Mo,
Cd, In) is now accessible with more precision.

Zeolites in IODP Leg 302 (ACEX) Arctic
Cores - detritus and diagenesis
1
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Zeolites occur as detrital and diagenetic minerals in
the IODP Leg 302 Arctic Ocean Coring Expedition (ACEX)
at very distinct core horizons. We focus on XRD full
quantitative analysis of bulk sediment with our software
package QUAX (Vogt et al., 2002).
The project aimed on performing a detailed
investigation of central Arctic Ocean paleoenvironmental
changes preserved in Late Cretaceous to Quaternary
sediments for 1) sources of the terrigenous sediments
2) recognizing the diagenetic sediment in Unit 1/4-5
(“the zebra layer” which lost (or never stored) organic
material and yielded the largest amount of organic carbon,
respectively. They also contain larger amounts of phillipsite
and heulandite. It is not clear if these zeolites are diagenetic
products, e.g., through hydrothermal overprinting in the
vicinity of a close-by mid ocean ridge, an overprint of
surface fresh water due to subaerially exposure of the
Lomonosov Ridge during the ~ 15-20 Ma hiatus, or detrital
resedimented material (proposed for the “zebra”-layer).
We applied Rietveld analyses to gain more
information from the zeolites themselves. Massive
carbonate dissolution and authigenic carbonate
precipitation as well as Fe-sulfides, Fe- and Mn(Hydr)oxides precipitation clearly indicate diagenetic
overprint. The upper Tertiary shows at the transition of
lithological Units 2 & 3 a full opal-opal CT-zeolite
diagenetic sequence combined with massive authigenic
pyrite.
Birkenstock, J., Fischer, R.X., and Messner, T.: BRASS, the Bremen
Rietveld Analysis and Structure Suite. University of Bremen,
www.brass.uni-bremen.de
Vogt, C., Lauterjung, J., and Fischer, R.X., 2002. Investigation of the clay
fraction (<2 µm) of the clay mineral society reference clays. Clays
and Clay Minerals, 50(3): 388-400.
Funding through DFG Project Fi-442/10-2.
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parental magma composition and
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Formation of monomineralic Fe-Ti oxide ore layers in
layered intrusions is still under debate. New major and trace
elements analyses of plagioclase and clinopyroxene from
different stratigraphic units of the Panzhihua layered
intrusion (China) were conducted to constrain the parental
magma composition and its differentiation processes. By
using the mineral-melt partition coefficients from Bédard
(2006; 2014), we have re-calculated the parental magma
composition, taking a possible “trapped liquid effect” into
consideration. Our results indicate that the fine-grained
gabbro in the chilled marginal zone of the intrusion could
well represent the initial parental magma composition of
Panzhihua intrusion. The XAn and Mg# reversal trends in
plagioclase and clinopyroxene reveal several major magma
replenishment events during the formation of Panzhihua
intrusion. However, the trace element reversals in cumulus
plagioclase and clinopyroxene cannot be directly caused by
the replenishing magma. Instead, these reversals could be
due to the assimilation of crustal wall rocks, which
happened during the migration of the replenishing magma.
Gravity sorting is usually regarded as the most efficient
process for the formation of thick massive ore layers in
Panzhihua intrusion (Song et al., 2013). Nevertheless, only
physical sorting of the silicate and oxide minerals is not
sufficient to form monomineralic Fe-Ti oxide ore layers.
Thus, we propose a new model that involves subsequently
to gravity sorting of cumulus minerals, both infiltration
metasomatism and compaction. The infiltration of high
temperature (may be water-rich) melts which was driven
by the replenishing magma could lead to the selective
dissolution of early crystallized silicate phases which
coexisted with oxides in the ore layers, leaving oxide
minerals nearly undisturbed to form monomineralic layers.
The remnants of the hybrid interstitial melts would be
expelled from the ore layers later by compaction process.
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