Abstract Volume
6th Swiss Geoscience Meeting
Lugano, 21st – 23rd November 2008

Apply!
Geosciences

6th Swiss Geoscience Meeting 2008 - Lugano

Institute of Earth Sciences

Symposium 2: Mineralogy-Petrology-Geochemistry

72

2. Mineralogy-Petrology-Geochemistry (Open Session)
Bernard Grobéty, Eric Reusser
Swiss Society of Mineralogy and Petrology (SSMP)

2.1

Allaz J., Engi M., Berger A., Janots E., Villa I.:  Linking thermobarometry with 39Ar-40Ar and U-Th-Pb ages from the northern Central Alps: implications for Rb-Sr and K-Ar data

2.2

Bader T., Franz L., de Capitani C., Ratschbacher L., Hacker B.R., Weise C., Wiesinger M., Popp M.:  Discontinuous metamorphic P-T paths in the Liuling Unit (Qinling belt, central China)

2.3

Bader T., Franz L., de Capitani C., Ratschbacher L., Hacker B.R., Weise C., Wiesinger M., Popp M. :  New hints on the
tectonometamorphic history of the Douling complex (Qinling belt, central China)

2.4

Baumberger T., Früh-Green G.L., Pedersen R.B., Thorseth I.H., Bernasconi S.M., Plötze M. :  Geochemistry of the rift
valley sediments at the Arctic Mid-Ocean Ridge: Preliminary results of the H2DEEP expedition to the southern
Knipovich Ridge at 73°N

2.5

Bekaddour T., Schmidt S., Gnos E., Rütti R.:  Petrographic observations in the Erstfelder Gneiss in the Gotthard Base
Tunnel (NEAT) between Erstfeld and Amsteg

2.6

Bussien D., Bussy F., Chiaradia M.:  Multi-pulse emplacement of the bimodal Matorello calc-alkaline pluton, Central
Swiss Alps

2.7

Bussien D., Bussy F., Magna T., Masson H.:  Paleozoic magmatism in the Sambuco and Maggia nappes, Lower Penninic
domain

2.8

Darbellay B., Baumgartner L., Robyr M.:  Mushroom garnet from the Mt. Mucrone, Sesia Zone, Italian Alps

2.9

Davoudian A.R., Genser J., Neubauer F.:  P-T condition of crystallization of granitoid plutons of Zayandeh -Rood river
area, north of Shahrekord, Iran

2.10

Dessimoz M., Müntener O., Ulmer P.:  The Chelan complex (Washington Cascades): insights into the roots of continental arcs

2.11

Durand C., Baumgartner L. :  Experimental re-determination of initial melting in the system calcite-H2O at 100 MPa
and calcite/melt element fractionation

2.12

Fabbrizio A., Schmidt M.W., Günther D., Eikenberg J.:  Experimental determination of Ra mineral/melt partitioning
for leucite, feldspars, and phlogopite and 226Ra-disequilibrium crystallisation ages of leucite and feldspars

2.13

Hack A., Ulmer P., Thompson A. :  On mass fluxes and metasomatic processes above subducting slabs: An experimental solubility and melting study of Enstatite + Quartz + H2O

2.14

Hunziker D.:   The Blueschists of the Deyader Complex, Makran, SE Iran – Petrography, Geochemistry and
Thermobarometry

2.15

Khodami M., Davoudian A.R.:  Sr-Nd Isotopic Characteristics of Neogene volcanic rocks in Southeast of Isfahan

2.16

Leuthold J., Müntener O., Baumgartner L., Putlitz B., Michel J., Chiaradia M.:  Emplacement of the Torres del Paine
mafic complex (Patagonia, Chile), a progress report

2.17

Madonna C., Schenker F., Reusser E., Burg J.-P. :   Metamorphic and deformation history of the Nufenen Pass and
Lukmanier Pass area

2.18

Mattsson H., Caricchi L. :  Cooling and crystallization of natrocarbonatitic lava flows: Reconciling laboratory experiments with field observations

2.19

Mattsson H., Solgevik, H.:   Bubble- and crystal-size distributions in the emergent Capelas tuff cone, São Miguel
(Azores): insights into magma-ascent and fragmentation

2.20

Nandekar R., Mattsson H. :  Petrology of the Lake Natron – Engaruka monogenetic volcanic field, northern Tanzania

2.21

Noghreyan M., Khodami M., Davoudian A.R. :  Adakite-like volcanism in Central Iranian magmatic belt,Isfahan,Iran

2.22

Ramírez de Arellano C., Putlitz B., Müntener O., Cosca M.:   Age determinations of the Fitz Roy Plutonic Complex,
Southern Patagonia (Argentina)

2.23

Reubi O. & Blundy J.:  A lot of andesitic rocks but no andesitic melts: the paradox of arc magmatism

2.24

Reusser E., Mattsson H. :  Natrocarbonatitic tephrafall from the explosive eruption of Oldoinyo Lengai in September
2007

Reymond C., Leuthold-Favre L., Mucciolo A., Bonin M. :  Advantages of using TEM when analysing asbestos in ambient
air

2.26

Robyr M., Carlson W., Passchier C., Vonlanthen P.:  Textural, chemical and microstructural records during snowball
garnets growth

2.27

Schaltegger U., Antognini M., Girlanda F., Wiechert U., Müntener O. :  Alkaline mantle melts in the southern Alpine
lower crust mark the initiation of late Triassic rifting

2.28

Schenker F.:  Shocked quartz in Ticino, and beyond

2.29

Schwarzenbach E.M., Früh-Green G.L., Bernasconi S.M.:  Comparing carbon and sulfur isotopes in ophiolites and active
peridotite-hosted hydrothermal systems

2.30

Shabanian N., Davoudian A.R., Khalili M. :   Petrogenesis of post-collisional granitoid of Ghaleh-Dezh, NW Azna,
Sanandaj-Sirjan zone, Iran: Nd–Sr isotope evidence

2.31

Studer A., Kündig R., Schenker F., Surbeck H.:   Trace Elements in Miocene Subbituminous Coals from the Swiss
Molasse Basin with Special Attention to Uranium and its Mode of Occurrence

2.32

Tripoli B., Mattsson H.:  Physical volcanology of the Lake Natron-Engaruka monogenetic field, Tanzania

2.33

Van den Bleeken G., Müntener O., Ulmer P.:  Reaction between tholeiitic melt and residual peridotite in the uppermost mantle: An experimental study at 0.8 GPa

2.34

Villagómez D., Spikings R., Magna T., Winkler W.:  Late Cretaceous history of the western Colombian Andes

2.35

Zakaznova-Herzog V., Wiedenmann D., Gorbar M., Grobéty B., Vogt U., Züttel A.:   Experimental geochemistry and
mineralogy for industrial applications: new membranes for alkaline electrolysers

2.36

Zarasvandi. A.:  Geochemistry and Source of the Recent Sediments in Southwestern of Ahvaz, Khouzestan Province,
Iran

2.37

Zhou W., Stober I., Bucher K. :   Surface water in the Zermatt—Matterhorn area, Switzerland, a hydrogeochemical
study

2.38

Zhu C., Fu, Q., Lu P., Seyfried W.E.:  New Experiments of Feldspar Hydrolysis and Implications for Interpretations of
Weathering Rates

73
Symposium 2: Mineralogy-Petrology-Geochemistry

2.25

Symposium 2: Mineralogy-Petrology-Geochemistry

74

2.1
Linking thermobarometry with 39Ar-40Ar and U-Th-Pb ages from the
northern Central Alps: implications for Rb-Sr and K-Ar data
Allaz Julien*, Engi Martin*, Berger Alfons**, Janots Emilie*** and Villa Igor*
* Institut für Geologie, Baltzerstrasse 1+3, 3012 CH-Bern (jallaz@geo.unibe.ch)
** Institut for Geografi og Geologi, Øster Voldgade 10, DK-1350 København K
*** Institut für Mineralogie, Corrensstrasse 24, D-48149 Münster

The Barrovian metamorphism observed in the Alps results from the collision of Europe and Africa and reaches its thermal
maximum in the Central Alps (upper amphibolite facies). Age data for this orogenic cycle remain controversial, despite a
multitude of studies: Based on the resetting of Rb-Sr ages in muscovite from polymetamorphic gneisses, Hunziker (1969) and
Jäger (1973) had proposed an age of 38±2 Ma for this metamorphism. Also based on isotopic data in the Alps, a field-calibration for the “closure-temperature” (Dodson, 1972) was then obtained by Purdy & Jäger (1976) , based on their K-Ar data for
muscovite and earlier data for biotite (Armstrong et al., 1966). However, a uniform age (near 38 Ma) for the metamorphism
in the Central Alps was in conflict already with early U-Pb data of monazite and xenotime from the same area (e.g. Köppel
& Grünenfelder, 1975), which indicated an age near 30 Ma in the southern Lepontine, but ≈20 Ma in the northern part of the
amphibolite facies dome. A study by Janots et al. (2008) not only confirmed the young monazite age in the north (SHRIMP
U-Pb of 18-19 Ma at Lucomagno, near Tmax ≈570 °C); it furthermore demonstrated that at ≈30 Ma this part of the belt was still
heating up (prograde formation of allanite near 440 °C). These recent results reopen questions about the interpretation of
K-Ar and Rb-Sr data and the “closure-temperature” of each system, as well as effects of inheritance on age data in mediumpressure metamorphic rocks.
The present study makes an effort to interpret Ar-ages for mica based on thermobarometry and multi-chronometry. Based
on select samples taken in the northern Central Alps, we used well equilibrated, homogeneous metasediments; exclusively
Mesozoic protoliths were considered to avoid inheritance problems. 39Ar-40Ar ages for mica (separates) yield ages between
18.93±0.83 (Lucomagno Pass) and 15.79±0.11 Ma (Val Piora) for muscovite, and between 17.65±0.33 and 14.84±0.23 Ma for biotite (same localities). The muscovite Ar-ages pertain to conditions near the documented P-T equilibria (7-9 kbar, 550-570 °C).
When compared to the monazite ages of 18-19 Ma from the same area, the Ar-loss owing to diffusion upon cooling from
these conditions is minor for muscovite. Ar-loss is slightly more evident in white mica from a second area (Pizzo Molare),
where slightly higher temperatures (580-600 °C) were reached.
Muscovite is chemically homogeneous in each of the samples dated; thermobarometry indicates equilibration at peak of
metamorphic conditions and (stable!) preservation of muscovite along the retrogression path. This leaves diffusion as effectively the dominant resetting factor, hence the Dodson-type closure-temperatures for Ar-Ar in muscovite must be high,
≈500°C. By contrast, biotite probably was also affected chemically on retrogression, due to minor chloritization. Where such
retrogression reactions occur, their effect may overwhelm (thermally activated) diffusion, and age data are more difficult or
impossible to interpret. In the samples dated here, Ar-loss in biotite yields Ar-Ar ages 1-2 Ma lower than muscovite. As retrogression of biotite in these samples is very limited, an approximate closure temperature of 450 °C is inferred for such
biotites (grain diameter ≈200 µm).
This study indicates that detailed micro-textural and micro-chemical investigations are a necessary (though not sufficient)
prerequisite to yield meaningful geological 39Ar-40Ar ages. Such a characterisation is necessary to identify possible problems
of inheritance or late re-equilibration, which plague many age interpretations. Moreover, the purity of mineral separates
must be ascertained; at least possible impurities, even in traces, need to be accounted for. Together with diffusion, all of
these factors affect isotopic systems. The art of geochronology implies identification of the dominant influences, such that
an isotopic age may be correctly interpreted as (1) a crystallization age or (2) cooling stage (each corresponding to well defined tectono-metamorphic conditions), as distinguished from (3) meaningless “ages” (owing to inheritance or partial chemical retrogression).
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2.2
Discontinuous metamorphic P-T paths in the Liuling Unit
(Qinling belt, central China)
Bader Thomas*, Franz Leander*, de Capitani Christian*, Ratschbacher Lothar**, Hacker Bradley R.***, Weise Carsten**,
Wiesinger Maria**, Popp Michael**
*Mineralogisch-Petrographisches Institut, Universität Basel, CH-4056 Basel
(thomas.bader@unibas.ch)
**Institut für Geologie, Technische Universität Bergakademie Freiberg, D-09599 Freiberg
*** Geological Sciences, University of California, Santa Barbara, CA-93106

The Liuling Unit, a probably Silurian to Permian metasedimentary sequence, is part of the Qinling orogen of central China
and regarded as either the forearc basin or the subduction-accretion complex of the HP-UHP Qinling-Dabie-Sulu orogen
(Ratschbacher et al. 2003).  Amphibolite facies metapelites point to peak metamorphic conditions of 612-668°C at 0.68-0.79
GPa (Hu et al. 1993). The present study enhances the knowledge on tectonometamorphic history of the Liuling Unit.
P-T paths were obtained from thermodynamic modelling using the DOMINO program on two metapelites, which depict two
garnet-growth stages. Microprobe profiles through large garnets reveal a discontinuous zoning between core and rim sections. The garnet core of staurolite-mica schist 75261C reveals a compositional zoning indicating a clockwise P-T loop starting at 562°C / 0.61 GPa, reaching maximum P at 573°C / 0.63 GPa (Fig. 1) and ceasing at 577°C / 0.61 GPa. The grossular-rich
rim section formed at 580°C / 0.93 GPa. Large garnet porphyroblasts of garnet-mica schist 75302A reveal a similar discontinuous zoning between garnet core and rim section. The unzoned garnet core developed at 660°C / 0.51 GPa while the grossular-rich rim section formed at 590°C / 0.88 GPa. This sample also bears a second generation of numerous small garnets
yielding the rim composition of the large porphyroblasts. Discontinuous garnet zoning is also present in garnet-amphibole
schist 75261B, which indicates 560°C / 0.75 GPa for the grossular-rich rim section using conventionel geothermobarometry.
This sample even reveals a small section at the outermost garnet rim depleted in grossular pointing to 510°C / 0.45 GPa.
These investigations demonstrate two stages of metamorphic garnet growth in the Liuling Unit: the first stage is a clockwise Barrovian metamorphism, memorized by the garnet cores, which was followed by a second, pressure-dominated metamorphic event indicated by the garnet rims as well as the newly grown, second generation of garnets.
Currently, several interpretations for the garnet-growth history are possible:
1) The garnet cores are inherited and record Barrovian metamorphism in the hinterland of the Permo-Triassic (see below)
orogen, i.e. in the Qinling Unit that constitutes Proterozoic-Paleozoic basement overprinted by a Devonian magmatic arc
(Ratschbacher et al. 2003). LA-ICPMS and ion probe dating of detrital zircons prove Archean to Devonian provenance of
the Liuling Unit rocks. Variable P-T estimates for different garnet cores may support this speculation.
2) The sampled section of the Liuling Unit is part of the forearc / accretionary wedge that was involved in the Devonian arc
magmatism. Ar/Ar amphibole, U/Pb zircon, and Pb/Th monazite ages demonstrate Silurian-Middle Devonian metamorphism in the Qinling Unit and locally in the northern Liuling Unit (Ratschbacher et al. 2003 and unpublished).
3) The studied section of the Liuling Unit experienced an at least two-stage burial-exhumation history, as modeled for several subduction-accretion wedges worldwide (e.g. Gerya et al. 2002). Current Ar/Ar geochronology brackets the thermal
history reflected by garnet rims between the Permian and Late Triassic (Ratschbacher et al. 2000 and unpublished) and
our structural studies indicate protracted N-S shortening accommodated by vertical and horizontal, E-W stretch, typical
for transpression.
Future work will trace the PT history of the Liuling Unit laterally to investigate whether the discontinuous history is a regional feature and will refine the  timing of these processes.
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Figure 1. left: garnet profile of sample 75261C, right: equilibrium phase diagram and P-T path of sample 75261C

2.3
New hints on the tectonometamorphic history of the Douling complex
(Qinling belt, central China)
Bader Thomas*, Franz Leander*, de Capitani Christian*, Ratschbacher Lothar**, Hacker Bradley R.***, Weise Carsten**,
Wiesinger Maria**, Popp Michael**
*Mineralogisch-Petrographisches Institut, Universität Basel, CH-4056 Basel
(thomas.bader@unibas.ch)
**Institut für Geologie, Technische Universität Bergakademie Freiberg, D-09599 Freiberg
*** Geological Sciences, University of California, Santa Barbara, CA-93106

The Douling complex, probably part of the Yangtze craton, is located in the Paleozoic-Mesozoic Qinling Belt of central China.
The Douling complex is composed of Proterozoic gneisses and schists with intercalated metabasites (Ratschbacher et al.
2003). Zhang et al. (1996) reported a probably Late Proterozoic metamorphism at P-T conditions of 650-700°C at 0.7-0.8 GPa
for the basement rocks. Together with the cover, the Late Proterozoic Yaolinghe schists, the basement was intensively folded
and underwent a low-grade metamorphism. This study presents new data on the basement and gives insight onto the late,
low-grade metamorphism.
Despite of the intensive low-grade overprint, several indications for the preceding high-grade metamorphism were found.
The absence of primary white mica and the presence of sillimanite and K-feldspar in most metapelitic samples point to upper

amphibolite-facies conditions. This is supported by garnet-gneiss sample 76114C, which shows the primary assemblage garnet-plagioclase-biotite ± ilmenite. Using the DOMINO program, we derived peak metamorphic conditions of 710°C at 0.800.85 GPa. Rutile inclusions in plagioclase point to a higher pressure stage before this upper amphibolite-facies event.
Somewhat different P-T conditions are mirrored by garnet mica schist 76111A, which bears the primary assemblage garnetbiotite-muscovite-plagioclase-quartz ± rutile, ilmenite. Based on garnet zoning, we derived a P-T path starting at 485°C and
0.6 GPa and reaching peak metamorphic conditions at 575-600°C and 1.0-1.3 GPa. These data point to  burial followed by
high-temperature metamorphism during exhumation, i.e. a Barrovian, clockwise P-T path in the Proterozoic basement.
The low-grade metamorphic overprint led to the formation of the assemblage actinolite-albite-chlorite-epidote in metabasites. Metapelites reveal the syn-tectonic assemblage stilpnomelane-phengite-chlorite-calcite, for which PT conditions of  300350°C at 0.6-0.7 GPa were calculated using the thermobarometer of Currie & van Staal (1999). The final metamorphic overprint occurred under lower greenschist-facies conditions as indicated by the growth of post-tectonic biotite. The timing of
the low-grade metamorphic event is badly constrained. While Zhang et al. (1996) report a Paleozoic Rb-Sr whole rock isochronic age of ≈422 Ma, we rather suppose a Triassic age as the metamorphic conditions are similar to those in the Mulanshan
(Zhou et al. 1993) and Zhangbaling (Ratschbacher et al. in prep.) areas in the Dabie-Sulu belt. Further geochronologic and
petrologic investigations are in progress.

Figure 1. Metamorphic evolution of the Douling complex
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2.4
Geochemistry of the rift valley sediments at the Arctic Mid-Ocean Ridge:
Preliminary results of the H2DEEP expedition to the southern Knipovich
Ridge at 73°N
Baumberger Tamara*, Früh-Green Gretchen L.*, Pedersen Rolf B.**, Thorseth Ingunn H.**, Bernasconi Stefano M.*** & Plötze
Michael****
*Institute for Mineralogy and Petrology, ETH Zurich, Clausiusstrasse 25, CH-8092 Zurich (tamara.baumberger@erdw.ethz.ch)
**Centre for Geobiology, University of Bergen, Allegaten 41, N-5007 Bergen
***Geological Institute, ETH Zurich, Universitätsstrasse 16, CH-8092 Zurich
****Laboratory of Clay Mineralogy, IGT, ETH Zurich, CH-8092 Zurich

The southern Knipovich Ridge (SKR, 73°N, 8°E) in the Norwegian-Greenland Sea is a permanently ice-free arctic ridge segment with an effective spreading rate of only 6 mm/year and is thus one of the most slow-spreading segments of the global
ridge system. This ultra-slow spreading ridge is characterised by magmatic and amagmatic accretionary ridge segments and
a partly sediment-covered rift valley, reaching water depths from 2000-2500 metres to 3500 metres in the deepest area. These
sediments likely represent an important hydrological and thermal boundary to heat and fluid flow and provide a broad
archive of the tectonic and alteration history. H2DEEP is an interdisciplinary, international project aimed at studying geodynamic and hydrothermal processes and their links to the deep hydrogen-based biosphere along the SKR. Our individual
project of H2DEEP focuses on understanding water-rock interactions and the links between chemical and microbiological
processes associated with alteration of a sediment-covered oceanic ridge and with serpentinisation in ultra-slow spreading
environments.
Here we present preliminary results of mineralogical and geochemical investigations of the rift valley sediments obtained
by gravity cores of the upper 4 metres of the sedimentary cover in the summer of 2007. The rift valley sediments are primarily characterised by hemipelagic sedimentation interrupted by turbiditic events. Visual observations identified glass- and
iron-rich layers representing previous volcanic and probably hydrothermal activity. Radiographic analyses show a range of
manganese-rich layers likely indicating hydrothermal events in the past. Powder x-ray diffraction investigations of bulk samples indicate that most of the minerals are detrital in origin. The most common mineral in the clay fraction is smectite,
presumably derived from an increased volcanic activity in the investigated area. In one core, clay minerals of possible authigenic origin were identified in a layer at ≈2 metre depth. Carbon geochemistry of the sediments shows elevated total organic
carbon contents, and carbon isotope compositions of total carbon reflect mixing of organic carbon with marine carbonates.
Increased inorganic carbon contents in the upper sediment layers are associated with the presence of foraminifera. A significant increase in alkalinity and dissolved inorganic carbon content with sediment depth was detected in geochemical pore
water profiles in the sediments from the deeper area of the rift valley. The corresponding δ13CDIC values decline remarkably
with increasing alkalinity and dissolved inorganic carbon contents. Our preliminary mineralogical and geochemical studies
of the rift valley sediments point to an active history with various volcanic and hydrothermal events affecting the investigated area over the past twelve to twenty thousand years.
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2.5
Petrographic observations in the Erstfelder Gneiss in the Gotthard Base
Tunnel (NEAT) between Erstfeld and Amsteg
Bekaddour Toufik*, Schmidt Susanne*, Gnos Edwin** & Rütti Roger ***
*Département de Minéralogie, Université de Genève, bekaddo3@etu.unige.ch
**Département de Minéralogie et Petrographie, Muséum d’Histoire Naturelle de Genève
***IG GBTN, Bauleitung Amsteg-Erstfeld, 6472 Erstfeld

In the Gotthard Base Tunnel section between Erstfeld and Amsteg, various lithologies of the Erstfelder Gneiss unit have been
studied macroscopically and microscopically, whole rock compositions have been determined and major mineral phases
were analyzed using SEM and microprobe techniques.
The typical Erstfelder Gneiss consists of K-feldspar, plagioclase (Ab81An17Or2), quartz and biotite. Biotite is commonly altered
to chlorite and the feldspars are strongly sericitised.  
Macroscopic observations within the first two kilometers of the tunnel indicate that the degree of partial fusion in the
Erstfelder Gneiss unit increases from the northern tunnel entrance southward. At the entrance of the tunnel, a typical
Erstfelder Gneiss with schlieren texture is found. In thin sections, areas of partial melts consisting of quartz and K-feldspar
can be recognized. At approximately 800 m from the northern tunnel entrance, the neosom consisting of K-feldspar and
quartz becomes visible in outcrop. In addition, lenses of grossular-rich calc-silicate rocks, as well as lenses with mafic compositions (amphibolites) are present. At tunnel kilometer 102.658 (eastern tube), the amount of partial melts has increased
and garnet-bearing leucogranitic lenses reaching a size of up to 60 cm appear. Similar rocks collected at the surface yielded
garnet of composition Al70Sp16Py12Gr2.
The whole rock composition of the Erstfelder Gneiss and the presence of calcsilicate rocks both point to a sedimentary origin
for this part of the Erstfelder Gneiss unit.

2.6
Multi-pulse emplacement of the bimodal Matorello calc-alkaline pluton,
Central Swiss Alps
Bussien Denise*, Bussy François ** & Chiaradia Massimo***
* Institut de Géologie et Paléontologie, Université de Lausanne, Anthropole, CH-1015 Lausanne (denise.bussien@unil.ch)
**Institut de Minéralogie et Géochimie, Université de Lausanne, Anthropole, CH-1015 Lausanne
*** Département de Minéralogie, Université de Genève, Rue des Maraîchers 13, CH-1205 Genève

The Matorello pluton is a Late Variscan calc-alkaline intrusion, which emplaced ca. 300 Ma ago in the basement of the present-day Sambuco nappe (lower Penninic domain, Central Lepontine Alps, Switzerland). The dominant facies are granodiorites and quartz-diorites, crosscut by acid-basic composite sills, aplitic and pegmatitic dykes and lamprophyres. Alpine orogeny induced intense polyphase folding of the pluton, as well as amphibolite-facies metamorphic recrystallisation. Despite
this severe overprint, large portions of the intrusion preserve spectacular magmatic features, like composite sills, cross-bedded schlieren, hydrodynamically emplaced enclave-rich magma flows with gravitational sorting, magma mingling between
adjacent layers of contrasting composition, etc. Many of these magmatic structures can be used as palaeogravity indicators.
They consistently show that the northern part of the intrusion is overturned and refolded by an isoclinal upright antiform,
close to the front of the Sambuco nappe, and that vertical mafic-felsic composite dykes were originally horizontal sills with
internal gravitational sorting of the denser mafic enclaves in their aplogranitic matrix. Locally opposite palaeogravity indicators reveal second order isoclinal folds within the pluton.
Overall, the preserved magmatic structures point to a ca. 1-3 km (?) sill-like intrusion, emplaced by successive pulses of
quartz-diorite and granodiorite, both attesting hybridization processes, like mafic microgranular enclaves and disequilibrium mineral textures. Subtle contrasts in granulometry, mineral mode or mineral sorting and/or crystal entrapment along
contact surfaces are clues to distinguish injections from one another. Gravitational sorting of the enclaves in the granodiorite with load cast features at the base of the layers and sinuous biotite schlieren point to injection of low viscosity (fluidrich?), turbulent composite magma flows in the still largely molten granodiorite host. Fluid-rich mixtures of mafic and
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acidic melts were injected during the latest growth stage as metre-thick sills, attesting highly energetic hydrodynamic emplacement conditions.
The magmas involved are mantle-derived mafic liquids contaminated by crustal material as revealed by Nd epsilon values
ranging between -2.1 to -4.7 and Pb isotopic ratios typical of the lower continental crust (206Pb/204Pb = 18.7-19.0; 207Pb/204Pb =
15.66-15.69; 208Pb/204Pb = 38.6-39.0). Sr isotopic ratios are erratic, which is ascribed to Alpine metamorphic remobilization.
We propose the following scenario for the emplacement of the Matorello pluton: (1) multi-pulsed injection of an early quartzdiorite top layer, differentiated from – and hybridized with - more primitive calc-alkaline melts in a periodically replenished
underlying magma chamber; (2) repeated injection of granodiorite melts, which pond below the still partially molten diorite
layer; (3) evolved, water-rich melts differentiating in the lower magma chamber, are injected by hot mafic magmas, which
trigger mingling processes and catastrophic emplacement of mixed materials as hydrodynamic channel deposits in the
overlying Matorello laccolith; (4) late aplitic and pegmatitic dykes record the vanishing differentiation stages of the lower
chamber, whereas a few calc-alkaline lamprophyres document late interaction between mantle-derived hydrous melts and
crustal lithologies.

2.7
Paleozoic magmatism in the Sambuco and Maggia nappes, Lower
Penninic domain
Bussien Denise*, Bussy François **, Magna Tomas** & Masson Henri*
* Institut de Géologie et Paléontologie, Université de Lausanne, Anthropole, CH-1015 Lausanne (denise.bussien@unil.ch)
**Institut de Minéralogie et Géochimie, Université de Lausanne, Anthropole, CH-1015 Lausanne

We have dated a series of magmatic rocks from the pre-Mesozoic basements of the Sambuco and Maggia nappes, Swiss
Lepontine Alps, using the U-Pb zircon method coupled to the LA-ICPMS technique. Several events have been identified in the
Sambuco nappe. The mafic banded calc-alkaline suite of Scheggia is dated at 540-530 Ma, an age similar to that of mafic lithologies from the Austroalpine Silvretta nappe. The Sasso Nero peraluminous augengneiss has an age of 480-470 Ma, as
many other “older orthogneiss” in Alpine basement units. It hosts a large proportion of inherited zircons, which were dated
at 630-610 Ma, a Panafrican age indicating a Gondwanian affiliation for the Sambuco basement. The calc-alkaline Matorello
pluton, which displays spectacular features of magma mingling, including mafic enclave swarms, composite dykes and lamprophyres, yielded ages around 300 Ma, such as the lamprophyres. This age is comparable to the many Late Carboniferous
intrusions from adjacent, European-derived basement units of Alpine nappes (Antigorio, Monte Leone, Verampio, Gotthard
and other External Crystalline Massifs).
The Cocco granodiorite and Ruscada leucogranite, both intruded in the basement of the adjacent Maggia nappe, yielded ages
of ca. 310 Ma, close to that of the Matorello pluton, but quite older than earlier age determinations by Köppel et al. (1981).
This age coincidence, coupled to petrologic similarities between Cocco and Matorello granodiorites, strongly suggest a paleogeographic proximity of the Sambuco and Maggia nappes in Late Carboniferous times. However, these two nappes are
currently interpreted as belonging to different Mesozoic paleogeographic domains: Helvetic for Sambuco and Briançonnais
for Maggia (Berger et al., 2005), separated by an oceanic basin. In such a case, no significant transcurrent movement can be
invoked along the two continental margins, as no offset is currently observed between them. Alternatively, the two nappes
might belong to a single Alpine tectonic unit, as traditionally accepted.
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Mushroom garnet from the Mt. Mucrone, Sesia Zone, Italian Alps.
Darbellay Bastien *, Baumgartner Lukas **, Robyr Martin *
* Institute of Mineralogy and Geochemistry, University of Lausanne, L’Anthropole, CH-1015 Lausanne, Switzerland.
** The University of Texas at Austin, Geol Science Dept., 1 University Station C1100, Austin, TX 78712-0254, USA.

The simple dodecahedral shape and the fact that prograde zoning is typically preserved make garnets an excellent object for
studying crystal growth mechanisms and to determining PT paths. Below we present some fascinating garnet textures, from
the Sesia zone. They recorded a Hercynian and Alpine growth history.
Eclogites from the Mt. Mucrone area, Sesia zone, preserve relic pre-alpine structures and mineral assemblages, overprinted
by the alpine high-pressure event(s). Quartz rich levels are composed of omphacite, garnet, paragonite and phengite. 3D highresolution X-ray tomography images reveal that garnet morphology evolves from mushroom-shaped to atoll and finally to
filled dodecahedral garnet forms. Mushroom garnets are composed of a roundish core (stem), which is connected to the “hat”
of the mushroom by a skeletal garnet network. This poikilitic network formed along quartz grain boundaries. Progressive
rim development around the core result in first an atoll, than the remaining poikilitic garnet is filled in.
These garnets are strongly zoned in five distinctive zones (garnet 1 to 5). Garnet 1 and especially 2 show poikilitic texture.
Garnet 3 and 4 form the partial or complete rim and finally garnet 5 forms the outermost rim. It also replaces quartz grains
in the poikilitic zone 2. Garnet 5 has sharp contacts with all other garnets. It grew after omphacite crystallization. No crystallographic missorientation between these five growth zones was detected by EBSD. Garnet 1 to 4 can be related to the prograde amphibolitic-granulitic Hercynian event by thermodynamic calculation using Theriak/Domino, assuming fractional
crystallization. Textural analyses agree with P-T-calculations for garnet 5. It is of alpine age.
In spite of its important volumetric amounts, Garnet 5 shows homogeneous chemical profiles. Thus, it must have grown very
fast, under near constant P/T conditions. Our Theriak/Domino model shows that fluid infiltration during alpine time or
partial hydratation during the Hercynian retrograde path are needed to form large volume of unzoned garnet 5.

2.9
P-T condition of crystallization of granitoid plutons of Zayandeh -Rood
river area, north of Shahrekord, Iran
Davoudian Ali Reza *, Genser Johann **, Neubauer Franz **
*Shahrekord University, Shahrekord, Iran (alireza.davoudian@gmail.com)
** Department of Geography and Geology, Salzburg University, Salzburg, Austria

The granitoid plutons of Zayandeh -Rood River area occur as numerous large and small bodies in the north of Shahrekord
city. The study area is located in the southwest of Iran, 330 Km southwest of Tehran and 35 km northeast of the Main Zagros
Reverse fault, which is a proposed suture zone between the Arabian plate and Eurasia. The separation of Arabia from Africa
and its subsequent collision with Eurasia was the last of a series of separation/collision events, all of which combined constitute the extensive Alpine-Himalayan orogenic system (Dewey et al. 1973).The studied area is a large scale ductile shear zone
trending WNW-ESE nearly parallel to the Main Zagros Reverse fault (Fig. 1).
The north of Shahrekord area is characterized by the predominance of metamorphic rocks of both sedimentary and magmatic origins that are intruded by granitoid bodies. These rocks are more or less subjected to deformation. The granites show
weaker metamorphic effects and they are strongly deformed during the subsequent deformation events (Davoudian et al.
2008).
The studied granitoid rocks cover a relatively large range in composition, including granite, granodiorite, trondhjomite and
alkali granite. On the base of microscopic studies, the following mineral assemblages are deduced: quartz, alkali feldspars
(as perthite, anti-perthite and microcline), plagioclase, biotite, amphibole, garnet, magnetite, allanite and epidote together
with, sphene, zircon and apatite as accessories. Biotite and garnet are locally altered to chlorite. They are fine to medium –
grained.
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In order to determination of pressure (depth) and temperature condition of the plutons, some rock-forming minerals are
studied by Electron Micro Probe Analysis method. All amphiboles have Ca+Na contents greater than 2.35 p.f.u., indicating
that they are calcic amphiboles according to the classification of Leake et al. (1997). Amphibole compositions occupy a narrow compositional range with a Mg/(Mg +Fe2+) ranging from 0.39 to 0.44 and a Si content of 6.31 to 6.51 atoms per formula
unit (afu) and can be classified in the IMA nomenclature (Leak et al. 1997) as hastingsite, ferrihastingsite, ferrotschermakie
and ferrohornblende. In general composition of plagioclase is Or0.6-3.0 Ab70.5- 83.7 An14.2-27.8.
Understanding the evolution of a granitoid pluton requires knowledge of the depth at which the various minerals crystallized and the amount of post-crystallization upward movement. The pressure of emplacement of a granite pluton can be
constrained by geologic and petrologic criteria. Based either on cation exchange or solvus relations, there are several gethermobarometer applicable to granitoid rocks. Several studies revealed that Al content of hornblende in calc-alkaline granitoids varies linearly with pressure of crystallization, thereby providing means of determining the depth of pluton emplacement. Values about 5.9 – 6.5 kbar for the plutons were determined, using the calibration of Anderson and Smith (1995). These
pressures are corresponding with 21 to 23 km depths. Temperatures derived from amphibole-plagioclase thermometry
(Blundy and Holland, 1994) suggest crystallization at about 700- 720 °C.   

Figure 1. Geological map of the north of Shahrekord showing the distribution of granitoid plutons.
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2.10
The Chelan complex (Washington Cascades): insights into the roots of
continental arcs
Dessimoz Mathias*, Müntener Othmar*, Ulmer Peter**
*Institut de Minéralogie et Géochimie, Université de Lausanne, 1015 Lausanne (mathias.dessimoz@unil.ch)
**Department of Earth Sciences, ETH Zurich, Clausiusstrasse, 25, CH-8092 Zurich, Switzerland

The Chelan complex is a deep plutonic complex exposed in the North Cascades and crops out at the southern end of the
northwest trending Chelan block. This block, bounded by the Entiat fault on the southwest and by the Ross lake fault zone
on the north east, comprises much of the crystalline core of the north cascades and records Cretaceous to Palaeogene arc
magmatism (from 100 Ma to 45 Ma) (Valley et al., 2003)
For a long time, Chelan migmatitic complex was interpreted as metamorphic / migmatitic unit consisting mainly of metatonalite, metabasite and widespread metaplutonic migmatite (Hopson and Mattinson, 1994) metamorphosed under upper
amphibolite/lower granulite facies. The pressure of emplacement of the complex inferred from the surrounding rocks
(Swakane gneiss and Napeequa complex) is thought to be around 9-12 kbar for a temperature of about 750°C (Valley et al.,
2003)
Field observations in particular comb layers, pegmatitic gabbros and mafic cumulates clearly indicate that the magmatic
origin is well preserved within the entire complex. While subsolidus deformations occur locally, most of the rocks are deformed in presence of melt, as indicated by a pervasive magmatic (almost no recrystallization of quartz is observed in thin
section) foliation well developed in the tonalite, syn-magmatic shear zones and magmatic folding. At some places, in particular within melanocratic tonalite, numerous felsic rocks occur that are always associated with a more intense deformation.
The local occurrence and discrete features of these zones are not consistent with a migmatitic origin. Thus, these “migmatite-like” rocks could rather be interpreted as plutonic feeder zones in which more evolved liquids are concentrated and
migrate to high crustal levels.
Whole rock chemistry performed on hornblendite, hornblende gabbros, diorite, tonalite and mafic dykes display continuous
trends for various oxides that are consistent with an evolution through magmatic processes. Comparison with experimental
data (Alonso Perez, 2006; Kägi, 2000) is in good agreement with an evolution of the suite through crystal fractionation at
high pressure (around 1.0 GPa, Fig. 1). This is well indicated by TiO2, Al2O3, FeO and CaO, which show a good correlation with
the experiments done at 1.0 GPa. The high pressure of crystallization of the Chelan complex is consistent with the widespread occurrence of primary epidote (P>0.6 GPa) in tonalite and diorite.
According to these observations, the Chelan Complex provide insights into the deep-seated processes occurring in the roots
of continental arcs and could be an example of the Mixing-Assimilation-Storage-Hybridization-Zone (MASH), which form the
base of the plutonic systems (Hildreth and Moorbath, 1988).
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Figure 1: Comparison between whole rock analyses and experiments at 1.0 GPa (black dashed line, Kägi, 2000) and 1.5 GPa (grey dashed
line, Alonso Perez, 2006).

2.11
Experimental re-determination of initial melting in the system calciteH2O at 100 MPa and calcite/melt element fractionation
Durand Cyril* and Baumgartner Lukas*
*Institut de Minéralogie et Géochimie, Université de Lausanne, BFSH2, CH-1015 Lausanne (cyril.durand@unil.ch)

The study investigates the partial melting of calcite in the presence of water. We determined the temperature of initial melting in the binary calcite-H2O system using rapid vertical quench equipment, as well as the partitioning of elements between
calcite and melt for major and trace elements. The classic studies of Wyllie and Tuttle (1959; 1960) placed initial melting at
ca. 740°C at 100 MPa. Hence partial melting in contact metamorphic terrains was predicted to be possible, though difficult.
Field studies (Wenzel et al., 2002; Jutras et al., 2006) and discussions (Lentz, 1998, 1999) have suggested that partial melting
does occur.
Vertical rapid-quench cold-seal pressure vessels were used. Temperature was measured with external NiSil-thermocouples,
resulting in an estimated 5°C uncertainty. Powders were sealed into gold capsules along with variable amounts of water.
Natural calcite and synthetic reaction grade calcite (>99.5%, Alfa Aesar, lot C24Q27) were used.  Run times varied between
1.5h and 90h. Melting was identified by SEM and EMP. Unequivocal initial melt textures were the formation triple junction

melt pools and networks of interstitial melts. Upon quench skeletal crystals were formed in these pools surrounded by a
homogeneous matrix. It was not possible to prove the presence of melts for small water/calcite ratios, which are predicted
to form only small melting amounts. Small spherical blobs of quenched melt seen at 800°C are similar to smaller, more
equant blobs precipitated from water vapor by quenching at sub-melting temperature.
Experiments bracket the initial melting temperature between 600°C and 650°C. This is roughly 100°C lower than those obtained by Wyllie and Tuttle (1959; 1960). These low melting temperatures suggests that partial melting of carbonates during
contact metamorphism should occur often, especially in xenoliths.
The starting material consists of a mixture of synthetic carbonates (CaCO3-SrCO3-MnCO3-BaCO3) and natural (FeCO3-MgCO3)
carbonates for partitioning experiments. The water solution was enriched in REE. Run times varied between 1h to 15 days.
The Cal/H2O ratios were fixed at 0.5. Major and trace element contents were measured by EMP and La-ICP-MS. Each measure
corresponds to an average of 3 spots of 20µm for major elements and 1 spot of 100 µm for trace elements and REE to integrate
the composition in the partially crystallized matrix. Calcite melts appear enriched in CaO, FeO, MnO, MgO, BaO and REE
contents in comparison to the calcite. No fractionation appears between LREE and HREE. No tell a tale chemical signature
was found which would permit the identification of solidified partial melts. Nevertheless, the strong partitioning of elements into the melt phase might permit identification in cases where the melt was separated from the remaining calcite,
leaving depleted calcites behind.
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2.12
Experimental determination of Ra mineral/melt partitioning for leucite,
feldspars, and phlogopite and 226Ra-disequilibrium crystallisation ages of
leucite and feldspars
Fabbrizio Alessandro*, Schmidt Max W*, Günther Detlef**, Eikenberg Jost***
*Institute for Mineralogy and Petrology, Clausiustrasse 25, ETH Zürich, CH-8092 Zürich (alessandro.fabbrizio@erdw.ethz.ch)
**Laboratory for Inorganic Chemistry, ETH Zürich, CH-8093 Zürich
***Division for Radiation and Security, Paul Scherrer Institute, CH-5232 Villigen

Ra-230Th disequilibrium is frequently used to date magmatic processes such as magma residence times that occurred within the last 8000 years (e.g. Volpe & Hammond 1991; Volpe 1992; Reagan et al. 1992; Schaefer et al. 1993; Black et al. 1998;
Cooper et al. 2001; Cooper & Reid 2003). With the exception of Cooper and co-authors, in all other studies the chemical behaviour of Ra was approximated by that of Ba. This experimental study detemined DRa for the most common igneous minerals that host Ra (e.g., leucite, K-feldspar, plagioclase, phlogopite), to quantify the fractionation of Ra/Ba and thus, to correctly calculate mineral ages and isochrons from Ra-Ba-Th measurements. Each mineral was crystallised from different synthetic
starting materials in order to obtain crystals > 40 µm of the mineral of interest and crystal free melt pools > 200 µm of the
silicate liquid. Starting materials were doped adding few µl of 226Ra solution such that the lower Ra-concentration in a mineral/melt system was at least 1 ppm (detection limit of the LA-ICP-MS is ≈ 0.01 fg). The experiments were performed in an atmospheric furnace or in a piston cylinder apparatus at appropriate experimental conditions (P, T). For melt compositions in
the atmospheric furnace, FeO was replaced by CoO, thus circumventing the need for fiddling with oxygen fugacity. Our re226
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sults demonstrate that Ra is a compatible element in leucite, K-feldspar and phlogopite, whereas it is incompatible in plagioclase. In leucite, Onuma-type element partitioning parabola peak near Cs (and not the major cation K) for the alkalis and
near Ra for the earth alkalis. In phlogopite Ra is hosted in the interlayer site and has a cation radius close to the optimum
of this site, leading to high partition coefficients. In all cases DBa and DRa are significantly different, DRa/DBa ranging from
0.2-0.6 in the feldspars to 1.3 in phlogopite to 4.2 in leucite. The knowledge of DRa then  allows us to recalculate correct
crystal ages of various volcanic systems (e.g. Vesuvius, Mt St Helens, Mt Shasta, Nevado del Ruiz, Mt Erebus) obtaining a change from 2 to 10-fold in the ages derived  from minerals (leucite, plagioclase) in which the difference between DRa and DBa is
high.
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2.13
On mass fluxes and metasomatic processes above subducting slabs: An
experimental solubility and melting study of Enstatite + Quartz + H2O
Hack Alistair*, Ulmer Peter, Thompson Alan
Institute for Mineralogy and Petrology
ETH Zürich Clausiusstrasse 25, Zürich 8092, Switzerland
(Alistair.Hack@erdw.ethz.ch)

We have conducted diamond-trap type experiments to determine the solubility and melting behaviour in the poorly investigated silica-rich part of the MgO-SiO2-H2O (MSH) system to 700 to 1250 ˚C, 1 to 3.5 GPa. The results bear on the occurrence of
complete melt-fluid miscibility (or so-called supercriticality) and other general aspects of fluid-mediated mass transport in
metasomatic regions, for example: above subduction zones where slab dehydration fluids ascend and interact with overlying
mantle.
Our experimental results for the solubility of enstatite + quartz in water suggest that fluids related to subsolidus metasomatic assemblages which are intermediate to model crust (quartz) and mantle (forsterite + enstatite) remain distinctly silica-rich
(Si/Mg molar ratio from ≈5 to 15) with increasing P to > 3.5 GPa, and thus distinct from more dilute and higher Mg/Si fluids
associated with forsterite + enstatite at equivalent depth (related to P). We find Ens + Qtz solubility in H2O increases more
rapidly with increasing P (∂X/∂P) compared to Qtz in H2O; at 950 °C, ≈ 3 GPa the relative solubilities of Qtz and Qtz+Ens
crossover. This solubility behaviour suggests that in MSH, fluids moving from Qtz to Ens + Qtz saturation precipitate where
P < ≈ 3 GPa, whereas dissolution is predicted along a similar path at higher P.
The results suggest that metasomatic assemblages may be associated with enhanced solubility at certain conditions. This is
significant because lower time-integrated fluid fluxes are required where mass transport occurs at higher concentrations.
In subduction zones, for example, metasomatic processes may play a significant role in maximising transfer of slab components to melting regions in overlying wedge.

Additionally, solubility data provides information on solute-solvent interactions and a means to constrain relevant thermodynamic quantities. The differences between Qtz and Qtz+Ens assemblage solubility behaviour imply Mg interactions with
SiO2-H2O must modify solute polymerization mechanisms and are accompanied by a large volumetric effect: ∆rV° of Qtz =
SiO2(aq) is more negative in the presence of dissolved Ens (-1.4±0.5 J bar-1 mol-1) relative to pure H2O (-0.28 J bar-1 mol-1, Manning
1994). For dissolved Ens, ∆rV° (Ens = MgSiO3(aq)) = -0.8±0.3 J bar-1 mol-1.
Further experiments are being undertaken to constrain the conditions at which complete melt-fluid miscibility occurs in
silica-rich fluids. Such knowledge is of interest because supercritical fluids may have a water/silicate ratio comparable to
hydrous melts at high-temperature relative to the second critical point but have viscosity and probably density comparable
to more dilute subcritical fluids. Accordingly, supercritical fluids may migrate over longer length-scales compared with
melts and have a higher capacity to transfer dissolved chemical mass compared to aqueous fluids. Based on our and other
published experiments in MSH together with theoretical considerations, we expect the second critical endpoint on the enstatite + quartz wet solidus to occur at lower pressure than observed in forsterite-bearing assemblages but higher pressure
than for silica-water. By analogy this would imply that the temperature-depth range of melt-fluid supercriticality extends
significantly shallower and to lower temperature in intermediate/metasomatic compositions relative to peridotitic mantle.
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2.14
The Blueschists of the Deyader Complex, Makran, SE Iran – Petrography,
Geochemistry and Thermobarometry
Hunziker Daniela*
*Geological Institute, Structural Geology and Tectonics, Leonhardstrasse 19, CH-8092 Zurich (danielah@ethz.ch)

Plate tectonic processes concerning the evolution and recycling of lithosphere are some of the most discussed subjects in
earth sciences. Records of past subduction are found in blueschist and eclogites facies rocks, formed in a high pressure/low
temperature environment. Studying these metamorphic rocks opens the possibility to comprehend how thermo-mechanical
processes work in convergence zones at great depth. Blueschists in particular represent a record of vertical displacement at
plate boundaries and are witnesses of thermal regimes in subduction zones. Understanding their evolution is crucial for
understanding general global tectonic processes.
Despite of their unique setting in an active subduction, the blueschists within the metamorphic Deyader Complex in the
Makran, SE Iran, are scarcely studied. They occur as blocks of various sizes being thrust over low-grade metamorphic rocks.
Aim of this study is give an elaborate petrological and geochemical description of the blueschists, to identify the protolith
and reconstruct their P-T-path.  
During fieldwork in January 2008 a map and profile of the main blueschist outcrop at the Kuh-e Taftah has been produced.
Mineralogy of the collected samples confirmed conditions typical for blueschist facies: lawsonite, sodic and sodic-calcic amphiboles, rutile, sphene, aragonite, minor albite and quartz ± pumpellyite. Different textures reveal four protoliths: basalts,
gabbros, volcanoclastic sediments and sandstones. All basic blueschists have similar geochemistry, correlating well with
MORB, but additionally showing arc affinity. This feature is found in many ophiolites involved in Himalayan orogeny and
typical for oceanic crust evolved in a supra-subduction environment.
The metamorphic path of the Makran Blueschists reconstructed with PERPLE_X indicates burial along a cold gradient to
peak metamorphic conditions at 300 – 350°C and 10 – 12kbar, what equals to about 40km of subduction. This estimation
seems to be rather high regarding the mineralogy and phase relations. The geochemical results indicating formation in a
supra-subduction zone also raises questions. How could such a protolith be subducted? Additionally, PERPLEX calculations
suffer from weakness in the thermodynamic models for sodic amphiboles and lawsonite, which do not consider Fe3+ incorporation and therefore deliver unsatisfactory results for such rocks.
Whether the blueschists of the Makran were subducted during their evolution or formed in tectonic underplating processes
remains to be answered.
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2.15
Sr-Nd Isotopic Characteristics of Neogene volcanic rocks in Southeast of
Isfahan
Khodami Mahnaz *& Davoudian Ali Reza **
* Department of Geology, Islamic Azad, University, Mahallat Branch,Iran (mahnaz.khodami@gmail.com)
** Department of Natural Resources, Shahrekord University, Shahrekord, Iran

Neogene calc-alkaline volcanic rocks are exposed in southeast of Isfahan in the Urumieh Dokhtar magmatic belt in Central
Iran structural zone. These volcanic rocks have compositions ranging from basaltic andesites, andesites to dacites, which can
be find as lava flow and dome. Geochemical studies show these rocks are a medium to high K calc-alkaline suite and they
enriched from LILE and LREE in normalized multi-element patterns, and negative Nb, Ti, Ta and P. Condrite-normalized REE
patterns display a steep decrease from LREE to HREE without any Eu anomaly. These characteristics are consistent with ratios
obtained from subduction related volcanic rocks and in collision setting. Geochemical data show magma derived from a
heterogeneous source. Upper mantle lithosphere and lower crust are heterogeneous source but asthenosphere normally is
much more homogeneous(Seghedi, et al 2005). The mechanism of magma genesis is considered to be related to melting of
a heterogeneous source, which was enriched in incompatible elements situated at the upper continental lithospheric
mantle or lower crust. The geochemical characteristics of these volcanic rocks suggested that these volcanic rocks evolved
by magma-mixing contamination of a parental magma derived from metasomatized upper lithospheric mantle by partial
melting of the crust. These volcanic rocks carry a geochemical signature of continental crust through which they have
passed. These processes complicate distinguish of the source of parental. It is thought that dacitic rocks formed from a lower crustal source and have less interaction with mantle. The mantle lithospheric derived magma evolved to basaltic andesite
as result of mixing with crustal melts. The crustal melts were generated contemporaneously, with a direct influence of the
mantle melts on crustal melting generation. Sr and Nd isotopic compositions (Table 1) are plotted in Fig. 2 along with regions
of known calcalkaline affinity. The data suggest that rocks plot at lower 87Sr/86Sr and 143Nd/144Nd ratios, around the Bulk
Silicate Earth reservoir, compared with normal calc-alkaline samples, which are much more scattered (Rosu, et al 2004). The
oldest measured rock (740) has higher 87Sr/86Sr and lower 143Nd/144Nd (Fig. 2) The most important petrogenetic process involved
in magma generation in this area is probably variable degrees of partial melting of a heterogeneous source, which was isotopically depleted, but enriched in incompatible elements. The initial crustal contamination and insignificant fractional
crystallization processes is characteristic for an initial storage of the magmas in the crust.
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Table 1. Nd–Sr isotopic data for the volcanic rocks from southeast of Isfahan, Iran  

Sample
Dacite with xenocrysts
Andesite

Rb
59.1
68.7

Sr
596.8
1039

Nd
20.7
18.7

Sm
3.1
3.8

87Sr/86Sr
0.705991
0.704536

143Nd/144Nd
0.512578
0.512613

Dacite
Basaltic andesite

64
33.3

551.5
613.4

19.9
21.4

3.1
4.6

0.705598
0.706094

0.512601
0.512615
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Fig. 1. 87Sr/86Sr vs. 143Nd/144Nd variation of the magmatic rocks. Fields for Upper Crust (UC);  Bulk Silicate Earth (BSE), This symbole use for
sample in this figure:Basaltic andesite
Andesite , Dacite with xenocrysts
, Dacite   

2.16
Emplacement of the Torres del Paine mafic complex (Patagonia, Chile):
A progress report
Leuthold J.*, Müntener O.*, Baumgartner L.*, Putlitz B.*, Michel J.*, Chiaradia M.**
* Institute of Mineralogy and Geochemistry, Anthropole - UNIL, CH-1015 Lausanne, Switzerland (julien.leuthold@unil.ch)
** Department of Mineralogy, Rue des Maraîchers 13 – UNIGE, CH-1205 Geneva, Switzerland

The Torres del Paine pluton (Patagonia, Southern Chile) is a composite, upper crustal mafic and granitic intrusion that was
emplaced in the Miocene (Michel et al. 2008). It consists of a ≈400m thick, basal mafic complex (Paine Mafic Complex – PMC,
Michael 1991) and a younger granite complex at the top (1500m thick), which have been separated into 3 units based on field
data and U-Pb ages (Michel et al. 2008).
We distinguish a ‘feeder zone’ with subvertical contacts in the Western part of the pluton and a saucer-shaped laccolith in
the central and Eastern part with predominantly subhorizontal contacts. Field observations show that three different gabbros and two different diorites can be distinguished. The relative chronology of the mafic rocks is based on intrusive relationships. The earliest intrusions are layered olivine gabbros that are exclusively exposed in the ‘feeder zone’, cut by biotitehornblende (olivine-) melagabbros. The two latter ones form a large sill complex in the Central part of the PMC, where two
broadly similar and generally well-exposed sections of mafic rocks have been sampled (Castillo, and Aleta de Tiburon). The
lower one has brown hornblende crystallized prior to plagioclase and the upper one contains spectacular poikilitic hornblende. These mineralogical variations are reflected in the whole rock chemistry. The lower zone is generally poorer in K2O and
richer in CaO, consistent with hornblende accumulation and a higher hornblende/biotite ratio. The presence of remobilized
crystals, hornblende-rich clots, and decimetre-thick boudinaged sills of hornblendite indicates remobilisation of ferro-magnesian cumulates.

Symposium 2: Mineralogy-Petrology-Geochemistry

90
There are two different types of dioritic intrusives that are injected as sills into the gabbroic crystal mush at its level of
crystallization. These diorites have chemical similarities with the gabbro types. Intraplutonic contacts with gabbroic enclaves display cuspate-lobate textures and occasional chilled margins, testifying a multiple generation of mafic sills in the PMC.
Interstitial liquid is pooled on top of individual sills and intrudes overlying mafic units as 'microdiapirs'. We interpret these
fluid-saturated pegmatoid rocks as evolved residual melts expelled from the compacting dioritic and gabbroic rocks.
The youngest mafic rocks are included in a porphyritic granite that shows intrusive relationships to both the PMC and the
granites. They propagate along cracks cutting mafic and granitic rocks, and locally accumulate in decametric (about 40 x 40
x 5m) magma bodies. They contain up to 50% of mafic enclaves, settled preferentially in stagnant areas. Some of these dioritic enclaves display chilled margins indicating mafic magma injections in a magma reservoir beneath the current emplacement level of the Paine laccolith.
Preliminary radiogenic isotopes data suggest some crustal contamination for granitic rocks (87Sr/86Sr: 0.705, 143Nd/144Nd:
0.5126). Both granitic and mafic rocks (87Sr/86Sr: 0.704, 143Nd/144Nd: 0.5127) overlap the Patagonian batholith isotopic composition field (Hervé et al. 2007), indicating that the isotopic signature of the Torres del Paine pluton may be acquired in reservoirs where MASH-type processes dominate. The data for the Paine mafic rocks indicate multiple pulses from a contaminated
source.
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2.17
Metamorphic and deformation history of the Nufenen Pass and
Lukmanier Pass area
Madonna Claudio*, Schenker Filippo*, Reusser Eric* & Burg Jean-Pierre**
*Institut für Mineralogie und Petrographie, ETH Zürich, CH-8092 Zürich (madonnac@student.ethz.ch)
**Geologisches Institut, ETH Zürich, CH-8092 Zürich

Structural and metamorphic studies have been carried out on the areas of the Nufenen Pass and the Lukmanier Pass with
the aim of comparing the kinematics and metamorphic evolution of both regions. Both areas share similar lithological units
of Triassic and Jurassic age. The meta-marl to meta-pelitic rocks   represent para-autochthonous sediment units from the
proximal European basement. Detailed mapping of both areas has led to a new interpretation of the deformation history
along the Northern Penninic front.
The structures of the Nufenen Pass area generally strike NE-SW and are arranged in a subvertical position. Similar structures
are observed throughout the Nufenen- and Corno-Zone. Asymmetric folds, sigma clasts and mineral stretching lineations
consistently show the same top-to-north shear movement combined with a dextral strike-slip component. Therefore, the
Nufenen and the Corno zone form a large imbricate shear zone due to both, the Penninic overthrust and the subsequent
formation of the Lepontine dome. The estimated  P-T conditions along a N-S profile are discontinuous confirming the structural interpretation. They are in agreement with metamorphic conditions previously described by Klaper and BucherNurminen (1987) and Kamber (1993).
In the Lukmanier Pass area the general trend of the structures is similar to that of the Nufenen Pass area, except for the
mineral elongations which plunge to the N orthogonal to the fold axes. In contrast to the Nufenen Pass, the shear indicators
display a top-to-south movement  – demonstrated by S-C structures in the Gotthard basement – is localised in two major
backthrust systems. The southern backthrust generated large-scale drag folds: in the Mesozoic cover the antiform above
Acquacalda and in the Lucomagno massif the Chiera synform. The northern backthrust developed a thick-skin tectonics in
the meta-sediments. Thermodynamic modeling of the meta-pelitic rocks from Frodalera and Bronico reveal a maximum
temperature of 650° C and at a pressure of 0.8 GPa.

In the two regions investigated the shortening due to Alpine N-S compression was accommodated in two different ways: In
the Nufenen Pass area the shortening took place through a leading imbricate fan where the structures have been ramped up
in a sub-vertical position by the development of listric thrusts in the frontal part of the imbricate zone (Burg et al., 2002). In
the Lukmanier Pass area, however, the shortening was a consequence of a system of synchronous conjugate thrusts, in which
the vertical position of the units is due to the frontal thrust movement and the antithetic backthrusting.
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2.18
Cooling and crystallization of natrocarbonatitic lava flows: Reconciling
laboratory experiments with field observations
Mattsson Hannes B.*, Caricchi, L.*
*Institute for Mineralogy and Petrology, ETH Zurich (hannes.mattsson@erdw.ethz.ch)

Cooling and syn-emplacement crystallization of lava flows have a significant impact on the emplacement dynamics and also
on the resulting surface morphologies of the lava flows. In the summer of 2007 we sampled natrocarbonatitic lavas during
emplacement. Our samples comprise: (1) a lava lake feeding an aa-type lava flow, (2) the central part of the flow channel, and
(3) the distal flow front.
As experimental starting material we used rock-powders from the lava lake. The powders were placed in Ag70Pd30 crucibles
and heated well-above the natrocarbonatite liquidus (750°C) for 30 minutes to homogenize the starting material. The samples were subsequently cooled at different rates (ranging from instant quenching to slow cooling, e.g. 0.1°C/min). The textures
in the experimental samples were compared with natural lavas collected during field-campaigns in 2006 and 2007. Our experimental data clearly show that the crystallization of natrocarbonatitic lavas is an extremely rapid process. Although
gregoryite is the first mineral to start crystallizing at 1 atm, the growth of nyerereite laths is much faster. Even relatively
rapidly cooled experimental samples (>3 °C/min) produces textures that overlap with natural samples from Oldoinyo Lengai
in both the types of crystals formed but also in their overall size. Field observations suggests that many natrocarbonatitic
lava flows remain very fluidal over steep slopes (even at high crystal contents >60 vol.%), but at lesser slopes (lower strainrates) the crystals interact and as a result of this the viscosity increases dramatically. This may force the transition from
pahoehoe to aa-type flow morphologies in crystal-rich natrocarbonatitic lavas.
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2.19
Bubble- and crystal-size distributions in the emergent Capelas tuff cone,
São Miguel (Azores): insights into magma-ascent and fragmentation
Mattsson Hannes B.*, Solgevik, H.**
*Institute for Mineralogy and Petrology, ETH Zurich (hannes.mattsson@erdw.ethz.ch)
**Department of Geology and Geochemistry, Stockholm University

The late Holocene Capelas eruption started in a shallow marine environment off the north coast of São Miguel (Azores). As
the eruption progressed, a tuff cone grew to a subaerial setting connecting with the main island of São Miguel, and a scoria
cone formed inside the main crater of the tuff cone.
In this study, we sampled different depositional facies which were subject to combined analysis of the bubble- and crystalsize distributions. With a total of 13705 bubbles and 4719 plagioclase crystals analyzed, a clear pattern emerges. During the
eruption, the amount of plagioclase remain fairly constant (7±2 vol%) whereas the bubble content of the samples are much
more variable (varying from 51 to 8 vol%). Inititally, in the thick fall deposits at the base of the tuff cone, bubbles are abundant (average=39.9 vol%) and individual clasts show fluidal textures consistent with jetting or fire-fountaining type of activity. The later deposits show a decrease in the total amount of bubbles (average=26.8 vol% in fall deposits and 15.7 vol% in
surge-deposits) but also in the absolute size of individual bubbles.
Our textural data suggests that the Capelas magma was only briefly ponded in a crustal magma  chamber, allowing bubbles
to accumulate/coalesce near the top of the magmatic reservoir but not long enough to allow flotation of plagioclase laths to
occur (as indicated by the constant crystal content of the deposits). The first phase of the eruption drained the upper part of
this reservoir (by sustained jetting characterized by limited magma-water interaction). The decreasing amount, and size, of
the bubbles with time during the eruption can be interpreted as reflecting either (i) an increase of the decompression rate,
or (ii) a systematic deepening of the fragmentation level within the conduit. We favour the latter alternative as most basaltic
volcanic eruptions show a clear decrease in the eruption rate over time.

2.20
Petrology of the Lake Natron – Engaruka monogenetic volcanic field,
northern Tanzania
Nandedkar Rohit, Dr. Mattsson Hannes
Institute for Mineralogy and Petrology, Clausiusstrasse 25, CH-8092 Zurich (rohit@student.ethz.ch)

During fieldwork in 2006 a total of 97 monogenetic volcanic cones in the Lake Natron - Engaruka area in northern Tanzania
(East African Rift) were sampled. The main goal of the project is to: (i) characterize the geochemistry of the monogenetic
cones, and (ii) to see if there are any spatial and/or temporal changes in the erupted compositions. Here we present the results
of 60 analyzed cones.
All investigated rocks are silica-undersaturated, ranging in composition from primitive olivine melilitites, via nephelinites
to basanitic/basaltic compositions. Mg-numbers ranges from 77 to 20 (averaging 55), and roughly 10% of the 60 cones classify
as being peralkaline ((Na+K)/Al). Although there is some minor scatter in Mg# vs. SiO2, clear trends are present in major element variation diagrams going from the olivine melilitites to the basanitic compositions. The scatter, however, suggests that
fractional crystallization is not the dominant process involved in the forming of the magmas. Mantle xenoliths in volcanoclastic deposits give a clear indication that most of the magmas rose directly to the surface without ponding and evolving
in crustal magma chambers. Therefore these clear trends are suggested to originate out of the melting process. This is especially interesting considering that different compositions represent different degrees of melting as conclude out of REE
pattern. Melilititic rock suites, which are the most common, are considered of being produced at depth by partial melting
of a carbonated mantle source. Indication for such a mantle source possibly being present beneath the Lake Natron Engaruka area is found in the metasomatic veins that crosscut lherzolitic - dunitic xenoliths (found in 13 of the investigated
cones). These veins consist of amphibole, phlogopite, minor clinopyroxene and a carbonate phase. However, the exact origin
of this carbonate phase is unclear and requires further work.
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2.21
Adakite-like volcanism in Central Iranian magmatic belt,Isfahan,Iran
Noghreyan Moussa*, Khodami Mahnaz**& Davoudian Ali Reza***
* Department of Geology, Faculty of Sciences, Isfahan University, Isfahan, Iran
** Department of Geology, Islamic Azad University, Mahallat Branch,Iran (mahnaz.khodami@gmail.com)
*** Department of Natural Resources, Shahrekord University, Shahrekord, Iran

The Pliocene to Quaternary calc-alkaline volcanic rocks cover an area in 120 km southeast of Isfahan city. In the classification
of the structural units of Iran, this area is a part of Central Iranian magmatic belt or Urumieh-Dokhtar Magmatic Belt which
related to subduction between Iranian an Arabian plates. Evidences indicate that two plates contacted with each other in the
Oligocene–late Miocene and ended to the active subduction between Iranian and Arabian plates, but magmatic activity
didn't stop (Berberian and Berberian, 1981). The studied volcanic rocks are andesite, dacite and minor rhyodacite. The andesite rocks as lava flow contain abundant plagioclase, orthopyroxene, clinopyroxene and opaque oxides, which can be accompanied by amphibole and biotite. The dacites are constituted by plagioclase, orthopyroxene, amphibole, biotite, quartz and
opaque oxides. Geochemical studies show these rocks are a medium to high K calc-alkaline suite and meta-aluminous. These
rocks have Adakite-like characteristics. Adakites form suites of intermediate to felsic rocks with compositions ranging from
andesite to dacite and rhyolite. The models for generation of adakitic rocks include  partial melting of young, hot subducting
slab that extends down to the amphibolite–eclogite transition zone, partial melting of thickened mafic lower crust (Atherton
and Petford, 1993), partial melting of delaminated lower continental crust (Xu et al., 2006) and partial melting of underplated basaltic lower crust. Adakitic magmas are encountered in active continental margins and collision zones .These volcanic
rocks are characterized by SiO2 > 56 wt%, Al2O3 > 15 wt%, high Na2O contents (3.5 wt% ,<Na2O < 7.5 wt%),  low K2O/Na2O ratio
(≈0.42), high Sr content (>300 ppm), high LILE (>400–3000 ppm) and low HREE contents (Yb < 1.8 ppm, Y < 18 ppm) (Defant
and Drummond,1990; Martin, 1999). Primitive mantle normalized multi-element and chondrite-normalized rare earth element patterns in adakites display a characteristic positive Sr peaks and absence of significant Eu anomalies.
The studied volcanic rocks have SiO2 contents higher than  57wt%. The most rock also has a low content of compatible elements such as Ni (6-28ppm) and Cr (34-20.5ppm. Zr is in the range 92-175 ppm while Nb varies from 3.9 to 7.7 ppm. Large ion
lithophile elements (LILE), Rb, Ba, Th and especially Pb, show enrichment in these samples. LILE elements, Sr (381-1039 ppm)
Ba (446-1283ppm), Th (3.3-26ppm) and Rb (157-37.5 ppm) display a wide range of concentrations. Among the trace elements,
They show LILE and LREE enriched normalized multi-element patterns, and negative Nb, Ti, Ta and P. These characteristics
are consistent with ratios obtained from subduction related volcanic rocks and in collision setting. Chondrite-normalized
REE patterns, display a steep decrease from LREE to HREE without any Eu anomaly.
HREE and Y depleted pattern suggest the existence of garnet as a residue in the source. The enrichment of Sr and absence of
negative Eu anomalies indicate that the residual source was plagioclase free. The Nb and Ti are strongly depleted in the
studied samples, which suggest that the source also has residual Ti bearing phase and amphibole and thus was most probably garnet-amphibolite or amphibole-eclogite.Major, trace element and REE data indicate that these adakite-like rocks may
have been produced by partial melting of thickened lower continental crust.  It is expected that crustal thickening caused
by Arabian–Iranian continental collision. Partial melting resulting from thickened lower crust, with garnet ± amphibole as
the residual phase and loss of plagioclase in the source, could form  rocks that would have high Sr/Y, La/Yb ratios display
clear trends of fractional crystallization.
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Figure1.Geological map of the studied area (Simplified from the geological map of 1:100,000 Kajan)
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Age determinations of the Fitz Roy Plutonic Complex, Southern
Patagonia (Argentina)
Ramírez de Arellano Cristóbal*, Putlitz Benita*, Müntener Othmar*, Cosca Mike* **
*Institut de Minéralogie et Géochimie, Université de Lausanne. Batiment Anthropole CH-1015 Lausanne, Suisse (cristobal.ramirez@unil.ch)
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The Fitz Roy plutonic complex belongs to a chain of isolated Miocene plutons in Patagonia, Southern South America, located
in an “exotic” position between the active volcanic arc and the Patagonian plateau basalts, in the eastern side of the
Magallanes fold and thrust belt. Here, we present field observations, petrological and geochronological data to decipher the
igneous history of this complex.

The host rocks are composed of: Paleozoic metamorphic basement (Bahia de la Lancha Fm.), Jurassic rhyolitic-dacitic volcanosedimentary rocks (El Quemado Complex), sandstones (Springhill Fm.), lower Cretaceous dark shales (Rio Mayer Fm.), and a
surrounding mylonite (Mojón Rojo mylonite) in the South-Eastern part of the intrusive. The structure in the host rock consists of thrusts and strike-slip faults in Paleozoic and Jurassic rocks, folding in the shales and shearing in the mylonite. The
extent of contact metamorphism around the plutonic rocks is poorly constrained and is characterized by cordierite and
andalusite-bearing metapelites, calcsilicates and a garnet-bearing mylonite (Mojón Rojo mylonite).
Detailed field work allowed to distinguish four different plutonic units: (i) an ultramafic unit; (ii) a mafic unit (including
diorites and various gabbros); (iii) a tonalite unit, and (iv) granitoid rocks (granodiorite and granites). The ultramafic rocks
show brecciated contacts with tonalites and gabbros. The mafic unit is characterized by mingling textures and syn-magmatic
deformation and, locally, by igneous breccias and layered textures. Many of the mafic rocks show alteration (chl, ep, qtz, ser).
Some gabbros are deformed by ductile shear zones, consisting of a secondary mineralogy (amph, bt, fsp, qz). The tonalite is
fresh, contains abundant xenoliths of diorite and gabbro and exhibits a pervasive syn-magmatic foliation. The granitoids are
relatively fresh and clearly not deformed.
The Fitz Roy plutonic complex has been dated by whole rock K-Ar to 18 ± 3 Ma (Nullo et al. 1978). This age data do not permit
to correlate Fitz Roy magmatism to other regional events, neither to define the internal history of the complex. Here we
present preliminary results of new Ar-Ar step heating dating of Hbl and Bt that are consistent with the sequence of intrusions derived from the intrusive relationships. For the gabbro (Hbl) we obtain an isochron age of 19.3 ± 0.4 Ma. Hbl from a
tonalite sample gave an isochron age of 18.1 ± 0.5 Ma. One granodiorite sample gave plateau ages of 16.1 ± 0.1 Ma in Bt and
16.7 ± 0.1 Ma in Hbl. We interpret the Hbl age as being close to the crystallization age suggesting a cooling rate of 0.3°/ ky
for the granodiorite. This data suggest a difference of around 3 My between the gabbro intrusions and the granitic rocks. The
wide range of ages confirms our suggestion of a protracted magmatic history overlapping with deformation and metamorphic events (Ramírez de Arellano et al. 2007, 2008).
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2.23
A lot of andesitic rocks but no andesitic melts: the paradox
of arc magmatism.
Reubi Olivier*, Blundy Jon**,
* Institute of Isotope Geochemistry and Mineral Resources, ETH Zurich
(olivier.reubi@erdw.ethz.ch)
** Dpt. of Earth Sciences, University of Bristol, Bristol, UK

Andesites are widely considered as the typical product of subduction zone volcanism and are regarded as a major component
in the formation of continental crust. In reality, andesites are only the dominant rock type at mature continental volcanoes
and the textural complexity of many andesites suggests that magma mixing or mingling plays a key role in their petrogenesis. Theses observations question the abundance of true andesitic melts and raise doubts about the validity of petrogenetic
models based on bulk rock compositions. We shade new light on this controversy and present an alternative view of arc
magmatism based on a compilation of melt inclusions for arc magma.
Melt inclusions in arc magmas show a bimodal basaltic andesite - high-silica dacite/rhyolite distribution with few compositions in the range 58 to 66 wt% SiO2. Detailed studies of several arc volcanoes indicate that this compositional gap is neither
a sampling artefact nor a bias in the melt inclusion record. Comparison of melt inclusions with liquid lines of descent produced experimentally by crystallization of hydrous basaltic melts over a range of crustal pressures demonstrates that fractionation of mafic magmas reproduces accurately the range of melt inclusions compositions. On the other hand, comparison
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of experimentally produced melts with arc bulk rock compositions show a clear mismatch in the range 58 to 66 wt% SiO2,
corroborating the gap recorded by the melt inclusions and suggesting that andesitic bulk compositions are indeed not representative of melts. Volatiles (H2O, CO2) contents in melt inclusions record volatile-saturated conditions at pressure <5
Kbar, implying formation in the upper crust, and indicate that volatile-saturated crystallization produces limited melt differentiation (<10 wt% SiO2). The melt inclusion record shows that melt compositional diversity is produced by differentiation
of basaltic melts in the lower crust, but that melts crystallizing in the upper crust are bimodal with few intermediate compositions. We suggest that this compositional gap is related to the shallow temperature-composition slope of the liquidus for
andesitic compositions, precluding the widespread extraction of these melts from the deep crust. Consequently melts rising
to the upper crust, where they reach volatile saturation, crystallize, and assemble to form subvolcanic magmatic reservoirs
or plutons, are essentially bimodal, as recorded by the melt inclusions. The abundance of andesitic rocks does not characterize a primary genetic feature of arc magmatism, but instead reflects effective mingling or mixing in subvolcanic reservoirs
of mature continental arc volcanoes. Accordingly, the role of upper crustal magmatic systems needs to be reconsidered as
sites of homogenization rather than differentiation.

2.24
Natrocarbonatitic tephrafall from the explosive eruption of Oldoinyo
Lengai in September 2007
Reusser Eric* & Mattsson Hannes*
*Institut für Mineralogie und Petrographie, ETH Zürich, CH-8092 Zürich (reusser@erdw.ethz.ch)

An explosive eruption started at Oldoinyo Lengai in early September 2007 and fresh ashfall from the plume was sampled in,
and around, the Engaresero village (≈18 km N of the volcano) three days after the onset of the eruption. Closer inspection of
the samples show that the composition of the first erupting magma, i.e. September 7th, was natrocarbonatitic, similar to
that commonly reported for the near-continuous effusive volcanism that has been characteristic for Oldoinyo Lengai.
The ashfall is very well-sorted and individual particles display fluidal droplet-shapes containing few vesicles, reflecting the
extremely low viscosity of the natrocarbonatitic melt. Accidental lithic fragments consisting of quartz and/or quartz-biotiteplagioclase assemblages are common in the deposits. These lithic fragments have angular shapes and are frequently coated
by the natrocarbonatitic melt, suggesting that they were entrained at depth by the ascending magma. The chemical composition of the main phenocryst phases, nyerereite and gregoryite, overlap with previously published analyses (Zaitsev & Keller,
2006). However, it is possible to distinguish two separate populations of both minerals based on the Sr-content, i.e. high and
low Sr-varieties.
The natrocarbonatitic ash-droplets and lithic fragments are frequently coated with an array of different microscopic mineral
phases (fluorite, halite, sylvite, neighborite, sellaite, apatite, etc.). Many of these adhering minerals probably formed as a
result of scavenging of volatile phases present in the eruption column. Fluorine is considerably enriched in the adhering
minerals compared to the droplets. Although natrocarbonatites are water-soluble, XRD-analyses show that the extent of
subsolidus alteration of the ash is minimal despite the fine-grained character of the ash and transport in a convecting eruption column.
This initial explosive phase of natrocarbonatitic composition was short-lived and later reports suggest that the composition
of the erupted magma had shifted to a hybrid formed by the assimilation of natrocarbonatite by a nephelinitic magma by
September 24th (Mitchell & Dawson, 2007).
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2.25
Advantages of using TEM when analysing asbestos in ambient air
Catheline Reymond*, Laurie Leuthold-Favre*, Antonio Mucciolo**, Michel Bonin***
*
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*** Departement für Chemie und Biochemie, Universität Bern, Freiestrasse 3, CH-3012 Bern

Asbestos is an industrial term to describe some fibrous silicate minerals, which belong to the amphiboles or serpentines
group. Six minerals are defined as asbestos including: chrysotile (white asbestos), amosite (grunerite, brown asbestos), crocidolite (riebeckite, blue asbestos), anthophyllite, tremolite and actonolite, but only in their fibrous form. In 1973, the IARC
(International Agency for Research on Cancer) classified the asbestos minerals as carcinogenic substances (IARC,1973).
The Swiss threshold limit (VME) is 0.01 fibre/ml (SUVA, 2007). Asbestos in Switzerland has been prohibited since 1990, but
this doesn't mean we are over asbestos. Up to 20’000 tonnes/year of asbestos was imported between the end of WWII and 1990.
Today, all this asbestos is still present in buildings renovated or built during that period of time. During restorations, asbestos fibres can be emitted into the air. The quantification of the emission has to be evaluated accurately. To define the exact
risk on workers or on the population is quite hard, as many factors must be considered.
The methods to detect asbestos in the air or in materials are still being discussed today. Even though the EPA 600 method
(EPA, 1993) has proved itself for the analysis of bulk materials, the method for air analysis is more problematic. In Switzerland,
the recommended method is VDI 3492 using a scanning electron microscopy (SEM), but we have encountered many identifications problems with this method. For instance, overloaded filters or long-term exposed filters cannot be analysed.
This is why the Institute for Work and Health (IST) has adapted the ISO10312 method: ambient air – determination of asbestos fibres – direct-transfer transmission electron microscopy (TEM) method (ISO, 1995). Quality controls have already be
done at a French institute (INRS), which validate our practical experiences. The direct-transfer from MEC’s filters on TEM’s
supports (grids) is a delicate part of the preparation for analysis and requires a lot of trials in the laboratory. IST managed to
do proper grid preparations after about two years of development.
In addition to the preparation of samples, the micro-analysis (EDX), the micro-diffraction and the morphologic analysis (figure 1.a-c) are also to be mastered. Theses are the three elements, which prove the different features of asbestos identification. The SEM isn't able to associate those three analyses.
The TEM is also able to make the difference between artificial and natural fibres that have very similar chemical compositions as well as differentiate types of asbestos.
Finally the experiments concluded by IST show that TEM is the best method to quantify and identify asbestos in the air.
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Figure 1. Pictures from TEM (morphology (a), micro-diffraction (b) and EDS (c)) of an amosite fibre

2.26
Textural, chemical and microstructural records during snowball garnets
growth
Robyr Martin*, Carlson William**, Passchier Cees*** & Vonlanthen Pierre****
*Institute of Geological Sciences, University of Bern, CH-3012 Bern, (martin.robyr@univie.ac.at)
** Geol Science Dept, the University of Texas at Austin, Austin, TX 78712-0254
***Institut für Geowissenschaften, Johannes Gutenberg Universität, 55099 Mainz
****Institute of Geology and Palaeontology, University of Lausanne, CH-1015 Lausanne

The growth history of two populations of snowball garnets from the Lukmanier Pass area (central Swiss Alps) was examined
through a detailed analysis of chemical zoning, crystallographic orientation and 3D geometry. The first population was
collected in the hinge of a chevron-type fold and shows an apparent rotation of 360˚. Microstructural and chemical data
reveal a modification of the stress field regime during garnet growth occuring after 270˚ of relative rotation and for XMn =
0.009. Crenulated inclusion trails indicate that the last 90˚ of the spiral curvature was formed under a non-rotational regime
associated with flexural folding. Electron Backscattered diffraction (EBSD) maps reveal a crystallographic central domain

EBSD data also indicate that the central domain displays a crystallographic orientation characterized by a [001] pole oriented
sub-parallel to the symmetry axis of the garnet. Moreover, in most crystallographic sectors, one of the two other [100] poles
is (sub)parallel to the orientation of the internal foliation. This feature suggests that the crystallographic orientation across
the garnet spiral is not random and that a relation between symmetry axis, internal foliation and crystallographic orientation does exist. Several arguments indicate that EBSD data can represent an indicator of the modification of the growth regime during the formation of the snowball garnet. In this view, EBSD data can potentially be used to distinguish between
the rotational and non-rotational models.

2.27
Alkaline mantle melts in the southern Alpine lower crust mark the initiation of late Triassic rifting
Schaltegger Urs*, Antognini Marco**, Girlanda Fabio***, Wiechert Uwe**** & Müntener Othmar*****
*Section des Sciences de la Terre, Université de Genève, rue des Maraîchers 13, 1205 Genève
**Museo Cantonale di Storia Naturale, Via Carlo Cattaneo 4, 6900 Lugano
***Cesura, 6653 Verscio
****Fachbereich Geowissenschaften, Freie Universität Berlin, Malteserstrasse 74-100, D-12249 Berlin
*****5Institut de Minéralogie et Géochimie, Université de Lausanne, l’Anthropôle, 1015 Lausanne

Introduction: The mafic-ultramafic Finero complex is situated at the eastern end of the Ivrea Zone in the Centovalli (CH) and
Valle Vigezzo (I), and consists of (partially serpentinized) peridotite, pyroxenites and layered gabbros. The body was incorporated into the lower crust and metamorphosed under granulite facies during Paleozoic orogenic processes, and has been
intensively metasomatized after its emplacement. The age of the Paleozoic metamorphism is controversial, as large age variations between 300 and 210 Ma are recorded by zircon populations of mafic and differentiated igneous, and metamorphic
rocks. A considerable number of late Triassic ages suggest that the lower crust has been overprinted by an important thermal
event at around 220-210 Ma: Sm-Nd mineral ages from the internal gabbro of the Finero complex yield ages of 230-210 Ma (Lu
et al. 1997). Zircons from alkaline pegmatoid lenses around the Finero complex yield U-Pb ages of 225 ± 13 Ma (Stähle et al.
1990) and 212.5 ± 0.5 Ma (Oppizzi and Schaltegger 1999). A similar U-Pb age of 207.9 +1.7/-1.3 Ma was reported from anhedral
zircon in chromitite layers of the Finero peridotite (Grieco et al. 2001). These data coincide with results from zircon and
monazite bearing, granulite facies metasediments in the Ivrea zone: Secondary Ionprobe mass spectrometry (SIMS) analyses
show scattering results in granulite-facies zircons down to ≈220 Ma (Vavra et al. 1996, 1999), ages that are close to newly
formed monazite at ≈210 Ma in the same rocks (Vavra and Schaltegger 1999).
New alkaline pegmatites have recently been described at the eastern termination of the Finero complex. Girlanda et al. (2007)
and Weiss et al. (2007) reported the occurrence of large zircon crystals occurring in a nepheline-albite-pegmatite. At the
meeting we present new U-Pb age determinations of one of these zircons, review previous data and draw preliminary geodynamic interpretations for these late Triassic alkaline pegmatites.
Age and source of magmatism: Two pegmatites have been dated, both having sinuous, irregular contacts towards the peridotite. They consist of nepheline, albite, biotite, zircon, apatite and a large number of accessory minerals (Weiss et al. 2007).
A gem-quality zircon has been fragmented from the lower pegmatite nr. 1 (see Weiss et al. 2007) and yielded a mean 206Pb/238U
age of 212.5 ± 0.5 Ma (Oppizzi & Schaltegger 1999). Five fragments of one large zircon have been analyzed from the upper
pegmatite nr. 2 and yield 206Pb/238U ages between 207.5 and 209.5 Ma, pointing to long-lived or episodic zircon growth, already indicated by very variable morphology and REE patterns. This age is younger than the emplacement of pegmatite nr. 1
but closely fits the age of metasomatic zircon-bearing chromite layers in the Finero Peridotite (Grieco et al. 2001). The mineralogical, geochemical and isotopic data suggest that the pegmatites represent differentiated products of low-degree partial
melts from enriched subcontinental mantle, preferentially enriched in Na (and K), and possibly saturated in volatiles.
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exhibiting 270˚ of relative rotation and distinct smaller crystallographic domains at the end of the spirals. A second population collected on the limb of the folds exhibits a spiral geometry that does not exceed 270˚. Here, the garnet microstructures do not record any evidence for a modification of the stress field regime during garnet growth, and a single crystallographic orientation is observed for the whole spiral. Local geological data and microstructural elements tend toward a simultaneous growth and rotation for the core region of the snowball garnet, whereas subsequent garnet growth occurs under a
non rotational regime. The similarity in geometry between the central sector domains and the geometry acquired by the
snowball garnets under the rotational regime strongly suggests that as long as the growth is accompanied by rotation, the
primary core orientation is preserved, but once the rotation stops the crystallographic orientation may change.
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Geodynamic interpretation: The ages around 210 Ma coincide with the beginning of crustal thinning and rifting of the
Europe-Adria continent at the locus of the future Piemont ocean. The extensional processes led to low degrees of decompressional melting of the subcontinental mantle, which produced the alkali-rich pegmatoids. The advection of heat caused
overprinting of isotopic systems in many different mineral phases in the lower crust (granulite-facies rocks of the Ivrea zone),
such as zircon and monazite. Published biotite K-Ar ages range down to 180 Ma (e.g. Hunziker 1974), indicating cooling to
≈300°C during extension-related exhumation of the lower crust. The Ivrea Zone may therefeore not be the ideal place to
study the behaviour of isotopic systems during granulite facies, since many of those are overprinted and disturbed by late
Triassic heat advection during the first stages of rifting following the continental breakup of the European and Adriatic
plates.
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Shocked quartz in Ticino, and beyond
Franz Schenker
SCHENKER KORNER + PARTNER GmbH Geologische Beratung Büttenenhalde 42 6006 Luzern (franz.schenker@fsgeolog.ch)

The Breccia of Arzo (Wiedenmayer 1963) consists mainly of brecciated clasts. Such “breccia within breccia” may be formed
by “normal” geological mechanisms such as neptunic dykes, dilatation tectonics or volcanic activities. Today, polymict lithic
breccia additionally are considered as one of many clues to recognize terrestrial impact structures (e.g. Masaitis 2005).
Definite evidence for shock deformation is, among other, the incidence of planar deformation features (PDFs) in quartz
(French 1998). Because our samples from the Breccia of Arzo did not contain any quartz, some quartz bearing formations
from Ticino were sampled with regard to find shock-produced features in minerals and rocks.
The Bernardo Gneiss (Reinhard 1953) shows intense fracturing and PDFs in quartz (Figure 1). Further indication of shock
metamorphism are coarse flakes of mica (biotite and muscovite) with kink-bands, and glassy spots in feldspars (?maskelynite)
and within or at the border of quartz (?diaplectic quartz glass).
PDFs in quartz occur in the Upper Carboniferous Manno Conglomerate, and in the porphyries and granophyres of the
Luganese, too (Figure 2). Petrography, geochemistry and spatial occurrence of the “Porfido Luganese” (Buletti 1985) show
exiting similarities with impact melt sheets from Sudbury and other impact structures (Therriault et. al. 2002). Years ago,
Ernst Niggli pointed to the chemical and mineralogical disaccord between common volcanic rocks and the Porfido Luganese
(Niggli 1953).

The Bernardo-Gneiss is an element of the cataclastic Gneiss chiari, which Reinhard (1953) considered to form a thin (500 1000 m), but large (100 km, Borgosesia – Pizzo del Diavolo) Variscian nappe on top of the crystalline basement and his metasediments, what remained difficult to explain with modern tectonic models (Schumacher et al. 1997). With its widespread
occurrence of shocked quartz, the Gneiss chiari can be interpreted now as cataclastic target rock representing the
(par)autothochthonuous floor of an impact crater. Because of the extensiveness of the “nappe”, the effects of the impact
must have been significant. Further hints of a huge structure give additional occurrences of shocked quartz beyond the
Southern Alps, as the “Maranerbreccie” of Arosa (Cadisch 1953) or the “Saluverbreccie” near St. Moritz (Finger 1978). Like the
Breccia of Arzo, these formations seem to coincide with processes at the Triassic-Jurassic Boundary.
Due to the Alpine orogenesis and the accompanying alteration and sedimentation, no circular or elliptical impact crater
structure has survived. But probabely, the several kilometres of siliceous limestones in the Monte Generoso and Monte Nudo
basins (Bernoulli 1964) represent a relic of impact-related debris filling depressions of the TrJ-boundary impact structure.

Figure 1. Bernardo-Gneiss from Orlino; Quartz with subparallel planar fractures and with small, high-relief
crystals of ?coesite, plane-polarized light, width of picture
is 0.3 mm

Figure 2. Porfido Luganese from Carona, quartz grain
with PDFs in a granophyric matrix,
cross-polarized light, width of picture is 0.6 mm
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2.29
Comparing carbon and sulfur isotopes in ophiolites and active peridotitehosted hydrothermal systems
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** Geologisches Institut, Universitätstrasse 16, CH-8092 Zürich

At slow and ultraslow mid-oceanic ridges extensional processes and crustal thinning lead to the exposure of ultramafic rocks
on the ocean floor resulting in serpentinization and precipitation of carbonate in open fractures. Serpentini-zation plays a
major role in the global marine bio-geochemical cycle and accounts for an important part of the exchange of sulfur and
carbon between seawater and the oceanic crust. The opaque mineral assemblage and the sulfur and carbon isotopic composition strongly depend on fluid flux and redox conditions prevailing during serpentinization of the peridotites. Furthermore,
the unique conditions prevailing in these systems supports a microbial community with sulfate-reducing, sulfur-oxidizing
and methane-oxidizing bacteria leading to characteristic enrichments and depletions of the sulfur and carbon isotopes.
The Lost City Hydrothermal Field (LCHF) is as yet the only known example of an active, low temperature (T = <40°C to 90°C),
high pH (9 to 11) system driven by serpentinization processes. Its serpentinite basement, cut by a network of calcite veins, is
remarkably similar to ophicalcites found in ophiolite sequences on continents. Ophicalcites can therefore be considered the
ancient analogues of peridotite-hosted hydrothermal systems like the LCHF. Here we present a carbon and sulfur geochemical study that compares Lost City with ancient systems preserved in drill cores of the Iberian margin (ODP Leg 149) and
ophicalcites from Liguria (northern Apennines, Italy). Petrographic studies and analyses of sulfur, carbon and oxygen isotopes, as well as carbon and sulfur contents have been conducted on serpentinized peridotites and calcite veins to better understand physical and chemical conditions during serpentinization and to determine the origin and speciation of carbon
and sulfur, and possible links to microbial activity in these systems.
Petrographic examination revealed the occurrence of sulfides such as pyrite, pyrrhotite, millerite and pentlandite in the
samples from Liguria, which is similar to observations of Alt and Shanks (1998) and indicate reducing conditions during
serpentinization. Sulfur-contents are in general low, compared to those measured in samples from Leg 149 (Alt & Shanks
1998).
Carbon analyses indicate that samples from Leg 149 show distinct changes with depth: total carbon contents (TC) are dominated by carbonate at the top of the serpentinite unit and strongly decrease with depth. This change corresponds to a shift
from more positive δ13CTC values to strongly negative values downhole. This trend, together with δ13C of total inorganic carbon (TIC) indicates a decrease in seawater penetration and marine carbonate precipitation with depth. However, oxygen
isotope temperature calculations show no distinct trends with depth, with relatively constant carbonate precipitation temperatures of <20°C. Interestingly, carbonates in the Ligurian ophicalcites show similar marine carbon isotope values but have
δ18O values that vary according to vein generation and vein type, and which record temperatures of carbonate precipitation
similar to serpentinization temperatures (150°C) at the Iberian margin. Total organic carbon (TOC), calculated from TC and
TIC, are up to >4000 ppm in the Iberian Margin serpentinites and are considerably lower in the Ligurian ophicalcites (up to
250 ppm). Values of δ13CTOC from both localities generally lie within a narrow range of -28 to -24‰, suggesting the presence
of organic matter. The range in carbon compositions and a dominance of depleted carbon isotope compositions is similar to
trends in serpentinites from Lost City (Delacour 2007) and indicates that organic carbon is an important component of the
carbon budget in marine serpentinites, regardless of the tectonic setting.
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Petrogenesis of post-collisional granitoid of Ghaleh-Dezh, NW Azna,
Sanandaj-Sirjan zone, Iran: Nd–Sr isotope evidence
Shabanian Nahid*, Davoudian Ali Reza** & Khalili Mahmoud*
* Department of Geology, Faculty of Sciences, Isfahan University, Isfahan, Iran (nahid.shabanian@gmail.com)
** Department of Natural Resources, Shahrekord University, Shahrekord, Iran

The Gahleh-Dezh pluton occurs as an elongated exposure in the northwest of Azna city. The study area is located in the west
of Iran, 400 Km west of Tehran and 15 km northeast of the Main Zagros Reverse fault. The Main Zagros reverse fault at the
northeastern limit of the High Zagros is the suture between the colliding plates of central Iran and the Arabian passive
continental margin (Berberian 1995). In the studied area, Ghaleh-Dezh granitoid has juxtaposited the predominantly metamorphic rocks of both sedimentary and magmatic origins. No contact metamorphism has been observed in the vicinity of
the granitoid.
The pluton is essentially composed of biotite granite, and has no compositional zoning. The dominant facies is a grey color,
foliated biotite granite with white augen of feldspar. The granite consists of quartz, alkali feldspar (mostly as perthite), plagioclase, biotite and white mica (muscovite and phengitic muscovite). Plagioclase is albite and usually sericitized. Alkali
feldspar is also locally sericitized. Biotite is locally altered to chlorite. Accessory phases in the granitoid include tourmaline,
zircon, epidote, allanite, apatite, and magnetite. aggregates of white-mica, biotite, quartz and feldspar is wrapped (Shabanian
et al. 2008).
Quartz grains show evidence of crystal–plastic deformation. The microstructures observed in quartz include ribbons, subgrains and dynamic recrystallization to very fine-grained quartz. Elongated, preferably oriented, newly recrystallized quartz
aggregates suggest dynamic recrystallization. Most of the white-mica and biotite in these rocks show preferred orientation
parallel to the main foliation of the rock and sub-parallel or parallel to the margins of the quartz ribbons.
Based on collected geochemical data, the granites have a pronounced A-type affinity: they are mostly metaluminous with
high concentrations of Na2O+K2O, Rb, HFSE, REE (except Eu), high K2O/Na2O and Fe/ (Fe+Mg) ratios, and very low concentrations of MgO, CaO, P2O5, and Sr contents (Fig. 1). Moreover, the granites plot in the range of post-collision granites and belong
to the A2-type (Eby 1992). The decreasing concentrations of Al2O3, TiO2, Zr, Sr, Ba and, maybe Ga with increasing SiO2 may be
related to fractional crystallization of mainly biotite, K-feldspar, plagioclase, titanite and zircon.
We have collected Sr and Nd isotopic data for the mylonitic granite (Table 1). Based on these data and on Rb/Sr ratios, an
approximate age of 278 Ma was calculated with initial Sr and Nd isotopic compositions for three samples ranging from
0.70791-0.7123 and 0.51228-0.51229, respectively. These Sr isotopic compositions would be very high for a mantle source and
the Nd isotopic compositions would be very low - even for a source metasomatized long ago. The geochemical data (major
and trace elements, and Sr and Nd isotopic ratios) indicate mantle-derived magma that underwent assimilation - fractional
crystallization process within the crust.

Table 1. Nd–Sr isotopic data for the Ghaleh-Dezh granitoid from Sanandaj-Sirjan zone, Iran  
87
87
147
Sample no. Rb
Sr
Rb/86Sr
Sr/86Sr
Sm
Nd
Sm/144Nd
N1-2
134.1
104.8
3.699266
0.724650
17.4
91.3 0.174336
N1-4
202.9
53
11.067621
0.756381
12.33
61
0.180477
N4-2
192.3
53.6
10.372002
0.749149
13.05
73.8 0.167026

Nd/144Nd
0.512491
0.512506
0.512487
143
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Figure 1. 10000*Ga/Al vs Nb, Ce, Y and Zr in the Ghaleh-Dezh granitoid suggesting their mainly A-type granite character.

2.31
Trace Elements in Miocene Subbituminous Coals from the Swiss Molasse
Basin with Special Attention to Uranium and its Mode of Occurrence
Studer Anja*, Kündig Rainer*, Schenker Franz**, Surbeck Heinz***
*Schweizerische Geotechnische Kommission, Universitätstrasse 6, CH-8092 Zürich (studera@student.ethz.ch)
**Geologische Beratung Schenker Korner & Partner GmbH, Büttenenhalde 42, CH-6006 Luzern (franz.schenker@fsgeolog.ch)
***Centre d’Hydrogéologie, Université de Neuchâtel, Rue Emile-Argand 11, CH-2009 Neuchâtel (heinz.surbeck@unine.ch)

Two Miocene subbituminous coals from the Swiss Molasse Basin have been investigated with the goal, to increase the knowledge and data about coals in Switzerland and especially to systematically analyse their trace element composition.
Investigations of the consituents of the Riedhof and Mühlebach coals (located in the cantons of Zürich and Zug, respectively)
revealed their deposition in a subaquatic environment. Evidences were found which indicate on the one hand repeated
flooding of the area of coal formation and on the other hand the desiccation of the same area. This environment corresponds well with the continental conditions of the Miocene. By means of coal rank analysis the Riedhof coal could be classified as a subbituminous coal (C to B), while the Mühlebach coal either as a subbituminous coal A or a high volatile bituminous coal C. However, from a petrographical point of view, both coals would be classified as a hard coal, i.e. a “Steinkohle”
in the German nomenclature.
Mineral impurities of the coals comprise quartz, framboidal pyrite, sheet silicates, clay minerals, calcite, aragonite as well as
felspars in the Mühlebach coal and secondary sulfates in the Riedhof coal. Elemental analysis (XRF) show a distinct (one to
two order of magnitudes) enrichment of the Riedhof coal in Ag, Ta, Sb and Cd compared to typical Swiss coals (measured by
Hügi et al. 1993) and in U, Sb and Ta compared to world-wide coals (data compiled by Swaine 1990). The Mühlebach coal is

XRF measurements together with autoradiographies of polished whole-coal samples indicate that the uranium enrichment
is limited to the coal. In the hand specimen, the uranium is distributed heterogeneously and occurs mostly within black,
shiny coal layers while only minor amounts are contained within (secondary?) pyrite grains. Based on these data, and in
combination with the fact that no uranium-minerals have been detected by XRD analyses, an organic mode of occurrence of
uranium in coal is suggested. However, an inorganic mode of occurrence of U in coal cannot be excluded due to the possible
presence of ultrafine mineral particles intergrown with the organic matter.
The enrichment of uranium occurs in the peat stadium, where it is introduced into the coal swamp as a U-complex in solution. The binding to the coal takes place either by ion-exchange mechanisms, where an uranyl ion is bond to carboxyl-groups,
or by the precipitation of inorganic U(IV) species in the reducing environment during coalification (von Borstel 1984).
Radon gas measurements in the coal mine galleries revealed activities around 8'000 to 14'000 Bq/m3 for the Riedhof mine
and around 4'000 to 5'000 Bq/m3 for the Mühlebach mine.
Water measurements in the Riedhof mine showed increased activities of the radionuclides 238U, 234U and 222Rn together with
a low  226Ra activity; however, all these values are below the Swiss limits for drinking water.

Figure 1: Photograph and autoradiography of the Mühlebach coal. Magnified areas show cracks within the coal containing radioactive pyrite grains. The arrow indicates the younging direction of the sample.  
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clearly enriched in Ag, Sb, Ta and Cd compared to typical Swiss coals and in U, Mo and Ta compared to world-wide coals.
Several other elements such as Hf, Pb, Mo, Cu, As, Ga and Ce show a minor enrichment within the two coals.
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2.32
Physical volcanology of the Lake Natron-Engaruka monogenetic field,
Tanzania
Tripoli Barbara* & Mattsson Hannes*
*Institut für Mineralogie und Petrographie, ETH Zürich, CH-8092 Zürich (btripoli@student.ethz.ch)

The Lake Natron-Engaruka monogenetic volcanic field is located between the Ketumbeine, Gelai, Kerimasi and Oldoinyo
Lengai volcanoes in northern Tanzania (East African Rift System). The field comprises more than 100 monogenetic cones of
Quaternary age. Dry magmatic eruptions forming scoria cones are dominating (72%), whereas only 28% of the cones are
generated by phreatomagmatic activity (forming tuff cones, tuff rings and maars). The spatial distribution of the phreatomagmatic cones does not correlate with any visible faults or a larger extent of a proto-Lake Natron, thus the source of the
external water required to produce these features in a semi-arid climate remain unclear.
In several locations the scoria cones form partially agglutinated deposits consistent with ballistic emplacement of hot magma near the vent (Strombolian-type activity). More explosive basaltic eruptions are recognized by well-stratified, laterally
continuous, grain-supported deposits which are generally well-sorted. This suggests near-continuous deposition of clasts
from a sustained eruption column. Inversely graded layers surrounded by thin layers of fine lapilli are common and are interpreted to be grain flows accumulated on steep slopes. In at least two locations eruptions have occurred along fissures
forming cone-rows. Only 10% of the scoria cones produced lava flows, most of which have a very small volume.
The phreatomagmatic deposits are generally fine-grained and display no direct evidences of wet volcanism other than adhesion of the ash fraction to larger grain-sizes and absence of well developed grain-segregation. During fieldwork only one
single accretionary lapillus was found in these deposits. Moreover, plastic deformation of bedding-layers under ballistic impacts is rarely observed, attesting to the relatively dry nature of these phreatomagmatic eruptions.
Mantle xenoliths are found in 13 cones in the area, all of which are phreatomagmatic with a single exception (the Pello Hill
scoria cone). This suggests that the magmas involved in the formation of tuff-rings and maars rose quickly to the surface and
did not experience extensive fractionation and degassing in crustal magma chambers prior to the eruptions.

2.33
Reaction between tholeiitic melt and residual peridotite in the
uppermost mantle: An experimental study at 0.8 GPa
Greg Van den Bleeken*, Othmar Müntener**, Peter Ulmer***
* Institute of Geological Sciences, University of Bern, Switzerland (greg.vandenbleeken@geo.unibe.ch)
** Institute of Mineralogy and Geochemistry, University of Lausanne, Switzerland (othmar.muntener@unil.ch)
*** Institute for Mineralogy and Petrology, ETH Zürich, Switzerland (peter.ulmer@erdw.ethz.ch)

Melt-rock reaction in the upper mantle is known from a variety of ultramafic rocks and is an important process in modifying
melt composition on its way from the source to the surface. Evidence for depletion or enrichment by melt percolation is
found in ophiolites, mantle xenoliths, and mantle sections exposed along MOR’s. It includes disequilibrium textures,
changes in major-to-trace element compositions and isotopic ratios.
In order to simulate melt-peridotite reaction processes, we perform nominally dry piston cylinder experiments with a 3-layered setup: a bottom layer composed of vitreous carbon spheres (serving as a melt trap) overlain by a peridotite layer and
on top a “melt layer” corresponding to a primitive MORB composition. The peridotite layer is mixed from pure separates of
orthopyroxene, clinopyroxene and spinel (Balmuccia peridotite), and San Carlos olivine. Two tholeiitic melt compositions
with compositions in equilibrium with lherzolitic (ol, opx, cpx) and harzburgitic (ol, opx) residues after partial melting of
KLB-1 at 1.5GPa (cf. Runs 19 and 20 of Hirose & Kushiro, 1993) were used respectively. Melt from the melt layer is ‘forced’ to
move through the peridotite layer into the melt trap.
Experiments have been conducted at 0.8 GPa with peridotite of variable grain sizes, in the temperature range 1200 to 1320°C
and for run durations of 10min to 92h. In this P-T range, representing conditions encountered in the transition zone between

2.34
Late Cretaceous history of the western Colombian Andes
Villagómez Diego*, Spikings Richard*, Magna Tomas**, & Winkler Wilfred***
* Département de Minéralogie – Université de Genève. 13 Rue des Maraichers, 1205 Genève, Switzerland (Diego.Villagomez@unige.ch)
** Corrensstrasse 24 D-48149 Münster, Germany
*** Geologisches Institut – ETH-Zurich, 8092 Zürich, Switzerland.

Mafic oceanic rocks which crop out in the western Colombian Andes are juxtaposed against continental rocks along the
Cauca-Almaguer Fault. Several studies have proposed that these oceanic rocks may form part of the large Caribbean
Colombian Oceanic Plateau formed above the Galapagos hotspot (e.g. Kerr et al., 1997); its accretion to the continental margin of Colombia is not well established, with proposed ages ranging from Aptian-Albian (Cediel et al., 2003) to Eocene (Gomez
et al., 2007).
In order to define the origin and nature of the oceanic province we dated and geochemically constrained several mafic fragments within this unit. Our results agree with most authors (e.g. Kerr et al., 1997) suggesting that these rocks were formed
in an oceanic plateau setting. Our new U/Pb LA-ICPMS data show that these rocks in Colombia range in age from 96 to 90
Ma.
Any attempt to decipher the time of accretion of the oceanic terranes onto the continent must take into account: 1) thermochronological data in the indenting oceanic rocks and buttressing continental rocks, 2) characterization of syn- and postaccretionary sedimentary rocks within the accreted terranes and the continental margin in the peripheral and retro-foreland basins, and 3) geochronological information from arc-related batholiths, which intrude both the allochtonous and
autochtonous terranes, thus pre- and post-dating terrane accretion (Kerr et al, 2005).
We have addressed these points by using several geochronological (U/Pb LA-ICPMS) and thermochronological (apatite U-Th/
He, multiphase 39Ar/40Ar, apatite and zircon fission track) techniques to reconstruct an accurate model for the late Cretaceous
evolution of western Colombia.
Our data suggest that the allochtonous terranes in Colombia were accreted to the paleocontinental margin at some point
between 80 and 75 Ma. The accretion of equivalent, oceanic plateau rocks in Ecuador (south of Colombia) has been tightly
constrained at 73-75 Ma (Spikings et al., 2008), suggesting that accretion may have proceeded diachronously along the
Northern Andes.
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the thermal boundary layer and the top of the asthenosphere beneath MOR’s, melt is subjected to fractionation, whereas the
peridotite is partially melting (Ts ≈1260°C). Results show a strong dependence between phase relations in the melt layer and
changes in the modal composition of the peridotite layer, both as a function of temperature and melt composition. Textural
and compositional evidence demonstrate that reaction between percolating melt and peridotite occurs by a combination of
dissolution-reprecipitation and solid-state diffusion. Dissolution-reprecipitation leads to well-equilibrated phases whereas
diffusional equilibration introduces zoning. As a result of these reaction and equilibration processes, the infiltrating melt
and initial phases undergo significant compositional changes. We will present a combination of textural, modal and compositional observations to illustrate the implications of melt-peridotite reaction in the upper mantle.
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2.35
Experimental geochemistry and mineralogy for industrial applications:
new membranes for alkaline electrolysers
V. Zakaznova-Herzog*, D. Wiedenmann*, M. Gorbar**, B. Grobéty***, U. Vogt*,  A. Züttel*
* Laboratory “Hydrogen & Energy”, EMPA, Überlandstrasse 129, 8600 Dübendorf
Valentina.Herzog@empa.ch
** Laboratory for High Performance Ceramics, EMPA, Überlandstrasse 129, 8600 Dübendorf
*** Dept. of Geosciences, University of Fribourg, Chemin du Musée 6, Pérolles, CH-1700 Fribourg

Mineral stability and reactivity with hydrothermal solutions from low to high temperatures and pressures are important
issues in petrology and geochemistry. These data may also be of importance Industrial applications of such minerals. An
example is the hydrogen production by alkaline electrolysis, for which membranes resisting concentrated KOH solutions are
needed. About 1.6 million tonnes per year of world hydrogen production is by means of electrolysis (U.S. Department of energy, http://www.hydrogenassociation.org). Currently, chrysotile asbestos membranes are used to separate hydrogen and
oxygen gases during water electrolysis (Fig. 1).
The focus of our project is the study of the currently used asbestos membranes and the development of new membranes to
replace asbestos membranes, which are banned due to recent health regulations. The new material needs to be impermeable
for O2 and H2, ion-conductive, stable in 30% KOH at 90°C and 32 bars, flexible, robust and affordable.. Because of their proven
stability in alkaline solutions and low costs, Mg-silicates, such as olivine (Hänchen et al, 2006), are perfect candidates as replacement materials. Chrysotile asbestos membranes have a high ion conductance and gas tightness and sufficient flexibility and mechanical robustness, even for very large dimension i.e. diameters up to 2meters. The reason for these excellent
physico-chemical properties are, however, not well understood.
The electrochemical performance of membranes made of replacement materials will be monitor in a prototype test cell.
Stability and dissolution behaviour of chrysotile asbestos and a selection of replacement materials will be studied before and
after having served in the test cell by means of environmental scanning electron microscopy, X-ray diffraction and X-ray
photoelectron spectroscopy (XPS). XPS is one useful technique for probing chemical states at fresh and reacted surfaces, from
which insight into the stability and the dissolution mechanisms may be gained (e. g., XPS study of fresh and reacted olivine
and pyroxenes, two potential membrane materials, Zakaznova-Herzog et al., 2008). Material solubility will be monitored by
the gravimetrical method and ICP MS.

Fig. 1 Exploded view of a pressure electrolysis unit (Lurgi, Zdansky-Lonza pressure electrolysis):  (a Bipolar electrodes, dimple plate cell partition; b) Pre-electrodes in the form of nets  c)Asbestos diaphragm;  d) Cell frame;  e) Hydrogen and oxygen ducts (Häussinger P., et al.,
2006)
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Geochemistry and Source of the Recent Sediments in Southwestern of
Ahvaz, Khouzestan Province, Iran
Zarasvandi. A
Department of Geology, Shahid Chamran University, Ahvaz, Iran zarasvandi_a@scu.ac.ir

The Ahvaz City is located in Khouzestan province in southwest of Iran. This city is the most important geographical and industrial city between Iran and Iraq border. The climate of the study area is considered to be arid and humid. This area is part
of Zagros orogenic belt and consists of Cenozoic sedimentary rocks such as Limestone (Asmari Formation), Gypsum
(Gachsaran Formation), Sandstone (Aghajari Formation) and Conglomerate (Bakhtiari Formation). This belt is the product of
three major geotectonic events during subduction between the Arabian and Iranian plates. The belt consists of there parallel
tectonic zones from NE to SW: (1) the volcanic–plutonic zone (Urumieh– Dokhar belt); (2) the Sanandaj-Sirjan metamorphic
zone; (3) the Zagros fold belt.
The rock fragments and minerals in the study area derived from erosion of the banks of the rivers and sand dunes in the
southwest of the area. The surficial distribution of sediments shows miscellaneous layers and mixture of sands, silts and
hard muds. The study area is characterized by the predominance of alluvial and sedimentary rocks of both chemical and
detrital origins. Except for some unpublished exploration reports there are no other published literature about the geology,
geochemistry, economic geology and genesis of these sediments. The combination of petrography and geochemistry data of
the sediments can reveal the nature and tectonic setting of sediments as main indicators for mineral exploration in the
surficial sediments. In this way, 30 samples from alluvial deposits and sand dunes were collected for geochemical and petrography using XRF and XRD methods.
Petrographical studies and using major element discrimination diagrams indicate that these sediments are classified as litharenite, sublitharenite, and subarkose types. Petrographic studies using XRD reveal that these sediments are mainly consist of quartz, feldspars, Muscovite, Biotite, clay minerals, heavy minerals and fragments of Igneous and metamorphic rocks.
Tectonic setting discrimination diagrams based on major elements show that most of samples fall in an active continental
margin. Geochemical characteristics suggest that in addition to quartzose recycled sedimentary rocks plutonic igneous or
high-grade metamorphic rocks can be as parent rocks for these sediments. Based on all data can conclude these sediments
are result of erosion of sandstone and conglomerate rocks in the study area which are formed by erosion of felsic plutonic
and metamorphic rocks of the Sanandaj-Sirjan metamorphic belt. These sedimentary rocks were deposited along the passive
marginal coast of the Oligocene-Miocene Zagros foreland basin.
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Figure.1 Chemical classification of samples from the sediments based on (A) log (SiO2/Al2O3) vs. log (Na2O/K2O) diagram of Pettijohn et al.
(1972), and (B) the SiO2 vs. (Na2O/K2O) diagram of Roser and Korsch (1988) and (C) Ternary diagram of the parent rock of the sediments by
Nesbitt and Young, 1982.

2.37
Surface water in the Zermatt—Matterhorn area, Switzerland,
a hydrogeochemical study
Zhou Wei*, Stober Ingrid & Bucher Kurt
Institute of Mineralogy and Geochemistry University of Freiburg, D-79104, Freiburg, Germany
*wei.zhou@minpet.uni-freiburg.de

The chemical characteristics of surface runoff have been used to infer the mechanisms of solute acquisition in open system
environments. We studied the chemical evolution of surface waters in geologically diverse Alpine catchments of the ZermattMatterhorn area. Two hydrogeochemical models have been set up for interpreting the water-rock interaction.
Water samples were collected mainly from small water bodies located in the Findeln glacier area and two river systems,
Mattervispa (Theodul) and Mellichenbach (Täsch valley) representing the geographical and lithological diversity. Altitudes of
sampling locations were around 1600m to 3200m. Since water samples were from water bodies at high elevation, water-rock
interaction was little affected by anthropogenic or biologic contributions.
Temperature, pH, and electric conductivity were measured on site. Charge balance of the analysis was better than 8%. Total
dissolved solids was relatively low and varies from 6 to 244 mg/l. Dominant solutes are Ca, Mg, HCO3, SO4 and minor components are Na, K, NO3, Cl and Si, while F and B occur in traces only.

A model for the hydrogeochemical evolution has been set up to estimate the contributions of the various rock-forming minerals to the composition of the waters. It shows that: A) The dominant source of solutes is the dissolution of carbonate
minerals. B) Sulfate originates mostly from oxidation of sulfide minerals (pyrite and others). C) Two reaction equations relate
the dissolution of the most reactive minerals to the observed water compositions. These are (1) Cal + Py + Chl + Pl + Ms + Qtz
= Kao + Hem + Water and Cal + Sd + Py + Ab  + Chl + Ms + Qtz = Kao + Hem + Water. D) Water compositions can be represented
and characterized by the proportion of the minerals that are needed to be dissolved to create the observed water composition. The computed models are shown as pie charts in Fig. 1 and they are related to the background geology of the sampling
area.

Fig.1: Hydrogeochemical models and background geology of the Zermatt-Matterhorn area. The models show that the composition of the
surface waters is controlled by the geology (dominant lithology) of the catchment.
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Statistical analysis of the composition data shows that Ca-HCO3-SO4 and Na-K-Cl are strongly correlated. Three chemical types
of water can be distinguished: Mg-HCO3, Ca-SO4 and Ca-HCO3. The calculation of saturation states with phreeqc shows that
all surface waters are undersaturated with respect to all relevant minerals.
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New Experiments of Feldspar Hydrolysis and Implications for
Interpretations of Weathering Rates
Zhu C.*, Fu, Q.**,  Lu P.*,  Seyfried W.E.**
*Indiana University, Department of Geological Sciences, Bloomington, IN 47405, USA (chenzhu@indiana.edu)
**Department of Geology and Geophysics, University of Minnesota, Minneapolis, MN 55455, USA

We conducted a series of new batch reactor experiments for alkali-feldspar dissolution and secondary mineral precipitation
at 150 – 200 °C and 300 bars. Temporal evolution of fluid chemistry was monitored with a time series of in situ fluid samples (e.g., Fig. 1) following the method discussed in Seyfried et al. (1987). Solid reaction products were retrieved from experiments, some terminated after different durations for identical experiments, to examine the intermediate and final reaction
products. FEG-SEM and HR-TEM examinations revealed dissolution features and secondary mineral coverage on feldspar
surfaces. Boehmite, kaolinite, and muscovite were identified as secondary minerals by XRD and TEM for different experiments. In order to evaluate the complex interplay between dissolution and precipitation reaction kinetics, we performed
speciation and solubility geochemical modelling to compute the saturation indices (SI) and to trace the reaction paths on
equilibrium activity-activity diagrams. The speciation and solubility modelling results demonstrated: (1) the experimental
aqueous solutions were supersaturated with respect to product minerals for almost the entire duration of the experiments;
(2) the aqueous solution chemistry did not evolve along the phase boundaries but crossed the phase boundaries at oblique
angles; and (3) the earlier precipitated product minerals did not dissolve but continued to precipitate even after the solution
chemistry had evolved into the stability fields of minerals lower in the paragenesis sequence. These three lines of evidence
suggest that product mineral precipitation is a slow kinetic process and product minerals were not in partial equilibrium
with aqueous solution in these experiments.
The newly acquired experimental data and geochemical modelling results support the new hypothesis put forward by Zhu
et al. (2004a,b) on the apparent discrepancy between field derived feldspar dissolution rates and dissolution rates measured
in laboratory at purportedly similar conditions (Blum and Stillings, 1995). The new hypothesis proposes that one important
mechanism controlling the slow feldspar dissolution rates is the slow precipitation kinetics of clays. The precipitation of
clays removes solutes from solution, resulting in undersaturation with respect to feldspars in the aqueous solution and
making additional feldspar dissolution possible. This hypothesis, in which clay precipitation kinetics controls the overall
feldspar dissolution rate, presents several dilemmas for the traditional application of kinetic theories to weathering and
diagenesis systems. The hypothesis shifts the paradigm from the century-old debate about feldspar dissolution rates and
mechanisms to the formation mechanisms of secondary phases.

Figure 1. Activity – activity diagram showing the phase relations in the system K2O-(Al2O3)-SiO2-H2O-HCl at 200 °C and 300 bars. Symbols represent experimental aqueous solutions of alkali feldspar dissolution in 0.2 m KCl and 0.05 m CO2 solution at 200 °C and 300 bars. The
red line is prediction from reaction path modelling.
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