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Editors Selections, June, 2018

Highlights & Breakthroughs
Crystallography on Mars

On page 837 of this issue, Michael Velbel provides an overview (in a Highlights and Breakthrough paper) of two papers that appear in this issue,
Morrison et al. (2018) on pages 848 and 857 of this issue. It will be no surprise to readers of this journal that analyses of crystal structures would be
an essential component to the exploration of a new planet; Morrison et al. present the results of such, making use of the CheMin XRD on the Mars
rover, Curiosity. Their crystallographic data and unit-cell calibrations are revising our understanding of mineral compositions on the Martian surface,
with the potential of adding much precision to ideas of Martian sedimentary provenance, stratigraphy, diagenesis, and ultimate magmatic origin of
individual mineral grains.

Articles

You can Rely on Al in Qz

On page 839 of this issue, Tailby et al present new experimental results that show very slow diffusion rates of Al in quartz—slow enough that Al
contents obtained during crystal growth will be almost invariably preserved above the tens-of-micrometers scale, irrespective of time. Diffusivities of
Ti are similarly low, which means that zoning patterns of either element are quite likely to preserve the conditions of crystallization. If these elements
preserve temperatures and cooling rates, they might also allow us to estimate crystal growth rates for quartz in natural systems, perhaps with a
precision that is lacking for other minerals.

Mineral Chemistry from Crystallography

On page 848 of this issue, Morrison et al. present sets of equations that provide stunningly precise estimates of mineral compositions as calculated
from X-ray diffraction data. As noted in Velbel’s Highlights and Breakthroughs article (p. 837, see above), this work was an important step in adding
considerable precision to estimates of mineral compositions on Mars. But of course, there is nothing special about a martian origin, and these
equations can and should be applied to terrestrial systems as well. This study may allow for much more cost-effective estimates of rock-forming
mineral compositions compared to use of the electron microprobe, with the added benefit of having crystallographic information in the process.

A One-Mineral Tour of Arc Magmatism

On page 899 of this issue, Tecchiato et al. use the major and trace element contents and isotope ratios of clinopyroxene to trace magmatic transport
and storage at the Capo Maragiu Volcanic District in Sardinia. The authors identify three types of clinopyroxenes, based on texture and composition,
that track magma compositional evolution from Mg#(liq) 70 to Mg#(liq) 40. Especially intriguing are isotopic patterns with respect to Cpx Mg#, which
allow the authors to show that, at least in this system, only the most mafic magmas are affected by assimilation of crustal components and that
extensive and subsequent cooling and crystallization occurs as nearly a closed system.

Accelerating Supereruptions

On page 952 of this issue, Myers et al. obtain ascent rates for three different supereruptions from measurements of H2O and CO2 in re-entrants
(melt inclusions that connect to enclosing glass) in quartz. Their case studies are from eastern California (Bishop Tuff), Yellowstone (Huckleberry
Ridge Tuff), and New Zealand (Oruanui), and the ascent rates vary from 0.06 to 13 m/s with the lowest rates correlating to field relationships that
indicate pauses in eruptive output. They find lower re-entrant H2O and CO2 contents compared to that of melt inclusions and model the contrasts as
representing an accelerating of the magma during decompression, as magmas migrate from a storage chamber to an active conduit (on the order of
hours to days).

Eckermannite replaces Glaucophane at High P

On page 989 of this issue, Howe et al. present the results of new experiments that indicate that above 40 kbar, glaucophane is likely to breakdown
into an amphibole that is a solid solution mix of eckermannite (80%) + ktaophorite (15%) + Mg-winchite (5%). The authors show at least two different
pathways by which the new amphibole may be formed, the most likely of which may involve the breakdown of jadeite + talc, with the consequent
production of eckermannite, pyrope, coesite, and water. Because of the high Na/Al ratio of eckermannite, this phase is possibly stable in any system
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where jadeite and talc occur as precursors and should replace glaucophane in metabasite systems above 40 kbar.

Letters

High-Pressure Humites

On page 1002 of this issue, Luoni et al. make use of thermodynamic models and recent experiments to quantify the otherwise ultra-high pressure
(UHP) metamorphic paths of humite-bearing serpentinites. In the process, the authors show that UHP metamorphism in the western Alps was both
polybaric and diachronous. This would appear to require a “mosaic of tectonometamorphic units” that accreted over a range of depths and times and
suggests that similarly dismembered ophiolites in other parts of the globe may represent composites of multiple slices of lithosphere, rather than
coherent lithospheric sections.

Editors Selections, May, 2018

Review
Biominerals– A Review

On page 665 of this issue, Wysokowski et al. provide a comprehensive review of biomineralization processes, describing a range of mineral types
and biological processes and structural diversity, with an emphasis on biosilica in viruses, bacteria, plants, diatoms, and sponges. Their work also
illustrates how the structures and functions of biosilicifiers can inspire new forms of artificial biomineralization with far-ranging technological
applications, including biomimicry.

Articles
No Si in the Core?

On page 742 of this issue, Tateno et al. present new, high-pressure experimental results in the system Fe-Si-S. They find that crystalline metallic Fe
is enriched in Si relative to S, compared to co-existing liquids. And so, with partial crystallization, especially at inner-core pressures (330 GPa), the
solid, inner core is enriched in Si relative to the outer, liquid core. This finding may preclude Si as an important light alloying element if the 4.5% jump
in density across the inner/outer core boundary requires an inner core that contains less Si than a presumably equilibrated liquid outer core. The
authors find similar reasons to reject core compositions in the systems Fe-Si-C and Fe-Si-O, although they cannot exclude liquids in the system Fe-
Si-H. It is not yet clear phase topologies within a more complex system (e.g., Fe-Si-O-S) might yet still allow a core that is Si-enriched, but if the core
is a ternary system, then a Fe-Si-H ternary would be the only Si-bearing ternary that could explain the inner/outer core density change.

An Unexpected Driving Mechanism for the Huckleberry Ridge Tuff

On page 757 of this issue Swallow et al. examine mafic materials from the 2.08 Ma Huckleberry Ridge Tuff (HRT), the first and largest of the
Yellowstone Plateau caldera-forming eruptions, and find a surprising result. The mafic materials that were involved in the HRT magmatic system are
quite similar to much more recently erupted materials (ca. 5-10 ka) at the Craters of the Moon lava field in ID, and which also occur just west of the
HRT caldera. These results yield a new perspective on the diversity and roles of various mafic magma inputs that likely provide the necessary
thermal input to drive eruptions in the Yellowstone region.

A New EOS for Stishovite and CaCl2-structured SiO2

On page 792 of this issue Fischer et al. conduct new high-pressure experiments to determine the equations of state for stishovite, and CaCl2-
structured SiO2, a higher-P polymorph that, as shown by this new study, is stable at >68 or >78 GPa, along with expected subduction and ambient
geotherms, respectively. The new EOSs also show that stishovite will indeed be denser than ambient mantle but the CaCl2 polymorph is likely to be
buoyant relative to a pyrolite lower mantle, and that if Si is exsolved from the core into the mantle, the lowermost mantle might become locally
saturated in SiO2, and in such a case, this SiO2 would add a degree of compositional buoyancy to its enclosing material.

Errors When Using V to Estimate Mantle fO2.

page 819 of this issue Li presents new experiments to show that clinopyroxene/melt partition coefficients for V and Sc are sensitive to temperature,
and possibly magmatic water contents, but that V and Sc are about equally affected and so are not fractionated from one another during melting. The
result is that mantle fO2 estimates based on V only might be in error by nearly 2 orders of magnitude if T-effects are not accounted for, but that fO2

values based on V/Sc ratios are more likely to be valid, except perhaps for those cases where V is oxidized to V5+.

Letters
Monazite, heal thyself

On page 824, Seydoux-Guillaume et al. report a study using ion bombardment of LaPO4 monazite aims to understand why this mineral is never
found amorphized. Simultaneous and sequential irradiations using Au and He ions at energies designed to simulate the recoil from nuclei undergoing
alpha decay and the electronic energy loss of the alpha particle moving through the structure. This study shows that it is the latter that prevents
amorphization in this mineral. This understanding is for predicting nuclear waste form performance and has implications for the application of
geochronology and thermochronology in monazite.
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Letter 

UHP Ti-chondrodite in the Zermatt-Saas serpentinite: Constraints on a new tectonic scenario

Pietro Luoni1,*, GiseLLa rebay2, Maria ioLe sPaLLa1, and davide Zanoni1
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2Dipartimento di Scienze della Terra e dell’Ambiente, Università degli Studi di Pavia, Via Ferrata, 1-27100 Pavia, Italy

abstract

We focus on the key role of different Ti-humite minerals in subducted serpentinites as possible 
indicators of extreme pressure conditions. The occurrence of Ti-chondrodite and/or Ti-clinohumite as-
semblages in the eclogitized serpentinites of the Zermatt-Saas Zone (ZSZ) of the Western Alps allows the 
recrystallization of such rocks at UHP conditions (P = 2.8–3.5 GPa, T = 600–670 °C) to be determined. 
Such conditions are similar to those registered by the nearby Cignana unit, a main Alpine area for UHP 
metamorphism, where coesite and microdiamond have been found. In ZSZ serpentinites, the new UHP 
assemblage predates the previously recognized HP-UHP paragenesis, which was recently dated at 65 Ma. 
This finding opens up a new interpretation for the petrologically and structurally well-constrained HP/
UHP records, especially because all other ages for HP-UHP metamorphism in the ZSZ are much younger, 
and for the size of UHP units. Our findings suggest that ophiolites in the axial zone of collisional belts 
are a mosaic of oceanic lithosphere slices that recorded contrasted thermal and mechanical evolutions 
during their physical trajectories in the subduction wedge.

Keywords: Ti-clinohumite and Ti-chondrodite assemblages, integrated mineralogical and structural 
analysis, Alpine subduction, Western Alps

introduction

HP-UHP mineral assemblages are the trademark of subduc-
tion zones. The most widely known are metamorphic coesite and 
diamond inclusions in host grains in eclogite-facies crust of the 
Western Alps, Norway, Central Europe, China, and Kazakhstan 
and majoritic garnet and Si-bearing spinel in garnet peridotite (e.g., 
Ernst and Liou 2008; Frezzotti et al. 2011). Recognized as upper 
mantle minerals from Colorado Plateau kimberlites (Aoki et al. 
1976; Smith 1977), Ti-clinohumite and Ti-chondrodite are also 
part of HP-UHP assemblages in ultramafites from China and the 
Western Alps (Scambelluri and Rampone 1999; Shen et al. 2015). 
Shen et al. (2015) proposed conditions of 2.7 GPa and 550–660 °C 
for the assemblage Ti-chondrodite (Ti-Chn)+Ti-clinohumite 
(Ti-Chu)+Atg+Chl+Ol+Spl, demonstrating that Ti-Chn+Ti-Chu 
assemblages are indicators of UHP conditions in serpentinized Ti-
rich ultramafites (mineral abbreviations after Whitney and Evans 
2010). The experimental demonstration of Ti-humite minerals 
defining HP-UHP conditions encouraged us to examine in detail 
fabrics and mineral assemblages in Valtournanche (Rebay et al. 
2018 and references therein), to determine the microstructural 
relationships of Ti-Chu and/or Ti-Chn relics with the dominant HP/
UHP foliation (S2) in these rocks. The occurrence of UHP rocks in 
the axial zones of orogenic belts has fueled debates on geodynamic 
environment (i.e., subduction, collision, late orogenic extension), 
exhumation mechanisms, and the timing of exhumation, which 
strongly influence the preservation of UHP assemblages (Ernst 
and Liou 2008). In the Alps, findings of UHP phases have led to 
the identification of hectometer to kilometer UHP tectonic units 
within HP nappes. Coesite (Reinecke 1991) and microdiamond 

(Frezzotti et al. 2011) relics occur in the Cignana Lake Unit (CLU) 
at the tectonic contact between the Zermatt-Saas Zone (ZSZ) and 
the Combin Zone (CZ). The shape, size, and exhumation environ-
ment of these UHP tectonic units are discussed. The occurrence of 
Ti-humites makes serpentinites a new key target for identification 
of UHP units.

The ZSZ (Figs. 1a and 1b) was derived from the internal portion 
of the Piedmont oceanic realm. It was trapped in the suture zone of 
the Western Alps during Alpine convergence. It comprises serpen-
tinite, meta-gabbro, meta-rodingite, meta-basalt, and various meta-
sediments. The metamorphism of the ZSZ is typical for eclogite 
facies conditions, locally overprinted by greenschist-facies mineral 
assemblages (commonly interpreted as exhumation-related). Peak 
P-T estimates range from 1.9–2.2 GPa and 500–600 °C to 2.3–2.8 
GPa and 580–660 °C in different portions of the ZSZ (Bucher et al. 
2005; Bucher and Grapes 2009; Zanoni et al. 2016). Such a wide 
P-T span suggests that different portions of the ZSZ underwent dif-
ferent tectono-metamorphic evolutions. In contrast, a common, and 
consequently uniform, evolution of the entire ZSZ was proposed by 
Angiboust and Agard (2010), with metamorphism peaking at 2.3 ± 
0.1 GPa and 540 ± 40 °C. UHP conditions of 2.7 to >3.2 GPa and 
590–630 °C have been recorded in small slices of oceanic rocks 
at the boundary between the ZSZ and CZ, at Lago di Cignana 
(Fig. 1c) (Groppo et al. 2009 and references therein). Protholith 
U/Pb ages range from 153–164 Ma (metabasites) to 162–168 Ma 
(serpentinites, Rebay et al. 2018 and references therein). Peak 
metamorphic ages are 71–38 Ma so that subduction might have 
been active already at 80 Ma (Table 1 in Rebay et al. 2018), indi-
cating a wide time interval of re-equilibration during subduction 
and supporting a heterogeneous evolution of ZSZ. In particular, 
the dominant HP/UHP foliation (S2) of upper Valtournanche has 
been dated at 65.5 ± 5.6 Ma (Rebay et al. 2018).
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