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Introduction

During the last decades, asbestiform actinolites were often studied in order to understand
their petrological, optical or tectonometamorphic specificities [e.g., 1, 2, 3, 4, 5, 6, 7].
Nevertheless, to our knowledge, there 1s no study about tectonic and metamorphic origin
of non-asbestiform hornblende breaking up into asbestos-like actinolite (ALA). In this
study, we focus on such a purpose for two occurences of ALA 1dentified by the BRGM
during natural asbestos hazard mapping in the South Armorican Massif (France).

Geological setting, sampling and field observations
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Fig. I - Geological setting and localisation of the studied areas. Modified after [§].

The natural asbestos-like actinolite occurrences are closely related with the development of

tectonic structures such as extension veins, tension gashes, ¢ and o-type boudins. Theses struc-
tures are systematicaly sealed by plagioclase due to metamorphic fluid precipitation.

Observations of the Kinematic criteria point to a sinistral strike-slip shearing for Pont de Barel
formation and to a sinistral transtensive shearing for the Treogat formation, which 1s consistent
with the late regional variscan exhumation of the South Armorican Terrane.

Under the microscope, actinolite displays acicular to fibrous shape. Fibrous microtexture can

be divided 1n two types: flexible and tensed. The flexible type displays the characteristics of

Natural Occurring Asbestos (NOA).

SEM observations show that asbestos-like actinolite originates from the fragmentation of

hornblende crystallographic plan. Fragmentation starts first along the (110) plans and continue
along both the (100) and (110) plans.

Asbestos-like actinolite crystallisation driven
by a decrease of pressure
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EPMA analyses show
that Na-Al-S1 metasoma-
tism 1s associated with
this fragmentation.

Temperature estimates of
chlorite crystallization

after hornblende are
around 300°C for the

Treogat Formation and
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200°C for the Pont de
Barel Formation, sugges-
ting that amphibole frag-
mentation can occur over
a wide temperature
range.

Additionally, Principal
Component Analysis was

performed using as va-
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Results show a clear cor-
relation between

actinolite S1(T) and hornblende Al(T), Al(C) and Na(A) crystallographic sites, suggesting
that asbestos-like actinolite after hornblende fragmentation 1s due to a decrease in pressure
within the tectonic structures, as Al in amphibole 1s pressure-dependent.
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Fig. 2 - Geological mapping of the studied quarries

Studied rocks were collected within two Variscan ophiolitic formations (Tréogat and Pont de
Barel Formations, South Armorican Massif, Western France), mainly composed of amphibo-
lites, and which recorded amphibolite to greenschist facies metamorphism.

Asbestos-like actinolite crystallisation
during late step of the main deformation event
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Fig. 3 - Macroscopic, optical and SEM observations highlighting the to link between early steps of the retrograde deformation event (during
which acicular hornblende crystallizes in extension veins showing fuzzy boundaries or in hosting rock) and the late step of the same deforma-
tion event (during which hornblende is downgraded into asbestos-like actinolite synchronous with felsic melt circulation and tectonic struc-
tures opening).
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Conclusion

The purpose of this study was to constrain the tectonic and metamorphic origin of two ALA occu-
rences from two ophiolitic mafic units of the South Armorican Massif. Both units recorded an am-
phibolite to greenschist facies retrograde regional-metamorphism during which acicular
hornblende and, to a lesser extent, acicular actinolite crystallized. Or study shows that asbes-
tos-like actinolite 1s closely related to tectonic structures that opened during the late step of the
main deformation event and are sealed by metamorphic fluid precipitation. This study shows that
asbestos-like actinolite originate from hornblende break-up starting first along the (110) plans and
continue along both the (100) and (110) plans until acilular hornblende (or actinolite) becomes
asbestiform actinolite. Regarding to the temperature of crystallisation of chlorite after hornblende,
temperature does not seem to play an important role in hornblende break-up. However, Al-Na re-
lease suggests that this break up 1s due to a decrease of pressure. Such a P drop could be due to the
tectonic structure opening, during which fluid pressure turned to supra-lithostatic allowing Na-Al
metasomatism.

Acknowledgement

This work was made possible thanks to a «Pays de la Loire-BRGM-Institut Carnot» joint grant to Geoffrey Aertgeerts. Financial funding for analytical work was provided by LPGNantes-CNRS.
Jessica Langlade (CNRS) is thanked for her help during electron microprobe analyses, Laurent Lenta (LPGN) for the thin sections and Nicolas Stéphant (IMN) for his help during SEM analysis.

References

[1]Dorling, M., & Zussman, J. (1987). Characteristics of asbestiform and non-asbestiform calcic amphiboles. Lithos, 20(6), 469—489. https://doi.org/10.1016/0024-4937(87)90030-2

[2]Erkouteren, J. E. R. V, & Ylie, A. N. N. G. W. (2002). Anomalous optical properties of fibrous tremolite , actinolite , and ferro-actinolite. 87, 1090—1095.

[3]Gopal, N. O., Narasimhulu, K. V, & Rao, J. L. (2004). EPR, optical, infrared and Raman spectral studies of Actinolite mineral. Spectrochimica Acta. Part A, Molecular and Biomolecular Spectroscopy, 60(11), 2441-2448. https://doi.org/10.1016/j.saa.2003.12.021

[4]Groppo, C., & Compagnoni, R. (2007). Metamorphic veins from the serpentinites of the Piemonte Zone, western Alps, Italy: A review. Periodico Di Mineralogia, 76(3), 127—153. https://doi.org/10.2451/2007PM0021

[S]Metcalf, R. V., & Buck, B. J. (2015). Genesis and health risk implications of an unusual occurrence of fibrous NaFe3+-amphibole. Geology, 43(1), 63—66. https://doi.org/10.1130/G36199.1

[6]Pacella, A., Fantauzzi, M., Turci, F., Cremisini, C., Montereali, M. R., Nardi, E., ... Andreozzi, G. B. (2015). Surface alteration mechanism and topochemistry of iron in tremolite asbestos: A step toward understanding the potential hazard of amphibole asbestos. Chemical Geology, 405,
28-38. https://doi.org/10.1016/j.chemgeo.2015.03.028

[7]Ross, M., Langer, A. M., Nord, G. L., Nolan, R. P., Lee, R. J., Van Orden, D., & Addison, J. (2008). The mineral nature of asbestos. Regulatory Toxicology and Pharmacology, 52(1 SUPPL.), S26—S30. https://doi.org/10.1016/j.yrtph.2007.09.008

Vignaroli, G., Ballirano, P., Belardi, G., & Rossetti, F. (2014). Asbestos fibre identification vs. evaluation of asbestos hazard in ophiolitic rock m??langes, a case study from the Ligurian Alps (Italy). Environmental Earth Sciences, 72(9), 3679-3698. https://doi.org/10.1007/s12665-014-3303-9
[8]Aertgeerts, G., Lorand, J.P., Monnier, C., and La, C. (2018) Petrogenesis of South Armorican serpentinized peridotites. Lithos, 314-315, 100—118.




