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Abstract
The pseudotachylite breccia deposits of Musgrave Province of Australia, are in
zones about 5 km wide and run intermittently for 300 km with approximately
10% pseudotachylite veining. The veins are range in width from a few
centimeters up to 4 m and can be traced for up to 10 m. Pseudotachylites occur
only in the granulite facies rocks and some pseudotachylite veins have been
plastically deformed, indicating nearly contemporaneous ductile and brittle
behavior.
XRD analysis by using energy discrimination settings to reduce fluorescence
due high concentration Fe, of separated pseudotachylite vein confirmed the
presence of about 17% of pargasite [NaCa2(Mg4Al)(Si6Al2)O22(OH)2], that
ruled out the anhydrous origin of the Musgrave pseudotachylites. Evidence of
majorite [Mg3(MgSi)(SiO4)3] supports a deep mantle source of the melt.
The matrix of the pseudotachylite veins is less siliceous than the host rocks,
probably owing to non-equilibrium melting of pyroxene, garnet and
plagioclase. The igneous assemblages of the melt, notably the crystallization of
pigeonite, are consistent with rapid cooling from very high-temperature
(>1000°C). Melting and quenching is probably due to very local, short-lived
rises in temperature accompanied by dilation. Pseudotachylite veins are
relatively depleted in Ca, Mg, Mn and H2O than the host rock, but the veins are
relatively enriched in Ca, Mg and Na along with Fe, Ti, and Cr perhaps due to
instantaneous non-equilibrium melting and very high oxygen fugacity.
The geochemical evidence strongly suggests that the melt was probably
injected from the mantle below during the impact process and mixing proximal
frictional and decompressional melts of the fractured crust.

Objectives

1. To possibly differentiate more clearly the source of the pseudotachylite
melt portion between host/country rock, bolide melt and/or mantle.
2. To verify the anhydrous nature of the pseudotachylite melt found in older
analyses.

Background

Results

Massive Australian Precambrian/Cambrian Impact Structure (MAPCIS) a 600km
diameter proposed impact ~542Ma. Around the center of the proposed impact
structure are some of the largest known deposits of pseudotachylite breccia.
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The Musgrave province pseudotachylite melt may not be classic frictional
pseudotachylite melt where the melt is directly from proximal granitic host/country
rock. One would expect to find the geochemistry of frictional melt to approximate the
local source from which it has formed. The iron content of the melt far exceeds the host
rock suggesting a distal source possibly kilometers distant. At 17% of melt, Pargasite
[NaCa2(Mg4Al)(Si6Al2)O22(OH)2], of the amphibole group found in suggests an upper
mantle source as well contradicting the contention that the melt is anhydrous. Majorite
[Mg3(MgSi)(SiO4)3] a group garnet minerals found and formed in the uppermost lower
mantle has also been found in the melt which also supports the mantle source of the
pseudotachylite melt.
Impact geology tends to view terrestrial impacts from the top down with a relatively
passive interaction from mantle. This passive interaction with the mantle is true for
smaller impacts especially on thicker continental crust. In the largest complex craters
where fracturing reaches the mantle interface one must consider mantle as an active
participant in the cratering process.
The geochemical evidence strongly suggests that the melt was probably injected from
the mantle below during the impact process and mixing proximal frictional and
decompressional melts of the fractured crust. Rapid cooling and solidification of the
melts may have given a false impression of classic frictional pseudotachylite. We
believe a reconsideration may be needed to re-classified Musgrave pseudotachylite melt
from an anhydrous seismic melt to an impact pseudotachylite melt with a mantle
component.
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XRD profile of separated pseudotachylite vein. Energy discrimination settings were used to reduce fluorescence due high concentration Fe and the phases were
identified by using DIFFRAC.EVA. The presence of pargasite [NaCa2(Mg4Al)(Si6Al2)O22(OH)2], in the vein suggests a deep mantle source as well as the presence
of water.
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Musgrave

The concentrations of Iridium in the pseudotachylite veins and wall rock is an
order of magnitude greater than what would be expected in granitoid continental
crust. It is more consistent with other known impact melts or upper mantle.
RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

Camacho A., Vernon R.H., Fiztgerald J.D. 1995- Large volumes of Anhydrous pseudotachylite in the Woodroffe
Thrust, eastern Musgrave Ranges, Australia, Journal of Structural Geology
Reimold Wolf Uwe, Gibson Roger L. 2002- “Pseudotachylites” in large impact structures
Glikson A.Y. & Mernaugh T.P. 1990 Significance of pseudotachylite vein systems, Giles basic/ultrabasic
complex, Tomkinson ranges, western Musgrave Block, central Australia, Journal of Australian Geology &
Geophysics 11, 509-519
Wenk H.R. &Weiss L.E. 1982- Al-rich calcic pyroxene in pseudotachylite an indication of high pressure and
high temperature ? Tectonophysics, 84, 329-341
Edgoose CJ, Scrimgeour IR, and Close DF, 2004, Geology of Musgrave Block, Northern Territory, Northern
Territory Geological Survey, Report 15
A Camacho, I McDougall ,2000- Intracratonic, strike-slip partitioned transpression and the formation and
exhumation of eclogite facies rocks: An example from the Musgrave Block, central Australia- Tectonics
H.M. Howard, et al., 2014- The burning heart—The Proterozoic geology and geological evolution of the west
Musgrave Region, central Australia, Gondwana Research
D. Connelly 2012-PSEUDOTACHYLITE BRECCIA OF THE MUSGRAVE PROVINCE, AUSTRALIA 2012
GSA Meeting in Charlotte Paper No. 104-3
D. Connelly, A. Sikder, J.Brum, T. Hill, Xin-Chen Liu 2017- IRIDIUM ANOMALY ASSOCIATED WITH
MAPCIS? GSA conference, Seattle Paper No. 179-14
Connelly D.P., Presser,& Jaime L.B.- MAPCIS: New Imaging Reveals Deep Structure, GSA, Baltimore, USA
2015
Green, D H; Hibberson, W O; Kovacs, Istvan; Rosenthal, A (23 September 2010). "Water and its influence on the
lithosphere–asthenosphere boundary". Nature. 467 (7314): 448–451.

Acknowledgements

Materials and Methods
The vein samples were separated very carefully from host-rock by using a slow
cutter. Then the Pseudotachylites were analyzed with XRD for obtaining the
bulk mineralogy and the polished samples were further analyzed with SU-70, a
Field Emission Scanning Electron Microscope (SEM) equipped with Energy
Dispersive Spectrum Analyzer (EDS).

Discussion

The chemical signature for the garnet group mineral majorite
[Mg3(MgSi)(SiO4)3] is expressed. Majorite produced by high pressure
impact metamorphism in bolides or in the upper most, lower mantle. This is
supportive of the finding of the pargasite in the melt with a mantle source.

A unique partially melted zircon was found in the melt. This suggests
extremely short duration for a high temperature event.
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