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Introduction: Shock pressures and temperatures
achieved during impact events can often result in the
formation of high-pressure mineral phases with unique
properties. These phases and the assemblages they
form can be used to infer the extent of shock that a
particular meteorite has experienced. Tissintite is a
clinopyroxene with a calcic-plagioclase composition
and ~25% structural vacancies in the M2 site
((Ca,Na,_)AISi,0g), and has been interpreted by [1] to
form within a tight P-T-t-X “Goldilocks Zone”.
Tissintite was first synthesized by [2] using multi-anvil
techniques. In that work, we determined tissintite forms
from an Ango at pressures of 4.5 — 8.5 GPa and temper-
atures 1000 C and above.

It is important to note here that many mineral as-
semblages observed in meteorites are kinetically con-
trolled and may not reflect the behavior of the chemical
system under equilibrium conditions. By expanding the
work of [2] to concentrate on the first 5 seconds of this
reaction, we are gaining insight into the processes that
occur during and after impact for these common miner-
als. Here we explore the effects of composition and
kinetics on the formation of tissintite through variation
of starting materials composition between Ang and
Angg and residence times of 5 — 60s.

Methods: We performed high-pressure and tem-
perature (HP-HT) experiments coupled with in-situ
energy dispersive X-ray diffraction measurements at
the Argonne National Laboratory Advanced Photon
Source using the large volume multi-anvil press with a
D-DIA apparatus available on the 6-BM-B beamline.
We performed additional HP-HT experiments using the
large volume multi-anvil press coupled with in-situ
angle dispersive diffraction available at the National
Synchrotron Light Source Il at Brookhaven National
Laboratory at the XPD 28-1D-D beamline. Using this
technique we were able to collect X-ray diffraction
patterns every second, which allows us to probe in de-
tail the structural changes happening on the second
timescale. Our starting materials are fused glasses of
Ang, Ango, Angy, and Angs compositions. All glasses
were synthesized from either natural or synthetic crys-
talline plagioclase in the Stony Brook Experimental
Petrology Laboratory following the procedure used for
Ango in [2]

Each sample was loaded into a high-pressure cell
assembly and compressed relatively fast (~2 h) to peak
pressure. A spike heating protocol was used where
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temperature was increased to the target temperature
within 1 s then rapidly quenched after 5, 10, or 60 sec-
onds. Our target pressure ranged from 3 GPa to above
14 GPa. The temperatures of the spike heatings were
also varied between 800 C to 1500 C. Diffraction pat-
terns of each sample were collected during compres-
sion, during the spike heating, and after decompres-
sion.

The samples were recovered as hard pellets. A por-
tion of each was embedded in epoxy, thinly sliced and
polished to produce thick sections. These samples were
imaged and analyzed using optical microscopy and
micro-Raman spectroscopic techniques. Raman spectra
of the recovered samples were collected using the
WiTec alpha 300R confocal imaging system, equipped
with a 532 nm Nd YAG laser available in Center for
Planetary Exploration at Stony Brook University.

In addition, one of our samples reported in [2] was
revisited using TEM microscopy. A FIB slice was tak-
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Figure 1. Ang (top) and Ango (bottom) results from 4.5
GPa (blue) and 9 GPa (orange) Major peaks for tis-
sinite, Ts, and plagioclase, Pg, are annotated.

en of the sample using the FEI Nova 200 NanoLab and
analyzed using the FEI CM200FEG in the Eyring Ma-
terials Center at ASU. Product phases were analyzed
using a combination of energy dispersive X-ray spec-
troscopy (EDS) and selected area electron diffraction
(SAED).

Results: For each composition, at pressures be-
tween 5 and 8 GPa, temperatures ~1350 C, and quench
times of 5 to 60 s, we did not observe a marked differ-
ence in the reaction of these new composition materials
compared to previous work on Ang. Within this pres-
sure range we only observe tissintite in the in-situ X-
ray diffraction data and Raman spectra of the recovered
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samples. In Figure 1, we show the final X-ray diffrac-
tion patterns for Ans (top) and Angg (bottom) starting
compositions with peak pressures of 4.5 GPa (blue)
and 9 GPa (orange), representing lower and upper
boundary for Ang tissintite stability.

At pressures below 4.5 GPa we observed both the
formation of tissintite and plagioclase in both starting
materials. In addition, the Anso starting material was
compressed to ~3 GPa and spike heated to a similar
temperature for 5 seconds. In this run we observed only
the formation of plagioclase and no tissintite.
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Figure 2. Raman spectra for Anso (top) and Ango (bottom) at
4.5 GPa (blue) and 9 GPa (orange) Major peaks for tissinite,
Ts, and plagioclase, Pg, and coesite (Co) are annotated.

At pressures above 10 GPa, the Angand Ang Start-
ing materials behave similarly to Ang. We see for-
mation of tissintite accompanied by garnet and silica.
When compressed to 9 GPa and spike heated for 5
seconds, we observe only tissintite formation for Anag
and Ang, compositions, whereas we see the 3 mineral
assemblage from the Ango composition glass. However,
when the recovered samples were analyzed using Ra-
man spectroscopy, we were able to identify an addi-
tional phase, possibly coesite, in the Any starting mate-
rial. Coesite is absent in the Angy sample, where only
peaks common to tissintite are observed. Representa-
tive Raman spectra for Ans and Ang at both low and
high pressures are shown in Figure 2 with the major
peaks for each phase labeled.

Discussion: We determined that 4 — 5 GPa is likely
a formation boundary, where both tissintite and plagio-
clase form together, whereas only plagioclase forms at
~ 3 GPa, and only tissintite forms at 5 GPa. While this
behavior is seen in all compositions studied, tissintite
appears to form more readily within Angy and plagio-
clase forms more readily within Ans. In previous ex-
periments we identified 9 GPa as an upper bound for
tissintite formation in Ango. This holds true for Ango,
where we also observe coesite, but does not for Angg

where we only observe tissintite. This raises the possi-
bility that calcic tissintite could form with no coexist-
ing phases at higher pressures.

To better understand both the structure of our syn-
thetic tissintite as well as the kinetic variable that con-
trols its formation we revisited one of our initial sam-
ples, Lab 3 [2], using TEM. This sample was com-
pressed to ~6 GPa, and spike heated to ~1350 C for 60
s. We observed a single phase, tissintite, in both the in-
situ data and Raman analysis of the recovered sample.
However, TEM analysis reveals a 3 phase system.
While tissintite is the most abundant phase, we also
observe
long
blade-like
crystals
that readi-
ly de-
grade in
the elec-
tron beam
when
collecting
EDS data.
We  de-
termined
these oth-
er phases
are a
kyanite and a CaAlSi phase that is not yet identified.
Figure 3 shows the sample and an example of each
crystal type. This three phase system is not surprising
given this sample was allowed to stay at temperature
for 60 s before quenching.

Conclusion: This study is a continuation of work
completed in [2], with the goal of understanding how
plagioclase composition glass reacts under impact rele-
vant conditions. We have observed that varying the
composition of the starting material can have an effect
on the minerals that form under HP-HT conditions. In
addition, we have also seen that quench times and heat-
ing durations are the driving factor in what phases will
form and must be taken into consideration.

Future work: Further characterization of recov-
ered samples is needed to fully understand the behavior
of these glasses under these range of conditions.
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Figure 3. TEM image of Lab 03 showing
irregular grains of tissintite, and blade-like
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