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Introduction:  Previous thermal infrared laboratory 
emissivity spectra of experimentally shocked bytownite- 
and albite-rich anorthosites demonstrated how diagnos-
tic absorption bands in plagioclase feldspars changed 
with increasing pressure and increasing diaplectic glass 
content [1-2].  Such data have proven useful in deconvo-
lutions of martian spectra acquired from the orbital 
Thermal Emission Spectrometer (TES) [3] and data from 
the Mars Exploration Rover Spirit Mini-TES instrument 
[4], as well as deconvolutions of experimentally shocked 
basalt and basaltic andesite rocks [5].  We have begun 
acquiring thermal infrared spectra of an experimentally 
shocked (16-57 GPa) andesine-rich (An36-46) anorthosite 
to complement the data acquired from the shocked by-
townite (An75) and albite (An02) and provide further 
laboratory spectra for comparison to martian and sample 
data.   
Background.  The structural behavior of experimentally 
and naturally shocked plagioclase feldspars can be ana-
lyzed effectively using thermal infrared spectroscopy 
(250-1400 cm-1; ~7-40 μm).  High shock pressures cause 
disorder in the mineral lattice of feldspars (whereas py-
roxene and olivine spectra are more resilient [1]).  This 
structural disorder and increasing glass content result in 
changes in the position and strength of spectral absorp-
tions as a function of shock pressure.  Modest disorder-
ing of feldspar generally begins at pressures above 15-
20 GPa, whereas maskelynite (diaplectic glass) forms in 
feldspars between ~30-45 GPa [6].  Significant melting 
occurs above ~45 GPa [7], although the absolute strain 
rate, initial temperature, and shock pulse duration proba-
bly influence the precise shock stress for melting [8].   
     Between 400-550 cm-1 bending vibrations in the Si-
O-Al planar ring structures in tectosilicates and diaplec-
tic glasses occur.  SiO6 octahedral stretching vibrations 
occur between 750-850 cm-1, whereas Si-O-Si octahedral 
bending vibrations cause several weaker absorptions 
between about 700-450 cm-1.  Absorptions in the 900-
1200 cm-1 region are due to Si-O antisymmetric stretch 
motions of the silica tetrahedral units in the structure [9].  
Within the pressure regimes studied here the characteris-
tic, fourfold (tetrahedral), strong coordination bonds of 
silicon and aluminum in feldspars distort to weaker, less 
polymerized bonds that approach sixfold (octahedral) 
coordination.  This structural disorder results in the mu-
tual existence of diaplectic glasses and crystalline phases 
throughout this pressure region.  The precise peak shock 
pressures at which structural disorder and melting occur 
vary among feldspar compositions, with conversion to 
diaplectic glass occurring at lower pressures for calcium-

rich plagioclase than for sodium-rich plagioclase [e.g., 2, 
8-9].   
Previous work.  Johnson et al. [1-2] acquired thermal 
infrared spectra of experimentally shocked bytownite 
and albite samples over peak pressures from 17 to 56 
GPa.  They documented changes in the appearance and 
position of spectral bands with increasing pressure due 
to depolymerization of the silica tetrahedra, including 
strong absorption bands between 950 cm-1 and 1150 cm-

1, weaker bands in the 350-700 cm-1 region, and a trans-
parency feature near 830-860 cm-1 in spectra of pow-
ders.  At shock pressures >45 GPa, both feldspars exhib-
ited only two main residual bands centered near 450 cm-

1 and 1050 cm-1 (for albite) and 430 cm-1 and 950 cm-1 
(for bytownite).  
Samples.  An intermediate composition plagioclase feld-
spar was desired to complement the previous experi-
ments.  For that work, polycrystalline and essentially 
monomineralic samples were used to avoid possible bias 
of crystal-lattice orientation relative to the propagating 
shock wave on the type and degree of shock deforma-
tion.  This required target rocks with millimeter-sized 
crystals of random orientations.  One sample that fit 
these criteria for the current work was a andesine anor-
thosite acquired from St. Urbain province in Quebec, 
Canada, STU06-1688 [10].  This rock contains ~95% 
andesine (Ab36-46), with minor amounts of quartz and 
potassium feldspar, with grains <5-10 mm.   
Methods 
Shock recovery experiments.  The shock experiments 
were performed with the Flat Plate Accelerator at the 
Johnson Space Center, Houston.  This powder propellant 
25 mm diameter gun launches flat metal plates for the 
production of planar shock waves in targets [see details 
in 1,11].  Careful prying allowed for the recovery of 
relatively large chips (2-10 mm), whereas residual fines 
were powdered to <20-30 μm grain size.  Unshocked 
samples also were powdered similarly and broken into 
smaller chips for comparison to the shocked samples.  
Table 1 lists the details of each experiment.  Additional 
samples shocked to pressures of 50.0, 53.0, and 56.5 
GPa will be analyzed shortly.   
Thermal infrared spectroscopy.  The Infrared spec-
trometer at the Mars Space Flight Facility at Arizona 
State University (ASU) were used to obtain emissivity 
spectra of the chips and powders.  ASU operates a 
Nicolet Nexus 670 spectrometer equipped with an un-
cooled, deuterated triglycine sulfate (DTGS) detector 
adapted for emission spectroscopy [12].  Energy from a 
heated particulate sample (maintained at 80°C) is col-
lected by a parabolic mirror and directed toward the in-
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terferometer, and blackbodies at 70°C and 100°C are 
used for radiometric calibration.  For this instrument, the 
infrared beam was confined to the sample size (~1 cm) 
by adjusting the sample location within the optical path.  
The spectrometer was configured to provide 4 cm-1 reso-
lution with 270 scans co-added per spectrum.   
Results and Discussion.  Figure 1 shows the emissivity 
spectra (offset for clarity) of the unshocked and shocked 
andesine sample chips, along with an unshocked, cored 
sample whose spectral contrast is enhanced relative to 
the unshocked chips owing to its smooth surface.  
Strong absorptions centered near 1140-1200 cm-1, 1007 
cm-1, 581 cm-1, 536 cm-1, and 367 cm-1 in the unshocked 
samples transition to two major bands centered at 1000 
cm-1 and 430 cm-1 at shock pressures > 40 GPa.   
     Figure 2 shows the results for the powdered forms of 
these samples, in which the transparency feature cen-
tered near 832 cm-1 disappears at pressures >40 GPa, 
similar to results obtained previously [1-2].  Figure 3 
shows a nearly linear decrease in absorption band depths 
with increasing pressure.  The exception is the 1007 cm-1 
band, which shallows until about 35 GPa, and then in-
creases owing to the onset of the 1000 cm-1 glass band.  
Figure 4 compares spectra of bytownite, albite, and an-
desine spectra at three pressures.  The 1000 cm-1 band 
center of the highly shocked andesine is consistent with 
its intermediate composition.  Note that the bands be-
tween 400 and 700 cm-1 demonstrate greater resiliency 
to shock for the more sodic plagioclase samples.  In-
deed, the inconsistent variations in the strength of these 
bands with increasing shock pressure for the andesine 
anorthosite (Figure 1) may reflect An number variations 

in the individual core wafers extracted from the host 
rock.  This idea will be tested with microprobe/XRF 
techniques on the unshocked sample. 
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Table 1: Detailed experimental conditions for the andesine anorthosite shock recovery experiments. 
________________________________________________________________________________________________________________________________________________ 

EIL No1).     Impact Velocity (km/s)  Flyer plate2) Assembly2) Peak pressure (GPa) 
________________________________________________________________________________________________________________________________________________ 

3510  1.267   Al2024  SS304   15.8 
3509  1.154   SS304  SS304   24.9 
3508  1.214   SS304  SS304   26.4 
3507  1.294   SS304  SS304   28.4 
3513  1.316   SS304  SS304   29.4 
3511  1.325   SS304  SS304   29.6 
3514  1.093   SS304  FS77   30.6 
3515  1.194   SS304  FS77   33.8 
3512  1.215   FS77  SS304   34.5 
3516  1.307   SS304  FS77   37.6 
3517  1.097   FS77  FS77   42.9 
3518  1.197   FS77  FS77   47.5 

________________________________________________________________________________________________________________________________________________ 

1) EIL No. (Running Flat Plate Accelerator experiment number in Experimental Impact Laboratory (EIL) at John-
son Space Center) 

2) Projectile and assembly materials (Equation of State): Aluminum2024 [13], Stainless Steel 304 [13], “Fansteel 
77” ( a W-Ni alloy; [14]) 
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Figure 1.  Emissivity spectra of andesine anorthosite sample chips experimentally shocked from 15.8 to 47.5 GPa (spectra offset 
for clarity).  Unshocked samples include a single cored wafer and several wafers broken into chips.  Vertical lines represent band 
positions discussed in text and in Figure 3:  1142 cm-1, 1007 cm-1, 580 cm-1, 536 cm-1 , 366 cm-1.  See text for discussion. 

 
Figure 2.  Emissivity spectra of andesine anorthosite sample powders experimentally shocked from 15.8 to 47.5 GPa (spectra 
offset for clarity).  Vertical line represents band position at 832 cm-1 discussed in text (cf. Figure 3).   
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Figure 3.  Decrease in band depths (BD) of six bands as a function of shock pressure computed from andesine spectra in Figures 
1 and 2.  Band depths computed using continuum between the following wavenumbers:  BD_1142 and BD_1007 (785 cm-1  and 
1236 cm-1); BD_580 and BD_536 (490 cm-1  and 623 cm-1 ); BD_366 (301 cm-1  and 455 cm-1), BD_832 (793 cm-1  and 910 cm-1  
).  All band depths are from spectra of chips except for BD_832, which is from the powders.  Linear correlation lines shown with 
correlation coefficients listed in legend.  See text for discussion.   

 
Figure 4.   Comparison of bytownite [1] and albite [2] spectra to andesine spectra (Figure 1) of unshocked (0 GPa) and shocked 
samples (27 GPa, 56 GPa; with offsets as shown).  For plotting purposes, the spectral contrast of the unshocked albite and ande-
sine samples were decreased to match that of bytownite.  Similarly, spectral contrast of 48 GPa andesine sample was lowered. 
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