
THE IMPACT OF IMPACTS ON MARTIAN PHYLLOSILICATES  L.R. Friedlander1, T. D. Glotch1, J. R. 
Michalski2, D. L. Bish3, T. G. Sharp4, M.D. Dyar5 1Geosciences Department, Stony Brook University (255 Earth and 
Space Science Building, Stony Brook, NY 11794-2100, lonia.friedlander@stonybrook.edu), 2Planetary Science In-
stitute, 3Department of Geological Sciences, Indiana University, 4School of Earth and Space Exploration, Arizona 
State University, 5Department of Astronomy, Mount Holyoke College 
 

Introduction:  Clays have been identified in many 
locations on the Martian surface by visible-near infra-
red (VNIR) reflectance spectroscopy [1-4]. Many of 
these identifications have been made in early-to-mid 
Noachian terrains, leading to the hypothesis that clays 
on Mars are old and may have been heavily bombared 
[5-7]. For example, Bibring et al. noted in [4] that 
phyllosilicate-rich rocks in Syrtis Major and Nili Fos-
sae are detected both within ancient craters and re-
cently excavated terrains. Thus, understanding impact 
effects on phyllosilicates is important both for their 
identification and for determining their role in martian 
surface geology and geochemistry [e.g. 3]. 

 Recent work has shown that impacts alter clay 
mineral structure and spectroscopy in ways that differ 
from thermal alteration and other processes [8-11]. 

Here, we present an overview and synthesis of 
these recent findings with their implications for the 
identification and understanding of phyllosilicates on 
the martian surface. The methods used have been pre-
viously described in [9-11]. 

Variability in phyllosilicate detections:  VNIR 
detections of phyllosilicates on Mars are unambiguous 
and have been used to specifically identify individual 
clay mineral species [e.g. 1-7]. In contrast, identifica-
tions based on emissivity spectra using spectral fea-
tures in the mid-infrared (MIR) wavelength region are 
frequently ambiguous and often convolved with VNIR 
data in analyses [12-15]. For example, Michalski and 
Fergason in [14] examined Thermal Emission Spec-
trometer (TES) data for Mawrth Vallis and could not 
identify phyllosilicate signatures comparable to those 
from instruments using VNIR data. They suggested 
three possible reasons for this discrepancy: surface 
roughness, temperature differences at sub-pixel scales, 
and low absolute mineral abundances. We add another 
hypothesis: impact effects. 

Impacts affect MIR and VNIR spectral signatures 
differently. Different spectroscopic techniques have 
different sensitivities to impact-induced structural 
changes in minerals. In [11], for example, Friedlander 
et al. found that MIR spectroscopic techniques (emis-
sivity, attenuated total reflectance) were more sensitive 
to structural changes in nontronite, with Raman spec-
troscopy being particularly sensitive, than other spec-
troscopic techniques like VNIR reflectance. Similar 
trends exist for kaolinite (Figure 1 A-D). These results 
imply that certain impact-altered clay minerals may be 
disguised from identification by MIR spectroscopy, 
even if they are robustly identifiable by their VNIR 

reflectance features. This also implies that disordered 
phyllosilicates retain some of their structural volatiles 
(i.e. water) after experimental impacts [16]. 

 
Figure 1. Comparison of pre-impact (black) and impact-altered (red) 
nontronite (A, B) and kaolinite (C, D) up to peak impact pressures 
near 40 GPa. Both nontronite and kaolinite show increasing disorder 
with increasing preak impact pressure. Emissivity spectra lose char-
acteristic nontronite and kaolinite features (A, C), while VNIR re-
flectance spectra, despite overall losses in spectral contrast and sig-
nal, retain many characteristic phyllosilicate (e.g. OH, and H2O, 
nontronite only, overtones, and metal-OH vibrations), but not min-
eral-specific identifying features (B, D). 

Variability in impact effects: Compositionally 
different phyllosilicate species do not respond to ex-
perimental impacts in the same way (Figures 2 and 3). 

X-ray Diffraction. Nontronite becomes increasingly 
disordered with increasing preak impact pressure, 
while saponite retains its layered structure after im-
pacts up to 40 GPa (Figure 2). 

 
Figure 2. XRD 001 region of saponite (left) and nontronite (right) 
after impacts between 10 and 40 GPa. Saponite retains its 001 peak. 
 

MIR Emissivity. Clay minerals that retain their lay-
ered (i.e. long-range) structures better after impacts, 
such as saponite, show retention of characteristic MIR 
emissivity features that clay minerals more sensitive to 
impacts (i.e. nontronite) lose (Figure 3). 
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Figure 3. Emissivity spectra of nontronite (A) and saponite (B) 
before impacts (black) and after impacts up to ~40 GPa (red). Sapo-
nite retains its structure and characteristic emissivity features, while 
nontronite becomes increasingly disordered and loses its char-
acteristic emissivity features. 

Implications. Impacts may disguise the MIR identi-
fications of certain, (relatively) easily disordered clay 
minerals (i.e. nontronite). This may partially explain 
the disconnect between robust VNIR identifications of 
these minerals, and the lack of similary robust identifi-
cations from MIR remote sensing data. However, not 
all clays respond to impacts in the same way. Structur-
ally resilient clay mineral species may be good overall 
indicators of phyllosilicate abundance. For example, if 
phyllosilicate abundances are as high as those pro-
posed in [17-19], then regions with robust saponite 
identifications by VNIR reflectance data should also 
have robust MIR saponite identifications, even given 
the possibility of impact effects. If MIR identifications 
remain ambiguous, this may be an indication that phyl-
losilicate abundances have been over estimated. 

Another potential implication is that seemingly al-
tered and unaltered clay minerals may be found inter-
mixed, but having actually experienced the same im-
pact shock. Emerging experimental results reveal that 
not all shock effects are distinguishable by spectros-
copy for all clay mineral species. Because phyllosili-
cates on Mars are often associated with impacts, their 
locations within impact structures, as well as related 
stratigraphy have been used to date them relative to 
other mineralogical units within confined regions [e.g. 
5]. Using the distinct spectroscopic signatures of 
shocked [9-11] or thermally altered [20] phyllosilicates 
to identify shocked materials has been proposed as a 
method for confirming contextual and geomorphologi-
cal results [20] and for dating phyllosilicate deposits 
relative to surrounding terrains [20 combined with 5]. 
Variability in clay mineral responses to experimental 
impacts, however, casts doubt on the potential useful-
ness of this approach because spectroscopic results 
may be inconsistent with regional geologic history and 
will depend on clay mineral species. 

Surface detections: Initial Mars Exploration Rover 
surface Mössbauer measurements failed to specifically 
identify phyllosilicates [21, 22]. However, recent 
ChemMin XRD and Sample Analysis at Mars (SAM) 
results from Curiosity at Gale Crater have identified 
phyllosilicates as potentially important components of 
both the Sheepbed Mudstone unit and the amorphous 

component identified at Rocknest [23-26]. Such semi-
amorphous or altered Fe-bearing smectites can be pro-
duced by shock, while still retaining many characteris-
tic VNIR reflectance features [e.g. 11]. This makes it 
possible to robustly identify these materials by VNIR 
remote sensing data, but more difficult using MIR re-
mote sensing and surface detection techniques. This 
ambiguity is reflected in the results reported in [10, 11] 
and can be demonstrated by the effects of impacts on 
nontronite Mössbauer spectroscopy. Shock changes 
nontronite’s fit parameters to overlap alternative 
matches, including unidentified spectra from the Burns 
Formation at Meridiani Planum (Figure 4). 

Impact effects on phyllosilicate Mössbauer fits. 

 
Figure 4. Table taken from [11] showing Mössbauer parameters for 
impact altered nontronite. The yellow band highlights parameters 
overlapping those that went unidentified in the Burns Formation data 
[20, 21]. This doublet fits both altered and unaltered nontronite 
Mössbauer spectra. *Fixed parameter. 

Conclusion: There are many processes that affect 
clay mineral structure and spectroscopy. Impact shock 
plays a distinct and not fully understood role. Under-
standing shock effects on spectral properties will be 
key to identifying martian clays and understanding 
their role in martian geochemistry and geology history. 
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