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Introduction: Ammonciated- and phyllosilicate-
bearing materials were discovered on Ceres and glob-
ally mapped with the VIR imaging spectrometer on the 
Dawn mission [1-3]. Key Ceres infrared spectral fea-
tures are located at ~3.05 µm, indicating NH4-bearing 
materials, and 2.72 µm, indicating Mg-OH-bearing ma-
terials. Their co-occurrence everywhere on the surface 
[3] makes it likely, but not certain, that Mg phyllosili-
cates are the carrier of the ammonium. Readily available 
spectral libraries have ammoniated, Al-phyllosilicates, 
which have been used in radiative transfer unmixing 
models to estimate the composition of the Ceres sur-
faces [2]. Yet, more suitable may be Fe- or Mg-phyllo-
silicates, which are more likely from meteoritic materi-
als. Here, we obtain, purify, and ammoniate a variety of 
Ceres-relevant analog materials, including both phyllo-
silicates and meteorites. We then evaluate (i) which 
phases ammoniate; (ii) which ammoniated phases ex-
hibit absorptions with similar positions, widths, and 
shapes to those observed for Ceres; and (iii) if/how the 
NH4-related absorptions change at different tempera-
tures under vacuum [detailed further in 4]. The over-
arching goals are to refine the identification of the am-
moniated species on Ceres and develop a spectral li-
brary suitable for accurate, quantitative radiative trans-
fer models that estimate Ceres’ composition.   

Methods: Fe/Mg phyllosilicates from the smectite, 
chlorite, and serpentine families were obtained, pow-
dered, checked for purity with FTIR and/or XRD, puri-
fied by settling to diminish the non-phyllosilicate frac-
tion or treated with acetic acid to remove associated car-
bonates (if needed), and sieved to <150 µm. Similarly, 
powdered fractions from CM and CI meteorites with 
spectral properties similar to some as-
teroids [5] were obtained. Samples 
listed in Table 1 were measured with a 
iS50 FTIR instrument in biconical dif-
fuse reflectance mode over 2-25 µm at 
room temperature. Samples were then 
ammoniated at room temperature with 
ammonium acetate followed by acqui-
sition of spectra, also at room tempera-
ture, to evaluate whether ammoniation 
occurred. Samples showing signs of 
ammoniation were then measured 
while being cooled from 300 K to 90 K, 

under vacuum (base pressure ~3x10-5 Torr) using a Ni-
colet 6700 FTIR fitted with a diffuse reflection acces-
sory (Pike Technologies DiffusIR) at a 30° incidence.  

Table 1. Materials ammoniated in this study 

Ph
yl

lo
si

lic
at

es
 

Fe-smectite Nontronite NAu-1 
Fe-smectite Nontronite NAu-2 
Fe-serpentine Cronstedtite CIT-17639 
Fe-serpentine Cronstedtite H-2320 
Mg-smectite Saponite IMV 
Mg-smectite Saponite Sap_Gr 
Mg-smectite Saponite Sap_Baja 
Mg,Li-smectite Hectorite SHCa-1 
Mg,Li-smectite Hectorite SynH-1 
Mg-Serpentine  OM12_003 
Mg-Serpentine   OM12_016 
Mg-chlorite  Ripidolite CCa-2 
Al-smectite  Montmorillonite SAz-2 
Al-smectite  Montmorillonite SWy-3 

M
et

eo
rit

es
 

Murchison (CM2) 
Murray (CM2) 
Cold Bokkeveld (CM2) 
Orgueil (CI1) 
Mighei (CM2) 
Tagish Lake 

 Results: Smectite minerals readily ammoniated at 
room temperature. Al smectite spectra matched those in 
existing databases [e.g., 6], while Mg smectite materials 
showed absorptions between 3.03-3.06 µm due to NH4 
and at 2.72-2.78 µm due to Mg-OH (Fig. 1). The latter 
were sometimes in a doublet. These spectral character-
istics of the ammoniated Mg smectites persist in vac-
uum and down to 90 K (Fig. 2). Fe smectite materials 

Figure 1. SWIR spectra of two Mg smectites before (black) and after (orange) ammoniation 
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showed signs of ammoniation, but also the formation of 
a dark precipitate, perhaps due to reaction of the iron to 
form Fe oxides. Future work will include XRD of the 
ammoniated Fe smectites. As anticipated, serpentines 
and chlorites did not ammoniate. These phyllosilicates 
lack the interlayer of smectites for hosting of species 
with positive charge. No evidence for loosely bound 
(e.g., adsorbed) NH4 was seen in their spectra (Fig 3).  

Meteorite spectra from Murray and Mighei did not 
show appreciable change upon ammoniation. The Cold 
Bokkeveld sample did develop an absorption between 

3.0-3.1 µm, 
which might 
be attributed 
to ammonia-
tion, although 
the shape and 
position of 
the band are 
not a good 
match for the 
shape and po-
sition of the 
~3.05 µm ab-
sorption band 
in VIR data 
from Ceres 

(Fig 4). 
Sample 
hydration 
may in-
stead be 
responsi-
ble. Fu-
ture work 
will ex-
amine the 
effects of 
treatment 
with wa-
ter alone 
for com-
parison to 
determine 
if the ef-
fect is one 
of (re-
?)hydra-
tion, ra-
ther than 
ammonia-
tion. Fu-
ture work will also examine the more smectite-rich 
Tagish Lake and additional data from Orguiel. 

Key Findings Related to Ceres & Future Work: 
Smectite family minerals readily ammoniate under the 
conditions whereas serpentine and chlorite family min-
erals do not. This is as expected, given that smectites 
can readily exchange interlayer cations for NH4 in solu-
tion whereas other phyllosilicates lack this high cation 
exchange capacity. Materials from some carbonaceous 
chondrites may ammoniate while most do not, possibly 
related to the proportion of explandable clay minerals 
like smectites vs. serpentines in the sample. Smectite-
rich meteorite samples will be treated to examine for ev-
idence of ammonation. Interestingly, so far, only the Mg 
smectites produce an ammoniation feature that robustly 
matches the Dawn VIR and Dawn telescopic data (Fig. 
4), robust against changing temperature (Fig. 2). How-
ever, the deepst metal-OH absorption feature of the Mg-
smectites occurs at a different absorption position (2.76 
µm) than observed on Ceres (2.72 µm). This implies 
there may be two distinct phases responsible for the 
Ceres spectrum. Speculatively, both ammoniated Mg-
smectites and Mg-serpentines may be present, futher re-
inforcing the similarity with highly altered carbona-
ceous chondrites, which possess both of these phases.   
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Figure 3. SWIR spectra of two Mg serpentines 
before (black) and after (orange) ammoniation 

 

Figure 4. SWIR spectra of Ceres [7] compared to 
the Cold Bokkeveld meteorite, serpentine, and am-
moniated Mg smectite 

Figure 2. SWIR spectra of the Baja Rosarita saponite (an Mg 
smectite), (a) not ammoniated and (b) ammoniated and ac-
quired under vacuum temperatures from 297 K to 93 K. 
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