Lunar and Planetary Science XXXIX (2008)

CHARACTERIZATION OF TYPESAND CONTENT OF PHYLLOSILICATESIN THE SHALLOW
SUBSURFACE IN DIFFERENT REGIONS OF MARSBASED ON DATA FROM GAMMA-RAY
SPECTROMETER SUITE (MARSODYSSEY). Igor Mitrofanov', W. V. Boyntorf, Maxim Litvak* and

Nikita Demidov'*, *Space Research Institute, RAS, Moscow, 117997 i®usstrofa@space.ru, “Lunar and
Planetary Laboratory, University of Arizona, TucsttSA, ®Institute for Physics of Soils, Puschino, Russia

Introduction. Signatures for phyllosilicates on

Table1l. GRS estimation for Al, Fe and H at several

the surface of Mars detected by OMEGA [1] and regions with detected signatures of phyllosilicates
CRISM [2] experiments suggest long-term contact of the surface.

igneous minerals with liquid water and warm climate | Tested re- | Al (Wt%) | Fe (Wt%) H (Wt%)

which is quite different from the current climatene gions

ditions on Mars. In our study we focus on character | Nili Fossae| 4.8+0.6 19.0£0.7 | 0.34+0.05

zation of types and content phyllosilicates in shal- Trough +

low subsurface of different regions of Mars usihg t Jezzero

GRS data of Mars Odyssey for elementary composi-| Crater

tion of Martian soil. Mawrth 5.1+0.6 18.0+0.7 | 0.61+0.05
GRS provides the set of global maps describing | vallis

abundance of the main chemical elements in the Mar-| 5. gnd W. 4.8+0.6 17.240.7 | 0.64+0.05

tian soil such as Si, Al, Fe, Ca, etc. [3] GRS does Merridiani

have narrow field of view and its footprint (90% of | Terra

gathered information from surface) is comparabli wi Terby cra- | 5.6+0.6 14.840.7 | 0.31+0.05

the large surface area of 300 x 300 km. But gamma-| ter

ray spectroscopy provides the unigue techniquéhfer Holden 4.3+0.6 16.5+0.7 | 0.31+0.05

depth distribution analysis (depth sensitivity imet crater

range of 20-40 cm), which is very important for kro Shalbatana] 4.3+0.6 16.5+0.7 | 0.39+0.05

ing the bulk composition of a particular mineraltfre region

subsurface. Therefore, analysis of GRS data previde
the complementary information to OMEGA and

CRISM data for the bulk content of phyllosilicates,

and even for particular type of these minerals.

Data Analysis. To derive content of phyllosili-
cates, we use the simplest modeling approach #r th
Martian soil assuming that it is a bi-modal mixtafe
a regolith with standard composition and some kihd
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Smectites and kaolinites are the most common

kaolinite Al zg 205(0H)4

phyllosilicates. In our study we use the average jnd three types of smectites:

chemical composition of standard regolith derived
from MER data [4, 5]. The reference content of 7d,

montmorilonite (Na,Ca)g 23Al .S 4010(OH),-H-0,

and H for the standard regolith is thought to B 4.  A|_nontronite (Na,Ca)o ssFe,AlO10(OH),H-0
wt%, 14.6 wt% and 0.2 wt%, respectively. We assume gnq S-nontronite (Na,Ca)o 335F€,9 4010(OH),H.0.

2 wit% of water for the standard regolith, as it was
suggested according to GRS and HEND data [3, 6].

According to bi-modal model of the soil com-

types of phyllosilicates distributed on the Earij. [
They have also been suggested, as detected types of
phyllosilicates on Mars (see [1,2]). Therefore, our
testing minerals are

We have selected these three particular elements be osition, we use the simple formula to estimate the
cause they are key components of phyllosilicates ,pper limitX for the content of a particular phyllosili-

chemical formula, and because their content from .4t pased on the measured contents of Al, or iFe, o
GRS is known quite well over the Mars surface [3]. u-

Using the GRS data, we may obtain the measured con-
tent of Al, Fe and H for all known regions of ddiec

of the signatures of phyllosilicates on the surfdcg].
Table 1 presents few examples of these regionghwhi
have been discussed for MSL landing site selection.

G =Xaij+ (I-X)y (1)
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whered is measured content of a key elemie¢#l, or

Fe, or H) according to GR&;; is the known fractiof

of this element in the particular tested type oflph
losilicate, y; is the reference concentration of this ele-
ment in the standard regolith (all values of cotgen
are fractions of 1). To estimate the most feasiblee

of X, it is necessary to solve equation (1) individyall
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types of phyllosilicates in the shallow subsurfatiee
S-nontronite (Table 2, the last column) is thought to
be the most probable type of phyllosilicate. ItIdobe
found practically at each region, and its estimated
bulk content is ranged from the top value of 30 wt%
for the Mawrth Vallis, to 18-22 wt% for Nili Fossae
and for S. and W. Merridiani, to 13-15 wt% for Shal

for each of key elements Al, Fe and H. One obtains batana region and Holden crater, and down to ipract
three values foK, and the smallest one corresponds to cal absence (within few percents) for the Terbyesra

the maximal acceptable content of this tested raiper
which is supported by the data from GRS.

The content of this type of phyllosilicate is mainl
limited by observable content of Fe, but in twoesas
(Nili Fossae and Holden crater) the contentSof

Results. The results are presented in the Table nontronite is limited by the content of H.

2 for each of four tested types of phyllosilicatel dor
six regions with detected signatures of the presefc
phyllisilicates on the surface (in brackets wevslioe
element, which content has been used for this astim
tion). Errors are based on data statistics. Inrséve
cases the presence of particular type of phylkzsiis

On the other hand, thevontmorilonite and
kaolinite could not be abundant phyllosilicates on
Mars. They may only be suggested for the soil at
Terby crater with a moderate content of 8 wt% and 4
wt%, correspondingly. And, there is no evidence for
any detectable content 8f-nontronite at each of six

in the subsurface is not supported by GRS observa-tested regions of Mars (Table 2). In future studiés

tions both for Al or for Fe. It happens, when detdc
content of the key element is smaller than therrefe
ence value for the standard regolith. In this cages
may only indicate the upper limit for the bulk cent
of phyllosilicate in subsurface, as it could beickst
from the statistical errors of GRS data.

Table 2. Estimated contents (or upper limits) for par-
ticular types phyllosilicates for several regionghw
detected signature of phyllosilicates on the sexfac

Testing Kaolin- Mont- Al- g-

landing ite morilo- non- non-

sites nite tronite tronite

Nili

E?jjgﬁ L, | 2w | <3wioe| <3wwoe | 18:4

Jezzero (A (Al (Al wt% (H)

Crater

Mawrth 122 223 | g 0e | 3042

Vallis W% | Wit A) | wto (Fe)
(A (A)

hsﬂ-e?:;gi;"r’]- QW% | <3Wi% | <3wi% | 2242

i Terra (A (Al (Al wt% (Fe)

Terby 4x2 853 | 3wt | <2 wi

crater wt% wt% (Fe) (Fe)
(A (A)

Holden <2 wt% | <3wt% | <3 wt% 13+4

crater (AN (A (AD wt% (H)

ks):ta;;la <2 Wt | <3 wt% | <3 wt% 1542

region (A (Al (Al wt% (Fe)

Conclusions. Data from GRS allows to char-
acterize qualitatively the bulk content of partiu

Mars geology, one has to understand, why one par-
ticular type of phyllosilicates, the df-nontronite,
dominates on this planet. The highest estimated con
tent of S-nontronite in the Mawrth Vallis makes this
region, as one of the most attractable landing $tie
Mars Science Laboratory [8].
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