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THE CHEMISTRY AND MINERALOGY
OF THE MARTIAN SOIL

HARRY ROSE ir.
Products International, 14413 Ash Court, Rockville, MD 20853

I t is a great pleasure and honor for me
to be here today. To walk the same ground
as Galileo at the renowned University of
Padova with its long and rich histOry' has
given me a most exhilirating feeling. Profes­
sor CARAPEZZA'S introductOry remarks were
most kind, and I like he, have only one
regret this day, that my two colleagues.
FRANK CUTTITTA and hVING BREGER, could
not be here to share my elation. When I
accepted an invitation to come here, I had
no idea that I would be the first recipient
of the Plinio medal. I can only say that I am
deeply honored to accept this award with
great humility and satisfaction and convey to
the Societii Geologica I taliana and the So­
cieta Italiana di Mineralogia e Petro[ogia my
sincere appreciation for inviting me to attend
your meeting.

The chemistry and mineralogy of the
Martian soil

In the tradition of Gaius Plinius Secundus,
who had an insatiable thirst for scientific
knowledge, man continually searches the
skies exploring rhe planets in an aHempt to
understand the origin and evolution of our
solar system and of life itself, and to gain
knowledge about the dynamic processes that
shape our terrestrial environment. Mars, of
all our sister planets, seemed the most likely
candidate to have, or to have had in the
paSt, the proper ~ingredjents to support life.
While the search for life was the principal
objective of the Viking program, a number
of other scientific investigations were also
included as shown in table I.

TABLE 1

Viking science objectives

ORBITER

SELECT UoNDINC SlTES

MONITOR SITES AnER L\NDINC

DYIlAMIC CllARACTERIST1CS OF SURF....CE AmI ATMOSPHERE

CRAVITATlOAAL FIELD.....TI«lSPllEllE. UoNDER LOCATION

,~,

....nroSPHEllE STRUCTIJRE ....ND CO!WOSlTIO~

L\NDER

lWlC1NC OF v.tIIlINC SlTES

SURCH FOR EVIDMCE OF UFE

ORGANIC ANALYS1S OF SURFACE

lNORCANIC ANALYS1S OF SURFACE

A'lM:lSFIlERIC COllPOSlT10N ANALYS1S

l'lETEORLOOICAL CIlARACTERISTlCS

SElSl'lOLOCICAL CHARACTERISTICS

PHYS1CAL FROPERTl!S OF SURF....CE

M.O.CNETlC FROPERTlES OF SURFACE

The one of immediate concern to this
paper is that of inorganic chemical analysis
of the Martian surface. As the last experiment
to be added to the Viking program, serious
constraints of size and weight were imposed
on the instrumentation. The characteristics of
the x-ray spectrometer developed to analyze
the surface material are shown in table 2.
The largest saving in weight and size for the
unit was effected by replacing an x-ray
generator with radioisotope sources and
electronic circuitry capable of stepping
through 128 energy channels to replace a
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rnuhi<hanncl analyzer. Even with stringent
restrictions which limited bOlh resolution
"od sensitivity, the Viking x-ray spectrometer
can detect all element's above sodium
(2 = 11) in atomic number. Sensitivity is
exceptionally good for the geochemi~ally
importam elements Rh, Sr, Sf and Y (abom

TABLE 2

Characteristics 0/ VikinJ!. x-ray unit
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50 ppm). The full instrument is shown in
6gu~ I. Due to the possibility of strong
winds (as high as 200 km/hr) a thin
alurninum windspoiler was auached to the
sample funnel to deflect the sample down
the delivery tube (Q the analysis chamber.
Figure 2 is a cross section through the

analysis chamber showing the placement of
deteclOrs and sources. For a more descriptive
detail of the construction and operation. the
reader is referred to CLA-RI{ et al., 1977 (l).

Analytical spectra showing two of the
Martian samples along with twO U.S.G.S.
standards. RGM.l rhyolite and BCR-l basalt
are shown in figure 3 (Fe·55 source) and
figure 4 (Cd-source). The spectra dearly
delineate the high concentrations of Sand
Fe in the Manian surface materials. A sum­
mary of the analyses of the various types of
samples at both 'the Chryse and Utopia
landing sites is given in table 3. Although
separated by about 6.500 km. the chemistry
of the samples show little variation between
sites. except for sulfur and chlorine. Also
noted in the data is a deficit in the sum·
mation. the difference between 100 % and
the sum of the constituents reponed, This
deficit must be attributed to (1) analytical
error. (2) the presence of elements lighter
than Mg (Z = 12) and (3) the sum of small
amounts of heavier elements present in
concentrations below detection.

Every precaution to reduce systematic
errors has been taken by both frequent
calibration of the instrument and normali.
zation of all results to the back-scattered
primary radiation. Random errors should.
further I nOI produce consistently under­
estimated data. For these reasons analytical

TABLE 3
Analysis summary 0/ Mar/ian surface fines
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TABLE 4
Chemical composition of computer mod
eled mixtures co,nposition, wt. percent

error is not considered to be the major cause
of the deficit. As for the heavier elements
not being detected, the x-ray spectrometer
is particularly sensitive to major rock forming
elements. The only possible exceptions arc
Mn Hnd Ni, cach of which has a detection
limit of about 2 % being obscured by the
large presence of iron.

It seems, therefore, that the principal
constituents of the deficit are most likely
elements of low atomic number. The most
likely choices arc H~O, CO~, Na (as Na~O)

and oxides of nitrogen. Other possibilities
such as Li~O, B~O:I, NH:1 andF can be
discounted based on known geochemical
principles or the fact that some of these
candidates should have been detected by
the Gas chromatograph-mass spectrometer
(GCMS) were they present.

Both CO~ and H~O were detected by the
GeMS experiment which can heat the
sample only up to 500" C. Up to scveral
percent of H~O has been detected by the
GCMS and therefore may account for a
significant fraction of the mass deficit in
the analyses. While CO~ has been detected
by GCMS, the possibility of stable carbonates
such as calcite would not give up CO2 at
500" C. It is possible then that CO2 evolvcd
from these carbonates could amount to 4
to 5 %.
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The role of Na20 is more difficult to
assess. Based on geochemical coherence, the
vcry low content of other alkali metals (K,
Rh) seems to be consistent with a low
value for sodium as weD. Also, the most
stable nitrate compounds are th<m: of the
alkalies, and for Ihis reason nitrogen oxide
is not believed to be a part of the summation
de6cil.

rous minerals in the primary rocks. The re·
sults of the Viking biology experimenu indi­
cate that elemental oxygen is released upon
moistening the soil and that the soil is capable
of rapidly oxidizing the carbon of organic
nUlriems with which it comes in contact.
The magnelic properties experiment indicate
the prese~ of a few percenl of a nighly
magnetic mineral w~ oolor is more sug-
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Sulfur is presumed 10 be in the highest
oxidation state based on eviden« thal both
Chryse and Utopia have highly oxidyzing
surface environments. The pervasive red
color al these sires is generally rt:garded as
resulting from the abundance of ferric oxides
or hydroxides derived by oxidation of fer.

gestive of maghemite (y-Fe~03) than strongly
magnetic minerals such as magnetite (Fe~O,),

pyrrhotite or native iron. In such a highly
oxidizing environment the sulfur is more
likely to be present as sulfates. As the
results show in table 3. SO, is much higher
in the duricrosl and as lhe sulfsle is mosl
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probably the cementing medium for the
silicate panicles.

Given the analytical data and the above
discussion of summation deficits and the
role and oxidation of sulfur how can we take
a step funher in trying to determine the
mineralogy of the Martian surface material.

The overall composition of the samples
is suggestive of malic rocks, or more likely,
their weathering or alteration products. As
a consequence of an assumed high oxidation

nontronite, as well as kiserite, calcite and
rutile. The mineral assemblages are, signifi­
cantly, characteristic of mafic igneous rocks.
or their weathering or alteration products.

It must be realized that funher changes
in the mineralogy may occur even after the
bulk chemistry has become a closed system
and therefore the mineral assemblage as
it presently exists may differ from that
presented in table 4. If Fe·rich smectite such
as nontronite was the major constituent
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when the chemical composition of the
Manian fines was set, it may be quite dif­
ferent today representing the products of
destruction of an earlier mineral assemblage.

Interlayer HOlD can be removed from
terrestrial nontronite at room temperature
and low humidity and it is possible that
only «hydroxyl water» may be retained
under Manian conditions. The intense ultra­
violet radiation and low vapor pressures on

".!---t.",--i"'i;-----:"\--,,,:\,--t.,,,---;..i;--",,li-.-,,;;;,,
CHANNEL

Fig. 4.

state of the iron, the low alkali and alkaline­
earth elements, the relatively low 5i02

content of the material, and the low value
for Ah03 there is ample support to indicate
the presence of AI-poor, Fe-rich smectite
clays. On this basis a series of computer­
modeled mixtures were compared to the
approximate average value of the Martian
fines (table 4). The mixtures contain the
clay minerals montmorillonite, sapronite and
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Mars may even result in dehydroxylation and
crystal-structural rearrangcments which may
lead to the presence of free iron oxides.
Maghemite (r~Fe:!03) is the first product of
structural breakdown in the thermal de­
hydroxylalion of nontronitc (2) under oxi­
dizing conditions. The material adhering to

The queslion then arises as 10 a plausible
explanation for the formation of Fe-rich
days. Because of lack of evidence for long­
lived and widespread Manian seas, little
support can be given to a common terrestrial
mechanism for their formation by devitri·
fication of volcanic glasses in a deep-sea

Fig. 5.

the Viking magnets on the sampler head is
most likely maghemite (3). I t can also be
proposed that other dissociation products
such as frtt SiO~ and calcite may also be
p~nt.

environment. It is more reasonable 10

concenlrate on possible mechanisms related
to the weathering or alteration of malic
rocks and hydrothermal alteration associaled
with volcanic activilY as a possibility.
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One mechanism that seems consistent with
present facts about the Martian environment
is the formation of palagonite tufTs by sub­
glacial volcanic activity. Such activity is well
documented in Iceland (4) where basaltic
eruptions under large glaciers have produced
both catastrophic floods and huge masses of
smectite-rich altered volcanic glass (pala­
gonite). The analogy to the Martian con­
ditions is striking. There are large areas (see
figure 5; of chaotic terrain at the heads of
major c.anyons that have been interpreted as
result ot subsidence resulting from melting
penr.afrost reacting to local magmatic acti­
vity. The large number of subsidence areas
indicate that if violem interaction between
Fe-rich basaltic magma and subterranean ice
xcurred it would represent a vast source for
rne production of palagonite. Devitrification
lind smectite formation occurs to some ex:ent
01"" cooling of the volcanic glass, but most
pro':!ably forms later through weatherifig.

It is unfortunate that neither time or
weight restraints permitted development of
a more sophisticated analytical instrumem
for the Viking adventure. The task of in­
terpreting the mineralogical make·up of the
Martian surface material from the chemical
data would have been made infinitely easier
if x-ray diffraction results were available. A
combination x-ray fluorescence and diffraction
spectrometer would have produced positive

interpretations instead of the speculative
ones submitted in this presentation.

In summary, the following comments Are
the most important inferences that can be
made regarding the Martian surface material.

I. The material is predominantly fine­
grained siliCAte particles either admixed with
or coated by iron oxide particles.

2. The chemistry of the samples is in·
dicative of manc source rocks rather than
more highly difIeremiated salic materials.

3. The surface nnes are idemical at the
two Viking landing sites and is presumed
due to homogenization by aeolian processe;:
which occur on a planetary scale.

4. The most plausible model for th~

mineralogical comribution of the surfac~

material is a mixture containing primarily
iron-rich smectites (or their degradation
Droducts) with ferric oxides including
maghemite, minor amounts of carbonate.>
such as calcite, and sulfate minerals cementini,
the fines into a continuous or tragm~ntcd

duricrust.
5. The duricrust may have formed by a

process of leaching, surfaceward migration
,md evaporative precipitation.

6.. Much of the material may have
been derived from palagonite-Iike products
through interaction- of mafic magmas with
;:ubtcrranean ice.
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