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One of main discoveries of the last years of very intensive explorations of  “Red Planet” is a confirmation that its 
crust is not entirely basaltic (fresh and altered basalts), as was thought even ten years ago by majority of scientists, 
but is highly differentiated one. The martian rover “Spirit” has found at Columbia Hills (Gusev crater) layered 
alkaline rocks that allowed Dr. H.Y. McSween to declare existence on the martian surface of “the igneous alkaline 
province” ( Internet, 23 Aug. 2006: “Spirit discovers new class of igneous rocks”). Later he with T. Usui supposed 
even presence of carbonatite producing mantle [1]. This kind of rocks, as it is well known for Earth, often 
accompanies the ultrabasic alkaline complexes. The ultrabasic affinities show some rocks at Columbia Hills [2]. So, 
no more dull basaltic Mars, there is else one well fractionated body! 

Highly contrasting lithologies at the lowland-highland boundary were predicted before the Mars Pathfinder 
mission [3] on a basis of the comparative wave planetology [4, 5, 6 & others]. This branch of planetology deals with 
wave warpings of planetary bodies and shows that the higher relief range of rotating planets (but all planets rotate 
and thus have angular momenta) the higher chemistry (density) difference between highlands and lowlands that is 
necessary (needed) for equilibrating angular momenta of different levels blocks. Mars has the highest relief range 
among the terrestrial planets and thus has to have the highest density (chemistry) difference between highland and 
lowland lithologies. By this reason to very dense Fe-basalts of the northern lowlands (already known after 
“Vikings”) have to match very light (not dense) rocks of the southern highlands. Only syenites and granites suit for 
this purpose. So, they were suggested in [3 & others]. Later on the MGS gravity map [7] supported these angular 
momentum considerations by its near even surface.  

The puzzling tectonic dichotomy takes attention of the planetary community for many years and is not 
adequately resolved. Obviously, two always considered reasons: exogenous (a tremendous impact!) and endogenous 
(the whole mantle convection) , are not able to explain the real situation. At the last symposium on the martian 
dichotomy was proposed the third explanation based on the wave planetology [8]. 

As all celestial bodies move in non-round keplerian orbits (elliptic, parabolic) they periodically change their 
accelerations and, thus, are warped by inertia-gravity waves. In rotating bodies  this wave warping has a stationary 
character and four ortho- and diagonal interfering directions. The fundamental wave 1 long 2πR makes one 
hemisphere to subside (fall) and the opposite one uplift (bulge). This planetary segmental tectonics can be found in 
any body but the most known is at Earth, Mars, Iapetus. In these bodies one hemisphere (more precisely 1/3 of their 
surface  - what follows from the wave interference picture) is subsided and the rest is neutral or uplifted. Subsidence 
means diminishing planetary radius and consequently falling tectonic block must be filled with denser material to 
keep its angular momentum. Inversely, an uplifting block increasing its radius must be built of less dense material 
by the same reason. Two planets perfectly show this behavior: Earth  -basaltic Pacific ocean is opposed by on the 
whole andesitic continents; Mars –Fe-basaltic Vastitas Borealis is opposed by “light” (most probably syenitic) 
highlands.  Ground ice of the martian regolith is more abundant in the north than in the south [9, 10] adding more 
mass to the subsiding segment. 

If wave1 makes the planetary segmental dichotomy, its first overtone –wave 2  (long πR) is responsible for 
planetary sectoring. But the regularity prescribed by the wave action is retained: here too there is a dichotomous 
disposition of sectors. At Earth the Northern polar ocean  (a subsided block of Arctic) on the mostly continental 
northern hemisphere is opposed by the Antarctic continental mass (an uplifted block) on the mostly oceanic southern 
hemisphere– well known asymmetry. At Mars there is a similar asymmetry of polar regions but with the inverse 
signs. On subsided northern lowlands there is a local uplift covered with ice, which is antipodean to a local 
depression on the southern highlands also covered by thick –up to 3.7 km - ice. This antipodean “pair” is not unique 
in martian tectonics as the most pronounced on the southern highland segment  two depressions – Hellas Planitia 
and Argyre Planitia have their anti-counterparts on the northern lowland segment – antipodean but uplifted features. 
Hellas is antipodean to appearing at high oceanic latitudes “continental” block of Alba Patera and Tempe Terra. 
Argyre is nearly antepodean to lonely protruding oceanic floors Elysium Planum (together with its northern 
extension – Phlegra Montes). Isidis Planitia is antepodean to the complex of three Plana: Solis, Syria, Sinai. [8, 11]. 
At Earth sectoral features of the eastern and western hemispheres are also antipodean (e.g., Africa and East-Pacific 
depression). 

If the segmental or hemispheric antipodality of two planets can be called  dichotomy of the first order then  
antipodalities of smaller sectoral blocks can be called dichotomy of the second order [12]. But in any case the 
subsided blocks must be denser than the uplifted ones to play on leveling of angular momenta. It concerns also the 
icy loadings of the martian polar caps. They cannot be completely similar fundamentally as they add mass to 
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opposing tectonic blocks with different signs.  Indeed, the northern layered icy deposits are not only less voluminous 
but consist mainly of H2 O ice (specific gravity 0.92 g/cm3 ); the southern layered icy deposits are not only more 
voluminous but consist of H2 O and CO2  ices (specific gravity 1.56 g/cm3 ). As a result the northern cap is more 
convex and the southern cap is more flat because carbon dioxide dry ice is more easily evaporated.  

The dichotomous structure of the martian lithosphere and glaciosphere is accompanied by a similar structure of 
its atmosphere. All atmospheric gases and water vapor tend to be laterally and longitudinally differentiated in the 
gaseous envelope. What concerns the north-south differentiation , most vividly it is probably demonstrated in the 
heavy gas argon distribution. Recently it was shown that argon concentrations  at the beginning of winter in the 
southern hemisphere are six times higher than in the northern hemisphere [13].  An overall density of the weak 
martian atmosphere fluctuates with such an amplitude that standing waves in it can produce sectors almost free of 
air. That is why the parachuting landing module “Beagle-2” of “Mars Express” fell not finding enough air support 
unfortunately entering “empty” space. But “fortunate” “Spirit” and “Opportunity” landed safely supported by 
sufficiently dense atmosphere [14]. Standing atmospheric waves form two bulges separated by two holes in the 
longitudinal direction (wave 2 or πR-structure).  

The terrestrial atmosphere also is rather heterogeneous. There is, for an example, difference in the water vapor 
content between the northern and southern hemispheres.  The stable and deep winter Asian anticyclone over the 
East-Siberian subsector of the Asian sector in the wave structure of the eastern hemisphere is well known.  Obvious 
similarities in structuring geospheres of Mars and Earth are observed in two planets drastically different in size and 
mass (Mars is ten times less massive than Earth), density and chemical composition. A reason of this behavior 
should be found in an external energy source, namely in the orbital energy: “orbits make structures”. This three 
words sentence most precisely reflects an essence of the planetary structuring processes [8, 11, 12 & others].  

But why the dichotomies of the first order of Mars and Earth are differently oriented (S-N & E-W)? The figure 2 
helps to find an answer. Because  waves of 4 directions take place in the interference process and they have several 
possibilities to combine, to superimpose on each other forming “+” and “-“ at different sides. Traces of these waves   
can be found on both planets. At Earth the main E-W dichotomy is supplemented by just a bit weaker N-S one 
(mainly continental north and mainly oceanic south). At Mars the main and very sharp S-N dichotomy is 
supplemented by the weaker E-W one that can be noticed at the free-air gravity map [7, Fig. 1A; 15, Fig 1B]. There 
the eastern half is weakly positive and the western half is weakly negative though interrupted by the high but local 
positive over the Tharsis province and Olympus Mons (πR-structure). The diffuse positive anomalies over Utopia 
and Hellas wide surroundings constitute a major part of the eastern positive half.     

The interference of the wave 1 warpings at both planets reproduces the size and configuration of major planetary 
lowlands: Pacific and Vastitas Borealis (Fig. 2). The wave 2 warpings complicate but not blur completely the 
dichotomous tectonics. The polar caps closely attached to antipodean tectonic blocks follow in their development 
requirements of the wave planetary tectonics. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1 Ratios of some planetary crust parameters 
compared to the terrestrial ones taken as 1:solid line – 
relief, dashed line – Fe/Si, dots – Fe/Mg in basalts of 
lowlands, dot-dashed line – highland/lowland density 
contrast. Below: increasing highland/lowland density 
contrast with increasing solar distance.[3]. 
 

Fig. 2. Identical formation of Mars’ and Earth’s tectonic dichotomy: a 
model of wave interference. A-Vastitas Borealis of Mars. Crustal 
thickness inside the contour is less than 50 km [15] (as viewed from 
inside the globe what makes the contour mirrored). B- Pacific basin. 
C- Flat geometric model of wave interference (4 wave directions). One 
needs mentally to wrap up it around the globe. 
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Along with above common for all bodies structures (dichotomy and sectoring) every body is also warped by 
individual waves lengths of which is strictly dependent on orbital frequencies: higher frequency – tighter wave 
spacing, lower frequency – wider wave spacing. These intersecting waves produce tectonic granules. Their sizes, 
accordingly, increase inversely proportional to orbital frequencies: the Sun’s photosphere πR/60, Mercury πR/16, 
Venus πR/6, Earth πR/4, Mars πR/2, asteroids πR/1. With increasing solar distance in planets increase the relief 
range, density of lowland basalts (judged by Fe/Si and Fe/Mg in them), density difference between lowland and 
highland materials (required by  the angular momentum considerations [3-6 & others]) (Fig. 1).  

A specific martian feature – lobate ejecta blankets around craters extending up to 1.5 times of a crater diameter 
(much wider than continuous ejecta of lunar – 0.6-0.7 diameter, and mercurian – 0.4-0.5 diameter, craters) is usually 
attributed for the frozen water in the martian crust. This water could fluidize under impact excavated material and 
make it flow like liquid. The geomorphologic evidences show that the ejected material really behaves like liquid 
(resembles the heavy clay liquid for drilling), flows and skirts obstacles but usually does not show any significant 
settling. One would expect this settling for water rich material. Could it have, along with some water, compositional 
peculiarities? It seems that after Gamma-spectrometry of “Odyssey” and two landers – “Spirit” and “Opportunity” 
analyses one can say that a “peculiar rock’ is marked out.  

“Odyssey” shows rather low silica over highlands (20-21% [16]) and, that is especially interesting, over high 
standing Tharsis bulge (18-20%) [16]. Low Fe signifies that this lowering in silica is not due to the basic rocks 
which were postulated in “entirely basaltic Mars’ model (the martian meteorites as a proof). MGS gravity data [7] 
have clearly shown that the martian southern highlands are composed of “light” (not dense) lithologies, much less 
dense than the northern lowland Fe-basalts, otherwise relatively flat even gravity signals over two hemispheres were 
not possible. The previous global albedo data also have shown that the southern highlands are much lighter (average 
albedo 0.25) than the dark northern lowlands (0.15)[3, 17] hinting at different rocks. Very long lobate formations 
around huge Tharsis volcanoes also require very low viscosity lavas. Density of martian soils on surface and to a 
depth of about 10 m according to various geophysical methods (radar, polarimetry, IR, “Viking” data) is lower than 
that of the Moon and is lower for light areas than for dark ones [17].  

Now this “whitish” low density material is partly characterized on Meridiani Planum by “Opportunity” [18] – it 
is salt: sulfates, chlorides, bromides covering and penetrating layered sedimentary (mainly eolian?) rocks. The salts 
are discovered in craters and, as it shown by an artificial  very shallow impact crater (after fall of the 
“Opportunity”’s heat shield), under thin cover of eolian reddish Fe-rich drifts. The salts cover large areas on 
Meridiani Planum. Their most probable origin is due to widespread hydrothermal activity, vents being craters and 
deep cracks (faults) draining depths of the highland crust. So, salts are not just a thin veneer but a significant 
constituent part of the highland crust. That is why Tharsis is surprisingly low in Si. Silicates are partially replaced by 
salts (low density substance), this is required by necessity to diminish the mean density of highly standing tectonic 
blocks of Mars – a rotating planetary body that obeys the physical law of keeping equal angular momenta of 
hypsometrically  different tectonic blocks. The aqueous salts with constituent water not only diminish a mean rock 
density and explain the presence of hydrogen (H2O) at the equatorial zones in “Odyssey’ data but also bring down 
the melting temperature of impacted rocks making ejecta easily flowing (like a dough for pan-cakes).  

The “Spirit”’s results for the Columbia Hills at Gusev crater go farther [19, 20, 21, 22, 23, 24]. They bluntly 
shown that an outlier of highlands consists of rocks completely different from lowlands basalts. Keeping the same as 
in basalts level of Si, these light color rocks are higher in alkalis, Al, P, Cl, S, Ti and lower in Fe, Mn, Mg, Ca, Cr.  
Al/Ca  increases from basalts to this rock. Na is up to 4.5%, Al- 8.0%, P – 2.3%, Ti – 1.5% - these are values 
suitable for syenites. The thinly layered rocks of Columbia Hills resemble very much the layered nepheline syenites 
of the ring complexes of  Kola Peninsula (Khibiny, Lovozero, Kovdor) . One layer of the Columbia Hills massif 
(Wishstone rock) is high in phosphorus (calculated apatite is up to 13%), another – in sulfur (Peace rock). All this 
resembles layers of apatite and feldspathoids rich rocks of Lovozero massif. Sodalite (Cl and S) and noseane (S) 
rocks are known there. Near the top of Columbia  Hills at the “Independent Rock” target researchers have found less 
iron than expected (Internet, July 11, 2005: “Spirit Scuffs” communication). Again, sharp Fe variations in   thin 
layers of nepheline syenites  (urtites, lujavrites, foyaites) are very typical. In some micro images of the Columbia 
Hills rocks (Internet) one can discern directional (lujavritic, trachytic) and massive (foyaitic) textures. Some larger 
light colored crystals contain darker isometric inclusions – a hint of the poicilitic structure.   

A very typical process of feldspathoid alteration in the contact with water (ground and atmospheric) is formation 
of zeolites. These very soft and low density silicates (often shining like water ice) are perfect sinks for water, giving 
it out and taking back into their crystalline structure depending on P-T conditions and availability of water [25]. 
These syenites often containing also as a matrix albite – sodic plagioclase (detectd by “Spirit”’s  Mini-TES [21]) are 
melted at temperatures much lower than basalts. Maybe, this is a reason why the lobate craters are widespread on the 
southern highlands. In addition, zeolitized and kaolinized syenites are soft, this property of Columbia Hills rocks 
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was found by “Spirit”’s grinding instrument –these rocks are much softer than basalts [21]. Very thin layering of 
rich in alkalis and thus very fluid nepheline syenites  is typical at Earth (Fig. 3). 
 

 
 
Fig.3. To the left: Lovozero massif. Thin layering of nepheline syenites (complex of foyaites-lujavrites-urtites). Author’s photo, 1957. To the 
right: Mars, Columbia Hills. Thin layering of light colored rocks (Credit NASA/JPL/Cornell, 18 Aug. 2004).  
 

Gusev crater lies at the contact between lowlands and highlands. In an earlier work [3] , before “Pathfinder” 
landing, we insisted on “Possibility of highly contrasting rock types at martian highland/lowland contact”, namely 
on finding albitites, syenites, granites in addition to basalts. “Pathfinder” has found andesites, but more acid and 
alkaline lithologies were discovered by THEMIS (MGS) and “Spirit”. Two localities at Syrtis Major have dacites  
originated probably from a crustal body long not less than 95 km [26].  “Spirit” has nepheline- normative rocks 
probably rich in salts penetrating them  in form of own minerals and in feldspathoids structures (sodalite, 
noseane,and others). So, salts helping to diminish rock density, simultaneously lower its melting temperature what 
helps to produce such characteristic martian structures as lobate craters.  Of course, Columbia Hills rocks are not so 
rich in Na and K as nepheline syenites ( this is probably due to weathering and hydrous leaching) but  Na/K is 
similar as well as a strong fractionation of Fe in layers (up to 4 times). Salts – an important primary component of 
martian highlands are typical also in the Lovozero rocks (NaF and hidden in feldspathoids).  
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