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The Long-winded Model of Mars

Summary

The supposed ancient river channels of Mars may have formed without significant flows of water, as a result of processes driven mostly by carbon dioxide, the main component of the atmosphere there. Blocks of unstable sediments, located just beyond the upper reaches of these channels, partially collapse at depth. These sediments are proposed to consist mainly of fine dust and dry ice deposited during dust storms, like those so frquently seen. The sediments, eventually deeply buried and under slowly increasing lithostatic pressure, the result of dust deposition from multiple storms over aeons, collapse when their carbon dioxide component is liquified by the weight of these overlying strata. The carbon dioxide component escapes into the existing, nearby canyon head. Katabatic flows of cold air down these channels, associated with duststorms, then gradually, over further aeons, blow the remaining fine dust away, down and out of the channels. The proposed sedimentary processes are without close analogs on Earth and do not involve flash floods of any sort. If the model is correct, liquid water may never have flowed in quantity on Mars, and that planet may never have hosted water rivers, water oceans or a past wetter and warmer climate. 

Scientists are often accused of social irresponsibility. So, duty calls and I have something else to add. The above notwithstanding, I now think it possible that Mars may might have hosted and may perhaps yet support life. Small amounts of water ice and aptmospheric water vapour are definitely present. There are subsurface chemical, non-solar-driven pathways for raising water to temperatures and pressures that could enable it to remain liquid for considerable periods of time, so life may have evolved there. If it does exist on Mars, it could prove very hostile to our present terrestrial biosphere. So, on no account should humanity allow any spacecraft to return physically to this planet from that one, or in fact to this one from anywhere else beyond our own gravity well, either with or without deliberately-collected samples. Fail-safe decontamination is not possible. The odds against such an assault on our biosphere are long, but the consequences could be dire. It is not worth gambling the biosphere for a few exciting samples or a joy ride.

----

Introduction

Nasa is head over heels in love with the notion that rivers and oceans of liquid water once existed on Mars. They will consider no close criticism of their beloved construct. But if you look at Mars now, a few simple things are evident. First, the atmosphere there is almost entirely carbon dioxide. Carbon dioxide regularly turns solid on and below the martian surface, gets buried and almost certainly turns back to gas when the pressure in insulation of overlying sediments is removed. That must have a profound effect on the sediments and geomorphology of Mars. The wet worlders have totally ignored this. They want a different fluid. They want water. So they spend all their time and effort trying to find water, or past traces of water. They would be better off seriously re-considering their data first. Huge regional and even planet-wide dust storms can be seen on Mars now, particularly in the relatively hot southern summers, and even with telescopes based on Earth. These move vast amounts of lithic material. If you are a baptised and confirmed true believer in the great wet world, you will ignore the implications of this or you will be excommunicated.  

Next, down many of the supposed river channels, the long incised versions of the valley networks, though not in the outflow channels, run long, almost continuous trains of barchan dunes, as fresh as yesterday’s bread. They run almost from end to end in many of those valleys. In the narrow valleys the wind is funnelled, in the big wide outflow channels it is not so constrained, hence their absence in the latter. Barchans are horned dunes, with their horns pointing, almost but not quite always, down channel. Now, barchans are not static monuments, they move. If their source of material dries up, they vanish. They blow away, maybe not quite overnight, but almost, if the atmosphere is capable of moving whatever composes them. As those on Mars are most likely made up entirely of dust from basic rocks, the dust storms mentioned above would demolish them pronto. If you find millions of them in pristine condition, that means they are still being fed and are still moving. So, vast amounts of the lithic material that makes up the surface of the planet Mars are moving down those channels, now. Ignoring their presence in the channels of Mars can perhaps usefully be parodied as follows:

It is like looking at airphotos of the railway lines linking the Bowen coal basin here in Australia, the biggest source of export coal in the world, to its seaports, seeing with crystal clarity the two kilometre long coal trains, and then ignoring them. You conclude that they are too big to have anything to do with coal transport, because trains in America are never two kilometres long. Hence this annual load, 130 million plus tons of atmosphere-freshener, pure distilled natural solar energy, etc., must be moving along buried slurry pipelines, never mind the drought there since before Wirrunna walked to the sea, and the consequent lack of the necessary water. Then you go off and describe the evolution of the slurry pipeline industry back to the Viking’s first visit to Vinland. On Mars, Nasa is resolutely ignoring a very healthy transport system a couple of orders of magnitude longer and larger and more effective than those coal trains. 

The central question is: what makes anyone still think the erosion and deposition features seen on Mars required liquid water for their formation, and if there ever was enough liquid water to generate them, where are the rest of the obligatory landforms that have to go with it? I do not believe in long-vanished martian rivers or oceans, despite many recent papers and press releases to the contrary, and suspect they will shortly go the way of the infamous canals, to the embarrassment of many. There is some frozen water at the poles, and that there are known and measured minor amounts of water in the atmosphere, and that there is probably about 2% water in the soil, causing oxidation and perhaps forming laterites or analogs of laterites in the shallow subsurface. My contention is Mars is nevertheless a very dry planet and probably always was. 

Two key factors should be kept in mind. First, the atmosphere there, though thin, can all freeze, unlike here on Earth, where only the small fraction of the atmosphere that is water freezes. That the martian atmosphere does not entirely do so, even though perhaps some 30% of it does freeze out in the winters, is due to the summer re-warming by the distant. Second, vast amounts of dust can be seen blowing about there, now, particular in the perihelion southern summers. The southern summers are far hotter than the northern ones, because the orbit of Mars is so seriously off-centre than the planet recieves 40% more energy when closest to the sun than when furthest away. If such dust storms have blown up there for a long time, and there is no reason to suspect they have not, then very extensive and deep wind-blown, or aeolian, sedimentary deposits are to be expected. If carbon dioxide ice freezes out of the atmosphere when those dust storms are active, then very unstable sediments, quite unlike any we have seen on this planet, are to be expected and should likewise be very extensive. If they exist, they will generate landforms for which we have no analogue here. Back to the drawing board.

The old geological adage, that “the present is the key to the past” though not strictly accurate, proved very useful in unravelling Earth’s geological history. Maybe it can profitably be applied to Mars also. We can perhaps explain the observable surface features without inventing a different past atmosphere, and without invoking huge flows of liquid water. If you want to count angels dancing on pinheads, first prove there are such things as pins. Minor technical details can follow. In geology it is not a good working principle to invent ever-more complex explanations for things that can be simply explained. William of Occam, and the Scholastics before him, explained in the 13th century that “beings ought not to be multiplied except out of neccesity,’ which contention is now better known as the Kiss Principle. This minor technical detail needs to be applied here.

The first enthusiastic explanation of the “Face on Mars” was treated with general caution by Nasa’s geologists. They managed a more plausable explanation after a little thought. It is curious that they have declined to treat with equally admirable scepticism, the rather dubious geological evidence that there might have been rivers and oceans there in the distant past. In the first case, the theory of origin by intelligent sculpture merely affronted all we know of history, archaeology and the history of art and of travel. Those are merely the tenous derivatives of sterner sciences. The rivers and oceans of Mars, on the other hand, first contravene the laws of common sense and logic. They also contravene the little we know of two rather basic science disciplines, chemistry and physics. They further affront many of the rules of the game of their will o’ the wisp offspring, geology, as I shall attempt to show. Geology has not quite grown up yet, and is often the despair of its stern parents. Its conclusions stem from an unsatisfactory set of predjudices, wild guesses and half-truths about long-past events that had no credable witnesses. That’s when it’s operating lucidly. But since geological evidence is both the left and right foot on which the entire towering damp edifice now stands, that clay needs to be prodded rigorously, to test its load-bearing parameters. And to see if there are feet there at all. I remain dubious.

It has taken several hundred thousand geologists a couple of hundred years, a lot of footslogging and a lot of gross errors, to get to where we are now in terrestrial geology, which is very far from a satisfactory end of the story. We have a lot of mistakes to make on Mars yet, and no doubt the model on offer here will contribute its fair share. There are clearly huge holes in my argument, and errors that result from pure ignorance both within my own field, geology, and of other disciplines. The original version of this essay, first published on the Internet in 2000 by Spacedaily, brought many much-appreciated comments from many courteous people. Several small and some gross errors of fact pointed out, have now disappeared, and have no doubt been replaced by new ones. There are changes in the model as well, and it has got longer. In consequence it is now apologetically tagged “The Long-winded Model of Mars.” 

The reasons for firing off these ideas without lengthy and careful peer review are these: First, it is too long for a journal article. It argues in detail from and around rather beautiful and complex images, which component of the case I am loth to ditch. Next, I suspect I would have been laughed out of court by the peer review journals, as Nick Hoffman was for some time, with his carbon dioxide-driven model of how Mars works. This is a field where almost all workers are employed by one or at best two paymasters, and those paymasters are currently 3-phase welded to an opposite view. Mars exploration is presently the flagship science venture for both the USA and Europe, and they are, it may be fair to suggest, just a touch nationalistic about it all. They are understandably very proud of their efforts, and unenthusiastic about contributions from half forgotten colonies. Australia? That one of the Sandwich Islands? If the natives are restless, send a gunboat. The best peer review in such a case is hence perhaps incautious, un-reviewed internet publication, if possible, and open debate. I am also not trying to be a sky god, just a geologist. Getting things wrong is our speciality. For my last excuse, I am not an enthusiast when it comes to giving long hours of head-scratching free to wealthy journals, for them to copyright in order to restrict access and increase their profits. I prefer my work to remain in the public domain and copyleft, and commend that route to others. Science needs free communication as mammals need clean air.

Intellectual edifices with muddy feet may crumble, if the requisite water for the mud never was. Expensive spacecraft are being fired off to Mars quite frequently now. This is the most impressive and expensive sampling ever done by humans, but it is limited in scope, say in comparison to the average local drilling program for coal, gold, water or other precursors of cold beer. The rigs down here with monotonous regularity drill 500 metres a day into hard rock, and it does not even make the nearest village newspaper. It often still does not answer the key questions. In contrast, a hole half an inch deep in a Mars rock is world headlines. So only a minuscule part of what we would like to see sampled up there can be tackled. What the spacecraft sent to Mars test and where they are targeted, depends very largely on what geological and meteorological models are available, and on the major questions that arise from those. If the exploration of Mars is really primarily about science, rather than about national egos, then the important thing is the story the data tells, not the whizz-bangery of the tools used. We have all cheered ourselves hoarse; it’s now time to get back to work. My hope is that contentious new models and a vigorous debate now will improve the future scientific value of all this effort. All contributions and criticisms are invited, no holds barred. 

I think the erosional forces of Mars geology are active now and that much of the action is relatively recent, but as an aside, hasten to add I am a card-carrying geologist and not of the Mt Ararat school of thought. I am perfectly comfortable with a very old planet for a neighbour, and it is central to my case that the processes operating there now have probably been active for billions of years. I think they will have acted continuously but variably and with spectacular interruptions.

A Controlled Climate ?
On Mars, both the surface temperature range and the atmospheric pressure at the surface may be rather rigidly controlled by the physical characteristics of both carbon dioxide and water.  The atmospheric pressure at the surface of Mars, about 7 millibars, is very close to that of the triple point of water, which is 6 millibars. Next, the surface temperature of Mars extends only 10 – 20 degrees into both the dry ice field at the cold end, and the water vapour field at the hot end of the scale. These constraints are, in my opinion, unlikley to be mere coincidence.  

The phase diagram for carbon dioxide says whatever you do, you cannot get liquid CO2 at any pressure below 5.11 bar and at any temperature lower than –56.6 degrees Centigrade, that is, 216.4 degrees Kelvin. That marks the triple point of carbon dioxide. The average surface temperature of Mars has been variously estimated as 210 degrees and 223 degrees Kelvin, with a 5 degree component being due to greenhouse heating. Those two estimates neatly bracket the triple point temperature of 216.4 degree and suggest that the average surface temperature of the whole planet is so close to the triple point temperature of carbon dioxide as to be deeply suspicious. Also, the surface temperature range is from a low of about 133 degrees K to a high of about 293 degrees K, that is, from 83 degrees below the triple point temperature to 77 degrees above it. I think all that suggests the triple point temperature of carbon dioxide is controlling the surface temperature, much as the triple point pressure of water seems to be controlling the surface atmospheric pressure there. Crossing phase boundaries requires considerable calorific input, so in practise, systems tend to approach phase boundaries and then track along them rather than cross them in a continuation of the straight line track they were previously following. That is probably what is happening on the surface of Mars. The only source of constant heat is the weak and distant sun, the input of which varies over 40%, as the orbit goes from aphelion to perihelion, as mentioned.  

During the aphelion, that is the northern summer and southern winter, the solar radiation is insufficient to sublime all the dry ice in the ground, perhaps in both hemispheres, the incoming energy being inadequate to provide the latent heat required. The temperature of the dry ice buried in the southern hemisphere will drop to the lowest levels they ever reach. Surface temperatures, again particularly in the very wintery south, will drop back close to those of the underlying buried dry ice, and so reach minima some 10 - 20 degrees below phase boundary temperature for dry ice, for a pressure of 7 millibars or so. In the high-temperature end case, there is probably conversely insufficient solar energy during perihelion to melt or sublime all the water ice present at the north pole and in the ground of both hemispheres.  So the planetary surface temperatures similarly rise only about 10 – 20 degrees above the phase boundary temperature for water at the prevailing ambient pressure. 

On Earth we do not have CO2 in the atmospheric equation as a dominant chemical, though it has a greenhouse effect. The pattern here is also far more complex than that of Mars, but surface maxima and minima are probably similarly controlled overall, by the physical properties of and the phase diagram for water. The incoming solar radition here is (fortunately) insufficient to fully evaporate the oceans and melt the icecaps (yet) in summer, so these keep the planetary surface temperatures down and limit the total temperature range. A comparable control on Mars should hence not come as a total surprise. If true, the Martian Progress Party may have an uphill batle on their hands in trying to terraform that planet.

Wet World

If you find layered sediments, contrary to an oft-repeated mantra from Nasa’s camp, they do not have to be either water-transported or the outpourings of volcanoes. They may be aeolian, that is, wind-blown. Look closely at any eroding beach sand dune here with a cutaway face. On Mars, layered sediments may also be a bit strange. Those are simple facts that NASA’s Mars-wet-world geologists seem to generally forget or, more to the point, resolutely ignore. 

Those good folk will not contemplate the simple proposition that the surface of Mars has mostly been shaped by wind-driven erosion and transport. They have this blind spot because they have invested so heavily in the notion that Mars had rivers and oceans of liquid water long ago, and the wetter and warmer past climate needed to make that possible. This view is to be seen both in detail and in snippets, in science journals, in popular magazines, in newspapers, on TV, in first year planetary-geology courses, and on the net on thousands of websites. It is taught in schools everywhere. It can be heard on the radio, most weeks. On a clear day, it can probably be seen from Mars without a telescope, so I don’t think I need describe it in detail. It is integral to Nasa’s search-for-life stategy, which in turn underpins all their extra-terrestrial exploration. The American taxpayer finds it interesting enough, just, to keep Nasa funded. Nasa’s search for those rivers and oceans curiously paralells the USA’s other frantic national hunt, the one for Iraqi weapons of mass destruction, and seems similarly driven. The argument in both cases appears to be that, as we have huge amounts of these things here, they must have them over there as well. The outside must be like America. Well, it isn’t. 

The most recent (3 March, 2004) in a long series of press releases on the latest incontovertable evidence for a past wet climate is Nasa’s announcement that its rover has just found jarosite, “a mineral that forms (only?) under water.” Like many others, I promptly scrambled for my old mineralogy textbooks. Two of the classics, Rutley’s Mineralogy and Deer, Howie and Zussman, are unimpressed by this mineral and decline to admit it exists. But it does. The third antique classic, Heinrich (1965), similarly unscathed by the debates of Mars, has this to say:

`
“Jarosite. Composition KFe3(SO4)2(OH)6, may contain Na, Pb or Ag. 


….

Occurrence. An oxidation product of weathered sulfide ores and their enclosing rocks, particularly in volcanic types. May be associated with pyrite, barite, kaolinite, allophane and limonite. Jarosite also forms from hydrothermal solutions. In sediments it appears uncommonly as a detrital mineral and also as an alteration of glauconite and pyrite in siltstones, diatomaceos shales and underclays.”

That is not quite the same as saying this mineral forms, or only forms, under water. To put it that jarosite forms in association with water, or at least in association with oxygen and hydrogen, as a secondary mineral, might have a little less mineralogical angular momentum to it. There is a minor amount of water in the martian air and soil, and there are lateritic processes there that could comfortably account for it without puddles of the stuff. Dr Squyres, for Nasa, said they are still working on the other problem the sampled layered rocks pose, which is whether they were laid down under water or not. I am not surprised. I have not seen all the relevant images, but those that I have seen, look remarkably like a lot of layered wind-dune deposits I have seen closer to home. They could be similar.

The Long-winded Model

Here in counterpoint to Nasa’s current view is the Long-winded Model of Mars. It may account sufficiently for the enigmatic layered beds and erosion channels of that planet, without invoking unlikely past wetter and warmer climates.  I do not claim that it is right in detail, I merely propose that it is likely to be closer to the mark than Nasa’s one, and hope it will spark debate. The overall explanation to many of the geomorphology puzzles of Mars, may lie in the fact that it has an active wind-driven sedimentary system, working now, just as it has for aeons. The system differs in several ways from aeolian erosion systems operative on Earth. For starters, the martian wind is about 95% carbon dioxide at about 7 millibars, not 78% nitrogen at 1000 millibars, as here, and the surface gravity is only 0.38 that of Earth. The myriad geological effects of those differences are difficult to envisage. Wind-blown sediments on Mars are not a new suggestion. This is a quote from Fortes, A.D. (July, 1998):

‘The presence of an albeit thin atmosphere around Mars means that winds are able to act as an agent of erosion, transport and deposition, and there are numerous surface features attributable to aeolian activity.

Greeley and Iverson (1985) reported wind tunnel experiments illustrating the range of wind velocities necessary to saltate and suspend particles of a given size in ‘air’ of the same density as the martian atmosphere. The ability of the martian atmosphere to hold particles in suspension is magnificently demonstrated by the regular dust storms, one of which was occurring when the Mariner 9 space-craft entered orbit in 1971, obscuring all but the summit of Olympus Mons from view.”

Fortes then did the obligatory intellectual backwards shuffle and concluded that liquid water was however, the force eroding the channels. He noted that: 

“Hal Masusky (1973) first compared the outflow channels, and their associated collapse terrain, to the Scablands of Washington State, USA. The Scablands were formed at the end of the last glaciation by the sudden release of water from ice-dammed lakes and it is entirely possible that the martian analogues formed in exactly the same way. It has additionally been postulated that the outburst of ground water from confined aquifers could reproduce the observed landforms (Carr, 1979).”

A point worth keeping in mind is that very thin air can move at high velocities. Jet streams high above Earth reach speeds of 320 km per hour. Maximum near-surface wind velocities on Mars are, I think, largely unknown. However, it is quite clear, from the fact that dunes are to be seen all over the unfrozen parts of the planet, that the lower martian atmosphere is capable of moving large quantities of the fine-grained solid material that generously litters the deck. In the absence of liquid water and also of the isostatic rebound, subduction and mountain-building that are driven on Earth by plate tectonics, the effect and power of the martian surface wind would have been much greater than anything geologists have observed on Earth. Applied constantly over billions of years, to an otherwise almost stable surface, it would, I contend, have been perfectly adequate to produce all the erosion and deposition features observed. Some of the canyons and chasms of Mars, particularly the larger ones, are clearly tectonically generated, that is, they are pull-apart features reflecting deep-seated crustal stresses. This model attempts to explain the rest. It requires only the present climate and surface geology, an occasional prod from a meteorite or a volcano, and lots of time. 

I do not propose that the climate of Mars has always been just as it is now; that is clearly not likely. I merely propose that if we do not have a clue about past climates, we do not need to propose exotic early models, designed solely to account for evidence that can be adequately explained by things as they now are. The sedimentary and erosion processes outlined below will of course have operated unevenly over time; huge meteoritic impacts and the vast volcanoes prove that considerable quantities of energy have been released suddenly in the past. Those and other sporadic energy releases would have triggered considerable additional erosion, transport and deposition. The bulk of the observed sediments and the channels that cut them, may hence be very old. They very likely formed mainly in relatively short time-bursts, but my contention is that many of the processes involved can still be observed operating. The system is live. 

I would here like to commend to your attention some excellent prior work. There will probably be a lot more, from all sorts of sources, but this is, by accident, the part I know about, and again by accident, it is the Australian contribution to the confusion. I personally regard nationalism as a brain disease, so I am not pushing a barrow here. I was, till after I first published my own doubts, totally oblivious to this work. The authors may also have been oblivious of each other - we have a lot of burrowing marsupials here in Oz, that work away regardless of each other and of slicker overseas models: it’s a national trait. I am a laggard latecomer, not having got anything into even e-print, until August 2000.

Theo Kermanidas, an Adelaide engineer with a sound grounding in chemistry, some time in 1999, perhaps August, put up on his webpage (http://www.eisa.net.au/-theok/gi/mars.html) and copyrighted a four-page essay. In that he somewhat hesitantly, arguing from first principles (points suggestive of original thought? ), asked and sought answers to a long list of key questions regarding erosion on Mars. He neither acknowledged nor appeared to draw from much beyond his own training and observations and deductions about the data then to hand. He concluded that the driving force in the erosion of Mars was very likely CO2 and not water. Under a denser past atmosphere, Kermanidas postulated past rivers and oceans of liquid carbon dioxide. He posed this series of questions: What mechanisms are supposed to have supplied the postulated groundwater, provided the pressure acting on it, constrained it successfully, and then suddenly released it? Why did it stop? Where is the missing groundwater now? He proposed in answer a long past, much denser, higher temperature atmosphere, in which liquid and gaseous CO2 would have existed in equilibrium. He argued in part from comparisons with Venus and from phase diagrams. He concluded that the floods were driven by liquid CO2, and that some of that CO2 is still on Mars, as polar permafrost and atmospheric carbon dioxide. Kermanidas suggested that liquid CO2 flowed on the surface and pooled as oceans, under that far-denser past atmosphere. He suggested that the flooding stopped when too much carbon dioxide was lost to space.

Nick Hoffman of La Trobe University, Melbourne, also in 1999, had a website, <http://users.bigpond.net.au/Nick/mars/NH1.htm>, called “White Mars,” unfortunately now gone, I think. It dealt in detail with many of the problems with the wet Mars models and also concluded that the driver was carbon dioxide. Hoffman noted that the outflow channels constitute the main evidence in favour of a wetter past Mars. 

I entirely agree; it is also misplaced faith in poor geomorphology. The contention that there is incontrovertable geological evidence for huge past water floods underpins all the wondrous theorizing about past climates and water budgets, up to and including the past upper atmosphere isotopic sputtering rates of xenon. The unshakable geological evidence for past vast water floods on Mars is no sounder than that for Noah’s flood down here, and can be similarly shot to pieces. You need only the logic of the Greeks and the simple, up-to-the-minute methods of mid-nineteeth century sedimentology. And we have some trendier criticsms to add, yet. 

Generally, two kinds of erosion channels have been differentiated on Mars, outflow channels and valley networks. The latter group has been split into two sub-types, long, winding valleys with few tributaries, and those with multiply-branched tributary networks (Caplinger, 2000). I would like to suggest that is a good classification system , but perhaps could be improved by having those three types as separate categories. I think they have somewhat differing origins.  

The outflow channels are huge, often more 100 kms wide and as much as 2000 kms long (Caplinger, op. cit.). They often head in areas of collapsed ground. 

I would like straight off to suggest that a key question is: why do extensive regions collapse at the exact upper ends of the enigmatic martian outflow channels?  We can see that collapsed terrain now. The sudden emergence of large and staggeringly long channels, from the edge of such areas of chaotic terrain, has been attributed by some advocates of a wetter past, to the catastrophic emergence of groundwater under pressure. 

Nick Hoffman has pointed out that the amount of groundwater that can be stored in the catchment areas at the channel heads is insufficient to supply the requisite volumes for the requisite floods. Above about 40 percent moisture, he pointed out, rock that contains water will collapse to slurry. So if, say, a square kilometre of ground, or perhaps a hundred, of previously unslurried ground collapses, where is the water required to carry the other minimum 60% of solid particles, sometimes over a thousand kilometres, to the supposed delta at the end of the channel? I would also unsportingly ask, how would the released CO2, however much of it there was, do the same, if you allow only one burst of it?

The extension headwards of channels can perhaps instead be attributed to sudden loss of containing pressure, where the ground collapsing is in direct contact with the channel head.  The most likely material on Mars to collapse and lose sufficient volume within such a body of unconsolidated martian rock would seem to be carbon dioxide ice, with water ice as only a minor additional component.

Hoffman published a paper (Icarus March 2, 2000, vol. 146, pp 326-342) on this. His White Mars model invokes the explosive de-pressurization of liquid CO2 in the past, when the atmosphere was assumed to be thicker, to form the channels now seen. For liquid CO2 to be stable on the present surface, an atmosphere of at least 5 bars is required. This is some 800 times denser than the present one. Hoffman considered this likely on early Mars. For later, lower-pressure times, to account for what have been termed the “Amozonian outburst floods,” he also proposed that explosive de-pressurization occurred about 500 metres below surface, where the overlying rocks first provided the requisite constraining pressure and then the force, on its release, driving the postulated outburst floods. He envisaged those sedimentary rocks as being a variable mixture of dust and dry ice. 

The Long-winded model builds on Kermanidis and Hoffman’s ones, by slightly modifying and extending (or eroding?) those pictures. Hoffman, in his detailed and seminal model, also invoked a past surface atmosphere of about 5 bars, rising under meteorite bombardment to about 10 bars, that is, of some 800 to 1,600 times the present pressure. He proposed, instead of Kermanidas’s surface rivers of liquid carbon dioxide, that huge, long-past outburst floods created the observed canyons, and that those outbursts were triggered and lubricated by liquid carbon dioxide venting explosively from underground reservoirs. Hoffman stated that in the White Mars model the flows “are not sourced from volcanic vents, but from the collapse of thick layered regolith containing liquid CO2, to form zones of chaotic terrain.”

Huge past outburst floods are a favourite with both camps in this debate, the (lone?) eccentric being apparently myself. It is here that I will first part company with Hoffman’s model. Mars shows ample evidence of what appear, at first viewing, to be huge and sudden flows of sediment and fluids, starting at the heads of well-defined channels, then moving down them, and all the way to their ends. My objection is the flows may well have been huge over time but were probably not sudden, singular or continuous. What was and is still being moved, is clearly predominantly and perhaps almost exclusively very fine dust, shifting under low gravity and wind. Such fine dust is what, over time, basic rocks decompose to. 

It has been argued that the present thin atmosphere is inadequate to move sand on the surface of Mars. There are two possible answers. I am not the first to offer either. First, no granite or other igneous rock containing free quartz has been found to date, I think. Basalts and andesites are believed to be present, with the former thought to be dominating the geology. These break down on Earth without producing persistent, long-lived sand, as they do not contain free quartz crystals of sand size. Lithic fragments of sand-size may be produced, but as on Earth they may not survive long, and may crumble readily to dust. Second, Conway Leovy, of Seattle, whose background is meteorology, has shown that the progressive blowing away of fines with immovable rocks being left behind, steadily roughens the surface, producing more turbulent flow and a far enhanced transport capability for the wind (Conway, pers. com. 8.2000). So if there is sand anyway, the wind may yet shift it. Very high-speed winds may be involved, as noted above.

So, on balance, the wind probably just needs to move fine dust and perhaps silt. I contend you can move such material and cheerfully generate all the flow lines, tear-drop islands, eroded mesas and depositional lobes you can find, in sediments made of it, merely with the present atmosphere and the katabatic airflows and fluid-bed dynamics proposed below. Tear-drop islands form on Earth as the result of both wind and water action, says the geology textbook. So does the rest of the above list. So why not on Mars also? To get all these features, you just have to repeat the action sequences again and again over aeons of time. Mars has not, for a very long time if ever, had active plate tectonics, with the associated mountain-building, erosion and re-surfacing that we have had here. There was hence vastly more time there than there ever was here, for the undisturbed development and extension of such things as erosion channels and canyons. River channels on Earth persist for perhaps hundreds of millions of years at most, in isolated cases where their courses are controlled by plate or major lithic boundaries. On Mars, individual drainage channels may persist for billions of years.

I wish to now address Hoffman’s proposed “thick layered regolith.” I have no objection to the phrase, it is a cautiously broad and hence proper description, but we may make some progress if we hazard some further guesses as to its origins. Unlike Hoffman, I think it may still be forming, right under our noses. We frequently see huge dust storms on Mars, clearly moving huge amounts of fine material. I think they are and always were the main culprits.

As the planet is assumed to have a mainly basaltic crust, I will assume, till better evidence is to hand, that the bulk of the observed dust is fine degraded basalt, or something close to it. Is there anything else significant in those dust clouds? Perhaps. The martian atmosphere, as noted, is about 95% carbon dioxide at about 7 millibars, at the surface. That pressure is suspiciously close to the triple-point pressure of water, suggesting that water, probably as ice or as a mixed water-carbon dioxide clathrate in the ground, is controlling it. Be that as it may, in the martian atmosphere, CO2 is far and away the dominant gas, and is very close to its freezing point, as the appearance of CO2 snow at the poles, increasing in winter and diminishing in spring, clearly shows. The main source of heat on the planet is the distant sun, so it is clear that within the martian dust storms, and particularly in the lower atmospheric layers within those storms, temperatures will drop considerably when dust obscures the sun. It will temporarily insulate both the air and the ground below against incoming solar heat. So, it will inevitably, I contend, snow CO2 within the dust clouds. A marked temperature rise has been detected and measured during major dust storms, but I think that exactly supports my point. As the total incident energy has not increased one candlepower, it means that heat has been detected coming off the upper layers of suspended dust. The lower layers and the surface will be cooled concommitantly. It may be argued that heat radiates back into space more slowly durting the dust storms, so the net overall heating is real, and it may well be, but I would contend the overall statification of the heat layering will be real too. The following analogy is far from perfect, but may help illustrate the theory. At home we have a large dam, sometimes with perfectly clear water, sometimes very opaque from suspended clay. On very hot days, when muddy, you can almost scald your hand in the top couple of inches, while the water about four feet down remains very cold, and is perhaps colder than when the water is clear on a similar day. Swimming is a curious sensation. 

When a martian storm runs out of puff, dry ice will fall to the ground, together with fine dust in copious quantities, as much of the shrouded atmosphere will have frozen. We are not used, on our home planet, to an atmosphere that freezes almost totally, only to one in which the very small and highly variable component that is water (absolute maximum 4.2%, I think), actually freezes. To imagine roughly what happens on Mars, I think you would have to picture almost all the 78% of our atmosphere that is nitrogen, plus the 21% oxygen, plus the water, freezing out on a (very) cold day. 

If all that’s reasonable, and we wish to better understand the vast plains of Mars, we should perhaps consider the sediments at and near the poles more carefully. In July 1998, Fortes observed: 

“The north polar ice cap is dominated by water ice, and the southern cap by dry ice (glacial CO2). Both shrink and grow with the changing martian seasons, and this seasonal melting cuts deep chasms through the caps, exposing layered terrains resulting from the slow accumulation of the ice.”

There is a martian example of layered sediments, formed entirely without liquid water and forming now. Those polar layered sediments, I suggest, will be essentially similar to those of balmier latitudes, but just contain more dry ice and less dust. If there was no dust in the polar air when it snowed on a particular day, that day’s polar sediment will be clean; if there was a dust storm, the result will be a variable analog of the sediments found away from the poles. Stir in some more dust, find a mechanism to make it snow CO2 away from the poles when that dust settles, as above, and we are home and dry.

In the lower latitudes, there may still at times be enough dry-ice (carbon dioxide) snow in patches within the newly-settled mixture of dust and snow, for the dust grains there to be surrounded and supported by that ice, rather than by other dust grains. Also, dust particles act as the nuclei for dry ice snowflakes, so there also, dust does not touch other dust till after melting occurs. This is critical. If part of such a complex ice-supported mixture is buried deeply enough when the storms pass, so that the dry ice is not again warmed sufficiently in the summer to sublimate, a layered sequence of ice-supported sediments will gradually build up. It will be stable for a very long time, but not quite forever. One day it will, almost automatically, become very unstable.

Instability will come, Hoffman has pointed out, when the lithostatic pressure on a particular buried stratum reaches 5.11 bar and the temperature risses above 210 degrees Kelvin. This, he says, is achieved at about 500 metres of depth below the surface, or thereabouts, in ground towards the equator, given the present atmosphere and temperatures, and an assumed geothermal gradient of 10 degrees Kelvin per kilometre (Hoffman. op cit.). I think this may happen when the overlying pile of wind-blown sediments, slowly thickened as the result of deposition from countless dust storms, finally reaches that thickness, the requisite temperature is supplied by the geothermal gradient, and the weight of the rock column overhead generates the requisite pressure. 

At values above that lithostatic pressure, 5.11 bar, and above 210 degrees Kelvin (-63 degrees Centigrade), carbon dioxide ice will conversely melt, instead of sublimating to gas, if either the pressure drops or the temperature increases sufficiently for the solid-liquid phase boundary to be crossed. If the pressure continues to drop steadily at a constant temperature, the CO2 will soon evaporate as it crosses the liquid/vapour phase boundary in turn. 

In an undisturbed large plain, the resultant liquid or gas will not be able to escape, as long as it remains sealed below tight, overlying, still-frozen sediments. But near the head of an encroaching canyon, the liquid or gaseous carbon dioxide will escape into the canyon head, either as a liquid or as an expanding, perhaps an explosively expanding gas, because in the direction of the canyon head, lithostatic pressure declines to zero in the free air. So, losing a large part of its original volume, the carbon dioxide and water part, the sediment will partially collapse, giving the chaotic, deflated terrain observed at the head of so many canyons (Hoffman, op. cit. again). The canyons will extend progressively headwards by such repeated collapses.

This allows a prediction, always a desirable but dangerous thing with a new hypothesis. None of the canyons or channels that may have formed the way I suggest, and are headed by such deflated terrain, should, I think, be less than about 500 metres deep at any point, if Hoffman is right with his assumed geothermal gradient. That is a big “if,” since to date we know very little about either the internal composition or temperatures of Mars. Hoffman seems to have arrived at his figure by simply halving the geothermal gradient for Earth. There should also be no chaotic collapse-terrain, where the sediment was not at least that thick, prior to collapse. Further, the heads of these channels should not be much deeper than about 500 metres either. That should be easy to check on stereo images, though I cannot do it from this antique pc. If any of the channel heads are deeper, some other mechanism must be in play in that case, either additionally or independently, such as deep-seated tectonic forces. The premier example of such an exception, obviously, is the Vallis Marineris. It should also follow that there will be few if any canyons near the poles, the high lithostatic pressure and consequent great sediment thickness required for carbon dioxide liquifaction at those latitudes, being too great. That seems to be borne out in reality.

I think a far simpler picture can be drawn, which will achieve the same observed collapsed terrain, and which does not need 800 times the present surface pressure, and so does not require 500 metre thick colums of layered regolith. Raise the ground temperature in summer, just on and beyond the most upstream face of the canyon, say just beyond the last slab of chaotic terrain to collapse last time round, with just the gentle rays of the summer sun playing on the face and the undisturbed ground beyond. The dry ice just inside the wall will sublimate. If a lot of gas is released over the advancing summer, or a long series of summers, the loss of volume to the sediments will eventually be considerable, and they will in time collapse vertically to accommodate. Compaction will allow the uppermost layers to accommodate their losses and stay and subside ostensibly intact, a process likely to be supported by the relative competence of the observed harder layers just some way below the surface, here taken to be laterites or the like. But when the adjustment required is too large to be accomodated, cracks will appear during subsidence and the observed split and chaotic terrain will be the result. Some minor amount of contained water ice will melt, flow out some short distance, and then evaporate. 

Apart from that, when the wind eventually blows the dust away, we will have achieved our canyons without significant liquid action of any kind, without catastrophic outbursts of any sort, without vulcanism and without analogs of either turbidity currents or nuee ardentes. We also will not have required pressures 800 times that of the surface at present or for that matter, different past climates. 

The significance of the fact that such chaotic, collapsed, deflated terrain is still in place to be observed at all, at the heads of any of the channels, has been missed. Here I will again part company with Hoffman’s model. The lithic material is in many cases still there after the collapse, so it clearly does not always immediately hurtle down the canyon for a few hundred or a thousand kilometres or so, in one great, rolling, gas-supported wave. In other words,  collapse and sediment transport are not always one continuous event. I suspect the terrain collapses, loses its gas component straight off, moves only some little distance if at all, by slumping and by minor fluid-bed flow, and then movement stops. Then the dust just gradually blows away down the waiting channel, having almost all the time on Mars to do so. Any rocks involved stay close to where they fell at the collapse. There are some chaotic collapse-terrains where it is absolutely clear that no lithic material, coarse or fine, has yet moved en masse. The ground there has collapsed, but the lithic part of the sediment is still there, having basically moved downwards only, as the collapsed area has no surface linkage yet to the canyon head, just a very little way off. There remains a bridge of undisturbed ground.

One Nasa image, which I have labelled as merely 200210~1.jpg, shows a curious and revealing pattern associated with such partial collapsing. Inside an almost perfectly round crater, and with their upper surfaces intact, remnants of the pattern of collapsed blocks visible outside the crater, can be clearly seen to have survived the cratering event. If that cratering was the result of a meteorite impact, those surfaces could not possibly have survived. So that particular crater is a collapse structure, not an impact one. 

Cold air sinks, so that whenever the martian atmosphere is stirred and cooled, its thin air will sink into and flow along the available canyons and channels. Almost every such conduit shows exactly how the dust from those collapsed areas that are linked directly to the canyon, which is the vast majority of them, is moved away. They are almost all lined with endless continuous columns of barchan dunes, fresh as daisies. These generally march in single file right down the middle of the channel, with no idle meandering about to take time off to undercut the edges of the cliffs, as errant water-flows do. Sometimes the dunes march in double file, and sometimes they march straight up side-tributaries and clean out of their channels, exactly as water does not. On its long contained trek, it will erode the channel floor and walls, as basaltic wind-blown dust is very abrasive, if you move enough of it. When the dust that makes up those dunes finally reaches the open plains at the end of the channel, it simply blows away, to add to sheet deposition somewhere else.

The loss of some volatiles from the undissected parts of the plains of Mars may contribute to large-scale lateral shrinkage of those plains, and not just to their vertical compaction. That may help produce the observed large tension cracks, otherwise known as chasms or canyons. De-gassing and such lateral shrinkage of entire sediment sheets could act in tandem with deep or sudden tectonic forces, to extend the canyons headwards. Such shrinkage would help deal admirably with the sediment-budget paradox, i.e. where have all the rock-flours gone, long time passing? Answer, partly sideways.

I think that sediment transport down the channels by ordinary wind and dust storms will be aided and abetted by flows of locally generated cold, relatively dense CO2 gas, sublimating from the permafrost or from dry-ice snow that may fall during dust storms. As with water on Earth, this cold gas would percolate through the porous, unconsolidated, aeolian near-surface sediments on the flanks of the channels, and then either emerge on the surface above or from the walls, Either way, it would then flow into and down the channels. It would contribute to widening and clearing them. Over hard bedrock terrain, it would flow on the bedrock surface, in time producing the intricate drainage networks seen there.

Collapsing craters?

The incised canyons and channels may well not be the only places on the martian plains where long-buried CO2 escapes. In sedimentary terrain uncut by such channels, vents are likely to be point sources, leading to neat round collapse-craters, of which there is no shortage of candidates. To date almost all have been regarded as meteorite impact sites. As the density of such presumed impact sites in any given region is almost the sole basis for the current geochronology of Mars, if so, that complex intellectual edifice can go straight to the dustbin. 

If a buried carbon dioxide-and-fine-dust sedimentary layer, as a result of say, minor faulting and contact with warmer air, started venting at a particular point on the surface above, it would cause a partial pressure drop in the sediment below. Gas and liberated fine dust would vent progressively from the exit point, which would grow by inward collapse of the surrounding sediment. I suggest that the final size of the hole depends both on the amount of gas and fine dust vented, and on the depth of the layer from which it vents. This last will also determine the distance apart of the opposing, constant-angle slopes that form the circular walls of the structure. If so, we might hope to see small domes of material within the craters, where dust that moved as far as the vent proved too heavy to be lifted all the way out of it. That we get. 

If the venting layer by chance has a different albedo from the present surface layer, we could also hope to see, in some cases, either darker or lighter material, spread and deposited downwind in a plume. That we see too. If we were very lucky, we might even get to see, particularly at sun-up, CO2 gas venting from the craters, and becoming visible on freezing again, on contact with colder near-surface CO2 air. We appear to be just so lucky. Many a structure on the edge of the light equator, in many images, appears to show just that; plumes and tails of pure white material, blowing downwind. One Nasa image, that I have as 10466~1.jpg, shows a very clear, very white, neatly oval patch, on the floor of a crater, at what looks to be about sunup. That looks very much like of vented carbon dioxide, chilled on exit to make a frozen pond. There may or may not be life up there, but heavy breathing may have been detected.

One particular crater shows its entire rim collapsing inwards in a neat ring and there are others that show perfect double rings. That may indicate a deeper layer venting after a shallower one, rather than an exact bullseye each time by a second meteorite. Further, if these craters are all meteorite impact sites, why are they not more evenly distributed across the planet? They seem to target the big sedimentary plains preferentially, which suggests malice aforethought. Somebody out there may have wished to prove that carpet-bombing is not an American invention, but I somehow doubt it.

This model suggests that domes, rather less high than the nearby venting craters are deep, may be expected, if material pushes up an impervious surface layer prior to venting and inward collapse. Such domes are to be seen on many images, and can be picked out by the reversal of the sunlight pattern shown by the holes. They are difficult to explain if the surface is pitted nearly entirely by meteorites and consists of either hard volcanic rock or water-borne sediments of great age, presumably by now almost as hard as the postulated lavas. Incidentally, there being no oxygen atmosphere, and not much of any atmosphere to impede such missiles, maybe some of the bigger meteorites could better be termed cometites, if they turn out to be balls of dust and gas, rather than just solid rocks, when they hit the surface.

It should be kept in mind that venting may in part be cyclic. Where dry ice in near-surface sediments does not separate and support the accompanying dust grains, after temporary pressure changes cause some gas to blow off, when the presure reverts to its previous level, the voids will still be there and will be re-filled. When temperatures drop at night or in winter, the air will again freeze. That process, oft repeated, may explain the neat round holes or perhaps tubes recently detected by the Spirit lander’s micro-camera, if the rocks in which they occur do turn out to be sediments. Such re-freezing and sublimating will not cause the sort of surface-heaving that we see in the permafrost here, as on freezing, carbon dioxide does not expand as water does. 

The size and depth of a crater formed by de-gassing as proposed, may indicate the depth of the venting stratum. Craters showing solid rock ejecta will be from genuine incoming missiles. Those craters showing splosh blankets around them may prove be either. If de-gassing in a particular case carries significant amounts of fine dust with it, up and over the crater rim, that would deposit just over that rim, and with repeated pulses, could over time form the observed blankets of deposited material. A single meteorite, striking unstable sediments, could do the same. If the former is the case, there should be a preferential skewing of those blankets in the direction of the prevailing winds, which should be testable. 

Dry ice, in an unstable, partially sublimated state, or as a dry ice-water ice clathrate, a few inches below the surface, would seem the most likely explanation for the mud-like skid marks caused by the dragging of Spirit’s landing gear, termed “the magic carpet.” Those marks have been the cause of some excitement among the geological wets, but they do not neccesarily indicate the sediment was slushy with liquid. A loose mix of dust and ice crystals would do it; see marks of all sorts in dirty powdery snow here. Those do not always imply temporary liquification by passing skis or by anything else, either. They can form in totally dry but loose snow.

The rock of the cliffs

At what seems to be a remarkable even depth a little below the surface, on both canyon and crater walls, a hard, and generally though not always single layer of material, frequently forms cliffs. This rock layer is competent enough, when undercut, for blocks up to the size of house to roll down the canyon sides intact. These points together suggest the most likely explanation is a secondary laterite or bauxite of some sort, perhaps forming at the depth range to which the permafrost sublimates, in the case of dry ice, and melts, in the case of water ice. There is water in the atmosphere, and there is water ice on the surface at he poles, and there is that water triple-point and atmospheric pressure coincidence. Water ice close to the surface, either free or as a clathrate, on either melting or sublimation, will react chemically with iron and aluminium-rich dust (which describes basaltic dust to a tee), to give iron and aluminium oxides, that is, laterites and bauxites. 

The larger meteorite-impact craters should show large chunks of this competent rock, whatever it is, hurled out of the craters and littering the ground around. The resolution on the European Mars Express camera, down to 2 metres, is well sufficient to show such rocks, so we should see them soon. If they prove to be ubiquitous, or nearly so, I am clearly wrong about some of the craters being de-gassing and not impact features. 

One key question in this debate is, do any such or any other large or small boulders move long distances down the channels? If they do, are there extensive and widespread beds of them, jammed together at points along the channel floors where transport energy slacked and they got stuck? That, on the evidence so far, seems not to be the case. That the beds of the closely observed channels are littered with scattered boulders, is no problem. Even should the cliffs described perversely prove to be volcanic, either of lava or of secondarily-hardened ash, the case is not materially altered. There are enough boulders, either way, to litter the collapsed chaotic terrains at the channel heads, and to roll down the side slopes of the channels and litter the channel floors at all points, as seen. 

If my model is correct, boulders from the channel sides will tumble down onto the channel floors and will mostly stop moving when they rest on the bedrock floor. If, on the other hand, huge and catastrophic flows of water or other fluids, such as the CO2-driven turbidite or nuee-ardente analogs proposed by Nick Hoffman, ever raced down the length of the channels, something else is predictable. There should be vast and disproportionate piles of partly sorted boulders, cobbles and pebbles, jammed together against each other, at the many and various points of diminished flow and carrying capacity. They should be found at many points along the channels if not at their ends. We have not found them yet, and I, obviously, do not think we will. It may be found that the boulders and cobbles seen by the landers, whether they turn out to be primary igneous or volcanic rocks or secondary laterites, have not moved far from their place of formation. However, if they have, the long-winded model can still cope. Katabatic flows of cold air within dust storms and on canyon floors may generate a fluid-bed system, with friction melting or sublimating or merely rounding the dry ice crystals, to produce millions of temporary ball-bearings, giving flows strong enough and well-lubricated enough to move rocks downstream in pulses. So perhaps they have moved, but again, liquid water is a superfluous luxury.

The case I propose, I admit straight up, does not fit the currently accepted geochronology of Mars. However, that entire rickety edifice rests on a comparison with the rate at which our moon copped hits from meteorites and collected craters. Our moon is a gravitationally far smaller target than Mars, and if it has been orbiting Earth for a very long time, presumably Earth’s far more attractive gravitational field saw to it that we got most of the incoming missiles. Then, unlike our moon, Mars has an atmosphere and dust storms, which would bury many a crater, and clearly has, as half-obliterated ones litter the surface. If Mars had oceans, they and their attendant water flows would also have buried many a crater, but that is the opposition’s case, not mine, so I won’t mention the possibility. Also, the proposed chronology assumes a reasonably regular rate of meteorite impact. One good asteroid shower any time in the last billion years would independently also tip the whole current Martian geochronological into the dustbin.

Problems with past rivers and oceans

There are serious geological problems with the notion that Mars once supported rivers and oceans of water, and that the outflow channels and valley networks there are the result of enormous water river flows. Liquid water does not exist on the surface now in any appreciable quantity, and cannot be supported by the present climate, as temperatures and pressures are too low. So a very different, long-gone wetter climate has been invoked by the advocates of liquid water in bulk. 

Nasa’s Wet World model handles a long list of problems either not at all or inadequately. That list starts with the complete absence of river channels within the valleys. Valleys are not river channels, they are the tracks cut over time by the contained river bed as it makes its way down and widens its valley, undercutting now the cliffs on one side, now those on the other. Canyons and river valleys are virtually never filled to the brim or to both sides all the way and at the same time with water. Consider the Grand Canyon of the USA and the Fish River Canyon of Namibia, the next biggest. Both of them have very well-defined river beds running down their entire lengths, meandering within the constraints of their respective valleys, and slowly eroding and widening and extending them. There is no trace at almost every point in every valley on Mars, of anything that can be accused of once having been such a riverbed.

There is also no sign of touching-boulder beds in the rivers, also compulsory. Water moves boulders and they commonly jam up against one another it huge beds when they stop moving.  The wet world model also fails to deal with vistas of “river” boulders at landing sites that have very clearly, both rocks and sites, been seriously wind-sculpted, and where the rocks decline to touch each other with almost paranoid dedication.

The list of obligatory but absent shoreline features includes the apparent total lack of martian sea cliffs, wavecut platforms, boulder and cobble beaches and spits, shoreline dune systems, undersea canyons, deltas and coastal dune fields. It includes the glaring absence of carbonate rocks on a planet with an embarassing abundance of all the ingredients needed, if there ever was a lot of liquid water about. Nasa’s model requires impossible physics, impossible chemistry, impossible water and sediment budgets, rivers that apparently ran several kilometres uphill or up their own minor tributaries. It ignores the faint-young-sun paradox, whereby a weaker young sun mandates a colder past martian surface. 

The Wet World model also has trouble with a brand-new paradox. On the floor of the Ganges Chasma, the orbiting Themis instrument recently detected olivine, a mineral that cannot persist for any length of time under water. Nasa has now also found olivine at the Spirit landing site. It suspected its widespread presence back in 2000, on spectrometer evidence. One of the wet-Mars-worlders has proposed, apparently in all seriousness, that the Ganges Chasma floor must have been re-carpeted with a lava flow, after it was carved by a great flood of flowing water. Pull the other leg, it’s got a goat tied to it. 

The martian atmosphere is mainly CO2, so if there ever was a lot of liquid water on the surface there should now be a lot of carbonate rocks on the new surface, such as limestone. They should be easily evident, being very white when pure and hence having a very high albedo, but they have not been found. 

The drainage features supposed to be evidence of the past wetter regime are far too fresh to have been inactive for millions of years, let alone the billions currently suggested. Mars has a very active erosion and deposition system operating now, as evidenced by the huge dust storms aforementioned, that regularly cover vast areas, and by the extensive dune fields, many in pristine condition. The cliff edges, slump structures, tributaries, meanders, and minor deltas are also all, in case after case, in pristine condition, and not blanketed by deposits from the supposedly-different regime operating now. The heads of many canyons, in particular, show the chaotic, irregular topography that immediately follows the slumping of large masses of material, and which precedes the settling and surface-smoothing that invariably comes with time. Those collapses are not very old.

The drainage systems of Mars show features that do not fit any known example of liquid water flow. For the outflow channels, many observers have commented that feeder tributaries are either absent or very poorly developed, probably ruling out rain as the source of the supposed flowing water. They also come in at steep angles mainly, which is not what real rivers do. Further, the channels head abruptly, with insufficient catchments to supply the amount of water that modelling has indicated is required to move the missing lithic material, even if melting groundwater is invoked, either as sudden catastrophic releases or as trickles over aeons. 

If the transport and erosion system is driven by wind operating over huge periods of time, there is no fluid-supply problem. The return cycle is clear and the available fluid is almost limitless. Uphill flow would not be a particular problem either. Wind-blown lithic material is a very effective abrasive of rock, as a quick consideration of what it has done to the sphinx and the pyramids in a mere few thousand years will demonstrate perfectly well. Discounting uncouth French artillerymenm, it is probably dust rather than sand that has eroded the upper levels of those monuments. Since a dust-driven erosion system can be seen operating very effectively right now on Mars, it would seem best to seriously consider what is, before pondering what might have been different. 

There’s a Hole in my River, dear Liza, a Hole

I would like to kick off the picture department with one of my favourite MSSS (Malin Space Science Services, the contractor to NASA running the Mars Global Surveyor camera) images. My apologies to Mike Malin and MSSS for using their images in this pseudo-scientific manner. I have used it in the spirit in which it was offered to the public, that is, to share the excitement. This first one is a corker.
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Mars Global Surveyor MOC image 34504

Figure 1

This is an exhumed crater in Kasei Vallis, some six km across. Perhaps more than any other single image, it raises problems for the Wet Mars models. It might be tagged “The mysterious case of the hole in the bottom of the river.”

Here are the context images:

[image: image2.png]



Regional context of the Viking 1 Orbiter and Mars Global Surveyor images shown in Figures 3 and 1, respectively. The Viking 1 image is represented by the large white box, the Mars Global Surveyor image is represented by the small white box. The area shown here includes a portion of the Kasei Vallis outflow channel system. The large crater in the upper centre of this context scene is 95 kilometres (59 miles) in diameter and is named Sharonov. The small white box is centred at 24.3°N, 61.5°W. This is a mosaic of Viking Orbiter images compiled by the U.S. Geological Survey. North is up. 

Figure 2
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Local context for Mars Global Surveyor MOC image 34504. The location of the MOC image is shown as a white box. A bar 10 km (6.2 miles) wide is shown for scale. The "N" arrow indicates the direction of North. This is a sub-frame of Viking 1 Orbiter image 226a08, taken in 1977. Illumination is from the left. 

Figure 3

Kasei Vallis, according to a press release from Malin Space Science Systems that accompanied the release of the top image, is an outflow channel that was carved by a catastrophic flood of liquid water more than a billion years ago. It presumably flowed once and once only. Top left is one side of a mesa formed by the Kasei Vallis flows passing on either side and eroding its flanks. The crater in question was, according to MSSS, buried under about 3 km of bedrock, and then partly exhumed by this flood, which carved the moat around it but did not breach the crater rim. 

Why then, is the crater not now filled with whatever solid filled it in the past, up to the rim? It clearly isn’t, as the slope running down from the top of the mesa is twice as long to the bottom of the crater as to the bed of the “river.” Also, a considerable slope can clearly be seen running down from the “riverbed” to the crater floor. If water flowed catastrophically down the river, and did not breach the wall, the crater must have been mysteriously emptied by some other agency. If water had breached the wall it would not have carefully dug out all the material within. It would have filled the crater to riverbed level with sediment.  Kasei Vallis is a huge system, not lacking in sediment. If the “other agency” required above was capable of digging a hole a kilometre or so deep in the bed of Kasei Vallis, maybe it was capable of forming the rest of Kasei Vallis and its analogs. A flow of thin, cold CO2 gas, otherwise known as wind, would do all this. Water would not.

Incidentally, note that the walls of the exhumed crater show fewer (if any) later “impact craters” than does the floor. What craters appear to exist on the south side rim, on examination will be seen to be mounds, which could well be expected on a slumping surface. Area-for-equivalent horizontal surface area, the distribution of smaller, later “impact craters” on this and every other “impact crater” side on the planet should be the same as on the floor. That does not, at a first guess, seem to be the case. It is a point that could be carefully checked, by the statistically gifted.

Layering, snow storms and outflow channels. 

Does it snow surreptitiously inside martian dust storms? If it does, those frequent and extensive storms may help explain the evolution of the outflow channels. Dust in the air will block incoming solar radiation. The atmosphere is nearly saturated with water vapour, at some altitudes at least, so water droplets may aggregate around the dust grains.  As the storms persist for days, blanketing large parts of the planet and excluding solar radiation, the air temperature within them will drop. When and if it gets below the freezing point of water, some water snow may fall. When and if it gets below the freezing point of carbon dioxide, it may snow dry ice. That may explain the layered nature of so many martian surface deposits, their cohesion, and their lack of it and instability at other times. We may have previously undetected (and very difficult to detect), extensive snowfalls, at all latitudes, under these special conditions They would come with a built-in mechanism for the burial and preservation of the ice, namely the dust blanket that will settle out last, as the storm dies away. Perhaps.  

If so, close to the ground during such a storm, there will be a turbulent mixture of fast-moving wind-blown dust, silt, and mixed ice. This will be predominantly dry ice when the temperature is low enough. The phase diagram for water has a negative slope to the solid/liquid boundary, while CO2 has a positive one. The Mars atmosphere at surface is very close to the triple point pressure for water, 6 millibars. If the pressure locally increases above this, as it will do close to the ground within such a storm, at temperatures just below 0 degrees Centigrade (273 K), any water ice present will melt. If pressure conversely drops even temporarily, which it will also do in a turbulent storm, at any point close to ground level, or if the temperature rises, the dry ice snow present will sublimate expansively. 

This complex mixture will be colder and denser than normal martian air, and so will flow to the lowest points, that is, it will spill by katabatic flow down into any available channel. If the above cocktail (a dry martini, stirred not shaken ?) starts to move as a density flow down a channel, then friction, particularly at the interface between the moving material and unmoved bedrock, may raise the temperature at and just above the ground surface. If so, dry ice may sublimate close to the channel bed, providing a constant source of expansive fluid. The flow will in addition overrun any fallen snow in the channel downstream, sublimate the CO2, melt the water ice if present, and give itself a hovercraft ride on a damp-air cushion. With friction so reduced, and a low forve of gravity anyway, these flows should be able to travel long distances down-channel on moderate slopes. A melted-water layer, resulting from increased pressure, is what makes snow avalanches and ice-skaters glide nicely here. The gas from dry ice, to be added to the picture on Mars, would make everything there glide even further.

This hypothesis has the added advantage that it allows for on-going slow creep of sediments down the outflow channels, far from the channel heads and the flows that start there. Any remaining ice will dissipate after the storm has passed, and the remaining dry dust and silt will blow away down the channel in time. With subsequent dust storms, unstable mixed layers will again be deposited on the valley floor. When temperatures rise, on the terrain above the channel banks, water ice will melt and dry ice will sublimate, and from the canyon flanks a new cold brew will flow, partly on surface and partly subsurface, towards, into and then down the channel, mostly without major attendant slumping. The material on the channel floor will also have lost its binding ice, and will go with the flow, perhaps rapidly, or perhaps only slowly by soil creep, small distances at a time. The critical point with this scenario is that we would then have a mechanism for moving rocks as big and heavy as anyone could want moved. The constraint of the questionable capability of thin air to move large rocks is then removed. These creeping rocks would also not pack together densely, as real-river rocks would. When any small rock-barrier developed, the slow flow of sediment, just upstream  would cease, so that on-coming boulders would be slowly diverted and moved around the blockage, rather than jamming up against it. 

The ubiquitous layering in the sediments of Mars would then have exactly the same origin as the layering at the poles, only with far less ice and far more dust at low latitudes. The amount of dust and silt laid down, the extent and mix of the snowfall and the subsequent temperatures, would determine the relative rock and ice content of each layer that eventually gets buried. Hence todse factors would also betermine the thickness and the albedo of the observed layers. All that may act in conjunction with the laterite formation proposed above, or may achieve the observed effects entirely without it.

The branched valley networks

The past martian atmosphere that produced the more complex branched drainage networks found, may have been very different from the present one, but perhaps those networks also result from the processes at work now. In this view, these valley networks with well-developed tributaries may be the result of aeolian erosion and transport in terrain where resistive bedrock has been exposed for very long periods. The abrasive dust flows there, over aeons, would pick the lines of relative weakness in the rocks and gradually develop a network of flow channels, exactly as water does on Earth. The particular style of drainage pattern developed would depend on the rock type eroded, as here. Single-channel canyons with restricted tributaries do not form in such hard terrain on Earth, unless they are controlled by tectonics and immature. Fortes (1998) noted: “Valley networks superficially resemble terrestrial dendritic networks but have; a) a narrower range of tributary junction angles, b) large undissected surfaces between valleys, and c) frequently begin and end in the middle of nowhere for no apparent reason.” If the erosion that forms these networks is driven by wind, the narrower junction angles would follow. Flow lines would not develop at high angles to the dominant wind direction. The sequence of channel formation outlined above accounts for the undissected surfaces – they have simply been somewhat less eroded, as channel formation has not yet commenced in or extended to those areas. Where the systems start and end is a function of local wind directions, sun angles, impacts and permafrost volumes, none of which need to match the controls that affect water flow. Some appear to fizzle out for a stretch, then start again. This is far easier to achieve with wind erosion than with creeks and rivers. The topographic gradient, which totally controls water flow, will be important, but not an absolutely rigid determinant. Sediments borne by wind can move readily uphill, as cliff-top dunes on this planet show so often.

The outflow channels and their enigmatic dunes

The massive outflow channels, in contrast to the valley networks, are nearly devoid of tributaries. I suggest this is because they have been cut mainly through more porous and softer material, mostly thick aeolian deposits, built up since the early volcanism that created the hard-rock terrains ceased. On Earth, well-developed drainage networks develop where the fluid responsible, almost always liquid water, flows over and transports material across much of the surface being eroded. Deeply incised canyons with few tributaries tend to develop down here in terrain where, with the exception of along the bed of the canyon itself, major surface flow of sediments does not occur. The local rain, usually limited, percolates into the porous ground, and only starts to move sediment when it re-emerges in the canyon. There it mainly causes slumping at the head of the canyon and its extension upstream, and also, but to a lesser degree, slumping along the edges of the canyon. It also, of course, over the lifetime of the canyon, transports huge amounts of material, along the canyon floor. 

I think one of the keys to understanding the valleys and channels of Mars is the very common canyon-floor dunes, the barchan dune trains to be seen running along the beds of so many of them, and clearly active now. We do not see this often in major channels on Earth, as they are not compatible with water flow. If the cumulative effects of the movement of the martian barchans, along any particular channel and over over billions of years are considered, the existence of that channel and many of its features can be explained without liquid water flow. They represent persistent flows of highly abrasive material. 

These dunes are definitely very fresh. If they were old and the present dust-carrying wind was of insufficient strength to form and maintain them, it and gravity would, between them, have flattened and obliterated them.. That they are there in their present condition proves, beyond any doubt, that recent sediment-laden airflows of considerable strength and carrying capacity have moved down those channels, and that nothing different has happened since to degrade or remove them. As these flows were clearly bone dry, and capable of moving that much material, they would equally clearly been able to move material both closer to the erosional source and further down channel. Similarly, any airflow capable of generating those barchans would be capable of and could not avoid eroding and depositing in the horizontal plane, in other words it would produce lovely meanders, as seen in valley after valley, if the banks were unconsolidated dust piles. By the bye, perhaps the height, curvature and wavelength of the barchans would give some indication of airflow velocities and volumes.

To give an example:
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Jpeg gorgonum 2 c 100, of MGS MOC Release No. MOC2-236, 22 June 2000, (A, gullies close up, enlarged.

Figure 4

This shows a beautiful set of bakery-fresh barchan dunes all the way down the centre of the gully, one after the other, blocking the whole bottom of the channel and clearly created by the last flow down it. No canoeist ever rode standing waves created by such, no diver ever saw one underwater, that series was formed by a strong airflow with a regular wavelength. No liquid water stream on this planet ever created one of those. Famous last words in geology, but I'll put my shirt on it anyway. 

There is another barchan set further down the same channel, and the first moves apparently up and definitely around the older one to get past, leaving the original intact. No liquid water flow ever did that either - flowing water would simply have ripped the old barchan line to pieces. Relatively dense air, with its specific gravity much raised by entrained dust and dry ice particles, would do precisely what we see, though. The location-shot presented with this image by NASA suggests this terrain is a tableland controlled by tension cracks. There is zero sign of any developed integrated drainage pattern. If the canyon was formed over a long period of time by running water, there should be one. 

Images of Nanedi Vallis are repeatedly shown to prove that vast flows of water have happened. The floor of this system is likewise almost fully occupied by barchan dune trains running down the valley floor.   
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E. Nanedi Vallis. Part of MOC image M0204067.  Centre of full image lat. 0.52°   Centre of full image long.  49.59°   Resolution   4.39m

Figure 5

Then there is Nirgal Vallis. The Viking Orbiter image shows a classic Martian “outflow river channel.”
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An excerpt from the USGS MDIM, roughly 180 km (112 mile) square. The small box outlines the MOC image acquisition.

Figure 6

Close-up, though, the “river” bed looks like this:
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Part of MOC frame P006_05

Figure 7

Those dunes again. Two trains of them, one for abrading each side of the channel. Note there are dunes even in the short tributary, upper left. The dune trains in the images above, if viewed as slow flows of dust and perhaps silt operating over aeons, adequately explain the formation of martian channels and valleys, without liquid water. 

As an aside, note that the blemishes in and between the dune trains are, judging by the shadows, mounds, not holes.

Collapsed terrain

Sub-surface flow of some sort, with loss of material volume, is clearly involved in the formation of such chaotic collapse terrains as can be seen in the source area of Tiu Vallis. There, a large area of ground has collapsed upstream of one of the multiple heads of the channel, with an intervening area undisturbed (bottom centre, below). The collapsed area downstream (centre) shows very large blocks that have subsided with their surfaces apparently intact, a further indication of sub-surface erosion and material loss there, rather than constant collapse of the exposed leading edge of the channel.
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Source of Tiu Vallis. Credit: Mike Caplinger, Malin Space Science Systems, February 1997.

Figure 8

Channels without any or with very few tributaries, probably extend by eroding headwards, in a direction exactly opposite to that of the predominant net sub-surface gas flow, as occurs with gullies or canyons draining near-surface groundwater flows in permeable ground on Earth. Both will cut back uphill overall, towards the source of the fluid. Flows from the flanks will be far weaker than at the head, as in the absence of recharge, the former catchment will have already been drained. Also, gas entering a channel from the side has a line comprising one entire flank of its catchment area along which to emerge, in contrast to flows converging from an arc of 180 degrees on the limited expanse of the channel head. Hence these channels generate few tributaries. 

Missing shoreline features

Past coverage of as much as 15 percent of the surface of Mars by oceans has been suggested by advocates of the Wet World model. If ever there were large amounts of surface water on Mars, there would by definition have been extensive shorelines. James Head of Brown University and five colleagues presented topographical evidence for an ancient northern ocean in December 1999. A contour dubbed “Contact 2” previously selected by Parker et al as an ancient shoreline, and features above and below it, were considered. The terrain below had been noted to be smoother than that above, and cited in support of a past ocean having been present. I would argue in response that vast amounts of material clearly do flow on the surface in major channels. It will naturally, in aggregate, flow downhill, and so end up blanketing the topographically lower parts of the planet. It is the lubricant that is in dispute here, not the  sediment or the overall flow pattern. Head et al argued that the volume contained within the possible shoreline is within the range of previous estimates of water present on Mars. As those estimates seem to be largely derived from the amount of water calculated to have been required to erode what I think are fresh and still-growing valleys and channels, the case is slightly out of step from my point of view, the ocean being long gone at best. I do not know enough about the series of terraces paralleling the possible shoreline to comment. 

Mike Malin and Kenneth Edgett, commenting on some of the same images (MGS MOC Releases MOC2-180 to MOC2-183, 1 October 1999) as Jim Head and company, concluded that the line in question was not a shoreline. Below is one of the images of the disputed shoreline. 

I am inclined to agree with Malin and Edgett on this one, having never seen any shallow-water marine topography that looked even remotely like the one proposed. Whether a shoreline is advancing landwards or retreating across a previous advance, wave-base energy and longshore drift both tend to obliterate any billowy, soft structures on the bottom. So, given the billows in the lower section, this would have had to be the all-time maximum shoreline. Where are the later “seaward” still-stands? Where are the lines of coastal dunes, following the shore?
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Close-up view of proposed shoreline.   Spacecraft: Viking  Produced by: NASA/JPL/Malin Space Science Systems.   Copyright: NASA Copyright Free Policy.  Date Released: 1 October 1999.  MOC Image SPO2-428/03, providing a close-up view of the proposed shoreline. The picture has a resolution of 15 ft and covers an area about 3 miles across. It is illuminated from the right.

Figure 9

The floor of the supposed northern water-ocean is now a dust and silt sea, with dunes going every where the wind but no shoreline dictates. Just as the feeder systems demonstrate massive wind-driven transport to the lowlands, these dunes demonstrate massive wind-driven redistribution of material within the northern basin. Liquid water is required in neither instance.

If the valleys and channels of Mars are in pristine condition, which so many are, the shorelines of the oceans and lakes they fed should be the same. You cannot bury one set of features and not the other. The obligatory shoreline dunes and sand barrier islands could perhaps have all blown away, mysteriously, but something else could not have, and is also not to be seen. That something is wave-cut cliffs, large and small. There is an atmosphere and there are serious winds. The proposed ocean has a very respectable fetch. When wind moves over great stretches of wate, it genrerates impressive waves. These, constantly moving rocks and sand on the shores as here, would have eroded any solid rock outcrop on the shore, to form cliffs of varying heights, and all the meteorite bombardment of millennia would not obliterate all of them. 

On Mars much of the surface is littered with rocks of pebble, cobble and boulder size. Water waves, and the inevitable longshore drift and rip currents that go with them, would move these around and heap them up to form cobble and boulder beaches and shingle bars and spits, which also will not blow away, never mind how hard an atmosphere huffs and puffs. They too are not there, so again, there probably never were oceans or even large lakes on Mars. If there were, all the expected geologically robust evidence of their presence has been long obliterated. So the channels that are supposed to have fed them, being far more ephemeral, should have disappeared too, and cannot be used as evidence for their existence.

The major canyons

Mars is graced with huge and spectacular canyons and chasms. Several of these are closed systems, or, as in the case of the biggest complex of all, Valles Marineris, are far deeper in the centre than at the ends. That system is three to four kilometres deep at the ends, but seven in the centre. Most observers now seem agreed that these are fundamentally tension features resulting from cracking of the crust, and not the result of flowing water. However, when first observed, these set the ball rolling for the notion that there were extensive rivers, lakes and oceans in the past, and that view still survives in places in the popular press. The sediments deposited inside these canyons are however, still cited by some informed observers as the main evidence of past water flows.

The edges of canyon after canyon show ridge-and-gully patterns that look as though they formed yesterday, and even fresher collapse basins eroding those. There is no way on any world with an atmosphere, gravity and spin, that the steep edges to be seen where these features meet the old undisturbed surface surrounding the canyons, could possibly have stayed up for millions let alone billions of years. Valles Marineris and several other canyon systems seem to be growing now. The appearance of isolated lines of subsidence in the otherwise undisturbed original surface, some way back from and parallel to the developed canyons, shows clearly that the growth is not merely erosional extension of a tectonically dormant system, but is the result of continued and ongoing cracking of the crust.  

The Central Candor Chasm shows an interesting phenomenon. Much of the eroding material drains towards a narrow bottleneck, formed by a bed of resistive rock running at right angles to the flow (bottom right, below). The material appears to move uphill over this barrier, without any evidence of ponding behind it, but an even more illuminating feature is apparent. Just below the barrier is preserved a slope of the same ridged and gullied soft material as forms the eroding canyon walls nearby. If water had flowed there, it would have removed that soft material immediately it crossed the barrier, forming a steep nick or step and a “waterfall.” For good measure an identical though smaller feature is to be seen in the very next channel across to the left, crossing the same bed of resistive rock. A wind-driven flow would move up and over that soft material, and leave it as seen.
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Central Candor Chasm - Oblique View. Spacecraft: Viking Orbiter  Produced by: USGS/NASA    Copyright: Public Domain  This image shows part of Candor Chasm in Valles Marineris. It is centered at Latitude -5.0, Longitude 70.0. The view is from the north looking into the chasm.

Figure 10

Dune patterns converging on a breach at the top of one of the Gorgonum Chasm cliffs show that strong surface flows of air tip themselves into the canyons, and probably contribute largely to erosion and transport below. The flow may not all be one way either. All cliffs on this planet show air-rotor effects, beloved of hang-glider pilots, where air comes up from below, giving a narrow lift-band just in front of and above the cliff edge. On Mars there is a consistent line of dunes parallel to and just back from the top of many cliff edges, that looks like deposition of fine material in the obligatory down-draught of such rotors, just a short way back from the edge. Some of that dune would result from re-arranging the material on the top to fit this airflow, but some material would also have come up from below in major dust storms. This picture would be one way to account for the prevalence of gullies facing predominantly away from the equator, and in high latitudes. Elsewhere, the gas would mostly dissipate too fast to flow katabatically. 

Tharsis and Hellas

That geological catastrophism operates on Mars is quite clear. There are huge impact craters, huge volcanoes, massive tension gashes, and a vast unstable shield area. All are singular phenomena, not necessarily unique, but triggered by events quite outside the humdrum day-to-day geological business of the planet. The Tharsis Dome with its attendant enormous volcanoes is believed by some to be too high and large to be either very ancient or gravitationally stable. On that view, it must be subsiding now; and Mars is a round planet with a temporary bulge, tending back to roundness under the force of its own gravity. The Hellas crater is huge and perhaps more recent than generally thought, and qualifies in all respects as a catastrophic event of some magnitude. Its floor is nearly devoid of craters, so it cannot be very old unless something mysterious is covering up or eroding away the expected minor younger impact craters. 

Following Donald Patten and many others, I think it likely that the incoming asteroid or whatever that created the Hellas crater may have also created the Tharsis Dome and the attendant volcanoes on the opposite side of the planet. We have no real way of dating these two events so far, so it’s as good a guess as any, for now. The seismic shock waves from the impact would travel both around and through the planet, to all collide and release huge amounts of energy for heating on the opposite side, where the wave forms met and interfered. The exact locale would depend on the angle of impact of Hellas.

The Hellas collision probably also created and is in a sense still creating the Valles Marineris. This great set of cracks is adjacent to the Tharsis Dome, and has formed right about where the doming would have forced maximum adjustment and deformation of the crust. The likely volume of the impacting body, capable of producing a crater 2,300 km across, is of the right order of magnitude to account for the Tharsis Dome, its volcanoes and the Valles Marineris. The crust seems too thick now for plate tectonics to accommodate adjustment, so large additional material inputs, as from meteors, would have to cause crustal expansion and cracking.  

That scenario explains why there is not nearly enough eroded material anywhere to account for the canyons and copes with the fact that the system is deepest in the centre. The “missing” material never existed. The crust is simply being forced apart from below to cope with the gradual increase in the diameter of the underlying non-crustal material, as the Tharsis Dome subsides. It is not elastic enough to do this without cracking

The topographic map of Tharsis and the neighbouring regions produced by the Mars Orbital Laser Altimeter suggests that what sedimentary material did move in the chasms, may have flowed from Valles Marineris and the Tharsis Dome, first eastwards and then north, to the northern hemisphere lowlands. That is where we find the majority of the huge outflow channels of Mars. In this view, the vast sediment flow nevertheless found in those channels is part of the slow isostatic correction of that doming and deformation of the planet. The sediments are slowly sliding back off the dome. 

This does not work if water flow is invoked, as the water has to go uphill several kilometres to exit Valles Marineris, but is no problem if the system is wind-driven. All the material moved off the Tharsis Dome since its formation would eventually be spread by wind over the northern plains, explaining their surface smoothness. They plains are, after all, the lowest available topography. Material reaching there would perhaps be trapped in the region by high latitude circum-polar winds, analogous to the Roaring Forties here.

If that view is correct or partly so, then we also have a huge, relatively recent trigger event, releasing enormous amounts of energy, to start every unstable pile of sediment and dry ice on the planet moving. This seismic energy and also that of other lesser impact or other shocks, may have sublimated or partly sublimated or perhaps even liquified the dry ice permafrost both to, in the shallow case, and above, in the deep case, unusual depths.  After all, it seems to have melted vast amounts of rock, producing spectacular volcanoes. This would destabilise a lot of the unconsolidated material on steep slopes, which are not in short supply on Mars, as its topography covers 1.5 times the vertical range of that on Earth. Unconsolidated material on these slopes would also not be in short supply – there are strong winds to deposit fine material everywhere, and widespread dunes to show that it has. It would have also destabilised a lot of sediments near canyon heads.

I have argued above that the main mechanism for moving material down the channels is probably wind. Here is a possible add-on. Very rapid sublimation of vast quantities of carbon dioxide, combined with seismic shaking, would produce and expel to the surface extensive and dense layers of this gas at many locations, which would at many points flow downhill katabatically and catastrophically, carrying with it vast quantities of erosive material.  Hence another possible explanation for the misleading appearance that there were huge and rapid water floods acting like the great Washington State water deluge and producing erosion and deposition features similar to the Washington Scablands. This, like the winds, could also   account for the fresh channels, the teardrop islands and all the other puzzling erosion features, without flows of water. All done in a flash by gas, or if you prefer, a belch following a punch in the belly. Severely punctuated equilibrium. 

Missing glacial deposits

There is another puzzle. If there was a lot of liquid water in the past, and there is a lot of water ice now, as some believe, where are the tracks of the obligatory water-ice glaciers? The planet is littered with convenient slopes, as mentioned. There should be terminal, lateral and median moraines and eskers aplenty - long ridges of jumbled rocks. Some have been claimed to be present, in particular in the Hellas crater, but they should be very common, particularly around the poles, and they are not. Also, even if the postulated martian water ice is now too rigid for plastic deformation to take place, given the gravity field and the present atmosphere, it should have flowed as glaciers at some time during the supposed climatic transition. The giant catherine wheels that are the two polar ice caps show that whatever type of ice is there now, it does deform in response to planetary rotation at least. But curiously, if there is water ice at the poles, there do not seem to be glaciers on the ice-cap margins. They should be there, even though downhill is towards the cap in the north. If the ice is frozen CO2, this is less curious, as the liquid phase, probably necessary to lubricate glacial flow, would be missing. Glaciers do not show the tight sinusoidal meanders seen in valley after valley, so those at least are not glacial erosion forms, and would require special explanation, even if the straighter ones were glacial.

So far there seems to be no direct evidence that pebbles or rocks are moved by anything other than gravity, meteorite impacts or volcanism. If they were, the inevitable wind-winnowing should have exposed many instances of well-sorted and rounded pebble, cobble and boulder beds along the rivers, if liquid water was the transport medium. As mentioned above, boulders up to tens of metres across can be seen tumbled down many canyon slopes. If the scree slopes are made up largely of fine material, most of the rocks would sink into the sediment as it moved downslope, as happens with rocks on sandy beaches here. This would occur with or without water being involved, as a consequence of mass transport of different-sized materials and the action of gravity. The dark patches on the floors of several canyons may be re-exposures of this debris. If a probe were to be landed there, the nature of the sorting and whether or not the rocks are river-rounded from long-distance movement, or only wind-and-dust-abraded from short journeys and long waits, should be evident on close-up photos, and should help resolve the question. 

Mars is cold but with a considerable temperature range, low gravity and atmospheric pressure and considerable topographic variation. Hence on steep slopes, once material starts to move, the braking action of the material around any particular particle in a moving mass, if I have my physics right, will be far less than on earth. Also, less force is required to start a light particle moving than a heavy one. The dust storms, so extensive and so slow to settle, seem to bear this out. So I contend that, where not tectonically controlled, the canyons and channels were and still are being carved by slumping and by related moving masses of abrasive material, more like dry, powdery snow in avalanche mode, than similar material entrained by liquid water. Between them, the Hubble Space Telescope Wide Field/Planetary Camera (HST/WFPC) and the Mars Global Surveyor Orbiter Camera (MGS/MOC) tracked a “dust storm” in the Valles Marineris that “extended as far as the chaotic eastern end of the system”,  (Release MOC2-1A), but which did not leave the canyon. I would like to respectfully suggest this may have been dust raised by a collapse of the canyon walls, proving it is alive and well and getting bigger. These storms should be common, as the largest pile of unstable and entrainable surface material on the planet is that forming the steep, unstable canyon edges. I would be delighted to see barchan dunes along the valley bottom in that dust storm area.

Dry ice permafrost

Martian air is about 95 percent carbon dioxide. Its phase diagram indicates that on the martian surface at present, it will skip the liquid phase on Mars as on Earth, and freeze from the gaseous state, or sublimate. The effects of this on the surface processes of a faraway unknown lithosphere are difficult to conceptualise, but one thing that should happen is that the gas in the pore spaces between the dust grains on and below the ground surface should almost all freeze solid. This is far different from a minute amount of interstitial water vapour freezing on dry slopes here. Carbon dioxide freezes and sublimates on the surface of Mars at the poles, so it almost certainly does the same to some depth below the surface, at lower latitudes. I don’t know enough of carbon dioxide’s expansion and contraction at low temperatures to have any but it is probably quite sufficient to destabilise steep slopes, so that when the temperature rises sufficiently to cause sublimation, away it may all go. Maybe the expansion of both the dry ice and the dust particles, as the temperature rises from the lowest point reached, is sufficient to push the dust grains apart, so that they lose their point-contacts with other dust grains. When the dry ice evaporates, you would then have a very unstable dust pile, all ready to go travelling down any handy slope.

This scenario would explain another puzzle – canyons and channels with minuscule or no deltas at their ends. The material entrained would be dust and some solid dry ice. It would dump at the canyon mouth, the carbon dioxide would sublimate and the dust would be blown away over time and be redistributed wherever. We have no lack of evidence of dust storms. 

Photo after photo shows what looks to me like slumping and slippage of poorly consolidated material at the heads of canyons and their tributaries, and on the flanks of both as well. If the higher areas catch the sun sooner than the lower, which seems to be the way of the worlds, the dry ice would sublimate in the high areas, destabilising material there, while the lower remained locked in solid dry ice. Hence the frozen material lower down the channel would remain resistive to that entrained, and when eroded would retain sharp and steep sides, as if it were soft rock. That seems to be what the photos show.

Liquid water, if I have understood the constraints properly, is just possible at the surface of present day Mars.  It may be very limited in volume, never have flowed as rivers, but yet be significant. The triple point of water is at 6 millibars, which is about the average surface pressure on Mars. As phase changes require energy, perhaps the fact that it hovers around this point is not entirely coincidence. Be that as it may, if water ice is at a temperature and pressure close to the phase boundary line, because of the negative slope of the ice/water boundary line, if the pressure increases while the temperature remains constant, the ice will melt to liquid water. That could perhaps happen in the high pressure tails of dust storms, with impact, or just below surface with increasing lithostatic pressure. 

This would mean also that even light extra loading on sedimentary beds, as from new aeolian deposition, could cause buried water ice to melt to liquid water. This will have chemical and petrological effects, but no very marked physical transport ones, under normal constraints in laterally stable beds. However, it could make extensive sheets of mixed aeolian silt, dust, water ice and dry ice, on sloping surfaces, quite unstable and subject to either downhill creep, or even outright collapse if a channel headwas close. It probably also accounts for much of the slosh deposition seen around some craters, as others have noted. As water ice expands on freezing, that will destabilise silt and dust piles by forcing grains apart. They may start to move when melting sets in. (Questions here. Is the present atmosphere adequate to give both water and CO2 snowfalls, away from the poles? I suspect that vast amounts of atmospheric CO2 and perhaps a good proportion of the atmospheric water may be locked up in the permafrost, as well as in the more commented-on polar caps. Is this possible or known to be so? How extensive is the permafrost? What is it composed of? In what ratios?  Does anyone know?) 

Liquid water will I think be of limited extent sub-surface. Several writers have suggested a shallow dry zone, then a thick ice cap, with liquid water beneath this. Some have concentrated on the release of the postulated deep liquid water in quantity, as being an adequate mechanism to form the outflow channels. My view is that melting of the top of the ice cap, though releasing only very small volumes of water, would be sufficient to initiate collapse of the channel head-walls. Coupled to the observed, currently active, transport capabilities of the martian wind, this could generate, extend and maintain the channels, given the billions of years available to run these systems. Exeunt the rivers and oceans. In this revised view of the long-winded model, (now the damp long-winded model), liquid water is thus the initial trigger fluid, with melting causing slumping. This lubricates short-distance flow at the channel head, while CO2 gas (martian air, a bit denser than usual), mixed with dust and acting like turbitites here, is what moves the material, in fits and starts, huge distances down the channels. It also keeps them open. From the foot of the fan just below the slumped chaos terrain, the wind takes over. A compromise in every direction; almost everyone should be happy. 

The exobiologists, however, may be mortified. Life on the martian surface would have to get a wriggle on, and go through an entire generation rather fast, or wait dormant for long periods. Otherwise, it would have to do its thing in the time it took for the tail of a dust-storm to pass, or the debris from a meteorite to settle. Sub-surface, it would of course have a little longer.

As the atmosphere is by far mostly CO2 and not water, and these substances freeze at different temperatures and pressures, the permafrost is probably complex and layered, with layers of very different thickness being deposited, as the temperature fluctuates with the seasons. Sub-surface melting of the water, or sublimation of the dry ice, in stable, channel-free areas, will lead to very complex mixing. What analogs of terrestrial laterites (or life?) are developed in this complex system is anyone’s guess. Siderite at least should be present, and possibly bauxite also. Viruses may be. 

Those who want to release large quantities of liquid water from below the surface may have a very limited reservoir to achieve this from.

I guess that CO2 ice may dominate and cool the rocks down to the depth of the lowest open, inter-particle pore space that is still linked to the atmosphere above. Fissures and joints below that could be imagined to be full of liquid water, until 5 bars pressure is reached, when liquid CO2 becomes possible, but if I understand it right, the boundary is rather shallow. 

At the top of the permafrost layer that fills all the available pore spaces, if my physics is right (which is dubious), lithostatic pressure, i.e. the weight of the overlying rock (and ice), begins to act on the entrapped fluid H2O and CO2. Assuming the rock is entirely unconsolidated basalt dust, a density of very roughly 2 gm per cc would hold on Earth, so we can about halve that for Mars, given its 0.48 Earth-equivalent gravity field. The density of dry ice, here, is about 1.25 gm/cc, and 0.48 of that for Mars, is 0.6 gm/cc. So the lithostatic pressure for a solid sediment with no air spaces, and assuming negligable water ice, should be between about 1 kg per 10 to 16 vertical metres of this rock. (1 bar is about 1 kg per sq cm.). You cannot have liquid carbon dioxide at any pressure less than 5 bars, no matter what the tempersture. 5 Bars of lithostatic pressure in such sediment will thus be reached at somewhere between about 50 and 80 metres below the surface, I think. Below that depth, liquid CO2 will dominate the system, if the temperature is abovew 210 degrees Kelvin, and will dissolve the relatively minor amount of water that may be present. Ice, water and other rock types will shift the levels somewhat, but not massively. From 100 to 1000 metres down, CO2 will be either solid or liquid, depending on the temperature. The warmer it is, the deeper liquid CO2 could exist. Below about that, pressure will again solidify it. As subsurface temperature gradients seem to be unknown, we probably cannot be more accurate than that broad range. Hoffman (2000) has stated that in the latitudes away from the poles, CO2 liquifies at about 500 metres, whiich is a very different estimate. 

My estimate of there being shallow liquid carbon dioxide and co-dissolved water, below only about 50-80 metres down, would seem at a guess to match the depth below surface from which the large blocky rocks, up to house-size, tumble down the canyon and crater slopes. So they should be water-generated laterites or their analogs. Collapsing laterite and bauxite cliffs here on Earth show just such massive tumbled-down boulders.

This pattern may also control and match the weepage-level seen in many channel and crater walls. In effect, high-level water ice, from snow or frost, may melt in summer under temporarily raised pressures, and in cold areas drop down to the dry ice beneath. There it would either freeze again or flow across the water ice that would soon cap the buried dry ice, with some emerging as weepage from steep slopes. In “warm” low latitudes, sub-surface water ice may simply not form. Water vapour there may circulate with the rest of the air below surface, but condensation would extract and hold far less than would freezing. That, if realistic, may explain the paradox of weepage on pole-facing high latitude slopes and not elsewhere.

When the temp is about 145 degrees K at the martian surface, falling dry-ice snow should reach it, I think. If buried by dust from storms, it may survive, giving a sediment layer that is ice-supported. Such solid dry ice, when rapidly exposed to the atmosphere by slumping of a canyon headwall, say, will flash-convert to liquid CO2 and then to gas, if the temp is above –56.6 degrees C., the triple point, which it often is. Multiple layers flashing together will cause major slumping. Nick Hoffman covered this in detail, for the channel heads, long before I started musing, but does not, I think, invoke snowfall plus dust in the present regime, or laterite analogs at all, to explain the ubiquitous layering. He attributes that layering to past meteorite impact, causing temporary bubble-atmospheres that trigger snowfall and debris-fallout layers. 

This may be, but it shuts the system down when you run out of meteorites, way back when. What bothers me is that the layering always seems to be at about a fixed depth below the present surface, in the tops of the channel and canyon walls, implying no deposition since the last missile attack. What then have all the duststorms been doing since? Putting it all into orbit? Chasing their tails to perfection?

Water at the poles

One argument for the existence of large amounts of water is that the summer temperature at the poles, -68 degrees C, is too high for dry ice to remain solid, though water ice would. So what does not melt every year is assumed to be water ice. The short answer may be that surface temperature is not automatically sediment temperature. Simple calorimetry may show that the incoming solar radiation each summer is insufficient to sublimate all the dry ice in the icecap, given that what is lost each summer is replaced each winter, more or less.

Layering, layering everywhere

It has been assumed by many observers that much of the present martian surface is either exposed or lightly buried lava or fluvial sediments, mainly on the basis of the layering seen exposed in canyon and crater walls. The cliffs collapse far too readily and symmetrically to be made of lava, in my view. Where are the huge tumbled or partly slumped blocks of lava cliffs? 

If the tumbled blocks are of lava, why is there almost always only one layer, at most two, and at a fairly set depth?

There is a possible alternative to this. The material may be unconsolidated or poorly consolidated aeolian dust and silt, with the observed banding being the result of pedogenic processes, repeated after each sheet of wind-blown material was laid down. As there is some atmospheric water vapour on Mars, in winter some water must freeze out of the air at the top of the permafrost layer, and then in summer melt and interact with the lithic material and gas around it, to form laterites, carbonates and perhaps bauxites. Repeated cycles, as the wind deposits new layers, may give the observed layering. This groundwater may of course contribute to a greater or lesser degree to sapping and slumping of the walls in the valleys, channels and craters, as Mallin and Edgett have postulated.

Each surface could generate two buried lateritic horizons, corresponding with summer and winter permafrost levels. Something similar is to be seen in some parts of Western Australia, for somewhat different reasons. Blocks to metres or decametres across can be seen tumbled down some martian valley and crater slopes. I have seen just that sort of thing, below bauxite-tending-to-laterite cliffs on the west side of Cape York, at the northernmost tip of Australia. Is it possible that Yogi and Barnacle Bill and their neighbours were pisolitic laterites, from a surface fragmented by meteorite impact, and then deflated, with all the small bits blowing away and breaking down? It would be easier to account for laterite scattered all over the surface than fresh igneous and volcanic rocks, given the obvious oxidation at the surface. The surface of Mars has rusted, after all, it’s red from iron oxide. The alpha proton x-ray spectrometer data show all the right elements, and it is notoriously difficult to identify minerals in a rock and hence rock types, from photos and elemental compositions alone. I shall ask NASA if this alternative can be ruled out with certainty.

A lot of samll round spheres have recently been photographed by one of the Spirit landers, some lying loose and some embedded in the layered sediments. My guess is they are likely to turn out to be pisolitic secondary concretions, such as are very common here in bauxites and to a lesser extent in laterites. 

And not a drop to drink?

Maybe there is. Some excitement in Mars geology, as this was originally being written, arose from evidence interpreted by Mike Malin and Kenneth Edgett as indicating recent groundwater seepage on a limited number of predominantly pole-facing slopes (Science, 20.6.2000, pp 2330-2335. Evidence of Recent Groundwater Seepage and Surface Runoff on Mars). It’s a superb paper, full of detailed observation and deduction. They may be right, but again, perhaps the fluid was not liquid water. I will now try to apply the above generalisations to these particular cases. In their Note 1, Malin and Edgett state that the only alternative to liquid water is to speculate that some other completely unknown agent, with properties essentially identical to those of water, is or has been at work on Mars.

Malin et al. have tendered a number of images as evidence of these recent liquid water flows. One in particular is perhaps instructive (Evidence for Recent Liquid Water on Mars: Channels and Aprons in East Gorgonum Crater.) I have selected and enlarged the relevant section .
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MGS MOC Release No. MOC2-241, 22 June 2000 Image C, Closeup of Apron Deposit.

Figure 11

This image shows a number of curious factors. On the right hand side of the head of the main deposition apron is a subsidiary one, which ends in a regular set of barchan dunes, showing flow running in the same direction as the line of flow of material upstream, and of about the same width. Water-lubricated material flow will not produce such a feature, but airflow will. As such an airflow lost velocity and carrying capacity, where the crater starts to level out, fines could very easily have remained in the train and been rapidly deposited as a dune set. An airflow clearly had the carrying capacity to move the material in the dunes and sculpt them, on the margin of whatever event produced the apron. It is a short step to assume that in the centre of the event it may have had the energy to move the rest of the material present. It is a rather longer step to suggest that material was moved by a chemical not known to be present or stable on the planet in the phase required.

Next, at the end of the apron, the material is deposited in narrow elongated lobes, not as the broad lobes characteristic of deltaic water deposition on Earth. Lobe narrowing does occur in water streams here, but generally only when banks of deposited material are either topographically constrained, or trimmed by faster-flowing water moving past their sides. There is no evidence for flow going any distance past these terminal lobes in East Gorgonum crater.

Lastly, though the resolution is not adequate to be sure, the entire surface of the apron appears to be irregular and pitted. This is not what is generally seen in alluvial fans or deltas. Whether water drains away rapidly or slowly, it usually bequeaths a flat upper surface to the deposit. If the flow that produced this particular apron was gas-driven, rapid and ill-sorted, once momentum was lost, de-gassing would perhaps produce the pitting that appears to be present. If the flow included substantial quantities of permafrost dry ice, pitting would be accentuated when this eventually sublimated.

While the weeping of liquid water, derived as suggested above from melting snow, may have started the movement downhill, my candidate main speculative fluid, for producing the fan seen, is once again dense cold katabatic flows of carbon dioxide gas. In this case the smoking gun may be flows, or steady trickles if preferred, of this fluid, out of scarp edges. It would be the result of annual warming and sublimation to some depth of the sub-surface dry ice. It would move along the topographic gradient set up, below the surface, on the top of the remaining dry ice layer. The sub-surface topographic gradients would be shaped by the ground closest to the scarp edge, being warmed to a slightly greater depth than that further away, resulting in a sub-surface, truncated, shallow basin – like very flat versions of the alcoves described by Malin and Edgett, but underground. The dense gas would flow, sub-surface, to the crater or canyon edge, then tip itself downslope, taking loose light material with it, and in time undermining the large boulders, to decametre size and probably of laterite, seen tumbled down some slopes. 

The Pathfinder landing site

The Pathfinder landing site is instructive. It was chosen partly because it was believed to be smack in the path of a massive catastrophic flow of water, in Ares Vallis, just below its junction with Tiu Vallis. 
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Part of Viking Orbiter image, from CDROM VO_2014 (?)

Figure 12

Below are two views from Pathfinder. 
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Figure 13

And
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http://mpfwww.jpl.NASA.gov/MPF/ops/i1246750998img0008140027.jpg 

Figure 14

These are not river rocks, and this is one of the most unlikely-looking riverbeds I have ever seen. Some of the rocks are highly angular. These rocks are supposed to have travelled a long distance down a very energetic river, but basaltic and andesitic rocks round off rapidly, in real rivers. There is also no evidence of the sorting or packing-together of either the pebbles or the boulders that occurs in all rivers. Rivers move rocks at peak flow, and when this lessens and the larger ones stop moving, smaller ones jam up behind them. The rocks in the images are randomly scattered, and most are some distance from the nearest neighbour. On the other hand, if the area has been shaped by wind, no sorting or packing of boulders or pebbles would occur – they would lie where they rolled when the finer material below and around them was blown away. This looks to me much more like a standard scree slope, on a wind-blown Australian gibber plain.

Conclusion

My conclusion is that we probably have a very active sedimentary system on Mars, fully operational now. The sediments are predominantly fine basic rock dust and dry ice. The engine driving the system is airflow and the starter motor for erosion is gravity, carbon dioxide liquification at depth and temperature-controlled expansion and contraction, boosted occasionally by seismic impacts. The entire set of features we see is then exactly what we would expect given a low-gravity planet experiencing repeated fast winds and dust storms, tectonic stress and shocks from the occasional huge, and more commonly small, incoming missiles. QED. The rivers and oceans of water on Mars are now looking about as likely as its canals.

Maybe there was almost no liquid water and hence no life on Planet M, ever. Perhaps, given the ability of life to adapt to all sorts of environments with ferocious enthusiasm, we are better off without some tenacious Martian microbe hitching a ride home on a probe, and finding us and our planet wonderful fields for colonisation. Given how troublesome life forms crossing from continent to continent have proved, maybe we really don’t want martian microbial weeds down here. An utterly lifeless planet might just be the best possible thing on which to start our own interplanetary colonisation career.

Peter Ravenscroft.

29 August 2000.
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