Planetary Science


Introduction

Hello, and welcome to the fourth in my series of presentations on the conflict between science and creationism.  As ever, I’m basing my talk today on the slide presentations of the infamous young-earth creationist, Kent Hovind.  This means I’m going to cover points raised in his slides, so I won’t cover all of this topic by any means – just the bits that are relevant to creationist claims.
 
Lots of these arguments are dealt with in the wonderful archive on TalkOrigins.org. Please search for their extremely detailed site and read their much more thorough rebuttals of these claims.  You can find many of the arguments that I've used here on that site, however, I’ve added a few extra bits here to bring the coverage up to date.  So let’s get started.

Heavy Elements

A huge range of chemical elements are to be found on Earth, from the very lightest to the very heaviest. During the molten phase of the Earth's early history, the heavier elements should all have settled down to the Earth's core as they have a higher density. This is just like how, if you get a container full of heavy objects and light objects, when you shake it you will find the heavy objects fall to the bottom and the lighter ones rise to the top.  However, when we look at the Earth, we find quite a lot of heavy elements near the crust – elements like Uranium and Plutonium, as well as Gold.  So how did they get there?

Well the first question to answer here is – where did the heavy elements come from in the first place? This question actually has a fascinating answer. The only elements created in the Big Bang were Hydrogen, Helium and a small amount of Lithium. Everything else has been forged in the heart of massive stars as they undergo nuclear fusion. I covered that topic in the last presentation on astronomy.

This means that much of the matter that makes up you and me was literally formed in the cores of stars that exploded before our Sun was ever born. We are, as the late great astronomer Carl Sagan once put it, stardust.  In fact, as you look at populations of stars in our galaxy and beyond, the older stars have decreasing metal abundance – that is, a smaller quantity of heavy elements in them. This is all because successive generations of massive stars have forged new heavy elements, exploded and then distributed these elements throughout the galaxy, to be incorporated in the next generation of stars. So the very oldest stars have almost no metals in them at all, whereas the youngest ones, in general, have the most.

Our Sun was no exception to this. The cloud of gas that initially condensed into the Solar System had a range of heavy elements in it, which ended up in the planets and asteroids that we see today.  When the Earth was very young, it was still molten and its inner parts were flowing, rather like the molten rock inside our planet still does.

So why don’t we see all heavy elements in the Earth’s core? The answer is simply this: convection currents set up while the Earth was cooling, and still existing today, ensured that the various elements were distributed throughout the entire proto-Earth.  This continues to happen today through the process of volcanism: magma from deep within the Earth cycles near the surface, and is ejected onto the surface of the Earth through volcanoes. This magma contains heavy elements, as it has come from deep within the Earth.

Meteorites are found to contain a far higher quantity of gold in them than the Earth's crust does. Because the Earth was formed from the same stuff as the meteorites, we can assume that the low abundance in the crust is compensated by a much larger abundance deeper down, towards the core.  One scientist has estimated that if you gathered all the gold deep within the Earth, and spread it out over the Earth's surface, it would form a layer half a metre deep!


Cooling Planets

Are the planets cooling too rapidly? Jupiter and Saturn are both losing more heat per second than they gain from the Sun, so they are both cooling overall. But how long could they have sustained this rate of cooling? Is it true that they can therefore only have been in existence for a fraction of the accepted age of the Solar System?

Well, Jupiter is cooling at a rate that makes sense, given the time for which it has existed. Jupiter is still radiating off the last remnants of the heat generated during its formation.  Jupiter is a huge ball of gas, rather like the Sun, but as it’s a thousand times smaller than our Sun, it never kick-started nuclear fusion in its core when it collapsed – it’s probably 70 or 80 times too small for that. However, it did still generate a lot of heat when it was forming, because the cloud of gas collapsed under gravity, and that gravitational energy was transformed to kinetic energy and, eventually to heat. Indeed, that process is continuing today, with energy being generated by the very slow gravitational contraction of the planet’s inner layers. So, although Jupiter is radiating away energy, it is also generating heat in its core, and together these processes explain its current temperature.

However, these simple explanations don’t work for Saturn – the ringed planet. Saturn looks like it's cooling off too rapidly. The explanation for this is that it is gaining heat through helium precipitation: Helium in the outer atmosphere is raining down to the inner layers of the planet, and thereby transferring its gravitational energy to the planet itself.  This process ties in nicely with the measurable lack of Helium in the outer layers of Saturn's atmosphere, which is exactly as predicted by the theory.


Saturn's Rings

How old are Saturn's rings?  For a long time, it was believed that Saturn’s rings could not have been older than 100 million years. This is because the particles in the rings show certain properties that could only be the case given a fairly young age.  However, much more recent observations from the Cassini probe (from 2004 onwards) have shown us that this isn't, in fact, the case. The reason why the particles appear young is because the particles seem to accumulate together within the ring system, forming smaller planet-like bodies, and then breaking down again, therefore 'recycling' material in a continuing process. So the particles, far from being the remains of a disintegrated comet or moon, could well be left over from the planet's formation, nearly 4.6 billion years ago.


Helium

Hydrogen and Helium are the lightest and second lightest elements in the Universe. Almost all of the normal matter in the Universe is composed of just these two elements, including almost all of most stars, and the gas giants such as Jupiter and Saturn.

Jupiter and Saturn are almost entirely Hydrogen with a bit of helium and almost nothing else, as a percentage of the total mass at least.   The Sun is overwhelmingly composed of Hydrogen, too.  However, the other planets: Earth, Mars, Venus and Mercury – they have almost no Hydrogen or Helium in them at all. Why is that?

Recall that these are two lightest elements. In a gaseous nebula where heat exchange is possible, all molecules have roughly the same energy. But as H and He are much lighter than the other elements, that means they move much faster. This fact means that it was much harder to pull them into any type of planetesimal in the early forming solar system. The only planets largely composed of light elements are the four largest: that is Jupiter, Saturn , Uranus and Neptune.   Uranus and Neptune, the two smallest gas giants, are still 15 and 17 times larger than the Earth respectively, and the considerably larger gravitational well in which they formed meant that they were able to grab, and hold on to, much more H and He.  Then, even after the sun started shining, they were still able to grab even more of the gases before they were finally expelled from the Solar System.

The Earth, with its relatively feeble gravitational pull, was unable to hold on to much of these gases, having almost no Helium today, though it still contains a small amount of Hydrogen, mainly in water, which makes up around 1.4% of the Earth’s total mass.  For the inner planets, they couldn’t even hold on to this hydrogen, as the water boiled away long ago. Ultimately, being close to the heat of the sun makes it even harder for planets to hold on to these light gases, and hence Venus and Mercury have essentially no H or He left.


Recession of the Moon


Is the Moon moving rapidly away from the Earth? The argument goes that the moon is receding at such a high rate that it could not have been doing so for the four billion plus years for which it has existed, and therefore that it isn’t really that old. However, this argument makes two massive blunders:

Firstly, it assumes that the moon has always been receding at the current rate - in fact, studies show that the rate of recession was substantially lower in the earlier history of our planet (Williams, 1990). These studies use very cool science, and build on the fact that the moon causes tides, and the growth rates of several organisms are related to the number of high tides in any year.

Secondly, the rate of recession is usually quoted incorrectly. As science has tackled this problem over the years, the measurements have become increasingly accurate, and the measured recession rate has dropped. The currently accepted rate is somewhere around 3.8 centimetres (about 1.5 inches) per year, which doesn't pose a problem at all for an age in the billions of years.

Again, as with most of these issues, I’m sure you’re spotting a pattern – the creationists spot an anomaly – doesn’t really matter what, but something that they think goes against the consensus view that the Universe is billions of years old. They don’t bother investigating it, they just leave it there with no further analysis, and say that science is obviously wrong. However, in each of these cases the answer isn’t actually that hard to find if you can be bothered to look.  But of course, this shows the underlying flaw of the creationists - that they’re simply not interested in the truth – they just want to find things that allow them to continue in their comfortable delusion.  Note that none of the complaints I’ve covered in this talk, even if they had any merit to them at all, could bring the age of the Solar System down to the thousands of years that they claim to be the absolute maximum age of all things.


The Earth's Magnetic Field

The Earth's magnetic field is a complex system, which is, even now, still not fully understood. Measurements taken decades ago claim to show that it was exponentially decaying and that therefore it must have been extraordinarily high just a few thousand years ago. If you follow the trend backwards, that is. Most of this argument comes from a paper by Creationist Thomas G Barnes, published in 1973, based on measurements taken between 1835 to 1965, by a range of different scientists, under different conditions and with different apparatus. Yet another up-to-date reference, I see.

This is an example of several kinds of logical fallacy.  Logical fallacies are types of argument that are not logically correct – where someone takes a set of premises and, using false logic, derives a conclusion that simply does not follow.  So what logical errors did the creationists make here? 

Firstly, and most importantly, they assume that you can extrapolate current trends backwards - in the case of the Earth's magnetic field, this is not the case as, for example, it is known to suffer complete reversals every 250,000 years or so. The trick of extrapolating trends is a common one in creationist literature. If you heard my earlier talk on astronomy you’ll remember the example of stars shooting out of globular clusters.

Secondly, Barnes was assuming that you can fit an exponential curve to very sparse data, which simply are not sufficient to allow this level of confidence. Longer-term studies, including those involving measuring rocks of known ages, show that the Earth’s magnetic field strength fluctuates considerably over time. You could quite easily also fit an oscillating model to the data in the paper that Hovind references – and it’s worth noting that, even in the original paper that he mentions, the data were shown without any kind of estimated measurement error, which is always a red flag in these cases.

Is an exponential decay really a sensible first guess? True, exponential decay is seen in simple magnetic systems, but so is an oscillating magnetic field strength.

Thirdly, the paper assume that the dynamo component measured in these experiments is the only component of the magnetic field, which isn’t the case either - in fact the magnetic field is extremely complex and consists of several different components. One can be reducing while others increase and the total field strength remains the same.

Several creationists have moved to improve the exponential decay model of the earth’s magnetic field, but they simply can’t get past the fact that the evidence shows it not to be true. The modern scientific understanding of the Earth’s magnetic field is that it’s generated by a dynamo effect within the Earth, and this dynamo effect is well studied and well supported, and although it’s not 100% agreed on by all scientists, it enjoys a fairly strong level of agreement. Computer models are able to explain this field partly, and soon they’ll be able to get a very clear picture of exactly how the Earth’s magnetic field is generated. 


Cosmic Dust

The Earth is being continually showered by a thin covering of dust from space.  Various measurements have been taken of this dust fall, and have come to very different conclusions.  The paper most commonly quoted by Creationists is by Hans Pettersson, dating from 1960. The figure he derived was massively wrong – by a factor of about a thousand! Instead of the 39,000 tonnes per day that Pettersson claims to have measured, the accepted value today is around 30-40 tonnes per day across the entire Earth. This has been known since 1972.

Creationists claim that NASA was assuming that the Moon would be many metres deep in dust when Apollo 11 landed in 1969, and that they were somehow shocked that this was not the case. The argument goes that the moon has such a shallow layer of dust because it’s very young and hasn’t had a chance to accumulate much of a covering.

In fact, this claim is not true - NASA had known for several years that there was no evidence for an extensive dust layer on the moon, and this was of course factored into the plans for the Apollo missions. After all, if there had been a layer of dust there then that would have caused considerable difficulties for landing, for take-off and moving around on the lunar surface.  Besides, the point is irrelevant - even if NASA had previously thought that there would be a substantial dust layer on the moon, modern measurements show that the rate of dust fall from space is vastly lower than previously thought so the lack of a deep layer of dust is no problem at all.


The Vapour Canopy

The vapour canopy is a proposal that has been put forward by Creationists to explain the biblical flood story. I’ll go into much more detail about the flood myth in a later presentation, but for now, as this particular claim regards planetary science, I’ll cover it here. 

The idea of a vapour canopy is that there used to be a thin layer of water vapour high up in the atmosphere which then later fell as rain during the flood, where Noah famously rescued two of each kind of animal in his ark.

Is this model plausible?

Short answer 'No'.  Long answer, 'No, it’s absurd'.

The only proposal so far given for how the canopy stayed aloft for the 1,500 years between the Creation and the flood, is that it may have been due to the so-called Miessner effect. Unfortunately, the Miessner effect works in superconducting systems, so is irrelevant here. There is no mechanism for supporting a vast body of water endlessly in the atmosphere; there is no way it could have got there in the first place; there is no evidence for this canopy ever having existed; there is no way life could have survived on Earth if it had existed; Even the Bible says that there was no vapour canopy, with several passages in Genesis talking about how the stars were visible from Earth – and a thick layer of vapour would have made the Earth essentially dark all year round. Just think about how dark things get when there are lots of rain clouds about – now imagine that there’s enough water vapour in the atmosphere to cause so much rain that the entire earth would be flooded to the heights of the highest mountains.

Even the tiniest bit of critical thinking leads to the rejection of the entire flood myth, of course. I’ve gone into this in much more detail on my website at frayn.net. If you check out my evolution site, there’s a large essay detailing the science for the claim of the vapour canopy including proving that it would block out almost all light from the sun, killing all plant life. Also, because of the massive weight of the canopy, the pressure underneath would instantly crush everyone to death. So no, it’s not plausible. Not even close. If anyone mentions the vapour canopy theory, nod and smile, and start walking away slowly.


As ever, there’s loads more information on my website at frayn.net, where you can also find a transcript of this talk and all the following ones, and all the previous ones, and you can keep up-to-date with my blog as well as learning about some of my other work.

See you next time, when I’ll be talking about radiometric dating!
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