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Foreword

The need for biblical evidences is greater in our generation than ever before. Secularism and humanism are rampant, the media and the educational system bombard us with half-truths and untruths about the meaning of life, and multitudes are confused about the fundamentals of human existence. So profound is the confusion today that many ask not, "What are the answers?", but rather "What are the questions?" We in western society are in a bad way indeed! The need for scientifically current apologetics books—well thought out, well written, and well adapted to our generation—is great. I believe that, with this volume, you have acquired such a book. 

For me it was fascinating to watch Is There a God? take shape, realizing what invaluable evidence John Oakes was bringing to light. Christians the world over will appreciate its careful treatment of science and Bible. My heart thrills at every piece of information, every perspective or new angle of entry into apologetic questions. During high school and university years my own faith was strengthened enormously through reading apologetic works, and it was through our mutual interest in apologetics that John and I first came into contact. Over the years I have built up a small library around the subject of evidences. I was proud to add John’s book, Is There a God? Questions About Science and the Bible, to my collection. 

Surely every reader will want to follow the flow of John Oakes' reasoning and master the arguments, in order to be better equipped to convince others about God's reality and the truth of his Word. 

It is rare to find a man of high caliber and academic integrity serving the Lord both as college professor and disciple of Christ. Thanks to that precious combination, a superb new book has been authored, and to you I gladly commend both it and its author. I have every confidence that in this book you will find something to strengthen your faith in God's existence, wisdom, and power. 


Douglas Jacoby,

Marietta, Georgia

Whence is it that nature does nothing in vain; and whence arises all that order and beauty which we see in the world?

Isaac Newton

Opticks, 1730

Introduction

A few years ago on an episode of the ABC show “Nightline,” a debate was held between Carl Sagan and Jerry Falwell. Sagan, then professor of astronomy at Cornell University, presumed to speak for all scientists as he propounded the view that the known laws of science are sufficient to explain the origin of the universe and all life on earth. Jerry Falwell, then president of the Moral Majority, presumed to speak for all “Bible-believing Christians” as he supported the view that the universe is only a few thousand years old, and that all scientific evidence supports this view. Who “won” the debate? Obviously Carl Sagan, a scientist who had thought through the issues, had a great advantage. He skillfully won the debate and made the “Christian” perspective on science appear to be intellectually questionable. Unfortunately, debates are not always won by those on the side of truth, but are usually won by the more eloquent and well prepared. A more important question than “Who won this classic debate between the atheist and creationist?” would be “Who was right?” The answer: neither was correct! 

As a professor of chemistry and physics (my PhD is in chemical physics), I have often had the opportunity to help students struggling with questions on the interface between science and religion—questions which relate to the scientific reliability of the Bible. Having at different times served as a minister and a professor, I have often been asked whether I find there to be contradictions between my faith in the Bible and my knowledge of science. I cannot agree with the renowned evolutionist Niles Eldredge, who has said that we should “take the position that religion and science are two utterly different domains of human experience” and have “little in common.”
 If the Bible is a reliable source of truth, there will be profound implications in the realm of science. If the Bible is true, then there are implications for at least two of the most important questions scientists ask: “What is the origin of life?” and “What is the origin of the universe?” Clearly, both science and religion address these questions and others, although they answer such questions by different methodologies. Eldredge and others suggest that we should simply brush aside the obvious fact that many questions are asked and answered by both science and religion. For people who grapple with the fundamental questions of life, such as “How did I get here?” and “Why am I here?” ignoring the obvious points at which science and religion touch will not work.

Consider the case of Augustine of Hippo.
 Augustine is thought by many to be the most influential theologian of all time. When he was a youth, Augustine’s mother was a devout Christian. She longed for him to follow suit, but Augustine was an independent thinker from an early age. He was attracted to the Manichaean religion. Manichaeism was a dualistic (good vs. evil) religion founded in the area of present-day Iran by a man named Manes. This religion had affinities with Gnosticism and Zoroastrianism. In studying the writings of Manes, Augustine discovered some statements about the cosmos which were contradicted by what he knew to be true from empirical evidence discovered by the astronomers of his day. None of his Manichaean teachers would even address Augustine’s questions about the scientific implications of the writings of Manes. To quote Augustine, “I was told to believe in these views of Manes; but they did not correspond with what had been established by mathematics and my own eyesight.”
 

There was one teacher widely regarded to be the greatest and wisest of the Manichaean sect. His name was Faustus. Faustus visited the city where Augustine was studying. As Augustine relates, he eagerly awaited the opportunity to ask Faustus the question that none of his other teachers would answer. He assumed that there was a logical answer to his questions. However, when he approached Faustus, the great teacher refused to answer Augustine’s questions about the cosmology of Manes. In fact, he admonished Augustine for his lack of faith. 
In the end, due to his encounter with Faustus, Augustine eventually left Manichaeism and was won over to Christianity.

This incident illustrates two of our previous points. First, it shows that religion and science can and do overlap. Pretending this is not so is untenable. Augustine was turned away from his Manichaean belief because he found that the scripture of that religion contradicted what he knew to be true from his study of nature. Second, it demonstrates the need for believers to provide honest, reasonable answers to those who are seeking the truth about science and the Bible. 

Let us go back to the debate between Falwell and Sagan. Why were they both wrong (one in saying that natural laws can explain the origin of life, the other in claiming that science supports the belief that the earth is a few thousand years old)? Both Carl Sagan and the school of atheists he represents and Jerry Falwell and the young earth creationists he represents had the same fundamental flaw in their thinking. They were simply not approaching the evidence as scientists are supposed to handle data.

 The first chapter of this book discusses the potential pitfalls for many atheists and creationists, and proposes a more open-minded approach to thinking about the fundamental questions which arise at the interface between science and religion. Should creationism be taught in our schools? Should the atheistic explanation of the origin of the universe and life be the basis of the science curriculum? Should science instructors teach both views and then let the students decide for themselves? Or should we avoid the debate entirely? These questions can be ignored, but they will not go away.

Christians, and especially Christians who are students, will eventually be confronted with comments like “Do you really believe in Adam and Eve? Oh come on... that’s a myth!” The believer might also be confronted with a statement like “It’s a proven fact that man evolved from apes. Do you mean to say you don’t believe in evolution? And you want me to take your belief in the Bible seriously? Right!” 

REASONS TO NOT STUDY SCIENCE AND THE BIBLE.

Despite the importance of the scientific questions raised by the Bible, especially the question of origins, the majority of Christians devote little or no energy to providing reasonable responses. There are several reasons for this. First, many accept the Bible by faith, and that is sufficient for them. It is often hard for non-believers to understand this perspective, yet most Christians believe the entire Bible is God-inspired, true and reliable. They take at face value the flood account in Genesis chapter seven, as well as the account of Adam and Eve in Genesis chapter two, just as much as they take at face value the Bible’s claim that Jesus Christ was a real person. Whether or not an individual Christian has done enough research and study to verify this belief for himself, inerrancy is clearly a claim of the Bible.
 The fact that many followers of Jesus Christ accept the inerrancy of the Bible by faith is, paradoxically, one reason that they do not spend a lot of time testing the scientific accuracy of the Bible. It is easy to understand how unbelievers see this as intellectual inconsistency. One of the purposes of this book is to address this dilemma. 

Another reason followers of Jesus tend not to spend a lot of mental energy on these questions is that they simply are not issues of importance in their daily lives. There are many issues that could be debated regarding Christianity and the Bible. When will Jesus come back? What about the people who never heard about Jesus? What about the “rapture”? The list seems to go on indefinitely. Practical believers should ask themselves: “Does this issue affect my or anyone else’s eternal destiny?,” or “Does this question affect how I live my life?” If the answer to both questions is no, then one has found an issue which is probably worth relatively little concern or debate. In the words of Galileo, “Can an opinion be heretical, and yet have no concern with the salvation of souls?” 
 It would seem at first glance that one’s view of the creation story in Genesis is not relevant to salvation, or to one’s way of life. A case will be made in this chapter that these issues are nevertheless important enough for all believers to spend time thinking about them.

A third reason many believers do not focus on these questions is that most are not scientists. Even if followers of Jesus wanted to ponder these questions in an intelligent way, do they know where to begin? How do scientists answer questions? What is a reliable source for the answers they seek? Because of these difficulties, it is easy to just ignore the issue or perhaps read a single book which agrees with one’s own preconceived opinion, failing to carefully question the arguments put forth in that book. Granted, one’s interpretation of the first chapter of Genesis is not a salvation issue, or even a practical matter affecting daily Christian life. Granted, most Christians do not possess sufficient scientific training in biology, chemistry and physics to sort out many of the highly technical questions relating science, God and the Bible without help. Nevertheless, ignoring questions relating to science and the Bible is a mistake. Some of these reasons will be addressed in this introduction. Questions about science and the Bible will inevitably arise, so why not deal with them now?

WHY I SHOULD STUDY SCIENCE AND THE BIBLE.

One reason followers of Jesus need to think carefully about these questions is related in 1 Peter 3:15-16. 

Always be prepared to give an answer to everyone who asks you to give the reason for the hope you have. But do this with gentleness and respect, keeping a clear conscience, so that those who speak maliciously against your good behavior in Christ may be ashamed of their slander.

Here the followers of Jesus are told to be prepared to answer the questions of non-believers. Outsiders will want to know what we believe and why. If a sincere question is asked, such as “What is the your response as a Christian to Darwin’s theory of evolution?” and an uninformed response is given, that would clearly not square with this biblical command. If a person is ignorant on the subject, the best response is simply, “I don’t know,” not an attempt to deflect the question. For a person new to the faith, this is a reasonable answer. However, according to this scripture a Christian has a responsibility to work to become “prepared to give an answer,” especially to the questions which come up most often. This book is an attempt to help readers move toward that goal. 

Many believers have heard questions like, “What about evolution and the Bible?” or “How can you believe in the Genesis creation myth in view of what we know from science?” At times, questions like these are a smokescreen on the part of a person who is not yet ready to face up to the issues God is exposing in his or her life. This sort of interaction is recorded in John 4:7-26. When Jesus confronted a woman about sin in her life, rather than talk about the issue, she immediately changed the subject to an important but safer, theological issue. On safer ground, she would not need to deal with her own sin. Jesus answered her question with gentleness and respect, just as believers are admonished to respond to questions in 1 Peter 3:15-16. This gentle, respectful approach may have been part of what led this woman to believe in Jesus. In similar situations, we will not always get the same results as Jesus. Some would rather debate abstract ideas than deal with the fundamental need for repentance in their lives. It is true that some people raise questions of science and religion more to argue than to seek answers. However, many who ask these questions are sincerely seeking the truth. Those who believe in the Bible must prepare themselves to give a carefully reasoned answer to such questions.

A second reason followers of Jesus need to be prepared to answer scientific questions relating to Christianity is for the sake of their children. It is a fact that as a matter of public policy as well as of general consensus, the atheistic approach to interpreting scientific knowledge is presented to students from grade school to graduate school. Parents cannot afford to sit back and say “Que será, será.” The faith of their children is at issue. Students tend to accept at face value the things they are taught. The subject matter is accepted along with the assumptions that underlie how that information is presented. Parents must be prepared to discuss with their children the truth about the origin of life and the creation of the universe. They cannot afford to brush aside challenges to the Genesis creation account that their children will face. Where will our children find a reasonable alternative to the atheistically biased treatment of these questions if not at home? Rest assured, your children will ask these questions. A simplistic explanation from parents or church leaders, one that is not consistent with the accepted facts of science, will do more harm than good. 

Children are very inquisitive. Younger ones tend to accept what they hear from their parents as authoritative. However, as they move into adolescence, a natural skepticism arises. Most teens are smart enough to see through shallow explanations that contradict the facts. Perhaps one day you will take a family trip to the Grand Canyon. Your child will notice that the explanations she is reading in the park brochures, describing the hundreds of millions of years required to create the geological features in the canyon, are in agreement with what she is seeing. Perhaps this child will have heard the claim at church or at home that “the Bible says” the earth is actually just a few thousand years old. This would seem to contradict the evidence of thousands of feet of sedimentary layers carved out by the Colorado River. It is vital for parents to be prepared to answer the questions children will inevitably ask. Will you be prepared to give a reasonable answer? 

The quality of the answer may have a dramatic effect on the child. To the extent that it is possible, children must be presented the truth, not half-truths or parent’s uneducated guesses, especially in areas where science and religion overlap. Their respect for you will grow when your children realize that you have grappled with these challenging questions. An unprepared answer may have the opposite effect.

The third reason believers need to be prepared to answer the questions raised in this book is for the sake of their own faith! Our faith in the inspiration of the Bible will be challenged by the world. Surely the reader has asked himself how the details of the creation account in Genesis chapter one can be understood in light of what he learned in science classes. With our busy lifestyles, it is tempting to sweep questions under the rug, especially when finding the answers seems challenging. (And let’s face it, questions about science and the Bible are in that category!) The problem is that questions and doubts may come back to bite us. It seems to be a common human tendency that when the spiritual life is going well, nagging questions disappear into the background. However, there comes a point in the life of anyone trying to live for God when struggles, temptations and discouragements will come up. It is at such times, when our faith seems to be at its lowest ebb, that the nagging questions we put aside suddenly come to the forefront of our minds. Unresolved doubts about the Bible and the challenges to belief which come from science are potential pitfalls that Christians cannot afford to ignore. The wise person will deal with such questions when things are going well, rather than at a crisis point in life.

We learn from the life of Jesus that Satan attacks at our most vulnerable points, in times of greatest weakness. This is described in Luke 4:1-12, where Satan chose to tempt Jesus at the end of a forty-day fast. Jesus was apparently in a vulnerable position, and Satan’s strategy was to get him to question the authority of God’s Word. Satan attempted to do this by using a dubious interpretation of scripture. Jesus was prepared and skillfully responded to his attack. 

Jesus was prepared. We often are not, and the ideal time to build defenses is not when the battle is already raging. Fortifying one’s faith with regard to difficult questions may well need to be a gradual process, but eventually unresolved doubts need to be nailed down with the truth. 

There are many books written on the subject of God and science as well as on science and the Bible. I have read many of them and learned much from them. However, most of them are missing some important elements. There have been a rather large number of books published on the subject, yet I had difficulty finding readable and objective books on the two subjects I could recommend to friends. Some support the Bible, but do a poor job of presenting the science. Others discuss science and religion, but start from an assumption that the Bible is not the inspired of God. Still others do a fairly good job with justifying science and the Bible, but would be difficult for most people to understand. I felt that there was a need for another book which deals with the science in a simple and forthright way—one which addresses questions of science and the existence of God, which answers science questions raised by the Bible, and one which presents positive evidence for biblical inspiration from scientific information in the scripture.

There are three concepts I have tried to keep in mind in writing this book. First, I have assumed the reader is unfamiliar with the scientific issues involved. I have therefore provided a brief introduction to the relevant science on such important topics as the Big Bang theory, thermodynamics, evolutionary theory, planetary evolution and so forth. Second, I have attempted to avoid the sarcastic tone I feel many authors writing in this area tend to slip into. As we have already seen, Peter encouraged those who seek to answer the unbeliever to do so with gentleness and respect. Third, I have taken pains to present scientific conclusions that are well-supported by the evidence. I have tried very hard not to let my theology influence my interpretation of the scientific evidence. 
It is impossible for anyone to be an expert in all areas of science. Answering the full range of questions about science, religion and the Bible requires knowledge from cosmology to particle physics, from physiology to theoretical chemistry, from thermodynamics to evolutionary biology, from geology to medical science. Having a doctorate in chemical physics, I have taught modern physics, classical physics, astronomy, theoretical chemistry, organic chemistry and biochemistry. I have less formal background in geology, biology evolution and medicine. I have tried to emphasize the questions in which I have expertise and to make less strong statements regarding the areas in which I have less academic training. Where I have less background, I have provided suggestions for further study. It is my hope that this book will shine light on the important questions of science, God and the Bible.
John M. Oakes

Fond du Lac, Wisconsin 

1999
INTRODUCTION TO THE REVISED EDITION

In the past seven years since writing Is There a God, I have done extensive reading in the areas covered by this work. I have been honored to teach on the Bible, science and religion in more than a dozen countries around the world. I have received and answered hundreds of questions on the topic of Christian Evidences at my website. For the past five years I have been teaching a class on the history and philosophy of science. My good friend Richard Albert and I have taught an honors section of the class at Grossmont College in which we spend a lot of time discussing science and religion. The sparks fly at times, but hopefully some light is shed. Both our agreements and disagreements of the subject have been fruitful in developing these ideas. Between all these influences, my thinking has developed enough that I decided a new edition of this book was called for. The new edition includes more science content background, an expanded bibliography and, hopefully, better writing.

Thanks go to Douglas Jacoby for further editorial comments and suggestions, as well as to Toney Mulhollan for his hard work in producing this completely revised edition.

San Diego

July 2006

What can be accounted for by fewer assumptions is explained in vain by more. 

Nothing should be considered as evident unless it is known per se, is evident from experience, or is proven by authority of scripture.

William of Ockham 

1

How Should I Think?

One may ask, “Are you trying to tell me how to think?” Well, yes, in a way. I will suggest a way of thinking about scientific evidence which will dramatically increase the probability of arriving at reliable conclusions. This approach will work in almost any investigation, not just in scientific questions. Stated simply, when you seek the most reasonable explanation of the available facts, a reasonable, unbiased analysis of the evidence best leads to the answer. The greatest impediment to objective analysis is assuming the answer before investigating. The tendency to allow bias to affect one’s interpretation of evidence is a part of human nature. Outsiders to the scientific community sometimes assume scientists are somehow immune to bringing their bias into their data analysis—that they are always logical in their analysis of scientific questions. Yet the history of science will prove this assumption is far from true. Perhaps the reader believes that he or she can easily ask questions of science and the Bible without wearing glasses colored by preconception. I think it is very difficult to overcome our preconceived ideas. Personal experience informs me that Christians can be just as biased in their thinking as anyone else. 

In many hours of counseling people with a broad range of problems in their lives (both as a minister and as a college professor) I have found one phenomenon to be consistent. If an issue arises which threatens our sense of security, our sense of being loved, our sense of well-being, and sometimes even our desire to pursue pleasure, we will readily believe things that from a logical standpoint are obviously not true. For human beings, the emotional need for security and love trumps logical argument in almost every case. I have found this generalization to hold true for arguments about science and religion. It is helpful to keep this in mind when analyzing the arguments of atheists and creationists. It takes a well-disciplined mind to let logic and reason overcome emotion in attempts to discover what is true. “I could never get AIDS.” “People can take advantage of each other and still be great friends.” “A woman can change an abusive partner by loving him.” “There’s nothing wrong with cheating on our taxes, since everyone does it.” “If you’re feeling down, eating will make the problem go away.” “Success in a career is the best way to be happy.” Every one of these statements is untrue! When we watch another person telling himself such things, we recognize it for what it is. And yet how often, in similar situations, all of us have made such statements to ourselves. All of us have believed such untruths at one time or another. Why? It is difficult for us to accept the truth. The truth can threaten us intellectually or, more likely, emotionally. It would be wise for all of us to admit that we are prone to accept illogical conclusions for emotional reasons. Quite frankly, sometimes we don’t want people telling us the truth!

 Are scientists human? Of course they are! Contrary to a commonly held assumption, scientists are subject to the same weaknesses as the rest of humanity. I am a scientist. I would admit that as a scientist I tend to tell myself that I am immune to illogical, emotional arguments. The reality, however, is that I am subject to the same human biases as everyone else. There is much evidence in the history of science to support the claim that the scientific community has always been resistant to changing long-held beliefs. The tendency of scientists toward group behavior and their resistance to new ideas was highlighted in the ground-breaking work of Thomas Kuhn, The Structure of Scientific Revolutions.
 In this book and in subsequent work, Kuhn described the tendency of scientists to think as a group and to resist new, fundamental ways of thinking about natural laws. He coined the word “paradigm” to describe the underlying model or assumption scientists use to organize the information they observe. The point of his work is that scientists tend to almost unconsciously force their interpretation of observations of the natural world into preconceived underlying models. 

The reason Kuhn’s idea was accepted by philosophers of science is that it so readily explains the major features of the history of science. More than a generation before Kuhn published his idea, Max Planck, one of the pioneers of modern quantum theory, said, “A new scientific truth does not triumph by convincing its opponents and making them see the light, but rather because its opponents eventually die, and a new generation grows up that is familiar with it.” What is interesting is that scientists are aware of this tendency, and yet seem to succumb to it anyway because scientists are people, too. In view of this tendency, we should bear in mind the words of Thoreau, “No way of thinking, no matter how ancient, should be accepted without proof.”

There are many scientists who had the nerve to propose a new theory, only to be initially rejected by an establishment unprepared to have their underlying assumptions challenged. In some cases, scientists were persecuted for proposing theories which are now universally accepted. The story of Dutch scientist Jacobus van’t Hoff comes to mind. Organic chemists of his day believed that when a carbon atom had four atoms bonded to it, the resulting molecule had a planar structure, with the four attached atoms at right angles to one another. While still a graduate student in 1874, van’t Hoff proposed that carbon with four substituent atoms attached, had a three-dimensional, tetrahedral shape (a three-sided pyramid with carbon at the center of the pyramid). Notable scientists of his day opposed his view, despite the fact that it explained a number of facts known to be inconsistent with the current theory. He was blacklisted from academic positions as a chemist. Eventually the old guard was forced to give in as the huge weight of evidence supported the tetrahedral theory. 

This story is by no means an isolated case. In fact, for large shifts in scientific model, it has been the rule rather than the exception as pointed out by Kuhn. A certain amount of skepticism to new and untried ideas is a necessary aspect of scientific inquiry. However, scientific methodology requires an open mind in order to function. 

Why were the scientists of van’t Hoff’s day so closed-minded? Perhaps their intellectual pride was offended by the young upstart. It is always easier to continue thinking the way one was trained to think. This is no less true for scientists than for others. 

Let’s look at another case of resistance to a new paradigm. When Isaac Newton first published the Law of Gravity, Gottfried Leibniz (philosopher and mathematician who is given credit, along with Newton, for inventing calculus) vilified him. Leibniz accused Newton of heresy, because his belief in the attraction of objects to one another by “gravity” was “subversive of natural and inferential revealed religion.” In other words, Leibniz was claiming that the theory of gravity not only contradicted the evidence; it also contradicted the Bible. Did the theory of gravity disagree with the data or with the Bible? Neither! It disagreed with the commonly held view of the day. Leibniz’ opposition to Newton’s theory of gravity is particularly significant to us because it is one of many examples in the history of science in which religious preconceptions were a factor in the opposition to a new scientific theory.

Galileo Galilei was familiar with the tendency for dubious Bible interpretation to engender resistance to new scientific ideas. He published overwhelming evidence that the earth and planets move around the sun (heliocentrism), rather than the sun and planets around the earth (geocentrism) in his book The Starry Messenger.
 Soon after, the Roman Curia accused him of heresy for “holding to the false doctrine that the earth moves.”
 Galileo was forced to recant and to stop “teaching, writing or even discussing the false and heretical view that the earth moves.”

Again, we see believers allowing a particular interpretation of the Bible to control how they interpret empirical evidence discovered by scientists. In this case, theologians took statements in the Bible such as “from the rising of the sun to the place where it sets” (Psalm 50:1) to imply that the sun literally moves around the earth. Galileo vigorously defended the right of scientists to let empirical evidence determine what theories should be accepted. In a letter to the Duchess Christina, he said, “The Bible was written to tell us how to go to heaven, not how the heavens go.”
 

I find myself agreeing with Galileo. With hindsight we can easily see the mistake theologians made in the past when they accused Galileo of opposing the Bible. Even today, we say that the sun rises and sets. In fact, the sun does not literally set; rather, it is the earth that spins. This tendency to allow a particular literal reading of the Bible to affect the interpretation of empirical evidence will be a familiar pattern as we proceed.


PRECONCEIVED NOTIONS


These events in the history of science cast light on the debate that continues to rage between scientific materialists and creationists. Before launching into discussing this debate, it will be helpful to define both the atheistic and the creationist view of the natural world. At the risk of stereotyping and oversimplifying, the atheist view of nature can be summarized as follows:

Every event which has ever occurred or ever will occur in the universe can be explained by the laws of nature (whether they are known or as of yet unknown). 

For the atheist, supernatural explanations (i.e. those which invoke the work of God) are rejected out of hand. According to this view, the scientist’s job is to discover these laws of nature and use them to explain such difficult questions as the origin of the universe, the rise of life, the origin of species, and the geology and structure of the earth. A quote from John Desmond Bernal’s book The Origins of Life serves to represent this view:

Now with both of these alternatives—self-ordering or transcendent design—it is always open to the skeptic to refuse to choose between them. However, in practice, the skeptic can only concentrate on the materialist alternative because this is the only one which gives anything to argue about or experiment with. 

In other words, in choosing to look at the evidence nature offers us, a scientist can choose to consider possible transcendent explanations (allowing for the existence of God and his work in creation) or one can assume that these things can only be explained by the laws of nature. Scientist like Bernal, and atheists in general, choose at the outset to assume that the origin of the universe, of life, and so forth all have a natural explanation. They do not allow for the possibility of a supernatural explanation. This, the standard position of atheists, is clearly an unproven assumption. Bernal is more honest about his way of thinking than most other atheists are! Let it be said again: The basic assumption made by many if not most scientists—that there are not now, nor have there ever been supernatural events—is just that, an assumption. Their conclusions can be no better than their assumptions. Either way, whether right or wrong, when atheist scientists conclude that God does not exist, it is worth noting that almost without exception, they analyze scientific evidence having assumed there is no God before they examine the evidence. With this line of reasoning, their final conclusion is foreordained.

This fundamental presupposition of many scientists, is exemplified in the statement of the humanists Norman and Lucia Hall: 

Science, on the other hand, assumes that there are no transcendent, immaterial forces and that all forces which do exist within the universe behave in an ultimately objective and random fashion... [A] non-mysterious understandable universe is a basic assumption behind all science.

I would agree with these authors that the assumption of an understandable universe is part of how scientists approach their work—that it is part of the scientific paradigm. I also agree that this working assumption has been very useful. However, to state a priori that transcendent forces have never affected the universe—that all causes and effects are random—is not justified. This author does not speak for all scientists. I am a scientist and I do not make unfounded assumptions against the possibility of transcendent forces operating in the universe.
The application of this presupposition to a specific issue—the origin of man—is illustrated by a quote from Julian Huxley, twentieth century biologist (and brother of Aldous Huxley, author of Brave New World). In discussing to how man came to be, Huxley said,

We are as much a product of blind forces as is the falling of a stone to earth, or the ebb and flow of the tides. We have just happened, and man was made flesh by a long series of singularly beneficial accidents.

This amounts to a religious statement of faith. We will see that acceptance of this precept requires a much greater leap of faith than belief in the God of the Bible.


Another statement that illustrates the religion-like preconceptions of many atheists comes from perhaps the most famous evolutionist of modern times, Richard Dawkins:
 

In the universe of blind physical forces and genetic replication, some people are going to get hurt and other people are going to get lucky: and you won’t find any rhyme or reason to it, nor any justice. The universe we observe has precisely the properties we should expect if there is at the bottom, no design, no purpose, no evil and no good. Nothing but blind, pitiless indifference. DNA neither knows nor cares. DNA just is, and we dance to its music.”
Again, this amounts to an almost religious statement of faith. It definitely is not supported by scientific observation.
CREATIONISM

What is creationism? Creation scientists do not fit easily into a single definition. Broadly, a creationist is a person who believes that scientific knowledge is consistent with belief in a creator. Creationists include in their number deists, theists, intelligent design believers and young earth creationists.

Deists believe the universe and the laws which govern it were created. They believe that the creator put the universe in motion but does not influence the creation. This view does not allow for supernatural, miraculous forces to operate during human history. This view is incompatible with biblical teaching. The increasing number and influence of deists in the scientific community, due to evidence for design in nature will be described in chapter ten.

Theists believe in a creator who takes an active role in the world. To the theist, miraculous, supernatural intervention in the course of nature is a possibility. Some theists believe that evolution is part of God’s plan to create the life forms found on the earth. Broadly, theism is consistent with biblical teaching (although there is much argument about this). Those who associated themselves with the intelligent design movement are theists. They attempt to use empirical evidence to demonstrate that one must invoke the existence of God to explain what is observed in nature, specifically in the complexity of living beings. Most advocates of intelligent design believe that scientific knowledge and biblical interpretation allow for an old earth. 

Young earth creationists are also theists. Arguably, they are supporters of intelligent design as well. What distinguishes this group is that they are committed to a literal interpretation of the scientifically relevant content in the Bible, especially the first few chapters of Genesis. The young earth creationists are particularly influential in the United States. They dominate many Christian groups which are described as “fundamentalists.” The political influence of this group has become sufficiently dominant that in the eyes of the American public, the word “creationist” has come to be associated exclusively with this approach. Ronald Numbers has published an excellent summary of the history of the creationist movement, especially the young earth creationists.

For the sake of simplicity, in this work I will use the word creationist to refer to those who would properly be labeled young earth creationists. I do this for simplicity but also because Americans generally apply the word creationist to the young earth creationists. My apologies go to those who are creationists but do not agree that the Bible definitely implies a young earth.

With this proviso, the (young earth) creationist perspective on the relationship between science and the Bible can be summarized in a fairly simple statement:

The universe is a few thousand years old. The preponderance of empirical scientific evidence is in agreement with this claim. 

Many creationists feel that all faithful Christians ought to agree with this viewpoint and that their theory should be taught on at least an equal footing with the atheistic view in public schools. This has led to considerable controversy across the United States. As a statement which could represent the typical view of creationists, examine this quote from the book Scientific Creationism by Henry Morris, a leader in the creationist movement [author’s note: Morris, a hero to the creationist movement, died recently]. 

In the preceding chapters it has been shown that the basic facts of science today fit the special creation model much better than they do the evolution model. Although there are certain problems that still need solutions, none are of sufficient gravity to disturb the basic creation framework, whereas the many problems in the evolution model are serious.

In using the phrase the “special creation model,” Morris means that the earth was created no earlier than, in his words, “about 5500 BC at most.” In his books, Morris does point out some interesting problems with modern evolutionary theory, but the claim that the preponderance of evidence supports belief in an earth which is only a few thousand years old is patently false. This point will be discussed in some detail in the second chapter.

We will see that the claims of both atheists and creationists do not stand up to scientific scrutiny, but that the Bible, understood correctly, does in fact agree with accepted scientific facts. In other words, the debate between the atheists and the creationists are often off the mark because of incorrect assumptions and biases.

Both the atheists and the creationists err because their approach has a deep and fundamental flaw: they assume the answer before they ask the question. One crucial question in the study of science and religion is whether supernatural events have occurred. Atheists begin by assuming that supernatural events do not happen. As a result, their final conclusion is predictable. Another crucial question in the study of science and religion is the age of the universe. Many creationists approach their investigation of this question by assuming that the earth is only a few thousand years old. Their final conclusion is also predictable. A study of history and everyday human experience will show convincingly that if a person or group makes a firm choice to believe something, they will be able to bend, misinterpret, or selectively read the evidence until they have “proved” their point. We will see in chapters three and four that atheists are forced to play these same intellectual games in order to conclude what they already believe by faith—namely, that God does not exist.

A classic case of a group who reached an unfounded “scientific” conclusion due to deciding the answer before looking at the data is those who did the so-called scientific research under the influence of the Nazi regime. This “research” had as its aim to prove that the Germans/Aryans are the superior race of humanity. Hitler had researchers with PhDs cull questionable data from eugenics experiments and skull size measurements to back up their perverted theories. Naturally there were no blacks, Latinos, or Asians on the research committee which concluded the Teutonic people were the superior race. The Nazi scientists are an extreme case, but they illustrate the problem of agenda-driven scientific research.

Speaking of making the mistake of assuming the answer before studying the evidence, what about those who profess belief in the Bible? Might they make the same mistake? Have they ever allowed a presumed religious bias to influence what theories they accept? The answer is absolutely yes. The experiences of Newton and Galileo, described above, prove this to be true. Unfortunately, it is tempting to be intellectually lazy. We do not want to ask ourselves the hard questions. Christians are at times challenged by their friends to defend their belief in the Bible and the gospel message based on evidence. It is intellectually dishonest to investigate the evidence supporting Christianity while maintaining a mindset that it certainly is true. If one does not examine evidence for alternative theories, then one’s conclusions might be suspect. 

As a college professor I teach a class on the history and philosophy of science. I ask my students to write an essay on the evidence in support of the creation of life by natural processes and an essay in support of design as evidence for a creator. A wise person has said that if you cannot write a good thesis in support of your opponent’s viewpoint, you do not understand your own argument very well. Why should a non-believer accept that the Bible is of divine origin? Why should a truth-seeker reject the Koran (the scripture of Islam) or the Vedas (part of the scripture of Hinduism) in favor of the Bible? Why should he or she believe Jesus Christ was raised from the dead? In Acts 17:10-12, the Bereans are commended both for their enthusiastic reception of Paul’s teaching and for having enough healthy skepticism to check what he claimed about the Old Testament to see if what Paul said was true. If the Bible is truly from God, then it will stand up to any level of honest and sincere criticism. This also applies to statements in the Bible related to the laws of nature. 

If, when asking questions about the Bible and science, one is unwilling to accept the possibility that the Bible is wrong, then it is easy to predict one’s conclusion. But a conclusion which is really a foregone conclusion has nothing to do with evidence or reason. Maintaining Christian convictions requires an ever-increasing faith. This requires a willingness to take an unbiased look at the evidence. Those who claim to follow Jesus Christ need to exhibit integrity to the world through right thinking and in intellectual honesty, not just right living.

The way the defenders of religious orthodoxy in Galileo’s time treated the question of heliocentrism versus geocentrism is a historical example of letting a religious bias determine what theories will be accepted. To quote the Catholic curia, “An opinion can in no wise be probable which has been declared and defined to be contrary to Divine Scripture.”
 In other words, “No matter how much empirical evidence exists to the contrary, you need to believe our own private interpretation of the Bible.” A more reasonable view would be that if something is obviously not true, people should stop believing it. If the Bible is the inspired creation of God, then its truth should hold up to careful inspection. To quote Galileo’s defense of the Copernican theory of the sun-centered solar system:

…to bar Copernicus now, would seem in my judgment to be a contravention of truth, and an attempt to hide and suppress her the more as she revealed herself more clearly and plainly.

FAITH OR EVIDENCE?


Another common error that many believers make is to confuse what they know by faith with what they know by fact. Perhaps a few personal examples will make the point. Based on my own careful investigation, I believe by evidence that Jesus Christ was resurrected from the dead. For me, the historical evidence, the accounts of the biblical witnesses and the inability of the alternative theories to explain this evidence is conclusive.
 On the other hand, I believe by faith that heaven exists. There is no concrete empirical evidence to support the idea that heaven is real. In fact, according to the Bible, heaven is a thing of the future, not the present, making evidence very hard to find. Nevertheless, I believe in heaven because the Bible describes it. Evidence supports belief in the inspiration of the Bible. However, I have no evidence to support my belief in heaven. This belief is entirely by faith. 

As a second illustration, because of a careful study of historical evidence, I believe by evidence that the Bible is an accurate historical document. Being an amateur historian, I have invested a lot of time into examining the historical evidence surrounding the claims of the Bible. I take pains to look at the available information in an open-minded way. I have read many books by believers and critics. I have read books which make the claim that King David was not a real person, but was the invention of pious Jews in the fourth or fifth century BC. I have also studied the Tel Dan inscription, discovered in 1993 in the ruins of the biblical city of Dan. This inscription mentions “the house of David.” Evidence tells me that the biblical writers did not make up the existence of King David. Similarly, the account in 2 Kings of Judah being conquered by the Babylonian king Nebuchadnezzar is confirmed by historical and archaeological evidence. The Babylonian Chronicle was discovered in Babylon. It records details in remarkable agreement with what can be read in Jeremiah and 2 Kings. The Hittites were a real people, not just part of a biblical fable as some in the nineteenth century claimed. The discovery by Hugo Winkler of the Hittite capital Hattusha in 1906 settled that question. Skeptics in the past have called all these Biblical claims into question, but now archaeological evidence supports these accounts. 

On the other hand, I believe by faith that Jesus will “come again to judge the living and the dead.” I believe this because the Bible says so. There exists a mountain of reasons, including some explained in this book, for us to believe the Bible is the inspired Word of God. Therefore I believe its claim that Jesus will come again. Of course, there is no direct evidence one can present to support the belief that Jesus will come again: no one can go out and dig up proof. The return of Christ can only be accepted by faith. 
It is a mistake for a believer to fail to separate what is believed because of the evidence from what is believed because of faith in the authority of the Bible.

This brings to mind another illustration of the difference between a belief which is based on direct evidence from a belief which is by faith. This one is germane to science and religion. Personally, I believe Adam and Eve existed. Why? Quite simply, I believe in Adam and Eve because their story is recorded in the Bible. Is there any direct evidence to support this claim—any historical or archaeological data? No. We will not find supportive physical evidence for the individuals Adam and Eve. Let us be honest about this. Belief in the existence of the actual persons Adam and Eve can only be by faith. Those who claim it can be believed by fact are on dangerous ground. 
Although there is no physical evidence that Adam and Eve existed, the Bible account is not in direct conflict with any known fact of science. Yes, it is true that the evidence from paleontology shows that australopithecines lived before homo sapiens sapiens (anthropologists designation of modern humans). Yes, it is true that apes and men have a very similar genome. Nevertheless, if the Bible is inspired by God, then two conclusions are strongly implied. First, Adam and Eve were created and second, their creation was a supernatural event. Supernatural events, if they do occur, by their very nature do not lend themselves well to scientific investigation. Whether the “creation” of Adam and Eve was an instantaneous ex nihilo (out of nothing) event or whether God miraculously breathed a soul and spirit into proto-humans is a question to be worked out. However the overwhelming evidence to support belief in the inspiration of the Bible causes me to believe this supernatural event occurred. (The subject of creation versus evolution of man is discussed in chapter nine.) 

For the sake of clarity, consider a definition of the term “miracle.” A miracle is an event that defies the laws of nature. It is a “supernatural event.” Some of the miracles described in the Bible can only be believed by faith in the power of God and the truthfulness of the writer. Other miracles described in the Bible can be believed because of the evidence. One of the strongest claims of this book—one which will be proven beyond a reasonable doubt—is that life was created. The first living thing was produced by an act of creation. If true, then that was surely a supernatural event! Here, then, is a miracle described by the Bible which can be believed because of the evidence.
The mistake of not separating faith from fact is a major factor in the errors of the creationists. If God created the world, whether in six days or fifteen billion years, it is still a supernatural event, without scientific “explanation.” So why misuse the data to force it to agree with your own private interpretation about how God did it? If God created the earth with an appearance of age, then it will appear old. Why try to claim it appears young, when even the simplest look at the evidence makes it clear that the world appears to be at the very least many millions of years old? The age of the earth will be reviewed in some detail in the next chapter.
To summarize, let us ask the difficult questions at the interface between science and religion. It is very difficult, but let us try our best to let the evidence, both biblical and scientific lead us where it will.
[image: image1.wmf]
For Today
1. Can you think of any “theories” you have held to in the past which you had to give up later in light of new evidence or information? What did that feel like?

2. Do you agree with the young earth creationist view of nature as described in this chapter?

3. Do you agree with the atheistic view as described in this chapter?

4. If the answer to the two previous questions is no, what do you believe—or are you simply not sure?

5. Can you identify any “preconceived notions” you bring into reading this book that relate to science and religion?

6. Where do you believe the concept of “healthy skepticism” fits in with faith?

7. Can you think of something you believe in “by faith,” as opposed to something you believe in because of the evidence?

Part I

Is There a God?

Science and Religion

True assumptions must save the appearances.

Nikolai Copernicus 

2

How Old is the Earth?

“How old is the earth?” Although I could provide my best estimate based on the scientific evidence, I can honestly say I do not know. One thing that can be said with confidence (as will be shown in this chapter) is that the earth appears to be very old. How old? Well, one’s estimate will depend on what evidence one chooses to look at: uranium/lead dating, the core temperature of the earth, the amount of salt in the oceans, the distance from the earth to the moon, Martian meteors, studies of comets, or any of a number of other means which have been applied to estimate the age of the planet we live on. 

Actually there are two separate but related questions to be asked: “How old is the earth?” and “How old is the universe?” In order to investigate the evidence related to the age of the universe, one can consider the distance to the farthest known celestial objects. Other arguments relevant to the age of the universe include theories about the origin and life cycle of stars and galaxies, as well as measurements of the apparent temperature of the cosmic background radiation. After collecting all the available evidence, whether one concludes that the earth appears to be five hundred million years old or ten billion years old does not seem to be crucial to issues relating to science and the Bible. If in fact the earth appears to be extremely old, then the assumption of a recent special creation as defined by many creationists appears to be in trouble, because an age of seven thousand or even fifty thousand years is completely out of range. 

One other possibility to entertain is that the earth was created “with an appearance of age.” In other words, perhaps the universe was created by an all-powerful God in a well-evolved state so that it already appeared to be extremely old at the first instant of creation. This intriguing possibility is more theological speculation that testable scientific theory. It complicates discussion of the scientific facts. However, in an open-minded search for the truth about origins it must be considered. 

At this point it might be helpful to ask oneself what would be implications for scientific observations if it were true that the earth was created “with an appearance of age.” 
Does it really matter how old the earth is? It would be fair to admit that it is not a factor most people take into account in choosing their career, or their friends, or for that matter what brand of toothpaste to buy. Nevertheless, as stated in the introduction, there are several reasons to spend some time thinking about these issues. How does the claim that the earth appears to be very old make you feel as a Christian? Does it challenge some long-held beliefs? Some believers become angry when they hear other believers make this claim. The truth seeker’s task is to take what he or she already knows through both evidence and faith and to be willing to take an honest, open-minded look at this question.

There exist a great number of empirical scientific facts in support of the view that the universe is very old. The same could be said for the age of the earth. In this chapter evidence will be given which supports the claim that the earth and the universe it is part of are billions of years old.

DISTANCE OF CELESTIAL OBJECTS

A principle way of judging the age of the universe is the distance of celestial objects. For relatively close (by cosmological standards) objects such as stars in our own galaxy, scientists use the method of parallax viewing to determine the distance to these objects. Basically, this method requires looking at both a relatively nearer and a farther object in the sky from two distant points. For example, one can look at the planet Jupiter and at the star Alpha Centauri from two different points on the earth. Alternatively, one could look at a relatively close star and a more distant star from the earth at opposite sides of its orbit around the sun (in the spring and again in the fall). The nearer object will appear to move just slightly with respect to the farther object. The angle of displacement determines the distance to the farther object or the nearer object, whichever was not previously known. The calculation is a simple matter of geometry. To try this method, you can hold up a finger at arm’s length and line the finger up with an object hundreds of feet away. Alternatively closing either your right or your left eye will make your finger move with respect to the distant object. If you know the distance to your finger, the distance between your eyes and the angle of displacement, you can calculate the distance to the other object. 
Using Parallax to determine the distance of a star
.

Fall Earth

[image: image6.png]requited 0 syrthesize

S

DNA molectie enzyme protein
x molecie B

S~ T

requied 0 syrthesize











 (
[image: image7.jpg]


[image: image8.jpg]


Star 1   
  Star 2











    Sun

(
 
       (












   (







Spring Earth 

Figure 2.1

In the fall, star 2 appears to be to the right of star 1, while in the spring, star 2 appears to be to the left of star 1.

A second method used to estimate the distance to objects in our galaxy and in neighboring galaxies involves using the apparent brightness of a special class of stars known as Cepheid variables. Such stars have a brightness which varies with a period which is dependent on the absolute brightness of the stars. Comparing the apparent brightness of a Cepheid star to its period allows one to calculate the absolute distance to the star. The publication of this method in 1912 by Henrietta Swan Leavitt was the key to Hubble’s discovery in the 1920’s that the universe is expanding. 

A third method used to estimate the distance to extremely remote objects, such as galaxies and quasars, involves looking at the magnitude of the “red shift” of light from those objects. (The red shift will be discussed in some detail in chapter four) The greater the red shift, the more distant the celestial object. There are other methods of estimating the distance to extremely remote objects, including measuring the relative brightness and size of very distant galaxies and estimating the distance by assuming the absolute sizes of the galaxies which are similar to those of ones closer to us. Even if those who argue the universe is young choose to dismiss some of these distance-measuring techniques, they are faced with the inescapable fact that there are billions of galaxies in the universe, each containing billions of stars. The known universe is clearly very, very big! 

The distance of objects in the universe affects a discussion of the age of those objects. Take the spiral galaxy M31 in Andromeda
. It is approximately 2.25 million light years from our solar system. 





   Figure 2.2. M31, a spiral galaxy
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How long ago did the light hitting an astronomer’s telescope leave the M31 galaxy? Since light travels a distance of one light year per year (the definition of a light year), evidently the galaxy being viewed is at least 2.25 million years old, because the light entering a telescope on earth left the galaxy about 2.25 million years ago. (Actually, according to the theory of stellar evolution, to be discussed later, cosmologists interpret many of the stars in the M31 to be billions of years old). In fact, looking at extremely distant objects is one way scientists can literally look into the past. The most distant known objects are quasars, which, according to red shift data, are several billion light years from us. Presumably, when astronomers observe these quasars, they are viewing light which was emitted from the objects billions of years ago. The conclusion from this evidence is that the universe appears to be several billion years old.

Does this evidence prove absolutely that the universe is billions of years old? The answer is no, it does not, but it is very strong evidence in support of that conclusion. An all-knowing, all-powerful God such as the one described in the Bible could certainly create stars out of nothing anywhere and at any time he wanted. However, logically speaking, if a star was created ex nihilo (out of nothing) seven thousand years ago at a distance of seven thousand and one light years from us, it should suddenly become visible to us some time in the next year. We do not see stars suddenly popping into view, so we naturally conclude most or all of them are extremely old. An object such as the spiral galaxy M31 which is 2.25 million light years away is at least 2.25 million years old. 

One can argue it is conceivable that a God who is able to create a galaxy ex nihilo could also simultaneously create light to be in transit from that distant galaxy toward the earth at the point of creation. This would make it appear that the star is millions of years old, when it is in reality its age is only several thousand years. This argument may not sound convincing, but the fact is we are not in a position to ultimately “prove” the age of an extremely distant object. The point is this: by the scientific evidence, the universe appears ancient. The young earth view does not agree with the evidence in this case. The actual age is another question. Theological speculation may allow for a younger age. However, what one can say with certainty is that the universe appears very much older than seven thousand years based on this evidence. Young earth creationists should not claim otherwise. 
How do the creationists resolve this problem? They have attempted to preserve the young universe hypothesis by calling into question the use of Euclidean geometry.
 Einstein’s theory of special relativity implies that space is curved, requiring the use of Riemannian geometry to describe the universe. That is all well and good. However, whether one uses Euclidean or Riemannian geometry, it would be safe to say that there is not a physicist alive today (except perhaps a young earth creationist) who would agree that Riemannian geometry supports the idea that light could travel ten billion light years in just a few thousand years. This is an obvious case of bias influencing the interpretation of empirical evidence. 

Another creationist attempt to defend the young earth view in light of the apparent size of the universe is to claim that the speed of light has changed over time.
 This is a remarkable claim! The constant value of the speed of light is the underpinning assumption of the theory of relativity. There is no credible support for the proposition that the speed of light has changed over time. A thorough treatment of this claim can be found in a book by Alan Hayward.
 Let us be honest about the evidence: The universe appears old. Whether it is one hundred million or one hundred billion is beside the point. 

GEOLOGICAL DEPOSITS

Let us shift from calculating the age of the universe to evidence for the age of the earth. One piece of evidence for an ancient earth is found in the clearly defined layers within the sedimentary rocks in the earth’s crust. Sedimentary layers were the bedrock on which James Hutton, the “father of geology,” laid his argument that the earth is very old in the late eighteenth century. Anyone who goes to the Grand Canyon will immediately notice that the Colorado River has cut through millions of nearly horizontal layers of rock, to a depth of over five thousand feet. These are sedimentary rocks, which reason would seem to require must have been laid down over great periods of time through deposition of sand, dirt dust and organic matter. In fact, the column of sedimentary rock on the earth’s surface is as much as sixteen miles (80,000 feet) deep in places. It averages over one mile in depth over the entire land surface of the earth. 

How were these thousands, and in some cases many millions of layers of rock created? In order to prove the great the time over which they were created, let us look at the Green River shale deposits in Colorado and Utah. These valuable deposits contain up to several million pairs of alternating light and dark layers of sediment found right on top of one another. By looking at fossilized pollen remnants, it can be shown that the dark layers represent the spring and summer seasons, while lighter, pollen-free layers represent sediment laid down in the fall and winter. The analogy of the Green River shale deposits to the rings on a tree is obvious. The layers in these shale deposits represent years—millions of years—over which they were laid down by sedimentation. Here we see what seems to be clear evidence that this area of Colorado and Utah was for at least several million years a fairly shallow “inland sea.” What was once continental shelf is now several thousand feet above sea level.
Consider as well the Bahamas Banks—the geological formation on top of which sit the islands of the Bahamas, off the coast of Florida. Drilling into the surface has shown that underlying the Bahamas area is a deposit of almost pure limestone, approximately 18,000 feet thick. The most reasonable conclusion is that this limestone deposit was laid down over a great period of time by living coral reefs. The process of growth is still visible today. The rate at which limestone is created by the corals and other creatures living in a reef has been estimated
 at about one inch in one hundred years. Using this number and the thickness of the limestone, one can estimate an age of the lowest layers of limestone underlying the Bahamas to be about twenty-two million years. The estimate of one hundred years per inch is debatable. Besides, it can be assumed that the rate would not be constant as variations in climate would affect the rate of growth of the deposits. Nevertheless, one is left with clear and seemingly incontrovertible evidence that the reefs have existed for many millions of years.
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Returning to the Grand Canyon, one could attempt to actually count the successive layers, making a depth-per-year estimate in an attempt to calculate the age of the lowest layers of the canyon. Whether the sediments were deposited at an average rate of one millimeter per year or one centimeter per year, the numbers calculated for the age of the lowest layers would be many millions of years. 

The concept underlying the kind of calculation mentioned above is called uniformitarianism. This idea was first put forth by Scottish scientist James Hutton. Uniformitarianism is one of the two main paradigms of geology, along with plate tectonics. It can be defined as the idea that the geologic features of the earth were created gradually over vast periods of time through processes which are observable today.

(Young earth) creationists claim that the sedimentary layers found at the Grand Canyon—all five thousand feet of them—were laid down in the seven thousand years or so during which the earth has existed. Not only that, but they claim the millions of paired layers in the Green River shale formation, as well as the Bahamas Banks, and indeed all the sedimentary deposits over the entire earth were laid down within the few thousand year history of the earth. Simple inspection of the data seems to indicate that this explanation cannot be supported. 
How do the creationists explain the sedimentary layers—up to eighty thousand feet deep in places? They claim that most or all of these layers were laid down in one great flood—the flood recorded in Genesis chapter seven and eight. According to flood geologist Henry Morris, poss ibly the foremost leader in the creationist movement:

The question is simply whether the model of a single global cataclysm, primarily hydraulic in nature, can explain the data of geology better than the uniformitarian/multiple local catastrophe model.

By the phrase “single global cataclysm, primarily hydraulic in nature,” the author means the flood recorded in Genesis. Morris and most creationist authors claim that a single flood is the most reasonable explanation for the up to 80,000 feet of sedimentary rock at the surface of the earth. (Please remember that I am using the word creationist in a very limited way. Not all believers in creation would say this!) One should ask at this point, is this a reasonable explanation? Several facts inconsistent with this conclusion become obvious immediately. First, sediment does not normally form into rock in just a couple of thousand years.
 Second, a single flood could only distribute an amount of sediment equal to the soil and other loose material already at the surface of the earth when the flood occurred—at most a few dozen feet at any one location. Third, in many locations, different portions of the sedimentary layers have a radically different chemical content from those immediately above or below. Perhaps most significantly, the fossilized remains found at different points in the sedimentary record represent almost completely different plants and animals. Trilobites are always found below dinosaurs which are found below modern mammals in the fossil record, without exception.
 None of these facts are consistent with the one-flood idea. 

Can anyone believe this explanation? The answer is yes, someone who has already made up his or her mind to reach this conclusion before even beginning to look at the evidence might accept the flood geology theory. Without the influence of an extreme bias, the answer is no, no one could believe this theory. The creationists have to perform great feats of illogic to explain how the “older” fossils always seem to be below the “younger” fossils. It cannot be coincidence that trilobites are never found above dinosaurs in the fossil record. The creationist’s explanation: trilobites are smaller than dinosaurs, so sorting puts them below! Does the person who gives this explanation believe that the dinosaurs which are always found below “modern” mammals in the fossil record are smaller than the mammals? Creationists believe all these species lived at the same time and somehow during the flood the trilobites got sorted out from the dinosaurs, which got sorted out from the mammals and so forth by various sorting mechanisms.

We can see that the creationist attempt to explain the fossil record and the alluvial deposits requires making illogical use of the evidence. It requires us to not see what we see. One way to call attention away from this fact which they employ is to introduce one or two pieces of evidence which might legitimately call into question the theory that the earth is very old. In other words, although they cannot provide evidence the earth is young, at least they can find one piece of evidence inconsistent with the theories of orthodox geology. Upon doing so, they hope that people will accept the idea that their theory deserves equal time, despite the lack of supporting evidence. 

To illustrate this approach, many creationists have claimed the supposed discovery of human and dinosaur footprints in the same rock formation. They have argued for years that human beings and dinosaurs lived at the same time. This would certainly throw a wrench into orthodox geology/paleontology. The most well known and publicized evidence that humans and dinosaurs co-inhabited the earth is known as the Paluxy Riverbed man tracks, found near Glen Rose, Texas. Films such as Footprints in Stone have been produced which purport to show “scientifically” that dinosaurs and people lived at the same time. If this claim were true, it would certainly turn the current system of chronology used by paleontologists on its head. 

Upon careful study of the evidence,
 the dinosaur footprints in the Paluxy riverbed appear to be genuine, but the “human” prints have been shown to be either random deformations in the rock, misinterpreted dinosaur prints, or recent carvings. Even some of the original creationist investigators have since backed down on their claims that these tracks are legitimate evidence that dinosaurs and people once lived together. Interestingly, young-earth believers have at times referred to this claim as proven.
 The problem is that once word gets out that there is scientific “proof” that man and dinosaurs lived at the same time, it is hard to “put the genie back in the bottle.” It can be predicted that for years to come, misinformed people will continue to quote this supposed evidence as proof that geologists have it all wrong.

The conclusion from the evidence of sedimentary deposits is that the earth is hundreds of millions of years old or more. Does this prove (in the strictest sense of the word) that the earth is at least hundreds of millions of years old? This is an important question to be asked at this point. The answer is no. God certainly could have created the earth out of nothing with an appearance of age. When Jesus fed five thousand people, as recorded in John 6:1-15, he created fish which not only had an appearance of age, but which was ready to be eaten. Bear in mind, however, that if this were true, it would amount to a theological belief, not a scientific theory. Science, by its very nature, cannot predict or explain a supernatural event. 

Did God create the earth with an appearance or age? Did he do it in a way analogous to the fish created out of nothing recorded in the sixth chapter of John? If one is to answer yes, then he or she should be aware that this conclusion is not a “scientific” one. This is a theological statement, not a conclusion which can be drawn from scientific evidence. It is based on faith rather than evidence. Creationists who claim otherwise are simply wrong. If God did indeed create the earth with an appearance of age, there would be scientific evidence of age, not youth. 

If someone believes that God created the earth with an appearance of age, just a few thousand years ago, then there are implications which should be examined based on scientific evidence. In that case the fossils buried deep within the earth must have been created right along with the earth. A six thousand year old earth does not leave time for deep sedimentary deposits to be created. It would imply that dinosaurs, trilobites and a host of other species which appear in the deeper fossil layers, never actually lived at all. This being true, it would make it seem as though God were tricking us by putting the fossils of animals and plants which never lived into the ground.

DATING TECHNIQUES

Since the creationists claim the mass of scientific evidence supports the belief that the earth appears young, one might think that they have a large body of evidence to underpin this view. The fact is that they have almost no positive evidence for an age of only a few thousand years. Their primary approach is to poke holes in the evidence for an old earth. They have virtually no empirical evidence they can point to which can be used to say, “Look, here is hard evidence that the earth is just a few thousand years old.” Rather than presenting data that supports their view, they will draw into question the accuracy of uranium/lead or potassium/argon isotope dating, which is used for estimating the age of some of the oldest rocks in the earth. The oldest earth rocks recovered and studied by scientists so far have been estimated to be about 3.8 billion years old, while moon rocks and meteors produce an age of 4.5 billion years.

Perhaps the creationists have a good point in their criticisms. The fact is that due to issues such as sample contamination and leeching, the ages of rocks determined by radioisotope methods can have a fairly large uncertainty. Scientists now claim precision for some uranium/lead-determined ages as good as one per cent. Let us assume a rather generous uncertainty of 50%. To illustrate, if the 238U/207Pb uranium/lead isotope ratio in a particular rock implied an age of 3.0 billion years, due to uncertainty, the rock could be as young as 1.5 billion years. That is still much older than seven thousand years! The question remains, what scientific evidence exists for a young earth? Where is the trilobite fossil with a potassium/argon-confirmed age of six thousand years?
 The fact is that creationists have little evidence for a young earth and what they do have is questionable. None of their supposed evidence holds up under the scrutiny of non-believers, or even of believers who do not have an extreme young-earth bias.

To illustrate the generally poor quality of evidence used to support the young earth theory, let us look at one creationist claim to have data which supports a young age for the earth. This argument involves using measurements of the amount of certain ions in sea water. Scientists can use the average concentration of sodium (a component of salt) and an estimate of the total volume of the oceans to approximate the total mass of sodium in the oceans. This number, along with an estimate of the amount of sodium entering the ocean from rivers in a year, allows one to estimate the time it would take for the total amount of sodium now there to have accumulated. Under a couple of assumptions, this allows one to estimate the age of the oceans. There are a few issues with the precision of the numbers used as well as the requirement to assume zero initial salt in the oceans, as well as a constant rate of inflow. However, if one will take the accuracy of the numbers with a grain of salt, it is possible to reach some sort of useful conclusion. The concentration of each different ion can produce a different estimated age for the ocean. Quoting from a table in one of the creationist publications:

	Ocean Ion
	Implied Age of the Earth

	Sodium
	260,000,000 yrs

	Chloride
	164,000,000 yrs

	Lead
	2,000 yrs

	Nickel
	9,000 yrs


This data is excerpted from a much longer table. The lead and nickel numbers seem to the untrained to be evidence that the earth is young. In fact, this is simply not the case. As any student of introductory chemistry learns, lead and nickel carbonates are only very slightly soluble. It just so happens that there is a considerable concentration of carbonate in the ocean due primarily to absorption of carbon dioxide from the air. The small amount of lead and nickel in the ocean is not due to a young earth, rather it is due to precipitation of the relatively insoluble compounds lead and nickel carbonate (precipitation of other insoluble lead and nickel compounds may also be a factor). On the other hand (see the list above), sodium and chloride are quite soluble ions which can build up to a much higher level in the oceans. The fact is that based on solubility data from chemistry, one can conclude that the numbers in the table represent a possible minimum age for the oceans. Therefore, the data used by a creationist to supposedly support a young earth implies that the earth is at least 260 million of years old, not several thousand years. 

Again, does this absolutely prove that the oceans are hundreds of millions of years old? No it does not. God could have created the oceans with salt in them. Did he? The readers should decide for themselves. However the one thing which can be said with confidence is that from this date the oceans appear to be very old.

 It would be fair to ask why a creationist would use evidence such as the ocean ion data above to support the contention that the earth appears to be young. This is not a matter of a simple mistake. The author of the work referred to above is a PhD geologist. He has to be aware that this data supports the old earth theory. Why would someone publish data which unambiguously supports the old-earth theory, while claiming to untrained readers that it can support the young earth theory? This is further support for the thesis that when we set out to study a question with our minds already made up about the answer, we will inevitably fall victim to our personal bias. We will end up sifting and manipulating the evidence in order to reach our preconceived conclusion. 

There are a number of methods available to scientists which have been used to estimate the age of the earth and of the solar system. These include the amount of volcanic rock on the surface of the earth, meteoric dust on the moon, the age of moon rocks, the age of meteors from Mars, the amount of craterization of the moon, the earth/moon distance, racemization of chiral biomolecules and so forth.
 From the salinity of the oceans, the earth has been estimated at between one and seven billion years old. From radioactive decay of unstable isotopes in earth rocks, it has been estimated to be between four and four and one-half billion years old. From theories about the origin of the moon and loss of kinetic energy of the moon due to tides, it has been estimated to be three to four billion years old. Meteoric and moon rocks give a consistent age of about 4.55 billion years. When taken together and analyzed carefully, the evidence points to an age for the earth of about four and one-half billion years.

It would be appropriate to point out that scientists have a tendency to be overconfident in trying to give precise numbers for the age of the earth. Nevertheless, although these methods do not give identical answers, all current techniques imply an age of billions of years for the earth and the solar system. There is no credible scientific evidence that the earth is only a few thousand years old. One is left with two possible explanations of this fact. Either the earth is ancient—probably about 4.5 billion years old, or it was created more recently, by supernatural means, with an appearance of great age. Let the reader decide.

 The claim that the earth is 4.5 billion years old is supported by scientific evidence. Belief, despite this evidence, that the earth was created recently with an appearance of age is not scientifically supported. However, it is perhaps possible from a theological perspective. This view cannot be absolutely disproved by science, because supernatural events are outside the realm of science. The claim which cannot be supported and which should not be made is that scientific evidence supports belief that the earth is a few thousand years old. There is no reliable scientific evidence to support this conclusion. Period. Dinosaurs did not live at the same time as people! That is a fact. If the reader finds it difficult to accept what is admittedly a rather strong conclusion, then he or she should make the effort to read some of the references in this chapter.

This argument can be taken one step further. Creationism as taught by some can be dangerous to the faith of those who believe in the Bible. Think about the situation of a young student in a high school or college science class. This student was raised being told that young earth creationism is legitimate science, that it strongly supports belief in the reliability of the Bible, or perhaps that belief in the young earth theory is an essential aspect of being a faithful Christian. This believing student will surely have his or her faith sorely tested when carefully researching what is taught in geology, chemistry or biology classes. This student will be questioning the Bible, not because their teacher is an atheist, hell-bent on subverting belief in God (although there are some professors who can be described way). In such a scenario, the believer will be questioning the Bible because a deception has a way of being shown for what it is in the clear light of the truth. This is true even when the deception comes from a sincere religious person.

The fifth century theologian Augustine put it very nicely. Concerning those who let their personal interpretation of the scripture control their understanding of how nature works, he made the following comment;

Now it is a disgraceful and dangerous thing for an infidel to hear a Christian, presumably giving the meaning of Holy Scripture, talking nonsense on these topics, and we should take all means to prevent such an embarrassing situation, in which people show up vast ignorance in a Christian and laugh it to scorn. The shame is not so much that an ignorant individual is derided, but that people outside the household of faith think our sacred writers held such opinions, and, to the great loss of those for whose salvation we toil, the writers of our Scripture are criticized and rejected as unlearned men. If they find a Christian mistaken in a field which they themselves know well and hear him maintaining foolish opinions about our books, how are they going to believe those books in matters concerning the resurrection of the dead, the hope of eternal life, and the kingdom of heaven, when they think that their pages are full of falsehoods on facts which they themselves have learnt from experience and the light of reason?

Those who espouse belief that scientific evidence proves the earth to be only a few thousand years old ought to ponder these words carefully.

If young-earth creationism does not work as a scientific theory, what will that do to assumptions about the infallibility of the Bible? What about the scientific ideas which have been produced by creationists who do not assume a young age? And what about the biblical accounts of creation in Genesis chapter one and two? How will that fit in? We will discuss the Genesis creation account in chapter five. 

Now that we have considered young earth creationism as a theory, we will now move on to discuss the atheist/agnostic approach to the same data. This will be accomplished in chapters three and four. We will see that the methodology required to reach the atheist conclusion has much in common with that of the creationists. It will be shown that although the bias may be more subtle, the atheistic conclusion can only be reached by ignoring major aspects of physics and chemistry, and by choosing to ignore some very interesting coincidences. In the end, the atheist conclusion will show itself for what it is: a faith which borders on religion. Remember that when people approach a question with a preconceived answer in mind, they will inevitably manage to accommodate the data to their answer.
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For Today 

1. How old do you think the earth is? (“I am not sure” is a legitimate answer.)

2. Does it matter how old the earth is?

3. What does the claim that the earth was created with an appearance of age mean?

4. How would you explain the “sedimentary rock” layers that are thousands of feet deep at many locations around the earth?

Recommendation

Read a book written by a creationist as well as one written by an atheist on the subject of origins.

Suggested books from the young-earth creationist perspective:

John C. Whitcomb and Henry M. Morris, The Genesis Flood (Phillipsburg, New Jersey: Presbyterian and Reformed Publishing, 1961)

Henry M. Morris and Gary E. Parker, What is Creation Science? (El Cajon, California: Master Books, 1987)

Walt Brown, In the Beginning (Phoenix: Center for Scientific Creation, 1995)

Alan Hayward, Creation and Evolution (Minneapolis: Bethany House Publishers, 1995)
Suggested books by creationists who accept the earth is ancient.

Michael J. Denton, Nature’s Destiny (New York: The Free Press, 1998)

Gerald L. Schroeder, The Science of God: The Convergence of Scientific and Biblical Wisdom (New York: The Free Press, 1997) 
Michael J. Behe, Darwin’s Black Box (New York: The Free Press, 1996)

William A. Dembski and Michael J. Behe, Intelligent Design: The Bridge Between Science and Theology (Downer’s Grove: Intervarsity Press, 1999)

Hugh Ross, The Fingerprint of God (Kensington, Pennsylvania: Whitaker House, 2000)

Kenneth R. Miller, Finding Darwin’s God (New York: HarperCollins Publishers, 1999)
Phillip E. Johnson, Darwin on Trial (Downer’s Grove, Illinois: Intervarsity Press, 1990)
Suggested books from an atheist or agnostic perspective.

Richard Dawkins, The Selfish Gene (Oxford: Oxford University Press, 1989)

Richard Dawkins, River Out of Eden (City: Harper Collins, 1996)

Niles Eldridge, The Triumph of Evolution, and the Failure of Creationism (New York: W. H. Freeman and Company, 2000)

Stephen J. Gould, Rocks of Ages (New York: Ballantine Publishing, 1999)

 [We should] reject all fixed presuppositions about nature—to approach natural phenomenon with a free and unconditional mind.

Francis Bacon
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Did the Universe Just Happen?


Does God exist? Does science have anything to say on this matter? Some insist that the existence of God is a question for theologians alone to discuss—that it is an irrelevant question for the practitioners of science. To quote from Niles Eldredge:



The nineteenth century scientists who were true creationists took both their faith and their interpretation of nature from the Bible, and there never has been any other source of inspiration or support for the “creation model.”

Eldredge asserts that there is no evidence whatsoever to support believ in the supernatural creation of life. What makes his conclusion suspect is that Eldredge assumes, out of hand, that the supernatural does not exist. We have already seen the inevitable result of such presuppositions. He believes one can choose to accept the Bible with all its “myths and fables,” but there is no basis in fact or reason to believe it was produced by divine revelation, especially from a scientific perspective. 

There are two possibilities: God exists, or he does not. Simply assuming that God does not exist or saying his existence is irrelevant would be a very ineffective way of making him go away if God were real. An open-minded person, even if they were coming from an atheist background, ought to accept at least the possibility that God exists. To do otherwise is to beg the question. If in fact God exists, it is reasonable to assume that there will be evidence of that fact in the nature of the universe he created. For Eldredge and other atheists to assert that there is no evidence for God and leave it at that is intellectually dishonest. In this chapter, some of the evidence for a creator will be presented.

Some intellectuals try to create the impression that belief in God is for the unintelligent or the superstitious. Some use intellectual intimidation to quiet those who think differently. A brief study of the history of science will produce a different conclusion. Notably, all the great men in the early history of science were believers in God. The scientific revolution was brought about by men who believed that there was one God; a God of order who does not change. By applying logic, these early philosophers of science concluded from a belief in monotheism that the universe should work according to invariant laws which work according to mathematical precision. 

The fact that Christianity is the historical root of science was pointed out by the Nobel Prize winner Melvin Calvin. Calvin is a noted atheist and supporter of the idea that life came about by random forces. Nevertheless, Calvin said about the historical foundation of science:

“The fundamental conviction that the universe is ordered is the first and strongest tenet [of scientists]. As I try to discern the origin of that conviction, I seem to find it in a basic notion discovered 2000 or 3000 years ago, and enunciated first in the Western world by the ancient Hebrews: namely that the universe is governed by a single God, and is not the product of the whims of many gods, each governing his own province, according to his own laws. This monotheistic view seems to be the historical foundation of modern science.”

In other words, science is the historical and philosophical child of monotheism. If one thinks about this, it only makes sense that belief in a single, unchanging God led to a search for a single, unchanging set of laws which govern the universe. Almost all ancient cultures held to animist or polytheistic beliefs. Such beliefs led to an understanding that nature is chaotic and unpredictable—subject to the whims of the gods. It required visionaries such as Roger Bacon (1214-1292), a monk and natural philosopher, to put the monotheistic perspective to practical use in studying nature. Bacon believed that in studying nature and uncovering its laws, we would come to appreciate God more fully. In order to study nature, he advised, we should use,
 “External experience, aided by instruments, made precise by mathematics.” Bacon was the first to propose that God created natural laws which should be describable by mathematical equations. 

William of Ockham (1285-1349) was another of the founding fathers of science. He taught that the religious hierarchy should not have authority over matters of science, but that the source for truth about nature should be empirical study. According to Ockham, “Nothing is assumed as evident unless it is know per se, or is evident by experience, or is proved by authority of scripture.” As applied to natural philosophy (the medieval term for science), Ockham believed that natural laws will be true if they can be derived from other true laws, or are observed empirically. He also held that the Bible has ultimate authority to determine theological truth. 

Nikolai Copernicus (1473-1543), the first modern experimental scientist, followed the lead of Bacon and Ockham. He was a canon of the Catholic Church. He resurrected the Greek idea of heliocentrism, which puts the sun at the center of the planets. Copernicus believed that God set the celestial bodies in orderly motion. Galileo, despite his run-ins with the Catholic hierarchy, believed that order in the universe demonstrated the existence of God. To quote from him:

The phenomenon of nature proceeds... from the divine Word.

The glory and greatness of Almighty God are marvelously discerned in all His works and divinely read in the open book of heaven.

I think in the first place, that it is very pious to say and prudent to confirm that the Holy Bible can never speak untruth—whenever its true meaning is understood.

Johannes Kepler was the scientist who proved empirically that the planets move in elliptical rather than circular orbits around the sun. He wrote an interesting book entitled The Music of the Spheres, in which he described his view that the harmonious motions of the planets describe a musical symphony created by God for his glory. Robert Boyle, the first modern chemist and the first to do careful scientific measurements on gases, was also a theologian who wrote Bible commentaries and religious novels. William Harvey, Isaac Newton, Carl Linnaeus, Joseph Priestly, Michael Faraday and Albert Einstein were all believers in God. In fact the belief that science and atheism are compatible is a relatively recent phenomenon, only becoming common about the middle of the nineteenth century. 

These scientists saw the hand of God at work in creating the laws of nature. The next step, then, is to look at what is known about the universe to see if this view holds up. The fact that all the great men of science were believers—that their science was motivated by their faith—does not prove the existence of God. However it does prove that making such a connection is not intellectually suspect!

Let us move to the question at hand. What does our fundamental knowledge about the laws of nature reveal with respect to the existence of God?

The following argument for the existence of God begins with one assumption.
 With any argument, one must look carefully at the assumptions being made. In this case, the underlying assumption which will be made is that the universe exists. That is not a hard assumption to accept. Philosophers may argue about whether a tree makes a sound when it falls to the ground without a hearer. From a philosophical perspective this argument may not be as trivial as it sounds. It is an argument over the empirical nature of truth. Nevertheless, for the more practically minded, we know that trees make sounds when they fall. In fact, we could record the sound on tape. Similarly, we know from empirical evidence that the universe exists. 

Given that the universe exists, there are two possibilities which follow from this assumption. Either the universe has always existed or it has not always existed. If it has always existed, then it was not created. If it has not always existed, then the universe was created. A thing cannot create itself. Physicists and philosophers call this the law of causality. The best we can tell, everything which happens in our reality has a cause. Since the universe could not create itself (cause itself to exist), that would imply some sort of creator. The argument can be outlined as follows:

Assumption: The Universe Exists.

This leaves us with two possibilities:

1. The universe has always existed (which implies no creator).

2. The universe has not always existed (and therefore it was created).

If the universe was created, then there is a creator. The outline of this argument is very simple. If one can show logically from the evidence that the universe was created, a creator is implied. The skeptic could protest use of the words “created” and “creator” in the argument above as too suggestive, but any synonym used would still imply that the universe has a creator.

Has the universe always existed? What is the history of the universe? For simplicity, we will discuss three possible descriptions of the history of the universe.

1. The Steady State Theory.

2. The Big Bang Theory.

3. Creation with an appearance of age.

THE STEADY STATE THEORY
We will examine the steady state theory first. Actually, it would be more accurate to refer to the steady state theories, as various versions of this idea have been proposed over the years. If one distills it down, the steady state theory implies that the universe has always existed. According to this theory, the laws of nature which scientists study have been in effect infinitely far into the past. Presumably, they will continue infinitely far into the future.

The earliest steady state theorists held to the idea that all the matter and energy which are in existence now have existed forever. The natural processes observable to us at the present time have always been occurring. By this model, all that can happen is that the matter and energy of the universe can be redistributed. This theory does not require the existence of a creator. It was therefore a natural product of the budding atheistic/materialistic philosophy of the nineteenth century. Materialist philosophers and scientists such as David Hume (1711-1776) and Pierre-Simon La Place (1749-1827) sought a non-supernatural explanation for the existence of the universe. 
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Figure 3. A Hubble photograph of a number of galaxies.

The philosophical materialism of the eighteenth century was not the only cause which motivated scientists to ask new questions about the history of the universe. Copernicus and Galileo had already proved that the earth is not at the center of the universe. This was the first cosmological shock of many (cosmology is the name given to the study of the history of the universe). Suddenly humans and the planet they live on seemed less significant. Later, Sir William Herschel (1738-1822) provided evidence that the sun we revolve around is also moving. This further eroded the human sense of stability. 

These discoveries were inconsistent with the world-view of many believers. They caused some to question their concept (perhaps a better word would be misconception) of God as well. The biggest shock of all was produced by Edwin Hubble (1889-1953). In 1923 he showed
 that some of the “nebulae” observable in the sky are actually other galaxies besides our own Milky Way. Using the Hubble telescope, we have now proved that there are somewhere around one hundred billion galaxies. In about three hundred and fifty years of thinking and research the earth went from the center of the universe to a small planet on a larger sun, to a small planet on an average star in a typical galaxy of one hundred billion stars, in a universe of one hundred billion galaxies. It should surprise no one that this radical change in world view caused some to question their view of God. Our job is to look at the evidence and the theories proposed to explain that evidence and to ask whether or not they are consistent with belief in a creator. 

Remember, either the universe was created or it was not. The earliest steady state theorists did not actually attempt to explain how the universe came to be. They held to the idea that the universe has always existed. In other words, it was not created. We will see that the problem with this theory is that it is inconsistent with the laws of nature. In fact, even among steady state theorists this form of the theory is out of favor because it does not hold up to the laws of thermodynamics.

Thermodynamics is the branch of chemistry and physics which deals with the relationships between matter and various forms of energy on a macroscopic scale. It is often summarized in two or three simple “Laws of Thermodynamics.” It is in its conflict with these laws that the steady state theories run into trouble. For this reason, the first two laws of thermodynamics will be stated in a simple form to help convey how they relate to the origin of the universe. The first law of thermodynamics can be stated as follows: 

In a closed system, the sum of mass and energy is conserved.

A closed system is one in which matter and energy do not enter or leave. In other words, assuming the universe is in fact a closed system, the amount of mass and energy in it does not change. Types of energy may be interconverted. For example the energy stored in gasoline may be converted to heat and mechanical energy, but the total amount of energy is constant. Einstein, with his famous equation E=mc2, proposed that matter and energy can be interconverted, leading to the development of nuclear energy but also requiring the first law to include both mass and energy in its statement. 

How does this relate to the steady state or any other theory of origins? The noted atheist mathematical physicist Pierre-Simon La Place claimed that the laws of nature can be used to explain all past present and future events. This materialist assumption may or may not be true, but if it is applied to the first law of thermodynamics, then it would require that all the stuff in the universe has existed forever. This is what early steady state theorists claimed. According to this view, any supernatural event, such as the creation of the universe, is ruled out.

How does one resolve whether or not the matter and energy of the universe have existed forever? Are the observable facts about the universe consistent with this theory? In order to answer this question, consider a statement of the second law of thermodynamics. 

For any spontaneous process in a closed system, entropy increases.

Unfortunately, the concept of entropy is a bit more abstract than that of energy, but a few illustrations will help. Entropy can be defined as a measure of randomness or disorder. A messy room has a lot of entropy. Applying the second law to a room in a house (a questionable application for a scientist, but it may help understand the second law), the natural tendency for a room is to go from order to disorder. The second law allows an outside force such as the person who lives in the room to put in energy and lower the entropy locally, but only at the expense of increasing entropy globally. Hopefully your children have done this recently. 

Consider a second scenario. A house built out of cards has a lot of order by comparison to a random pile of playing cards. A pile of cards (with relatively high entropy) would never spontaneously pick itself up and be built into a house of cards (with relatively low entropy). The slightest gust of wind will naturally turn a house of cards into a pile of cards, increasing the entropy. The second law of thermodynamics defines the natural direction of events in the universe.

Entropy has been called “time’s arrow” because it can be used to decide the forward direction of any process. If we were to view a film in which a huge cloud of dust and rubble suddenly came together to form a building, we would know immediately, beyond a doubt, that we were seeing the film in reverse. The second law does not allow for a pile of rubble to turn into a building under any circumstances. Another illustration of this principle can be taken from chemistry. Smoke, ash, carbon dioxide and water will never come together spontaneously to create a piece of paper, whereas the reverse process is spontaneous. The second law of thermodynamics will be discussed in greater detail in the Appendix.

How does this law apply to the origin and current state of the universe? Stated simply, the second law of thermodynamics implies that given sufficient time, in the absence of “supernatural” intervention, the universe will run down completely. Entropy will reach a maximum. Eventually, the fuel in all of the stars will be used up. The universe will become extremely cold. Ultimately, given enough time, no life could be supported anywhere in the universe. 

This fact has dire consequences for the earliest forms of steady state theory. If the universe, including all its matter and energy, has always existed, then it should already have reached the logical conclusion of the second law. It should be completely cold and dark. There is no way around this deathblow to the older form of the steady state theory. 

Either the universe has always existed, or it has not. If the universe is a closed system, then according to the laws of nature, it cannot have always existed. If it has not always existed, then it was created. The conclusion one is left with, then, is that the universe was created.

Actually, disproving the steady state theory is not quite as simple as that. In 1948 three physicists, Hermann Bondi, Thomas Gold and Fred Hoyle, devised a new version of the steady state theory. Their proposal was startling in its time. They proposed that the universe is not a closed system. In other words they theorized that matter is continuously and spontaneously being created everywhere in the universe out of nothing! This theory is sometimes called the theory of continuous creation. It would seem to eliminate the problem of applying the second law of thermodynamics to the steady state theory. 

According to the theory of continuous creation, the stuff out of which stars form is created spontaneously, at a continuous although very slow rate, out of nothing. This would explain why there are still stars around, giving off light and continuously increasing the entropy of the universe. In other words, Hoyle, Gold, Bondi and others proposed that the first law of thermodynamics is not strictly true. Matter and energy are not conserved because they are continuously being created everywhere in the universe. They claimed that the universe has always existed: that matter has been in the process of being created forever. As could be imagined, this created quite a stir in the scientific community, which was used to taking the first law as being proven. If matter has been created out of nothing forever, shouldn’t there be an infinite amount of matter? Doesn’t this mean the universe should be a lot more crowded?

This question requires the introduction of one of the greatest discoveries of astronomy in the twentieth century. In 1929 Edwin Hubble published his empirical finding that the universe is expanding very rapidly. The evidence Hubble used to support his conclusion was called the “red shift.” The term red shift describes what happens to light as it approaches us from very distant celestial objects. 

This effect can be explained using an analogous everyday occurrence. Think about the sound you hear when a speeding race car passes by. When the car is approaching, the sound of the engine has a relatively higher pitch. After the car passes, the pitch of the sound becomes lower. Using physics terminology, the sound has higher frequency for an approaching object and a lower frequency for a receding object. The reason for this effect is that when a vibrating object is moving toward an observer, it is moving into its own sound waves, making the waves in front of the object closer together. The shorter wavelength results in a higher frequency for the sound than for a standing sound source. Behind a moving source of sound, the sound waves are farther apart than those produced by a non-moving source, resulting in a lower frequency. This shift in frequency for a moving source of waves is known as the Doppler Effect.

The Doppler Effect also applies to light waves approaching the earth from distant celestial objects. The colors of the visible light spectrum go from red to orange, yellow, green, blue and violet. Of the visible colors, red light has the lowest frequency and the longest wavelength, while violet light has the highest frequency and the shortest wavelength. By the Doppler Effect, light approaching the earth from a very rapidly receding object is shifted toward a lower frequency like the race car in the analogy above. It shifts “toward the red.” This is why the great discovery of Hubble is known as the “red shift.” If a light source were moving toward the earth at high speeds, the light it produces would be shifted to higher frequency. It would experience a “blue shift.” Figure 3.1 provides an explanation of this effect.
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Figure 3.1

The “red shift” implies a light-producing object is moving away from an observer

In 1868, Sir William Huggins was the first to apply the Doppler principle to measure the speed of a star. He determined that the star Sirius is moving away from the sun at 29 miles per second. Some of the stars in the Milky Way galaxy are approaching us (blue shifted), while others are receding (red shifted). 

It was when Hubble observed the light approaching us from other galaxies that the discovery which revolutionized cosmology was made. What he discovered, quite surprisingly, was that almost all galaxies produce light which is red shifted. Even more remarkable, the farther away a galaxy or quasar other extremely distant light source is from us, the greater the red shift. A graph of the size of the red shift versus the distance to a galaxy produces a straight line. This fact led to Hubble’s law of universal expansion. The bottom line is that the universe appears to be expanding very rapidly. This will have important consequences when the Big Bang theory is discussed. 

We will get to the Big Bang soon, but first let us ask what is the affect of universal expansion on the steady state theory. If the universe is expanding at a constant rate, then this could explain why the universe is not totally packed with matter, even though new matter has been created forever. As unlikely as this theory seems on the face of it, it is logically consistent.

This is true. However, the steady state/continuous creation theory (the one which does not require a creator) has come to be dismissed by nearly all physicists because the theory makes certain predictions which are simply not reproduced by experiment. If this theory were correct, then the stars at great distances should be, on average, the same age as those near us. This is not the case. Stars in galaxies ten billion light years from us appear to be about ten billion years younger on average than in our own region of the universe. Presumably, this is because the light left those stars ten billion years ago, and that when the light left those extremely distant galaxies they were part of a universe which was ten billion years younger than the one we are in now. When astronomers look deep into space they are looking back in time.

 Second, if the continuous creation theory were correct, then the distribution of galaxies should be roughly even throughout the universe. This prediction of the theory is also in disagreement with astronomical observations. Galaxies are not even close to being distributed evenly throughout space. The universe contains great clusters of galaxies and even “superclusters” of galaxies. Therefore, the distribution of galaxies is not even, as would be predicted by the steady state theory.

The continuous creation model runs into another problem for its proponents. How does this matter come into existence out of nothing? Hoyle and others have postulated a “creation field,” a sort of creative force in the universe. It sounds an awful lot like they are resorting to a creator to explain the universe! The problem is that there is no evidence to support the existence of this force. 

The history of science includes many theories which have proposed the existence of previously unknown forces or unobserved substances to explain mysterious phenomenon. Early scientists proposed that living beings contain a substance called “anima” to explain how they differed from inanimate objects. This substance was never isolated, and eventually the anima theory died. Flammable substances were theorized to contain “phlogiston.” Phlogiston had never been isolated or even detected. Later, when it was discovered that flammable substances react with oxygen, the phlogiston theory was dropped. When scientists could not explain how light waves can pass through the vacuum of space, they proposed that empty space is actually filled with “ether.” The ether theory suffered the same fate that the continuous creation model is suffering: it ended up in the theory trash-heap, not because the scientists who proposed them were bad scientists, but because the models were unsupported by scientific measurements.

What was the motivation of Bondi, Gold and Hoyle in creating the continuous creation theory? These cosmologists devised this theory, not so much because any evidence supports it, but rather because they find the idea of creation unacceptable philosophically. It is generally considered bad form for a scientist to allow their philosophical/religious presuppositions to determine what theories they support, but apparently this is what motivated the formation of the continuous creation theory. According to a cosmologist who has no particular reason to oppose the steady state theory: 

The basis for acceptance or rejection of the evolutionary [Big Bang] and steady-state theories can be divided into two categories: observational [experimental] proof and philosophical reasoning. The evolutionary theory rests heavily on the former, while the greatest appeal of the steady-state theory, at least at the present time, lies not so much in its mathematical formulation and predictions as it does in its broad philosophical implications.

If science works as most of its practitioners claim that it does, philosophically appealing theories are rejected in favor of the ones which are supported by empirical evidence. Therefore the theory of continuous creation is now rejected almost unanimously, even by those who are philosophically predisposed against supernatural creation.

The lack of evidence to support the idea of the universe existing forever explains why most cosmologists now believe in the sudden creation theory commonly known as the big bang theory. Let it be stated clearly. The Big Bang is a theory of sudden and spontaneous creation of the universe out of nothing (ex nihilo). From a very informal and unscientific survey done by the author, I have found that a majority of physicists have at least some sort of belief in God. Christianity may not dominate physicists’ ranks, but most are at least deists. The influence of the Big Bang theory and the data which supports it may be part of the reason many physicists have come to find atheism inconsistent with their world view.

THE BIG BANG THEORY
The Big Bang theory was first proposed in 1927 by the Belgian priest Georges Lemaitre. On principally theoretical grounds, he proposed that the universe may have begun as a “primeval atom.” This speculation came before Hubble’s discovery of the expanding universe. In the 1940s Russian-born George Gamow, along with Ralph Alpher, refined Lemaitre’s ideas to produce the beginnings of the modern Big Bang theory. A simple statement defining the theory is as follows: All the matter and energy in the universe were created in an instant of time and at a point in space at incredibly high temperatures. Since that time, the universe has been expanding at the speed of light and cooling to its present background temperature of about four degrees Kelvin. 

The initial creation was unimaginably dense and hot. The temperature was so high that most of the “stuff” in the first moments was in the form of photons (particles of light). If current Big Bang models are correct, not only were matter and energy created in the initial event, but time and space were created as well. Time itself began with the initial “bang.” There was literally no universe before the initial singularity. The universe expanded super rapidly in the first moments by a process known as inflation. As the substance of the universe cooled in the first fractions of a second, fundamental particles such as electrons and quarks formed. Within a few minutes, the universe cooled from trillions to billions of degrees. Quarks condensed to form neutrons and protons. Within hours and days, the universe cooled to millions of degrees. It was now cool enough for protons and neutrons to combine to produce some helium nuclei. Within an estimated three hundred and eighty thousand years, the universe cooled sufficiently for electrons to adhere to hydrogen and helium nuclei and form atoms. As matter and light separated, the universe became transparent to light photons. The matter in the universe had very slight variations in density. Because of this, further expansion over the next few million years yielded huge conglomerates of matter—mainly hydrogen and helium, which eventually coalesced into galaxies and discrete stars within those galaxies. See the figure below. 

STANDARD TIMELINE FOR THE BIG BANG

	Time
	Temperature
	Description

	10-32 seconds
	1025 Kelvin
	Singularity has occurred. The universe is almost entirely composed of light. 

	10-6 seconds
	1013 Kelvin
	The universe is still mostly light. Quarks and electrons begin to form.

	1 second
	1010 Kelvin
	Quarks begin to condense. Neutrons and protons form.

	3 minutes
	109 Kelvin
	Deuterium nuclei (a proton and a neutron combined) begin to form.

	380,000 years
	3000 Kelvin consistency?

3 x 103
	Atoms, with electrons captured by nuclei, begin to form. The universe becomes transparent to light.

	100,000,000 years
	100 Kelvin or 102
	Matter has cooled sufficiently for gravity to begin to cause hydrogen and helium to condense into galaxies and stars.

	
	
	





It is impossible to prove that the scenario described above actually happened. Scientists cannot do experiments in a laboratory to reproduce the entire chain of events. They also cannot go back in time to the initial expansion to prove it happened. What we can say is that the data we observe is consistent with this model. This evidence is summarized below.

How long ago did this universe-creating event occur? There are two main avenues used to estimate the age of the universe. Very large instruments such as the Hubble telescope have been used to look at the oldest and most distant objects in the observable universe. The size of the red shift of light from these objects yields an estimate of the distance to and the age of such quasars and galaxies. In addition, cosmologists use the best models of the big bang and the subsequent expansion along with current conditions in our part of the galaxy to estimate the amount of time since the big bang. Both methods now yield an age of the universe of about thirteen billion years. 

The first body of evidence which supports the Big Bang theory is the “red shift” which can be observed in light reaching us from very distant celestial sources of light. If the universe did in fact begin at a single point in space, followed by a very rapid expansion, then all the matter in the universe should be moving outward from the point of singularity with great speed. In this case, all galaxies other than our own should be moving away from us (galaxies in our immediate neighborhood could be an exception). Logically, the farther a galaxy or cluster of galaxies is from the earth, the faster it should be moving away from our own. This must be true because objects near us are moving from the point of beginning at about the same speed as we are, but distant objects must be moving at different speeds and/or in a different directions. If this is true, then light reaching the earth from the most distant galaxies, should be shifted to lower frequency (a bigger red shift) than light from a relatively closer galaxy. In fact, this prediction from the Big Bang theory is in very good agreement with the evidence as mentioned above. The principle reason the Big Bang theory was initially accepted was that it can explain the rapidly expanding universe.
Since the Big Bang theory was formulated, cosmologists have developed a model using more recent knowledge of the behavior of fundamental particles to predict the precise nature and history of the evolution of the universe. In doing so, the models predicted as early as the 1960s that there should be a weak microwave “background radiation” still echoing throughout the universe. A theoretical prediction of both the intensity and frequency of this radiation was made in 1964.
 In a stroke of serendipity, two radio astronomers, Penzias and Wilson,
 happened to be doing an experiment involving observation of microwave radiation from space in the same year. These two scientists were not even aware of the prediction that there should be a weak and almost homogeneous background of microwave light. They observed microwave “noise” in the sky at a frequency equivalent to a source at about three degrees Kelvin. This annoyance in their data turned out to be the second line of support for the Big Bang model. The intensity, distribution and frequency of the radiation were in close agreement with the predictions of theoretical cosmologists. This discovery is the reason the big bang model was accepted by almost all physicists by the late 1960s.

In 1989, a satellite called the Cosmic Background Explorer (COBE) measured the background microwave radiation with great precision, finding the data to fit the big bang model. It showed that the background radiation is almost exactly homogeneous. The very slight fluctuations represent regions of slightly higher and lower matter density in the universe. This slight clumpiness of the original material in the universe explains the observed formation of clusters of galaxies. This data are also in agreement with theory. 

When a theory is used to predict the existence of a then unknown phenomenon, after which scientists go out and discover the prediction to be true, this is the strongest kind of support a theory can have. This background radiation provides further supportive evidence that the big bang is the correct model for the beginning of the universe.

There is a third category of evidence to support the big bang theory. Theoretical models of the Big Bang predict that the original expansion occurred so rapidly that significant amounts of only the lightest elements were produced. To be specific, the best models predict about five percent of the atoms created in the Big Bang should be helium, and ninety-five percent should be hydrogen. All other elements should be present in very low proportional amounts in the initial material in the universe. Heavier elements such as carbon, nitrogen, iron and so forth would only have been created later inside of stars. Again, astronomical observation produces data in striking agreement with the theoretical prediction. No other model has been able to predict the observed data. 
If the Big Bang model is correct, this would mean that at the moment of the creation of the universe an inconceivable amount of light suddenly appeared out of nothing. This is reminiscent of Genesis 1:3: “And God said ‘Let there be light,’ and there was light.” If this theory of origins is true, and the evidence available supports the theory, then the universe was created by something or someone outside the universe itself. The universe could not have created itself. It was caused by a creator. When thinking people ponder the Big Bang theory, they must ask themselves what caused it all to happen. What force created all this light? The name that has been given to this “force,” this creator, is God. In his book Kinematic Relativity, E. A. Milne,
 who never referred to divinity in the entire volume, concludes: “The first cause of the universe is left for the reader to insert, but our picture is incomplete without Him.”

It is worth reiterating that this does not prove that the universe was created with a Big Bang. In fact, in the case of theories about events of the distant past, scientists will remain unable to provide absolute proof. Scientifically derived conclusions must always remain tentative, pending the possible discovery of new evidence. This is especially true when trying to explain events which occurred eons ago, and which therefore are not subject to direct experiment. In conclusion, in the light of scientific evidence and the laws of science, the idea that the universe has always existed—that there was no creator—has been shown to be false. Although one cannot say with certainty that the Big Bang happened, the evidence scientists have thus far collected is in dramatic agreement with this theory, a theory that implies the universe was created out of nothing.

CREATION WITH AN APPEARANCE OF AGE 

This leads to the last theory of the origin of the universe to be discussed. This is the theory that God created the universe with an appearance of age. The God one discovers in the Bible certainly could have created planets, stars, galaxies, and super-clusters of galaxies in place out of nothing. In fact, he could have done it only a few thousand years ago. It should be noted that this would be an unfalsifiable theory, which means that it cannot be proven untrue by any conceivable experiment. To scientist, an unfalsifiable theory does not qualify as scientific. If the universe was created with an appearance of age, then there would not necessarily be any direct scientific evidence to either support or disprove the youth of the universe. This theory would be consistent with a simple and literal interpretation of the first chapter of Genesis, but by its very nature, no one could ever prove or disprove creation with an appearance of age using science. It is essentially a non-scientific theory. Those who hold to this idea should be aware of this fact.

Certainly atheists will be uncomfortable with this theory. They assume, before even looking at the evidence, that the origin of the universe has a “natural” explanation. However, we already have shown that the universe was created. Whether this creation was brought about by the Big Bang or with an appearance of age, either way it was a supernatural event.

Which of the three proposed theories is true: steady state, Big Bang or appearance of age? It has been shown that the steady state theory, the one consistent with atheism, is insupportable. Between the other two, it will be left to the reader to decide. As a scientist, I confess that I am pulled toward the “scientific” conclusion. As a science teacher, when I lecture on astronomy, I usually only spend significant time on the Big Bang theory because it is the only “scientific” theory in agreement with the evidence. I do mention very briefly the theological possibility of creation with an appearance of age. As I tell my Intro to Scientific Thought students, the fact that something is not “scientific” does not prove that it is not true. By faith, I believe God could have created an expanding universe with the background radiation already echoing through it, but this would be a belief based on faith, not measurable fact. Since neither theory can be proven, it would be a mistake to be dogmatic in condemning the Big Bang theory or the theory of creation with an appearance of age. 

To conclude, the very existence of the universe as we know it shows that there is a creator. The nature of the universe does not tell us a lot about this creator except that he/it is certainly very powerful. In fact, the logical conclusion of the argument from cosmology is deism. At the risk of oversimplifying, deism is a theology which defines God as the creator of the universe. Whether this creator is a personal god or not is not made obvious by the mere existence of the universe and the laws which govern it. In the next chapter, by looking at the nature of life, we will learn a bit more about the qualities of the creator.

Lipids are a broad class of non-water-soluble molecules. They would include fats, a primary source of energy, and steroids such as cholesterol. Many steroids are hormones, regulating numerous biological functions including reproduction. Life cannot exist without lipid molecules. This is because the solvent both in a cell and outside a cell is water. It is absolutely required that some sort of barrier or membrane separate the contents of the living material from its environment. The only way for this to happen is to enclose the contents of the cell in non-water soluble lipid molecules.

The theory of spontaneous generation requires the conditions for production of all four types of compounds (plus some of those in the “other” category) to have existed on the primeval earth at the same time. In fact, purines and pyrimidines, the building blocks of nucleic acids have been created in a separate experiment somewhat like that of Urey and Miller. However, the proposed primitive atmosphere required for this experiment contained different molecules from those required to produce amino acids. Carbohydrates have also been created in a different “primitive atmosphere.” The conditions under which carbohydrates can be spontaneously generated require a strongly oxidizing (oxygen-containing) atmosphere, while the conditions required for the production of amino acids require a reducing (hydrogen-containing) atmosphere. The problem is that these two types of primitive atmospheric conditions are logical opposites. Scientists to this day debate whether the early atmosphere of the earth was reducing or oxidizing. More likely, it was higher in hydrogen. One thing they would presumably be unanimous on is that it was not both reducing and oxidizing at the same time. 

Which is the right atmosphere? Which one actually existed? The one which would allow amino acids would not allow carbohydrates or nucleic acids to be created spontaneously. To date, no primitive atmospheric conditions have been proposed under which lipid molecules such as fats or steroids have been shown to be produced spontaneously in significant concentrations. Perhaps they could be produced somewhere else other than the atmosphere. Even if a spontaneous lipid-producing natural environment were discovered, this would not change the problem for the materialist. No conceivable chemical environment could spontaneously produce the range of building block molecules required for spontaneous generation of life.

Modes other than atmospheric deposition of organic molecules have been proposed. Scientists have posited that proteins might be formed on clays. They have explored the possibility that certain organic components could be produced spontaneously at deep-ocean hydrothermal vents, or that they could be synthesized in interstellar media, and deposited on the earth by meteorites. None of these proposals solves the problem of simultaneous production of lipids, carbohydrates, amino acids and nucleic acids.

Let it be granted that the earth could have four different sets of local atmospheric conditions or at least four chemically distinct environments in four separate locations (as unlikely as that seems). For the sake of argument, let it be conceded that amino acids could be produced at the surface of the ocean, nucleic acids could be produced in terrestrial clays, and carbohydrates could be produced spontaneously at hydrothermal vents. Where lipids could be spontaneously created it would be hard to say, but for now let it just be granted that lipid molecules could be spontaneously produced somewhere on the earth. Once produced in four chemically and physically isolated locations, all four of the basic types of building block chemicals would have to be transported to a single location without being changed. At this meeting point, all these molecules would have to exist in sufficient concentrations and the right proportions to allow the formation of a living thing, despite the fragility of even some of these building block molecules.

Let’s examine this theory in greater detail. Even if a “soup” containing all four types of molecules were miraculously produced in the correct proportions for life to form, such a soup would be far from being able to produce life—very far. In fact, our knowledge of chemistry demands that it could never happen. What would be required in order for the first living thing to be viable? The simplest first living thing would have to be able to:


1. Recognize, ingest and digest food.


2. Turn that food into usable energy.


3. Grow.


4. Reproduce.

It would probably have to be able to move as well. Bacteria are the simplest known form of life which passes this test. It is debatable if viruses are alive. They are far too small and simple in their structure to be self-sustaining and are dependant on other more complicated life forms to survive. We will therefore use bacteria as our model for the simplest conceivable first life form. Since E. coli is one of the simplest types of bacteria, let us use it as a model for the simplest possible original life form. E. coli are about one micrometer by three micrometers (0.001 by 0.003 mm) in size. They contain approximately 7x1011 atoms (that is about seven hundred billion atoms!)

The single cell of an E. coli contains about three thousand different protein molecules, fifty different carbohydrate molecules, forty different lipid molecules and 1000 different nucleic acid molecules, as well as about five hundred other simple organic molecules which do not fit into any of the above categories. One can debate if this is the best possible model for the first spontaneously generated life. Perhaps the first life form could have been somewhat simpler than an E. coli, containing only one hundred billion atoms, two thousand different protein molecules and so forth. This would not change any of the arguments or conclusions below.

The point of this model is to help us come to grips with fantastic level of complexity of this simple life form, which supposedly was created by a natural chemical process. Although we do not know the exact chemical makeup of the first life, one thing all biologists would assume is that it contained a great variety of protein molecules Proteins are large, complex chemical species. A model of a relatively simple protein molecule is given in Figure 4.2 below in order to give a feel for the complexity of these essential components of all life.



Proteins in even the simplest life are composed of thousands or even tens of thousands of hydrogen, carbon, oxygen, nitrogen and sulfur atoms, each connected in a precise way which, if changed even slightly, causes the molecule to not function. We can get a feeling for the size of a protein molecule by looking at one of the heme subunits of the hemoglobin molecule. Heme is not a particularly large protein, even for simple living things such as bacteria. The formula of heme is C738H1166O208N203S2Fe. Each of the over two thousand three hundred atoms must be connected in exactly the right order for the heme molecule to perform its function. The α-heme molecule contains one hundred and forty-three amino acids linked together. Naturally occurring proteins are made of twenty different amino acids. In order for the heme molecule to work properly, each of the amino acids in the chain must be the correct one of the twenty possibilities. Sickle cell anemia is caused by changing only one of the one hundred and forty three amino acids. 

Urey and Miller may have shown that some of the twenty naturally occurring amino acids in proteins could be synthesized in a model atmosphere. This is a big leap from producing all twenty of the required naturally occurring amino acids under the same conditions. It is an even bigger leap from there to the exclusion of all other amino acids (i.e. ones not from the list of twenty out of which proteins form) from the mixture out of which the first life arose by accident. Probability arguments preclude the formation of even a single functioning protein molecule with biological activity out of any conceivable randomly produced soup of amino acids. Remember that any protein molecule has to be composed of a specific list of twenty different amino acids. It is extremely unlikely—one might claim it would be impossible—for any environment to spontaneously produce all twenty amino acids in a proportion and at a concentration which would allow even a single protein molecule to be produced. The second law of thermodynamics makes this scenario impossible.

To summarize what we have seen so far, there are several requirements for life to have formed by a chemical accident, all of which present themselves as chemical impossibilities. There is the requirement for separate formation and later coming together of all four categories of building-block molecules out of which the simplest life could form. In addition, random processes would have to produce all twenty amino acids in correct proportion and at sufficient concentration. Besides, all other amino acids besides the twenty would have to be excluded 
from the mixture. A fourth apparent impossibility is for the soup of accidentally assembled amino acids to self-assemble into a biologically active protein molecule. Let us consider another chemical requirement for random assembly of a living cell. What about nucleic acids?

Nucleic acids are the molecules of which genes are composed. There are two important categories of nucleic acids, DNA and RNA. Like proteins, DNA and RNA are extremely complex molecules. A picture of one small proportion of a single strand of DNA is given in Figure 4.3.

In 1953, James Watson, Francis Crick and Rosalind Franklin discovered the beautiful “double-helical” structure of DNA. A DNA molecule is a coded template which cells use to store information and to manufacture proteins. The process by which protein synthesis occurs includes the involvement of RNA as well as a number of protein molecules. This process is very complex—beyond the scope of this book. In order for life to have begun spontaneously, a large number of different nucleic acid molecules, all with the correct double helical structure would have had to form simultaneously in the same place. Not only that, but each of these DNA molecules would have needed to be able to successfully manufacture protein molecules which were in turn able to ingest and metabolize food, to regulate nutrient levels, and to perform thousands of different tasks in the cell.

The formation of all these DNA molecules by random association of the accidentally formed soup of chemicals would involve a lot of coincidence. In fact, the probability of even one useful DNA molecule forming spontaneously out of even a carefully prepared organic soup is essentially zero. Not only this, but there is a logical impossibility built into this supposed formation of the first cell by accident. In living things, the formation of DNA molecules requires protein molecules called enzymes, while the synthesis of the enzymes required to form the DNA molecules in the first place 

Part II

Questions of Science and the Bible

But avoid foolish controversies and genealogies and arguments and quarrels about the law, because these are unprofitable and useless.

Titus 3:9
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What About Genesis?

It is time to change gears dramatically. In chapters three through five it was shown that a materialistic presupposition about the universe—one which assumes that there is no God—is not consistent with the evidence. The evidence leads to the conclusion that universe was created. Scientific knowledge leaves virtually no doubt that life was created as well. There is a creator. The fingerprint of God’s inscrutable intelligence and his spectacular power are found everywhere we look. As the psalmist said, “I am fearfully and wonderfully made.” (Psalm 139:14) 

If we have seen sufficient evidence to conclude there was a creator, a reasonable question follows: What is the nature of the Creator? Which “God” created life? Was it Allah (the Muslim God)? Was it Brahman (the chief of the Hindu gods)? Was it the God of the Bible? Maybe it was some still-unknown God who has chosen not to reveal himself to mankind. Maybe the deist is right. Perhaps there are a power and an intelligence behind creation, but this power is impersonal—not caring to be intervene in the creation. Can knowledge of science play some role in answering this all-important question about the creator? 

Questions about the laws of nature do not play a significant part in the Bible. Its principle theme is God’s desire to have a relationship with mankind. However, the Bible does contain information and claims with implications for science. Careful analysis of the parts of the Bible which shine light on the laws of nature provide dramatic evidence that the creator of the universe has revealed himself in this great book. 

It is the author’s opinion that questions of science and the Bible are not the primary proof of the inspiration of the Bible. In my book on general Christian apologetics,
 it occupies only one chapter out of ten. We will see that biblical science provides strong support to faith in the divine nature of the Bible. However, even more convincing evidence for the inspiration of the Bible may be found in messianic prophecies, evidence for the resurrection of Jesus Christ, in the internal consistency of the Bible, in its historical reliability and other topics. While other areas may give even more dramatic evidence for the Bible than that provided by science, a careful and thoughtful investigation of how science relates to the Bible will provide a leg of strong support for belief in its divine authorship. 

Not all people will agree that science supports belief in the Bible. The statement of the well known atheist and Bible critic Delos B. McKown represents a very common line of thought about the Bible:

Christianity is scientifically unsupported and probably insupportable, philosophically suspect at best and disreputable at worst, and historically fraudulent.

This statement represents a typical attitude of a broad spectrum of intellectuals toward the Bible, especially as it relates to scientific knowledge. As early as the eighteenth century, Scottish philosopher David Hume was making claims that the Bible contains myths which are unsubstantiated by scientific discovery. It is easy to claim that the Old Testament is full of myths and scientific blunders. The question we will ask is, does this claim of scientific error in the Bible stand up to an open-minded and reasoned analysis of the Scripture? 

Those who criticize the Bible often begin by confidently pointing out the Genesis “myth” as proof of the ignorance of the writers of the Bible. Let it be conceded that whoever wrote the account in the first chapter of Genesis was not a trained scientist. The questions remain: Which part of the Genesis creation account is mythical? Where are the scientific errors? We will see that the creation account in Genesis shows uncanny scientific insight. It is the very lack of scientific sophistication of the Jews who wrote Genesis which makes the evidence for inspiration all the more striking. Let us look carefully at the Genesis creation account.

Before going into detail, it will be helpful to review the first chapter of Genesis in order to get an overview of the creation story. As a starting point to understanding the creation account in Genesis, consider the following outline: 

1. God existed before the creation of the universe.

2. God created the universe out of nothing.

3. After he created the universe, God created life.

4. Last of all, God created human beings.

Where is the scientific error in this outline? We have already seen that the scientific evidence strongly supports the belief that the universe was created “out of nothing.” The evidence is also strong that life was created—that it was not the result of random natural processes. Scientists agree that the origin of homo sapiens is a very recent phenomenon on earth’s time scale. Is there anything in the broad outline of Genesis chapter one in conflict with the established facts of science? Does Genesis get the order of things wrong? In fact, is it possible that Genesis offers a more reasonable explanation of how the universe got here “out of nothing” than the materialist/naturalistic alternative? 

The agnostic can describe the big bang, but cannot explain how or why it happened. The Bible’s explanation is not “scientific,” but it does not conflict with science. The Big Bang theory has the universe appearing out of nothing, in agreement with the Genesis account. The mystery underlying the Big Bang theory is that it cannot explain what caused the unfathomable burst of energy which initiated the universe. There is strong evidence that the Big Bang occurred, but what caused the creation event? Is there any scientific precedent for such massive amounts of energy suddenly appearing out of nothing? Conclusive proof that the Big Bang actually happened will prove elusive, but the biblical account can explain how and why it happened.

What about the creation of life? The Bible claims in Genesis that life in it many forms was created by God. Despite many bold statements to the contrary, the fact is that scientists cannot provide a believable naturalistic explanation of how life began. The supernatural creation of life may be unsettling to many scientists, but the laws of nature seem to demand it. Atheists may not be willing to admit it, but the existence of life on the earth seems to be the result of a miracle. God takes credit for this miracle in the Genesis creation account. 

In addition, one finds in Genesis the claim that the ultimate life form created by God was man himself. Fossil evidence shows man, the most intelligent of all creatures, to be one of the most recent species to appear on the earth. Again, the outline of the Genesis creation account parallels scientific evidence.

Let it be pointed out that the biblical explanation of creation is not a scientific one. The creation of the universe and the creation of life have no “scientific” explanation. Why is that? Unless one excludes the supernatural from consideration before looking at the evidence, the best, the most reasonable conclusion, is that the origin of life is supernatural. The supernatural is, by definition, not scientific. We have already seen that the closer one looks at the unimaginable complexity of even the simplest life forms, the stronger the case for miraculous creation becomes. In addition, the more physicists explore the possible origins of the universe, the more strongly the evidence requires a supernatural explanation for its origins. The point to be made here is that the Bible gets the details right, despite the fact that its writers had little if any scientific training or knowledge to draw on as they wrote. Genesis has God first, then the creation of the universe, then the creation of life, finally, the creation of man. The accuracy of the biblical creation account will be made even more obvious when we look at it in detail and when we compare it to the creation accounts of other cultures.

Now let us take a closer look at the details of Genesis chapter one. To quote a few phrases from the first five verses. “In the beginning, God created the heavens and the earth... And God said, ‘Let there be light,’ and there was light... And there was evening, and there was morning—the first day.” Genesis describes six “days” of creation. A number of approaches to understand the Genesis creation account have been proposed and defended. To simplify the discussion somewhat, we will narrow the alternatives to four theories which span the main ideas which have been defended.
 

1. The Literal Theory. This approach takes the entire Genesis account in its literal, face-value sense, including six twenty-four-hour days of creation. This would imply that the earth is very young.

2. The Gap Theory. This approach allows for a very old earth, but also six literal days of creation. It proposes that there is a huge “gap” of time between Genesis 1:1 and Genesis 1:2. At the end if the initial period, God caused a global cataclysm which wiped out most or all of the former creation. The proposal is that Genesis 1:2-31 is actually a re-creation of life by God which happened just a few thousand years ago.

3. The Day/Age Theory. This approach takes the account in Genesis one as a chronological outline from God of what he did in creating the earth. Supporters of the day/age theory assume that the six “days” are not literal, but represent geological ages over which creation occurred. The writer of the creation account in Genesis used a common literary device of the Jews in order to explain God’s creation to scientifically unsophisticated readers. 

4. The Genesis Myth Theory. Followers of this school of thought completely discount the Genesis creation story. It has no validity historically or scientifically. The biblical creation story is one of a number of similar creation “myths” which were a common feature of ancient cultures—a nice piece of poetry with theological but not scientific significance.

To the person who is not aware of the evidence for the inspiration of the Bible, the fourth approach makes perfect sense. In a secular/humanistic culture for which science has become a virtual alternative religion, why consider a book over two thousand years old as a source of truth, especially about the laws of nature? However, for the person who recognizes that scientific knowledge demands creation of the universe and implies creation of life, the idea of supernatural creation by God deserves attention. Scientific materialism is a strong force in our culture. Despite this, most people ask themselves the big questions of life. “How did I get here?” “Why am I here?” and “Where am I going?” Humans have an innate sense that there is a purpose to life. If science cannot explain the origin and purpose of man, perhaps the creator revealed himself in some other way. Many people asking such questions will inevitably end up reading the Bible. There, the open-minded person will find marks of inspiration in the Genesis creation account.

To the person who recognizes the Bible “...as it actually is, the word of God” (1 Thessalonians 2:13), the fourth choice does not work. The idea that the Bible contains fables is inconsistent with what he or she already knows to be true. Hopefully, this belief in inspiration is not an untested assumption, but rather a conclusion derived at least in part from the evidence. However, even for the believer, it is a good intellectual exercise to at least consider the possibility that the Genesis creation account is a fable or a myth. We have already seen that intellectual honesty requires that we not assume the answer before asking the question.

THE “LITERAL” INTERPRETATION OF GENESIS CHAPTER ONE

Let us explore the first alternative described above: the literal, face-value interpretation of Genesis chapter one. There are two important points we should mention about the literal interpretation with its six twenty-four hour days. First, for those of us who are familiar with Western culture and thought, this is the most obvious interpretation of the chapter. If one were to simply read the first chapter of Genesis, without looking through the lens of modern-day scientific discovery, and without knowing the traditional modes of expression in Hebrew literature, the literal interpretation seems to be the most obvious one. The Near Eastern literary norms of a Hebrew writer might imply something different, but to the Western mind, with its emphasis on analytical thinking it seems pretty obvious. “And there was evening, and there was morning the first day…” One cannot blame the literalist for concluding that this implies a twenty-four-hour period. 

This leads to the second key point of consideration for the literal interpretation of Genesis. The fact is that the earth appears to be billions of years old. The empirical evidence is unanimous about this. Despite the attempts of the young earth creationists to fabricate an alternate view, the earth appears to be ancient. We will not review the scientific evidence already presented, but one can summarize as follows: there is an apparent conflict between the face-value, literal interpretation of Genesis chapter one and scientific evidence.

So how can the literal interpretation of the creation account be reconciled with the facts of science? If we take as given that the universe and life were both created, as was very strongly indicated in chapters three and four, the question which remains is the means and timing of their creation. This leaves us with a theological question. Could an all-knowing and all-powerful God create the world in six twenty-four-hour days? The answer is obviously, yes. To the person who is convinced that the Bible is inspired, and that the God of the Bible is all-powerful, the literal interpretation of the creation account in the first chapter of Genesis is quite reasonable. 

John the Baptist told the self-confident Pharisees who considered Abraham their father that “out of these stones God can raise up children for Abraham.” (Matthew 3:9) It would be difficult to determine how “hard” it is for God to do these sorts of things, but one thing we can be confident of is that the universe exists, and it was designed by a creator. Creation with an appearance of age is not necessarily bad theology.

Remember, though, that the literal interpretation of Genesis is not “scientific.” It cannot be verified or disproven by any conceivable experiment. By definition, a scientific theory concerns measurable physical quantities. A miraculous event, if it occurs, is clearly a violation of these natural laws. If God formed the earth from nothing, that would violate the law of conservation of mass! This “theory” that God created the world in six twenty-four hour periods, even if it is true, is not something to be taught in science classes. It can be mentioned as a theological explanation, but not as a scientific alternative to classical scientific theories. Although science can be used to support the concept of creation, it cannot prove a particular miracle occurred.

Some Christians are defensive about this point, but they should not be. Those committed to reviewing these issues carefully ought not to be intimidated by creationists into accepting the untenable position that scientific evidence supports creation of all living species within a span of four twenty-four hour periods. As discussed in chapter two, science does not support a young earth; neither can it support the recent creation of all species. The literal understanding of Genesis chapter one is not scientific by any definition of science. It is a theological belief in a one-time miraculous event, based on faith in the Bible, not on empirical evidence.
For those who take the Genesis creation account at face value, please let the author play “devil’s advocate” in order to challenge their thinking. First, if all the species that have ever existed were originally formed within just a few days of each other, how can the fossil record be explained? It includes such apparently ancient species as dinosaurs and trilobites buried under hundreds or even thousands of feet of younger-appearing sediment and fossils. One could turn to the flood theory (chapter ten), but the flood cannot explain the entire fossil record without abusing the empirical evidence and a common-sense application of natural laws. We must deal with this kind of hard evidence with integrity. The fact is that if the literal twenty-four hour day interpretation of Genesis one is applied, then dinosaurs never lived and neither did trilobites. There were no ancient fern forests which created great beds of coal as most of us were taught in science classes. Bogus claims of dinosaur tracks appearing together with supposed human footprints not withstanding, if the earth is only a few thousand years old, then triceratops, pterodactyls and a host of other species found only as ancient fossils never lived. It seems impossible to reconcile the fossil and sedimentary evidence with both a few thousand year-old earth and the existence of some of these apparently ancient species. 

And do not forget the problem of light arriving at the earth from galaxies which appear to be hundreds of millions or even billions of light years distant. Throw in the apparent ages of rocks, the empirical evidence for the validity of the Big Bang theory and many other seemingly solid scientific conclusions. All this makes it clear that, at least on the face of it, the literal interpretation of Genesis chapter one is in stark contrast with scientific evidence
. How will the person who takes Genesis chapter one at face value answer these questions? More to the point, how will they answer these questions without resorting to the false claims of young earth creation science? 

These are good questions, but perhaps there is a reasonable answer which does not require abusing the scientific evidence. A person who is inclined to the literal interpretation of Genesis might reply that God can do whatever he chooses to do. It is not our place to speak for God. “But who are you, O man, to talk back to God? Shall what is formed say to him who formed it, ‘Why did you make me like this?’” (Romans 9:20) If God said “and there was evening, and there was morning—the first day,” by faith, I believe what he said. I prefer to learn the lesson of Job, who tried to put words into God’s mouth. God replied to Job, (Job 38:2-4)

Who is this that darkens my counsel with words without knowledge?
Brace yourself like a man; I will question you and you will answer me.

Where were you when I laid the earth’s foundation? Tell me if you understand.

Who marked off its dimensions? Surely you know.

The literalist might conclude that when the earth was formed, it included fossils already imbedded in the ground. When God created the stars, he also created light on a path from the stars to the earth, just as if they had already been there for a very long time. 

The one playing “devil’s advocate” might come back with the question, “Why did God put fossils of animals in the ground if they never even lived? If the earth is in fact young, why did God make it appear old? Was God trying to test our faith?” If the earth as we observe it really was created in six twenty-four hour periods, some might even go so far as to say this would imply God is deceiving us.
To be honest, this is the main reason I personally reject the literal interpretation. I reject it, not because it does not agree with the science, but because it raises troubling philosophical and theological questions about God. In the end, I will have to admit that what troubles me may not trouble God. I do not know the mind of God. As far as I am concerned, God can create the world any way he wants. He certainly did not consult my opinion when he created.
 Let the readers decide for themselves about this theory.

To summarize, is the literal interpretation of Genesis scientific—can it be reconciled with empirical evidence? The answer is no. On the other hand, might it nevertheless be true if we resort to supernatural explanation? The answer is yes. The literal interpretation relies on faith in the inerrancy of the Bible rather than scientific evidence. Faith in biblical inerrancy is not blind. Fulfilled prophecy, historical accuracy, the amazing words of Jesus, the internal consistency of the Bible and many other evidences support belief in the accuracy of the Bible. Creation with an appearance of age is a theological claim of a supernatural creation. For this reason, science will never be able to prove or disprove this theory. Although there are some reasonable philosophical criticisms of this theory, it seems that we should respect the intellectual and spiritual right of others to hold to the literal interpretation of Genesis chapter one.

THE GAP THEORY

There is a sense in which the gap theory is a compromise between the literal interpretation and the day/age theory of Genesis one. This explanation was not originated in response to modern science. Christian writers in the first centuries, as well as some in the Middle Ages proposed ideas similar to gap theology. Modern gap theorists surmise that Genesis 1:1 is a summary of all cosmological time, including the creation of the universe, of the earth and of life. “In the beginning God created the heavens and the earth.” There is a massive “gap” of time from the initial creation to the events which begin in Genesis 1:2. This gap includes the expansion of the universe, the formation of the sun and the earth, the creation of life and so forth. Genesis 1:2 begins, “Now the earth was formless and empty,…” The Hebrew hayetah, which is translated “was” in most versions can also be translated as “became.” Based on this relatively uncommon translation of the word, gap theorists propose that at a point several thousand years ago, God caused a world-wide cataclysm to erase the prior creation. The earth “became” (rather than “was”) void.

Starting from this presupposition, those who hold to the gap theory propose that God recreated the natural world in six, twenty-four hour periods. According to the modern version of this view, animals such as dinosaurs, which had gone extinct long before Genesis 1:2, were not recreated. Rather, only plants and animals which were around at the great cataclysm were recreated on days three through six.

Gap theorists have sought theological justification for the earth’s creation being swept clean before the first creation day. They have claimed that the cause was a rebellion of Satan and allied rebel angels. The wiping out of creation was God’s way of repairing the damage done by Satan and his angels. This theory was popularized in the early twentieth century by the influential study Bible of C. I. Scofield.
 Unfortunately for gap theorists, theological justification for this theory from the text in Genesis is completely absent. Scofield uses a weak argument based on belief that Isaiah 14:11-23 is a reference to Lucifer, or Satan. This argument is weak because from the context, Isaiah 14:11-23 is about God’s judgment on Babylon, not about Satan’s fall from heaven.

Although this theory predates the scientific revolution of the sixteenth century, it can be seen as a way to preserve both empirical science and literal twenty-four hour days of creation. Unfortunately, as with many compromises between logical opposites, it fails to accomplish its goal. One can argue that this theory cannot be disproved, but there is no biblical justification for imposing a global cataclysm onto Genesis 1:2. There does not seem to be any logical motivation for God to wipe out his creation at this point. In the absence of a clear theological imperative or any biblical hint of this cataclysm (other than a questionable interpretation of one Hebrew word), it seems best to put the theory aside. This attempt to combine science and the literal interpretation finds no scientific or biblical justification.

THE DAY/AGE THEORY OF GENESIS CHAPTER ONE

Let us now analyze our third proposed explanation of the Genesis creation account: the day/age theory. Those who use this theory generally believe that the Genesis account is an accurate depiction of the sequence of events in God’s creation. However, they propose that the phrase, “and there was evening and there was morning, the first day,” was meant by the Genesis writer to be taken metaphorically. In other words, according to the day/age theorists, the “days” of creation are not to be taken literally, but as a literary device. Rather than six “days” of creation, they believe in six “ages” They propose that the Genesis creation account is God’s way of explaining to his people how he created the world—that it is accurate in describing what happened, but metaphorical in describing the actual amount of time involved. Neither the level of scientific knowledge nor the vocabulary of the Hebrew language would allow God to reveal the concepts of genetics, geology, chemistry or physics necessary to fully explain what he did when he created the world. 

Young earth creationists, atheists and even some liberal theologians argue that the genesis of this theory is not good Bible interpretation. They claim that the day/age theory was created in the twentieth century as an expedient way to sustain biblical inerrancy in the face of new scientific evidence which came to light in the eighteenth and nineteenth centuries. In other words, science, not good hermeneutics,
 was the impulse for the day/age theory. Such critics may have a point, but it is worth noting that theologians proposed the non-literal interpretation of Genesis chapter one long before the scientific revolution. Philo, a Jewish theologian of the first century AD, proposed that the days of Genesis represent periods of time rather than literal days. Influential Christian writers such as Origen (3rd century), Augustine (5th century) and Thomas Aquinas (13th century) allowed for non-literal days. These writers interpreted Genesis one metaphorically for philosophical or theological reasons, not because scientists were looking over their shoulders.

In defense of the non-literal day interpretation, we should remember that the Bible is not a science book. The Old Testament was not written to explain cosmology or geology, but to reveal the nature of God.The day/age supporter makes the point that to expect a Near Eastern author in the second millennium BC to write a literal creation story would be a cultural anachronism. This was not the style of expression of the day. When we allow ancient Near Eastern ways of thinking to influence our reading of scientifically relevant statements in the Old Testament, we will find that there is a striking agreement between the Bible and empirical science.

To further illustrate this point, let us look at the creation account in more detail. Assume for the moment that the account is given from the point of view of an observer at the surface of the earth (Genesis 1:1). This “observer” would first note that the sun, as it was formed, began to produce light. When the earth took shape it was spinning, and there were already periods of light and darkness (Genesis 1:3). Later, as the earth “evolved” through volcanic action, a separate atmosphere and ocean formed (Genesis 1:6-8). Next, as the planet cooled, lighter rock such as quartz and granite rose above the heavier basalt. Tectonic plates of this lighter material rose high enough to appear above the surface of the oceans, creating the first continents (Genesis 1:9,10). God created the first life forms (Genesis 1:11-13), gymnosperms (non-fruit bearing) before angiosperms (fruit bearing). As photosynthetic life proliferated, it absorbed large amounts of carbon dioxide from the atmosphere, allowing the earth to cool sufficiently so that the thick clouds in the atmosphere finally parted, thus allowing an observer on the surface of the earth to see the sun and the moon for the first time (Genesis 1:15-19). Next, God created many different species of higher life forms such as birds, reptiles and mammals (Genesis 1:20-25). Last of all, God brought to fruition his highest creation: man, homo sapiens (Genesis 1:26-28).

It seems reasonable to ask at this point where all the supposed scientific blunders are to be found in this description. The Genesis “myth,” as some call it, does not seem to reflect the lack of knowledge of its authors, but rather shows an uncanny insight into scientific truth. Allowing for the simplification in language God used in order to communicate with a people who were scientifically unsophisticated, the first chapter of Genesis just happens to agree in outline with modern scientific knowledge. The Bible believer may not be surprised at this fact, but the skeptic should take note.

To put the account of creation in Genesis into context, it will be helpful to briefly review current scientific theories of the history of the solar system, the origin of the planets, and the effect of life on the chemistry of the earth. The evolutionary theory of stellar formation describes the history of a typical star and its planets. Due to gravitational attraction, at some point the density of a cloud of interstellar matter reaches a critical point. Gravity causes the “cloud,” mostly hydrogen, along with helium and some heavier elements, to condense rapidly. According to the second law of thermodynamics, when gases contract they increase in temperature. Eventually, the material near the center of this cloud condenses and heats to a pressure and temperature sufficient to initiate fusion of hydrogen. The inward pressure created by gravity comes into equilibrium with the outward pressure created by fusion. A star is born. 

As the disk-shaped cloud contracts, not all the material falls into the new star. Material with sufficient angular momentum to avoid falling into the star coalesces due to gravity into individual planets. Initially, these planets have thick atmospheres composed mainly of hydrogen and helium, with smaller amounts of methane, water, and lesser amounts of other molecules. Because of their smaller size, higher temperature and bombardment by the intense solar wind, the innermost planets lose most of their hydrogen and helium. These planets also lose much of their lighter elements in this manner, causing them to have a significantly higher proportion of the heavier elements than do the outer “gas giants.” As these inner planets cool, an outer crust of solid rock forms. Volcanism and other geologic activity produce a new atmosphere of heavier molecules such as carbon dioxide, sulfur dioxide and nitrogen. 

At this point, let us shift our focus to what scientists believe happened specifically on the earth. There, the proper temperature and sufficient quantity of water allowed the formation of a layer of water to cover the entire planet.
 As the crust cooled, the lighter silicate rocks were pushed upward, forming the continents. As the proper conditions existed to support life, living forms appeared. First, very simple one-celled species were created. Eventually, simple organisms capable of photosynthesizing appeared. This led to the reduction of carbon dioxide in the atmosphere, but raised the amount of oxygen to significant levels, creating conditions suitable for respiration. Oxygen-breathing animals appeared. As time passed, ever more complex and adapted species were seen on the earth, first in the water, and later on land. 

The account above is a fusion of theory and evidence. It just so happens that there is a striking correlation between the account in Genesis and this picture. Supporters of the day/age theory believe that this agreement is not a coincidence. They claim that this striking correlation is evidence that the Genesis creation account is inspired by God.

The strong parallel between the biblical creation account and scientific models leads to another question. Is this agreement with the scientific record unique to the Bible? All ancient cultures had a creation “myth.” Do any of these creation stories have remarkable parallels to scientific models, similar to the Bible? It will be helpful at this point to compare the biblical account of creation to those from cultures and religions of antiquity. For example, Greek mythology includes the claim that all the animals were originally formed by the gods Prometheus and Epimethius. These gods formed the animals from clay molds—analogous to the production of cast iron. Greek myth also includes the idea that Atlas holds the sky up above the earth on his shoulders, as well as the view that the sun rides across the sky each day in Apollo’s chariot. It seems impossible to justify such myths scientifically. Living things being created from clay molds, the earth being held up by a powerful god, the sun circling the earth: these claims cannot be made to agree with the evidence.

Ancient Egyptian religion included a creation story as well. The common creation myth of the Egyptians was that at the beginning the universe was filled with a primordial ocean called the Nun. The waters of the Nun were stagnant. Out of the limitless flood rose the primeval hill. This primeval hill eventually became the landmass of the earth. The priests of each of the great cult centers of Egypt claimed that their city was the point where the landmass of the earth originated. Some believe the great pyramids at Giza represent the primeval hill. 
The Babylonian creation myth involved gods emerging from a divine swamp which had existed forever. These gods came out of the swamp in male and female pairs. As the younger gods appeared, they did battle with the older gods. In one battle, Marduk, the son of Ea (the earth God) attacked and killed the first god of all, Tiamat. He caught her in a net and crushed her skull. As the divine blood of Tiamat spilled to earth, the Babylonian creation myth claims that the blood and mud mixed and formed the first humans.

The ancient and traditional religion of Japan is Shinto. Shinto scripture holds that two gods, Izanagi and Izanami, were given a gift of a spear adorned with jewels. At the time of this gift, the earth was a muddy chaos over which the gods had flung a bridge. Izanagi and Izanami went out on the celestial bridge and thrust their spear into the muddy chaos. They drew it back, all spattered with mud. Some of the mud fell from the spear to earth, and formed one of the Japanese islands. Then these two gods came and took up residence on this island. Out of their union the principal islands of Japan were created.

It is difficult to say with authority what the Hindu creation story is, as there are a great number of different and sometimes contradictory lists of gods and myths, depending on what period of Hinduism is being discussed. One myth has the first man, Manu, arriving on an earth devoid of animals. Out of a sacrifice Manu offered to the gods, the first woman was made. Manu lusted after the woman, so she changed into a cow. Manu changed himself into a bull, and their offspring were cattle. Next, the woman changed into a goat, and Manu changed himself into a he-goat—and so forth—until all the animals were created.

A creation myth of the Native American Iroquois nation relates that in the beginning there were two brothers, Enigorio and Enigohahetgea. One was good and one was evil. The former went about the world, furnishing it with gentle streams, fertile plains and good fruits. The latter followed him maliciously, creating rapids, thorns and deserts. Eventually Enigorio turned on his evil brother and crushed him into the earth, where he still lives, receiving the souls of the dead and existing as the author of evil.

One can add the creation accounts from the Popul Vuh (the ancient Mayan scripture), from other Native American groups, or from the Buddhist scriptures. The accounts given here are representative of the genre. These creation accounts make for an interesting study, but it is difficult to take them seriously from a scientific point of view. The Bible is a striking exception to this rule. In fact, it is a unique exception to this rule. Many scholars and theologians put the biblical creation account into the same basket as these manmade myths. It seems to be reasonable to ask whether or not this is good scholarship. Is the Genesis creation account a myth? Where does the evidence lead? Let the reader decide whether the day/age theory is the correct interpretation of Genesis chapter one. However, if the day/age model is correct, then the amazing agreement of Genesis with science becomes evidence that the Creator had a hand in producing the Genesis creation story.

ASIDE: OTHER CREATION STORIES
Genesis 1:1-2:3 is not the only account of creation in the Bible. For example, Psalm 74:13-17 is a description of how God created nature. More significantly for us, there is a second creation account in Genesis 2:4-25. It is common for Bible critics to attack belief in biblical inerrancy by pointing out what they see as problems with the second creation story in Genesis. The criticisms fall into two categories. First, some make the claim that the two creation stories are irreconcilable—that they are in contradiction with one another. Second, the critics claim that the second creation account is in contradiction with scientific evidence.

A number of scholars believe that the two creation stories in Genesis were written by different authors. They point out differences in writing style and different Hebrew words for the name of God. Some go so far as to claim that the two different creation stories represent opposing schools of Jewish thought. They speculate that the editors who put Genesis into its final form had a debate over which account to include, finally deciding to include both creation stories despite their “contradictions.”

Christian tradition has long held that the book of Genesis had one author, and that its author was Moses. The problem with this tradition is that there is no reliable evidence from the text or from ancient sources to support this view (other than the fact that the tradition itself is ancient). There is no theological imperative for Moses being the author of Genesis. In fact the evidence, including the two creation accounts, argues against Moses being the single author of Genesis. Therefore, it is perfectly reasonable to propose that the two creation stories were in fact originally created by different authors.

It is well established that the Old Testament was written by many authors. If the two creation stories did in fact have separate authors, that in and of itself would not affect one’s conclusions about the truth of the Bible. The question to be asked is whether the existence of two creation accounts is evidence of biblical error. 

There are two possibilities. Either the differences between the stories are irreconcilable, proving biblical error, or they contain different but complimentary information. If this is the case, the inspiration of the Bible remains intact. This question is not unlike one which arises from the parallel gospel stories. Many have claimed that the differences among the details found in Matthew, Mark, Luke and John show that the New Testament is filled with errors. The reality is that the parallel gospel accounts are complimentary, not contradictory. They are independent but accurate records of the life and ministry of Jesus Christ.

In fact, Genesis chapter two (The second creation story actually begins in Genesis 2:4) is not an account of the creation of the world. It is an account of the creation of Adam and Eve. A study of the second chapter of Genesis will show that it is an account of the creation and fall of man. Genesis 2:4-6 is an extremely brief recounting of the first five “days” of creation. The rest of the chapter is about the first couple. “And God formed man from the dust of the ground” (Genesis 2:7). It represents a relatively small proportion of what is described in Genesis chapter one as having occurred on the sixth day.
Where is the contradiction between the general creation account in the first chapter and the specific description of part of the sixth day in the second chapter of Genesis? There is none. Both creation accounts have the earth, then life, then man being created. Although claims of literary differences are valid, theological disagreement between the two accounts is more a matter of perception than reality. 

BACK TO THE DAY/AGE THEORY
There are other reasonable criticisms of the day/age theory which literalists or non-believers raise from time to time. It seems fair to ask supporters of the day/age idea, “Why do you choose not to take the text of Genesis chapter one at face value? God said ‘there was evening, and there was morning—the first day’. What is your reason for assuming that God did not mean exactly what he said?” 

This certainly is a reasonable question. The intellectually honest believer in the day/age theory will not duck this question. A basic rule of biblical hermeneutics is that the most obvious interpretation of a given biblical passage is usually the correct one. Any interpretation other than what would seem the obvious one must be justified. What is “obvious” is not always clear, but in this case, the twenty-four hour day literalist certainly has a case. 

Let us bring in another reasonable question to challenge the non-literal view. It has already been stated that the metaphorical interpretation of the creation days preceded the scientific revolution. Having said that, the fact remains that if it were not for the existence of knowledge gleaned from science, very few believers would have been converted to the day/age interpretation. The bottom line in this case is that scientific knowledge has affected the interpretation of scripture. One does not find the following in any list of standard rules of biblical hermeneutics: “Before interpreting any passage, cross-check possible scientific implications with current empirical evidence.” This criticism is the crux of the creationist argument. Philosophically, it was also the underpinning of the charges against Galileo by the Catholic Church in his famous trial over the motion of the earth in 1633. The conservative Catholic hierarchy charged Galileo with heresy for allowing physical observation to trump what was then accepted biblical interpretation (albeit seen through the lens of Aristotelian philosophy). Many are uncomfortable with allowing empirical knowledge of the physical world to influence biblical interpretation. Some believe it is not allowable at all. This is the view of many creationists. Let the reader decide.

What is the response of the day/age supporter to these challenges? How are they to explain the appearance that they let scientific evidence influence their interpretation of the Bible? The first thing believers in the non-literal interpretation should do is admit that there is some truth to this charge. Despite the fact that this interpretation can be justified by legitimate hermeneutics (see below), scientific knowledge is indeed playing a role here. To claim otherwise is to be dishonest. Galileo defended his right to teach heliocentrism by saying, “The Bible was written, not to tell us how the heavens go, but how to go to heaven.”
 But does that make it acceptable to reinterpret scripture in light of science?

Speaking on the same subject, no less a theologian than Augustine (354-430 AD) said, “If it happens that the authority of Sacred Scripture is set in opposition to clear and certain reasoning [based on observation], this must mean that the person who interprets the Scripture does not understand it correctly. It is not the meaning of Scripture that is opposed to the truth, but the meaning that the interpreter has tried to give it.”
 The wisdom of Augustine’s words seems inescapable, especially with the hindsight of history. I know of no one who uses the Bible to defend geocentrism today. This is not because the Bible has changed, but because the evidence that the earth spins on its axis is conclusive. However, the reader should be aware that even today many creationists vigorously oppose this hermeneutical approach (letting empirical evidence influence biblical interpretation). 

Second, in order to defend the non-literal sense of Genesis one, it should be noted that the Hebrew language used in this chapter may support a metaphorical interpretation of the days of creation. The key Hebrew word is the one translated as “day.” This is the word yom. It is the same word contained in the most sacred of Jewish holidays, Yom Kippur, the Day of Atonement. In order to decide the meaning of yom in the context of Genesis one, let us consider how the word has been rendered in the Old Testament. In the King James version of the Bible of 1611, the word yom is translated as follows:

1181 times as “day” (but with several different connotations

 of the word, some not being literal) 

67 times as “time”

30 times as “today”

18 times as “forever”

10 times as “continuously”

6 times as “age”

4 times as “life”

2 times as “perpetually”

Clearly, this word has a number of possible meanings, depending on the context. Even when translators use the word day, the connotation is not always a twenty-four hour period. Consider a quote from Isaiah 4:2, “in that day the Branch of the Lord will be beautiful and glorious, and the fruit of the land will be the pride and glory of the survivors in Israel.” Here, even though the translators used the word day in translating yom, the context does not imply a literal twenty-four hour period. Instead, it connotes an indefinite period of time. The “day” being referred to in this prophecy is the entire period of the Christian dispensation. 

Translators of Genesis are unanimous in using day for yom (as opposed to time or age or another word) for good reason. The context does seem to demand the use of the word day because of its reference to evening and morning. In the end, whether the use of yom is literal or metaphorical is debatable, but the various uses of the word as shown above  proves that it does not have to be literal. In the end, it is unwise to be dogmatic on this issue.

There is a third point to be raised in support of non-literal creation days in the Genesis account. If one attempts to take the information supplied by the Genesis author literally, the details provided about what happened on the sixth “day” appear to argue against a twenty-four hour period. It seems impossible that the number of things described as happening on that day could be compressed into twenty-four hours. This is especially striking if nearly all of Genesis 2:7-24 happened on this day as well. 

Let us look at the sixth day of creation as described briefly in chapter one and in more detail in chapter two. On this day, God first created a number of kinds of animals. After this, he created Adam. On the same “day,” Adam named all the creatures in the garden. Despite the novelty of all this, Adam had time to grow very lonely. He fell asleep, and while he was sleeping, Eve was created. It seems hard to believe all this could have happened in a literal, twenty-four hour day.

To summarize, one approach to understanding the Genesis creation account is to assume that each of the six “days” of creation metaphorically represents one of the ages which God used to create the world which we observe around us. It has been shown that, as an outline, the description in Genesis one is in agreement with scientific evidence and models. Yes, there are some legitimate—but not insurmountable—philosophical and hermeneutical questions with regard to this view of creation. However, on balance this is a reasonable view of the Genesis creation account.

THE GENESIS MYTH THEORY.

Let us delve into one more approach to thinking about the creation account found in Genesis chapter one. We will now explore the possibility that it is a myth or a fable. According to this view, the biblical creation account is more or less the same as any of dozens of similar creation stories which almost all ancient cultures produced. It has value to the cultural anthropologist or to the historian of religion, but any attempt to find scientifically valid material is certain to fail, because it was produced by a people from a pre-scientific age. To understand the origin of the Genesis story of creation, the avenue most likely to succeed is to compare it to the even older creation myths of the Sumerians, the Akkadians, the Babylonians or the Egyptians. This view is held by the majority of intellectuals in Western culture. It is a virtually unchallenged assumption of the academic elite. As has already been said, for the person who has not studied the mountain of evidence for biblical inspiration, this view appears to be the most logical and reasonable. Given that the Jews did in fact live in a pre-scientific culture, it is what common sense would predict. 

First of all, note that the Genesis myth theory does not conflict with current scientific knowledge. It makes no scientific claims, so from a scientific perspective it is an irrefutable hypothesis. In this sense, it is not completely unlike the literal approach (creation with an appearance of age) mentioned above. However, the similarity ends there. Although this theory makes no positive scientific predictions, it does make a negative prediction. In other words, if Genesis one is a fable, then it must contain scientific nonsense. This is where the myth theory breaks down. How can the agreement of the Biblical account of creation with scientific knowledge be explained? This weight of this question is made more obvious when the creation story in Genesis is compared to creation myths created by other peoples as described above. The creation stories of the Egyptians, the Greeks, the Hindus and others certainly do not jibe with current scientific understanding!

Those who claim that the Genesis creation story is a myth support their conclusion by pointing out parallels with the creation stories of neighboring cultures, especially those of the Sumerians and the ancient Babylonians. The implication is that the Hebrew writers borrowed from the more dominant cultures in Mesopotamia.

To support this they point out that the Sumerian creation story starts with water, is followed by land, which is followed by life. It is possible that the parallel with the Hebrew story is not coincidence, but the Sumerian myth includes multiple gods. The mating of these gods lead to creation of other gods and the creation of life and of human beings. The Sumerian creation model is certainly not in accord with scientific models, nor is it consistent with the orderly nature of creation. Who borrowed from whom? It seems illogical that a creation story which has remarkable scientific accuracy and which implies cosmos rather than chaos cannot be borrowed from the Sumerian, the Babylonian or any other creation account. 

Comparison of Genesis one with scientific knowledge implies a transcendent source for the Genesis creation story. Why do most intellectuals miss this strong implication? Perhaps this is partially explained by the fact that the vast majority assume before even asking the question that Genesis is the product of human, not divine wisdom. We have seen many times already that when people begin an investigation by assuming the answer, the final conclusion is a foregone one. Assuming that Genesis is mythical is a poor start for asking in an open-minded way whether there are signs of inspiration in the book. Besides, it requires great courage to defend biblical inspiration in today’s intellectual climate.
The fact is that the overall evidence for inspiration of the Bible is very strong indeed. When one evaluates the weight of the evidence for the inspiration of the Bible, it seems wise to begin by giving the Genesis creation story the benefit of the doubt. Those who have not researched the evidence for biblical inspiration seriously would do well to study the evidence for the resurrection of Christ as well as biblical prophecies about the Messiah. 

Speaking for myself, if I had never studied the Old Testament messianic prophecies which predict in amazing detail the birth, life, betrayal, death and resurrection of Jesus Christ, I might be less inclined to give the Genesis writer the benefit of the doubt. If I had never pondered the miraculous accuracy of the Bible as history, I might have reached a similar conclusion about the creation story in the Bible.
 Obviously, most books are not inspired by God. One should not be surprised that those who have not looked at the totality of the evidence for divine revelation in the Bible reach an incorrect conclusion about Genesis. For them the assumption that Genesis is entirely of human origin seems reasonable. In view of the marks of inspiration which pervade the Bible, and which distinguish it from the writings of all other world religions, it becomes very difficult for a reasonable person to dismiss the book of Genesis as a myth. When the scientific accuracy of the Biblical account of creation is compared to the fabulous creation stories of ancient cultures, one cannot help but be impressed with the Bible—the Word of God. Genesis one is not a myth.

CONCLUSION

What is the conclusion of the matter? Four possible explanations of the Genesis creation account have been reviewed. Which is the “right” point of view? Was the earth created over six twenty-four hour periods just a few thousand years ago? Does the gap theory successfully save the evidence for an old earth and the literal interpretation of Genesis? Are the biblical creation days metaphorical representations of great ages? Is the whole thing a myth of human origin? The reader will make his or her own decision. “I do not know yet” is always an option. 

In summary, let us evaluate these theories. The gap theory is inconsistent with scientific evidence and is not supported by biblical statements or by theological imperative. The Genesis myth theory cannot explain the scientific accuracy of the biblical creation account. Besides, it seems to fly in the face of great evidence for biblical inspiration. The literal creation-with-age view does not directly conflict with scientific evidence because it imposes a supernatural solution to the problem. However, it leaves some nagging theological questions. There may be some legitimate hermeneutical questions about the day/age theory, but it is consistent with biblical theology, with scientific models with empirical evidence, and with the great evidence overall for biblical inspiration. As I have analyzed and considered all the theories I’m convinced that day/age theory is correct. Perhaps my training as a scientist creates a bias against the literal view. As you study you must come to your own conclusion. 

Despite all the efforts of scientist and theologians alike, the fact is that one can never absolutely prove how or when the universe was created. It is impossible to go back into the past and do an experiment to determine what happened. The creation event is not reproducible. What we do know is that the universe was created (chapter three). Life exists because of supernatural creation, not random natural forces (chapter four). Scientific evidence supports the claim that these events occurred in the distant past. However, the possibility remains open that God could have created the universe with an appearance of age.

It seems reasonable to ask whether one’s personal interpretation of the first chapter of Genesis is an issue of pivotal importance to Christian faith. Christian teaching can be divided into the essential, the important and the unimportant. Many creationists make strong claims that the acceptance of the literal interpretation of Genesis is an essential aspect of faith in Jesus Christ. One gets a sense from some young earth creationist writings that salvation may hang on whether one accepts the six twenty-four hour day creation doctrine. It is difficult to defend this contention biblically. In this context, the words of Jesus to the Pharisees are appropriate. To those who “majored in the minors,” of the law, Jesus admonished that they had “neglected the more important matters of the law—justice, mercy and faith.” (Matthew 23:23) It is reasonable to assert that any question which does not affect a person’s salvation or his or her daily relationship with God can safely be categorized as an unimportant issue. To quote from Titus 3:9, “But avoid foolish controversies and genealogies and arguments and quarrels about the law, because these are unprofitable and useless.” It seems that heated, drawn out debates about the “correct” interpretation of the Biblical creation account fall into the category of “unprofitable and useless” controversy.

Christians are well advised to think about the issue of creation from a scientific perspective. That is why this chapter was written. It certainly falls into the category of questions about which we should be “prepared to give an answer.” (1 Peter 3:15). This is true, not so much because it is important to believers, but because of its importance to those who potentially may come to believe. 

The Genesis creation account is not the only area of scientific knowledge dramatically supporting belief in the inspiration of the Bible. In the next two chapters we will look at a number of remarkable Bible statements and teachings which are in uncanny agreement with scientific evidence. This will provide further reason to believe in the divine authorship of the Bible.
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For Today 

1. In light of the discussion above, what do you believe is the most reasonable interpretation of Genesis chapter one and two? 

2. This chapter leaves the final answer of how to interpret Genesis one to the reader. How do you feel about the fact that there is a significant question about the Bible for which you cannot determine the truth absolutely?

4. Do you believe it is a significant matter to the Christian faith whether Genesis chapter one was intended to be taken literally or not?

Recommendation

Read a book or do a careful study of material available on the internet about creation “myths” and think carefully about the claim in this book that the Genesis account stands alone among these stories.
If you listen carefully to the voice of the Lord your God and do what is right in his eyes, if you pay attention to his commands and keep all his decrees, I will not bring on you any of the diseases I brought on the Egyptians, for I am the Lord who heals you.
Exodus 15:26
Note:  If you want to read the rest of this book, it is available for purchase at www.ipibooks.com
Figure 2.2 Sedimentary rock showing strata in the Grand Canyon. 





Figure 4.2. A model of a very simple protein molecule, representing both the size and the geometric complexity of one component of the original living thing.





Figure 4.3. Figure (a) on the left shows all of the atoms in a small portion of the double-helical structure of DNA. Figure (b) on the right shows the same portion of the molecule schematically. S = ribose sugar molecule, P = phosphate group, and C, A, G and T represent purine and pyrimidine molecules.








Figure 4.4. An illogical pair of simultaneously created molecules. Two classes of molecules, both of which require the other in order to be synthesized. Which came first, DNA or enzymes?
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