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Introduction


MY FIRST ENCOUNTER WITH CHEMICAL EVOLUTION was in 1975 in a zoology class during my first year of undergraduate studies at what was then the University of Rhodesia and is now the University of Zimbabwe. Professor Elna Bursell was a brilliant man with excellent teaching ability. He carried out important research on the tsetse fly, which was a threat to cattle in southern Africa. The term paper I chose for his class was precisely on the topic of chemical evolution. Some of the work done in this area back then (1970s) is still referenced today as important groundwork. At the time I was a convinced literal six-day creationist, and I attacked the evidence for such an evolutionary hypothesis with vigor in my term paper. The very distinguished professor magnanimously gave me an A with this comment: “I disagree with everything you say, but you say it very well!” Well, if only I could sit down with the man all these years later and tell him what I am learning and how I have reached a point of integration of my chemistry, my zoology, and my theology!

The second introductory comment is an epistemological one. As I rehearsed the proposed content for this book with my colleague Bruce Hindmarsh, I expressed my initial ambivalence about writing it given three main anxieties: (1) that chemical evolution is a young science, one in which simulation of proposed chemical pathways, from simple molecules to prebiotic and then to the molecules of life, is likely the best that chemists can do thus far; (2) that there are a variety of understandings of providence in the Christian tradition; and (3) that evolutionary creation, including the chemical aspect of it, is still a lightning rod in conservative Christian churches. His response was immediate and filled with wisdom. He used the term epistemological reserve and suggested it might be the desired posture for this project. This has thus become an underlying theme for the book. “Epistemological reserve” characterizes each of the subject areas it covers. Certainly the science of chemical evolution has an assumed epistemological reserve associated with it. We can know something about the early earth and its conditions. We can postulate and test chemical reactions based on likely substrates for prebiotic syntheses. We can investigate exoplanets and planets in our own solar system like Mars, where similar conditions conducive to prebiotic chemicals may exist. But no one was there when carbon compounds such as hydrogen cyanide (HCN) or amino acids were formed and when they came together to form the proteins and nucleotides that enabled life to be formed. By means of critical realism we can ascertain what makes sense of the evidence, what accords best with the data, and in so doing we can assume that our conclusions and models do reflect the undergirding reality; but certainty is rarely possible. Neither can we be absolutely certain about exactly how the triune God watched over and guided the process of chemical and then biological evolution. Presenting these scientific and theological themes together, acknowledging an epistemological reserve in doing so, may orient the response of Christians to the possibility, indeed, probability, that God created the cosmos, carbon, small molecules such as hydrogen cyanide, amino acids, RNA, the first cells, and human beings by a process within an act. That is, creation and providence, though distinguishable, are inseparable. God’s creation “out of nothing” (ex nihilo) is a theological commitment for a Christian theologian, for example, whereas continuing creation (continua) is interchangeable with providence. Presenting the state of the art of the science of chemical evolution and the doctrine of providence, with a proper sense of what can and can’t be known, may create an openness to dialogue among scientist theologians of different persuasions. It may also serve to inform many seasoned scientists and scientists-in-training who have not been able to reconcile theology and science that there are a lot fewer barriers than they thought.

Writing a book on divine providence and chemical evolution is a tall order that does indeed require the virtue of humility. The first challenge is to engage and describe the state of the art with respect to the first major theme of this book. This is the science of chemical evolution, which has various versions and postulates regarding what the original simple precursor molecules were and their pathways toward prebiotic molecules. By way of introduction to chemical evolution, this involves research on the process by which it is thought simple chemical compounds in the early history of the earth reacted together to form compounds that are called prebiotic, that is the molecules that would then make up the first living cells, which are amino acids, lipids, and self-replicating compounds such as ribonucleic acid (RNA). As opposed to biological evolution, which is the science relating to how all species of plants, animals, and humans evolved from simple life forms, chemical “evolution” is the process that led up to the first life forms.1 The chemical process thought to have occurred prior to the first living cells is called abiogenesis, and that after the first living cell is called biogenesis. Abiogenesis will be the sole subject of this book. Whereas there is strong anatomical, genetic, and fossil evidence for biological evolution, chemical evolution is a young science, one that relies on simulations involving possible compounds reacting in possible pathways that accord with the conditions on Earth in the primeval era, as best these can be determined.

The second reason for a sense of epistemological reserve in this book relates to its second major theme, divine providence. Although there are recurring themes, the Christian tradition does not speak completely univocally on the matter of divine providence. Therefore careful exposition of the variations as well as the unifying resonances of that doctrine is required. Inevitably I will land on a view I think to be most true to Scripture and the Christian tradition, as well as the most helpful for engaging with the science of chemical evolution, though I do explore a variety of views. It may well be asked, Why do I bring molecules in chemical evolution into conversation with divine providence when what applies there must apply everywhere? Why choose chemical evolution for engagement with providence—couldn’t I have chosen anything? The answer is that atoms and molecules have not really been addressed much, and if we can’t put together molecular or atomic reality with providence, we don’t have providence. It is a unique test case where providence must function, and where what actually happens to molecules must be accounted for by a fully informed doctrine of creation and providence.

The third challenge is that this book is an exercise in the interface between two great intellectual traditions, and it requires both scientific communication and theological communication. This is, in other words, a brokering of these two spheres of knowledge, both of which require some translation for a wide readership, while hopefully avoiding compromise to the substance of each field of knowledge in ways that might evoke a loss of credibility with either the professional chemist or the professional theologian.

Regarding the first challenge, the opening chapters will describe the science of chemical evolution as it is being currently practiced in some laboratories, with an emphasis on the work of one group of researchers that will suffice to illustrate the science and how it is practiced.

Regarding the second challenge, there will be chapters reflecting the contributions of theologians in the Christian tradition such as Augustine, John of Damascus, Aquinas, Jürgen Moltmann, Niels Gregersen, and others, to the doctrine of divine providence, settling with the christological theology of providence described by Karl Barth. This understanding may be called asymmetric concursus, that is, the idea that God’s agency in creation and providence is concurrent with the agency and action of the creature (a term used in theology for anything created, in our case atoms and molecules), that he is sovereign over the process of creation and providence and guides it toward a telos he desires for the cosmos, but that he grants freedom for the creature to be itself and to act and react within that freedom. Controversially, I will propose Barth’s view to be distinctive in the tradition, one that transcends uses of concursus in the medieval and Reformed traditions, principally because it is not deterministic. This form of concursus, also known as concurrence, accomplishes the goal of honoring the unrivaled sovereignty of the triune God of classical theology and his continual engagement with his creation, which is mostly not detectable, while at the same time permitting within it the relative but real freedom of the creation to be itself, and even to participate with God in its own development.

With regard to the third challenge of this book, that of bringing the theme of the creation of life by chemical evolution into conversation with divine providence, there are three foundational perspectives. These undergird even the possibility of a book grounded in the assumption that divine providence, understood in a Christian way, can be brought into discussion with the science of chemical evolution. They are perhaps controversial perspectives for the science guild. The first perspective is that this book both acknowledges methodological naturalism and yet challenges and modifies it; the second is that it assumes a teleology within the evolutionary process; the third is that it assumes divine creation is compatible with evolutionary theory in a school of thought named evolutionary creation. Brief introductions are then given to the subjects of chemistry, chemical evolution, and divine providence, including the concursus view of it. I assume a logical compatibility and non-competitiveness between divine agency and creaturely agency, without the determinism associated with some forms of compatibilism.


Methodological Naturalism (MN)

The first presupposition of our discourse is that the engagement of the divine being in a process such as chemical evolution does not contradict the freedom of creation to be itself nor the freedom of scientists to explore the scientific process of chemical evolution without invoking God or theology in the scientific method, especially in accordance with a philosophy of exceptionalism. Some scientists who are Christian are comfortable adopting a form of methodological naturalism. This may be thought of as a functional form of MN, over against ontological naturalism. As in the work of Chris Southgate, for example, this may simply be equated with proper scientific inquiry.2 One practitioner of prebiotic chemistry has stated that “the important ‘naturalism’ for his field” is “the belief that whatever God did to turn non-life to life God will do the same things again, reliably, in a laboratory setting, given the same conditions.”3 This is a viewpoint characterized by the humility that says divine action may not be discernible.

There is a clear danger in opting for the functional MN nomenclature, however. It is in fact contrary to MN as it is believed and practiced by many in the field of science. As Andrew Torrance has wisely stated, naturalism understood in this secular way “is almost never employed as a metaphysically neutral position. It does not simply focus attention on natural processes and properties, but usually excludes the possibility of invoking a transcendent agent to explain the nature of reality—thereby reducing reality to the empirically analyzable natural order.”4 MN thus runs contrary to a Christian perspective, for, as Torrance asserts, “a Christian’s practices should always reflect her belief that the universe is created and sustained by the triune God.”5 His alternative proposal for the Christian doing science is “to contend that the Christian should adopt a theologically humble approach to the sciences (instead of MN), with which she humbly acknowledges that special divine action is not discernible by empirical science.”6 To summarize, ontological methodological naturalism as generally understood within science is tantamount to scientism, that is, to science as an ideology. It is a naturalism that is exclusive of any divine action, discernible or otherwise, and is incompatible with theism.7 Those Christians in science acknowledge that there is an acceptable modified form of functional methodological naturalism, one that recognizes that science operates functionally without invoking God, even though it acknowledges that God is always at work in his creation in ways humans cannot see, and that he can intervene if he so chooses.

How does this shake down with respect to the content of this book? Proper scientific inquiry will be valued and investigated without adopting the troubling language of MN, alongside the assumption that God is always at work within his creation, alongside the understanding that this will not be discernible at the micro level, even if there are signs of it at the macro level. It will do science-engaged theology that honors proper scientific inquiry, but conciliar and encyclopedic theological commitments and Scripture-as-final-authority will always be in conversation with the science. To invoke a concept from my previous book, theology and science will be treated as coinherent. That is, they are mutually involuted and enriching, yet they have their own irreducible identity as guilds, and there is an asymmetric priority of theology in the mutual relationship with science.8

This macro concept invokes a discussion of a second presupposition of this book, that of teleology, which is briefly introduced here and expanded on in chapter one.

Before entering this discussion, however, it should be obvious that this modified or reclaimed way of understanding naturalism, as simply the practice of science in a humble way, releases at least some of the tensions that exist between evolutionary creationists (EC), that is, Christians in science who believe that evolution is the most likely way in which God created the cosmos and life, and those who hold to the intelligent design (ID) view of creation.9 Although he does not say so in as many words, Andrew Torrance suggests this possibility, given the required humility in both schools of thought. He comments that the reason some EC scientists endorse methodological naturalism uncritically is to distance science

from those within the Intelligent Design (ID) movement who refer to God in ways that can undermine scientific progress—by being too casual about “stopping science” with the explanation “God did x.” It is imperative that we realize here that MN and ID are false alternatives. The Christian scientist is not faced with an either/or choice between the two. She could advocate a theologically humble approach. So, for example, if a fellow Christian scientist were to make haphazard references to special divine action . . . she could suggest that, for the purposes of their particular research program, they should assume that they are unable to discern such action because, if it is taking place, it is not discernible by empirical study. Such an approach restricts explicit claims to special divine agency, but without disregarding the existence and action of God; it is characterized by a theological appreciation of human limitations rather than the exclusion of an agency beyond nature. In this way, there is no problem with the Christian continuing to embrace her belief in God while participating in the scientific task—there would be no need to commit to MN. There are also benefits. Belief in divine agency can give her a confidence in the order and regularity of the world—it is not simply assumed but affirmed. It can help her to appreciate that there are such things as objective truth, logic, and reason. And it can allow her to recognize, when faith requires, that certain occurrences and arrangements are the result of free divine action.10


The crucial piece here is that of discernibility. Torrance’s viewpoint is, I believe, consonant with the kind of functional naturalism Southgate proposes. It does not, however, preclude a constant sense of wonder and a doxological affect in the scientist who is a Christian, given her awareness that God is always at work in his creation, even if she cannot directly detect or measure this.

The matters of providence and interpretation of the science are important issues in the ongoing debate between evolutionary creationists and those who prefer intelligent design. A key component of the latter school of thought is that God does permit created entities to be at work under providence continuously, in a manner that seems to be the equivalent of a nonmetaphysical naturalism, but this involves occasional divine intervention at certain crucial times when irreducible complexity is confronted within the evolutionary process. For proponents of ID, this intervention is necessary in the primeval chemical synthesis of RNA and DNA, and to primitive forms of life in the so-called primeval soup, which is thought to have contained the smaller molecules from which these complex molecules are synthesized. Evolutionary creationists, by contrast, think that it is unnecessary to invoke special divine intervention simply because they believe God is always present to his creation, guiding it in accordance with his divine purpose or telos, yet mysteriously permitting it its own freedom to be, and even a freedom to participate in its own formation. Evolutionary creationists often pose this question to those who insist on divine intervention when something really difficult for the evolutionary process arises: Where is God the rest of the time when he is not intervening? And what if science later elucidates the mechanism of what was called a gap—what then would be the fate of the “God of the gaps”? Invoking this interventionist ideology would certainly seem to remove the very basis on which prebiotic chemists carry out their research, for example.

Such wide polarization may not always be necessary if it is humbly admitted that humans can neither discern God-at-work in a general, continuous way, nor when indeed he may be at work in special ways. However, in the case of prebiotic chemistry, noninterventionism is required. That is, if life is to be formed in the laboratory in a way that replicates what happened on early Earth or elsewhere, there can be no divine interventions. The scientific research for the Christian continues with a humility that acknowledges that we cannot know how God has been at work. A conviction of the scientist who is a Christian is that epistemological reserve is needed not just for knowing how God may be at work in providence. This is coupled with an appropriate epistemological approach to how science reaches its conclusions. Forms of logical positivism and optimistic views of pure reason and verificationism in science have generally given way to various forms of critical realism and falsificationism. Chemist and philosopher Michael Polanyi, building on the earlier sentiments of Augustine and Anselm, has shown that all knowledge, whether it is in theology or science, is arrived at with a complex combination of the subjective and the objective.11 We cannot truly ever be fully objective. All knowledge is personal and tacit. Knowledge is arrived at by faith (or tacit assumption or prejudice) seeking understanding. Reason is undergirded by faith in both science and theology. As with science, Christian theology is grounded in the historical data of divine revelation of God in Jesus Christ, objectively speaking, and is ascertained by the Holy Spirit, subjectively speaking. In other words, the Christian stands on the ground of credal theology itself as a science.

This was an assertion in the work of Thomas Aquinas, Karl Barth, and T. F. Torrance, who all insisted that theology qualifies as a science since it responds to the revelation of God, kata physin, that is “according to the object,” just as science makes its conclusions based on what is postulated and then researched and discovered about the object.12 Torrance, for example, stated “a commitment to a realistic view of the world and then the adoption of a methodology in conformity with the nature of the object under study.”13 We have not seen electrons, but how they behave has led us to create models for what we believe they are and do. The correspondence between our models and the reality of what they are and look like is a given, a given granted by the divine grace of the Creator. We have come to know who God is as the triune God in se (in himself, in his immanent being) based on the revelation of the Son pro nobis (for us) in his historical life, death, and resurrection in the economy of salvation, as described in the Holy Scriptures, and by the revelation granted to us subjectively by the Holy Spirit. This the Christian acknowledges honestly to involve an approach of faith seeking understanding, and an awareness that history and the Scriptures and our personal encounters with God cause us to say that the God hypothesis and our credal commitments “just make sense.” It is for this reason that the Christian who is a scientist should not find it difficult to have a similar approach to a kind of functional methodological naturalism, while dismissing a purely rationalistic and scientistic methodological naturalism. She can go about her science with absolute integrity to the guild, yet with epistemological humility.14

It should also be said that assertions of divine intervention or claims that one can discern divine agency where there are apparent anomalies in scientific research neglect the fact that anomalies have historically been vital to the progression of scientific knowledge and progress. This has been noted by Thomas Kuhn (1922–1996), for example in The Structure of Scientific Revolutions. His basic thesis is that science relies heavily on the role of seemingly inexplicable experimental data in bringing about eventual scientific revolutions. Kuhn affirms that “awareness of anomaly opens a period in which conceptual categories are adjusted until the initially anomalous has become the anticipated.”15 This means, as Perry and Ritchie explain, that “the role of unexplainable phenomena in scientific process is not to direct one’s attention to possible supernatural causes, but to test the robustness of current scientific paradigms.”16 Kuhn clarifies that “if an anomaly is to evoke crisis, it must usually be more than just an anomaly.”17 Perry and Ritchie thus affirm that “the history of science is replete with examples of seemingly supernatural or anomalous phenomena subsequently being explained in strictly empirical terms.”18

By these assertions Perry and Ritchie affirm a commitment to methodological naturalism, and to critique both intelligent design and the theologically humble approach to science, the “theology-engaged science” (as opposed to science-engaged theology) advocated by Andrew Torrance, for example. The latter’s critique of methodological naturalism is to my mind convincing, however, and this view is not to be confused with intelligent design, since it allows for Kuhn’s thesis, and permits science to be science in a manner that still allows theological reflection at the appropriate level. The reference above by Torrance to big-picture issues such as order, logic, and reason brings us back to the second presupposition of this book—the theme of teleology.19




Teleology

In his Hulsean lectures (2009), biologist and theologian Alister McGrath recovered and reconstrued natural theology in a manner reminiscent of Colin E. Gunton and T. F. Torrance as a “seeing” of nature from a uniquely Christian perspective: “Natural theology is about maximizing the intellectual traction between the Christian vision of reality and observation of an actual world.”20 This makes natural theology subject to first-order theology given to us by God through his personal and biblical revelation, but within that boundary, natural theology can then be part of the theological big picture. McGrath expresses his early determination of

the notion of natural theology, considered not as an attempt to prove the existence or character of God from nature, but as a Trinitarian gaze towards nature. On this approach, natural theology is the understanding of the natural world that arises when it is seen through the interpretive lens of the Christian faith, allowing its rich Trinitarian ontology to illuminate both the status of the natural world and the human attempt to make sense of it.21


This—that is, a trinitarian and incarnational way of seeing—is the one I favor, as expressed in my earlier book Echoes of Coinherence. I will express such an approach in this book with reference in particular to the matter of providence. Our approach will be to consider this doctrine within the same incarnational, pneumatic, trinitarian ontology. In keeping with McGrath’s aims, the capacity of an approach that provides “maps of the evolutionary landscape” in this way “is potentially an important indication of their adequacy.”22

This was not, however, on McGrath’s part, a scientific defense of intelligent design, which invokes concepts like divine intervention when irreducible complexity is encountered in the process of creation, for example. It is not that evolutionary creationists do not believe that the Creator God is intelligent, sovereign, indeed omniscient and all wise, or that they do not see an overall design in his creation. But design, according to McGrath, is an inference one makes, not an observation proper, and as such, it is an inference based on faith. Rejection of intelligent design as a prior presumption does not remove the possibility that the evolutionary process, “despite its contingency,” might “still be consonant with the achievement of purpose on the part of the creator God.”23 McGrath thus leaves room for the reality of a telos in God’s creation as it has been accomplished through evolution.

In Darwinism and the Divine, McGrath speaks of his decision to reread Darwin in light of the conceptual worldview of his time, rather than reading modern assumptions back into his work. It was very apparent to McGrath that natural theology was not abandoned by Darwin: “Darwin’s writings, when seen in this context, cannot be said to have ‘abolished’ the notion of teleology. Not only are Darwin’s writings on evolution marked by implicit and explicit teleological statements; it is clear that his approach demands not the abolition of teleology but its reform and restatement.” McGrath, in a word, denies that the evolutionary synthesis implies the disavowal of any form of teleology and insists that this relies on preconceived ideas about what “teleology” means. He adds that “both the terminology and conceptualities of teleology are deeply embedded in Darwin’s evolutionary thought.”24

It is safe to say, therefore, once the evolutionary process is admitted to be teleological, that there is the possibility of divine action within the evolutionary process. This notion will be discussed further in a later chapter on providence. Having a divinely intended telos offers the possibility of a reconciliation of the suffering involved in the process of evolution with divine goodness.25 McGrath goes on to say that all inferences such as design or teleology are a legitimate subject of theological inquiry. In assessing all inferences, McGrath insists that modern natural theology must take into account the finding of postmodernity that subject and object are not separable. That is, both scientists and theologians view nature through certain interpretive lenses that enable them to make sense of the world. McGrath, following American pragmatist Charles Pierce, offers the opinion that the scientific enterprise should be viewed as a process of abduction, or a leap to the best inference or explanation of the observations made, which may be spoken of as a form of critical realism.26 McGrath affirms that trinitarian theology has a great deal to offer to this enterprise since it generates a worldview with great explanatory power. This book will develop this theme in depth.




Evolutionary Creation

A further matter that needs preliminary clarification is the evolutionary creation school of thought, of which chemical evolution is a part. This is with respect to two misconceptions. The first is that this term must not be confused with evolutionism, which is a naturalistic (a theory denying that an event or object has any supernatural source or significance) and reductionistic ideology or belief system that avers that the universe and life on Earth arose by means of evolution in a manner that does not require God or anything supernatural. There is a difference, in other words, between Darwinism (and neo-Darwinism) seen as a provisional scientific theory, by means of which God may have created, and Darwinism considered as a universal theory or metanarrative.27 Popular “New Atheists” such as Sam Harris, Richard Dawkins, Daniel Dennett, and Christopher Hitchens operate within this latter ideology, and it will be very apparent that while on the one hand I share their view that evolutionary theory has great explanatory power, and is likely how the world and humans were created, I do not share their view that God was not necessary for this creation by means of evolution. In other words, for evolutionary creationism evolution is teleological evolution, whereas for naturalistic evolutionism evolution is dys-teleological.

The second matter for clarification is to specify that the term evolutionary creation is preferrable to its other name, theistic evolution. The first title makes it clear by way of emphasis that its adherents believe in creation. Creation by means of evolution, but creation nevertheless. Evolutionary creationists adhere to the belief that God created the cosmos, and they adhere to all that is involved in an orthodox Christian doctrine of creation. They believe the first sentence of the Nicene Creed: “I believe in one God, Father Almighty, Creator of heaven and earth, and of all things visible and invisible.” They believe that God created matter ex nihilo, that is, out of nothing, and that following this initial act of creating something out of nothing, something other than himself, he continued to create from what had been made, in a process or as an act that included the process. More will be said about how creatio continua and providence relate. But suffice it to say here that evolutionary creationists believe that the triune God is engaged continually with his creation; that creation reflects his divine glory, power, indeed deity (Ps 19:1; Rom 1:20); that it is not too sacred to study; that God is not his creation (contra pantheism); and that creation was not only created by God, but that it has been reconciled and is being redeemed from its fallen state, and that it will be consummated by God. It is the contention of this book that if evolutionary theory has explanatory power, so much more so does the reality of God as Trinity have explanatory power for creation and what science has unveiled of it. It will contend that the Spirit has always been hovering over and guiding the creation (Gen 1:2; Ps 104:30); that the eternal Son was God’s agent, with the Spirit, in the creation and sustaining of the cosmos; that the Son was eternally destined for redemptive participation in creation by means of his incarnation; and that he was raised to reaffirm creation, and to reconcile humanity and creation (Jn 1:1-3; Col 1:15-20; Heb 1:1-3). This book will reflect the conviction, therefore, that matter matters to God. That human bodies and what we do with them ethically matters to God; that bodies are in differentiated union with their souls/spirits; and that the future of human persons involves resurrection of their bodies.

Evolutionary creationists also recognize, respect, and are in dialogue with scientist-theologians of three different schools of thought, all of whom affirm that God created the world. Thus the four major schools are young-earth creationists, old-earth or progressive creationists, adherents to intelligent design, and evolutionary creationists. All four are adherents to the ancient Apostles’ Creed, which says “I believe in God, the Father Almighty, Creator of heaven and earth,” and all four are thus confessional Christians who can agree to agree on the plain things of the Christian faith, and who can also lovingly agree to disagree on how God created. I belong to the fourth group of theologian-scientists who, along with thoughtful Christians such as B. B. Warfield, Karl Barth, Billy Graham, J. I. Packer, T. F. Torrance, Alister McGrath, David Livingstone, Mark Noll, Francis Collins, and N. T. Wright, believe that God created the first matter ex nihilo—that is, out of nothing—and that this was an act and also a process in which “seeds” (Augustine) were placed within creation for future development when the context was right. The triune God then guided creation’s development, possibly from and through the Big Bang, and thereafter by means of the mechanisms of prebiotic chemistry to the evolution of biotic molecules, and the first life forms, and all the way to human beings. I believe, with many Old Testament scholars, such as Tremper Longman, John Walton, Bruce Waltke, Iain Provan, and V. Philips Long, there is nothing about Genesis 1–2 that contradicts the theory of evolution when these chapters are properly interpreted within their ancient Near Eastern context and in accordance with their poetic literary genre. Much has been written elsewhere on these themes by these and other scholars, and rehashing the evidence that undergirds this view is beyond the scope of this work. The evolutionary creation view of the creation of the cosmos and humanity is not without its problems, but it is, in my opinion, the most scientifically credible, biblically compatible, and theologically consistent view of the creation. Good, honest intellectual wrestling of both scientific and theological kinds continues toward resolving some of the challenges (historical Adam, animal suffering, death before the fall, and so on).28




Introducing Chemistry

Speaking of chemistry requires also some definitions and qualifications and surprises. Stephen Contakes helpfully defines chemistry in the following way:

Chemistry is the study of matter and its changes at the level of atoms, molecules, and ions, composed of their next-lower-level components, protons, neutrons, and electrons. In this sense, chemistry is both reductionist and anti-reductionist; it seems to reduce things to the atomic and molecular level but no more. This way of thinking about matter allows chemists to reason both “bottom-up”—that is, starting from atoms and molecules—and “top-down’” that is, figure out things about atoms and molecules starting from what a larger system is like.29


Contakes goes on to express the fact that chemistry has been called the “central science” because of its employment of the insights of physics to form models of atoms and molecules that are then useful for “solving problems . . . in the biosciences, geosciences and numerous branches of engineering.” Thus chemistry has had a remarkable influence on “agriculture, industry, medicine and many aspects of human culture,” so much so that it has been called the “workhorse science” in this the “chemical age.”30

This leads Contakes to express surprise that chemistry has played such a small role in the dialogue between Christianity and science. He asks the inevitable question: Why has chemistry played such a peripheral role in that discussion? That is, to use my own words, if matter matters in a proper, biblical theology of creation, in a religion of the incarnation that affirmed that matter matters, in a religion grounded in the resurrection that reaffirmed that matter matters, then why is the discussion of chemistry so seldom heard in science/religion conversations? Perhaps it is a case of little conflict equals little interest.31 Contakes asks rhetorically whether the present discussion that majors on “fundamental physics, biology, and neuroscience,” might not be greatly enriched by bringing chemistry into this arena.32 He acknowledges that chemistry is in fact studied in the areas of origin of life and evolutionary biochemistry, the areas that will preoccupy this book. However, having qualified this, I echo the concern of Contakes that further consideration of this area of chemistry might stimulate the broader discussion of what chemistry itself has to tell us about God’s creation—its order, its beauty, its role in image-bearing human persons in their stewardship of creation. In other words, it will, in the spirit of James K. A. Smith, play its part in a theology of chemistry.33




Introducing Chemical Evolution

Having introduced the primary themes in the theological scope of the book, the other major subject area of the book arises, which is that of chemical evolution as a subset of evolutionary theory. Three questions arise: What is chemical evolution? What are its phases? What is the state of the research in this area of chemistry?

What, in more detail, is chemical evolution? This is a complex term and can refer to all of the possible aspects of abiogenesis, that is, the formation of the elements and compounds that became the molecules that are the building blocks of life. Thus the popular definition that chemical evolution is “the formation of complex organic molecules from simpler inorganic molecules through chemical reactions in the oceans during the early history of the earth; the first step in the development of life on this planet,” though helpful, requires some nuancing.34 The oceans, for one thing, may not have been the site of these reactions. Chemical evolution should actually begin with a discussion of the cosmology of Big Bang theory, in accordance with the Hubble-Lemaitre law. This is necessary background for how elements formed after the Big Bang occurred, 13.8 billion years ago. How carbon in particular was formed and how it came to be on Earth is of particular interest given that the formation of life is the endgame in chemical evolution. But given the variety of the elements present in even the most primitive of organisms, and given the elements in the aqueous and atmospheric environments in which these organisms lived, study of chemical evolution must begin at the level of the elements that came to be on Earth, in the mantle and in the seas, on the ground, and in the atmosphere. This therefore involves detection of stellar nucleosynthesis, the creation of chemical elements by stellar thermonuclear fusion or supernovae. It also involves astrochemistry, which is the detection of the presence and abundance and reactions of elements and molecules in the cosmos and their interaction with radiation. This can also include cosmochemistry, which is the study of the chemical compositions in the universe and the reactions that gave rise to them. Chemical evolution must necessarily also involve the study of possible phase changes of molecules from solid to liquid to gas, and also changes in the states of ionization of metals. Abiogenesis is thus the process by which early, very primitive life forms arose from mainly organic compounds. The sequel to abiogenesis is then biogenesis, the production of new living organisms from other living organisms. Biogenesis will not be discussed at any length in this book, which focuses rather on chemistry and biochemistry.

If there is a leitmotif for this book, therefore, it is the integration of divine providence with the proposed processes of chemical evolution. It looks to provide, on the one hand, a theological understanding of divine action in the act of creation as “act including process” and in God’s ongoing providence, if the creation is understood to be an emergent one. On the other hand, it seeks to elucidate and classify understandings of creation as evolutionary or emergent. Emergence is a term used “to refer to the development of novel, unpredictable properties or behaviors at increasing levels of complexity.”35

The opening chapters will provide insight into the nature and various aspects of chemical evolution, and what we know at this stage of scientific inquiry about it. The first chapter will focus on the formation of elements and compounds on Earth needed for prebiotic and then biotic molecules. The next four chapters will focus on how compounds crucial to life (prebiotic compounds), such as ribonucleic acid (RNA), for example, may have been formed. Various schools of thought on possible pathways and contexts for this chemistry will be discussed, in order to gain a sense of what the state of the art is at present. In the chapters following this, we will explore a reasonable doctrine of divine providence given critiques of the doctrine and its supposed irrelevance within modernity. Since the advent of the scientific revolution the natural world has come to be considered independent and causally closed. I will consider the work of philosopher Alvin Plantinga, who disallows this objection.36 Even at first glance it becomes evident to a fair-minded observer that without divine providence, the probability of the emergence of life on earth is infinitesimal. The confluence and the variety of the right elements and compounds in the right phases at the right times and in the right environment seems infinitely unlikely. The absence of a telos at work in creation toward that end likewise seems unlikely. The idea that the universe is finely tuned toward the emergence of carbon-based life seems highly plausible. As John Polkinghorne has said, the “detailed character of the physical fabric of the world was of critical importance and had to be tightly constrained.”37 Of course, the scientistic, as opposed to scientific, or naturalistic, point of view offers other options. For example, the principle of natural selection, well known in the evolution of living organisms, has been put forward as the mechanism that also operates in the selection of elements and molecules that would give rise to life and an environment that supports it.38 The end to which that selection functions is the simple survival of elements or compounds. Chapter one will assess this, especially with respect to how such a proposition seems precisely to be “borrowing epistemic currency from biological evolution.”39 The heart of the book is to offer a telos for the way in which the prebiotic chemistry (molecules that can feasibly form the larger molecules that are part of life) of the earth evolved and to seek to explain how this providence may have worked.




Introducing Divine Providence and the Concursus View

Probing the mechanisms by which divine providence is at work within creation in general, including in putative reactions in primeval chemistry, is an important interface between theology and science. On the one hand, quantum indeterminacy has been proposed as that which gives room for “divine providential maneuver.”40 Chaos theory in its macroscopic unpredictabilities, interpreted within a realist ontology, has been proposed by others. It will therefore be important to consider this issue, for as John Polkinghorne has said, the twentieth-century discovery of both of these theories, quantum theory at the microscopic level and chaos theory at the macroscopic level, have “brought about the demise of a merely mechanical picture of the physical world.”41 I acknowledge that quantum effects are important for the reactivity of elements and for photochemistry. Occasional reference will therefore be made to quantum chemistry, but this book is mainly about macrochemistry, leaving detailed considerations of the quantum level to theoretical chemists.

Bringing natural sciences and Christian theology into conversation implies that neither the conflict nor nonoverlapping magisteria nor independent models can apply, since the whole intent of this study is precisely the interactive nature of the science of chemical evolution with divine providence.42 As in my previous work in this area, I propose a coinherent view, one that transcends even mutuality. This viewpoint suggests that each (theology and science) is in the other, but it also insists that each is not the other. That is, the guilds of science (in this case prebiotic chemistry) and theology (in this case the theology of creation and providence) have their own particularities of method and expertise, and there is no intention to merge these distinct disciplines. Yet, the epistemologies and their underlying ontologies may be shown to be profoundly compatible.

A final word of introduction relates to the specific primary view of divine providence that will be adopted in this book. A range of views in the tradition will be referenced, but the view that is compatible with assertions of teleology in evolution, including chemical evolution, will be the concursus view of twentieth-century Swiss theologian Karl Barth (1886–1968). This is the view that creation has been gifted by God with its own existence and agency and that this agency is somehow compatible with and in concurrence with divine agency. Divine and human agency are not in competition, but in a concursus such that the acts of creation are enacted in God’s acting, through relational participation. This concursus is asymmetrical in that God is sovereign even while created entities have legitimate agency in accordance with a doctrine of creation existence that is differentiated from God’s essence, yet which is profoundly dependent on the triune God, and is therefore contingent. God’s sovereignty is to be distinguished from determinism, as in some forms of compatibilism.

These distinctions were helpfully made by Andrew Torrance in his response to the critique of Perry and Ritchie that he was committed to “an incompatibilist view of divine agency, in which affirming an event as divine action implies that there is no natural explanation for that event.”43 He clarifies that he does not “think that divine agency is incompatible with the forms of agency we find within creation; that is, I do not think there is a competitive relationship between God and the dynamics within the created order.” This is the concursus view of Barth. Torrance expands on this as follows: “Also, I believe that there are regulative ways in which God’s action positively preserves the natural order: bringing about and maintaining an order that is observable to the natural sciences and can be interpreted with natural explanations,” to which I would add, perhaps also advancing his creation. “Indeed,” says Torrance, “I would affirm that there is a sense in which ‘all things’ (ta panta) in the created order hold together in Jesus Christ (Colossians 1:16-17).” This is followed by his disavowal of “theological compatibilism” as opposed to theological or asymmetric concursus. This is “the view that all observable activity is determined by a specific corresponding divine activity—as though God’s causal activity and creation’s causal activity are two sides of the same coin.” This rejection of theological compatibilism is grounded in matters of theodicy: “So, for example, I do not think that God directly causes, ordains, or preserves those activities that are associated with the evil, sin, and disorder that are an observable part of this world (but which I would associate with causal activity internal to creation).”44

Instead, Torrance opts for the “‘skeptical theistic view,’ namely, that, for some reason, unbeknownst to us, God permits these things to happen. . . . I do not think that God’s causal activity is determinative of everything that happens in this world (I do not think God caused or ordained the Holocaust, sexual abuse, child cancer, and the like), I do not see this as ‘a live option.’”45 I could not agree more, but wish to clarify that when I reference asymmetric or theological concursus, a view that will be expounded in detail in a later chapter, what I am validating is the internal causal activity of created entities in the act of creation. The creation that has by God the Creator been pronounced “good,” and that seems to have been a participant in his further creation after creation ex nihilo, has legitimate agency derived from God and is not in competition with divine agency, and indeed, divine sovereignty. The fact that creation has its own internal relative freedom that gives it the opportunity to participate in the fall does not logically imply that it cannot, both prefall and after, participate in God’s creation in a concursus manner.

Torrance also clarifies that “there are some visible phenomena in this world, such as The Miracles [a reference to the incarnation, Christ’s miracles, the resurrection], that require a theological explanation that does not have a corresponding naturalistic explanation, that is, which cannot take the place of the theological explanation.”46 I concur again, recognizing that this is precisely evidence of the concursus view. Even when the laws of creation may be suspended, the created entities (atoms, molecules, cells), in possession of their own internal causal agency, are responsive to commanding divine agency.

One cannot pursue a study such as this without awareness that one stands on the shoulders of others who have gone before in the study of the theology of providence and science. These include important studies by Arthur Peacocke, Alvin Plantinga, John C. Polkinghorne, Nicholas Saunders, Kathryn Tanner, Ian McDonald, Howard J. Van Till, Colin Gunton, Alister McGrath, Ian McFarland, and the authors of the essays in The Oxford Handbook of Religion and Science, edited by Philip Clayton.47 The recent thorough work on providence by David Fergusson will also be a helpful guide, as will essays in the book from the seventh annual Los Angeles Theology Conference called Divine Action and Providence.48 I stand similarly on the shoulders of too many researchers in the science of chemical evolution to mention here. Three scholars who have been particularly helpful in my process of becoming familiar again with chemical evolution have been Paul B. Rimmer, Ard Louis, and Jay G. Forsythe. The work of science is laborious and often thankless, and it is my hope that whatever recognition I can give here to the field and its researchers will encourage them in some way. I consider them to be the priests of creation in a special sense, those at the coal face who give creation a voice.

A final word of introduction relates to the fact that a notable work with some overlapping themes was published during the writing of this book. In Astrobiology and Christian Doctrine: Exploring the Implications of Life in the Universe, Andrew Davison has ably advocated for the notion that God may have worked through natural processes to create life.49 That is, the origin of life may have been natural rather than “miraculous.” He comments that the two great pioneers of the science of chemical evolution, the Russian Aleksandr Oparin and the British-Indian J. B. S. Haldane, were both Marxist atheists, and that it took this mindset change for scientists to think about the possibility of a natural origin of life. This book is based on the assumption that life was most likely formed through natural processes. Of course, in light of a Christian theology of providence, as presented in this book, we hope to show that even if the origin of life was indeed natural, it took place under the fatherly care of God, a God who allows creation to be itself, even as it is under his care. A God who grants creaturely freedom within his transcendent divine freedom. Given that it would not be possible to detect divine interventions anyway, our assumption is that God was always and is always at work with his creation by the Son and through the Spirit.

Davison’s substantial work on the one hand emphasizes the astrophysics that may explain how prebiotic molecules may have come to Earth from stars and moons in space. This is an aspect we will touch on, but our emphasis will be on the prebiotic chemical evolution phase. Davison places the hypothesis that life had a natural origin in conversation with a number of aspects of Christian theology, whereas my emphasis is almost solely on divine providence. Davison places a heavy emphasis on the constant participation of God in creation, a concept already present in the church father Augustine, who insisted that this participation of God in creation reflects sheer divine generosity, and not divine inadequacy or need.50 The nature and significance of participation will be considered in this book with some differentiation from that advanced by Davison.

Another important theme in Davison’s work that is relevant to the possibility of a natural etiology of life is the biblical language of Genesis 1, which is emphasized in a significant number of commentaries on Genesis (Ambrose, Augustine, the Venerable Bede, Bonaventure, Aquinas). This is the language like, “Let the water teem with living creatures, and let birds fly above the earth across the vault of the sky” (Gen 1:20), and “‘Let the land produce vegetation: seed-bearing plants and trees on the land that bear fruit with seed in it, according to their various kinds.’ And it was so” (Gen 1:11). A disposition toward the natural origination of life is reflected in these texts as interpreted by these ancient commentaries. The notion that the world is poised to bring life, that animate matter emerges from inanimate matter, that nonliving matter gives rise to living matter, sits well with the tradition, according to Davison.51











1
The Science
Aspects of Chemical Evolution—from Primary Elements to Compounds



The Cosmic History of Earth’s Chemicals

Epistemological caution is definitely appropriate when it comes to scientific knowledge of how the elements were formed in the early universe, and how the elements then came to Earth and became compounds, that is, how the atoms bonded to form the prebiotic molecules, which then reacted and bonded together to form life’s molecules. The narrative of Big Bang theory in brief is that the Big Bang (13.8 billion years ago) created a rapidly expanding universe consisting of three simple elements: hydrogen (atomic number 1, meaning that H atoms have one proton [positively charged +1] in the nucleus, and one electron [negatively charged –1] in their orbitals), helium (atomic number 2), and a small amount of lithium (atomic number 3). After the period of initial rapid expansion, cosmic material began to aggregate, creating dense regions of very high temperature and pressure that we know as stars. In this environment stellar nucleosynthesis began to occur by nuclear fusion, so that more complex elements were made—elements such as carbon, nitrogen, and oxygen. For example, if three helium nuclei fused together, each containing two protons and two neutrons, a carbon atom consisting of six protons and six neutrons might conceivably have been formed. Similarly, two helium atoms and one hydrogen atom may have fused to form nitrogen, or four helium atoms may have formed one oxygen atom, and so on. These are chosen as examples because ultimately it was necessary for these particular elements to become part of planet Earth and form the necessary molecules for the synthesis of more complex molecules required for the evolution of life.

In more detail, the actual proposed sequence of this synthesis of the elements is described as “timed natural selection” by R. J. P. Williams and J. J. R. Fraústo da Silva.1 It should be emphasized prior to this section that the use of the term natural selection with reference to primeval elemental chemistry by these authors is certainly a nonstandard definition of the concept. Natural selection in biological evolution involves highly accurate self-replication, and an obvious genotypical and phenotypical mechanism. Some scientists therefore rule out the use of the term for abiotic processes. Having said that, Williams and da Silva, without any stated theological commitments, seem to assume a driving force that influenced the direction of the prebiotic chemistry ultimately toward life. Their view of a timed selection is expressed in the following way.


	1. Just after the Big Bang (the time scale is infinitesimal, and is known as “Planck time”), the state of matter was “homogeneous and at equilibrium,” that is, it was in a steady “uniform thermalised state.” During this time, “the formation of light nuclei from neutrons and protons occurred in the initial ‘gas.’” The nuclei of hydrogen, deuterium (an isotope of hydrogen with two neutrons), and helium were thereby synthesized in a state of near equilibrium and at temperatures in the 108K range.2


	2. The cosmos then began to expand and cool with time in “immediate steps . . . which involved rapid (even down to 10–43 sec) processes of immense, uniformly changing temperature and pressure,” leading next to the beginning of the “formation of light elements” like hydrogen and helium, and their isotopes, with the kinetics (speed or rates of reaction) of this formation also taking place in extremely short periods, so much so that these “light nuclei formed in equilibrium with radiation and the bare neutrons and protons well within one minute so that the universe remained homogeneous.”3


	3. An estimated 105 to 106 years after this, it is postulated that this homogeneity was broken up by the “decoupling of matter and radiation (photons)” as well as subsequent fluctuations, leading to the formation of “galaxies, nebulae and stars.”4


	4. Following that time, the formation and evolution of other slightly larger nuclei like carbon, nitrogen, and oxygen occurred in these stars, especially isolated giant stars (in which they are still being made), in circumstances that provided “local kinetic limitations” that governed the particular evolution of the particular elements. At this point, space becomes relatively homogeneous again.


	5. The explosions of these stars and further cooling as the universe unfolded then facilitated “formation, locally and disproportionately, of larger nuclei and then in turn elements, gaseous compounds and finally co-operative condensed systems including the earth.”5 The authors draw on the work of Burbidge et al. to map out the formation of the elements, which include carbon, nitrogen, oxygen, sodium, magnesium, chlorine, sulfur, and iron, from both hydrogen- and helium-burning reactions, as well as various nuclear reactions.6


	6. The development of planets in the midst of this inhomogeneity was, according to the authors, “caused by local fluctuations.”7


	7. In this whole process, all of the stages except the first were “out of equilibrium . . . and forever falling into kinetic traps . . . from many of which it is difficult to escape.”8 That is, the lifetime of atoms and molecules and therefore their capacity to react and form atoms and molecules of larger elements is determined by the chemical and physical circumstances in which they are trapped. The kinetics (the rates of reactions) are affected by both chemical and physical features such as temperature and phases of the element.


	8. The consequences of these developments are then worked out by a study of the natural selection of elements in the local conditions on earth as it evolved as a planet 1010 years after the Big Bang. The process from the Big Bang depicted by Williams and da Silva involved the initial absence of kinetic control in the formation of hydrogen and helium, followed progressively by the emerging of the larger elements, then molecules, then organic molecules (under the influence of heat and light), in each case selected out by the overcoming of kinetic barriers, meaning factors related to reaction rates that favored some pathways to these compounds more so than others.9
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