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Abstract. An initiating event in the development of life on earth
is thought to have been the generation of self-replicating catalytic
molecules (SRCMs).  Despite decades of work to reveal how SRCMs
could have formed, a chemically detailed hypothesis remains elusive.
I maintain that this is due, in part, to a failure of metaphysics and
question this research program’s ontologic foundation of material-
ism.  In this essay I suggest another worldview that may provide more
adequate ontologic underpinnings: Whitehead’s process philosophy
of dynamic, relational becoming.  Here we come to see molecules
not as unchanging objects but rather as processes that possess the
capacity for subjective experience.  Molecular transformation is driven
by experience, both internal and external.  Process thought accounts
for the world’s creative impulse by positing a God who lures the be-
coming of all entities toward greater complexity and value.  Chemi-
cal evolution is now seen as divine motivation of molecular becoming
and, as such, possesses the potential for introducing true novelty into
the world.  The “causal joint” between God and world is hypoth-
esized to be an energy transduction at the molecular level that allows
divine action without violation of chemical principles or physical laws.

Keywords: abiogenesis; origins; process philosophy; Alfred North
Whitehead.

Abiogenic research is an active area of scientific inquiry that seeks to con-
struct naturalistic hypotheses for the origins of life based on findings from
multiple disciplines, including chemistry, geology, and chaos/complexity
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theory.  One of the goals of this research is to draw a chemical mechanistic
line from primal, inorganic matter of the early Earth to the first self-repli-
cating catalytic molecule (SRCM), and from this to the first autonomous
cell-like structure.  In this essay I focus attention exclusively on SRCMs
and explore how these highly specialized molecules might have arisen.

Questions of origins are among the many Ultimate Questions that hu-
mans have always asked.  Ultimate Questions are those that probe and
tease apart the existentially urgent aspects of our lives.  During the many
centuries in which we have sought answers for these questions, we have
developed three fundamental modes of inquiry, three ways of framing and
approaching our concerns: theology, philosophy, and science.  Although
some of our questions can be addressed through studies that principally
rely on just one of these modes of inquiry, other questions require con-
certed application of two or all three modes.

When trying to understand how life originated, we generally have relied
on either theology or science, with little progress being made.  Theology
when done in isolation from contemporary science provides mythopoeic
accounts that lack factual accuracy.  Scientific investigations into the ori-
gins of life, while making some progress, have yet to yield a truly workable
hypothesis.  My goal here is to explore the abiogenesis question as a prob-
lem in “scientific metaphysics” (Lee 1947; Bunge 1971; Lange 2002) and
provide a new ontologic framework that will allow the construction of a
comprehensive abiogenic hypothesis.  From a stance grounded in Alfred
North Whitehead’s philosophy of organism, or process philosophy, I draw
on the resources of theology, philosophy, and science and try to formulate
a hypothesis that describes what a world must be like for life to arise in it.

OUTLINE OF ESSAY

In the first section, Current Status of Abiogenic Research, we see that despite
the absence of a coherent, chemically informed abiogenic hypothesis there
is a well-founded consensus that very early in the development of life on
Earth SRCMs must have arisen.  More specifically, these SRCMs were
likely peptides (that is, self-replicating catalytic peptides, or SRCPs) and
would have had the ability to not only catalyze their own formation but
also the many other reactions that made up the chemical choreography of
the first rudimentary metabolic pathways.

Next, in Generation of Self-Replicating Catalytic Peptides, I describe how
SRCPs may have formed.  Although this section is necessarily highly sche-
matic in nature, it is based on sound principles of chemical mechanism
and dynamics.  The section ends with an assessment of the likelihood of
SRCP formation, which by any reckoning is quite low.  For the sake of
argument, I assume an extreme position and maintain that this probability
is precisely zero, if the world we inhabit is the materialistic world of mod-
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ern science, of unchanging, nonexperiencing substance.  Of course, this
begs the question: If not the materialistic world of modernity, what then
must our world be like for the first SRCP to have arisen in it?

In the next section, A Process Universe—Panentheism, Panexperiential-
ism, and Self-Replicating Catalytic Peptides, with Whitehead’s process phi-
losophy as my touchstone, I develop an answer to this question.  I review
those aspects of Whitehead’s philosophy that directly apply to this project.
Whitehead gave us a remarkable picture of reality in which the actual enti-
ties of this world are not vacuous, nonexperiencing substance but rather
nodes of concentrated energy that enjoy subjective experience.  His phi-
losophy gives ontologic priority to becoming over being, where the be-
coming of every actual entity is a process that draws into experiential relation
all other entities, including God, who lures all entities toward greater com-
plexity, beauty, and novelty.  We will see that this is a panentheistic God, a
“living person” (Griffin 2001, 156–63) who both experiences and is expe-
rienced by the world.

In the final section, Chemical Evolution as Divine Motivation of Molecu-
lar Becoming, I build on Whitehead’s thought and construct an explana-
tory hypothesis for the “causal joint” between Creator and creation and
how God is able to flex this joint.  I first establish the concept that the
emergence of catalytic capabilities in particular molecules was a critical
result of an general evolution of chemical potentials, which was itself a
synthesis of two types of teleologic activity—actualization of inherent po-
tential and influence by goals.  The latter reflects Whitehead’s concept of
the “initial aim” of God that is experienced by all of the world’s entities
toward greater complexity and value.  Deeper insight into how God acts in
the molecular world comes when we take seriously Whitehead’s notion
that God is as an actual entity and, like all actual entities, is both energy
and a transducer of energy.  Combined with principles from a process
philosophy of chemistry (Stein 2004; 2006), we are led to the proposition
that God is able to alter the energy distribution within a system of reacting
molecules in such a way as to favor a specific set of reaction products over
another.  This allows realization of a “molecular teleology” without viola-
tion of chemical principles or thermodynamic laws.

CURRENT STATUS OF ABIOGENIC RESEARCH

The modern era of abiogenic research can be said to have begun with the
now famous experiments of Stanley L. Miller and Harold Urey in the early
1950s (Miller 1953; 1955; Miller and Urey 1959).  These studies estab-
lished that amino acids and other organic chemical precursors of the mac-
romolecules required for life can form from simple inorganic materials
under conditions that might have existed on our planet after it cooled
some four billion years ago.  These experiments laid the foundation for the
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research activities of generations of prebiotic chemists and other origins-
of-life scientists in the decades since (for reviews see Sutherland and
Whitfield 1997; Orgel 1998; Maurel and Decout 1999; Rode 1999).

But, as Michael Denton reminds us, “despite enormous efforts, we still
have no idea how this [origin of life] occurred, and the event remains as
enigmatic as ever” (1998, 293).  With similar sentiments, Noam Lahav
and his colleagues at Hebrew University of Jerusalem begin a recent review
on the chemical basis for the emergence of life with these words: “After
almost 50 years of modern research, there is no paradigm of the origin of
life” (Lahav, Nir, and Elitzur 2001).  Hypotheses about an early RNA-
world are chemically untenable and have yet to offer solutions to the myriad
problems that the inherent instability of RNA creates (Orgel 1998).  A
primal iron-sulfur world of life-generating deep ocean vents has also been
proposed.  While this hypothesis has the air of plausibility due to the exist-
ence of hardy bacteria that can thrive in such harsh environments, it has
been unable to advance beyond the catalysis of simple chemistries (Martin
and Russel 2002).  On the theoretical front, thinkers such as Stuart Kauff-
man have provided extraordinarily detailed computer-generated accounts
of the self-assembly of autocatalytic molecules (Kauffman 1993, 287–341).
These simulations are indeed fascinating and may serve as useful exercises
in model building, but they lack chemical realism and are inadequate guides
for what might have occurred.  Faced with such bleak prospects for ever
understanding abiogenesis Francis Crick admitted that “the origin of life
appears at the moment to be almost a miracle, so many are the conditions
which would have to be satisfied to get it going” (1981, 88).  Motivated by
this appraisal, Crick proposed the idea of Directional Panspermia in which
life originated not on Earth but rather from bacteria that were seeded here
by an advanced alien civilization.  It seems that Crick and other biologists
have come to realize that the spontaneous development of the first single-
celled organism in the radically hostile environment that the earth offered
three and half billion years ago is extraordinarily improbable (Ward and
Brownlee 2000).

Of course, this may be too harsh and skeptical an assessment of the
current status of abiogenic research.  While this work may not be proceed-
ing at the pace we would like, we must realize that the problem being
addressed is enormous.  And, in fact, some progress has been made.  Abio-
genic researchers now generally agree that a small number of critical chemical
imperatives had to have been realized for organic life to have arisen.  Among
these are the very early production of short polymers of amino acids (Lahav,
Nir, and Elitzur 2001; Rode 1999).  Critically, a subpopulation of these
peptides would have needed to possess the ability to catalyze not only their
own construction but also a host of different types of chemistries.  We now
turn our attention to these self-replicating catalytic peptides (SRCP) and
how they might have arisen.
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GENERATION OF SELF-REPLICATING CATALYTIC PEPTIDES

Our discussion starts with a brief review of basic concepts in amino acid
and peptide chemistry.  Amino acids are the building blocks from which
peptides and proteins are built.  Each of the twenty naturally occurring
amino acids possesses a carboxylic acid and an amine functionality that
allows them to enter into chemical reaction to form polymers.  Under the
direction of a cell’s protein-building machinery, the amine of one amino
acid will be chemically linked to the carboxylic acid of another amino acid
to form a peptide bond between them.  Continued sequential coupling of
amino acids to the growing polymer will first produce short peptides, usu-
ally defined as two to twenty amino acids in length, and ultimately long
protein strands often comprising many hundreds of amino acids.  Each
amino acid also possesses a “side-chain.”  The side-chains of the twenty
amino acids differ from one another and impart to each amino acid a par-
ticular type of chemical reactivity.

A challenge of prebiotic chemical research is to understand how pep-
tides and proteins could have first arisen in the absence of appropriate
cellular machinery.  The generation and function of SRCPs is a problem in
chemical mechanism and dynamics and perhaps is best understood with
the aid of a diagram of the sort one often uses in explaining and represent-
ing chemical processes.  Figure 1 contains such a diagram and depicts the
generation and function of an SRCP.  In this scheme, the SRCP is mol-
ecule A-B, which is shown to arise from a specific reaction of precursor
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Fig. 1. Generation and function of the SRCP A-B.  Progenitor molecules A
and B can react to form four possible peptides, only one of which has catalytic
properties of an SRCP.  A-B catalyzes its own construction as well as formation of
C-D.  Peptides break down to decomposition materials X, which may or may not
be able to form progenitor molecules.  This scheme uses standard chemical nota-
tion in which each of the capital letters corresponds to a molecule, in this case
progenitor amino acids or short peptides.  Arrows correspond to chemical reac-
tions and can be read as “yields.”  Thus, the chemical phrase A + B —> A-B
should be read “molecule A and molecule B combine during a chemical reaction
to yield reaction product molecule A-B.”
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molecules A and B, which may be either peptides or amino acids.  Chemi-
cal reaction of such precursor molecules to form elongated peptides is called
ligation and can generate the four end-to-end combinations that are shown.
In this scheme, we assume that only one of these four products, A-B, has
catalytic properties required of an SRCP: the ability to catalyze its own
construction and the ability to catalyze production of other peptides.  Each
of the four ligation reactions proceeds at a rate that is a function of at least
three properties: (1) chemical reactivities of the four reactants (A, B, C,
and D); (2) efficiency of catalysis by A-B, which may differ for the two
reactions it catalyzes; and (3) environmental conditions that exist during
reaction.  Also illustrated in Figure 1 is the inevitable instability of all liga-
tion reaction products, all of which are shown to decompose to some mol-
ecule X.

Using the chemical mechanism of Figure 1, reaction progress curves
were simulated for the time-dependent production of A-B and C-D.  These
are shown in Figure 2 and illustrate a number of important principles.
The production of A-B is characterized by a long lag phase in which its
concentration does not significantly increase until a critical concentration
of A-B is achieved to catalyze its own production.  This is the hallmark of
any SRCM.  Once the critical concentration of A-B is reached, its produc-
tion enters a period of exponential growth until progenitor molecules are
consumed.  Finally, the concentration A-B declines with time due to the
inherent chemical instability of all molecules, eventually going to zero.  In
broad strokes, the production of C-D will mirror that of A-B.  There is a
longer lag phase because A-B must accumulate before it can significantly

Fig. 2. Simulated time course for the production of A-B and C-D according
to the mechanism of Figure 1.  In this simulation, the following three conditions
were set: (1) rate constants were set equal for the four ligation reactions of A and
B, (2) catalytic self-replication of A-B was set twenty times more efficient than A-
B–catalyzed formation of C-D, and (3) rate constants for all decomposition reac-
tions were set equal.  The four phases of the reaction time are indicated and
discussed in the text.
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catalyze formation of C-D.  Resource consumption limits how much C-D
will form.  Finally, C-D concentration will in fact also go to zero.

It is clear that production of A-B in quantities to be of any catalytic use
depends not only on its catalytic efficiency but also on the relative rates of
“critical-path” and “off-path” reactions.  The former includes the two reac-
tions that lead to A-B, while the latter include production of competing
molecules A-A, B-A, and B-B, and decomposition reactions.

In this simulation, the rate constants1 were set in just such a way as to
allow A-B to accumulate, thus allowing me to illustrate the function of A-
B.  But, of course, this needn’t have been the case during the actual spon-
taneous generation of peptides four billion years ago.  It could very well
have been that the relevant rate constants were of such a magnitude as to
prohibit SRCPs from ever accumulating.  We return later to again consider
these rate constants and how they must have been “balanced,” but at the
moment let us turn our attention to the question of what the likelihood
was that SRCPs arose spontaneously.  I do not believe I would  be incorrect
in saying that this likelihood was small.  But I want to go a step farther and
say, at least for the sake of the argument of this essay, that the probability
of SRCPs arising spontaneously was precisely zero, if our world is the ma-
terialistic world of modern science, of unchanging, nonexperiencing sub-
stance.  In the next section I propose the sort of universe that must obtain
for SRCPs to arise.

A UNIVERSE IN PROCESS—PANENTHEISM, PANEXPERIENTIALISM,
AND THE GENERATION OF SELF-REPLICATING CATALYTIC PEPTIDES

An underlying assumption of this article, implicit in the previous discus-
sion, is that prebiotic chemistry is knowable.  Primal amino acids, the first
SRCPs, and even the first cell-like structures all arose by a series of chemi-
cal reactions that are in principle knowable.  Further, if these reactions
could be enumerated, they would all be quite unremarkable in the sorts of
chemistries they reflect.  But what is remarkable, and I believe staggeringly
so, is that these reactions occurred in just the right order and with just the
right inhibition of side reactions to allow the generation of SRCPs with
just the right properties and in the just the right amounts.  “Remarkable,”
of course, is in the eye of the beholder.  Some would argue that while the
formation of SRCPs and then the first cell might be unlikely, it nonethe-
less merely reflects the outworkings of a materialistic universe.  But the
molecules of such a universe are mere machines and incapable of subjec-
tive experience and relation.  In a world of vacuous entities, can chemical
evolutionary development occur?  I argue here that it cannot and go on to
suggest an alternate worldview, one that supports the formation of SRCPs.

Evolution as Self-Transcendence and Teleologic Response. In the evo-
lution of life,2 we see “self-transcendence [and the] amazing capacity to go
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beyond what went before” (Wilber 2000, 20).  Atoms bond into inorganic
chemicals, which rearrange and join to form organic molecules, which po-
lymerize into SRCMs and other prebiotic macromolecules, which orga-
nize into suprastructures and the first protocellular forms.  Life emerges
from the cosmos.  But how is this possible?  Why is it that life comes to be
in this universe?

In Whitehead’s philosophy of organism we have a starting point for the
development of an answer.  Whitehead wants us to understand that

a thoroughgoing evolutionary philosophy is inconsistent with materialism.  The
aboriginal stuff, or material, from which a materialistic philosophy starts is inca-
pable of evolution. . . . There is nothing to evolve, because one set of external
relations is as good as any other set of external relations.  There can merely be
change, purposeless and unprogressive.  [Evolution] requires an underlying activ-
ity—a substantial activity—expressing itself in individual embodiments. (White-
head [1925] 1967, 107)

Evolution is the progressive advancement of subjects and reflects an un-
derlying creativity that cannot be explained by an ontology of vacuous
material substance.  “Nuts and bolts cannot evolve!  They can only be
rearranged”  (Birch 1998, 71).  Evolution occurs by changes in the internal
relations of the subject as they are influenced by the environment.  The
potential for self-transformation and self-transcendence that is evolution is
actualized as teleologic response, where teleology can be seen as the present,
with the seeds of its future bound up in it, actualizing its potential.  Teleol-
ogy is “the process by which the immature becomes mature in terms of the
systematic whole that is being generated” (Harris 1970, 70–71).

Teleology, of course, carries with it another sense—in which goals influ-
ence unfolding of the present.  This is reflected in the “initial aim” of
Whitehead’s ontology.  “[God] is that actual entity from which each tem-
poral concrescence receives that initial aim from which its self-causation
starts” (Whitehead [1929] 1978, 244).  In his philosophy of organism,
initial aim is the means by which God influences, but not determines, the
outcome of all the world’s processes, the becoming of all “actual entities,”
where the actual entities constituting reality must be seen not as static
substance but rather as participating in a dynamic process of becoming.
Importantly, God as actual entity is not removed from reality but is part of
reality.  Whitehead explains that “God is not to be treated as an exception
to all metaphysical principles. . . .  He is their chief exemplification” ([1929]
1978, 343).

Material Substance and Process. Process thought, as a metaphysical
system, focuses principally on change and the temporal.  Becoming, not
being, is ontologically central.  Contingency, emergence, and creativity are
essential elements and take precedence over determinism and the static.
The basic unit-events of the world, “actual occasions of experience,” are
not vacuous but rather possess a subjective nature that allows them at-
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tributes that might be called “feeling,” “memory,” and “creativity.”  But
how can process, and not material substance, constitute reality?  To answer
this question, we need to better understand the difference between the
fundamental claims of substance ontology and process ontology.

According to substance ontology, reality comprises material substance—
static and nonexperiencing.  Material substance has an objective nature
only, lacking both subjective and temporal natures.  That is, material sub-
stance is not only incapable of enjoying experience, it also does not change
through time.  In substance ontology, processes rearrange matter, and, since
matter lacks a subjective nature, processes happen to matter.  In contrast to
this is process ontology, according to which reality comprises process—
dynamic and capable of experience.  Processes have an objective nature
(that is, processes can be experienced by subjects), a subjective nature (pro-
cesses can experience, are partly self-determining, and can enter into rela-
tion with other processes), and a temporal nature (processes happen through
time or, perhaps, define time).  Thus, enduring material substance is mere
appearance and exists as stable patterns established by sequential processes.
To quote Nicholas Rescher, “process philosophers tend to be realist about
processes but idealist about substances” (1996, 58).

The Panentheistic God of Process Thought and the Becoming of Actualities.
Process thought rejects concepts of a distant, unengaged God in favor of a
God that is everywhere present in the universe and experiences the uni-
verse.  This is through and through a panentheistic ontology (Clayton and
Peacocke 2004) and gives us a first hint as to how God is able to act in the
world by virtue of God’s immanence in it (Peacocke 1993, 157–60).  In all
panentheistic ontologies, the universe is said to be contained within God.
Such theologies are motivated by the desire to explain the simultaneous
experience of God’s immanence and transcendence.

This belief is found in many of great religious traditions of the world.
In Hinduism, which has been informed by millennia-old Indian philo-
sophical thought, we find the teaching that the Self is intimately associated
with the Absolute.  This is expressed in the Chandogya Upanishad, the
most ancient of the Upanishads, which proclaims: “Tat tvam asi,” That art
thou (Radhakrishnan and Moore [1957] 1989, 69).  These thoughts are
the substance of a panentheistic concept of God, in which we and all that
is have our existence as a “part” of God’s being.  Also, in Christianity we
can see a panentheistic God.  Paul quotes the philosopher-poet Epimenides
and tells us of the human quest for God: “They would search for God and
perhaps grope for him and find him—though indeed he is not far from
each one of us.  For ‘In him we live and move and have our being’” (Acts
17:27–28 NRSV).

It has been argued that panentheism is not only consistent with
humanity’s experience of God but is what ultimately allows for the experi-
ence of God (Borg 1997, 32–54; Peacocke 1993, 157–60).
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In process thought, God experiences the world, and these experiences
condition God’s response to the world.  This is summed up in Whitehead’s
statement that God’s “derivative nature is consequent upon the creative
advance of the world” ([1929] 1978, 345) and allows David R. Griffin to
develop the concept of “variable divine influence” (2001, 144–48).  Di-
vine experience of the world must be a central concept in any construal of
divine action that seeks coherence, for how can God act in ways that are
relevant to the present state of the world if God does not know the present
state of the world? (Cobb 1965, 179–86; Griffin 2001, 151)  There must
exist a “reciprocal relation” between God and the world: “What is done in
the world is transformed into a reality in heaven, and the reality in heaven
passes back into the world.  By reason of this reciprocal relation, the love in
the world passes into the love in heaven, and floods back again into the
world.  In this sense, God is the great companion—the fellow suffer who
understands” (Whitehead [1929] 1978, 351).

Similar sentiments can be found in other contemporary Christian the-
ologies.  In Openness theology (Pinnock et al. 1994; Pinnock 2001), God
lives in time and responds to the events of history (Pinnock 1994, 117–
18).  Even more significantly for humanity’s relation with God, God suf-
fers with us.  “God has chosen to be open to the world and to share in its
suffering because of his love” (Pinnock 1994, 188).  John Macquarrie’s
existential theology allows for symmetry and reciprocity in the relation of
God and the world: “God cannot be conceived apart from the world, for it
is his very essence (letting-be) to create; God is affected by the world as
well as affecting it, for creation entails risk and vulnerability; God is in
time and history, as well as above them” (1977, 121).

The God of process thought influences the outcome of all events, shap-
ing the becoming of all entities.  In Whitehead’s philosophy of organism,
initial aim is the means by which God influences, but not determines, the
outcome of all the world’s processes, the becoming of all actual entities.
We see then that the becoming of all occasions of experience is shaped by
three factors: the past through prehension, its own efficacy of self-determi-
nation, and the initial aim of God.  It is significant that although God has
influence over all processes of the universe, “luring” them into the future,
every event still has power to exert its own creative influence on its future.
Whitehead’s cosmos is characterized by the “creative advance into novelty”
that is conditioned by the world and by God.

Whitehead tells us that “God is that actual entity from which each tem-
poral concrescence receives that initial aim from which its self causation
starts” ([1929] 1978, 244).  Importantly, God as actual entity is not re-
moved from reality but is part of reality.  Whitehead explains that “God is
not to be treated as an exception to all metaphysical principles. . . . He is
their chief exemplification” ([1929] 1978, 343).
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But how is it that God and the world interact?  By what mechanism
does the “causal joint” operate?  This is explained, at least in part, by pan-
experientialism.

Panentheism/Panexperientialism as the Causal Joint between Creator and
Creation. Perhaps the most intriguing feature of Whitehead’s philoso-
phy of organism is that we find subjects where we thought there existed
only objects.  The process doctrine that captures this thought is panexperi-
entialism, the metaphysical proposition that all actual entities are experi-
encing entities.  Panexperientialism describes a view of reality in which
entities at all levels of complexity are capable of enjoying some degree of
subjective experience.  Whitehead explains that each actual occasion arises,
in part, by “prehending” or absorbing data that is offered by the world
around it.  All actualities, whether a human or a cell or a molecule, are
centers of experience.

Of course, only high-level actualities (humans, for example) have con-
scious experience; low-level actualities (such as cells and molecules and at-
oms) do not.  For most actualities, “experience” simply means that they
have the capacity to respond to their environment.  We see that all actuali-
ties, and not just conscious beings, enjoy experience.  In Whitehead’s words,
“Consciousness presupposes experience, and not experience consciousness”
([1929] 1978, 53).

A misunderstanding that often arises in discussions of panexperiential-
ism is the notion that panexperientialism ascribes subjective experience to
all the things of our world.  This is not the case.  Panexperientialism differ-
entiates between aggregates, such as garbage heaps, rocks, and chairs, which
do not experience, and “compound individuals,” such as atoms, molecules,
cells, and people, which do.  The distinguishing feature of a compound
individual is that it responds to stimuli as a unity (Griffin 2001, 120–26).

Another important component of panexperientialism is the concept that
actualities at one level can give rise to higher-level actualities (Griffin 2000,
101).  This concept is based on the idea that an actual occasion of experi-
ence, during its formation, prehends or absorbs some aspect of all other
actual occasions and, as this entity dissolves away, it is likewise absorbed by
entities that are then forming.  As Griffin explains, it is this that allows
mind to emerge from the working of brain cells: “The mind is a series of
very high-level occasions of experience, each of which unifies the myriad
data received from the many brain cells into a subjective unity of experi-
ence” (Griffin 1989, 89).

Thus, panexperientialism offers a solution to the mind-body problem
by allowing a form of perception that is not limited to sensory perception.
Sensory perception is a high-level property, derived from a more funda-
mental, nonsensory perception, which Whitehead and Griffin call “physi-
cal prehension,” a feature that is shared by all actual entities (Griffin 2000,
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102).  Thus, mind and the cells of the brain interact by prehending each
other’s experiences.

This solution to the mind-body problem, together with a doctrine of
panentheism, can serve as a model not only for how humans can experi-
ence God but also how God acts in the world.  Concerning the former,
each of us has within us the ability to apprehend a reality that includes
God at a preconscious and prereflective level (Stein 2002; Cobb and Grif-
fin 1976, 31–32).  Even though God is not a possible object of our senses,
we directly prehend God, just as our brain cells prehend our minds.  When
these prehensions rise to the level of our consciousness, they become di-
vine or mystical experience.  The other side of the experience of God by
humans is divine action in the world.  God is not only immanent in the
world, but God’s immanence can have dynamic manifestation.  God is
able to act in the world by virtue of the fact that God is a “living person—
an everlasting personally ordered society of divine occasions of experience”
(Griffin 2001, 156) and thus can be prehended by the atoms, molecules,
and people that populate the world.

At first blush, this panentheism/panexperientialism connection appears
to hold the key for understanding how the first SRCPs arose.  If the uni-
verse is part of God, and if the molecules that populate the universe are
capable of enjoying subjective experience, it seems straightforward enough
to posit that this relationship allowed God to “direct” the chemistry that
was required to produce SRCPs and ultimately the first cell-like structures.
“Whiteheadian panentheism, with its panexperientialism, allows us to de-
velop a theistic evolutionism, according to which the evolutionary process
has been significantly directed by divine influence” (Griffin 2000, 103).

But this hypothesis, while consistent with theistic intuitions, is unsatis-
fying from a scientific perspective in that it does not address obvious chemi-
cal concerns that must be attended to if this hypothesis is to have sound
scientific as well as metaphysical underpinnings.  Specifically, what we need
is a chemically informed hypothesis for how God interacts with the mo-
lecular world and in so doing worked within nature to bring about the first
SRCPs.  This hypothesis must suggest a mechanism by which rate con-
stants for the critical-path reactions and the many off-path reactions are
balanced to allow generation of SRCPs and, furthermore, must obey ther-
modynamic laws (such as conservation of energy) and chemical principles.
Such a hypothesis is developed in the following section.

CHEMICAL EVOLUTION AS DIVINE MOTIVATION

OF MOLECULAR BECOMING

Emergence of Catalytic Peptides and Molecular Teleology. In his analysis
of origins-of-life research, Lahav remarks that “the catalytic activity of lin-
ear peptides cannot be accounted for by a simple combination of the rel-
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evant properties of their constituent amino acids” (Lahav, Nir, and Elitzur
2001, 85).  This is a most profound observation.  Lahav has expressed one
of the central features of a process ontology of chemistry (Stein 2004; 2006):
that the essential nature of the compound subject transcends, and cannot
be reduced to, the simples from which it is composed.  The first SRCP
possessed unprecedented functionality, inherent only in the relational prop-
erties of the whole, that could be expressed only upon combination of
certain amino acids.  If we imagine these peptides embedded in a complex
evolutionary holoarchy3 of biologic catalysis, we see them transcending
their constituent amino acids, which themselves have properties surpass-
ing their atomic composition, and being subsumed by enzymes and then
higher-order biological catalysts and metabolic pathways.  In this holoarchy,
we also see a molecular teleology at work in which the potential possessed
by amino acids to polymerize into forms with catalytic activity is actual-
ized.

In the context of process thought, the emergence of catalytic capabili-
ties is explained by first viewing the molecule as process, or, in Whitehead’s
technical vocabulary, a structured society of actual occasions of experience
([1929] 1978, 99), “an historic route of actual occasions” ([1929] 1978,
80).  In this construal, a molecule possesses an identity not because it is
static and unchanging but because it is a dynamic system exhibiting a sta-
bility pattern through time (Rescher 1996, 99).  Catalytic capabilities fi-
nally emerged in certain peptides as a result of a long process of molecular
evolution that involved untold numbers of molecular interactions and re-
actions, where these reactions are “the consequential differences in the ac-
tual occasions” (Whitehead [1929] 1978, 80) that make up the particular
structured society that defines each of the reacting molecules.  Molecular
evolution occurred in response to both internally derived creative impulses
that are possessed to some extent by all entities as well as God’s initial aim
which provides divine motivation to each of the serially ordered occasions
of the many molecular societies.

Molecular evolution is a synthesis of the two types of teleology previ-
ously discussed: teleology as potential actualized as the present unfolds and
teleology as goals influencing the unfolding of the present.  Molecular evo-
lution is necessarily a synthesis of these two types of teleological impulse
because it is only with the aim of God toward the goals of life and con-
sciousness that the present will unfold to maximize molecular potential.
The initial aim of God will be always to maximize complexity, novelty, and
value in the world (Whitehead [1929] 1978, 346).  SRCPs arose as a con-
sequence of the divine lure toward complexity, novelty, and ultimately life.

Now, on a chemical level, this would have been played out as an adjust-
ment or fine-tuning of rate constants to favor production of SRCPs and to
inhibit off-path and decomposition reactions.  This concept is illustrated
in the simulation of Figure 3, where a fine-tuning of rate constants relative
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to the situation of Figure 2 results in very dramatic changes in all phases of
the production of A-B.

The previous analysis addresses the what of  divine motivation of chemical
evolution but not the how.  This is the critical issue to which we now turn.

Energy, Causation, and Becoming. We have identified the causal joint
as an immanent God acting through a world of panexperiential entities.
But how does God “flex” the causal joint?  By what means could God have
adjusted rate constants of the chemical reactions that were occurring in
some warm little pond four billion years ago?  We are asking here the
Ultimate Question of divine action in the world.  To answer it, we must
first understand Whitehead’s notion of energy and how the flow of energy
defines reality.  This emphasis on energy is necessary because, as we will
see, the rates at which molecular transformations occur are entirely depen-
dent on the energy content of and distribution within molecules.

According to process thought, pulsing through every entity and event is
a complex energy that is purposive and creative.  It is from this complex
energy, which drives the unfolding of the processes of all occasions, that
the physicist abstracts his “energy.”

The science of physics conceives a natural occasion as a locus of energy.  Whatever
else that occasion may be, it is an individual fact harboring that energy. . . .
[P]hysical science recognizes qualitative differences between occasions in respect
to the way in which each occasion entertains its energy.  These differences are
entirely constituted by the flux of energy, that is to say, by the way in which the
occasions in question have inherited their energy from the past of nature, and in
which they are about to transmit their energy to the future. (Whitehead [1933]
1967, 185)

Fig. 3. Simulated time courses for the production of A-B according to the
mechanism of Fig. 1.  The bottom curve comes directly from Fig. 1, while the
upper curve reflects a situation in which the rate constants for A-B production
and decomposition were subjected to fivefold increases and decreases, respectively.
These adjustments result in a decrease in the lag phase and increases in the expo-
nential growth of A-B and final amount produced.  This simulation illustrates
how a simple adjustment of critical rate constants can lead to the favored forma-
tion of SRCP A-B.
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Whitehead’s central concern here is how the flow of energy fundamen-
tally defines the becoming of all occasions.  This theme has been amplified
by Marjorie Hewitt Suchocki, who tells us that in the becoming of an
entity, “each element of existence draws from the transmitted energies of
its past, combining these energies in a creative moment toward its own
actuality” (1997, 12).  To become is be a nexus of energy flow.

But this raises the specter of energy/entity dualism: How is energy, if it
is distinct from entity, transmitted among entities?  Light is shed on the
mechanism of energy flux among entities by understanding that “mass is
energy” (Einstein and Infeld 1938, 244).  In formulating the equivalence
of mass and energy, Einstein tells us that the universe is made of a single
stuff, and this stuff is energy: “matter is where the concentration of energy
is great” (1938, 242).  Suchocki provides a valuable insight that helps us
understand the equivalence between mass and energy as it relates to be-
coming: “. . . all of space is permeated with radiant energy that is made up
of a series of many units.  In concentrated configurations, these units be-
come particles of matter; in increasingly larger groupings of these particles,
they become items familiar to human experience . . . each unit is the recep-
tion, unification, and transmission of energy” (Suchocki 1997, 237–38; em-
phasis added)

The universe is made of a single stuff.  And with this realization, energy/
entity dualism dissolves into monism.  But this is not a featureless mo-
nism; this monism possesses a threefold internal relationship that unites
energy, causation, and becoming.  Energy has an equivalence link to causa-
tion; it would not be a mistake to equate energy with causal propensity.
And energy/causality is that which drives and is simultaneously transmit-
ted during the becoming of all actual occasions.  Energy is the causal ground
of becoming of all occasions.  Thus, God as actual entity can be said to pro-
vide the divine initial aim, as a transmission of energy, to all actual occa-
sions.  To paraphrase Paul Tillich, God is the ground of causation of the
becoming of all that is.

Now, let us once more consider the molecule and its reactions, first as
chemists and then through the lens of process thought.  Combined, these
explanatory vehicles will allow us to finally construct a hypothesis for how
God interacts with the world.

A molecule typically can undergo a great many types of chemical reac-
tions, each reaction occurring at a particular rate and producing a distinct
set of products.  Chemists call this pattern of behavior the chemical reac-
tivity of a molecule.  Chemical reactivity is a function of molecular proper-
ties including the total energy content of the molecule and how this energy
is distributed among the several chemical bonds that exist between the
atoms of the molecule.  Energy content and distribution is dependent not
only on details of the atomic composition of the molecule but also on the
environment in which the molecule finds itself.  And, finally, the rates at
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which the various transformations that a molecule can potentially undergo
are a function of the molecule’s energy content as well as the distribution
of this energy.  Chemical bonds in a molecule that have a high energy
content will react faster than low-energy bonds that are otherwise chemi-
cally equivalent.

This view of chemical reactivity, while informative and accurate in a
utilitarian sense, is informed by an ontologically shallow metaphysic of
materialism.  Although such notions of material substance “expresses a
useful abstract for many purposes of life” and have a “sound pragmatic
defense” (Whitehead [1929] 1978, 79), reliance on such an ontology gives
a deficient and impoverished view of reality, offering precious little room
for understanding divine action.  For this, we need a process metaphysic of
chemical reactivity.

The molecule, as a structured society of actual occasions of experience,
is defined by relation, both internal and external.  Molecular entities are
not mere objects, vacuous entities, but rather can be said to possess a sub-
jective nature that allows them to experience and respond to their environ-
ment (Stein 2004; 2006).  Such an ontology is necessarily based on a
panexperientialist understanding of nature in general and molecules in
particular:

When we think of a molecule as a nonexperiencing thing, we are thinking of it as
experienced by us. . . . We do not experience what it is to be a molecule.  We only
know it, insofar as we know it at all, from without. . . . To assume that some
things without any experience exist would be a category mistake. . . . To say that
a molecule has experience means only that it has some vague feeling-response to
its environment. . . . The molecule need not be thought of as simply an aggregate
of atoms.  Insofar as a molecule shows signs of responding to its environment
with a unity of action, it can be thought to have a unity of experience.  The idea
that each atom can receive feelings from the molecular experiences explains how
the whole molecule can act as a unity. (Griffin 1988, 151–58 )

These relational experiences occur as a transfer of energy, defining the
molecule’s becoming and producing a spectrum of causality that manifests
as a spectrum of transformations that the molecule undergoes.  For a par-
ticular molecule, certain combinations of internal atomic experiences and
external environment-conditioned experiences will produce a specific pat-
tern of energy/causality within the molecule, motivating a specific type of
transformation.  Transformations that occur rapidly, and are said by chem-
ists to reflect chemical bonds of high energy content, are those that have
acquired, from their experience of internal and external relation, a more
intense causal propensity.  We now can see that a molecule’s chemical reac-
tivity is underwritten by an ontology of relational becoming in which en-
ergy is the causal ground of molecular transformative process.

Once more, think about the reactions that molecules A and B can un-
dergo according to Figure 1.  We have seen that the distribution of possible
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products is dictated not only by the chemical natures of A and B but also
by the environment, meaning that certain conditions will favor the pro-
duction of A-B over the other three potential reaction products.  We can
now analyze this chemical phenomenon in the context of a process ontol-
ogy of molecular becoming.

Molecular entities A and B each has its own individual path of becom-
ing, each path defined by internal and external relation.  Not only do A
and B have temporal natures, but they also have spatial natures; A and B
both are extensive and thus exist in some spatial relation to one another.
When the spatial relation between A and B places them at a specific, criti-
cal distance from one another, causal tendencies of the system that A and
B compose undergo a dramatic change.  Where once causal tendency en-
gendered mere repetition in A and B as individuals, causal tendency now
takes a turn toward novelty, engendering an ontologic fusion of A with B
to form something new.  Of the four possible molecular entities that can
potentially emerge from this fusion of A and B, the one that forms most
rapidly is the one for which the route of passage is causally unobstructed,
where particular portions of A and particular portions of B are in intimate
relation and where these extensive aspects of A and of B possess the great-
est causal intensity toward novelty rather than toward repetition.

In the above discussion, the philosopher’s “causal tendency” and “causal
intensity” have replaced the chemist’s “energy” and gradations of energy.
In reality, both are linguistic placeholders for an ontologically deeper level
about which we have little understanding.  Both kinds of vocabulary ex-
press, in different ways, a mere recognition that we live in a world of cau-
sation.  Both philosophers and scientists struggle to understand why it is
that events happen and must have causes.

Divine Action: God Acts in the Molecular World. This description of
molecular transformation with its ontologic foundation set in process
thought provides the understanding that is necessary to construct a hy-
pothesis for how God works within the molecular world and thereby was
able to bring forth the first SRCPs.  I propose that God’s action within the
molecular world has its origin in God’s ability to alter the energy distribu-
tion within a system of reacting molecules in such a way as to favor a
specific set of reaction products.  This altered energy distribution and re-
sultant change in chemical reactivity constitute and define the divine ini-
tial aim that is received by this molecular system as a structured society of
occasions of experience.  This is the “lure” toward novelty and value that
God provides as part of the becoming of all occasions of experiences.

To understand how God accomplishes this, we need to draw on our
previous analysis of the intimate relationship between energy and causa-
tion and how this, in turn, is related to God.  We came to see that energy
is causal propensity, and in a world of process, energy, as causation, can be
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seen to undergird the creative becoming of all occasions of experience.
These ideas find support from concepts of contemporary physics that in-
form our understanding of reality and tell us that the material things of
this world are, in fact, energy events.  God is able to interact with our
world because God too is an energy event: “If what is most real are energy-
events, and if these are highly diverse in their character, then God can be
conceived as a very special kind of energy-event” (Cobb [1965] 1998, 71).
This thought reflects a basic premise of process theology—that God is not
to be considered an exception to the metaphysical principles of our uni-
verse but rather “He is their chief exemplification” (Whitehead [1929]
1978, 343).

The idea that God is in some sense an energy event can be found in
other strands of contemporary theology as well.  Wolfhart Pannenberg’s
vision of the spirit of God as a “universal field of energy” (1993, 132)
motivated Keith Ward to suggest that “Within the perspective of modern
cosmology, one might see God not as an intervener from outside a closed
deterministic system, but as a total field which sets the goals of the cosmic
process and continuously influences events towards their goals” (1996, 298).
The elusive causal joint between Creator and creation can now be seen to
be an energy that defines and constitutes all that is actual.  The flexing of
this joint occurs as transduction of this energy.

God’s mode of interaction with the world, involving energy transduc-
tion at the molecular level, may also help us understand the mind-body
problem discussed earlier.  Again, consider Griffin’s argument that body
and mind are of the same kind:

The apparent difference in kind between our experience, or our “mind,” and the
entities comprising our bodies is an illusion, resulting from the fact that we know
them in two different ways: We know our minds from within, by identity, whereas
in sensory perception of our bodies we know them from without.  Once we real-
ize this, there is no reason to assume them really to be different in kind. (Griffin
2000, 169)

Because mind and bodies are of the same kind, they can communicate.
But this is only a partial solution to the mind-body problem.  It seems
clear that neuroscientists and philosophers of mind need to consider events
that occur at the molecular level if progress is to be made in formulating a
truly comprehensive solution to the mind-body problem.  When my con-
scious self instructs my fingers to type these words, the firing of the first
neurons at the neuronal/muscular junctions occurs because certain neu-
rotransmitter molecules are released in response to a series of molecular
events.  So the question that is typically asked, How is it that mind is able
to cause my fingers to move?, should be replaced by How is it that mind is
able to cause specific, finger-moving molecular events to occur rather than
other molecular events?  The answer is that self changes the distribution of
energy in molecules that participate in the desired bodily action.  As we
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gain an understanding of this, we may also gain further understanding of
how God interacts with the world.

From a strictly chemical point of view, there is nothing remarkable about
this sort of mechanism in which a molecular system’s reactivity is altered
by a redistribution of energy.  For example, it is now standard methodol-
ogy in the field of photochemistry to be able to selectively “energize” par-
ticular bonds in a molecule to favor certain reaction products (le Noble
1974; Bochet 2000).  Complex organic molecules can be irradiated with
light of a specific wavelength (that is, light of a specific energy content)
that selectively excites, or energizes, only those bonds within the molecule
that are able to absorb the energy of this wavelength of light.  Once ener-
gized, these bonds, and only these bonds, undergo chemical reaction.

Likewise, the transduction of energy from one site to be utilized at an-
other site is just how enzymes are thought to effect catalysis.  Enzymes are
protein molecules that are able to greatly accelerate critical biochemical
reactions.  Enzymes are thought to catalyze their reactions via a mecha-
nism in which they transfer, or more correctly transduce, energy that is
available from the aqueous environment to a specific locus on its surface,
known as the active site, where molecular transformation of substrate to
product occurs at a rate that is often billion of times faster than the rate in
the absence of enzyme (Stein 2004; 2006; Welch 1986).  The enzyme
transduces heat and collisional energy of the environment to a small local-
ized area on its surface to energize molecules that are bound to it in such a
way as to bring about specific reactions while inhibiting other reactions.

The proposed mechanism of divine motivation of molecular becoming,
then, is consistent with chemical principles and violates no physical or
thermodynamic laws such as the conservation of energy.  The latter point
is particularly important.  Any detailed mechanistic proposal for how God
acts in the world that wishes to be taken seriously from a scientific perspec-
tive must address the issue of how God acts in the universe without adding
energy to the universe.  Creation of new energy in a closed system such as
our universe is forbidden by thermodynamic laws.  However, transfer of
energy and transduction of energy from one form to another is allowed
and is precisely what is being proposed here for the mode of God’s action
in the world.

FINAL THOUGHTS

It may be that we will never fully understand how life arose on our planet.
Happening so long ago in an environment that we can hardly imagine, it is
difficult to construct hypotheses that are comprehensive, let alone testable.
Nonetheless, we may eventually be successful and formulate abiogenic theo-
ries that have broad explanatory power.  But if these theories are under-
pinned by a substance metaphysic, they will not have incorporated critical
features of reality.
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Ivor Leclerc clearly saw this and explained that only through the develop-
ment of new metaphysical theories would new ways emerge for under-
standing the reality that is revealed by science.  “Indispensable in the future
will be the formulation of alternative theories of nature as bases for alter-
native interpretations of scientific evidence.  Through such interpretations
the philosophical theories will be tested, and the scientific evidence under-
stood” (Leclerc 1972, 15–16).

I believe that process thought offers a way of seeing reality that allows a
fuller understanding of our world.  In this essay, I have used process thought
as my backdrop as I explored the origins of life.  It allows a hypothesis to be
developed that at once satisfies our deep intuitions of teleology and our
scientific sensibilities.  I have proposed a model to explain how God could
have worked in the primal world to lure inorganic matter toward ever greater
complexity and novelty that is chemically and thermodynamically sound.
I also have suggested a model for divine action in which the causal joint
that exists between God and universe is an energy flux between God and
molecule.  God’s action in the world is divine motivation of chemical be-
coming.4

NOTES

1. A “rate constant” is a numerical quantity that reflects the speed with which a chemical
reaction occurs.  Efficient and rapid reactions are associated with large rate constants.

2. Often the term evolution is used in a restricted sense to refer only to the biological pro-
cess by which advanced multicellular life forms developed from the first cell.  In this essay I
impose no such restriction but instead use this term to refer to the entire process that started
with the abiogenic formation of the first cell.

3. The term holoarchy is part of a useful descriptive apparatus developed by Ken Wilber
(2000) in which particular elements of reality are seen as constituting parts of a relational set of
nested or concentric elements.  Although Wilber traces the idea to Arthur Koestler (1978),
who coined the term holon to refer to an entity that is simultaneously a whole and a part of
some other whole (Wilber 2000, 17), similar thinking appears in the work of Ivor Leclerc
(1972, 311) and process thought in general (Rescher 2000, 30–32).

4. It is important to note that this may not be the only mode of interaction between God
and the universe.  In addition to the mechanism described here, it has been proposed that God
may act by means related to the quantum indeterminacy of microsystems (Russell et al. 2001)
or to the chaotic behavior of macrosystems (Russell, Murphy, and Peacocke 1997).  Of course,
all proposals to explain divine action will inevitably suffer from some degree of incompleteness
and approximation, for how can humans achieve a complete understanding of the means by
which God acts in the universe?  Nonetheless, work in this area should continue, and a fruitful
path forward in our attempts to understand divine action may indeed be found in exploring
relationships among theories of molecular transformation, quantum mechanics, and chaotic
behavior.
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