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Nlainstream process thinkers har.e clearlv repudiated the traditional Christian
view that God created our universe out of nothing, ex nihi/0, at some point in
the finite past. Thev affirm instead that God created our universe out of the
chaotic remains of some prior universe or cosmic epoch, u,hich in turn u,as
also created out the chaotic remains of some prior unil.erse, and so on to
infiniq,, because ever\r finite actualifi. u.as pard\- created b1. and out of some
prior actualifi'. As David Gritfln put it, "Creation of our particular u,orld u,as
not initiated bv a creation ex nibi/0, in the sense of a total absence of finite
forms oi actuali6', but \vas a creation out of chaos, out of a less ordered
realm of finitude" (Pb1,sics 139). \\rhen integrated into process theologri the
claim that even, realit)' is created partl1. by and out of antecedent realities
(and partl,v bl God) implies that our universe or cosmic epoch is just the latest
member of an infinite sequence of antecedent universes that God created
necessarilt'because God is necessarih. creatir.e, social, loving, and embodied
rn lome Lrni1r615s-ad inf nitam.

I wish to short'that and horv u'e can retain r.aluable process insigl-rts, such
as that God is necessarillr creative, social, loving, and embodied in some ac-
tual universe, and still affirm creation ex nihilo for our unir.erse. \,)Tithout

relating his metapl-rt'sics to recent der.elopments in scientific cosmology', Rob-
ert Neville, both a friend and a severe critic of process theologr; has prer.iouslr-
championed creation ex nihilo (God; T'heology 28-48; CreatiL,i/.1' 33-35, 44-46).
However, most philosophical-minded process theologians l-rave not been able
to conceive of 2 wa1, to get around the principle that all realities afe pafth'
created out of prior actualities and still preserve God's necessar\. creativitr,,
sociality, love, and embodiment. I hope to shorv that and horv it can be done
quite successfull1, b1, employing concepts that are quite readilr, ayailable in
contemporary Big Bang astrophvsics and cosmology, and that reasons given
by process thinkers for repudiating creation ex nihilo can be fl.passed. In
developing these points, I also l-rope to show horv process thought can reiate
its insights to contemporar), scientific Big Bang cosmolog)', and that tradi-
tional process thought contains elements out of which a process understandins
of creation ex nibilo can be constructed.

I
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L A Neu Frameuork for Understanding Creation Ex Nihilo

In answering the question "Is God Creator Ex \iltila?" on the Procets and Faitlt

website, John B. Cobb, Jr. replies that "\\'hitehead kneu' nothing of the 'Big
Bang' and thought instead of cosmic epochs er.olving out of eadier cosmic
epochs r,vith no singularities involr.ed. Process tl-reologv follou-ed him." Pro-
cess thinkers have indeed follorved \\'1-ritehead in affirmins that our universe,

our cosmic epoch, was created out of the ashes of some temporallr' anteced-
ent unir,,erse, and that both unir.erses belong u,ithin an infinitelt' prolonged
series of created unir.erses that collectivelr' fulfill the necessin- of divine cre-

ativiq,, socialirt', love, and embodiment. Charle s Har tshorne affir med, admittedh-
with some hesitation:

That actualin'is frnite in space I readilv beljer-e. lt is certainlv f-inite in some
respects; for to sav othenvise u'ould be to sar. that even-thing thinkable s'as
also actual, and this is absurd. But tl-re serious question concerns the past oi
the creatir.e process. Is tl-rere an actuallv inflnite regfess oi past stages-ii
nov,here else, then at least in the divine becon-ring? If not, horv can a first
stage be either ar.oided or made intelligible, ii even' experience must har-e

antecedent objects t ] ? So I{ant's flrst antinoml', his rnost potent
argument, stares us in the face. All I can see to do is to reject his disprooiof
the possibilin' of an actual infinitv. [. . .] This question I cannot at present
ans\\rer to mv own complete satisfaction. (Creatit'e 1.25)

In his "Response to Alston," F{artshorne fleshes out his cosmologr- of firute
space and inflnite time bv linkrng it to \\hitehead's doctrine of cosmic epochs,
telling us that "I incline to \\1-ritehead's r-ierv of cosmic epochs, each u.ith its
own laws" (100). Presumablv this all means that a series of spatiallv finite
cosmic epochs extends infinitelv into the past, and that our universe rvas

created out of the rernains of the preceding epoch. The sarre interpretation
must also be placed upon I-ewis Ford's "Alternative to Crealio Ex \iltilo," urhich
affirms: "For if the r,vodd is not created from nothing, it can possiblv har.e an

infinite past. If evefl' creative act creates itself out of past acts, ad irtfinitrrnt,

the wodd must har.e an infinite past" and upon Cobb and Griffin's "Process

theoiogl. rejects the notion of creatio ex nihilo, it- that means creation out of
absolute nothingness. Process theologl' affirrns instead a doctrine of creation
out of chaos" (65). Griffin positions this chaos within a temporallr' ordered
set of oscillating universes when he explains that "There vras no beginning.
The chaos from which our u,odd began can be considered the final state of a

prer.ious world. Creation is the gradual bringing of order out of chaos" (Euil
23).

Hou. does all of this relate to rvhat is going on in contemporan. scientific
cosmology? Todar,, for the most part, cosmologt,is being done bt. astrophvsi-
cists rather than bv philosophers or theologians. Nfost of these scientific
cosmologists do not believe in God and seem to knov'little or nothing about
process philosophy The1. rvish to lear.e the impression that their atheistic
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cosmological speculations are someholv "scientific," although this is far from
being the case, as will be expiained later. Still, for convenience, iet us call
cosmological speculation being done bv astrophrrsicists and other professional
scientists "scientific cosmolog\'."

Contemporarv scientific cosmologv is verv diverse. The varien' that best
correlates with the views of mainstre^m process theologians is Oscillationism,
even though process thinkers have not explicidv affirmed it bv using the rvord
"oscillationism." Contemporarlr scientific Oscillationists1 usuallr. affirm that
our unil,erse is but the most recent in a temporallv infinite series of cosmic
epochs, that it was created entirel),, not bv God, but bt, an influx of energr-
from an antecedentlt. existing universe, that this prior universe originated
from its own Big Bang, enlarged to the maximum allowed bv the tension
between the expansive kinetic energy of its Bang and the constrictive force
of its gravitli then began to contract after gravifi' ultimateiv prevailed, and
finall1, ended in a Big Crunch, from the ashes of which our own Big Bang
rebounded.

Most scientific Oscillationists also affirm that the series or set of Bang-to-
Crunch epochs extends infinitelv into the past. Thev do so primarilv because
thev think that this is a way of avoiding God. As Alan N{. NlacRobert recog-
ntzedin Srty and Telescope tn 1983, "the idea of an oscillating universe, in which
the Big Bang resulted from the recollapse of a prer.ious phase of the uni-
verse, gained currency mereh. because it avoided the issue of [d-rvine] creation,
not because there was the slightest evidence in favor of it" (211).

The naivet6 of the view that an inflnitely prolonged natural or spatiotem-
poral order of things needs no God would be readil1, app^rentto philosophers,
from Aquinas to Whitehead and be1,6n4, who understand that an infinitely
prolonged universe or set of successive universes rvould likel,v iack the com-
plete seif-sufficiencv essential for natualistic atheism and would be contingent
upon God in many respects. For instance, God could and most likelr'would
be required by each cosmic epoch to squeeze out any residual entropy or
chaos inherited from an antecedent epoch, to select desirable laws (especiallv
life-supporting ones) for each new universe, and to choose its initial condi-
tions (hke the quantitl'of stuff, energ\', or mass in the universe, the strength
of the basic phvsical forces, and the as),mmetr\. of matter over antim ^tter-or aice uersa). Process thought would add that God is essential to pror.ide each
spatiotemporal occasion in every epoch with an "initial atm" that inciudes
novel possibiiities to be creativelv actualized b1, the choice or initiative of
every creature, and that God preserves and cherishes forever in his faultless
memory the values created by existing individuals in each cosmic epoch and
gives them "objective immortaliqr."

Pure Oscillationism, which affirms a single infinitelv prolonged strand of
successive universes, has some stiff competition in contemporan, scientific
cosmologl.. The main competition comes from the "man1. worlds" view, or
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what I call "BrgFrzz Cosmologl'," according to u,hich both time and space are

infinitel1. extended and creatir.e. Space in todar-'s astrophvsics is not just noth-
ingness or 

^n 
empq'Neu.tonian or I{antian iorm that separates phr-sical objects

and processes. As \\/hitehead recognized, a lot is going on in so cailed ".-p,)'
space" (Science 153-54; Process 92, 1,77 , 199). Actual occasions constanth' occur
there, but they do not consolidate into persisting societies.

Today's cosmologists are convinced that space itself is a kind of phr-sical
something, a field with its orvn phvsical properties, its o\\:n actualized mass/
ener€i\r and densitl'. It has a fine-grained foamv texture, best described bv the
lau,s of quantum phr.sics; and it can be bent, stretched, shrunk, u,arped, vi-
brated, and knotted. The seeminglv emptiest spatial regions are seethins or
bubblingwith "virtual particles" arvaiting birth or actaahzatton. Scientific-mrnded
cosmologists think that quantum indefiniteness allou's these virtual or real
potential particles to be converted brieflv into actual particles, so long as thev
promptlv cease to exist so as not to f i6l216-fsr more than an ins12n1-1hs
principle of the conservation or constancv of energv (Nlisner 12(12-03;
Rozental 88-95, 1,07 -1,0; Linde 6L2-20; Gribbin, Beginrting 244-55).

Matter and antimatter p^rtlcles are constanth. being created in empn- space;
usually thev annihilate one another almost immediatelr; but not alu,a)-s. The
cosmology proposed bv highl). influential Inflation Theon'savs that efferr-es-
cent \/irtual particles occasionallr, escape from "empt\. spAce" into more
enduring actualit\', as allou,ed bt'the random t-luctuations recognized bv quan-
tum theor)-, and then thev inflate into an entire universe (Guth 167 -87,245-52;
Ferris 349-66). This happens more than once; most inflation theorists think
that it happens an infinite number of times to actuahze er'er1. possible u,orid.2
Process thinkers should agree here u,ith Hartshorne (and Leibniz) that the
notion of actualtzing even'possibilitv is absurd since there are incompossible
possibilities within and among e\ren'conceivable world. Quantum Cosmolo-
gists seem to think that evert, possibilitv is actuahzed, er,en if it takes an
entirelv new universe to accommodate each one. Process thinkers dissent,
however, on the grounds that for moral and aesthetic reasons, God v.ould not
create the innumerable horrible, trivial, or boring worlds that are logicallv
possible.

Our spacetime s1.51sm, the onl1'one we can obse6.e directlv (at least in
p^rt), the one whose origins we can trace back to a chaotic Big Bang, origi-
nated around 15 billion \.ears ago. All events that compose our spacetime
system are causalh'conflected with other events rvithin that svstem, rvhich is

in principle traceable back to the Big Bang. The cause of the Bang itself lies

outside our spacetime st.stem; but it mat' or mav not ha\.e been God.
Most Quantum Cosmologists, those urho applv quantum theon'to cos-

mological questions, hold that our universe is but one of infinitelv manv
universes spawned, not by God, but bv and from the near-nothingness of
quantum-foamy empt)' space. According to this "manl. u.orlds" Btgtrizz infla-
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tionarl, scenado, the relevant infinitelv fertile ".-p,)- space" is not a part of,
does not belong to, our cosmic epoch. BrgEizz Cosmologv postulates a tran-
scendent quantum- fizzy N'Iotherspacetime or Superspacetime u'ithin rvhich
infinitely man)r child-worlds or universes co-exist in infinitelv extended space

throughout infinite time. After child rvorlds are thus spau'ned, the\, mar- or
may not then begin to oscillate.3

Let us consider the "many u,orlds" notion of infinite Superspace that
supposedly accommodates an endless number of independenth- co-existing
and spontaneouslv conceived child unir.erses. According to cosmologrcal theo-
ries widel)r accepted todar., since infinite Superspace has ahvays existed, it
co-exists with infirute Supertime. When a spatiotemporalir' finite universe like
ours expands, it pushes into pre-existing Superspacetime, not into absolute
nothingness. Believe it or not, many scientific-minded cosmologists take all of
this stuff very seriouslr'!

Deveiopments in contemporarlr cosmologr- oudined thus far mav strike

vou as utterly rvild speculation, har.ing litde or nothing to do with empirical
natural science, er.en if it originates rvith professional astrophvsicists. Indeed,
it is just thatl A11 postulated antecedent and contemporan' unir.erses, and the
infinite Supertirrre and quantum-foam1'Superspace within rvhich thel'are 1o-

cated, transcend our cosmic epoch and are totallv inaccessible to human
experience. They exist before and beyond our spacetime s1,51sm in a time
prior to the beginrung of our time and in a space ber-ond and outside of our
space, so we can never obsen e them. Thev are supernatural realities, if real
atall, that transcend our s\rstem of nature or spacetime. If thev exist, thel'are
supernatural other worlds. Er.en science, if tlus is science, cannot get along
rvithout the supernatural As philosophical postulates or explanatofl'hlpoth-
eses, their realjrr' (or lack thereofl can be considered and debated; but that
u,ould take us far bevond the scope of this articie. To get the intricate details
of that, vou must await the publication of mr. Vbat Caased lhe BigBang?It
should be obvious to anlrone, ho$'eye\that anv explanaton. appeal to realities
that transcend our spatiotemporal natural order of things alv-ays leaves em-

pirical natural science far behind. Hereafter, "scientific" cosrrrologt'wil1 appear
in quotes.

So, urhat does this have to do u'ith creation ex nihilo? The concept of
transcendent Superspacetime developed br, Big Frzz Cosmologists is pure11'

theoretical and has nothing to do with r.erifiable natural science, but it mat,
nevertheless be extremely useful to theologiansl I began b1'saf ing that pro-
cess theoiogians have been unable to conceive how to make sense out of
creation ex nihi/o and still affirm infinite Divine creativiq., love, socialiq,, and

embodiment. This is iargelv because they assumed that finite space is the onl1.

possible complement to infinite time. Hartshorne, for instance, says that "the
divine actualitl, so far as I can grasp the relevant concepts, must involr.e a

numedcallv infinite number of past creatures, but the creation need not, and
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I think must not, be spatiallv infinite" ("NIartin" 7 4); and he repeatedh' asserts

the finitude of space while aFfirming the infinin' of time. (Creatit'e 30, 1,25,

126) By default, if in no other wa\', other process theologians seem to agree.

\X4rat would happen tf, contra Hartshorne, the conceprual framervork of
process theologt, were expanded to include not onll Hartshorne's infinite
Supertime, but also the infinite Superspace postulated bt'so manv contempo-
rary "scientific" cosmologists? Here, our objective is simplr. to extend our \\'a\'

of conceiuing of the arena of infrnite Divine creativitr', love, sociabilin-, and
embodiment; and this has nothing to do 'l,rth t.,erif1'z)zg propositions about other
transcendent worlds, which we mortals could never do. Neither infinite
Supertime (previously assumed or affirmed bv process theologr) nor infinite
Superspace (hitherto denied bv process theologr') are verifiable b1' us. O.1l'
God could do the iob.

Within infinite Divine Superspacetime, God could be infiniteh'loving, so-

cial, embodied, and creative without being tied to a single temporal strand of
spatrally finite antecedent-and-successive universes. \\/itkun infinite Superspace

and thtoughout infinite Supertime, God could create manv co-existing ufl-
verses out of nothing, or nothing more than "empn " Superspace itself; and
God could be infiniteh, 61s^tive, social, loving, and embodied in relation to
them. No co-existing universes u,ould ltarc to be created out of antecedent
universes, although some might be. As God wills, some or all co-existing uni-
verses couid be completeiv independent causallr' of all the others, so the
crucial barrier befu,een mainstream process theologv and traditional Christian
theology wor-rld no longer exist.

Divine creation of universes rx nihilo, thus understood, ahvat's presuppases

other actualities, i.e., God's embodiment sometvhere in Superspacetime, but ac-

tual universes or Divine bodies need not be created out o;f other actua[ties, such
as temporally 2p1..edent universes. Process theologians can consistendr-af-
firm that throughout everlasting Supertime, God mav create, as $,i11ed, manv
independently existing universes out of nothing, or the near-nothingness of
".*pr.y" Superspace; and that if, once initiated, some universes form an oscii-
lating series, this is not true of our universe, which God could have created ex

nihilo.

In infinite Superspacetime, all child universes could be so far removed
from every o1hs1-infinitely far apart if necessary'-that thel, could never
contact or causally influence one another or be derived causally from preced-
ing universes. Or, if God wiils, some might have tangential contacts u'ith
others, being connected perhaps bv wormholes or creative acts of God. Some

of these co-existing child universes might even be Heaven, Purgator\r, or
Hell; and God might be able to figure out how to get us from one to the
other! "Beam us over, God!" After we die, God could just re-constitute us in
transformed and much improved resurrected bodies (as John Hick suggests)

in the spacetime of another world that co-exists with our universe in infinite
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Superspacetime. Again, the point is just to conceive of such things, to make

them intelligible, not to verifi' or confirm anr- beliefs \\:e may have about
them.

The concept of infinite Superspacetime is neither the Nervtonian notion
of absolute space and time, nor Einsteinian relatir.iry spacetime. It derives not
from classical or relativitv ph1'sics but from quantum phr.sics applied imagina-
tivelr, to cosmology. lv41' suggestion that God might recreate an impror.ed
edition of us in another co-existing spacetime svstem is not as un-\\'hiteheadian
as it may seem. If order, as we knorv it, is usuallr' a complex emergent achier.e-

ment from pre-existing order, this could not be true of creation ex nihilo; and
even if true, in light of what quantum phvsicists har.e discovered about non-
local causalitl'we can no longer assume that all causal influence requires
spatiotemporal contiguit), or proximitu Even the telepathv in u,hich White-
head believed (Process253,308) did not presuppose that. According to quanrum
physics, what Einstein called "spook1, action at a distance" is a realitr,; and
within Superspacetime, that action could transcend local universes. \\'hether it
actualll, does or not, we do not know

If God is actualized in both infinite Supertime and infinite Superspace,

the evedastingness of dir,-ine socialiq., lor.e, and creativit)'would not be sub-
verted if a finite universe like ours \f,,as created out of nothing about fifteen
billion years ago. \Wh1. should God's er.erlasting creativitr be ued to a single
temporal strand of spatiallv finite universes, of which ours is the most recent
member? God could be er.erlastinglv creative in Superspace as well as in
Supertime, where particular universes need not emerge from antecedent uni-
verses. To reconcile process theoiogl, with the creation of our unir,.erse ,x
nihilo, we need a concept of Divine Superspacetime as God's sensorium and
arefl^ for infinite creativitr., as further explained in the follorving discussion.
If my analysis is successful, process theologr. should adopt the view that
Godt potential embodiment is coextensive with infinite Superspacetime; and
God's actual embodiment is coextensir,.e v,,ith al1 the wodds God has chosen
to actuahze within Superspacetime. God's present body is not confined to our
finite Big Bang spacetime epoch, which may or mav not have antecedents,
depending on the plausibilin, of Oscillationism.

Taking the general concept of N{otherspacetime or Superspacetime from
contemporary "many wodds" cosmologv does not and should not commit
process theology to much of the baggage that has been attached to it. Process
thinkers will want to reject the Principle of Plenitude, so popular with toda1,'5

"scientific" cosmologists, according to which all possible wodds are actual
wodds. Instead, in infinite Superspacetime, God creates all the u,orlds that
God chooses, but not all possible worids. For many good reasons, God is not
driven by the ideal of Pienirude, which requires the creation of all posslble
worlds. God mav have created an infinite number of worids in Superspacetime,
but God understands that infiniry cannot be used up and that an infinite
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number u,ill alu,avs remain to be created. God also tealizes that manv possible
wodds are too horrible, or too trivial and boring, to be created at all. As
\Mhitehead noted, "It is not true that God is in all respects infinite. Ii He
were, He would be evil as s'ell as good" (Religiott 153). Divine Superspacetime
need not be conceir.ed as resembling the quantum-foamv spacetime of our
universe, rn which actual particle-occasions are constanth-emerging spontane-
oush'but briefly From virtualin'. Instead, Superspacetime is God's arena tor
deliberate but selective creatir-in-; and it has all the properties that God \\'ants
to give to it, even though \\re ma\- not know urhat thev are.

Nlainstream process theologians were unable to conceive of creation r"l"'

nilti/o because they urere u,edded, implicitlv if not expLicitlr-, to the model of a

single strand of spatiallr. finite oscillating unir.erses extending infiniteh- into
the past, each member of u,hich arises causalh- from both God and from its
immediate predecessor. Hartshorne affirmed "an infinifi- of earlier unir-erses,

each produced out oi its predecessor, rrrore or less catastrophicall- or gradu-

2111,"' but God created them all, including our unir-erse, out of their
predecessors (L[an] 94; see also 234,239). This cosmological model pre-
cludes the possibilin- that a universe could arise causalh' onlr- trom God at
some point in the frrute past-the essence of creation ex nibi/o.It assumes that
God's infinite creativitv u,as onh' temporaliv ordered; but it mav also be spa-

tiallr. ordered as Divine Superspacetime, u,here God might be evedastinglr'
creati'u,e oimultiple unir.erses that have no causal relations \\-tth.0//r slstem of
spacetime; and our svstem oi spacetime could arise directlr- irom God's
Superspacetime and creative u,ill alone, u,ithout being preceded br- antecedent
universes. Other universes or cosmic epochs could be "bevond" ours spa-

tialh., to use \dhitehead's u,'ord for it, u.ithout beins "before" ours temporallr',
as mainstream process theologv has assumed.

IL Elements of Superspacetime in Process Thought

Elements out of which a theon'of Divine Superspacetime can be constructed
alreadv exist in process theology In discussing the possible existence of manv
independent wodds rn an essa\r in Essa-ys in Science and Phi/asoplg,,V'Litehead
proposed that and how we rnight conceive of independentll. existing uni-
verses that have no causal, temporal, or even spatial relations rvith one another:

\fle can imagine that, in the realm of existence, there may be an alternatir-e
space-time process other than that of nature; but nature and the alternative
process do not conjoin to make one process. In fact u;e are 21\\/are ot such
alternative processes in dreams, rvhere u,e apprehend a process of er.ents
which in respect to nature are norvhere and at no time. (144)

Despite any philosophical problems one misht find rvith \\''hitehead's dream
wodd proposal, tl-ris shows that the idea of muluple u,odds is not entirelr'a[en
to process thought. Horvever, the most effectir.e and trouble-free wav to
conceive of independent worlds and to relate process theologv to contempo-



Rem B. Edwards f Creation Ex Nihilo 85

rary Blg Bang cosmolog,v is to think of other u,'odds as co-existing, not in
dreams, but within Divine Superspacetime, within u,hich some u'orlds (ike
ours) could be created deliberatelr- out of nothing, i.e., out oi the real poten-
tialitl' and virtualin' of genuinely ".-pq- space."

Whitehead was una\vare of Big Bang cosmologr; as Cobb indicates.
Hartshorne, b,t. contrast, w'as rvell a$rare of it; but he neither made a serious

and detailed attempt to relate his cosmological commitments to it nor r.erballt'

affirmed Osciilationism. Hor.rrer.er, he clearlr. has a concept of Dirine Supertime,

i.e., of God's time before (and after) our time, the time of our 15 billion r-ear

oid unir.erse. He wrote:

Certainlv someone ought to correlate metaphvsics and phvsics. For in-
stance, even if the supreme realtv is a kind of becoming, then it seems there
must be a sort of divine time (er.en Barth sa\-s something like this), and the
correlation of this u,ith rvorldlv time, as construed bv reiatir-in' phr-sics, is a

neglected and apparcnth'extremelv formidable task. Perhaps this is rather a

problem in cosmologv than in pure metaphvsics, cosmologv being the
application of metaphvsical principles to rvhat science rer.eals as the
structufe of our "cosmic epoch." Yet unless either phr-sicists or meta-
phvsicians have erred, there must be an atleast possib/e u,al of harmonizing
r,vhat the pht'sicists sa)- is true of our cosmic epoch and rvhat
metaphl,sicians sav is true oi all possible epochs. (Creatit'e 53-54)

As we have seen, todav's "scientific"cosmologists do not restrict themselrres

only to our epoch, but this just makes them metaphvsicians in disguise! I
suggest that today's metaph),sical (and onil' pseudo-scientifrc) cosmologists
have done process theologians a great serr.ice in pror.iding us u,ith a concept
of Superspace to complement the Supertime that Hartshorne and mainstre^m
process theologians postulate to accommodate antecedent cosmic epochs.
Superspacetime is the pror.erbial transcendent space bel.ond our space and

time before our time. Although the concept of Superspacetime originated
with an infinitely manv wodds atheism, it can be united with the process

concept of God to form the notion of a Divine Superspacetime, within
which both infinite divine creativitv and universes created out of nothing are

possible and conceivable. If ume and space are inseparable, as process thought
and contemporary physics both suggest, then divine Supertime, affirmed bv
Hartshorne, aiso implies divine Superspace. Divine Superspace can be more
inclusive than the finite space of our own and preceding oscillating epochs; it
can embrace other co-existing universes.

In all likelihood, Hartshorne had only the spacetime of our cosmic epoch,

(or similar antecedent oscillating epochs) in mind in insisting upon the finitude
of space. If so, his insistence on the spatial finitude of our cosmos in no wav

conflicts with affirming infinite Superspacetime as the ultimate arer,a for di-
vine creativifi,. As far as I have been able to determine, Hartshorne does not
give a good argument for his insistence that space must be finite. He just
affirms spatial finitude without argument, as if it were intuitivelr, certain or
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obvious, which it clearlr, is not to contemporar\- "scientific" cosmologists; but
his writings v/ere never informed bv the concept of Superspacetime that thev
have developed. A good argument for the finitude of our space can be gir-en
as follows: at or immediatelr' after the onset of the Big Bang, the space oi our
universe began as finite (slightlv larger than a singularin); it has since ex-
panded at a frntte rate (the Hubble constant or cosmic expansion rate, plus
perhaps a brief exponential but still finite inflation rate)i and the expansion
has endured for only a firute amount of time (about 15 billion vears). From
these premises we can conclude that our space is flnite. A parallel argument
shows that our time is finite and has a "first moment"; but this is perfecth'
compatible with the idea that our firute spacetime exists within and is expand-
ing into the "empq/' quantum-foamv r.irtualiq, of infinite Superspacetime,
which has no "first moment."

One might conjecture, as suggested to me bv Leu,is Ford, that Hartshorne
would argue for the finitude of space bv appealing to the premise that there
can be no actualized infinities at all, that such things are unintelligible, from
which we could conclude that there can be no actualized infiniq' of space,
that space is finite. Yes, but when reflecting on the far distant past, Hartshorne
bites the bullet and reluctandv admits that process thinkers must afflrm an
actual infiniW if the,v hold that each creaturelr- event is created out of some
other creaturelv event-ad infnitunt; otherwise one must affirm creation rx
nibilo! (Creatiue 63, 65, 1,25, 1,26). In these passages, Hartshorne clearh- af-
firms an actual, not iust a potential, infinin' of past events for our rvorld and
for God. Anyone who wants to avoid creation ex nihilo is logicallr'committed
to an actualtzed infinin' and thus must repudiate the above argument that
space is finite.

As quoted earlier, Cobb savs that process theologians accept \\'hitehead's
notion of distinct "cosmic epochs." Whitehead invented this terminologr;
though he was not vefl. specific about its scope. Under the influence of earlr-
quantum theory in the 1920s, Vuhitehead thought that our ou/n cosmic epoch
is dominated by electromagnetic energy that exists onlv in discrete quanta,
and he defined a "cosmic epoch" as "the widest society of actual entities
whose immediate relevance to ourselves is traceable" (Process 91). Our present
cosmic epoch can be traced "to afl aboriginal disorder, chaotic according to
our ideals" (Process 95), \Whitehead believed; but there are other cosmic ep-
ochs "far beyond our immediate cosmic epoch" that are ordered r.ery
differently from our o\Mn (Process 97). He kneu, nothing about Big Bang Cos-
molog1,, which was still in its infanc), when these u,ords appeared rn Process and
Realiry in 1,929; and he did not expiain whether his "bevond" is to be con-
strued spatially, temporall1,, or both. N{ainstream process theolog1. has
interpreted \X4ritehead's wording temporalll,; but "widest" and "be1,snd" are
actually spatial words, not temporal words; and he did not sa\' "oldest" or
"before." Perhaps tX/hitehead spoke better than he kneu,! Or perhaps he knew
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about Superspace as well as Supertime! Isn't it just his "extensir-e continuum"
construed not simply as the realm of "real potentialin)' for our o\vn cosmic
epoch, but "in its full generaliq bevond the present epoch"? (Process 66, 97,
288-89). Notice especiall,v his emphasis on potentiaLiq'. The in-depth explica-
tion of \X/hitehead's concept of "extensive continuum" bv Jorge Luis Nobo
(205-1,8) is almost perfectlv compatible u.ith the understanding presupposed
here. \X4ritehead distinguishes this more general extensir.e continuum from
that of our own epoch, u,hich is dominated bv societies of electromagnetic
occasions (Process 98). He describes tt rn Process and Rea/i1, 'ag

a vast nexus extending far bevond our immediate cosmic epoch. It contains
in itself other epochs with more particular characteristics incompatible rvith
each other. t. . ] We cannot discriminate its other epochs of r.igorous order

[. . .] i" our ow.n epoch. This ultimate, vast sociew constitutes the rvhole
environment within which our epoch is set [. . .]. (97)

Whitehead ciearly uses the spatial wotd "beyond" rathil than the tempo-
ral word "before" to refer to alternate cosmic epochs. He certainlv does not
say that ouf epoch's "whole environment" is merely temporal, as pure
Oscillationism would have it. Co-existing universes in infinite Supersp^ce vre
no more "traceable" b), rls than antecedent universes in infinite Supertime.

III. Process Objections to Creation Ex Nihilo
As documented at the beginrung of this discussion, mainstream process theo-
logians have cleadv repudiated the traditional Chrisuan belief tn creatiofl ex

nihilo, and they have given a number of reasons for rejecting this belief. \X'ith
one such feason I r,,,holeheartedlr, agree, nameh,, that the (Protestant) Bible

teaches only that our unir.erse was ordered out of chaos, but not unequivo-
cally that it was created out of nothing. @dwards, Reason 172; Fo:d, Lure 21)
Let us begin with the reasons that Cobb gives in his Process anrl Faith website
discussion of "Is God Creator E.x lrihi/o?"

First, Cobb explains, the traditional theologv of creation out of nothing
reserves the word "'creation'l . . .] for a single act, the one in u,hich the rr,'orld

is brought into being out of nothing." To this he opposes the process view
that "God is creatively at work at all times and places." However, there is no
real opposition between these positions. Whether Cobb intends to make a

historical point or a logical point here is unclear, but much of the hostilin. of
mainstream process theologians toward creation out of nothing ma1. issue

from confusing historical associations with logical connections. It is true his-
toricall1, that traditional Christian theology tended to reserve the u,ord
"creation" for God's origination of our universe from nothing, but it did not
deny that God is creativell, 21 q,61[ at all times and places. It just used other
words for God's ongoing creativiq,, rvords iike "sustaining" the universe and
exercising general and special "providence" over and within it.
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Of course, traditional concepts of God's sustaining and providential ac-

tivities were usually qualified bv the deterministic or predestinationistic
assumption that evervthing that happens is implicit in creation itself from the
very outset, or from the immutable vantage point of God's changeless eter-
niqr Perhaps something [ke this is u,hat Cobb has in mind. In their Process

Theology: An Introdactorl' Exposition, Cobb and Griffin raise this more subtle
metaphysical oblecuon. Ther- tel1 us that the doctrine of creation out of abso-
lute nothingness "is part and parcel of the doctrine of God as absolute
controller" (64).

Howel.er, r.iewed logicalll, rathr.r than historicalll', creation out of nothing,
ongoing creation, and the creation of co-creative creatures are in no wa\-

incompatible with one another. Creation out of nothing is logicallv contra-
dicted by the mainstream process assumprion of creation out of something,
but not by the notion of God's ongoing creatir.e activiq'u,ithin our rvodd; and
God's creating co-creative creatures is logicaliv contradicted bv the traditional
notion of creating totallv programmed non-creative crearLlres, but not bv the
notion of God's creating the unir,.erse out of nothing. No /oica/obstacles erist
to combining creation ex nihilo with ongoing divine creativin'and dir-ine cre-
ation oi co-creative creatures.

Cobb clearlv wants to make a logical point u,hen he savs that "the implica-
tion of the doctrine of creation is that God is quite external to the rvorld and
the wodd quite external to God." Closeh- related is Cobb's charge that cre-
ation ex nihi/o encouraged "exclusi'n e emphasis on divine transcendence"
("God'). However, historicalll; ciassical theologians consistendv affirmed God's
immanence as omnipresence and made some solemn efforts to take this seri-
ously; so it is not entirelv true that classical theologv made God and the rvorld
to be totally external to one another. The real difficultr. is that u.hat the classi-

cal theologians gave with one hand, thev usuallr. took awav u,ith the other.
They did indeed characterize the contrast between God and the u,orld so

severely (pure being/pure becoming, pure cause/pure effect, spatially ex-
tended/incorporeal, etc.) that the fu,o were "quite external" to and mutuallr'
exclusive of one another @,dwards, Reason 175).

Does creation out of flothing inevitably involve such catastrophic con-
trasts? I can't see that it does. The opposition here is between our universe or
epoch as caused by both God plus a series of antecedent u,odds extending
infinitely into the past, and as caused solelr,' bt, God at the beginning of its
finite past. Both have God as a causal factor; the latter has onlr. God. Neces-
sarv and everlasting Divine creativit\', socialitt., love, and embodiment
presuppose the erredasting actualtzation of other universes soneu.,here tn
Superspacetime, but God's creative 

^ctvallzaaon 
need not be confined to a

single line of temporal11. ordered and spatiallr'finite cosmic epochs in Supertime,
of which ours is the latest member. If the laws of quantum phvsics appll'
throughout Superspacetime and its products and are not limited just to our
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spacetime and its antecedents, then every actualized unir.erse is g;rounded in
indeterminateness, spontaneiq', and creativi[', iust as process metaphvsics af-

firms. However, there is no /ogica/ necessiil- that "empn'" Superspace be

quantum-frzz1,. A purelv Newtonian Superspace is at least /ogtcalll canceit'alsle.

Cobb himself recognizes that "the event in u.hich our unir-erse arose cer-

tainly seems to be markedlt'different from all the subsequent e\-ents" 1"God");
and process metaphvsics has its ov,n \tr,avs of differentiating benveen God,
the world, and occasions u,ithin the u,orld u.ithout irnplving that God, the

wodd, and finite occasions are "quite external" to one another.
Some process thinkers like the late Borx,'man Clarke are also in danger of

making God and the wodd quite external to one another (See Edu.ards, "God").
Thev hold that God is merely a final cause who acts onh'by luring or persuad-
ing existing events, and that God is in no sense an efficient cause u,ho acts b).

creating, infusing, or reordering energv As final cause, God acts on actualities
within the urodd only by pror,'rdrng them with their "initial aims," the relevant
sets of possibilities, weighted slightlv tou'ard the good, from which thev must
crea,te themselves. A neat solution to the problem of theodicl, results: since

God is not the efficient cause of anvthing, God could not be the efficient
cause of evil; and God could not intervene in nature and human historl, 1e

prevent the most horrendous er.ils because God lacks the causal power to do
so. A good case can be made, ho$'ever, for the claim that Whitehead's God is

both an efficient and a final cause of events, that pror.iding iniaal aims to
actoal occasions and choosing beneficent laws for created universes inr.olves
efficient as u,ell as final causation (E,du,ards, "God" 52-55).

Because he defines the terms differendl,, David Griffin u,ould not phrase
his very similar position on theodicr,. in terms of "efficient" \rersus "final"
causation. Griffin identifies efflcient causation with transitions ber'uveen occa-
sions and final causation with the internal concrescence of occasions (Euil
101). This implies, unfortunatell', that there can be no teleologcaT, purposive,
persuasive relations of final causation berween actual occasions s1 snlitis5-
a conclusion that Griffin cleadv rvould not v/ant to accept. NIv preference is

to define "frr.al cause" in a more ordinarl, or Aristotelian sense that permits
final or teleological causation both between and within actual entities. Griffln
himself recognizes the legitimacv of this broader and more conventional
meaning (Et,il 100, see bottom paragraph).

Despite our terminological differences, Griffin's pou.er-deficient God is

not far removed from Bowman Clarke's. Griffin holds that God simplv lacks
the power to prevent evil, to create a universe out of nothing, or to bring
about any effects where "persuasion" is not involved. (Eil 24-25,99-100)
But must process thinkers presume that persuasive final causation applies
absolutely even.w'here? NIight there not be some "markedlv different" situa-
tions, e.g., originating univsl5s-creating the mass/energ\r out of u'hich pard1,
seif-creative actual occasions emerge-in which God acts onh.as an efficient

\
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cause without being a f::;,al cause in the sense of giring initial aims to occa-
sions that issue from pre-existing societies? Insisting that God, rvho has His
own aims for newlr. created uni'n erses, must be able to persuade e\-en-thing b)-

imparting initial aims to successive occasions could not applr- before the first
moment of creation ex nihilo. Before that, nothing exists to be persuaded; rhe
first moment of creation out of nothing succeeds nothing. Beginning u,'ith the
very first moment, hou,ever, something mav exist to be persuaded. Of course,
the absolutely original grandlv urufied and undifferentiated mass/energv pre-
sumed to exist at the ven' beginning of our Big Bang might not be susceptible
to persuasion; but as soon as it is sufficienth'unwound, expanded, and dir.er-
sified to generate actual occasions, it would. \X,'e cannot simplv equate phvsical
energ\r with persuasi.r.e creatir,.itl; the basic phvsical conditions rhat make parth-
self-creative entities possible must come first. Dictaring that persuasion must
be exercised even on the non-existence that preceded our Big Bang is an
irrational demand, [ke insisting that circles must be squared. Non-exisrence
cannot be a co-cfeatof with God; but from or yen' near the outset, a ne\\,
universe created ex nihilo could be.

In his website discussion, Cobb relates the process r-ieu, of infrnitelv pro-
longed ongoing creation to Big Bang cosmologr, br-indicating that the latter
calls for an initial "singularitl-" from w-hich our unir-erse emerged, and bt-
expressing the doubt that this does not mean strictlr"'out of nothing"("God").
About this, at least four points need to be made.

First, singularities are defined as being infirutelv small, dense, compressed,
hot, and curved; and thev har.e no magnitude or locus in our spacetime since
that is what emerged from the iniual singularin. Some versions of Big Bang
cosmologt, reaiiv do affirm that our universe emerged from a singulari6..
Cleady, hou,ever, something infinitelr' smail zs absolutelr, nothing empiricallr-
and physicailyr Not er.en God could perceive something intlruteh' small. and
nothing can be Physical that is absolutelr. der.oid of all spatial properties, i.e.,
that has no size at all, because spatial extension is the ven' definition of the
physical. As all modern philosophers agree, '.A11 bodies are extended."

Initial singularities have manv problems that make them cosmologicallv
unattractive. In brief, being absolutely nothing empirically and phvsicallv is

surell, one of the most serious difficulties; another is that non-phvsicai things
cannot be physical causes, so an initial sing:larity does not provide a phvsical
explanation for the origin of our unir.erse. Closelt, reiated is the probiem that
no one knou,s what would make a singulariw explode because no knourn laws
of physics applr. to them. Again, cosmic epochs separated br. singularities
could not belon5l to a single, continuous) spatiotemporal, causal sequence be-
cause space, time, phvsical causation, and all natural lau,s break dou,n completelr-
and do not exist in or appl)' to singularities. Yet again, tve could not reason
back to singularities separating cosmic epochs or to even ear[er epochs br,.



Rem B. Edwards /Creation Ex Nihilo 91

extrapolating from the natural laws that u.e knou, because these laws presup-
pose spacetime for their application and terminate absolutelv at singularities.

Second, Osciiiation Cosmologv is not bound inextricabh' to the idea that
successive universes arise from and are separated bv singularities. N[an1' con-
temporary Oscillationists agree u,'ith Stephen Hau,king that quantum effects
would prevent 

^ 
prtor universe undergoing gravitational collapse from shrink-

ing to a singulariff (50, 113,132-36). According to Big Bounce Oscillationists,
a universe or cosmic epoch being terminated bv a Big Crunch would rebound
from a small finite state of intense compaction into a subsequent cosmic
epoch initiated b), a Big Bang without first proceeding all the u,av to total
coliapse into an infiniteh, condensed singulariq: (I'Iarkov 333-55; Barrorv and
Dabroski 851, 858; Gribbin, Beginning 166) As Cobb indicates, Whitehead
thought "of cosmic epochs evolving out of earlier cosmic epochs with no
singulatities involved" ("God"). Process Oscillationists would presumablv find
Big Bounce Oscillationism ver\r congenial, for it requires no singularities be-
tween crunch/bounces. It has its orvn problems, which I cannot discuss here,

but by appealing to it Process Osciilationism could affirm a Big Bang that
rebounds from an antecedent unir.erse u,ithout having to embrace trouble-
some singularities.

Third, our univefse ma\r not be derived from a singularin'or a crunched-
up antecedent cosmic epoch at aII.If and when singularities form at the end
of a Big Crunch, 'nvhv don't thet- just stav there forever? No one knows u,hat
would cause a singularitl,- to explode. No phvsical iarvs that u,e knorv could
account for it, for all of them break down in singularities. The quantum
fluctuations to which Inflationarv Cosmology appeals u,ould not do the iob
because thev presuppose the laws of quantum pht.sics, which, along with all

other natural laws, would also break dou,n in singularities. Inflationarl' Cos-
mologl, does not derive its manv rvodds from singularities or from crunched-up
antecedent universes. Inflation requires just the right kind of quantum-foamv
".*pry space" in Superspacetime; and singularities and crunches just aren't
the right stuff!

For the reasons iust given, with or rvithout singularities, Process Cosmol-
ogy need not and should not gir.e an oscillationistic account of the origin of
our universe. The most plausible view is that our u,orld or cosmic epoch rvas

not created out of a preceding unir.erse. Instead it was created out of nothing
(without antecedents) within divine Superspacetime. If our lou, mass unir.erse
is open, as it now appears to be, especiallf in light of the veflr recent revolu-
tionary discoven, that the rate of Hubble expansion is increasing, not decreasing
as previoush' assumed,a then our universe does not belong rvithin anv kind of
an osciliating series because all members of such a series must be closed to
sustain infinite oscillations.

Fourth, Cobb doubts that the nothingness to which contemporarv cos-
mologist appeal is reallv nothing. Although singularities are empiricallr'nothing
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and har.e manv other probiems, rvhat about the "empty space" of Super-
spacetime? \\''ell, it is not a full-fledged antecedent unir.erse, so \\:e are at least

that close to creation out of nothing. Superspacetime mav but need not har-e

the actualized quantum-foamr. phvsical mass/densin- that contemporan' cos-
mologists assign to "emptv space" u'rthin our existing spacerime s\-stem; on no
empirical or scientific grounds can we infer that Superspacetime is like our
universet quantum-fizzy spacetime "\racuum." It could be closer to a realm

of real potentiaiities than to an actualized energ\. field. ,\side from the co-
existing universes that God has created, Superspacetime could consist mainlv
of potential rather than actual occasions; and notl-ring is to potentialitr- as

something is to actualitr,. As the everlasting arena for creativitr', Dir-ine
Superspacetime is God's infinitelv extensi,u-e potenc\- for creativirv and social
sensitir.it).. Its "spontaneiw" is God's u,ell-considered selectir-in-. The actual-
ized regions of Divine Superspacetime rvould contain not all possible rvodds,
but onlv those universes deemed desirable br- an infinitelv loving Creator. Just
how many co-existing wodds there are onlr- God knorvs; but at least one
universe must erist in perpetuin, to satisf\, God's loving, social, creative na-

ture and the plausible requirement that all minds are embodied. Anv number
of successive and/or co-existing unir.erses could come and go, gir.en an int-i-

nite amount of time to pla1. with them. Unlike us, God doesn't har-e to rush
to do an1r1[irr*. Presumablr', as manv unir.erses u'ould co-exist as God freeir'
chooses to be inr.oh,ed u,ith; but onl1, God knou.s ho\\, man\-. The \-ie\v pro-
posed here does not locate God entirelv outside of our cosmos. It allorvs for
all the divine immanence that metaphr-sics and religion find desirable; but it
tecognizes, as do most process theologians, that the everlasting and omnipres-
ent features of divinifir, God's primordial nature, does transcend our cosmic
epoch. It also does not rriolate \\hitehead's ontological principle, according to
which explanator) reasons are alrvavs located in actual entities, but not neces-

sarill. in actual occasions (Process 19). God is not located in Superspacetime;
rather, it is located in God, the ultimate actual entit\', rvithout u,hom there
would be no space, no time, no actualit\., no potentialin'.

Finally, Hartshorne argues verl,explicitlr. that the finitude of past time is

inconceivable. After conceding that if lve conceive of the past as infrnite,
what we could know of it is "negligibh' small," he then ar€I-les:

Conceive of it as finite, and then it seems fairl1, gls21 that u,e never grasp
what is meant br- a first stage of creation, a process preceded bv no process.
A1l our thinking seems to break dou,n at that point. We s,ould have either
an effect of an inconceivable cause, or something which simplv transcended
the causal idea, and hence our concept for explaining concrete things.
(Wisdott 96)

In response, we must distinguish the firutude of our our spacetime, u.hich is

conceivable, from the infinitude of Superspacetime. Creation of our uni-
verse ex nihilo does not presume an absolute "process preceded bt'no process."
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It presupposes the er.erlasting processing of Divine creatir-itr; s.hich need not
be located solelr, in oscillationist Supertime but could be expressed in man\-
worlds that either co-exist rvithin andf or are created successir-elv u'ithin Di-
vine Superspacetime. If so, God's occasions or experiences of created u'orids
would alwavs be preceded b1' other dir.ine occasions or experiences, even if
the series of occasions that constitute our u,orld originated ex nilti/o around
fifteen billion \rears ago. The God of process theologv can be both the ftnal
(purposive), efficient (creating ex nihilo ), and formal (the Divine vision o[
eternal objects) cause of a universe created out of nothing. If efficient causa-

tion acts from the past to the present, God's creati\-e act of bringing our
world into being out of nothing could be in God's past \\,ithout being in our
world's past. Creatlofl ex nihilo is possible and conceivable u,ithout violating
the "no process preceded by no process" principle from God's perspecti\-e,
though it might seem so from a non-process-t1-reism human perspecti\-e. If
the "a1l creation" refers to Superspacetime, God could stiil be "not before all
creation but with all creation" (\\'hitehead, Process 343) u'hile definitelr- and
necessarih' existing "before" the creation of olrr spacetime svstem fifteen
biilion or so \rears ago.

Is it God as transcendent cause, or the wodd as an ex nihi/o effect, that
Hartshorne regards as inconceivabie?

If God is evedastingll, 61s^tive in Superspacetime, God's creation of our
universe out of nothing would not be an inconceivable effect of "afl incon-
ceivable cause" because God, the cause, reallv is conceivable, at least in the
abstract. Hartshorne has argued extensivelr- and persuasiveh' that u,e can and
do have an abstract concept of God (the cause) w-ithout knou,ing God's full
concreteness. The crucial issue is u,hether a universe caused bv God alone is

anv less conceivable than a unir.erse produced b), God out of an antecedent
universe. If God is conceir.able at all, then a universe caused bv God alone
would not result from an "inconceivable cause." Perhaps it is inconceir.able
that a necessarih, creative, lor.ing, social, and embodied Supreme Becoming
should exist without having created anr-thing to lor.e, but other universes in
Superspacetime having no causal relations u,ith our o\\rn epoch could fill the
biil.

Hartshorne's main point could be that a universe created out of nothing
would be an inconceivable effect. I contend, and I belier.e Hartshorne rvould
ag:ree, that the notion of causation as such is broader than that of phvsical,
i.e., spatiotemporal, causation. It is the notion of conditions that are either
necessary andf or sufficient for producing an effect. Er.en if, contran- to the
absolute incorporealitl, 2n4 timelessness of the classical God, all efficient
causal conditions must be in some sense spatiotemporal, then the relevant
spatiotemporalitv for creatiorr ex nihi/o could just be transcendent Dirrine
Superspacetime; it need not be the spacetime of an antecedent universe from
which our universe u,as causallv derived. Our Big Bang could har.e been
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created out of nothing u,ithin God's Superspacetime u,ithout violating anv

defensible presupposition of process theologr'.
Thus, subtle and not so subtle replies can be given to the central objec-

tions that mainstream process theologians har.e raised against the traditional
doctrine of creation ex nihilo. The preceding account of how process theol-
ogy can accommodate creation ex nihilo may need a bit more ru,eaking and
development here and there; but its affirmation u,ould permit process theol-
oglr to avoid alienating those more conventional Chrisuans rvho are convinced
that in the beginrung, God created our universe out of nothing.

Notes
1. See Barrow, Gribbin, Rees, and N{arkov. Here and in the discussion to
follow, I willtfl, to give a few examples of contemporan'scientific cosmologists
who hold or discuss the positions that I identifv. Nfv claims about rrhat
Oscillationists and other contemporarl, scientific cosmologsts affirr.r, are much
more extensivelv documented in mv as 1et unpubhshed book titled lY4tat Catrsed

the Big Bang?

2. See Guth 15,247-48; Rozental91,97,124;Drees 51, 63-64,97; Linde 607,
618, 620-21; Gribb<>n, Beginning 245.

3. See Rozental 8, 122-24; Drees 46-52; Iinde 620, 625, 626-27; Gribbin,
Begtnning 244-55.

4. See Ann I( Finkbeiner, "Cosmic Yardsticks: Supernovae and the Fate of the
IJniverse," James Glanz, "Breakthrough of the Year: Astronomr': Cosmic
Motion Revealed," afldJames Glanz, "American Phvsical Socie6,; Celebrating
a Century of Phvsics, en Masse."
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