EDITORIAL
THE SEARCH FOR AN EVOLUTIONARY MECHANISM

Evolution asaplausible explanation for theorigin of al living organisms
has received serious consideration for at least two centuries. During this
period there has been an intensive search for a mechanism that could
create the complex from the simple. Changesin nature usually tend towards
randomness and not towards making special structures and systems as
needed for evolutionary advancement. This process of increasing com-
plexity in design mandates some kind of unusual mechanism. Evolutionists
have proposed many. A brief review of the dominant ideas is instructive.

1. Lamarckism

At the beginning of the 19th century the French biologist Lamarck
advanced what is usually considered to be the first serious proposal for an
evolutionary mechanism. He suggested that use of an organ would cause
it to improve, and thisimprovement would be passed on to the next gener-
ation. Thus, a deer-like animal could eventually evolve into a giraffe by
persistent stretching of the neck. His ideas are not given serious credence
at present, except for a few special cases.

2. Darwinism

About half acentury later, Charles Darwin and Alfred Russel Wallace
in England suggested that evolution advanced by a combination of vari-
ation and survival of the fittest. Continual natural selection of the fittest
produced advanced forms. Darwin stressed the importance of small
changes. He put forward a new mechanism for the inheritance of newly
acquired characteristics. His model of reproductive cells contained
“gemmules’ which came from all over the body and passed on the new
characteristics to the next generation. Darwin’s idea of survival of the
fittest, while severely challenged, is still given serious consideration. His
idea of gemmules is not.

3. Mutations

Prominent among the detractors of Darwin was Hugo de Vries in
Holland who, around the turn of the century, suggested larger evolutionary
changes called mutations. He considered these to be the significant evo-
lutionary process, in contrast to Darwin’s smaller changes. While the
interpretation of his experiments turned out to be largely erroneous, red
mutations were discovered later by F. H. Morgan. Unfortunately for the
evolutionary viewpoint, these changes turned out to be overwhelmingly

Volume 19 — No. 1 3



detrimental. Some evolutionists still stake their hopes on the potential of a
few beneficial mutations.

4. Population Evolution

Early this century, R. A. Fisher in England and Sewall Wright in the
United States developed sophisticated mathematical models of evolution
that hel ped shift the emphasis of an evol utionary mechanism fromindividual
organismsto populations. Fisher emphasized small changesin large popu-
lations. Wright wanted smaller populations to facilitate the manifestations
of new mutations, but not so small as to engender the deleterious effects
of inbreeding. The question of proper population sizes for progressive
evolution is still debated.

5. Modern Synthesis

The modern synthesis is a vague combination of the mutation concept
and Darwin's idea of survival of the fittest. It has been championed by
many leading evolutionists during the middle of this century, including
Julian Huxley, the grandson of Darwin’s promoter Thomas Huxley. The
modern synthesis did not remain long as a synthesis, although it still has
many adherents. Numerous problems devel oped, including questions about
population sizes and especially how random mutational changes could
produce the large changes necessary for new organs and systems. These
changes seemed to require a very complex correlation of mutations or
some kind of survival value through awkward intermediate stages. For
instance, in the evolution of the forelimb of areptile into the wing of abird
— assuming birds evolved from reptiles —, one must postulate either al
kinds of correlated changes occurring simultaneously to produce a wing,
or intermediates which were neither good limbs nor good wings but would
be able to survive. Both postulates seem quite unworkable.

6. Diversity Period

After the modern synthesis, the plot for evolution has thickened
considerably due to new information and a number of disputes that persist
to the present. The current status of evolutionary mechanisms can best
be characterized as both diversified and controversial.

Among the current debates are: (a) the traditionalist-cladistic debate
over what kind of characteristicsare significant in determining evol utionary
relationships (the cladists appear to be winning), (b) the gradualist-
punctuationalist debate over whether to expect evolution to proceed by
smooth gradual changes or small jumps, (c) the neutralist-selectionist
debate over neutral versus meaningful mutation and the consequent signifi-
cance of natural selection acting on these.
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Adding to the diversity of the present discussion are new discoveries
in molecular biology that make the older idea of simple random mutations
in agenetic system inadequate as aworkabl e theory of origins. For instance:
(@) How could the process of protein synthesis evolve when DNA is
needed to produce proteins, and proteins are needed to produce DNA?
(b) How does one originate a transfer of information through the genetic
code by random changes? In this system three of four different kinds of
mol ecules (nucleotides) are coded in aspecific order for each of 20 different
amino acids. It is difficult to imagine how a meaningful coded system
could originate by random process. (c) How could the efficient antibody-
producing system arise by random changes? In this system afew hundred
genes can produce many millions of different kinds of antibodies. (d) How
could the accuracy needed for DNA replication occur before the evolution
of the correcting processes? Without enzymes, around 1% error occurs
in DNA synthesis, spelling disaster for maintaining complex biochemical
systems. With complex correcting systems in operation, the duplication
of DNA is millions of times more accurate. How did these correcting
systems evolve without correcting systems to maintain their consistencies?

Much more could be added, and various scenarios have been proposed
by evolutionists, but it now appears that we are dealing with complex
systems that represent information processing and reprogramming
functions that can purposefully relocate genes or parts thereof. Because
of this the requirements for an evolutionary mechanism are much more
complicated than was conceived earlier. According to our present under-
standing, progressive evolution is more comparable to a mechanism that
would spontaneously generate a working computer. However, this would
not be an ordinary computer; to match reproduction in living organisms
this computer would have to reproduce more computers like itself and
then evolve into more and more advanced computers.

Two centuries of search for a naturalistic mechanism for evolution
have not provided a workable model. In fact, recent findings indicate that
the goal seems more elusive than ever. Is it not time for evolutionists to
give serious consideration to other alternatives — such as creation?

Ariel A. Roth
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REACTIONS

Readers are invited to submit their reactions to the articles in our
journal. Please address contributions to: ORIGINS, Geoscience
Research Institute, 11060 Campus St., Loma Linda, California
92350 USA.

Re: Brown & Webster: Interpretation of Radiocarbon and Amino
Acid Age Data (ORIGINS 18:66-78)

| read with interest Brown and Webster’s article on the problematic
relationship between the **C chronology and amino acid racemization
dating. | am unable to evaluate the technical aspects of the paper but wish
to comment on two other issues.

First, it seems the authors pushed the implications of their data too
far. They suggest that the disagreement between expected (on theoretical
grounds) and observed (based on the *4C chronology) rates of racemization
“compounts [sic] the uncertainty in using amino acid isomer ratios for
age determination, and also brings radiocarbon ages beyond 4,000 BP.
into question” (p 66). How can it do both? The uncertainty in amino acid
dating is only compounded if one assumes that “C time equals real time
(which the authors do not assume), whereas “C dating is only brought
into question if one assumes that racemization rates really behave as the
authors expect them to. These assumptions appear to be mutually
incompatible given the available data.

Second, the authors suggest that the Ice Age (continental glaciation)
occurred between 2,800 and 4,200 B.P, but thisisinconsistent with their
own model for converting *C to “real” time. The oldest *C date used in
this paper (10,400 B.P) fallsat or after the end of the lce Age (the lceAge
ended ca. 11,000 B.P. based on ““C dates) and is converted to a“real time’
estimate of 4,765 B.P. (Table 1). Thus, according to their model, the Ice
Age must have ended by about 4,800 B.P. and could not have extended
between 4,200 and 2,800 B.P. The latter period is characterized by low
racemization rates in their Fig. 6, and cooling could not have been the
result of the Ice Age.

H. Thomas Goodwin
Section of Paleontology, Department of Natural Sciences
LomaLindaUniversity, LomalLinda, California
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Brown & Webster’s reply:

The disagreement between amino acid racemization age estimates
and corresponding radiocarbon age determinations reinforces uncertainty
regarding the significance of an age determination by amino acid racemi-
zation ratios. Additional questionsare also raised asto how reliable “C age
determinations may be asastandard against which amino acid age determi-
nations may be judged. Whenever two witnesses disagreg, it is necessary
to make a decision whether one or both are inaccurate.

We probably should have taken greater care to explicitly state that in
reference to glaciation and the ice age we were dealing only with the
effect on climate in southern Palestine (p. 76, 1 2) and northeast Africa
(P77, 11).

Hopefully theinterpretations we have suggested will aidin worldwide
climate modeling that treats the 11,000 B.P. conventional *C date for the
end of glacial advance in northern Europe and North America.

Volume 19 — No. 1 7



ARTICLES

COSMOLOGY AND GENESIS:
THE ROAD TO HARMONY AND THE NEED FOR
COSMOLOGICAL ALTERNATIVES

Mart de Groot
Armagh Observatory
Armagh, BT61 9DG Northern Ireland

WHAT THIS ARTICLE IS ABOUT

The current scientific picture of the origin of the Universe
seems at oddswith the Genesisaccount. I sthisa serious problem
for those who believe the latter to be reliable? Are there waysto
harmonize the two? Or should we be looking for alternatives to
the so-called Standard Model for the origin of the Universe?
This article presents some thoughts that suggest answers to the
above questions along the following lines: most of the apparent
problems can be solved by realizing that the so-called Standard
Model has weaknesses and allows other models and other
interpretations; on a number of scores the two accounts can be
harmoni zed, because both |eave enough roomfor accommodating
a wider view; on other scores harmony seems impossible, and
thereisaneed for considering alter native cosmol ogies, especial-
ly creation by God.

INTRODUCTION

This article begins with a short discussion of the measurement of
long time-scales, followed by areview (Section 3) of the main charac-
teristics of the Standard Hot Big Bang Model. Weaknesses in the
Standard Model are discussed in Sections 4 to 7; matters that seem to
point to anintelligent design in Sections 8 and 9; scientific ideas about
the very beginning of the Universe, i.e., what happened beforethetime
specified in the Standard Model, in Sections 10 and 11. Further reasons
for investigating alternatives are summarized in Section 12, and one
particular alternative, creation by God, is discussed briefly in the Con-
clusion.
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1) THE MEASUREMENT OF TIME

Astronomers have conclusively shown that the Universe by any
standards is very large. Yet, here is tiny man on a rather small planet
orbiting anot particularly impressive star. That star, our Sun, is one of
some 100,000 million in our Milky Way Galaxy — a galaxy of which
there are about as many as there are stars in our Milky Way. This tiny
human on thistiny planet has constructed instrumentswhich allow him
to study such a large Universe almost as far as it stretches. As our
knowledge of the Universe reaches out to farther and farther objects, it
seems asif we are penetrating ever more into the very realm of the gods.

Such questionsas How large exactly isthe Universe? Did it have a
beginning? and if yes, Why? and How? are asked by people who look
up at the starsand want to know what isbehind them. Sincetheinvention
of the telescope in the early years of the 17th century, we think we
have made good progresstowards answering thefirst of these questions.
We can study the Universe asit is today and develop reasonable ideas
about its size and structure. It is more difficult to answer questions
about past events (most likely a very remote past which no human
being haswitnessed), for such information can only be obtained through
indirect methods.

This remoteness in space and in time, however, has not stopped
man’sinvestigation. From timeimmemoria there have been speculations,
eventually followed by observationsand cal cul ations about the possible
age of the Universe and the way it came into existence.

All measurement of time is based on the rate of changes. Ancient
man saw the changing phases of the Moon; the Greeks observed the
changing level of the water in their clepsydrae (water clocks); others
noted the rising and setting of the Sun, or even much slower processes
such asthe growing of plants. From thislast exampleit already becomes
clear that slow changes are more difficult to measure than rapid ones,
and that one must measure very carefully in order to cover the long
time span over which the Universe has apparently existed.

Early ideas about this measurement of change are aptly expressed
in the Bible, where scoffers are credited with saying that “ Since the
fathersfell asleep, all things continue as they were from the beginning
of the creation” (2 Peter 3:4). Of course, this opinion aso shows how
difficult it isto measure slow changes. Little progress in determining
the age of both the universe and this world was made in the centuries
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following the above statement. A breakthrough came in the middle of
the 18th century when Georges-Louis L eclerc, Comte de Buffon, used
the idea that the Earth was originally molten and cooled to its present
condition. In thisway he estimated the age of the Earth to be arecord-
breaking 74,832 years!

Soon further steps were taken. In 1785 James Hutton formulated
the main dictum of uniformitarianism: “The past history of our globe
must be explained by what is seen to be happening today”; and in 1859
Charles Darwin published The Origin of Species. At first the ideas
about long geological periodsand dow biological evolution could not be
supported by actual measurementsof long periodsof time, but thischanged
around the turn of the century. In 1896 Henri Becquerel discovered
radioactivity, and 13 yearslater Lord Rutherford devel oped the technique
of radio-dating. Chemical elementswere seen to have afinite existence.
Knowledge about the rate of their decay allowed a determination of
their age. This impermanence raised questions among those who had
always believed in the intransient character of the chemical elements,
especially since the old claims of alchemy had been laid to rest.

A deeper question resulted from these devel opments. Because many
chemical elements come to an end, do they aso have a beginning? If
s0, when and where? The answer came from unexpected quarters. In
thefirst half of the 20th century, astronomersdiscovered that the energy
which starsradiate comesfrom nuclear processesdeep intheir interiors,
and that these nuclear processes are able to build complex atoms from
relatively simple ones. By the middle of the century thisinsight led to
theastonishing ideathat all chemical elements more massivethan berylli-
um are formed inside stars.

2) THE STANDARD MODEL FOR THE ORIGIN
AND DEVELOPMENT OF THE UNIVERSE

Thisinsight did not answer all questions. Soon people were asking
the old questionswith renewed confidence that answers might beforth-
coming: Where do stars come from? Did the Universe have abeginning?
and if “yes,” When? and How? One of the greatest developmentsin
astronomy occurred inthe second half of thiscentury withtheformulation
of various cosmological theories that offered answers to all these
questions. Thetheory that has attracted most supportersisthe so-called
“Hot Big Bang” model, asummary of whichisfoundin Table 1.
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TABLE 1. The Hot Big Bang (or Standard) Model
A Short Description

) The Universe is 10-20 thousand million years old;

° It started with rapid expansion (inflation) of super hot and dense
“primordial matter” consisting of subatomic particles, such as
quarks and anti-quarks;

o The subsequent phase of expansion caused a gradual cooling;

o As the temperature dropped, other particles were formed: electrons
and positrons, protons and anti-protons, neutrons, and finally nuclei
of hydrogen, deuterium, helium, lithium and beryllium (the
primordial elements);

° During the first 300,000 years or so, matter and radiation were
coupled (in thermal equilibrium);
° When the temperature reached the vicinity of 3000 K, the Universe

became transparent, i.e., matter and radiation “decoupled”;

° Finally, galaxies and stars were formed.

[Note: Peebles atal. (1991) and Peebles & Silk (1990) give more information on
the Standard Model and its merits, respectively; an alternative view is presented
by Arp et al. (1990), and an evaluation of various theories for the origin of the
Universe's large-scale structure is given by Kashlinsky & Jones (1991).]

Thismodel is also called the Standard Model mainly becauseit is
more consistently supported by astronomical observationsthan any other.
Among these observations, three are considered especially important:

a) amost all galaxies show aso-called redshift;

b) the existence of a general radiation with a temperature of
about 3 K, the so-called microwave background radiation
(MBR) (here, K standsfor Kelvin, the absolute temperature
scale on which 273 K = 0°C); and

c) theobserved cosmic abundancesof hydrogen, helium, lithium
and beryllium.

The redshifts had been found at a time when cosmological ideas
had not yet been developed to avery grest extent and beforethe Standard
Model was conceived. Probably because of this, thereisalarger element
of philosophy in the interpretation of red shifts than of any other
observations.
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During the 1980s the Standard Model lost some of its popularity,
primarily because certain observationswere casting doubt on two of its
main pillars — the redshifts and the MBR. In the case of the redshift
determinations, the disturbing elements are the apparently discordant
redshifts of many galaxies and quasars as exposed, e.g., by Arp (1987
and referencestherein), and the possibilities for non-cosmological red-
shifts summarized, e.g., by Narlikar (1989). Redshift observationsand
some of theproblemsinvolvedintheir interpretation will bediscussedin
Section 4.

In the case of the MBR, after its discovery and early agreement
with theoretical predictions, its acceptance declined as solid support for
the Standard M odel, because increasingly accurate measurementsfailed
to detect the inhomogeneities that the Universe’s large-scal e structure
suggested should be present (e.g., Schwarzschild 1990). However, hopes
that all would be well with the Standard Model were boosted by the
recent announcement of inhomogeneities in the MBR (this will be
discussed in Section 7).

3) REDSHIFTS AND THEIR INTERPRETATION

The principle behind theredshiftsisvery simple. Any wave emitted
by a source which is moving with respect to the observer will have a
changed frequency when observed. Thisis called the Doppler effect.
For relative motion which increases the distance between source and
observer, thelight received will havealonger wavelength, i.e., it will be
more red than at the source. Conversely, the light from an approaching
source will be more blue.

The question of whether gal axieswere objectsin our Milky Way or
were other “milky ways’ (galaxies) at large distances was the subject
of acelebrated debate in 1921. The conclusions to be drawn from that
debate were unclear, but the matter was settled in 1924 when Edwin
Hubble studied Cepheid variable stars in other galaxies and proved
unambiguoudly that the majority of observed “nebulae” (asall nebulous
objects including the external galaxies had been called until that day)
were indeed at great distances outside our Galaxy.

Hubble and others then proceeded to observe many galaxies and
found that almost without exception they showed red-shifted spectral
lines which seemed to resemble Doppler shifts, i.e., they seemed to be
theresult of receding movement. Thereareat least two serious objections
against theway inwhich thisinterpretation wasderived: 1) itincludesa
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number of philosophical assumptionswhich should not be present in a
purely scientific process; and 2) while it assumes that the observed
redshift is caused by the Doppler effect, one should not forget that
there are other ways in which redshifts can be produced.

By the end of the 1920s, when Hubble had enough observationsto
begin formulating possibleinterpretations, hewas aready convinced of
thelarge distances of the galaxies. What he saw amounted to increasing
redshifts for galaxies at increasing distances from the Sun. Hubble,
however, was careful not to call them Doppler shifts. He called them
“apparent velocity-displacements,” thus leaving open the way they
should be reinterpreted.

Nevertheless, Hubble could not escape the challenge of interpreting
his observations. To do this he needed a model of the Universe into
which hisobservationscould befitted. Therewerethree different cosmo-
logical modelsinthosedays, formulated by Georges L emaitre, Edward
Milne, and Fritz Zwicky. Both Lemaitre’'s and Milne's models were
recessional, i.e., they included an expanding universe, in one form or
other. Zwicky’s model was non-recessional.

To distinguish between the recessional and non-recessional model,
it is necessary to measure nebulae at very large distances where the
difference between recession and no recession becomes increasingly
apparent. Unfortunately, the faintness of the nebular images produced
by the instruments of those days did not allow areliable measurement
of sufficiently distant nebulae.

Intheir analysis, Hubble and Tolman (1935) introduced abrightness
correction Amwhich allows comparison of nebulae at different distances.
The correction increases with distance and is larger in a recessional
model. Spatia curvature also affects the value of Am, but only in
recessional models. Tofit their observationsto the two models, Hubble
and Tolman had to introduce a rather strong spatial curvature into the
recessional model, and they concluded:

... it might be possible to explain the results on the basis of
either a static homogeneous model with some unknown
cause for the red-shift or an expanding homogeneous model
with the introduction of effects from spatial curvature which
seem unexpectedly large but may not be impossible.

However, they also state that the necessity tointroduce spatial curvature
... must be regarded as in conflict with our usual notions as
to the distances to which observations would have to be
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carried before appreciable effects from spatial curvature
would seem probable.

In other words, curvature effects are only noticeable at distances much
larger than those of the farthest galaxies that had been observed until
then.

Thus, the observational evidence pointed towards non-recessional
model s of the Universe. However, in subsequent papers, Hubble showed
aclear inclination towards recessional models, and hefinally concluded
that the Universe must be expanding.

According to Hetherington (1971), Hubble arrived at thisconclusion
primarily because of deep philosophical reasons, for he assumed two
very fundamental principles. General Relativity and the Cosmological
Principle (discussed below). Because Zwicky’s theory did not fit the
prediction of an unstable universe made by the theory of General Rela-
tivity, and because it introduced so-called new physics to explain new
observations, Hubble rejected it despite the indications to the contrary
from his own observations. Thus, the cornerstone of one of the most
interesting and important theories concerning the origin of everything
was|laid on aphilosophical foundation. Thisoften-forgotten fact isappro-
priateto recall here because scientists often accuse creationists of com-
mitting thiskind of “mortal sin” in other areas.

The fact that the Standard Model has a philosophical foundation
does not imply that it is necessarily flawed. However, in asociety that
aimsat understanding the Universein purely physical terms, the Standard
Model should at least be viewed with a good dose of suspicion. In
principle, other mechanisms can produce redshifts, and they have been
evaluated by Narlikar (1989). Although some of these do not seem to
harbor much promise, various possibilities remain open, encouraging
the seeker for truth about the origin and structure of the Universe not to
hesitate to investigate alternatives to the Standard Model.

4) THE COSMOLOGICAL PRINCIPLE

In speaking of the Universe we are really referring only to the
Visible Universe. The actual Universe may beinfinitely larger but, by
definition, we cannot know anything of what happens beyond our cosmo-
logical horizon. The Cosmological Principle hasbeeninvoked to extend
our knowledge of the Visible Universe to the Universe as awhole. In
itssimplest form it states that the Universe looks the same from every
locationwithinit.
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At first it may seem that the increasingly large redshift of the more
distant galaxieswould | ead to theinescapable conclusion that the Earth
is the center of an expanding Universe, and therefore contradictory to
the Cosmologica Principle. However, thisis not really a problem. An
expanding universe in which the rate of expansion increases linearly
with distance does|ook the samefrom every location withinit. However,
the Cosmological Principleisapurely philosophical assumptionwhich
isunfalsifiable because we are unableto moveto asufficiently different
location in spaceto check itsvalidity.

In fact, at whatever scale one looks, the Cosmological Principle
does not seem to hold. The Solar System looks very different from
different locations within it, and the Milky Way with its flattened disk
and spiral arms does not ook the same from every viewpoint. Looking
at the galaxiesin the Local Group, intheLocal Supercluster, or at even
larger distances, one sees very inhomogeneous distributions of matter.
One can maintain that all thisunevennesswill smooth out if onewereto
look at larger scales. With our sophisticated astronomical instruments,
we seem to be able to see almost as far as we possibly can (e.g., for a
very large redshift of z = 4, we can see galaxies at a time when the
Universe was only 20% of its present size). This means that we can
investigate the Universe over asubstantial fraction of the entire diameter
of what could possibly be seen. The fact that we have seen structures
on ever larger scales and not much of the smoothness postulated by the
Cosmologica Principle (Schwarzschild 1990), does not augur well for
the ultimate triumph of the Cosmological Principle when extended to
the whole Universe. Furthermore, if the Cosmological Principle does
not hold, the Standard Model onwhichitisbasedisasointrouble. This
is a second reason to consider alternatives to the Standard Model: the
Cosmological Principleisnot avery sound foundation on whichto build,
despiteits philosophical attraction in some quarters.

Let us consider a biblical view of the Cosmological Principle,
especially with respect to the Earth which has aspecial placein God's
Word. IsEarth’s specia place contradictory to the Cosmological Princi-
ple? Probably not; Earth’sunique roleisrelated to its moral condition.
Considered as a planet in the physical sense, Earth may not be unique,
despite the definiteimpression we get that many of the heavenly bodies
were created especially for the benefit of the Earth and its people (see
Genesis1:14-17, “lights’ and “signs’). Astronomers have various argu-
mentsin favor of an abundance of planetsthroughout the galaxies (see,

Volume 19 — No. 1 15



e.g., Huang 1959), and even the Bible seems to imply that there are
many other worlds — inhabited planets — in the Universe.* The
problem for those who practice physical cosmology istwofold: 1) the
apparently logical assumption of the Cosmological Principleisdeeply
philosophical, and 2) it may not even betrue.

5) THE AGE OF THE UNIVERSE

Before discarding the Standard Model, we must consider another
of itsaspects. The possibility that the Universeisactually expandingis
of interest to the creationist, as well as to others. If the Universe is
expanding today, it must have been smaller in times past. Going back
far enoughintime, onearrivesat an epoch when al thingsinthe Universe
were at their closest just before they were driven apart by the Big
Bang. Thiswould point to adefinite beginning of timein the Universe,
anideavery much in harmony with theway the Genesisrecord is often
interpreted.

There are also troublesome aspects to the Big Bang hypothesis.
For creationists the biggest problem isthe long time that allegedly has
elapsed since the explosion that set everything into motion. It is not
immediately obviousthat thereisany possibility of reconciling the postu-
lated 15 or so thousand million years since the Big Bang with 6000 or so
years since the events reported in Genesis 1. The problem has some
similarity to the time problem in geology. Radio-dating methods have
given ages of millions or billions of years for many rocks; ages which,
despite their being subject to the problems inherent in our lack of
knowledge concerning initial clock settings, seem reliable but which
cannot be reconciled with a 6000-year time scale and have forced con-
sideration of an old agefor planet Earth. | think that the Genesisrecord
does not contradict such a conclusion (Roth 1992), and that despite
problems concerning the initia setting of the radiometric clocks, it is
quite acceptable to believe that many of the old radio-dating ages for
terrestrial rocks indicate an ancient Earth.

An age of 15 thousand million years for the Universe would not
disagree with the geological age of planet Earth, which isonly afactor
threesmaller. However, there are other waysin astrophysics of estimating

*Texts such as Nehemiah 9:6, Job 1:6-7, Luke 3:38, and Ephesians 3:15 can be under-
stood as pointing to “ sons of God” who could, likeAdam, have been thefathers of races
on other worlds, but who all belong to the Universe-wide family of God.
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age which give more doubtful conclusions, because conditions similar
toinitial clock settings are unknown. One is the assumption that in the
initia stage of the Universetherewerenot only hydrogen, helium, lithium
and beryllium asthe Standard Model indicates, but that there were al'so
heavier elements. Such aninitial enrichment is not possible under Big
Bang Model assumptionswhich limit the quantities of heavier elements
producedinthevery early stagesto negligibly small amounts, and delay
significant production to later inside stars (Wagoner, Fowler & Hoyle
1967). Astraphysica observationsindicate quite unequivocally that, within
the context of the Standard Model, there have been no primordial
elements other than H, D, 3He, “He, and "Li (Pagel 1991).

This does not necessarily prove that only these five primordial
elements were produced in the hot Big Bang of the Standard Model.
There are several mechanismsof baryosynthesis (Schramm 1991), even
at temperatures aslow as 10*° K (Linde 1991). (Compare this with the
temperature of 10*2 K supposed to have existed at the time of the Big
Bang.) If any of these other mechanisms has been operative on alarge
scale, the abundance of the heavier elements at the time the first stars
were formed could have been much higher than the Standard Model
predicts, and problemssimilar to theclock setting in radio-dating methods
arise. If this were the case, many age calculations done by the theory
of stellar evolution would beinvalid.

In conclusion, wefind that both geology and cosmol ogy use dating
methods capabl e of giving reliable results (which are not contradictory
to the Bible record even when they give extensive ages for certain
objects), while there are other methods whose results must either be
received with much caution or rejected altogether. Unfortunately, because
we are dealing with events from the remote past, it is not always easy
to decide which methods are the more reliable. Even when there are
good arguments favoring an “old” Universe, its precise age remains
difficult to determine, and thereisroom for considering alternative cos-
mologies.

6) THE ECHO OF THE BIG BANG

In the Big Bang scenario, the Universe started with an extremely
high temperature and cooled asit expanded. After about 300,000 years,
when the temperature had decreased to 3000 K, matter and radiation
becamedecoupled, i.e., the density and temperature of the Universe had
become so low that the two were no longer connected on an equilibrium
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basis. Thereafter the Universe has expanded a thousandfold in every
direction; stars, galaxies, planets and man have come into being; and
the background temperature of the Universe has dropped to amere 3 K.

Thisradiation is called the “echo of the Big Bang.” Arno Penzias
and Raobert Wilson were awarded the Nobel Prize for its discovery in
1964. Also called the 3 K microwave background radiation (MBR), its
detection was one of the main reasons why most scientists accepted the
Standard Model as the true description of the Universe. However, in
order for stars and galaxies to form subsequently, small density inho-
mogeneitiesfromwhich later stars and gal axies could grow must already
have existed at the moment of decoupling of matter and radiation. The
corresponding fluctuations (anisotropy) in the MBR have been predicted
by theory to be about one part in 10° over angular scales of 1° to 90°.

Until recently, all observations havefound the MBR to be extremely
isotropic, even from widely differing directions. For two reasons, this
had always been considered a serious set-back for the Standard Model.
First, regions of space so far apart that there could not have been a
causal connection since the moment of the Big Bang still show the
same temperature. This problem was solved by postul ating a so-called
“inflationary” phase during the very first moments after the Big Bang.
Thisinitial phaseof comparatively rapid expansionled to ahighly homo-
geneous, isotropic Universe, free from such complications asmagnetic
monopoles, primordial black holesand others (Guth 1981). Second, the
presence of MBR isotropy cannot be reconciled with the existence of
large-scal e structure in the Universe, which can only be understood if
there were density fluctuations in the early stages. These fluctuations
would be seen today asin-homogeneitiesin the distribution of theMBR
over the sky. The expected MBR in homogeneities were small and had
not been detected despite alarge number of thorough searches (Schwarz-
schild 1990).

For the survival of the Standard Model, a solution to this MBR
problemwasvital. A specid satellite named COBE (Cosmic Background
Explorer) was launched in 1990. COBE's first measurements showed
the customary perfect black-body distribution of radiation with a
temperature of 2.735 K, with deviations less than one quarter of 1%.
More recently, however, with the accumulation of more data, it has
become clear that the MBR is not completely uniform. The April 1992
announcement of the discovery of fluctuations in the MBR caused a
flurry of publicity. There aretemperature fluctuationswith an amplitude
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of 1.6x10° K, very closeto thetheoretical prediction (GossLevi 1992).
From this point of view the COBE measurements agree with the present-
day large-scale structure of the Universe as predicted by theinflationary
Standard Model. The recent measurements do not, however, point
unequivocally to one particular cosmology (nor even to one particular
group of cosmologies) as the only valid description of the Universe's
origin and structure (Flam 1992).

Therearedtill problemsto be solved. On smaller scales, for instance,
the Standard Modd predictstoo much gravitational influence (Silk 1992).
Bethisasit may, the detection of the MBR fluctuationsisaremarkable
achievement. The till-existing discrepancies between prediction and
observation require a deeper understanding of the way galaxies and
clusters are formed. The search for mechanisms and viable alternative
hypotheses must continue before afinal verdict can be given.

Many newspapers and other mediareports asked the question: With
thisfresh confirmation of the Standard Model, does God still fitinto the
picture, and how? The COBE team leader George Smoot was quoted
assaying, “If you'rereligious, it'slike seeing God.” It should be under-
stood that these measurements are at the limit of detectability and need
independent confirmation beforethey will bewidely accepted. Further-
more, COBE was not designed to answer any religious questions. Never-
thel ess, these measurements provide another step in scientists’ attempts
to construct a “theory of everything.” However, in its attemptsto find
explanations for everything, physical sciencefindsitself limited to the
physical world, and it will sooner or later have to admit that there are
other than physical realitiesto the Universe. God is such areality and,
therefore, is not subject to physical investigation (though some of His
actions may be), and neither is His existence in question here. Rather,
thelimitations of sciencewill contribute to aconfirmation of theclaims
made in His Word.

7) FINE-TUNING OF THE UNIVERSE

Ancther interesting characteristic of our Universe of which we
have become aware from the claims of the Standard Model (and one
which creationists have often been quick to point out and try to use to
their advantage) isthefinetuning of physical parameters. Consider the
initial force of the Big Bang. If thisforce were too large, the Universe
would expand quickly to astate of low density in which therewould be
insufficient material to form stars and galaxies. On the other hand, if
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theforce of theinitial explosion weretoo small, gravitational attraction
would have slowed down the expansion long ago, and the Universe
today would either be contracting or have collapsed. Neither possibility
corresponds to the real Universe as we know it. This means that the
force of the Big Bang had to be finely tuned.

In order to appreciate how finely tuned, we must redlize that the
fina fate of the Universe asfar asits expansion is concerned depends
entirely onthe density of the matter withinit. Thecritical density which
dividesthetwo possibilities of eternal expansion and future contraction
isabout 5x10*° gcm'3, which correspondsto about 3 hydrogen atoms/mg.
A determination of the actual density of the Universe would allow a
good guess about its future. Such an estimate is not easily made, and
valuesgiven by different scientists obtained with different methodsvary.
Nevertheless, all such estimates show that the present density of the
Universeisquiteclosetothecritical value. Thisisaremarkable coinci-
dencethat hasbeen difficult to explain. Thisso-called “flatness’ problem
is remarkable because a “flat” Universe today means its density must
have beenfinely timedinitsearly phases(i.e., thetuning at avery early
epoch must have been accurateto 1 part in 10%°). Thisisnot finetuning;
thisis extremely fine timing! If the original density had been dlightly
higher, the Universewould already have collapsed. Had it been dightly
lower, today’ sdensity would not have been enough for starsand galaxies
— and, asevolutionary proponents of the Standard Model say, for man
— to form.

Thisnear equality of the actual and the critical densitieshasinspired
many cosmol ogiststo believethat thesetwo valuesareindeed identical,
and that the Universe will continue to expand forever. One can easily
understand how such an opinion comes to be expressed. The fact that
we are here becomes aless probabl e situation only if the Universe has
had sufficient timeto develop us, i.e, if it isflat.

Although the assumption of aflat Universe hasastrong philosophical
bias, it has been possible to construct atheory which explainswhy this
situation exists. The inflationary universe scenario introduced in 1981
by Guth (1981) and later modified by Linde (1983) solved the flathess
problem by depicting a universe which isindistinguishable from aflat
one, i.e, it predicts that the present density of the Universe is very
closetoitscritical value. However, since inflation to the present status
is possible only if a very special set of initial conditions is met, this
scenario carriesits own finetuning (Narlikar 1988).
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The above argument, and similar ones based on other instances of
fine-tuning (see Section 9 and Gribbin & Rees 1990), can aso be re-
versed. One could say that the Universeisasit is because we are here
to observeit. Thisisoneform of the so-called Anthropic Principle. For
creationists this may seem to offer a fantastic opportunity to practice
natural theology. Onewould first point out the near impossibility of this
fine tuning and then proceed to argue that it could have been achieved
only if there was a higher power responsible for it.

Those who would use this argument to favor creationism should
consider that it is impossible to prove the existence of God through
scientific arguments. As Barrow (1990, p 365) has stated, such argu-
ments have to start with certain assumptions and then proceed by de-
duction to infer the existence of God. Such a process does not lead to
firm inescapable conclusions, but rather to choices about believing or
not believing the starting assumptions. TheAnthropic Principleidentifies
certain necessary conditionsfor the existence of life, but these conditions
do not guaranteethat life will exist. Also, the fine balancing seemingly
implied in the Standard Model could disappear if the Big Bang never
happened, or if we arrive at a more complete understanding of its
mechani sm which explains how the coincidences occurred. Finally, we
must grant sciencetimeto find its own tuning mechanism. While at this
moment a direct action by the Creator may be invoked for an “ explan-
ation,” one cannot be sure that thisisthe scientifically safe, long-term
position. The absence of atuning mechanism today cannot be construed
to be evidence that such a mechanism does not exist. However, as
Barrow (1990) concludes, while the Anthropic Principle cannot be used
as a proof of God's existence, it certainly does not contradict such a
conclusion.

8) MATTER/ANTIMATTER ASYMMETRY

Yet another example of fine timing is the relation between matter
and antimatter in the early Universe. For almost every type of matter
particlethereisan antiparticle. Positrons are the antiparticles of electrons,
protons go with antiprotons, etc. Bringing together a particle with its
corresponding antiparticle results in the complete annihilation of the
two particles, and the simultaneous production of electromagnetic
radiation. Theoretically, matter and antimatter would have come into
existence in equal amounts at the time of the Big Bang. Such a perfect
symmetry would have resulted in the compl ete annihilation of both, and
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the Universetoday would have consisted of radiation only. Thisisclearly
not the case; the Earth below our feet is real matter!

Somehow, the Big Bang produced more matter than antimatter.
After all antimatter was annihilated by matter, the particleswhich make
up today’s Universe remained. The energy content of the Universe
today isthe remnant of thisannihilation radiation. Since matter carries
only onepart in 10° of the Universe'senergy and therest isin radiation,
this means that for every 10° antiparticles, 10° and one particles were
formed. According to the Big Bang theory, thisiswhy matter, including
ourselves, exists.

Recently, some progress has been made towards explaining this
asymmetry. It depends on two different mechanisms: @) a process of
converting matter into antimatter and vice-versa, also known asbaryon-
number-conservation violation; and b) some asymmetry between matter
and antimatter that would make the above process favor the direction
towards matter, also known as charge-parity symmetry violation. The
first processcould possibly befoundin anamplified version of the*t Hooft
effect (‘t Hooft 1976a,b; Shaposhnikov 1991). The second requirement
has been harder to meet. Recent specul ative extrapolations (McLerran
et al. 1991), while offering some promise of success, need the Super-
conducting Super Collider to confirm that specul ations are on the right
track (Freedman 1991).

Evenif such experimental support should be forthcoming, therewill
still beaproblem in validating the proposed mechanisms, because they
are effective only at energies well beyond what our highest hopes for
particle accelerators can reasonably expect. Also, they were operative
in an erafar earlier than the production of thelight that can be detected
by any telescope.

We see, again, that in order to explain certain aspects of the
Universe, science must have recourseto unverifiabletheories. In matter/
antimatter considerationsthereisadditional evidencethat scienceleaves
plenty of room for believing in the miraculous (i.e., not according to
known natural laws) intervention of God inthe origin of the Universe.

9) HOW THE UNIVERSE BEGAN

While there seems to have been some success in answering the
guestion about when the Universe began, science has found it much
moredifficult to answer the question about how it began. Several recent
ideas about its beginning have been proposed. Rather than crediting
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God with anact of creation, physicistshave conceived “ natural” processes
which might produce a universe like ours. We are almost capable of
reproducing the conditions necessary for one such process (quantum
mechanics) to occur in the laboratory, using atotal mass of only about
10 kg (Guth 1991 and references therein).

Another proposal lies in so-called quantum fluctuations in which
particles emerge spontaneously and temporarily from avacuum (Tryon
1983). Thereis an uncertainty relation for the particles’ net energy, E,
and their lifetime, t, with AExAt~h. A vacuum fluctuation on the scale
of the Universe may be possible because theory doesnot limit the scale
aslong asthisuncertainty relationisfulfilled. Accordingly, suchaUniverse
can exist sufficiently long, >15x10° years, if the energy is sufficiently
small. Thisisbelieved possible in a closed universe in which physical
guantities are conserved, and particles and their antiparticles are
generated in equal amounts, so that thetotal net energy of the Universe,
the sum of mass energy and potential energy, is zero or amost zero.

Thisisone exampleof how modern theoretical physicsattemptsto
find answers to the question of what the Universereally is, and how it
was formed. One might ask whether the veil on creation has now been
lifted and science has found the secret. Before an affirmative answer
isgiven, it should be remembered that we are dealing with phenomena
at the very edge of (and beyond) our knowledge of physical theory, and
that, therefore, the uncertainties about the validity of the assumptions
areat least aslarge asin the case of creation of all matter by God in an
even more miraculous way, i.e., outside the known laws of physics.
Even if some of the proposed mechanisms are capable of some degree
of verification through their predictions about present conditions, it will
most likely still beimpossibleto give definitive, unambiguous answersto
the question about how the Universe began.

Premonitions about thisimpossibility are probably among themain
reasons why some scientists have tried to avoid giving any answer to
the above question. Instead, they have postulated that the expansion of
the Universe will ultimately cease and that thereafter there will be
collapse. After it has collapsed to sufficiently high temperatures and
pressures, conditions would be ideal for a new explosion or a bounce.
This process might have been repeated many times. Such an“ oscillating
universe” could have existed from much earlier times, and continue to
exist for amuch longer time than auniverse which continuesto expand
forever.
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While experience suggests that entropy can only increase and that
with each succeeding generation an oscillating universe would slowly
degrade, it isalso conceivablethat inthe new physicsentropy islargely
or completely eliminated after abounce. If in addition some fresh matter
could be created in such auniversewith every bounce (possibly through
vacuum fluctuations), the universe would continually grow and contain
enough particlesto support life. Further, because of theincreased energy
content in every new cycle, each cycle would last longer than the
previous one (Dicke & Peebles 1979).

Whatever the length of time a hypothetical universe can exist, the
oscillating universe is an unsatisfactory answer to the question about
origin. It isnot (yet?) scientific because it postul ates unverifiable con-
ditions. Andfor the creationist itisno answer at al. While God's creation
could haveexisted over avast length of time, to haveit go through aseries
of creation-like events and subsequent apocal yptic destructions seems
contrary to all we seem to know about the Creator, despite the “ prece-
dent” of the worldwide Noachian flood. There is no need for a long
history of the Universe, or the presence of asufficiently high number of
particlesin order to facilitate the process of biological evolution, if one
believesintheorigin of al living thingsaccording to the Genesisaccount.

10) THE SINGULARITY

There are other philosophical reasons for considering alternatives
to the Standard Model. Consider the physical conditionsin the Universe
at the time of the Big Bang. At that time many physical quantities had
unrealistic values that modern physics has not yet been able to deal
with and probably never will. In mathematics (the language in which
scientists describe their models) this is called a singularity. Because
physics cannot really deal with singularities, it looks as if there was
something similar to ex. nihilo creation“in the beginning.” If everything
must have a cause, thisis an argument for the existence of God as the
One providing not only a physical cause but aso deep philosophical
and/or religious meaning.

On the other hand, if God Himself had no cause because He exists
from eternity, one might ask why the Universe should have a cause.
Why could it not have existed from eternity? In a world view which
acceptsthe existence of an eternal God, thisisequivalent to making the
Universe sufficiently equal with God to produce a direct conflict with
the Bible's presentation of God as the unique Creator.
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Finally, itisalso possible that the singularity doesnot exist at al in
the real Universe but was introduced because of the shortcomings of
our physical knowledge and mathematical tools. Whileit isan accepted
and acceptable practice to describe nature by models that we know are
only approximationsto reality — often very close approximationsindeed!
— toreason about the origin of the Universe and the need for God from
such approximate models seems to betray a deep reluctance to admit
His existence and influence in the affairs of man, even a deliberate
attempt to expel Him from His own world.

It is interesting to reflect for a moment on the implications of a
possible singularity or abeginning of the Universe, by considering the
following three necessary but insufficient conditions for the existence
of such asingularity (Penrose & Hawking, as quoted in Barrow 1990,
p 228):

a. Gravity must attract everything. This is a problem for the
Standard Model because inflation requires just the opposite.

b. Time travel must be impossible. The Theory of Relativity,
which forms one of the cornerstones of the expanding-
universe model, allowstimetravel. In placeswhere spaceis
very strongly curved, itistheoretically possibleto take ashort-
cut and reach alocation in space-timewhich lies actually in
thepast. This, of course, causesadilemmaif thetimetraveler
should find himself a contemporary of his grandmother and
killed her before his mother (or father) was born. However,
if thetimeloopsare sufficiently large(i.e., if they carry usto
asufficiently distant past), the“what if | killed my granny?’
contradiction could not yet have arisen.

c. TheUniverseisexpanding and containsasufficient quantity
of matter for itsultimate collapse. It appearsunlikely that this
conditionisfulfilled. There does not seem to be enough matter
inthe Universefor assurancethat expansion will not continue
forever.

These conditions cannot be fulfilled in the Standard Model. This
does not mean that there has not been asingularity. The Universe could
have had a beginning in time under different conditions. Whatever the
difficulties, the search for physical processes must continue. It isto be
expected that this search will, at best, lead to an indication of which
processeswereinvolved in theformation of the Universe, without being

Volume 19 — No. 1 25



ableto provide us with real causes. | consider it highly probable that a
set of alternative conditions could be provided by the action of God as
Creator.

Thus, either the Universe had abeginningin spaceandintime, ina
singularity or otherwise, or it existed from eternity. In either case it
would be impossible to speak of “before.” Here it is appropriate to
recall the words spoken by Judge William Overton at the 1981/82
Arkansas Creation Trial:

‘Creation out of nothing’ is a concept unique to Western
religions. In traditional Western religious thought, the
concept of a creator of the world ‘out of nothing' is the
ultimate religious statement because God is the only actor....
The only one who has this power is God.... The idea of
sudden creation from nothing, or creatio ex nihilo, is an
inherently religious concept.

It seems that scientific cosmologists are approaching religious
thinking when they speak about virtual quantum fluctuations, charge-
parity symmetry violation, and even singularities, as away of starting
the Universe! So why not admit that God is the Creator? After that we
can use the Bible to find out why He created, and science to reveal
some of His methods.

11) THE HUMAN FACTOR

Another philosophical reason for considering alternatives to the
Standard Model liesin the so-called “human factor.” Whereas only the
very lightest chemical elementswere produced inthefirst few minutes
of the Big Bang, men and animals contain alarge proportion of heavier
elements. According to the Standard Model, these were generated in
the nuclear ovens deep inside stars. Toward the final phases of astar’'s
existence asaluminousbody, whenitscentral temperatureisincreasing
to ever higher values, the processes of nucleogenesis generate the
heavier elements. After the star’s final breakup, these are delivered to
interstellar space, ready for incorporation into the next generation of
starsand planets. Somehow, somewhere, the conditionsfor the synthesis
of complex molecules, such asamino acids, and other essential elements
of life, would have been fulfilled to begin thelong journey of evolution
leading ultimately to man.

While this scenario has claimed to offer some harmony with the
biblical statement about our formation from the“ dust of theground,” it
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does not explain how we came to possess the “image of God,” and it
reduces the Genesis account to mere mythol ogy.

The Standard Model sees man as a unique product of physical,
chemical, biological and other physica processes. In additionto explaining
why the Universe and we are here, such human characteristicsaslove,
hate, beauty, sorrow, happiness, etc., need to be addressed. The Standard
Model offers only some explanation of how we came to be here —
through the extremely improbable and therefore rather accidental
synthesis of a number of amino acids. Those who want an answer to
the deeper question of why we are here would be much better advised
to consult the Word of God than the latest embellishments of the Big
Bang theory. It is fair to say that here is a prime example of how the
neglect of non-science by scientists has impoverished cosmology,
resulting in alack of direction, and much sensel essness and fatalism.

The emptiness of today’s model of the beginning of the Universe
has been described clearly by Steven Weinberg (1978), who was awarded
the 1979 Nobel Prizein physics:

It is almost irresistible for humans to believe that we have
some special relation to the universe, that human life is not
just a more-or-less farcical outcome of a chain of accidents
reaching back to the first three minutes [of the universe],
but that we were somehow built in from the beginning.... It
is very hard to realize that this all isjust a tiny part of an
overwhelmingly hostile universe. It is even harder to realize
that this present universe has evolved from an unspeakably
unfamiliar early condition, and faces a future extinction of
endless cold or intolerable heat. The more the universe
seems comprehensible, the more it also seems pointless.

But if there is no solace in the fruits of our research,
there is at least some consolation in the research itself....
The effort to understand the universe is one of the very few
things that lifts human life a little above the level of farce,
and gives it some of the grace of tragedy (p 154-155).

Another reason for considering alternativesto the Standard Model
lies in the fact that its adherents reject various possible alternatives
because they might be philosophically unattractive or unsatisfactory.
Hubble's conclusion about the redshifts and the expanding Universeis
an example. Scientists do havetheir own philosophical presuppositions.
One would be their belief that everything must be explained through
natural laws, maybe even typically non-physical phenomena such as
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love, hate, beauty, and life. In this process thereis no longer a need to
include God. As Dyson once said, cosmology has deteriorated to the
level of “cosmolatry.”

12) THE DIVINE ALTERNATIVE

NASA astronomer Robert Jastrow (1978), after discussing the as-
yet-inconclusive results of our investigations into the origin of the
Universe, writes:

Now we would like to pursue that inquiry farther back in
time, but the barrier to further progress seems insurmounta-
ble. It is not a matter of another year, another decade of
work, another measurement, or another theory; at this moment
it seems as though science will never be able to raise the
curtain on the mystery of creation. For the scientist who
has lived by his faith in the power of reason, the story ends
like a bad dream. He has scaled the mountains of ignorance;
he is about to conquer the highest peak; as he pulls himself
over the final rock, he is greeted by a band of theologians
who have been sitting there for centuries (p 115-116).

I would like to think that the theologians of the above quotation
have been enjoying the panoramatheir high podition affords. Their presence
remindsusof the possibility for considering aternative scenariosthat go
beyond the purely physical into the metaphysical and/or religiousfields.
We are even more justified in doing so because our discussion of the
Standard Model has revealed numerous reasons why the search for
alternatives must continue. Thereare theinstances of fine-tuning which
become all the more remarkable once one admits that the a posteriori
explanation given through the Anthropic Principle may be an act of
evading the real issue: To what extent must God be brought into the
scenario to make it viable?

Therole God would have played inthe origin of the Universevaries
with different people. Some say that because they don’t know about
the very beginning of things, nor about what went before or how life
itself originated, we should believe in a God. This is the position of
deistic evolution, which | consider anegative view. As soon as science
finds an explanation for what is still a puzzle today, such a God is no
longer required. Thisisonereason why evenin many so-called Christian
churches today, God has slowly but surely been pushed back further
into the shadows.
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A more positiveview isto believein creation by God asit isdescribed
inthe Bible. Peoplewho believein God on thisbasisnever do so because
of any shortcomings in scientific theories, but because they have a
personal relationship with God which hastaught them that HisWord is
thoroughly reliable. Thisview isalso positive becauseit includes some
understanding of good and evil, the purpose of life, and other non-physical
guestionswhich science cannot address. Peoplewith thisview, realizing
that there is more to the Universe than meets the eye, are open to some
so-called unscientific alternatives which have already been rejected by
the “pure”’ scientists. As Einstein once expressed it: “ Science without
religionislame, religion without scienceisblind” (Frank 1947). Godis
not seen to bein competition with science asameansfor explaininglife
and the Universe.

Finally, let usreflect on time before the singularity. In our physical
theories there is no “before,” i.e., the Universe must have originated
spontaneously. The Bibletellsusthat beforethe “beginning” therewas
God. This has led some to ask what it was that God was doing before
He created the Universe. The 5th-century sage St. Augustine of Hippo
is said to have given this answer: “Before He created Heaven and
Earth, God created hell to be used for people such asyou who ask this
kind of question” (Oliver 1988).

CONCLUSIONS

We can now give an answer to the questions posed at the beginning
of thisarticle. The current scientific picture of the origin and structure
of the Universe— the Standard Hot Big Bang Model — isnot altogether
in conflict with the Genesis account. Those who acknowledge the lack
of scientific definitionin Genesiswill find much room to accommodate
many aspects of the Standard Model. Its great age of 15 hillion years
could beloosely correct if onelimitsthisageto theinanimate, physical
Universe. Those who are prepared to accept an extensive age for the
physical Universe should acknowledge the considerable uncertainty
regarding the exact value.

The Standard Model has weaknesses. First, the interpretation of
the observed redshifts as due to ageneral expansion of the Universeis
based on philosophica arguments, and goes beyond the normal confines
of physical science. Second, another cornerstone of the Standard Mode,
the Cosmological Principle, isapurely philosophical assumptionwhich
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may beincorrect. Third, whiletherecent discovery of anisotropy inthe
MBR seemsto provide solid support for the Standard Model (by being
consistent with the formation of the present-day large-scale structure),
some speculative physics is required over the very early inflationary
phase to avoid producing a Universe without such anisotropies.

Whilethe above are somewhat negative argumentsfor considering
aternatives to the Standard Model, there are a number of remarkable
coincidencesin the Universewhich point to an intelligent design. Among
these we count the flathess (see Section 7) of the Universe. The fine
tuning thisrequires has been accounted for in an early inflationary phase.
However, the inflationary model needs some finely tuned physical
conditionsfor itsown success. Thisproblem isnot solved by the adoption
of the Anthropic Principle (see Section 7). Thisis another instance of
theintroduction of deeply philosophical argumentsinto what ismeant to
be apurely physical theory.

Another coincidence is found in the small asymmetry between
matter and antimatter. While science does not lack theories to explain
this, these explanations are based on almost unverifiable assumptions,
because the presumed physical conditions at the beginning of the Uni-
verseare so remote from what wewill beableto simulatein our labora-
tories for many years to come. These limitations prevent us from
penetrating the earliest moments of the Universe and theorizing success-
fully about how it actually cameinto existence. The possible occurrence
of a singularity at the beginning of the Universe leaves room for
considering non-physical alternatives.

The Standard M odel unquestionably conflicts with Genesis on the
origin, characteristics, and purpose of life. The Standard Model provides
presumably sufficient timefor biological evolution to takeits assumed
course, while Genesis states quite categorically that all lifeis created by
God. Infact, since creation by God seemsto be an activity not limited to
oneweek of intense activity, but a process which isrepeated at various
timesand placesthroughout the Universe, alternative cosmol ogies such
asthe modified steady-state theory proposed by Arp et al. (1990) would
seem to agree much better with the Genesis record — if they did not
depend so much on Hutton’s principle of uniformity.

In the end we come back to God as the only One who can answer
our questions, because He is the Creator of everything and gave it
beauty and purpose so that we might enjoy it, and enjoy seeking answers
toall our questions.
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ANNOTATIONS
FROM THE LITERATURE

GENETICS AND EVOLUTION: ANTI-MUTATION MECHANISM

Gimble FS, Thorner J. 1992. Homing of a DNA endonuclease gene by
meiotic gene conversion in Saccharomyces cerevisiae. Nature 357:301-
306.

Summary. Theyeast Saccharomyces contains agenethat produces
a subunit of a vacuolar membrane enzyme. The enzyme (VMAL) is
produced from alarger protein by removal of asmaller protein. This
paper reportsthat the smaller proteinisactually an endonuclease. This
endonuclease hasthe ability to attack any copy of the VMA1 genethat
does not include the sequence for the endonuclease. If only one copy
of the VMA1 genelacksthe sequencefor the endonucl ease, the endo-
nuclease produced by the other copy of thegenewill attack the defective
gene. The gene will be cut at the exact spot where the endonuclease
sequence should be, and the missing sequence will be copied into the
defective gene. Thistype of mechanism for correcting genetic errors
has previously been found only inintrons.

GEOLOGY: “PSEUDO-PALEOSOLS”?

Rossinsky V, Wanless HR, Swart PK. 1992. Penetrative calcretes and
their stratigraphic implications. Geology 20:331-334.

Summary. Calcrete (caliche) horizons have been commonly used
to identify subaerial exposures. Recent work by Rossinsky et al. has
identified a series of multiple calcrete horizons extending as deep as
5 mthat they term “fal se penetrative calcretes.” The entire system of
penetrative calcretesisindicative of asingle subaeria exposure. The
penetrative calcrete horizons occur along subhorizontal surfaces
(sequenceor lithol ogic boundaries) and are connected by vertical rhizo-
liths (calcrete or chert having a root-like form). Use of the calcrete
layersasindicatorsof distinct subaerial eventsfrom coreborings may
result in an incorrect calculation of the number of lowstand eventsin
amarine deposit. Previous work indicated that the calcrete horizons
may be joined by a single taproot. In addition, calcretes formed sub-
surface are morelikely to be preserved than those formed subaerially.
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Both paperscited fluctuationsin the water table asasignificant factor
in calcrete horizon formation.

GEOLOGY: RADIOMETRIC AGE CONTAMINATION?

Seaman SJ, Ramsey PC. 1992. Effects of magmamingling in the granites
of Mount Desert Island, Maine. Journal of Geology 100:395-409.

Summary. Fine-grained inclusions (enclaves) infelsic plutonsand
volcanic rocks are usualy interpreted as magmas that cooled and
crystallized when they came into contact with their more siliceous
host magmas. The mineras that crystallize from the enclave liquids
and disaggregate into the host granite contaminate the granite with
exotic components. Three mechanisms affecting composition and
texture of the granite are described: 1) disaggregation and dispersion
of crystals from pegmatite pods formed during the cooling of the
enclave liquids, 2) ionic exchange between the enclave and granitic
magmas, and 3) alkalic feldspar and hornblende rinds surrounding the
enclaves. While the third process of rind development simplifies the
process of identifying the extent of contamination in granites, the
authorsstate”... textural and compositional data presented in this study
suggest that the effects of ionic and mineralogic contamination by
enclave liquids may be strong and pervasive, regardless of the
appearance of agranite.”

MOLECULAR PHYLOGENY

HillisDM, Dixon MT. 1991. Ribosomal DNA: Molecular evolution and
phylogeneticinference. Quarterly Review of Biology 66:411-453.

34

Summary. This article reviews the results of analysis of DNA
sequencesfor ribosoma RNA (rRNA). A 7-page appendix references
alarge number of phylogenetic studiesusing ribosomal DNA segquences.
Ribosomal RNA participatesin the structure of the ribosomes, where
proteins are made. Three or four main segments rRNA genes are
present in the nuclei of most cells. The largest of these is a large
subunit RNA (called 28S) of over 4000 nuclectidesin length. Thisis
associated with a smaller sequence (5.8S) of about 160 nucleotides.
The rRNA (16S) making up the small subunit of the ribosome has
about 1500 nucleotides. A fourth sequence (5S) of about 120 nuclectides
ispresent in eukaryotic cells. Ribosomal DNA (rDNA) sequencesare
also present in mitochondriaand chloroplasts. The DNA sequence of
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the large subunit rDNA varies among species much more than do the
two smaller sequences. The authors state that sequences should be at
least 70% similar to be useful in phylogenetic studies, acondition that
rDNA seemsto fulfill better than many other molecules. One problem
withrDNA studiesisthat multiple copiesof the genes seemto maintain
greater homogeneity among themselves than would be expected if
each copy were evolving independently. This phenomenon, known as
“concerted evolution,” iscommonly seenin genefamilieshaving multi-
ple copies, and confoundsto some degree the process of phylogenetic
interpretation.

Furhman JA, McCallum K, DavisAA. 1992. Novel major archaebacterial
group from marine plankton. Nature 356:148-149.

Summary. Marine bacteriaare not well known because of difficulty
in culturing them for identification. Molecular comparisons can be
made without the need for culturing. No archaebacteria, but only
eubacteria, have been found in samples from the ocean surfaces. The
authorsanalyzed 16SrRNA sequencesfrom bacteriataken from below
the ocean surface. These new sequences differ from those of any
known bacteria as much as plants and animal sequences differ from
each other. These bacteria may represent a new group not similar to
any known group of organisms.

Cunningham CW, Blackstone NW, Buss LW. 1992. Evolution of king
crabs from hermit crab ancestors. Nature 355:539-542.

Summary. King crabs are among the largest arthropods living.
Like hermit crabs and several other groups, they have asymmetrical
abdomens. Fossil hermit crabs are known at |east from the Cretaceous,
but no fossils of king crabs have been found. This paper reports on a
molecular comparison of the genefor amitochondrial ribosomal RNA
molecule of hermit crabsand king crabs. Results showed that theking
crab molecular sequence was more similar to that of some species of
hermit crabs than were some sequence comparisons among hermit
crab species from the same genus (Pagurus). The authors suggest
that king crabs might be derived from hermit crabs that outgrew their
ability tofitinto discarded molluscan shells.
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Joss M, Cramp N, Baverstock PR, Johnson AM. 1991. A phylogenetic
comparison of 18S ribosomal RNA sequences of lungfish with those of
other chordates. Australian Journal of Zoology 39:509-518.

Summary. Theorigin of thetetrapodsis generally traced to oneor
two groups of fishes. Most morphol ogistshavefavored the extinct rhipi-
distians as closest to the ancestry of tetrgpods, while others have favored
thelungfish. Becauseit isgenerally believed to be descended from the
extinct rhipidistians, the coelacanth should therefore be more similar
to tetrapods than is the lungfish. In this study, ribosoma RNA gene
sequences were compared for five groups of fish and two groups of
amphibians. A partial sequence of coelacanth rRNA was also com-
pared. Lungfish did not group well with any of the other groupsincluded
in the study. This leaves the relationships of tetrapods, coelacanths
and lungfish unresolved, despite many years of intense study and
debate.

Westerman M. 1991. Phylogenetic relationships of the marsupial mole,
Notoryctes typhlops (Marsupialia: Notoryctidae). Australian Journal of
Zoology 39:529-537.

Summary. Themarsupial moleisfound only inAustralia, whereit
burrowsin sandy soilsintheinterior of the continent. ltsrelationships
to other marsupials have been enigmatic, and it has generally been
placed in agroup by itself, sometimesin aseparate Order. Fossil moles
have been nearly unknown, but some fossils have recently been dis-
covered at Riverdeigh, Queendand. Thesefossilsaresimilar in structure
totheliving moles, giving no hint of relationship to any other marsupial
group. Thispaper reportstheresultsof DNA-DNA hybridization studies
comparing the marsupial moleto various other groups of marsupials.
The DNA resultsare similar to other kinds of datain indicating that the
marsupial mole is not similar to any other group of marsupials, but
should be maintained in agroup by itself.

PALEOECOLOGY: ECOLOGICAL ZONATION?

DiMicheeWA, Aronson RB. 1992. The Pennsylvanian-Permian vegetationa
transition: A terrestrial analogue to the onshore-offshore hypothesis.
Evolution 46:807-824.

Summary. The authors note that floras from Lower and Middle
Pennsylvanian deposits are typically wetland types. Upper Penn-
sylvanian floras include both wetland and drier types. Drier habitats
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predominate in Permian deposits. Several prominent Upper Permian
and Mesozoic taxonomic groups have first appearances in drier type
floras. The authors compare this ecological trend with the onshore-
offshore hypothesis of ecological trend in terrestrial deposits.

Comment. Such examplesindicate ecologica trendsin depositional
sequencesthat might profitably be examined inthe context of ecological
zonation theory.

PALEONTOLOGY

Han T-M, Runnegar B. 1992. Megascopic eukaryotic algae from the
2.1-hillion-year-old Negaunee Iron-Formation, Michigan. Science 257:232-
235.

Summary. Fossilsbelieved to be those of amacroscopic algahave
been discovered in Precambrian depositsin Michigan. Thefossilsare
about 1 mm in diameter and up to 90 mm inlength. If correctly identi-
fied as eukaryotes, these are the stratigraphically lowest eukaryote
fossils yet found. The inferred photosynthetic ability of these fossil
algaerequiresavery early date for the widely accepted hypothesis of
an endosymbiontic origin of chloroplasts.

Briggs DEG Fortey RA, WillsMA. 1992. Morphological disparity inthe
Cambrian. Science 256:1670-1673.

Summary. In his book Wonderful Life, Stephen Jay Gould states
that the fossils of the Burgess Shale show an extraordinarily great
diversity of body plans. Gould usestheterm “disparity” to distinguish
theideafrom large numbers of species. Briggset al. take exception to
Gould's characterization of great disparity within the Burgess Shale
arthropods. Briggset a. used principa componentsanalysisto compare
the disparity among living and Burgess Shale arthropods. They con-
cluded that living arthropods exhibit essentially the same degree of
disparity as Burgess Shale arthropods.

Comment. Itis, nevertheless, remarkablethat the diversity of body
plansfound in asinglefossil locality, and aCambrian locality at that,
would be as great as found among all living arthropods worldwide.

Sansom 1J, Smith MP, Armstrong HA, Smith MM. 1992. Presence of the
earliest vertebrate hard tissues in conodonts. Science 256:1308-1311.

Summary. Conodont fossils are widely distributed both geo-
graphically and stratigraphically, mostly in Paleozoic deposits, including
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the Cambrian. For many years no one knew what kind of animal pro-
duced the tooth-like conodont fossils. Recent discoveries have shown
that the tooth-like fossils functioned as teeth in the mouths of the
small, soft-bodied swimming conodont animals. This paper reports
on the presence of cellular bonein conodont elements, |eading to the
conclusion that conodonts must be considered to be vertebrates.

Comment. Enamel-like tissues arefound, but no dentine, contrary
tothe evolutionary hypothesisthat dentineis primitive with respect to
enamel.

Sereno PC, Chenggang R. 1992. Early evolution of avian flight and perching:
New evidence from the Lower Cretaceous of China. Science 255:845-
848.

Summary. A newly described fossil bird from Chinais said to be
an important link between Archaeopteryx and modern birds. The
sparrow-sized bird was discovered in Lower Cretaceous |ake deposits
in northeastern China.

The new bird, named Sinornis santensis, shares several reptilian
traitswith Archaeopteryx. The snout is short and toothed. The carpus
and manus are separate. The metacarpals are separate and with digits.
The pelvic girdle elements are free rather than co-ossified. Theiliac
blades are erect; the ischiurn is blade-shaped; and the pubis seems
directed ventrally, terminating in ahook-shaped foot asin Archaeopteryx.
The metatarsals are fused only at the proximal ends. Gastral ribs are
present, as are several advanced avian traits. The tail is short, and a
pygostyle is present. The shoulder joint permits raising of the wing
abovethelevel of thevertebral column. The second digit of the manus
and the ulna support flight feathers. The wing seems to have been
capable of folding. The manus is shorter than the forearm or the
humerus. The hallux (thumb) is opposable, and the fifth digit of the
pes is absent. The authors reject the proposed avian character of the
upper Triassic Protoavis. Snornis shows supposed advances over
Archaeopteryx for flight, but retains several ancestral traits.

Lockley MG, Yang SY, Matsukawa M, Fleming F, Lim SK. 1992. The

track record of Mesozoic birds: evidence and implications. Philosophical
Transactions of the Royal Society of London, Series B 336:113-134.

Summary. Bird footprintsare more common in M esozoi ¢ sediments

than isgenerally recognized. Several factors may have contributed to

ageneral failureto recognize bird tracks. The paucity of fossil birdsin
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pre-Cretaceous deposits may have hindered the recognition of pre-
Cretaceous bird tracks. Dinosaur footprints are more common than
bird footprints, which may have led to misidentification of some bird
tracks as dinosaur tracks. Also, many Mesozoic bird tracks are found
associated with larger and more spectacular dinosaur tracks, possibly
resulting in the bird tracks being largely ignored.

Several criteria are presented for distinguishing bird tracks from
other types such as dinosaur tracks. Several examples of tracks that
meet the criteriafor bird tracks are described. Most of the bird tracks
appear to bethose of shorebirds, and are especially similar to those of
plovers. A few tracks are aslarge as those of large herons. Bird tracks
have been discovered from the Lower Cretaceous of East Asia and
North America, and from the Jurassic of Africaand North America.

Comment. The presence of numerous examples of shorebird tracks
indepositsstratigraphically lower than Archaeopteryxisfurther evidence
that Archaeopteryx is not the ancestor of birds.

Godthelp H, Archer M, Cifelli R, Hand SJ, Gilkeson CF. 1992. Earliest
knownAustralian Tertiary fauna. Nature 356:514-516.

Summary. Several new fossil mammalsand other vertebrates have
been discovered in an Eocene clay deposit in Queensland, Australia.
The fossils include turtles, crocodiles, snakes, frogs, birds and
mammals. Most of the fossil mammals appear to be marsupials, none
of which seem clearly related to any other known marsupials. A fossil
bat is present, which is stratigraphically the oldest bat known. The
most significant mammal fossil found in this deposit is asingle tooth
that is believed to be from a condylarth, an extinct group of placental
mammals. Except for bats and rodents, this is the first fossil of a
terrestrial fossi| placental mammal to bediscoveredinAustraia. Rodents
have not been found in layers below the Pliocene. This adds a new
twist to the question asto why Australia has so many marsupials, but
no members of such widespread placental groups as hoofed mammals,
elephants, carnivores, or shrews.

Pascual R, Archer M, Jaureguizar EO, Prado JL, Godthelp H, Hand SJ.
1992. First discovery of monotremesin South America. Nature 356:704-
706.
Summary. A fossil tooth discovered in southern Argentina has been
identified asthetooth of an extinct platypus-like mammal. The platypus
and the echidnaarethe only members of agroup of egg-laying mammals

Volume 19— No. 1 39



known as monotrernes. This is the first record of any monotreme
occurring outside of the Australian region. It was found in Paleocene
deposits, along with fossils of crocodiles, turtles, mangrove pollen,
and at least three other types of extinct mammals. This discovery
addsto the evidencefor faunal similarity between Australiaand South
America

TAPHONOMY

Allison PA, Briggs DEG, editors. 1991. Taphonomy: releasing the data
locked inthefossil record. Topicsin Geobiology, Vol. 9. NY and London:
Plenum Press.

40

Summary. Thisbook consists of 11 chapters by various authors,
covering many interesting aspects of taphonomy. Topics include
taphonomy of organic biomolecules, nonmineralized tissues, plants,
shells and vertebrates. The effects of minerals on fossil preservation
are discussed with respect to pyrite, phosphates, carbonatesand silica.
A fina chapter deal swith taphonomic comparisons between deposits
and taphonomic trends in the fossil record.

Comment. Thebook contains much useful and stimulating material,
and isrecommended for anyone interested in the fossil record.
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LITERATURE REVIEWS

Readers are invited to submit reviews of current literature relating to origins.
Mailing address: ORIGINS, Geoscience Research Institute, 11060 Campus
St., Loma Linda, California 92350 USA. The Institute does not distribute
the publications reviewed; please contact the publisher directly.

A CREATIONIST BOOK FOR PUBLIC SCHOOLS

OF PANDASAND PEOPLE: THE CENTRAL QUESTION OF BIO-
LOGICAL ORIGINS. 1989. P. Davis, D.H. Kenyon, and C.B. Thaxton.
Dallas, TX: Haughton Publishing Company. 166 p. Cloth, $18.50.

Reviewed by L. James Gibson, Geoscience Research Institute

Many Americansfeel that creationism should be discussed in high-
school science classes. However, few textbooks are available that
present acreationist view based on observationsfrom science. Written
to helpfill that gap, thisbook isintended as asupplement to the biology
textbook. The text attempts to provide evidence for intelligent design
in nature, but does not discuss the potential religious implications of
such atheory.

The book has a somewhat unusual organization. The first chapter
isactually an overview of the material of the entire book. A little more
than 25% of the book is devoted to this overview. Following this, six
topicsaretreated in moredetail, each in aseparate“ excursion chapter.”
These six chapters have the following titles: “The Origin of Life’;
“Geneticsand Evolution”; “TheOrigin of Species’; “ TheFossil Record”;
“Homology”; and“Biochemicd Similarities.” A brief, one-page glossary
isincluded at the back of the book, followed by a short chapter entitled
“A Word to the Teacher.” The book is hard-bound, with a cover photo-
graph of agiant panda. Thereisanindex, and thebook iswell-illustrated.
A seven-page Teacher’s Guide contains a well-prepared list of study
goalsand discussion questions.

The treatment of the origin of life is well done and includes a
discussion of the Miller-Urey experiments and the proteinoids of Sidney
Fox. Theauthors concludethat lifeis most reasonably explained asthe
result of intelligent design. Mutation, natural selection and adaptation
arethetopicsof the second “ excursion chapter.” Intelligent design seems
the best explanation for the existence of biological adaptations such as
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the neck of the giraffe and certain plantsknown as*living stones.” The
following chapter discusses genetic drift and reproductive isolation,

and concludesthat speciationisgenerally accompanied by genetic loss
rather than genetic gain. Intelligent design is the best explanation for

the origin of genetic information, with subsequent genetic loss ac-
counting for the relatively minor changes seen in species.

In a chapter on the fossil record the authors point out that most
phylaoriginate early in the fossil record, which isjust the opposite of
what would be expected if species originated by progressive evo-
lutionary devel opment leading toward greater complexity. The lack of
changewithinfossil “lineages’ and the existence of gaps between fossil
groups are also emphasized. Examples of gaps include the same
examplesusually presented by evolutionistsasevolutionary links, such
as Archaeopteryx, the therapsid reptiles, and Australopithecus. The
distinction between intermediate and transitional fossils, made in the
discussion of Archaeopteryx, isaparticularly helpful concept.

The problem of accurate identification of homologiesisillustrated
inthefifth “excursion chapter.” Non-homologous similarities, such as
between the Tasmanian “wolf” and the ordinary wolf, or between the
red panda and giant panda, are described. Similarities in organisms
canjust as easily beinterpreted asthe result of intelligent design. The
discussion of similarities in organisms is extended to biochemical
similarities in the next (and fina) chapter. The failure of molecular
sequences to form a series of intermediates is underscored in this
chapter, using cytochrome c as an example. The molecular clock hy-
pothesisisbriefly explained and rejected. Inthe conclusion, the authors
acknowledgethat no theory of originsiscomplete and without problems,
but point out there is impressive evidence to support the theory of
intelligent design.

Naturally, the book is not free of errors. | found several typos,
some of them annoying, but perhapsthisisto be expected in the first
edition of a book. Of more concern were the few, relatively minor,
errors of fact present in the book. However, | did not find any errors
that would materially affect either the conclusions of the authors or the
argumentsused to support the conclusions. In several places, statements
were made for which references were not supplied. | was unable to
locate the footnotesuntil | accidentally discovered theminthe Teacher’s
Guide.
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There are other places where the text could be improved, but this
should not obscure the fact that there is much useful material in the
book. Itisattractively designed, and generally presents good arguments
for the characteristics of life as strong evidencefor the origin of lifeas
aresult of intelligent design rather than by purely natural processes.
The authors|eave open the question of the age of life, recognizing that
adherents of the theory of intelligent design do not all agree on this
question. Fortunately, another book is available which discusses this
guestion within abiblical context (Webster 1989). | would not want to
be without both these books for teaching secondary-school biology.

Of Pandas and People provides a fair-minded, non-sectarian
discussion of evidence for origin by intelligent design that should be
suitablefor every public school.
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GENERAL SCIENCE NOTES

CLASTIC PIPES AND DIKES
IN KODACHROME BASIN

By Ariel A. Roth, Geoscience Research Institute

In the region of the Kodachrome Basin State Park, Utah, are found
someunusual vertically oriented, intrusive sedimentary structures. They
arecalled pipesif cylindrical in shape (see Figure 1), or dikesif flat-like
in shape. These structures, which sometimes reach heights well over
50 m (150, have come from the sedimentary layers below. In the
same area, there is also indication of collapse of some sediments into
lower layers (Christiansen 1952).

These features in the Jurassic layers raise interesting questions
regarding the amount of time involved in their formation. The source
layers would have to be soft in order to intrude into other layers.
Sediments cannot remain soft forever; they tend to become cemented.

FIGURE 1. Oneof thelar gest exposed “ pipes’ in KodachromeBasin. The
surroundingrock, which issofter, hasbeen eroded away, leaving this50 m
(150" “monalith.” Thesurfaceof thepipeisbadly er oded.
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FIGURE 2. Diagrammaticrepresentation of a section through thepipeand
dike-bearing stratain KodachromeBasin. L egend for formations: Tr/Jn —
Triassic-Jurassic Navajo; Jcj — Jurassic Carmel, Judd Hollow; Jpt —
Jurassic Page Sandstone, Thousand PocketsTongue; Jcp — Jurassic Carme,
ParlaRiver Member; Jew — Jurassic Carmel, Winsor Member; Joww —
JurasscCarme, Wiggler Wash Member; Jeg— Jurassic Entrada, Gunsight
ButteM ember; Jec— JurasscEntrada, CannonvilleM ember; Jee— Jurassic
Entrada, EscalanteM ember; Jh— JurassicHenrievilleFormation; Kdt —
CretaceousDakota-Tropic For mationsundifferentiated.

Cementation occurs when dissolved minerals are carried by water into
the sediments, hardening them into rocks. Some other features of these
pipes al so suggest that there was not much time between deposition of
theselayersand recent (Plio-Pleistocene) geologic activity. The conun-
drum is that the standard geologic time scale implies well over 150
million years between laying down of these sedimentsand what appears
to bethe time of intrusion.

The details of these strata, which are about 600 m (2000") thick,
have been worked out by Thompson and Stokes (1970) (see Figure 2).
The Jurassic layers involved have a putative age of 144-208 million
years. The Carmel Formation of thisgroup averagesaround 179 million
years, and the Entrada averages around 166 million years. In parts of
the area an unnamed Plio-Pleistocene channel and sheet conglomerate
(Gregory 1951) coversvariousformations. It contains basalt pebbles con-
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sidered to beonly 1-6 million yearsold, and thereforeisinterpreted to be
much younger than the main Jurassic sedimentary formations of the area
Hornbacher (1984) has mapped and described 67 pipes and many
dikesinthearea. They arefound at various stratigraphic levels, but domi-
natein the Gunsight Butte member of the Entrada (Figure2). Oneintrudes
asfar up as the Escalante member of the Entrada. The pipes range up to
52 m (170" in exposed height and up to 15m (50) in diameter. Analysis
of the rocks and minerals in the pipes shows similarity, mainly to the
upper PariaRiver and lower Winsor Formationsbelow. They arethe most
likely source for most of the pipes. Some upper Winsor and Thousand
Pockets Tongue of the Page Sandstone (see Figure 2) and possibly
other layers have occasionally also served as source for the pipes.
The mechanism for intrusion is problematic and may never be
known. Hannum (1980) has suggested that the pipes came from cold
springs. Hornbacher (1984) favors seismically induced sediment lique-
faction and intrusion. Therelatively smooth and striated wall pattern of
some pipes (Figure 3) favors the latter interpretation. To add to the

FIGURE 3. Closeup view of thesurface of oneof the pipesshowingvertically
oriented striations. Thedightly darker vertical rock wedgetotheright isnot
part of the pipebut aremnant of thesurrounding“rock” intowhich thepipe
intruded.
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mystery, there seemsto belittle or no disturbance of bedding planesor
indication of compressive strain in the sediments surrounding the pipes.
This suggeststhat both the pipe material and the surrounding sediments
were soft when the pipes formed.

Hornbacher (1984) gives evidence that intrusion took place at the
time of the recent Plio-Pleistocene conglomerate deposition. Thisin-
cludes: 1) intimate association of the Plio-Pleistocene conglomerate with
the top of one pipe; 2) fluid escape structures from this pipe into the
conglomerate; and 3) the Plio-Pleistocenetectonic activitiesintheregion
(i.e., earthquakes, orogenies) needed for the suggested mechanism of
intrusion. LeFevre et a. (1987) suggest a Jurassic age for formation of
the pipes, but give no direct supportive evidence.

These pipes appear to present a problem for the standard geologic
time scale, since it would require that the Jurassic formations which
serve as sourcefor theintrusionsremain soft (uncemented by minerals)
for over 150 million years. Considering how easily cementing minerals
aretransported through sediments by water, this seemshighly unlikely.
It aso seemshighly unlikely that adelithification process (dissolving of
cement) would take place at the same time throughout the thick and
highly varied sequence over the widespread area in which these pipes
are found.

Evenif one doesnot takeinto consideration the evidencefor aPlio-
Pleistoceneintrusion, thereis still a problem for the standard geologic
time scale. The time, represented by the vertical distance between the
source of the pipes and their present location, would be many millions
of years (13 millionif you usethe average Carmel and Entradaages). It
seemsvery unlikely that the source material could remain uncemented
for that length of time. Some of the pipesintrude 100 m (300") of sediment.

One can arguethat since there are now soft sediments on the ocean
floor which are assumed to be many millions of yearsold, the sediments
producing the pipes and the surrounding rocks could have likewise
remained soft for many millions of years. However, the situation
associated with these pipes does not appear to be comparable. Some of
the layers associated with the pipes are interpreted as being terrestrial
instead of marine. We do not now see in the continental crust older
layersin afluid state that could form the pipes. Associated with these
pipes and dikes are long fine veins originating from the pipes and
penetrating the surrounding layers. These seem to mandate a highly
fluid source (i.e., the pipes themselves). However, it seems virtually
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impossible for the intruding material in these veins to have remained
soft for any extended period of time. An overburden of morethan 1200 m
(4000 of sediment once covered the now-exposed area where these
pipes are found. This overburden would create a pressure of
275x10° Pascals (4000 Ib/in?). Such pressure would induce rapid
cementation, precluding aPlio-Pleistoceneintrusion.

These pipes are fascinating structures. The model of formation
that seems to best fit the data would be rapid deposition during the
recent Genesis flood, with subsequent seismic activity liquefying
uncemented sedimentswhich would then intrudeinto the overlying soft
sediments, forming the pipes and dikes.
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EDITORIAL
FOSSILS AND COMPASSION

In theworld of paleontology, few names evoke more derision than that of
Johann Bartholomew Adam Beringer. Neverthel ess, thislearned man, who lived
in the 18th century, had impressive credentials. He was dean of the Faculty of
Medicine at Wiirzburg in Germany, chief physician to the prince-bishop of the
town, aswell aschief physician of the Julian Hospital. He had broad interests,
was an indefatigable scholar, lectured on avariety of subjects, and wrote several
volumes including one entitled Lithographiae Wirceburgensis, which pro-
pelled him into infamy. This interesting treatise described special stones that
had been collected inthefield, including many fossilsaswell as other meaningful
finds which often ended up in his personal collection. In his book were
descriptions of peculiar stones with representations of birds, bees, flowers,
spiders, Hebrew alphabet characters, the moon, stars, and the rising sun.

Beringer discussed at length various ideas regarding the possible origin
of these special stones, and felt that they probably represented some kind of
natural phenomenon. He especially denied that they could have been artificial
or someform of “modern art.”

Popular history recounts that shortly after the publication of hisbook in
1726, hewas collecting in hisfavoritelocality on Mount Eivlstadt, near Wiirz-
burg, when hediscovered astone with hisown name carved onit. Thehorrified
Beringer then realized that he wasthe victim of acruel hoax and that anumber
of the specia stones he had described in his book were nothing else but fabri-
cations by some imposter who had hidden them in his collecting area. Thetragic
accounts usually report that some of his students had purposefully tricked him,
and the hapless and mortified Beringer ruined himself financially trying to buy
back all the copies of hisbook that had already been sold. Shortly after that, he
became so discouraged that he died of chagrin. Thetrick had worked too well.

Beringer has become asymbol of the gullible, and, too often in academic
circles, an object of humorous mockery. Hisother volumesare of littleinterest,
but extant copies of his book on stones are highly valued among bibliophiles
and command avery respectabl e price. Someof thefabricated stones, or “L ugen-
steine” (lying stones), as they became known, are still in existence and of
considerable value.

Inreality, part of the derision bestowed on Beringer isapocryphal. Docu-
ments discovered in Wiirzburg in 1935 and studied severa years later show
that the popular accounts are somewhat erroneous.! His students did not plan
the clandestine operation that tricked him into embarrassment. Instead, the
culprits were two jeal ous colleagues at the University of Wirzburg: J. Ignatz
Roderick, aprofessor of geography, and Georg von Eckhart, alibrarian. Soon
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after the publication of hisLithographiaeWrceburgensis, Beringer took these
two individuals to court to preserve his honor, and they were appropriately
punished. Beringer did not die of chagrin, but lived for some 14 years after the
discovery of the cruel prank and maintained professional status at least during
part of that time. Likewise the account of his having found arock with hisown
name on it has never been substantiated.

From what remains of the story, it appears that Beringer exercised poor
judgment, at least by comparison with 20th-century thought patterns. One
must remember that the Beringer incident took placein the early 18th century,
when a variety of basic philosophical ideologies were competing, and the
world of intellectual ideaswasin great turmoil.

Clearly Beringer is not unique in the misidentification of fossils. Asone
small example, the venerable Treatise on | nvertebrate Pal eontol ogy? lists some
50 published descriptions of “fossil organisms” originally identified as coral,
algae, fungi, sponges, snails, etc., that are most likely of non-biological origin.
They appear to be produced by unusual depositional eventsin sediment, drag
marks, precipitation, or the reorganization of mineralsafter sediment deposition.

Some aspects of paleontology are highly interpretive because they deal
with apast that is difficult to verify. They arethusvulnerableto misconceptions.
Needless to say, the study of fossils is not the only area of inquiry prone to
error. Thereare many other disciplinesthat are more or less subjective and face
the same problem.

While errors such asthose made by Beringer must never be condoned, we
do not have the right to exaggerate the errors of others and make our fellow
human beings a laughingstock. More compassion towards Beringer would
have prevented the cruel tricks played on him and would have reduced the
unwarranted denigration of hisinfamous book.

We all make mistakes. Recognition of thisshould produce acompassionate
attitude towards the errors of others and towards views that differ from ours.
Such an attitude fosters both accuracy and the understanding of alternative

viewpoints.
“Treat men exactly asyou would like them to treat you.”?
Ariel A. Roth
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REACTIONS

Readers are invited to submit their reactions to the articles in our
journal. Please address contributions to: ORIGINS, Geoscience
Research Institute, 11060 Campus St., Loma Linda, California
92350 USA.

Re: Aardsma: Letter to the Editor (ORIGINS 18:6-7)

A typographical error appeared in my letter, which may cause somereaders
some confusion. The number “7500” should have been “5700.” The sentence
containing this difficulty should read asfollows:

The C-14 age of thefirst growth ring of thistreeisroughly 5700 B.P,
whilethat of itsfinal growth ring isroughly 6150 B.P.
The mistaken number (7500) leadsto the perplexity of how there could be only
580 ringsin 1350 radiocarbon years.

| appreciated Dr. Brown's response to my |etter, but was disappointed in
its lack of documentation regarding his thoughts on Jericho. Though | have
read extensively about the excavation at Jericho (because of the prominent
place it holds in establishing a proper date for the Exodus and Conquest),
| have never come across anything to what Dr. Brown issuggesting. | joinwith
Dr. Brown in hoping that acompetent archaeologist will discussthis matter in
ORIGINSinthefuture.

Gerdd E. Aardsma
Coordinator of Research
Institute for Creation Research
Santee, California
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ARTICLES

SOCIOBIOLOGY: THE EVOLUTION THEORY'S
ANSWER TO ALTRUISTIC BEHAVIOR

Leonard R. Brand
Professor of Biology and Paleontology
and
Ronald L. Carter
Professor of Biology
Loma Linda University
Loma Linda, California

WHAT THIS ARTICLE IS ABOUT

Sociobiology is a hotly debated theory which proposes to
explain the evolution of behavior. The debate, especially as it
deals with the application of sociobiology theory to humans,
has been the cause of much misunder standing between scientists
with different views on the subject. Sociobiology has important
implications for the nature of man, and consequently it is im-
portant for a Christian who is searching for a strong foundation
for moral values to understand those implications of socio-
biology before deciding what to do with the theory. A theory is
not necessarily all correct or all wrong, but must be analyzed
with care. Could it bethat sociobiology theory correctly describes
some of the changes that have occurred, even in man, in a post-
creation world in which mutations are affecting behavior as
well as morphology, but not necessarily implying that major
groups of animals have evolved from common ancestors?

What ismorality? Doesit have abiological basis? Currently much
debatein society centersaround the devel opment of morality. Deciding
what isright and wrong in the technol ogically complex world of today is
sometimes difficult, even for those who accept biblical guidelines for
behavior. Many individual slook to nature and scienceto find principles
of ethical and moral behavior. Thetheory of sociobiology wasdevel oped
inthe search for amore adequate evol utionary explanation for al forms
of social behavior — among animals, aswell ashumans. Sociobiological
theories have been devel oped which supposedly provide an evolutionary
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explanation for the roots of moral behavior and the development of
atruistic-like behavior in both animalsand humans.

Charles Darwin's theory of evolution was highly successful in
winning support, because it offered alogical explanation for diversity
within groups of organisms, and described the process of natural selection
whichin naturewould favor individua swho weremost fitted for survival.
That mechanism as understood today can be summarized as mutation,
recombination, excess reproduction, and natural selection.

Mutations, or alteration of genes, a ong with genetic recombination,
increase the genetic variation in a population of animals. Many more
individuals of each species are born or hatched than the environment
can support, and since the individuals in the species are not all alike,
some process must determine which ones will survive and reproduce.
If a mutation changes the color of an animal so that it matches its
background environment more closely, it will have a better chance of
escaping detection by predators, and will bemorelikely to survivelonger
than its relatives who do not blend as well into their background. This
process of natural selection was a key element of Darwin’s theory.

Will that new color variant become common and eventually dominate
thespecies, at least initslocal environment? In order for that to occur, itis
not enough for the individua swith the new color variation to live longer.
Their impact onthe next generation isdetermined entirely by how many
offspring are produced that havethe new color gene. The ability of organ-
isms to reproduce successfully is described by the term “fitness.” The
individua sthat producethelargest number of surviving and reproductively
successful offspring are said to have the highest evolutionary fitness.
Natural selection favorstraits that increase the reproductive rate of an
animal; or, in more technical terms, increase its fitness. It is not too
difficult to see how thiscan work in selecting such morphol ogical traits
as selection among individual swith 1) color variations (improving camou-
flage); 2) variationsin size or strength (ability to securefood and defend
against enemies), or in speed (ability to escape). Could the same process
beinvolved in explaining evolutionary changesin behavior?

Inthe 1950sand 60sthefield of ethology — the study of the natural
behavior of animals — was developing out of the pioneering work of
three ethol ogists— Konrad Lorenz, Niko Tinbergen, and Karl von Frisch
— who later shared the Nobel Prizein medicine. Thework of ethologists
brought to light the numerous and fascinating species-specific behaviors
inanimal sthat apparently are under genetic control. Thefieldsof etholo-
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gy and population biology beganto beintegrated and applied to thetask
of explaining the evolutionary principlescontrolling the complexities of
animal social behavior (Fisher 1991).

Could the process of natural selection provide an adequate explan-
ation for the origin of the behavior of animals? Could it explain why
some species have monogamous mating systems and some are
promiscuous, or why some speciesrely more on sound communication
and somefocus on chemical communication? Ewer (1968, p x) summari-
zed the challenge with his statement that “ unless the mechanismswhich
producethe behavior areexplicableintermsof natural selectionworking
in the orthodox manner, we will be forced to postulate special creation
or some unknown mystical-magical process.” In many cases, convincing
microevolutionary explanations could be given. A very sticky problem
remained, however, in attempting to explain altruistic behavior. Strict
Darwinian reasoning would predict that an individual animal would com-
pete to survive rather than act selflessly toward other individuals,
especially if that act may put its own fithessinto jeopardy.

An altruistic act is any behavior that benefits another individual at
the expense of or risk to the one performing the behavior. For example,
a ground squirrel that gives an alarm call when a hawk appears will
warn othersto hide, but it also draws attention to itself, and may even
increase the chances that it will be the one caught by the hawk. In
evolutionary terms a squirrel that is prone to give alarm calls may be
decreasing its own fitness, because it is decreasing the probability that
it will liveto reproduce. A squirrel whose genes predispose it to cheat,
by benefiting from the alarm calls of others without giving callsitself,
would appear to be the one with the best chances of reproductive
success, and thus the highest fitness.

There are some species of birds, such asthe Florida Scrub Jay and
the African bee eaters whose nests are cared for by the parents with
the assistance of one or more other adult “helpers at the nest.” Why
would one of these helpers decrease its own fitness by helping other
birds raise their young, rather than making its own nest and raising
young that carry its own genes?

An extreme example of apparent atruism is found in the social
insects of the Order Hymenoptera— the ants, bees, and wasps. Most
of the individuals in a honey bee hive, for example, are workers, or
females that do not produce any offspring of their own but spend their
lives helping the queen to raise her offspring. It would appear that the
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workers' fitnessis zero. If thisis so, it would also appear that natural
selection would favor any worker with altered genes that allowed it to
produce its own young.

Many who accept some form of creation by God consider the
creation of man and morality to have been a separate and special act
from other acts of creation. It is therefore tempting for a creationist to
smply dismissany evolutionary claimsfor possible mechanismsto explain
what appear to be altruistic behaviors. However, even creationistswho
believethat true altruistic behavior wascommon in animalsand humans
asoriginaly created must explain why post-creation genetic mechanisms
have naot eliminated altruistic behaviors. Thus the question regarding
the existence of altruism in animals remains essentially the same for
everyone, no matter what philosophy they start from.

SOCIOBIOLOGY: A PROPOSED ANSWER TO ALTRUISM

In 1975 the Harvard entomology professor Edward O. Wilson
published a book entitled Sociobiology: the New Synthesis. In this
book he devel oped anew paradigm which he defined as“the systematic
study of the biological basisof al social behavior,” “abranch of evolution-
ary biology and particularly of modern population biology.” Thisparadigm
stimulated a considerable amount of controversy, but in large measure
has been generally accepted. “In 1989 when the fellows and officers of
the Animal Behavior Society were asked to name ‘the most influential
book inanimal behavior inthelast 20 years,” their overwhelming choice
was Sociobiology” (Fisher 1991).

In Sociobiology Dr. Wilson proposes to have solved the problem
of atruism. A cornerstone of sociobiology theory is the concept of
inclusive fitness, which in simple terms refers to the rate at which an
animal’s own offspring and its close relatives’ offspring (who share
many of its genes) are successfully reared to reproductive age. While
fitnessis an animal’srate of successin passing its genesdirectly to its
own offspring, that animal’s inclusive fitness is its rate of success in
passing its own genes directly to its offspring and indirectly to the off-
spring of its close relatives, because its relatives have many of those
same genes. Two sisters share, on the average, 50% of their genesin
common. If onesister helpsthe other to successfully raise her offspring
to reproductive age, she assistsin passing on many genesthat she shares
with her nephews and nieces, thusincreasing her inclusivefitness. There
will bemore geneslikehersinthe next generationif her sister is success-
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ful, than there would be if her sister is not successful in helping her
young to survive.

With this concept of sharing genes among relatives, sociobiology
theory predictsthat altruistic behavior should exist only in situationsin
which the “atruistic” individual would actually increase its inclusive
fitnessby that behavior. Thebiologist J. B. S. Haldane once said that he
would lay down his life for two brothers or eight first cousins. His
reasoning was that brothers share, on the average, half of their genes,
and first cousins share one eighth of their genes. If Haldane died for
one brother (thus eliminating hisown chanceto reproduce), thisbrother
could only pass on half asmany of J. B. S. Haldane'sgenesas J. B. S.
himself could have done. However, if he died to save two brothers, in
terms of statistics he would come out even, since they could still pass
on as many of his genes as he could have done himself (Fisher 1991).

If weapply thisprincipleto our darm-calling squirrels, sociobiology
theory predictsthat squirrelsshould be most likely to giveaarm callsin
situationsinwhich they are surrounded by many closerelatives, so that
the squirrelsthat are helped by the callswill share many geneswith the
caller, thusincreasing the caller’sinclusive fitness. Research has shown
thisto betrue. When young ground squirrels mature, the mal es disperse
to distant places before they settle down and choose aterritory. Young
females set up territories near home. Consequently, females have many
close relatives living near them, but males do not. Just as the theory
predicts, itisthefemaleswho givetheaarm cals, and many of the squirrels
who are helped will be relatives who share her genes. Even if sheis
caught by the predator, her relatives who run for cover will pass on the
genesthat caused her to givetheaarm call (Holmes & Sherman 1983,
Sherman 1977).

When natural selection is applied to this situation in which genes
are passed on through relatives, it is called kin selection — selection
that actsonindividualsand their families. Favorabletraitsare shared by
close relatives (kin; family members), and families that have such
favorabletraitsin their behavior — that assist other family membersto
survive — will have more reproductive success than other families.
Their behavioral traits are the onesthat will survive.

Can sociobiology a so explain the hel persat the nest?Kin selection
would predict that a bird nest will have non-parent adult helpers only
when the helpers are close relatives of the nest owner, and only in
situations in which the helpers' inclusive fitness will he higher from
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helping relatives than from trying to raise their own young. Research
has confirmed that this prediction is correct (Krebs & Davies 1987,
p 270-276; Fisher 1991) for the Florida Scrub Jay and the African bee
eaters, and that the helpers are close rel atives, usually offspring froma
previous season hel ping their parents. They cannot secureterritories of
their own, or aretoo inexperienced to be very successful inraising their
own young; so until they are ready to do so, their inclusive fitness will
be higher if they help raise their relatives who share many of their
genesthan if they try to produce their own young.

On the African plains are two species of socia animals which act
very differently when their young are attacked by predators. Zebras
will try to defend each other’syoung, but wildebeestsdo not. Sociobiol ogy
would predict that this behavior indicates that zebras are more likely
than wildebeests to be in the company of close relatives, and research
has confirmed that explanation. Zebras generally stay in family groups,
whereas wildebeests wander randomly within the very large herd and
do not stay together as families. Consequently, if azebra seesanearby
baby being attacked, that baby is likely to be close kin, and it would
increasethe adult’sinclusivefitnessto save the baby. However, awilde-
beest in that same situation would not improve itsinclusive fitness by
being heroic, because the baby isnot likely to beacloserelative (West-
Eberhard 1975).

Even the seemingly impossible case of the honey bee workersiis,
on closer inspection, explained by kin selection. In the reproduction of
the social bees, ants, and wasps there occurs a phenomenon called
hapl odiploidy. Females develop from fertilized eggs in the usual way.
Males of these groups, however, devel op from unfertilized eggs. While
femal es have diploid chromosomes, males have only haploid chromo-
somes. When males mate, they contribute all of their alleles, instead of
only half, aswould occur if they werediploid. A result of thisschemeis
that each femal e offspring shares half of her mother’salleles, but al of
her father’s alleles. Another result is that sisters have 75% of their
allelesin common, or have arelatedness of 75%, rather than the 50%
relatedness that results from the more common diploid arrangement.
The simple mathematics of this system indicate that aworker (femal€)
passes on more of her genes by helping to rear her sisters than by
rearing her own offspring, at least in acolony that producesmorefemales
than males (Fisher 1991, Trivers & Hare 1976).
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The processes of mutation and kin selection and their effects on
inclusive fitness are the basic elements of sociobiology theory, and are
theelements of the mechanism by which sociobiology proposesto explain
the origin of atruism and all other socia behavior. According to this
theory all behavior istheresult of evolution. Sociobiology theory says
that the entire focus of life is reproductive success; animals are “sex
machines’ (Anderson 1982) whosefunctionisto passon thosefavorable
genesthat will improvetheinclusivefitness of their offspring.

Theevolution process has no room for unselfish actionsthat help a
non-kin at the expense of the one performing the action, and thus one
corollary of sociobiology theory isthat thereisin fact no such thing as
truly altruistic behavior. Some apparent exceptionsto thisare explained
as reciprocal altruism: “You scratch my back and I'll scratch yours.”

For example, olive baboon maleswill solicit help from an unrelated
male in an aggressive interaction against a third male. It often occurs
that on another occasion the roles will be reversed, and the origina
solicitor will help the same partner who is now the solicitor (Packer
1977; seealso Trivers 1971). In the behavior of non-human animalsthe
theory has been quite successful in explaining how apparent altruistic
behaviors can be actually favored by kin selection and may be explained
without invoking the assumption of altruismat all.

BEHAVIORAL STRATEGIES

As animals compete with each other for resources such as food,
living space, or mates, various behaviora strategies could be employed,
and the application of sociobiology theory suggestswaysto predict which
strategy will be most effectivein different situations. For example, two
competitors could simply fight, with the winner of the fight taking the
resource, or they could employ some type of conventional strategy
(symbolic battle), like astereotyped arm-wrestling match that indicates
which animal isstronger or more aggressive without therisk of anyone
getting hurt. Game theory, and the principles of sociobiology can be
used to predict the benefits of each strategy (Krebs & Davies 1987,
p 134-160). In general, natura selection (including kin selection) is
expected to favor conventional strategies over al-out “war” in animal
conflicts (Maynard Smith & Price 1973).

Many examples of this can be seen in nature. Male rattlesnakes
wrestle with each other, and the winner is the one that can pin the
other’s head to the ground with hisown body. Somelizards“ battle” by
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hitting each other with their tails, or by butting their headstogether and
trying to push each other backward. Deer and antel opes have potentially
lethal antlers or horns, but when the mal es battle over matesthey do not
try to impale each other. They butt their heads together and wrestle in
ways that usually do not cause serious damage (Wallace 1973, p 221-
229). Animalsaso commonly use aggressive displaysto communicate
the nature of their aggressive state to other individuals of their species.
This apparently allows the other individual to respond appropriately,
thus reducing the amount of fighting (Drickamer & Vessey 1992, p 211,
220, 237-255; Marler & Hamilton 1967).

Onthe other hand, there are some specific situationsin which more
destructive tactics are used, and are thought to be favored by selection.
Research under the guidance of sociobiology theory hasled ethol ogists
to recognize the role of some animal behaviors that were previously
thought to be only bizarre abnormalities. For instance a male African
lion will sometimes kill all the babiesin his pride. If there is a battle
between males in which the ruler of the pride is deposed, the new
dominant male will generally kill al of the young, the offspring of his
deposed rival. Consequently he will be able to mate and produce his
own offspring much more quickly than if the females were occupied
with offspring of his former rival (Bertram 1975). Such infanticide is
also known to occur in Hanamun langurs, mountain gorillas, chimpanzees,
African wild dogs, and rodents (Fisher 1991).

Some research data are difficult for sociobiology to explain, but it
appearsto usthat sociobiological reasoning providesin many instances
useful and testable scientific predictionsin animal behavior studies.

IMPLICATIONS FOR HUMAN BEHAVIOR

Sociobiology has become the prevailing synthesis in the study of
animal behavior, and would seem to bevery successful in explaining the
behavior of the many animal species to which its principles have been
applied. What areitsimplicationsfor human behavior?Most researchers
do apply sociobiology to the study of human behavior, and if that appli-
cationiscorrect, thistheory has enormousimplicationsfor the nature of
man.

A basic claim of sociobiology isthat human behavioral traitsare not
aresult of special creation, but are genetically and environmentally
determined and have developed through evolution from non-human
ancestors. Human behavior is assumed to be the direct result of kin
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selection combined with cultural evolution. The ultimate object of that
behavior, important elements of which are programmed into each
individual’sgenes, isthe maximization of hisor her inclusivefitness. If
the human specieswere the result of an evolutionary origin, it would be
difficult to escape such a conclusion.

Increased inclusive fithess is gained by increased reproduction by
onesalf or one'scloserelatives. Consequently, according to sociobiol ogy,
reproductive success is the dominant factor determining human
behavioral tendencies, and though we may think that we are rational,
moral beings, our behavior is more programmed than wethink itis. In
other words, “sociobiologists contend, we were designed to be repro-
duction machines’ (Anderson 1982).

Many Christians believe that mankind has been given aset of moral
rulesfor sexual behavior. Theserulestell uswhat isright or beneficial,
and what behavior iswrong and is to be avoided simply because it is
damaging to human relationshipsor will harm ourselves or others. Socio-
biology saysthereareno morally right or wrong behaviors; our behavior
is determined by the selection pressures that have created us. One
author has summarized the concept this way:

The type of man who leaves the most descendants is the one
who cuts his reproductive costs on all sides, by keeping a
close watch on his mate and making sure he has no rivals;
supporting his mate, if it seems that all her children were
sired by him; and mating with other females — additional
wives, single women, other men’s wives — whenever a safe
opportunity arises (Anderson 1982).

It has been recognized that society has tended to have a double
standard; being more tolerant of sexual promiscuity in males than in
females. Sociobiology says that the double standard has a biological
basis— itisnot moral or immoral; it simply isastrategy that produces
more children. It also has adeeper biological basis. A female produces
asmall number of eggsin her lifetime, and when one of them isfertilized
she putsatremendous amount of energy into the production and rearing
of that offspring. Males, in contrast, produce millions of sperm continu-
ously, and although males may be involved in helping to care for the
young one, they do not directly put any significant amount of energy
into producing the baby. Thus afemale has a much greater investment
in her offspring than amal e does, and has much moreto lose by making
mistakes in her reproductive effort. Also, since a female produces the
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baby in her own body, she hasno doubt which offspring are hers, whereas
amale, unless he knows that he can trust his wife, does not have any
innate way to know for surethat any given offspringisreally his. Thus
the double standard — afemale's reproductive success will be advan-
taged if sheisfaithful to the malewho ishelping her raise her offspring,
but sincethe male cannot be surewhich children are his, hisbest strategy
for maximizing hisreproductivefitnesswill beto spread hisgenesaround
to a number of women (Anderson 1982). Other authors suggest that
promiscuity isadvantageousfor femalesaswell (Bellis& Baker 1990).

Why do men rape? “New sociobiological analyses conclude that
rape evolved as an adaptive strategy benefiting maleswho had lost out
inthe competition for mates.” Though it isrecognized that rapeisoften
more of an act of violence than a sexual act, it is concluded that rape
wasoriginally programmed into our behavior because of thereproductive
advantage to therapist (Naley et al. 1982).

Many human societiestend toward polygamy rather than monogamy.
Isthisbehavior morally wrong, resulting from human sinful nature, or is
it an evolutionarily advantageous strategy? A woman's reproductive
output may not be reduced by being in apolygamousfamily, butamale's
reproductive output could definitely beincreased by being polygamous
(at the expense of other males who lose in the competition for mates).
Consequently, says E. O. Wilson, “fidelity ... evolves only when the
advantage of cooperation outweighs the advantage of seeking extra
mates’ (Nalley et al. 1982).

SOCIOBIOLOGY: AN ALTERNATIVE TO RELIGION

These examples illustrate that in sociobiology theory there is no
right or wrong behavior in a moral sense, only different behavioral
strategieswith different effects oninclusive fitness. Sociobiology could
be said to be the naturalistic answer to Christianity’s value system. In
fact it attempts to answer the same great questions that Christianity
addresses. In an interview, E. O. Wilson stated that sociobiology is
“important because it addresses the most fundamental questions of
humanity: Who are we? Where did we come from? Where do we want
to go? How do we get there?’ (Anderson 1982). When asked what we
should do with sociobiology (i.e., what are the answers to some of
those questions?), Wilson said, “1 don’t want to seem to be avoiding the
question. But | can’t answer that now — we don’t know enough. We'll
havetofeel our way aswego along” (Anderson 1982). The fact isthat
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Wilson hasalready given hisanswer: mankind “lacksany goal external
toitsown biological nature” (Wilson 1978).

Chrigtianswould dowell to beawarethat sociobiological claimsappear
to replacethe coreof the Chritian belief system. “Wilson openly chalenges
Chrigtianfaith by offering asubstitute belief system based upon scientific
materialism” (Rothrock & Rothrock 1987). Wilson believes that man
hasaninnatetendency toward religious belief, because in the past it con-
ferred an adaptive advantage. He also believes that the content of re-
ligiousbelief isfalse, and that we should devel op amore correct mytho-
logy, which will take the place of Christianity (Rothrock & Rothrock
1987). “Thismythopoeic drive(i.e., thetendency toward religious belief)
can be harnessed to learning and the rational search for human progress
if we finally concede that scientific materialism is itself a mythology
defined in the noble sense” (Wilson 1978). He urges us to “make no
mistake about the power of scientific materialism. It presentsthe human
mind with an alternative mythol ogy that until now has always, point for
point in zones of conflict, defeated traditional religion” (Wilson 1978).

Wilson does not deny that religion and religious moralism have any
value. Hebelievesthat they can encouragereciprocally altruistic behavior
by discouraging cheating. If apersonissaved from drowning, he could
accept the benefit of his rescue, but cheat the system by refusing to take
therisk involvedin helping hisbenefactor out of asimilar difficulty. Wilson
(1980a) statesthat the answer to thispossibility isthat “in an advanced,
personalized society, whereindividual s are identified and the record of
their actsisweighed by others, it does not pay to cheat eveninthe purely
Darwinist sense.” “Aggressively moralistic behavior, for example, keeps
would-be cheatersinline— nolessthan hortatory sermonstothebdievers.”

A major difference between this view and what Wilson calls
traditiond reigionor fundamentalist rdigionistha tothescientific materidist
the decision asto what behaviors should be encouraged should be based
entirely on scientific findings, especially on an understanding of man’s
evolutionary history, and not onreligiousinput. Wilson feelsthat asmore
scientific information becomes available, it would seem “far better to
make final decisions concerning social control (of moral behavior) by
democratic consensus, not by religious or ideological dogma” (Wilson
1980Db). He further states that “science has demythologized most of
human experience by disproving traditional religious accounts of the
origin of the world and substituting in their place a network of precise
and experimentally testable, materialistic explanations. Thediscussion
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of interest now is between scientists and liberal theologians.” He does
not define hisusage of theterm “liberal theologian,” but the context indi-
cates that, as Wilson understands it, such persons would accept an
evolutionary origin of man, but would still arguefor sometypeof communi-
cation from a supreme intelligence into the deep recesses of the mind.
Heisconfident, however, that as science makes progressin its study of
the human mind, it will disconfirm the hypothesis of input from a
transcendent god (Wilson 1980Db).

Wilson has said that “fundamentalist religion ... in its aggressive
form is one of the unmitigated evils of the world” (Wilson 1980b). He
feelsthat the answer to this problem comes from science, which offers
the*“possibility of explaining traditional religion by the mechanistic models
of evolutionary biology.... If religion, including the dogmatic secular
ideologies, can be systematically analyzed and explained as a product
of thebrain’sevolution, its power asan external source of morality will
be gone forever” (Wilson 1978). One of the areas that Wilson feels
should be changed isthat our ideas of sexual morality should be more
liberal. He bases this conclusion on a survey of the behavior of our
presumed non-human ancestors and on hisconvictionsthat Christianity’s
moral lawsdid not comefrom God (Wilson 1978).

Some current ethics books are based on the principles of socio-
biology. For example, both Search for a Rational Ethic (Snell 1988)
and The Biology of Moral Systems (Alexander 1987) base their ethical
systems on the assumptions that man has evolved from other primates
and that we must |ook to that evolutionary history and the principles of
sociobiology to develop ethical principles for humans to follow. Both
books, especially Snell (1988), at timesrefer to conceptsfrom the Bible
and other religious books, but only as far as the authors feel that those
concepts are supported by evolutionary principles. Their standard for
making ethical decisionsis clearly humanistic, evolutionary thinking.
Religion, tothem, isahuman invention. Alexander (1987, p 207) states
that “ Godsareinventions originally devel oped to extend the notion that
some have greater rights than others to design and enforce rules.”

Alexander (1987, p 3) concludesthat “despite our intuitions, there
is not a shred of evidence” to support the view that humans now and
then engage in genuinely atruistic acts. Both Alexander (1987) and
Snell (1988) explain al seemingly altruistic human behavior onthebasis
of reciprocal altruism— our instincts have been fine-tuned by evolution
to recognize when it isin our own best interests to do something good
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for someone else. Alexander (1987, p 253) concludes that conscience
is“thestill small voicethat tellsushow far we can go without incurring
intolerablerisks. It tells us not to avoid cheating but how we can cheat
socially without being caught.” Alexander (1987, p 19) al so acceptsthe
conclusions of other philosophersthat “‘ pleasure’ and ‘ happiness’ [are]
theleading candidatesfor the status of supremegoodsor ultimategoals.”
He quotes a question asked by the philosopher Maclntyre who titled a
paper “Crisisinmoral philosophy: why isthe search for the foundations
of ethics so frustrating?’ (Alexander 1987, p xiv). His answer is that
the missing concept that others have | eft out is that human behavior is
theresult of evolution.

IS SOCIOBIOLOGY REAL?

Towhat extent are the proponents of sociobiology correct?n order
to address this question, several different concepts can beisolated and
dealt with separately.

1) The proposed naturalistic origin of the higher groups of organisms,
including the origin of man and the human brain.

Sociobiology theory, as proposed by Wilson, isbuilt on theassumption
of the naturalistic evolutionary descent of all organismsfrom acommon
ancestor. Sociobiology by itself doesnot provide, nor claimsto provide,
evidencefor that evolutionary descent, however. It merely assumesthe
naturalistic evolutionary origin of animalsand devel ops hypothesesand
explanationsfor behavioral changeswhich are based on that assumption.
The question of whether the scientific data support the theory that
humans evolved from non-humans and that the major groups of animals
are also the result of evolution would have to be addressed through
other areas of science than sociobiology, and are beyond the scope of
thisarticle. We will discuss areligious perspective on thisissue below.

2) Kin selection and the evolution of behavior, at the level of species or
generaof animals.

The evidence for this concept seems to us, in many cases, to be
quite convincing. The non-reproducing worker bees, the alarm-calling
female ground squirrels, the bird hel pers at the nest, and a host of other
examples certainly fit the theory very well. Whether future research
will continueto support it aswell remainsto be seen; but with mutations
causing random damage to the genes that influence behavior, it does
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seem very likely that behaviors which are not supported by some type
of selection process would eventually be weakened or eliminated by
mutational damage. One possibility which sociobiol ogy doesnot consider
isthe concept that animal swere originally designed with more altruistic
behavior, but those altruistic behaviors which are not favored by kin
selection have been lost through the action of mutation and selection.

3) Kin selection and its genetic influence on human behavior: genetic
control over human behavior.

Asidefrom the question of whether manistheresult of evolution, it
can be asked whether human behavior iscontrolled by genes, asclaimed
by sociobiology, or whether human behavior ismostly culturally deter-
mined — i.e,, learned, rather than inherited. This has been debated
ever since (and before) sociobiology was introduced. Wilson (1975)
actually doesrecognizethat cultureisanimportant component of human
behavior, but he maintainsthat there are a so important themes of primate
behavior that are present by inheritance in humans. Others disagree,
including those scientistswho believe that Wilson’s sociobiol ogy goes
too far in presuming biological determinism. Perhaps the most widely
known personin thisgroup of challengersto biological determinismis
Stephen J. Gould, a colleague of Wilson's at Harvard. Gould praised
most of Wilson's sociobiology, but rejected what he saw as biological
determinism in humans. He and others argue that there is no evidence
for genes that determine human behavior and that the theory of such
genes is not testable (Fisher 1991). When Wilson was scheduled to
speak at the 1973 meetings of the American Association for the
Advancement of Science, opponents of histheory “commandeered the
podium ..., delivered afive-minute diatribe against him and hisworks,
and concluded by pouring a pitcher of water over him as one heckler
said, ‘Wethink you'reall wet'” (Fisher 1991). Unfortunately, the debate
surrounding sociobiology has often created judgmentalism and overt
emotionalism, rather than a dispassionate search for truth.

There are otherswho carry the concept of genetic control of human
behavior farther than Wilson does (Barash 1979, Nalley et al. 1982,
Anderson 1982, etc.) and who attribute to genes even stronger influence
over human behavior.

In non-human animals there is evidence for genetic control of
behavior (e.g., Bentley & Hoy 1972, Berthold & Querner 1981, Brandes
1991, Hirsch & McGuire 1982, Kyriacou 1990, Plomin, DeFries &
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McClearn 1990, Provost 1991, Ricker & Hirsch 1988, Roubertoux &
Carlier 1988), and consequently, even though much of human behavior
seemsto be modifiable by culture, the possibility that significant genetic
control of behavioral tendencies existsin man needs to be considered.
If such control exists, there is the strong possibility, perhaps certainty,
that mutations could alter that behavior. With random genetic damage
of genes occurring, it would be difficult to escape the conclusion that
some human behaviors can be altered or eliminated by mutations and
would be subject to the processes of natural selection, including kin
selection.

CONCLUSIONS

Concepts of right and wrong for Christians are understood as a
moral code given to mankind. The Ten Commandments and theteachings
of Christ have provided a standard for human behavior, a standard that
is God-given rather than innately produced. Christians have reason to
believe that when humans were created, their behavior was naturally
atruistic and in harmony with God's moral law, but that part of our
altruistic tendencieshasbeen lost. Sociobiology, onthe other hand, states
that there is no God-given mora law, and that human behavior has
evolved from the behavior of our non-human ancestors and is not
genuinely dtruistic.

Chrigtians can respond to the claims of sociobiology in variousways.
Some may choose to view any aspect of evolutionary theory as anti-
Scripture and therefore totally incorrect and worthless. Others see the
utility of sociobiology inanswering questionsregarding social behavior
of man and animals, including seemingly atruistic behavior, and may
conclude that the concept of a God-given moral law is therefore
superfluous and/or only epochal. We would like to suggest that neither
of the above extreme responses are necessary. We believe that an
alternative hypothesi s needsto be devel oped proposing that God'slaws
of nature apply to both humans aswell as animals, and that organisms
were created with behaviors as well as morphologies that have since
undergone generations of change driven by mutations, recombination
and shaped by natural selection. As a result, part of man’s character
reflectsgenerationsof natural selection which hasemphasized the selfish
side of our nature. However, we accept by faith (and by reasoning
which is at least logical, even though not scientifically testable) that
man isnot totally biologically destined but hasameasure of freewill —
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afreewill which allows him to seek the ability from God to act in ways
that aretruly atruistic and not just the result of gene modification and
biologica determination. In other words, we agreethat thereisagenetic
process which has modified the behavior of humansand of other animals
in the post-creation sinful world, and perhaps sociobiol ogy theory cor-
rectly describes at least part of that process. Our view differs from
current evolutionary thinking in animportant respect. We do not believe
that the datarequire usto accept the sociobiological assumption that all
living organisms and their behaviors originated by that same process.
Thebasic process of kin selection and itseffect on inclusive fitness has
operated within both humans and the other groups of animals, but does
not require that higher taxa of animals or the behavior of theanimalsin
those groups have evolved from common ancestors.

The application of sociobiology theory asaresearch tool for studying
human behavior must be donewith great care, ashuman behavior isthe
result of such acomplex blend of inherited traitsand cultural influences
(learning). Hypothesesthat explain any given human behavior asresulting
from kin selection should berigoroudy tested againg alternative hypotheses
incorporating the influence of learning on that particular behavior. As
long as the above-mentioned cautions are applied, to guard against
simplistic conclusions, sociobiology theory can be a research tool to
assistinilluminating the behavior of both humans and other animals.

When we are traveling down aroad and cometo afork in the road, it
oftenisnot easy to tell which fork to take without aroad map. Both forks
may |ook similar and seem to be going through similar terrain. In order
tomakean intelligent choice, weneedto view all theinformation available
(both scientific and non-scientific) to usand to understand as clearly as
possible where each road will eventually take us.

As Christians approach aphilosophical fork in the road where they
must decide whether the creation of man really happened or whether
man originated exclusively through an evolutionary process, it may not
at first look like acritical choice. In order to fully evaluate the choice,
we must not ignore where the road takes us. The devel opment of socio-
biology has helped to clarify the ultimate implications of naturalistic
evolution theory to the concept of man and morality. If man really was
only the product of evolution, then there would be no genuine basisfor
defining moral behavior; any behavior would be only a matter of
evolutionary strategy. Morality born out of an evolutionary ethicisself-
interested at best and may only be correct for agiven ecological situation,
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environment, or reproductive system at aspecifictimein history. Socio-
biology proposesto replaceall of Christianity’svaluesand beliefswith
an aternative philosophical system— asystem that isbuilt on Darwinian
fitness, as measured by reproductive success. This system produces
ethics which deny the existence of any true altruism or any absolute
moral principles. Morality would therefore presume selfishness to be
normative and reproductive interests to be the glue that holds society
together.

We hope that students of the Scriptures will not feel the necessity
to rgject al of sociobiology or the Scripture. In an age when society is
searching for the moral strength to handle the crisis of cultural and
ethical ruin, we believecivilization will be benefited by considering the
belief that the Bible presents standards that are moral absolutes.
Now more than ever before when mankind is searching for ways to
replant the seeds of morality back into society, it is incumbent upon
Christiansto develop waysto integrate truthsthat are revealed from all
sources of revelation, biblical aswell asscientific.

Ultimately the test case for the belief that God is the giver of al
moral lawswill beinthe evidence that comesfrom lives of individuals
who through the power of God are able to livein truly unselfish ways
— waysthat are freed from negative environmental input and years of
genetic mutational load.
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ANNOTATIONS
FROM THE LITERATURE

ANTARCTIC PERMIAN FORESTS AND GLACIATION?

Taylor EL, Taylor TN, Cuneo NR. 1992. The present is not the key to the
past: a polar forest from the Permian of Antarctica. Science 257:1675-
1677.

Summary. Fifteen upright fossil stumps have been found on a
mountainin the central Transantarctic Mountainsat alatitude of about
84° South. Ranging from 8-18 cmin diameter, these stumps are associ-
ated with Glossopteris leaves and rooting structures. Distinct growth
rings are preserved in the wood, but no frost rings were seen. Mean
ring width was 4.5 mm, indicating rapid growth. The absence of frost
rings and the large size of some of the growth rings suggest the trees
grew in a warm climate, which is difficult to reconcile with the
estimated Upper Permian paleolatitude for the area of 80°- 85° South.

CREATION-EVOLUTION DEBATE

Dodson EO, Howe GF. 1990. Creation or evolution: correspondence on
the current controversy. Ottawa, Canada: University of Ottawa Press.

72

Summary. Thisbook isacollection of |etters exchanged between
two biologists, onean ardent biblical creationist and theother adevout
theistic evolutionist. Dodson, the theistic evolutionist, is a Roman
Catholic, while Howe, the young-earth creationist, isaBaptist. Written
between 1980 and 1985, thelettersinclude both scientific and religious
issues. Both writers are firm in their convictions and are certain the
other isdeeply inerror, yet they are ableto debatetheissuesinagenerally
friendly manner. One receives the impression that, at least part of the
time, they rather enjoyed the opportunity to match witswith each other.
Howe seemsmore aggressive than Dodson, and at timesmore aggressive
than necessary, but this may not be unusual for a person holding a
minority position.

Comment. Thelettersareinteresting from asociologica standpoint,
but the scientific and religious arguments could not be thoroughly
explored in a series of short letters. The book should be useful in

ORIGINS 1992



challenging the stereotypes of creationistsasuntrained in science and
evolutionistsasirreligious.

GENETICS

Gesteland RF, WeissRB, AtkinsJF. 1992. Recoding: reprogrammed genetic
decoding. Science 257:1640-1641.

Summary. Some messenger RNA (mMRNA) sequences contain a
set of instructions which specify an ateration in the way the genetic
code is read. The authors propose the term “recoding” for this
phenomenon. Onekind of recoding isashift in thereading frame. An
example of frameshift recoding isinthe production of aprotein, release
factor 2, needed for termination of translation in E. coli. The mRNA
contains a stimulator sequence which can cause a+1 frameshift after
codon 25, thus avoiding codon 26, which is a stop codon. In another
case, 50 nucleotides are skipped in reading the mRNA for bacteriophage
T4 gene 60. A second type of recoding is achange in the meaning of
codons. For example, the codon UGA is normally a stop codon, but
may be read as the amino acid selenocysteine if certain stimulator
sequences are present in the mRNA.

Comment. Recoding has been discovered in viruses, bacteria, yeast,
and animals. The authors believe that recoding may be universal and
governed by diverserules as yet undiscovered. As our understanding
of geneticsincreases, the processis seen to beincreasingly complex.

Jablonka E, Lachmann M, Lambs MJ. 1992. Evidence, mechanisms and
models for the inheritance of acquired characters. Journal of Theoretical
Biology 158:245-268.

Summary. Evidenceis presented that certain changesin organisms
may betransmitted through several generationsof offspring evenwhen
no change in DNA sequence has occurred. An exampleisthe degree
of methylation of DNA. The addition of methyl groupsto cytosinein
aDNA sequencegeneraly causesthe DNA sequenceto becomeinactive.
During DNA replication, the pattern of methylationispreservedinthe
DNA copies. Thus the gene will also be inactive in the new cell. In
unicellular organisms, the new individual will inherit the methylation
pattern, and its gene will be inactive, despite the lack of change in
DNA sequence. A similar argument would apply to genes that have
been turned on by removal of the methyl group. Inheritance of the
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condition of agenerather than the sequence of the gene can be attributed
to the presence of epigenetic inheritance systems (EIS).

ElSs may be based on chromatin marking, such as methylation,
by positive feedback regulatory loops, or, in afew cases, by structural
inheritance. Positive feedback regulatory loops occur when a protein
product stimulates further production of the protein. If the proteinis
transmitted to the daughter cell, the daughter cell will continue to
produce the protein. Such inheritance does not depend on the sequence
of the DNA, but on the presence of the regulatory protein. Structural
inheritance occurs when acellular structureis used as atemplate for
constructing the daughter cell.

ElSs seem more common in unicellular organisms and in plants
thaninanimals. Thisisbelieved to bearesult of the early separation of
the germ-line during development in animals. Heritable epigenetic
variations have been called “ epimutations,” which are believed to be
considerably more frequent than DNA segquence mutations. Many
inherited changesthat are now thought to be caused by DNA mutations
may actually be caused by epimutations.

ZourosE, Freeman KR, Ball AO, Pogson GH. 1992. Direct evidencefor
extensive paternal mitochondrial DNA inheritance in the marine mussel
Mytilus. Nature 359:412-414.

Summary. Mitochondriadd DNA (mtDNA) has been thought to be
inherited only through femal es. Recently, some exceptions have been
foundtothisrule, and this paper reports another such exception. Paternal
mtDNA in Mytilus molluscs was estimated to be inherited at arate of
about 10%, which is a much higher rate than found in either mice or
Drosophila.

Lewan MD. 1992. Role of water in petroleum formation. U.S. Geological
Survey Circular 1074:46.

74

Summary. Laboratory experiments show that the presence of water
isan important factor in the generation of petroleum. Two reactions are
involved in petroleum formation. Inthefirst reaction, insoluble kerogen
is decomposed to soluble bitumen. Thisisaccomplished by cleavage
of weak noncovalent bonds in the kerogen, and does not require the
presence of water. The second step is the decomposition of bitumen to
oil. This step involves cleavage of covalent bonds, and requires the
presence of water. Theresulting oil isimmisciblein the water-bitumen
mixture and separatesout. The production of oil isaccompanied by an
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increasein volume, causing adecreasein density and expulsion of the
oil from the source rock.

ThompsonAB. 1992. Weter inthe Earth’supper mantle. Nature 358:295-302.

Summary. Water is present in all magmas and mantle rocks. The
presence of water lowers the melting point of rocks significantly. For
example, under certain conditions of pressure and in the presence of
excess water, the melting point of dry peridotite solidus is reduced
from 1800° C to about 1100° C. The author suggests that as hot rock
iscooled during subduction, water isreleased into the overlying mantle,
reducing the melting temperature of the mantle. The author concludes
that water diffused in molten rock has a much greater metamorphic
effect than it does as an associated fluid.

Comment. It would beinteresting to know what effect thelowered
melting temperature of water-containing rocks would have on calcu-
|ations of magma-cooling ratesand the heat generated by plate movements.

IMPACT CATASTROPHES

ClaeysP, Casier G MargolisSV. 1992. Microtektitesand massextinctions:
evidencefor aL ate Devonian asteroid impact. Science 257:1102-1104.

Summary. Oneof thelargest marine mass extinctionsinthe geologic
record occurred in the Upper Devonian, at the Frasnian-Famennian
(F-F) boundary. At least 70% of all speciesand about 50% of all genera
arenot found in stratigraphically higher layers. This paper reportsthe
discovery of microtektite-like spherul es associated with the F-F boun-
dary in Belgium. These spherules suggest an extraterrestrial impact
was associated with the F-F mass extinction. Upper Devonian impact
craters include the Siljan Ring in Sweden and Charlevoix Crater in
Quebec. TheSiljan Ring isthelargest known impact structurein Europe,
with adiameter of 52 km. Charlevoix Crater has adiameter of 46 km,
and would be near Belgium in tectonic plate reconstructions for the
Upper Devonian.

Poag CW, Powars DS, Poppe LJ, Mixon RB, Edwards LE, Folger DW,
BruceS. 1992. Deep SeaDrilling Project site 612 bolide event: new evidence
of alate Eoceneimpact-wave deposit and apossibleimpact site, U.S. east
coast. Geology 20:771-774.
Summary. A boulder bed 60 m or more in thickness covers over
15,000 km? in an areaincluding Chesapeake Bay. Trace quantities of
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tektite glass and shocked quartz are associated with the boulder bed,
indicating association with an extraterrestrial impact. The deposit is
interpreted as due to atsunami, with awave height of as much as 500-
1000 m. The size of the boulders suggests a nearby impact site. A
possible impact crater has been located on the outer continental shelf
some 200 km from the boulder bed. About 15x25 km in size, the
crater could have been produced by abolide about 1 km in diameter.

MEGA-VOLCANISM IN THE ORDOVICIAN

Huff WD, Bergstrom SM, KolataDR. 1992. Gigantic Ordovician volcanic
ash fal in North Americaand Europe: biological, tectonomagmatic, and
event-stratigraphic significance. Geology 20:875-878.

Summary. Volcanic ash beds in North America and Europe have
been identified as probably coming from the same vol canic eruption.
Correlationisbased on severd linesof evidence, including trace-element
analysis. The ash is present in the form of K-bentonite beds which
reach athicknessof 1-2 m and cover millionsof squaremilesin eastern
North America and northwestern Europe. The eruption produced at
least 340 km?®, and possibly more than 1100 km?@, of ash, and may have
been thelargest such event recorded in the geol ogic record. Theamount
of volcanic dust iscalcul ated to have been of the same order of magni-
tude as that expected from the postul ated extraterrestrial event at the
Cretaceous-Tertiary boundary event. Thelack of any mgjor extinction
associated with this Ordovician vol canic event casts doubt on the in-
terpretation that atmospheric dust was a major cause of extinction at
the Cretaceous-Tertiary boundary.

MOLECULAR PALEONTOLOGY

Cooper A, Mourer-Chauvire C, ChambersGK, von Haeseler A, Wilson AC,
Paabo S. 1992. Independent origins of New Zealand moas and kiwis.
Proceedings of the National Academy of Sciences (USA) 89:8741-8744.

76

Summary. Moasweregiant flightlesshirdsthat livedin New Zedland
during prehistoric times. They may have been extirpated by human
settlers. Subfossil moa eggs, bones and skin have been found. Kiwis
arealsoflightlesshirds, still survivingin New Zealand. Thetwo groups
have been thought to be each others’ closest relatives, based on morpho-
logical similarity and similar distributions.
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Recent devel opmentsin molecular pa eontology have madeit possible
to analyze molecul ar sequences from fossil tissues. The authors used
asequence of about 400 base pairs from the mitochondrial 12S rRNA
gene. Comparisons were made for four species of moa, three species
of kiwis, the Australian emu and cassowary, the African ostrich, two
species of South American rheas, and one species of South American
tinamou. Results showed the four species of moas in one group, not
closely similar to any of the other groups. The kiwis formed another
distinct group, most similar to the emu and cassowary. The rheas and
the tinamou were the most isolated groups.

The large flightless birds (known as ratites) are restricted to the
southern continents, although ostrich-like fossils are known from
Europe and Asia. This has sometimes been explained as the result of
splitting of the Gondwanan land mass. However, neither the molecular
data, reported in this paper, nor thefossil data, support such ascenario.
The present distribution of ratites should not be used as evidence for
the validity of plate tectonic reconstructions.

DeSdleR, Gatesy J, Wheeler W, Grimaldi D. 1992. DNA sequencesfrom
afoss| termitein Oligo-Mioceneamber and their phylogeneticimplications.
Science 257:1933-1936.

Summary. Termitesof the genus Mastotermes areknown asfossils
from Mexico and the West Indies, but today live only in northern
Ausdtralia. Thefamily containsno other living genera, but extinct genera
are known asfossilsfrom Brazil, Tennessee and Europe. The authors
haverecovered DNA from afossi| Mastoter mesfrom Dominican amber
supposedly 25 million years old. The DNA sequences recovered
included over 200 base pairs from the nuclear 18S rRNA gene, and
nearly 100 base pairs from the mitochondrial 16S rRNA gene.
Comparison with DNA from theliving species of Mastoter mes showed
9 differencesin the 16S DNA and 3 differencesinthe 18SDNA. The
primitive appearance of these termites had led to suggestions they
might be indicators of an evolutionary relationship between termites
and cockroaches. This hypothesis was not supported by the DNA
seguence comparisons made.

Comment. The recovery of intact DNA sequences from fossils
believed to be 25 million years old is remarkable, since laboratory
experimentsindicate DNA decomposesrather quickly. The explanation
for the survival of the DNA may be that oxygen was excluded by the
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amber, and that the material may be much younger than generally
thought.

Janczewski DN, Yuhki N, Gilbert DA, Jefferson GT, O’'Brien SJ. 1992.
Molecular phylogenetic inference from saber-toothed cat fossils of Rancho
LaBrea. Proceedingsof the National Academy of Sciences(USA) 89:9769-
9773.

Summary. Saber-toothed cats are the second most common fossil
inthe asphalt deposits of Rancho LaBreain southern California. DNA
was extracted from bones of the saber-toothed cat and amplified using
the PCR method. Two sequences were obtained, part of the
mitochondrial 12Sribosoma RNA sequence, and aportion of thefeline
MHC class| gene. Sequenceswere compared with those from several
orders of mammals, including various speciesof cats. Resultsindicate
aclosesimilarity of saber-toothed catsto living cat species, particularly
the large cats.

Muyzer G, Sandberg P, Knapen MHJ, Vermeer C, CollinsM, Westbroek P.
1992. Preservation of the bone protein osteocalcin in dinosaurs. Geology
20:871-874.

Summary. Osteocalcinisaprotein of about 50 amino acids, found
in bone. Immunological assays were used to test for the presence of
osteocalcin in various fossil materials. Strongly positive tests were
obtained for several modern and Pleistocene vertebrates. Positivetests
were also obtained for four Cretaceous and one Upper Jurassic
dinosaur. Two dinosaur fossils and three control materials tested
negative.

Comment. The authors attribute the unexpected preservation of
proteinsin fossil dinosaurs to burial conditions, especialy alimited
maximum temperature. No doubt burial conditionsareimportant, but
one wonders whether the fossil may actually be much younger than
conventional interpretationswould permit.

MOLECULES VS MORPHOLOGY

Sturmbauer C, Meyer A. 1992, Genetic divergence, speciation and morpho-
logical stasisin alineage of African cichlid fishes. Nature 358:578-581.

Summary. Lakes Victoria, Malawi and Tanganyika are noted for
their diversity of cichlid fishes, of which thereare hundreds of species.
Themain lineages of L ake Tanganyikacichlidsare highly diversified
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morphologically. The genus Tropheus consists of six speciesendemic
to Lake Tanganyika. These speciesdiffer primarily in coloration, and
arequite similar morphologically. Despite their morphological unifor-
mity, the extent of variation of mitochondrial DNA sequencesisgreater
among the six species of Tropheusthan among the entire speciesflocks
of either Lake Victoria or Lake Malawi. The basis for the disparity
between morphological and genetic diversity isunknown. One possible
explanation might be that past fluctuationsin lake level haveisolated
parts of the lake, resulting in genetic divergence. It is not clear why
morphological divergence would not have occurred concurrently.

ORIGIN OF LIFE

Weber AL. 1992. Prebiotic sugar synthesis: hexose and hydroxy acid
synthesis from glyceraldehyde catalyzed by iron (111) hydroxide oxide.
Journal of Molecular Evolution 36:1-6.

Summary. Several sugars can be produced from glyceraldehyde
in a reaction catalyzed by iron (l11) hydroxide oxide. Among the
productswere sorbose, fructose, psicose, tagatose, dendroketose, and
about ten other substances, some unidentified. Sugarsare animportant
component of living cells, and their production is an essential part of
any model that attempts to provide a naturalistic explanation for the
origin of life. This experiment adds to the evidence that such an
explanationisnot likely to be forthcoming in the foreseeable future.

Comment. Although the reaction did produce sugars, it did not
produce ribose. Ribose production is considered to be essential in any
explanation for the origin of life. Evenif ribose had been produced in
thereaction, serious problemswould remain. Theseincludethe problem
of chirality, chemical interference from other products of thereaction,
and the fact that most catalysts eventually decompose the sugars to
acids, acohols and hydroxyacids. These problems, together with the
fact that ribose was not produced, continue to be serious difficulties
for the theory of anaturalistic origin of life.
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PALEOBOTANY

Crepet WL, Nixon KC, Friis EM, Freudenstein JV. 1992. Oldest fossil
flowers of hamamelidaceous affinity, from the Late Cretaceous of New
Jersey. Proceedings of the National Academy of Sciences(USA) 89:8986-
8989.

Summary. Well-preserved, apetalous fossil flowers have been
discoveredin aCretaceous deposit in New Jersey. The flowershavea
unique combination of characteristics now found in separate genera
of two families: Platanaceae and Hamamelidaceae. The fossils are
considered to be an extinct taxon of Hamamelidaceae because they
possess certain derived characteristics of that family. The mosaic nature
of the fossil flowers will likely cause changes in the evolutionary
interpretation of relationshipsamong hamamelidaceous plants.

The presence in the fossils of staminoidal nectaries that are
somewhat petal-likeis considered to be of considerable evolutionary
significance. The closest relatives of the Hamamelidaceae lack petals,
whereas many modern generahave petals. It isproposed that the petal -
likestaminoida nectariesinthefossi| represent an evolutionary trangition
in the development of petals in modern taxa. This hypothesis is
complicated by the fact that fully formed petals are known from an
older fossil of a sister group, the Rosidae. Accordingly, petalsin the
two groups must have separate and independent origins.

PALEONTOLOGY

Bengtson S, Yue Z. 1992. Predatorial borings in Late Precambrian
mineralized exoskel etons. Science 257:367-369.
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Summary. Cloudinaisafossil of atube-dwelling organism found
in upper Precambrian sediments in several parts of the world.
Stratigraphically, Cloudina is the lowest fossil known to have a
mineralized skeleton. Examination of morethan 500 tubesfrom adeposit
in Chinashowed that about 2.7% of the tubes had borings that appear
to be those of a predator. This shows that predators were present
when these Precambrian fossils were living. The evidence from
Precambrian fossils of predator-prey relationshipsindicates agreater
diversity and more complex relationshipsamong Precambrian organisms
than previously understood.
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Chafetz HS, Buczynski C. 1992. Bacterially induced lithification of
microbia mats. Palaios 7:277-293.

Summary. Stromatolites are lithified structures believed formed
from algal mats by the trapping of detrital carbonate particles. More
recently, it has been discovered that some of the carbonate is precipi-
tated by micro-organisms, thought to be principally cyanobacteria.
This paper reports that carbonate precipitation occurred on cyano-
bacterial filaments only in the presence of live bacteria. It appears,
therefore, that the precipitation is actually accomplished by bacterial
decay. Precipitation began within afew hours after death. Carbonate
precipitation by bacteriaoccursafter burial of the cyanobacterial mat.

Foote M. 1992. Pal eozoic record of morphological diversity in blastozoan
echinoderms. Proceedings of the National Academy of Sciences (USA)
89:7325-7329.

Summary. The* Cambrian explosion” iswell-known for the sudden
appearance of fossils with a great diversity of body types. Similar
patternsof great initial diversity may be seenin sometaxonomic groups
inother parts of the geologic column. In thisstudy, the author examines
the fossil record of blastozoans, an extinct group of echinoderms.
Results show that the ratio of morphological diversity to taxonomic
diversity isgreatestin Cambrian deposits. Morphological diversity itself
isgreatest in Ordovician deposits.

Comment. Thistrend is contrary to the intuitive evolutionary ex-
pectation of asingleancestral typegiving riseto anincreasing diversity
over time. The standard explanation is an evolutionary radiation into
previously unoccupied ecospace. However, the repeated pattern of
sudden appearance of diversity seems consistent with expectations
based on a catastrophic model of deposition.

Han T-M, Runnegar B. 1992. Megascopic eukaryotic agae fromthe 2.1-
billion-year-old Negauneeiron-formation, Michigan. Science 257:232-235.
Summary. Grypaniaspiralisisaspiraly coiled Precambrian fossil
found in Montana, China and India. It is believed to have been a
photosynthetic alga. Fossils similar to Grypania have been found
recently in Michigan. Thesefossilsare believedtobe2.1 billionyears
old, which is believed to be as much as a hillion years older than
previously known Grypaniafossils. Since Grypaniaisbelievedtobea
eukaryote, the purported evolutionary origin of eukaryotesis pushed
back to before 2.1 billion years ago.

Volume 19— No. 2 81



Kerr RA. 1991. Old bones aren’t so bad after all. Science 242:32-33.

Summary. The completeness of the fossil record has been much
debated. Two recent studies have addressed this problem for marine
molluscs. In one survey, 16 studies of live/dead associations were
reviewed. Of living species, 83%-95% were found dead at the same
site. In short-term studies, only 33%-54% of the dead species were
found living, but this figure rose to 75% over longer study periods.
One conclusion was that a study should last as long as the longest-
lived species. Rare shells and small shells are least reliable.
Another study (Valentine 1989) in BgjaCaliforniaascertained that 77%
of living speciesarefound asfossils. Increased searching might bring
the total to 85%. These two studies suggest that the fossil record for
molluscs might be more compl ete than many have thought.

Lepper BT, etal. 1991. Intestinal contents of a L ate Plei stocene mastodont
from midcontinental North America. Quaternary Research 36:120-125.

Summary. A nearly complete, well-preserved skeleton of an
American mastodont was recovered in apeat deposit being excavated
for agolf-course pondin Licking County, Ohio. A massof plant material
was found in the stomach position of the fossil, and was analyzed for
bacteria. Living bacteriawere recovered, of the species Enterobacter
cloacae, a common species of intestinal bacteria. Soil samples from
near the bones failed to produce any bacteria of that species. Thisis
thefirst timeliving bacteriahave been recovered from L ate Pleistocene
large mammals.

RAPID SPECIATION

Weinberg JR, Starczak VR, Jorg D. 1992. Evidence for rapid speciation
following afounder event in thelaboratory. Evolution 46:1214-1220.
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Summary. Nereisacuminataisamarine polychaete annelid worm
often used in studies of environmental pollution. The species has a
widedistribution, including the coastlines of North America, Europe,
Africaand the western Pacific. The species also existsin alaboratory
culture started in 1964 from 5 or 6 individuals. The population of the
culture expanded to several thousand individualsby 1986. At that time,
four pairs of worms were transferred to Woods Hole Oceanographic
Ingtitution, and a new subculture established. This subculture also
expanded to several thousand individuals. Thus, this laboratory sub-
culture had gone through two significant bottlenecks
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Thispaper reportsthe resultsof experimentsdesigned to test whether
thelab subculturewasstill interfertilewith the natural parental species.
No population of thesewormswasfound at thesiteof theorigina collection
for thelaboratory culture. However, two popul ationswere found located
11 and 37 km from the parental site. These populations were tested
for reproductiveisolation with the laboratory population. Both popu-
lations interbred successfully with each other, but neither population
produced viable offspring when crossed with the laboratory culture.
Thisstrongly suggeststhat reproductive isolation was produced inthe
laboratory culture over a period of less than 30 years. The authors
propose that divergence in sex pheromones may have contributed to
the apparent speciation. The founder effect may have played an
important role in the process, but this has not been tested.

SOUTHERN HEMISPHERE BIOGEOGRAPHY

Hill RS. 1992. Nothofagus: evolution from asouthern perspective. Trends
in Ecology and Evolution 7:190-194.

Summary. Nothofagus, the southern beech tree, is restricted to
the southern hemisphere, principally in Australia, New Zealand and
South America, with fossils also from Antarctica. The distribution of
the genus has been interpreted as supporting the concept of the union
of the land masses in Pangaea. Nothofagus fruits are not adapted for
survival in seawater, and the conventional wisdom isthat the presence
of Nothofagus on the southern continentsis strong evidence of aformer
land connection. However, some evidence suggests that overwater
dispersal across the Tasman Sea may have occurred. All four Notho-
fagus pollen types are found in Australiain sediments believed much
older than any Nothofagusfossilsin New Zealand. The New Zealand
fossilsareall Cenozoic, deposited after the isolation of New Zealand.
Such overwater dispersal weakens the significance of Nothofagus
fossils as a key to understanding southern biogeography.

VERTEBRATE PALEONTOLOGY

Begun DR. 1992. Miocene fossil hominids and the chimp-human clade.
Science 257:1929-1933.

Summary. Some fossils from Hungary have been re-classified in
the genus Dryopithecus, resulting in significant changesin evol utionary
interpretation of human and aperelationships. Thefossilswereformerly

Volume 19— No. 2 83



classified in the genus Rudapithecus. The reclassification permits
analysis of additional characters of the genus Dryopithecus and their
comparison with other hominoids. Dryopithecus and Gorilla share
several traitsnow interpreted as being primitive. Begun concludesthat
several characteristics shared by Australopithecus and Pan (chimps)
are actually derived, rather than primitive as had been thought. The
result of this reinterpretation is that chimpanzees are thought to be
moreclosaly related to humansthan to gorillas. Although thisrel ationship
has been supported by molecular studies, most morphologists have
placed chimpanzees closer to gorillas, based on similarities such as
knuckle-walking.

Comment. An alternative interpretation is presented in Nature
359:676-677. It proposesthat thefossil ape, Graecopithecus, iscloser
than Dryopithecus to the ancestry of hominines. Graecopithecus is
said to be especially similar to the gorilla, but isdated at 8-10 million
yearsold. Inevolutionary terms, thisimpliesadate of at least 9 million
yearsfor thedivergence of gorillasand humans. Thispresentsaconflict
with molecular evolution, since molecular comparisons between the
two species are interpreted as indicating a much more recent time for
divergence.

Ducrocqg S, Buffetaut E, Buffetaut-Tong H, Jaeger J-J, Jongkanjana-
soontorn Y, Suteethorn V. 1992. First fossil flying lemur: a dermopteran
from the L ate Eocene of Thailand. Palaeontol ogy 35:373-380.

Summary. Flying lemurs, also known as colugos, are gliding
mammals presently found only in Southeast Asia. They have been
linked to various groups of fossils, most often the extinct Plagio-
menidae, but more recently the extinct Paromomyidae. The new fossil
issufficiently similar toliving flying lemursto be classified inthe same
family. Fossils previously identified as dermopterans are now re-
interpreted as not belonging to that group. The new fossil issaid to be
the only valid record of afossil dermopteran.

Ducrocqg S, Buffetaut E, Buffetaut-Tong H, Jaeger J-J, Jongkanjana-
soontorn Y, Suteethorn V. 1992. First fossil marsupial from South Asia.
Journal of Vertebrate Paleontol ogy 12:395-399.

Summary. A singletooth discovered in Middle Miocene sediments
from Thailand has been identified asbelonging to amarsupial. Thisis
the first record of marsupials from southern Asia. The tooth has been
referred to anew genusin the opossum family, Didel phidae. Fossils of
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this family have been found throughout most of the world, except
Australia. The taxonomic contrast between this didelphid fossil and
Australian Miocene marsupia fossils seemsto weaken the hypothesis
that marsupialsreached Australiaviasouthern Asia.

Elzanowski A, Wellnhofer P. 1992. A new link between theropods and
birds from the Cretaceous of Mongolia. Nature 359:821-823.

Summary. A juvenile skull from Mongolia shares some features
with theropod dinosaurs and some with primitive birds such as
Archaeopteryx and Hesperornis. Similaritieswith Archaeopteryxinclude
the broad palatal shelf and the conical maxillary teeth which lack
serrationsand carinae. Similaritieswith Hesperornisinclude the broad
palatal shelf and the configurations of some sinuses, which differ from
thosein theropods. Similaritieswith theropodsincludethetetraradiate
palatine.

Thisupper Cretaceous specimenismuchtoo “late” to be ancestral
to Archaeopteryx. The authors suggest it may be the closest yet found
to the ancestry of birds.

Fox RC, Youzwyshyn GP, Krause DW. 1992. Post-Jurassic mammal-like
reptilefrom the Palaeocene. Nature 358:233-235.

Summary. Discovery of afossil lower jaw with teeth has resulted
in an argument over its interpretation. The fossil was found in the
Paleocene Paskapoo Formation in Alberta, Canada. The discoverers
interpret thefossil asacynodont, agroup of mammal-like reptiles not
previously found in sediments above the Middle Jurassic. In
conventiona geologicterms, thisimpliesatime gap of some 100 million
years, during which no mammal-likereptileswere preserved asfossils.
This interpretation of the fossil has been attacked by Sues (Nature
359:278), who argues that the fossil’s characteristics do not show it
to be a cynodont. Sues points out that some of the fossil’'s charac-
teristics are not shared with any known cynodont, and impliesthat it
may actually beamammal fossil. Hecht (New Scientist 135:18) quotes
one paleontologist as saying he would have no problem calling the
fossil a mammal-like reptile if it were found in Triassic sediments.
Another paleontologist is quoted by Hecht as stating he would have
suspected it was adinosaur if it were found in Cretaceous sediments.
It is hoped that additional material can be discovered that will clarify
thefossil’sidentity.

Volume 19— No. 2 85



Norell MA, Novacek MJ. 1992. ThefossiI record and evol ution: comparing
cladistic and paleontologic evidence for vertebrate history. Science
255:1690-1693.

Summary. Phylogenetic hypotheses based on the fossil sequence
should beindependent of those based on cladistic methods. This paper
comparesthetwo methodsfor 24 groupsof vertebrates. The correlation
between agerank and clade rank was statistically significant for 18 of
the groups. Correlations for the other six groups were not significant.
Thisresult tendsto support the contention that the supposed direction
of evolutionisfreguently, but not aways, recorded in thefossil record.
However, cladisticsisheavily dependent on the direction of character
polarity, which is often determined from the fossil record, making it
difficult to accept the two methods as truly independent.

Sereno PC, Novas FE. 1992. The complete skull and skeleton of an early
dinosaur. Science 248:1137-1140.
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Summary. Dinosaurs are commonly believed to form a natura
group with acommon ancestry. This conclusion is supported with an
extensivelist of shared derived characteristics (synapomorphies). The
discovery of acomplete dinosaur skeleton from the Upper Triassic of
Argentina provides additional evidence bearing on the question of
dinosaur relationships. The new material isof thegenusHerrerasaurus,
once classified asatheropod, but more recently considered to belong
to a group ancestral to the other dinosaurs. Cladistic analysis had
suggested 59 characteristics linking dinosaurs as a natural group.
Including the new fossil material in the analysis reduced the number
of linking characteristicsto eight from the original list, and added five
others. The authors conclude that Herrerasaurus is a theropod. This
implies that both saurischians and ornithischians must have existed
before the Upper Triass ¢ sedimentswere deposited. Another implication
isthat sauropod dinosaurs must al so have existed during Upper Triassic
deposition, although fossil sauropods are not known in Triassic
sediments.

Comment. Thisdiscovery illustrateshow sensitivecladisticanalysis
isto addition or omission of taxa. It aso suggests another exampl e of
diversity at first appearance in the fossil record.
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LITERATURE REVIEWS

Readers are invited to submit reviews of current literature relating to origins.
Mailing address: ORIGINS, Geoscience Research Institute, 11060 Campus
St., Loma Linda, California 92350 USA. The Institute does not distribute
the publications reviewed; please contact the publisher directly.

AN AGE-OLD QUESTION

THEAGE OF THE EARTH. 1991. G. Brent Dalrymple. Stanford, CA:
Standord University Press. 474 p. Cloth, $49.50.

Reviewed by R. H. Brown, Yucaipa, California

There has been along-standing need for aconvenient compilation
of the radiometric data from which conclusions have been drawn con-
cerning the length of time planet Earth and other components of the
Solar System have been in existence. The Age of the Earth meets this
need more than adequately. The author is Research Geologist at the
U.S. Geologica Survey, Menlo Park, California, and is preeminently
gualified to giveacomprehensive, authoritative, and readabl e treatment
of the topics he addresses. In his Preface he states that the book was
“written for people with some modest background in science, ... [to be]
useful and informative to those without a deep knowledge of geology
or physics.” The book provides vauable resource material for indi-
viduals who make a professional-level witness for a creationist view-
point, although the author’s analysis of datais from a purely secular,
uniformitarian approach that dismisses concepts of supernatural and
revelation as purely human and non-authoritative.

Technical terms and concepts are explained within the text so that
thetreatment isunderstandable to the non-specialist. A 14-page glossary
provides additional assistance. The treatment is well-illustrated by
15 half-tones, 14 maps, and 98 high-quality line drawings. Many readers
will not be interested in the extensive mineralogical and geological
detail in some sectionsof Dr. Dalrymple streatment, but the persistent
reader will be well rewarded. Citations to the original supporting
scientific literature are given within the text. Readers who wish to
investigate any topic more deeply have 37 pages of referencesfor these
citations. Each technical chapter concludes with a summary, and the
final chapter isasummary of the entire book.
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Chapter Two reviewsthe estimates for the age of planet Earth that
were made before the radiometric era (before circa 1950), including
those based on the Pentateuch. A tabul ation of these estimates (Table 2.1)
coversfour pages.

Thethird chapter isatutorial onthe use of the various radiometric
daughter/parent pairsfor datafrom which age estimates may be made.
These estimates cover primary age, age since a metamorphism, and
agesover therange between these limits. To the evidence given for the
constancy of radioisotope decay rates, | can add that provided by radio-
halos (Brown 1990). | recommend this chapter to anyonewho islooking
for arelatively quick and easy way to become familiar with the rudi-
ments of radioisotope dating. Toward the end of the book (Chapter 7),
an entire chapter isdevoted to the use of |ead isotoperatios asindicators
of time spans.

It is unfortunate that the author’s treatment of isochrons (linear
sequences of agroup of associated daughter/parent isotope ratios) does
not explain how these sequence plots could also beinterpreted asmixing
diagrams, rather than a daughter i sotope accumulation plot (isochron).
Thispossibility has been used by some apol ogistsin effortsto discredit
use of radioisotope data as an indication of real time.

If there is a non-uniform distribution of parent isotope among a
group of related samples, aplot of daughter concentration against associ-
ated parent concentration (or more commonly, plot of the ratios of
daughter and parent isotopes to a reference isotope) will be a straight
lineif the daughter concentration represents growth by radioactive decay
of the parent. For acommon time |apse the amount of daughter differ-
ence between any two samples will be proportional to the amount of
parent difference, hence the term isochron (equal time). An identical
plot can be produced by an incomplete mixture of material from two
sourcesthat had differing parent and/or daughter concentrations. Such
a plot would be merely a mixing line that has no relationship to the
time at which the mixing occurred. But the upper end of the line of
dataterminates at or pointsto the daughter/parent ratio which specifies
a radioisotope age for one source, and the lower end terminates at or
points to the daughter/parent ratio which specifies a radioisotope age
for the other source. If the ratio of parent to excess of daughter above
the amount of daughter specified by cosmic isotope abundance ratios
isthe samefor each of these sources, anisochron interpretation assumes
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the daughter excess accumulated since mixing, and hence specifies
time since the mixing that produced the common suite of samples. A
mixing line interpretation, however, gives the age of the components
of the inhomogeneous mixture, but provides no indication of thetime
since mixing occurred.

Interpretation asamixing lineisclearly indicated if the best straight-
linefit to the data points intercepts the daughter i sotope axis at a point
significantly different from the cosmic ratio of the daughter isotope
(ratio characteristic of minerals which have no indication of having
been associated with the parent element). In such cases the data set
limits for the radioi sotope age which characterizes each component of
themixture.

Mixing lineinterpretation isavalid option regardless of wherethe
line intercepts the daughter isotope axis. In any case a mixing line
interpretation provides no escape from areal time significance of radio-
isotope daughter/parent ratios. Linear plots of daughter versus parent
for someinhomogeneous sets of samples may be expected to represent
isochron development followinginitia formation by mixing. Isochron
development gives a counterclockwise rotation to the initial mixing
line, but leaves no basis for determining how much time has elapsed
since the mixing process.

The Age of the Earth makes two major contributions. One is a
convenient collection of radioisotope data for the lowest rocks in the
geological sequence of Earth’scrust (Chapter 4), rocksfrom the Moon
(Chapter 5), and meteorites (Chapter 6). The other major contribution
isready accessto analysis of these data. Any reader will be impressed
at the frequency with which the figure 4.56 billion years appears from
awide range of independent radioi sotope techniques applied to awide
range of samples. How a creationist accommodates to this evidence
will depend on whether he/she considersit to be a consequence of the
way God has managed/maintained the Universe, or a design
characteristic expressed at initial creation.

Dalrymple makes agood case for an age of about 4.5 billion years
for thematerial of whichthe earth, moon, and meteorites are composed.
He evidently believes that he has thoroughly discredited special
creationism. His treatment in The Age of the Earth has made it much
more difficult to plausibly explain radiometric data on the basis of a
creation of the entire Solar System, or the physical matter in planet
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Earth, within the last few thousand years. In my opinion, the defense
of such apositionisalosing battle.

However, the datapresented by Dr. Dalrymple are not incompatible
with amodel which allowsfor most of the Solar System to have come
into existence about 4.5 billion years ago, the creation of life on planet
Earth within the last 10,000 years, and a subsequent reorgani zation of
the planet’s surface by a cataclysm in which there was water burial of
avast number of organisms.

The fina technical treatment in the book (Chapter 8) completes
age considerations with asummary of speculative models concerning
the ages of stars and galaxies. Readers who follow details carefully
should correct Table 8.5 on p. 388 to specify 1/137.88 for R of 25U/28U.

In concluding thisreview, | should say that inmy opinionitisboth
incorrect and inadequate to model the physical features of the universe
on the basis of natural evolution from an unexplainable initial “Big
Bang”; and that itisequally incorrect to ignore the evidencefor physical
process and change. The basic data and their implications as givenin
The Age of the Earth present no conflict with biblical testimony as
long as the creation account is interpreted strictly in accord with the
definitions given in Genesis 1:8-10, and if the radioisotope ages of
material that encloses or overlies fossils are recognized as having no
morerelationship to fossil agethan similar datafor amodern cemetery,
or acommunity buried by alanddlide, haveto the dates of theinterments
therein.
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THE SEARCH FOR RELATIVES

THE EARLY EVOLUTION OF METAZOA AND THE
SIGNIFICANCE OF PROBLEMATIC TAXA. 1991. A.M. Simonetta
and S. Conway Morris(eds.). Proceedings of an International Symposi-
um held at the University of Camerino, Italy, 27-31 March 1989.
Cambridgeand NY: Cambridge University Press. 296 p. Cloth, $69.95.

Reviewed by L. J. Gibson, Geoscience Research Institute

Evolutionists have spent agreat dedl of effort attempting to determine
the interrelationships of the invertebrate phyla. This effort has been
plagued by difficulties, but the quest continues. The present book con-
tains much of interest for those concerned with the question of inverte-
brate interrel ationships. The book is a symposium volume containing
24 different articles ranging in length from a single paragraph on
Cambrian medusiforms (Sun Weiguo) to a 56-page discussion of
Paleozoic arthropods (Simonetta & Delle Cave). The latter paper con-
tains a large number of excellent drawings of reconstructions of the
animals. The book’s emphasis is fossils, but a phylogeny of recent
invertebrates based on ribosomal RNA sequencesisincluded (Christen
etal.).

Theinclusion of different opinions givesthe reader opportunity to
evaluate opposing arguments and adds to the usefulness of the book.
For example, Schram usesthe cladistic method to propose ahypothesis
of invertebrate rel ationships, concluding that it may not be correct, but
at least is scientific. Simonetta and Delle Cave begin their discussion
(p 189) with the statement that “the principles of Hennigian cladism
have been falsified and can belargely discounted.” Another difference
of opinion concernstherelationships of theextinct conulariids. Babcock
(p 133) concludesthey are an independent lineage with no known rela-
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tives, whileVan Iten (p 145) groupsthem with the cnidarians (coel enter-
ates).

Another example concerns evolutionary process. Conway Morris
maintains (p 19) that microevolutionary processes are sufficient to
explain invertebrate evolution, while Bergstrom (p 25) argues that
invertebrate phylaarose by macroevol utionary processes.

Two papers describe the Lower Cambrian Chengjiang fauna. This
isaBurgess Shaetypefaunarecently found in China. Chen & Erdtmann
(p57-76) summarizethefossil biota. Algae are predominant, including
agreen alga, Yuknessia, also known from the Canadian Burgess Shale.
Thelargest group of invertebrates are the arthropods, which include at
least two genera shared with the Burgess Shale. The enigmatic animal,
Anomalocaris, is also shared with the Burgess Shale. The next largest
group isthe sponges, with 25 or more species known. In addition, the
faunaincludes medusiforms, seaanemones, priapulid worms, brachio-
pods, and other types. The other paper, by Hou & Bergstrom (p 179-
187), discusses the Chengjiang arthropods. Bivalved arthropods are
especially common. Some are tiny, and others are larger. Numerous
trilobites and smaller numbers of other groups are also present. The
authors comment on the surprising similarities between the Chengjiang
and Burgess Shale faunas. The close similarity of the two groupsis
difficult to reconcile with the great difference in their supposed ages.

Severa other topics are considered, such as the relationships of
proturan “insects,” reef-building sponges, and various groups of
problematica. Bernini reportsthat Lower Devonian mitesare so similar
to modern species that they give no clue to the origins of the group.
Bruton’spaper on jellyfishtaphonomy isparticul arly interesting. Using
beach and laboratory experimentsto study the taphonomy of jellyfish,
he determined that dead jellyfish which sink to the ocean floor do not
leave identifiable impressions. He concludes that this casts doubt on
theinterpretation of Upper Precambrian “ medusoid” tracesasjellyfish.

Overall, the book contains much of interest. | noted afew inconse-
guential typos, but thebook isgenerally well done. Coverageisuneven,
asonewould expect from an edited compilation, but thereis something
init for nearly anyone interested in invertebrate pal eontol ogy.
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GENERAL SCIENCE NOTES

LIFE IN THE DEEP ROCKS AND THE DEEP
FOSSIL RECORD

By Ariel A. Roth, Geoscience Research Institute

WHAT THIS ARTICLE IS ABOUT

It has been known for many years that microorganisms can
exist in rocks several kilometers below the surface of the earth.
Recently a number of reportsindicate that these organismsare much
mor e common than previously surmised and that vast regions of the
underworld may be inhabited.

This new information has interesting implications for both
evolutionismand creationism. Fromthe evolution viewpoint, simple
organisms, whose poorly preserved fossils are found in the older
rocks, represent early stages of evolution. Could these represent
not-so-old organismsthat had been living in the rocks? For creation
the new findings can suggest that the fossils found in these lower
rocks represent life in the rocks that existed there since a recent
creation. The similarity of some of the fossil forms to modern ones
lends credence to this concept.

LIFE IN THE ROCKS

We are all familiar with the animals and plants on land, aswell as
plankton, fishes and whales of the world oceans; however, a new
biological realmiscominginto focus: that of lifeintherocks. Therocks
of the crust of the earth, especially the deeper ones, are relatively
inaccessible. “ Out of sight — out of mind” certainly applieshere; and it
is not surprising that although we have known of some life in deep
rocksfor decades, only recently have scientists given serious attention
tothishidden biological realm.

It has long been known that organisms such as bacteria, worms
and insect larvae abound in the top 1 m (3 ft) of Earth’s soils. Below
thislevel, the number of organismsdecreases dramatically, but persists
to great depthsin surprising numbers. Microorganismsof variouskinds
aretheonly kind of lifethat flourishes at these depths. Examplesabound.t
Sulfur-reducing bacteria are abundant in aquifers 800-1000 m deep in
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the Bachu district (former USSR). In that region bacteriaare so abundant
they impart apink color to water coming from oil-well drilling. Onewell
produced some 5000 kg (11,000 Ibs, or 1400 gal) of pink water daily for
6 months.?

In England, iron- and sulfur-oxidizing bacteriaproduceared slime
found in abundance in atin mine located in granite rock at a depth of
600 in (2000 ft).2 A coal seam in Germany harbors about 1000 bacteria
per gram of coal lying at a depth of 400 m (1300 ft). About the same
concentration of bacteria was found in groundwater over 1000 m
(3300 ft) below the surface, in the Madison limestone of the northwest
USA!

Bacteriacan readily grow when introduced into deep environments.
Somethat oxidize methane have beeninjected into coal layersto signifi-
cantly reduce the concentration of that explosive gas in coal mines.
Bacteriaare also being used to enhance oil production by releasing il
from sedimentary reservoirs.?

Extensive studies have been conducted in South Carolinain three
boreholes, with depths as great as 500 m (1600 ft). Typically 100,000 to
10,000,000 bacteria were found per gram of sediment, and over 4500
different strains were isolated. In less permeable sedimentary layers
(clay) lying between aquifersthe numbers of bacteriawere much fewer
— typically less than 1000 per gram.* Protozoa (one-celled animals)
and fungi were also found, but in significantly lower concentrations
than bacteria.® Protozoa and bacteria have also been found in a number
of other deep subsurface sediments.® Surprisingly, at the South Carolina
site, unicellular and filamentous live green algae that usually require
light for growth werefound at anumber of levelsintwo of the boreholes
down to 210 m (700 ft).> Their presence at these great depths was
explained as possibly indicating some sort of connection to the surface,
or avery long viability for these algae. Another study demonstrated the
presence of viruses of the bacteriophage type at a depth of 405 m
(1330 ft).”

Microorganisms are probably found in all sedimentary rocks,® and
aremost abundant in aquifers. They have aso been discoveredin granite.
Thomas Gold® provides convincing evidence of their activity at adepth
of 6000 m (20,000 ft) inan exploration oil well drilled in Sweden’s Siljan
impact crater (44 km, or 27 mi, diameter). Furthermore, he reports on
theisolation of several strainsof living bacteriafound in depths greater
than 4000 m (13,000 ft) at the same locality. He even suggests that the
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volume of living organismsin therocks may be comparableto that of all
organismsliving on the surface of the earth.’® Considering the thickness
of therock layers, one can envision alot of life below our feet.

The abundance of lifein the rocks has rekindled interest in life on
Mars. In some quarters, it is hoped that life can be found in the deep
rocksof that planet. Future robotic and human-piloted missionsto Mars
should incorporate strategies to test this.*

Part of the success of microorganisms in the rocks is due to their
very small size, permitting them to exist in very small pore spaces.
Bacteriaare commonly around 1 mm (*/,,, mm, or ¥/, . in) in diameter
or length. Protozoa, algae, fungi and cyanaobacteria (bacteriathat have
photosynthetic capability) are generally 10-100 timeslarger, but still are
an easy fit between particles of coarser sediments such as sands.
Moisture is essential for their survival, but water is common in many
areas down to 1 km (0.6 mi), and often many times that depth. The
dow lateral and vertical transport of water in aquifersfavorsthe passive
spread of microorganisms.

Recently it has been discovered that these microorganisms can
attack rocks, probably using the organic acidsthey secrete. Thiskind of
activity is enhanced in the presence of an organic source such as oil.*2
They can also precipitate certain minerals and may thus be insidious
scul ptors of the subterranean environment, opening and closing ground-
water flow-paths.®® Thisability to attack rock isamatter of major concern
if radioactive waste is stored in rocks. If this waste and surrounding
rocksare attacked by microorganisms, there might be consequent radio-
active contamination of groundwater.® In shallower environmentsthese
microorganisms cause considerable commercial damage, aiding in the
corrosion of metals. Rusted and failed pipelinesare aproblem of massive
proportions. In England alone damage is estimated at half a million
pounds per year.*

The various organismsfound at depths possess a multitude of bio-
chemical systemsthat permit them to survive under unusual conditions.
Many require oxygen while athers cannot surviveinits presence. Others
can go either way. Often there is a moderate amount of oxygen in the
waters found at these depths, while pockets with no oxygen are not
uncommon. Energy is abtained from both organic and inorganic com-
pounds, and a number of ingenious metabolic mechanisms are being
discovered.
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Often these organisms can survive at unusually high temperatures
which are common at these depths. Many thrive at temperatures well
above the boiling point for water at sealevel (100°C, 212°F). At great
depths, high ambient pressures keep the water from boiling and provide
afluid, but neverthelessvery hot, environment. It iscommonly surmised
that these organisms could survive at temperatures up to 150°C (300°F).
The higher temperatures found in rocks at depths beyond a few
kilometers would exclude life at such depths. However, the successful
culture of bacteria obtained from “black smoker” sulphide chimneys
deep in the Pacific Ocean at 250°C (480°F) under 265 atmospheres of
pressure has been reported.?® Interestingly, some of the hot springs
fromthe deep floor of the ocean extrude living bacteriain concentrations
ashighasabillion per milliliter of water.

From the above it is obvious that there is a previously unknown
world of life dwelling in the rocks that should be further investigated.
Unfortunately these secretive organismsarerelatively inaccessible. Their
presence poses some interesting questions regarding the fossil record
of microorganisms as found in the deeper rocks.

THE GEOLOGIC COLUMN

Recently evolutionists have been placing special emphasisonfossil
finds of simpler life among what is considered to be Eaerth’s earliest
rocks. A review of some of the more important findings as they relate
to the geologic columnwill help in elucidating interpretations.

Themajor divisionsof the geologic column are outlinedin Table 1.
One can think of these layers as being superimposed, with the oldest
being at the bottom. Actually, each of these divisions can be found
today on Earth’s surface, with the lower ones being exposed by uplift
and erosion. The lowest layers have been studied intensively by
paleontologists in their search for clues about the earliest forms of
evolving lifeon Earth.

A number of fossil unicellular organisms have been described for
the Archean (see Table 1). Study has concentrated on the Swaziland
Supergroup of South Africa and the Warrawoona Group near North
Pole (so-called because, like the real North Pole, it is a very desolate
area) in Australia. From each of these regions, both filamentous types
of fossils'® and stromatolites have been described. Stromatolites are
finely layered sedimentary structures, generally of centimeter to meter
size, usualy in a domed or wavy shape. They are formed by living
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TABLE 1. MAJOR DIVISIONS OF THE GEOLOGIC COLUMN

NAME PUTATIVEAGE IN MAIN FOSSIL
MILLIONS OF YEARS* FINDS
PHANEROZOIC 0-560 Relatively abundant plants
(i.e., Cambrian and animals of all kinds
to Recent)
PRECAMBRIAN 560-4600 Very few fossils found
PROTEROZOIC 560-2500 Fossils rare; upper-most

(recent) layers contain
some well-developed
animals and plants

ARCHEAN 2500-4600 Fossils extremely rare, only
simple organisms found

*Ages not endorsed by author.

organisms, mainly bacteria, that live on the surface of the stromatolite.
Thebacteria, which usually requirelight, function in the capture and/or
precipitation of sedimentsthat gradually build up the stromatolite.

Inthe Proterozoic (see Table 1), stromatolitesarerel atively abundant,
especially in the lower part. Special mention should be made of the
Gunflint Chert of the Great Lakes region of the U.S. This chert, also
from the lower part of the Proterozoic, haswell-preserved filamentous
fossisthat ook very much like the modern Oscillatoria cyanobacterium
(blue-green agae).'’

Peculiar spherical organisms called acritarchs, which are commonly
50 mm (0.002 in) in diameter and thought to be some form of algal
cysts,*® arefound in the upper half of the Proterozoic. They show great
diversity and size increase near the top. These are the first generally
accepted evidence for organismswith cells contai ning a nucleus; how-
ever, the evidence has been disputed. Organisms with cellsthat have a
nucleus are called the Eukaryotes. These include most kinds of living
organismsfrom protozoato redwood trees. By contrast, bacteriawhich
have no nucleus are called prokaryotes. Several other fossil types have
been described for the Proterozoic, including peculiar small vase-shaped
objects (70 mm, 0.003 in) of unknown affinity.

In the very top of the Proterozoic are found mostly unfamiliar
Ediacaran multicellular typesof animals. No multicellular animalshave
been found below this level. Directly above thislevel is the so-called
“Cambrian Explosion” at the base of the Phanerozoic (see Table 1),
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wherethemajority of the basic kindsof animalsfirst appear. The scarcity
of fossilsin the Precambrian is well illustrated by the fact that during
the previous century no fossils were found in that portion of the rock
layers. Recently the situation has changed.

THE PROBLEM OF FOSSIL IDENTIFICATION

Determining whether apeculiar formin arock isabonafide fossil
can be difficult. Curls caused by the desiccation of sediments have
been interpreted as arthropod parts; drag marks caused by storms can
resemble worm tracks; and pyrite rosettes have been interpreted as
medusae (jellyfish).™® Theterms pseudofossilsand dubiofossilsare used
to describe false or dubiousfossils.

Intensive search by paleontologistsfor early life has produced many
suggested candidates, but authentication isaproblem. Many non-biogenic
structures can simulate the general shape and characteristics of these
assumed early simple cells. Additionally, by simpleinorganic chemical
precipitation, several workers have succeeded in producing spherical
and tube-like structuresthat highly resemblewhat isbeing described as
evidenceof lifeintheseearly layers.® It isto the credit of paleontologists
that recently a considerable amount of caution is being expressed
regarding the authenticity of most of thefindingsin the early Precambrian
rocks. Schopf and Packer, in referring to microfossils reported from at
least 28 Archean geologic units, state: “However virtually al have
recently been reinterpreted asdubiofossiisor asnonfossils: pseudofossils,
artifacts, or contaminants.”?* Cowen states: “Only a few reports of
fossil Archean cells seem to be genuine out of fifty or more claims.” %
Buick has pointed out ahost of problemswith theidentification of most
fossil findsfrom North Pole, Australia.®

Stromatolites have not fared much better. The question is: are they
formed biologically or are they just the passive accumulation of fine
layers of sediments, possibly subjected to some deformation? Ginsburg
points out that “ Almost everything about stromatolites has been, and
remainsto varying degrees, controversial.” % Hoffman notes: “ Something
that haunts geologists working on ancient stromatolites is the thought
that they may not be biogenic at all.”? He illustrates this with the
notorious example of the “algal pisolites’ (rock composed of pen-size
spheres) of the Permian in Western Texas which were thought to have
been formed biologically inasimilar way to stromatolites, but turned out
to be of inorganic origin.?® The well-known paleontologist Charles
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Walcott, who for twenty years was Director of the Smithsonian,
described 5 new genera and 8 new species of strornatolites which he
believed to be of biological origin. All have since been reinterpreted as
inorganic by some workers.? Interestingly, no cells have been found
associated with any Archean stromatolites.

The question of thetemporal significance of stromatolitesisfurther
complicated by the recent discovery of living stromatolitesformingin
cavitiesin rocks such asin cora reefs. These are called endostromato-
lites. Sediment accumulation would befacilitated by bacteriathat do not
requirelight asan energy source. Furthermore, Monty suggeststhat endo-
stromatolites can form in rock cavities at depths of at least 3000 m
(10,000 ft) below Earth’s surface.?® This raises the question as to
whether some stromatolitesin the Precambrian may actually be endo-
stromatolites of much more recent origin.

Attempts have been madeto validate the authenticity of Precambrian
fossils by testing for the i sotope fractionation of carbon and sulfur that
would be expected from biological activity. Some positive results have
been obtained, but Buick?® rejects these outright, since controls are too
variable. Knoll® comments about little fractionation in sulfur, and Nagy
et al.* give good evidence of contamination of sediments assumed to
be very old by molecules originating from recent organisms.

Despiteall theproblemsinidentifying Precambrianfossils, it appears
that there are still a few good examples. They include the Gunflint
Chert cyanobacteria, the acritarchs, the Bitter Springs cyanobacteria
and the Ediacaran animal fauna, all of which are Proterozoic.

SIGNIFICANCE TO THE EVOLUTION VIEWPOINT

Evolutionists have sometimes suggested that the first organismsto
evolve were closely related to the sulfur bacteria mentioned above. X
Theseare part of agroup called theArcheabacteria. Later thetrue bacteria
or Eubacteria are assumed to have evolved from the Archeabacteria,
and they devel oped photosynthetic and stromatolite-building capabilities.
Themore-advanced formsof lifewith nuclei intheir cells— the Eukarya
— are considered to have evolved later. This scenario has been
challenged by studiesof molecular phylogenieswhich show evolutionary
relationships on the basis of sequential similarities in large organic
molecules. Ribosomal RNA isafavorite. It turns out that the two basic
bacterial types— the Archeabacteria and the Eubacteria—, which are
both simple cellswithout anucleusand look very similar to each other,
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are asfar apart from each other in terms of ribosomal RNA differences
asal therest of the living organisms combined (i.e., from protozoato
redwood trees), which are all Eukaryotes (cells with a nucleus). This
surprising result has caused evolutioniststo proposethat all three groups
— Archeabacteria, Eubacteria, and Eukaryotes — evolved very early
so as to give equal time for differentiation of the ribosomal RNA
mol ecul es according to the molecular-clock hypothesis.?®

Thisnewer evolutionary concept challenges both the older concept
of ancestral Archeabacteria and the findings of the fossil record. Good
examples of Eukaryado not appear until the middle of the Proterozoic,
and the evidence thereisnot very certain.®! On the other hand, in accord
with the theory, filamentous Eubacteriaare assumed to have existed as
far back as the middle of the Archeozoic,'® and stromatolites are also
described there. Hence the molecular clock and thefossil record do not
appear to bein synchrony. One could explain thisby proposing that the
early Eukaryotes were different from modern types and have not been
recognized, but more evidence is needed.

Onewondersif the newer information regarding the abundance of
lifeinrocksmight not modify evolutionary interpretations. Some questions
have been raised regarding the primary nature (i.e., are the fossils part
of the original deposit?) of a number of Archeozoic fossil finds,? but
thusfar, to thiswriter’sknowledge, the significance of organismsliving
in rocks as more recent contaminants has not received any attention
from proponents of the evolution viewpoint. This evidence has the
potential for challenging views that the Precambrian fossils represent
ancient simple forms of life in the early stages of evolutionary
development.

SIGNIFICANCE TO THE CREATION VIEWPOINT

Creationistshave paid little attention to the Precambrian. Traditional -
ly, because of the paucity of fossils, Precambrian sediments have been
considered to be deposits made before the Genesisflood. Recent infor-
mation regarding Precambrian fossils has prompted some reinterpre-
tation. Snelling® suggests the Precambrian sediments represent flood
deposits, while Wise* proposed that the Precambrian fossils represent
organisms created on Day 2 of creation week and buried on Day 3.
Each of these views deserves further consideration.
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I would like to suggest that the Precambrian fossils (except for the
Ediacaran metazoawhich arevery closeto the Cambrian) might originate
from two sources:

1) Normadl lifeintherocksasisbeing found now, and existing at
any time since creation. These could be pre-flood, flood, or
post-floodinorigin.

2) Locad infiltration into Precambrian rocks resulting from the
upheaval of the Genesis flood. Such an event would be
expected to facilitate theinflow of water and organismsalong
cracks and fault linesinto Precambrian rocks.

For each of these sources, Precambrian fossils originate from arecent
creation and do not reflect evolutionary development. The Ediacaran
animal fossils of the uppermost Precambrian would be considered a
flood deposit.

The concept of life in the deep rocks before the flood adds a new
dimension for the ecological zonation model of the fossil sequence.®
That model proposes that the sequence of fossils now found reflects
the pre-flood ecology. Under this concept the living organismsin the
deep pre-flood rocks would be the source of the fossilswe now find in
the Precambrian.

One pieceof evidence, supportive of arecent origin for Precambrian
fossils, deserves mention: the very close similarity of some of the Pre-
cambrian fossilsto present living forms. Their similarity seemsunusual
if they have had two billion (2 x 10°) yearsto evolve. Stewart comments
on the Bitter Springs cherts of central Australia:

Many more examples could be given to emphasize the
similarity of the fossils and extant floras which is so striking
that one has to wonder about the slow rate of evolution
among the Cyanophyta for the last 900 m.y. [million years].*

Schopf reports on several fossil speciesin thisformation that appear
identical to present living species.®* Some formsin the Gunflint Chert,
whichisassumed to benearly two billionyearsold, area so very similar.
Speaking moregenerally, Knoll states:

Many Late Proterozoic prokaryotes differ little in morpho-

logy, development, or behaviour from living cyanobacterial

populations.®
Evolutioniststry to explain thislack of change on the basisof an episodic
rate of evolution, but these similarities may well represent organisms
created recently and found in rocks as part of the living underworld.
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CONCLUSIONS

Therecent discoveries concerning lifein the deep rocks, including
alga filaments at 200 m (650 ft) depth, open a whole new field for
reinterpretation of the Precambrian record of simple organisms. The
problematic strornatolites may represent only deformed sediments or
even endostromatolites formed in deep rocks. It is proposed that the
small Precambrian fossils (except for those near the upper boundary)
could have come from either recently created organismsliving in these
rocks, or infiltration of these organismsinto these lower rocks during
the Genesisflood. The presence of abundant microbial life deep in the
rocks challengesevol utionistswith the necessity of testing the hypothesis
that Precambrian microorganisms are recent contaminants, rather than
560 to 3500 million-year-old fossils.
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