GENERAL SCIENCE NOTES

FOSSIL REEFS AND TIME

Arid A. Roth
Geoscience Research Institute

WHAT THIS ARTICLE IS ABOUT

Ancient fossil reefs found within Earth’s sedimentary rocks are
considered to be a challenge to the biblical concept of creation. Their
presence is regarded as favoring models which propose that life
developed gradually over many millions of years. The problem for
the biblical model is that an abundance of time is required to grow
a reef and the hundreds of fossil reefs found would require so much
time to devel op that they cannot be accommodated into the biblical
time framework of a recent creation a few thousand years ago.

Do these fossil reefs really negate the biblical account of be-
ginnings? There are alternative interpretations that do not require
long ages. For instance, these“ reefs’ may not bereal reefs. Thereare
serious questions about the authenticity of many fossil reefs, because
they differ significantly from present reefs. Another possibility is that
somefossil reefs could have been formed between the time of creation
and the flood described in the Bible, and were subsequently buried
by that world-wide catastrophe. Both alternatives seem plausible.

INTRODUCTION

Pilots of ships spend considerable time worrying about rocky
structures called reefs which lie at or just below the surface of the
ocean. Thesereefsare especially common in warm tropical seas, where
coral, algae and associated organisms slowly build these insidious
structures which have caused many aship to founder. Reefs, sometimes
called coral reefs, come in many sizes and shapes and represent some
of our most complex marine ecological systems.

Figurelillustratesacross section of atypical reef. Thereef coreis
the most important part. It is a hardened structure, built up by living
organisms, that resiststhe pounding of the ocean’ swaves. On the ocean
side of thereef coreistheforereef, which consists of layers of sediment
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the reef core which is a hard wave-resistant structure built slowly by
organisms. Thecoresuppliessome sedimentsto both theforer eef and the
back reef.

dipping towards the deeper ocean. These sediments can: 1) originate
fromthereef core, 2) be produced by organismsliving ontheforereef,
or 3) be brought in by ocean currents. On the back side of the reef, the
reef sedimentsunderlie ashallow lagoon with calmer waters. Theorigin
of the back reef sediments is comparable to that of the fore reef. Sedi-
ment can also be washed in from a land source or be precipitated by
evaporation of the lagoonal sea water. Sometimes small reefs called
patch reefs will form as an accessory to alarge reef complex (Fig. 1).
Reefs are built mostly of limestone (calcium carbonate).

While the genera picture given above |leaves little question as to
what amodern reef is, the identification of afossil reef is complicated
by thefact that there are similar structureswhich areformed in adiffer-
ent way. Especially noteworthy are shallow-to-deep-water banks of
sediment. These are formed mainly by the accumulation of sediments
transported by water currents. They are sometimes associated with
organismssuch aseel grassthat can facilitate the trapping and hardening
of sediments. Such structures can resemble a modern reef formed by
the slow growth of living organisms.

Fossil reefs are the remains of ancient reefs. These are usually
found in the rocky sedimentary layers of Earth’s crust. Occasionally,
usually asaresult of erosion, fossil reefsare exposed at Earth’ssurface,
wherethey are much easier to study. Theidentification of fossi| reefsis
moredifficult than that of present reefs. Problemsinclude: 1) the absence
of the ocean, 2) the complex structures of reefs, 3) differencesin the
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reef-forming organisms compared to modern reefs, and 4) changes
that take place within therocksover time. Because of economic reasons
there has been considerable interest in these fossil reefs. Many of them
serve asgood traps for oil; and the scientific literature discussing them
isvoluminous. The general references by Braithwaite (1973), Dunham
(1970, 1972), Heckel (1974), James (1983), James & Macintyre (1985),
Rosen (1990), Scoffin (1987, p 77-88), Wilson (1975), and Wray (1971)
are especialy pertinent to the broad questions being considered in this
note.

There are problems with fossil reefs. They center on questions of
identification, structure, composition, and especially about how these
ancient reefs were formed. The terminology used to describe these is
complicated by the fact that various writers sometimes use the same
terms in different ways. Some identification schemes are based on
structure and others on how the reefs are thought to have formed, or
both. Heckel (1974) notesthat theterminology is particularly confusing
“regarding termsthat are strongly geneticin meaning”; i.e., those terms
that deal with the mode of origin. For thisand other reasons, aplethora
of terms have been used to designate these ancient reefs, including:
ecologicresf, sratigraphic reef, bioherm, carbonate buildup, allochthonous
reef, autochthonous reef, true reef, reef mound, mud mound, bank, or
knoll, etc. Theterm “reef” itself has amost become too general aterm
for use in a discussion of fossil reefs. It can specify any rock unit that
seems to have been elevated above its surroundings.

THE TIME QUESTION

Fossil reefs are of special interest when the question of originsis
being considered. The salient issue is the amount of time required to
form these ancient structures. If an abundance of time was required
for thesereefsto form, they areasevere challengeto thebiblical account
of origins. The Bible describesthe creation of life by God during asix-
day creation event which took place a few thousand years ago. The
Bible goes on to describe aworld-wide flood which occurred well over
amillennium later, and lasted about oneyear. Inthebiblical context, this
flood accountsfor most of thefossiliferous sedimentary layersof Earth’'s
crust. If the sedimentary layers and their varied fossilswerelaid down
over millions of years, asiscommonly interpreted, they challenge both
the creation and flood accounts given in the Bible. If fossil reefsfound
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in these layers formed at the slow rate at which we see present reefs
forming (Roth 1979), at least scores of thousands of years would be
required to produce the superimposed fossil reefs found in the fossil
record. Is the biblical concept of a recent creation in error, or is the
geologicinterpretation of fossil reefsin error? Both concepts cannot be
correct.

This discussion will focus on the rate of formation of these fossil
reefs. Specifically, did they form asaresult of aslow biological process
by reef-producing organisms, asis noted for present living reefs, or do
they represent rapid accumulations of sediments transported and de-
posited by thewaters of the Genesisflood? Inthe context of thisquestion
it will be convenient for us to identify two main types of reefs (James
1983). Allochthonous reefs designates reefs considered to have been
formed by thetransport of sediment. Their formation can occur rapidly,
but not necessarily so. In contrast autochthonous reefs designate reefs
that have formed as aresult of slow biological activity. Thesereefscan
only form slowly. Allochthonous reefs can be accommodated into the
biblical model of arecent creation. Only under special circumstances,
which will be discussed later, can any autochthonous reefs be so
accommodated.

THE FOSSIL REEF RECORD

Hundreds of fossil reefsarereported throughout much of the geologic
column, starting from very low (Precambrian) sedimentary layers to
the present (Heckel 1974; James 1983, p 387-425; James & Macintyre
1985, p 37-47; Wilson 1975). Thesereefs, with notable exceptions, tend
to be different from present reefs (Ladd 1950; Hodges 1987). They are
often much smaller; some only inthe meter range, and they are usually
produced by different kinds of organismsthan thosethat build the present
reefs.

Thelowest (Precambrian) reefsin the geol ogic column are thought
to be produced by the mechanical trapping of sedimentsand the chemical
action of variouskinds of microorganismsliving ontheir surfaces. These
structures represent a kind of laminated deposit called stromatolite.
Various forms and combinations of stromatolites are reported as reefs.

Also located in the lower part of the geologic column (Cambrian)
are reefs that are produced by sponge-like organisms called archaeo-
cyathids. They differ from any presently known living organisms.
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Higher up in the geologic column (Ordovician, Silurian, and De-
vonian), are some larger more significant reef-like structures with re-
ported ecological devel opmental sequence and an organizationinto reef
core and flank beds which dip away from the core (see Devaney et .
1986 for discussion). Some reef descriptionsinclude back reef lagoonal
deposits. The most common organismsfound in these reefs are sponges,
including peculiar laminated stromatoporoids. Coral organismsthat are
different from modern coralsare sometimes moderately abundant. Algae
and bryozoa (moss animal s) are lessimportant. Some of the organisms
in the reef cores appear to bein position of growth (e.g., Manten 1971,
p 83, 435-438; Hodges & Roth 1986) while othersdo not (e.g., Heckel
1974, Wengard 1951). Theorientation of thefoss| inareef isanimportant
indicator of whether the reef formed by alochthonous or by autoch-
thonous means. A position of growth suggests a slow autochthonous
growth process, while unoriented fossilsreflect an alochthonoustrans-
port process. Unfortunately theidentification of what isin growth orien-
tation hastoo often turned out to be quite subjective. Also, allochthonous
blocks of reef material can contain fossilsin apparent growth position.

In this same part of the geol ogic column we also find many mounds
of fine lime (calcium carbonate) mud with few fossils (see Hodges
1987). Since cora reefs are composed of lime, these mounds are of
considerable interest. Mud mounds could accumulate quite rapidly by
an allochthonous transport of sediment.

A little higher up in the geol ogic column (Carboniferous) one also
finds a number of large sedimentary mounds composed of fine lime
sediment sometimeswith crinoid fossi| depositsflanking their steep sides.
These enigmatic structures, which range from many metersto kilometers
insize, are called Waul sortian mounds— so named after mounds|ocated
near the village of Waulsort in Belgium. Aggregations of such mounds
have been interpreted as a large barrier reef complex which would be
expected to be subjected to significant wave activity. But a question
remains as to how much pounding by waves these fine- sediment
structures could withstand.

Higher in the geologic column (Permian through Jurassic) small to
huge structuresinterpreted asreefs have been described. The organisms
that presumably formed them are again different from those forming
modern reefs. In addition to sponges, there arerelatively small amounts
of algae, coral, bryozoa, and a problematic tube-like organism called
tubiphytes.
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Some bizarre, but now extinct, bivalve molluscscalled rudistsform
reef-like structures near the upper part of the geol ogic column (Jurassic
and Cretaceous). Coral is occasionally found among the rudists (e.g.,
Scott et a. 1990). Rudists (Fig. 2) are elongated, clam-like molluscs
that have one shell somewhat similar in shape and size to an ordinary

FIGURE 2. Rudist fossiIsfrom arudist reef in central Texas. Notethecoin for
scale. Many of the circular structuresare cross sections of the elongated
rudist mollusc shells. The elongated fossils represent tangential or longi-
tudinal sections.

clam shell, while the other can be very long, sometimesupto 1.5min
length.

In the upper part of the geologic column (Cenozoic), fossil reefs
are not very abundant. The associated organisms are mainly coral and
algae, smilar to those forming modern living reefs.

CHANGING INTERPRETATIONS OF FOSSIL REEFS

Because fossil reefs and their past environment are difficult to
identify, and becausethey are so varied in composition and structure, it
is not surprising that interpretations of these challenging sedimentary
structures are sometimes revised. Four examples follow.
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FIGURE 3. View of part of thehuge Per mian (Capitan) Reef exposed inthe
GuaddupeM ountainsof Texasand New M exico. Themassivewhitecliff at the
top of thepictureisinterpreted asther eef cor e, whilethebedded layer swhich
diptotheright areinterpreted astheforer esf.

The Permian Reef Complex

The huge Permian (Capitan) Reef is among the most, if not the
most, studied fossil reefs. Located in the southwestern United States,
this ring-shaped reef has adiameter of around 200 km, and alength of
over 700 km. Most of the reef lies underground; however, about 40 km
of it are well exposed in the Guadelupe Mountains of Texas and New
Mexico. The upper portion of Figure 3 shows the lighter massive reef
core. This core overlies the fore reef beds that dip downward to the
right. In thisreef configuration the ocean is considered to have beenin
the middle of the ring (right), while the back reef is around the outside
(Ieft). Theworld-famous Carlsbad Cavernsisdissolved right out of the
reef core of this reef.

Interpretations of this structure have had along and varied history
(Cysetal. 1977, Wood et a. 1994). In general, during the earlier part of
this century the Permian Reef was considered to be atrue autochthonous
waveresistant barrier type of reef (e.g., LIoyd 1929, Hayes 1964, King
1948, Newell et al. 1953, and Newell 1955). However, asearly as 1937,
Lang began to question the barrier reef concept. During the past four
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decades a host of authors have questioned the traditional reef interpre-
tation, opting instead for some kind of deposit in deeper water (e.g.,
Achatier 1969; Cys et al. 1977; Dunham 1972; James & Macintyre
1985, p 40; Pray 1977; Babcock & Yurewicz 1989). However, recently
Kirkland-George (1992) and Kirkland-George and others (1993) have
revived the old barrier reef model on the basis of the |ocation of some
fossi| algae that are considered to require alagoonal environment. In
order to have alagoon there must be a barrier reef.

One of the main problemswith the traditional reef interpretation of
the Capitan Reef complex isthelack of reef framebuilders. The massive
reef core consists mainly of fine, calcium-carbonate mud (Fig. 4). The
robust wave-resistant reef frame builders of our present reefs are
missing. There are some sponges but sponges are not known to produce
great reefs; and there is insufficient algae to bind the sediments. A
number of the sponges are bottom side up, interpreted as growing down-
ward from the top surface of cavities in the reef core (Wood et al.
1994). In order to have cavities, the reef structure would have to be
formed first. Because of the abundance of fine sediments, many investi-
gators have concluded that thisis not areef. It is considered to be an

FIGURE 4. Photomicrogr aph of sedimentsfrom ther eef cor e of the Permian
(Capitan) Reef. Notesmall circular and elongated fossil pieces. Thephotois
approximately 25timesnormal size.
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underwater mud bank formed by the accumulation of fine sedimentsin
deeper and quieter waters. Some authors, such as Pray (1977) argue
that the “reef” was always below the surface of the ocean. The mud
bank interpretation fits better with an allochthonousinterpretation than
with an autochthonous one.

A second major problem with the reef concept isthat higher sedi-
mentary layers behind (back reef area) the reef core dip down towards
the core and are associated with the corein away which indicates that
the core must have been below the surface of the ocean when it and the
associated higher sedimentary layerswereformed. Accordingly, the reef
corewas not awave-resistant structure. Severa linesof evidenceindicate
that this relationship is not merely due to tilting of sediments after
deposition (Hurley 1989, Yurewicz 1977, Babcock & Yurewicz 1989).

The Steinplatte Reef

In the High Calcareous Alps of western Austria lies the famous
Steinplatte Reef. This fossil (Triassic) reef forms a dramatic barren
limestone cap that stands above the wooded hillsides. When viewed

FIGURE 5. View from thewest of the Seinplatte Reef in western Austria.
What isconsidered tobetheforereef isthewhitish cliff abovethewooded
hillsides. It ispartially hidden by theclouds. Thereef coreliesbehind the
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from the west (Fig. 5), the main cliff of exposed limestone represents
theforereef. The reef core lies behind and on top of the cliff. The reef
has been studied for over a century. Fossils are abundant, but do not pre-
sent a convincing picture of adefined reef structure. There have been
at least three mgjor studies, each giving different locationsfor themain
parts of the reef (Piller 1981). More recently a geologist restudied the
Steinplatte Reef (Stanton 1988) and pointed out thelack of abiological
skeletal framework necessary to build awave-resistant reef. He charac-
terized the so-called Steinplatte Reef as a“ sandpile,” and commented
further that “ The Steinplatte is not an ecologic reef nor isit easily con-
sidered areef by any other definition.” A sandpile could represent alloch-
thonous deposition.

Nubrigyn Algal Reefs

The Nubrigyn Formation isfound in the lower part of the geologic
column (Devonian) that isexposed in eastern Australia. Thisformation
has gained international prominence (Conaghan et al. 1976, Percival
1985) asaclassic example of reefsformed by algae. Wolf (1965a,b,c,)
reportson several hundred algal reefsfrom thisregion. Hisinterpretation
has been restudied (Conaghan et al. 1976, Mountjoy et al. 1972), and an
entirely different interpretation has been proposed. These algal reefs
do not represent autochthonous structuresthat grew where found. They
represent part of a massive debris flow that carried blocks as large as
1 km across. Evidencefor an allochthonous origin includes avariety of
kinds and sizes of rocks mixed into a dark clay matrix, as would be
expected from amassive debris flow, and evidence for breaking of the
rocks in transport, as seen by their sharp edges (Fig. 6).

Muleshoe Mound

The Muleshoe Mound (Carboniferous) isillustrated in Figure 7. It
isone of anumber of similar structuresfound in southern New Mexico
(Laudon & Bowsher 1941). Muleshoe Mound is about 100 m thick. It
represents one of the many Waulsortian mounds formed of fine lime
mud mentioned earlier. Various names such as bioherm, carbonate buildup,
mound or reef (Heckel 1974) have been applied to these enigmatic
structures. Bolton et al. (1982) and Wilson (1975, p 148-168) review
some of the scientific literature written about these. These mounds are
characterized by acore composed mainly (50-80%) of calcium carbonate
mud. Some are spectacularly conical with relatively steep sides. In some
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FIGURE 6. Debrisflow of theNubrigyn For mation of eastern Australia. Note
thevariety of kindsof rocksfloatingin adark clay matrix asexpected for a
debrisflow. Also notethebroken edgeson thewhitish limestoneblock tothe
left indicating vigor oustransport. Thecoin totheleft givesthescale.

FIGURE 7. M uleshoeM ound, aWaulsor tian limedeposit from the Sacramento
M ountainsin New M exico.
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mounds, the mud core gives evidence of bedded layers (Cotter 1965,
Giles 1995) which can suggest transport of sediments. Pray (1965) has
described the intrusion of dikes into these mounds coming from soft
sediments below them. This indicates that the layers below were still
soft when the intrusion took place. (See Hornbacher 1984 and Roth
1992 for related information.)

Early interpretations of these puzzling structures suggested some
kind of autochthonousbiological buildup, probably by crinoids, algae or
bryozoa (Pray 1958; Wilson 1975, p 160-166), but the scarcity of such
fossilsisaproblem. Some have suggested inorganic cementation (Pray
1969). The most accepted model probably is that these mounds were
formed by the 5 ow all ochthonous accumul ation of fine, water-transported
sediments. Thisaccumulation is often postul ated to have taken placein
deep water below thelevel of destructivewaves. Location of themound
at the base of an underwater slope which could serve as a source of
sedimentisalsofavored (Heckd 1974; Wilson 1975, p 165). Giles(1995),
in studying Muleshoe M ound, has proposed formation by “ massive dope
failureof rapidly accumul ated sediments.” Semi-coherent “glideblocks”
representing the core which had slid downslope were then flanked by
debris flows and turbidites. These flanking sedimentary layers could
also be deposited rapidly.

EVALUATION OF FOSSIL REEFS

While most pal eontol ogists accept the concept that fossil reefsare
true reefs, there is ample room for doubt. Rosen (1990) states that
“Variousfossil structures have come to be called reefs simply because
their features seem to include framework or relief, in the absence of
clear evidencetothe contrary.” Lowenstam (1950, p 438) a so expresses
concern about lack of evidence when he states. “we find in many reef
studiesthat, once we are past the definition, the evidenceistoo often so
inadequate that the reader remains in doubt as to whether or not the
author was dealing with truereefs.” Others*have expressed frustration
at using modern reefsto interpret their ancient counterparts’ (Hubbard
et al. 1990).

The identification of ancient stromatolites mentioned earlier has
also been controversial. The sedimentol ogist Ginsburg (1991) pointsout
that “Almost everything about stromatolites has been, and remains to
varying degrees, controversial.” Stromatolite specialist Hoffman (1973)

Volume 22 — No. 2 97



notes. “ Something that haunts geol ogi stsworking on ancient stromatolites
is the thought that they might not be biogenic at al.” If they are not
biogenic, they would not necessarily berestricted to ad ow autochthonous
biological process. Questions have also been raised about the peculiar
rudist reefs formed by the elongated molluscs referred to above. Gili
et al. (1995) “dispute[the] ... assertion ... that rudist formations commonly
developed as reefs.” It istheir opinion that “individual rudist congre-
gations are volumetrically limited, relative to sediment. They are often
loosely constructed, and they evidently showed little, if any, original
relief” (seeaso Skelton et al. 1995). Intherudist reefsof central Texas,
the organisms in the reef core, which would be expected in growth
position are described in “random position” ; whilethe organismsin the
flank beds, which are more subject to transport and which might be
expected to be morein random position, arereported in “ growth position”
(Robertson 1972). All of these factors raise questions about the authen-
ticity of autochthonous rudist reefs.

Asnoted above, reinterpretations of fossil reefs are not uncommon.
Some of thereinterpretationsreflect the newer trend in geology towards
catastrophic interpretations that allow for rapid geologic changes. This
isin contrast to the older uniformitarian concept which emphasized
slow gradual changesand probably favored an autochthonousinterpre-
tation of many ancient reef-like structures. Mountjoy et al. (1972)
published information that reflects the trend towards catastrophism.
They report on four ancient reef-like structures (including the Nubrigyn
reef) that have been reinterpreted as debris flows. Debris flows form
rapidly.

Probably the most important problem with fossil reefsisthe usual
absence of organisms that would form awave-resistant framework for
the reef. Without this framework, there is no guarantee that the reef
took along timeto grow. The sedimentol ogists Blatt, Middleton & Murray
(1980, p 447) comment on the problem:

Closer inspection of many of these ancient carbonate ‘reefs
reveals that they are composed largely of carbonate mud
with the larger skeletal particles ‘floating’ within the mud
matrix. Conclusive evidence for a rigid organic framework
does not exist in most of the ancient carbonate mounds. In
this sense, they are remarkably different from modern coral-
algal reefs.
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Skeletal particlesfloating in amud matrix could result from relatively
rapid transport asin a debris flow.

FOSSIL REEF TRANSPORT

Thereislittle question that there are major problemswith theidentifi-
cation of fossil reefs. However, can one besurethat thereare no authentic
autochthonous reefs anywhere in the fossil record? One single fossil
reef that would normally have taken many years to grow could negate
the biblical account of beginningswith its requirement that most of the
fossiliferouslayershbe deposited during the year of theflood. To recheck
all identified fossil reefswould not be an easy task, and would require
morethan alifetime. Earlier in this paper reference was madeto reports
of fossi| reefswith frame buildersin apparent position of growth. These
appear as true autochthonous reefs. However, another alternative that
would fit with the creation concept is that some of these reefs grew
that might have grown between the time of creation and the flood.
They could presently be in the position where they grew, or they may
have been massively transported during the upheaval of the flood.

Several investigators have referred to the transport of entire or
major parts of reefs (Cook et al. 1972; Heckel 1974; Hodges & Roth
1986; Newell et al. 1953, Plates 14-2 and 15-1). The more recent in-
terpretations of the Nubrigyn and Muleshoe fossil “reefs’ discussed
above suggest massive transport. Polan (1982) found that assumed
autochthonous “bioherms’ (reefs) in northern Canada were “blocks
derived during catastrophic events.” The same kind of reinterpretation
appliesto “patch reefs’ of the Bone Spring Limestonein western Texas
(Pray & Stehli 1963).

The new theory of plate tectonics with moving continents and
changing ocean floors has added further impetusto concepts of moving
reefs. It isarelatively minor event to move areef compared to moving
acontinent. In some cases both can be related. For instance, a number
of fossil reefshave been described inthe Austrian Alps. The Steinpl atte
described above is one of these. Figure 8 shows another famous fossil
reef region of theAustrian Alps. It haslong been suggested by geologists
that these reefs and their surrounding sedimentary layers camefrom an
ancient Tethys Sea to the south, pushed to the north as Africa moved
towards Europe. How far these sediments and their reefs traveled has
been amatter of conjecture, but recent estimates (Tollmann 1987) suggest
as much as 1000 km.
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FIGURE 8. Looking south intotheDachstein LimestoneabovelL akeGosau in
theAudrianAlps. Thevertical diffs, totheright abovethelake, areinter preted
as areef complex. Some current inter pretations suggest that this entire
limestonefor mation hasbeen transported 1000 kilometer sfrom the south.

Also to be considered within a creation context is the possibility
that some fossil reefs formed between creation and the flood have not
moved with respect to their immediate surroundings. They are presently
located wherethey grew. An example may bethe extensive (Devonian)
reef complex of the Canning basininwestern Australia (Playford 1980).
This complex rests on basement (Precambrian) rocks. Should this
complex turn out to be areal autochthonous structure, it may represent
afossil reef that grew during the many centuries before the Genesis
flood, and it still rests on the basement rocks where it grew.

CONCLUSIONS

It does not appear that fossil reefs present an undebatable time
problemfor thebiblical scenario of arecent creation. Their identification
is often questionable. Many fossil reefs are different from our present
reefs, with 1) adifferent configuration, 2) different kinds of organisms
involvedintheir formation, and 3) anotableabsence of therigid biological
framework necessary for producing areal waveresistant reef structure.
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These structures could be allochthonous, and as such do not present the
serious long-time challenge that slowly growing biological structures
present. They could have been formed by various kinds of sediment
transport events during the year of the Genesisflood. Somefossil reefs
appear to be real autochthonous reefs, and may represent reefs that
grew between creation and the Genesis flood. Autochthonous reefs
may or may not have been moved during some of the catastrophic
changes of that complex flood event.
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