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SUMMARY

An up-dated data base is a matter of importance and
urgency in order for encouraging a process-oriented
approach to the study of reef evolution.

The evolution of reefs is a major section of a Priority
Program of the Deutsche Forschungsgemcinschaft
devoted to 'Global and regional controls of biogenic
sedimentation’. Biological, paleontological and geological
approaches in the study of ancient and modern reefs are

DFG-Schwerpunkt
BIOGENE SEDIMENTATION

needed for providing abetter
understanding of the follow-
ing basic questions:

— Biological and non-bio-
logical processesresponsible
for the construction and destruction of recent reefs, Studies
should be focused on those processes which might also be
regarded as important controls in the history of fossil reefs.
— Paleontological data describing the changes in the biological
controls of reef development over time. Studies should aim for
a better understanding of major crises in the reef ecosystem
during the earth's history.

— Geological factors goveming the short-term and long-term
development of reefs. Studies should be concentrated on the
controls of reef accretion by sea-level fluctuations, climatic
changes and possible changes in early diagenetic factors.

The Reef Bibliography presented includes more than 4000
references dealing with Cambrian to Pleistocene reefs and
more than 750 references referring to processes relevant to the
interpretation of ancient reefs.

The constraints of reef evolution will become clearer
through intensivying comparative studies of reefs of difterent
ages. The new data base should encourage this comparative
research approach.

Rift-Evolution
und
Kreide-Sedimentation

1 CURRENT INTEREST IN REEF RESEARCH

Modern and ancient reefs have been studied for more than
150 years starting with the classic work by Charles Darwin
(1842). Among the first fossil rcefs recognized as such were
the Silurian reefs surrounding the Michigan Basin, thc Devonian
reefs of England and Germany, and the spectacular Triassic
reefs of the Dolomites.

The discovery and production of oil and gas from reef
carbonates in the 50s triggered the interest of geologists and
paleontologists in ancient reefs. The recognition of recent
reefs as a unique and highly sensitive biotope recording short-
and long-term environmental changes led to arapid expansion
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of biological investigations during the last thirty years.
Reefsare the world's largest ‘carbonate factories’. The growth
and demise of reefsduring the earth's history should, therefore,
reflect overall changes in global calcium dioxide dynamics.
Man-made environmental perturbations of modern reefs is
rapidly becoming a large problem (Ktnimann, 1988)
demanding a global monitoring of recent reef ecosystems
(WELLs, 1988).

Diversification of reef research

The broad interest in reefs has been reflected by the
establishment of an International Society for Reef Studies
(which publishes CoraL RegFs) and an increasing number of
international symposia (seven CorAL REerF Symposia since
1969), national meetings and workshops resulting in pro-
ceedings (OLiver et al., 1984; Zeng et al., 1984; SokoLov,
1986; JeLL & PickerT, 1989) and books (SCHUHMACHER, 1976;
Harris, 1983; Scuroeper & Purser, 1986; SoxoLov &
Ivanovsky, 1987; FAGERSTROM, 1987; GELDsETZER et al., 1988)
as well as in special issues of journals (e.g., PALaros, vol. 3/
2, 1988; Facs, vol. 25, 1991). These activities have ac-
celerated the rapid diversification of reefresearchand explain
the predominance of specialists over generalists. General-
izations, however, are necessary for understanding reef
development throughout the geological column.

The Priority Program ‘Global and regional controls of
biogenic sedimentation’: 'Evolution of Reefs’

In 1990 the Deutsche Forschungsgemeinschaft instituted
a Priority Program directed to the study of biological and
geological factors controlling the processes of biogenic
sedimentation.

A major part of this program is devoted to the 'Evolution
of reefs in time'. The specific goals are to provide a better
understanding of the processes controlling reef evolution,
global changes in reef ecosystems, and reef sedimentation.
Today more than thirty projects spanning a time range from
the Devonian to the Holocene are being studied by groups
from about twenty German research institutions.

Investigations of recent tropical reefs (Red Sea and
Indian Ocean, Pacific Ocean, Carribean Sea) and modern
temperate and cold- water bioconstructions (Atlantic, Medi-
terranean) are focused on the processes controlling the
growth rates of reef-building organisms, the carbonate pro-
duction of phototrophic and heterotrophic scleractinian corals,
the long-term dynamics of reef communities, biota and
sedimentation on deeper fore-reef slopes, modern relicts of
ancient reef communities, bryozoan ecology in reefs, the
destruction of reefs by microborers and by hurricanes, as
well as the role of sea-level fluctuations in Holocene reef
development.

Studies of ancient reefs have concentrated on non-actu-
alistic reef types and on global changes in reef biota and reef
types:

Examples of fossil reef types having no recent counterparts
are Devonian and early Carboniferous mud mounds and
Permian stromatolite reefs, Upper Jurassic 'sponge-algal
reefs' as well as Cretaceous rudistid reefs.

Studies of the changes of reef types and biota concern

Devonian reef-builders, reef extinction during the Frasnian/
Famennian crisis as well as the turnover of reef types during
the Permian and Triassic, and during the Cretaceous and
early Tertiary,

2 REEF EVOLUTION: BASIC QUESTIONS

To be successful in better understanding reef evolution,
it is necessary to concentrate on basic questions. A com-
bination of biological and paleontological as well as geo-
logical approaches is needed to answer these questions.

2.1 Different approaches in reef research
2.1.1 Biological aspects

'The ‘reef phenomenon’ is chiefly a ‘biological
phenomenon’ (FAGERsTROM, 1987).

Modemn reefs offer the possibility of studying basic
biological processes responsible for the formation of reef
structures and for recognizing the biological and non-bio-
logical constraints controlling the construction and
destruction of reefs.

It should be kept in mind, however, that recent reefs in
many repects are inadequate models for pre-Cenozoic reefs,
owing to the evolutionary changes in the taxonomic com-
position of reef communities, differences in dominating
guilds and ecological patterns, in the degrees in calcification
of reef organisms and because of the very special situation
following the post-Pleistocene rise of the sea-level.

Keeping in mind this better understanding of reef evo-
lution', we must concentrate on the study of those biological
factors which might also be regarded as controls in the
history of ancient reefs. Some of those biological factors
important for ancient reefs are listed without furthercomment:

—the growth and calcification of reef-building organisms
(zooxanthellate and non-zooxanthellate organisms, light-
saving mechanisms, shallow- und deeper-water reef organ-
isms)

— functional morphology, biomechanics and the mech-
anical resistance of reef organisms (ability of organisms to
act as constructors, bafflers or binders)

— the dynamic aspects of reef development (zonation
patterns, ecologic successions, competitive interactions of
reef organisms)

— nutrients as controls of reef growth and reef demise
(HaLLock & ScHLAGER, 1986)

— microbial activities (including the role of microbes
during early stages of reef diagenesis)

— quantitative aspects of carbonate production (reef
growth, biological and non-biological reef destruction, export
of sediment).

2.1.2 Paleontological aspects

Paleontological studies of ancientreef communities could
contribute 1o a better understanding of the timing and the
impact of significant changes in biological factors and
processes during the earth’s history.

Major questions are:



‘Reef development: just episodes of extinctions and
symbiosis ?’

TaLENT (1988) has argued that the episodicity of reef
building during the earth's history may, in part, reflect
changing pattemns of symbiosis and extinction through time.
Symbiotic algac and light-enhanced calcification are regarded
as the major factors in the development of framework reefs.

This has been emphasized especially for the evolution of
coral reefs during the early Mesozoic (StanLEy, 1981).
Evidence of algal symbiosis in the fossil record, however, is
difficultto find (Coates & JAcksoN, 1987), but some criteria
offer the possibility for testing reef builders and reef dwellers
withregard to the existence of photosynthesis (CoweNn, 1983;
1988). Stable isotopes of oxygen and carbon may assist in
recognizing calcification of reef builders triggered by sym-
biosis, but isotopic data must be handled very carefully
because of vital effects and diagenetic processes (WEFER &
BERGER, 1991).

Role of reef organisms as constructors, bafflers or
binders

Sessile organisms found in ancient reefs' should not be
designed as 'reefbuilders' without interpreting their potential
functional role in the development of reef structures. A
critical use of the 'reef guild concept' (FAGERsTROM, 1987,
1991) provides a very promising approach to defining the
role of reef organisms in spatial resource exploitation
regardless of their geological age. Stepsinreefevolution are
reflected by changing patterns in the composition of guild
structures over time. Becuse these changes might be con-
trolled by extrinsic factors (sea-level fluctuations) studies of
guilds in ancient reefs offer the possibility to recognize
cyclic processes within reef environments as well (GROTSCH
& Buskr, 1991).

Temporal changes in destructive processes

The destruction of reefs is caused by physical processes
(waves, currents; storms and hurricanes) as well as by bio-
erosion. Physical and biological destruction have undergone
changes during the earth'’s history — hurricanes because of
major differences in the climatic situation, and bioerosion
because of the evolutionary changes of destructive organisms.

The activities of the destroyer guild have a major impact
onthe carbonate budgetof reefs (Hurcrings, 1986). Changes
in the type of boring, rasping, crushing and burrowing
organisms would have controlled the time needed in the
formation of reef structures and for the production of 'reef
debris' and other carbonate sediment. Important changes
include differences in the diversity and freqency of rasping
organisms (e.g. fishes) as well as of microborers and macro-
borers overtime (KoBLuk et al., 1978; CameseLL, 1983) and
differences in the strategics used by boring organisms to
search for food or protection. The style of bioerosion seen in
modemn reefs is believed to have occurred as early as the
Tertiary (PLEYDELL & Jongs, 1988) but the ‘evolution of bio-
erosion' is far from being understood (KLEEMANN, 1980). In
addition, distributional patterns of microborings in ancient
reefsare of high value in the reconstruction of paleoenviron-
mental parameters (GLaus, 1988),
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Changes in organisms living in cryptic reef habitats

Inmany modem reefs, growth cavities, shaded undersides
of ledges and growing corals as well as spaces under and
between reef boulders and the interior of vacated boreholes
provide a larger surface area for colonization than the
surface area of the outer reef surface. The life of these cavity-
dwelling organisms is strongly controlled by the reduced
photosynthetic capacity caused by lower light levels, re-
duced access to food resources, and specific kinds of water
movementand sedimentation. Holocene cryptic communities
may be highly diverse and are dominated by bryozoans,
sponges, corals as well as coralline algae, encrusting fora-
minifera, serpulids, vermetids, bivalves, brachiopods, bar-
nacles crinoids and colonial ascidians.

Some of these groups are also represented in the coelo-
bite community of ancient reefs. In addition, many micro-
fossils of uncertain systematic affinities are parts of fossil
cryptic associations. A detailed study of these communities
is necessary because of their probable major impact on the
formation and early diagenesis of Paleozoic and Mesozoic
mud mounds and reef mounds.

Currentinformation indicates an increasing trend towards
a polarization of exposed surface-dwelling and cavity-
dwelling organisms from the Paleozoic to the Mesozoic
(KoBLUK, 1988).

‘Ecological successions in ancient reef ecosystems:
Are theyreal ?*

Copper (1988) has emphasized the importance of dif-
ferentiating between 'ecological successions' characterized
by a gradual change from pioneer to climax phases, which
leads o an increasing biological control of reef environments,
and 'community replacement’ in time, forced by changes of
external factors.

The model postulated by WALKER & ALBERSTADT (1975)
strongly emphasizes the development of successions during
reef growth, Because ecological successions provide a
valuable tool in the recognition of intrinsic biological controls
of reef growth, this model should, however, only be used if
fossil reefs provide enough information on population sizes,
species diversity, tiering, competitive interactions, number
of niches available, area occupied and community structure.

To answer these questions we need sound systematic and
taxonomic data as well as statistically processed field ob-
servations describing the frequency, distribution, taphon-
omy and preservation of reef fossils.

Evolutionary and environmentally controlled changesin
the composition of crust-building associations acting as
binders and encrusters of reef frameworks are of major
importance in the discussion of the influence of short-term
extinction events on reef evolution (Moussavian, 1992).

Surviving reef-builders
Some of the organisms, e.g. coralline sponges, which
were important reefbuilders during the Paleozoic and Meso-
zoic seem to have survived at least on higher taxonomic
levels.
A comparison of the modern relicts with ancient com-
munities is an important approach in the recognition of
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changes in controlling ecological parameters, habitats and
the role as reefbuilders (RermnNer, 1989).

2.1.3 Geological aspects

‘Reefs are unique sedimentary systems’ (TUCKER &
Wricnr, 1990)

Reef dynamics are characterized by an interplay of
biological, physical and chemical factors, governing con-
structive and destructive processes mentioned above as well
as cementation and sedimentation (SCHROEDER & ZANKL,
1974). Geological processes such as sea-level fluctuations,
antecedent topography and climatic changes are reflected in
the long-term and short-term history of reefs.

Reef accretion and sea-level: keep-up, catch-up or
give-up?

Skeletal growth rates of recent coral reefs may be higher
than the time involved for sea-level fluctuations. Reefs and
reef organisms, therefore, should theoretically have the
potential to compensate for sea-level rises (KUHLMANN, 1989),
but in the earth's history they often did not, as shown by the
‘paradox of drowned reefs and platforms’ (ScHLAGER, 1981).
Losses of carbonate sediment from the reef framework and
the export of reef-derived material (HuBBarD et al., 1990) as
well as reduction of reef growth by deterioration or
particularly rapid sea-level rises connected with 'giving-up'
of reef growth could be responsible for this discrepancy.

Drowning is the most spectacular factor in the demise of
Paleozoic and Mesozoic reefs, e.g. during the mid-Cretaceous
{MaTTHEWS et al., 1974; Schiacer & PuiLip, 1990)but de-
pending on differences in relative growth rates and relative
sea-level rises various responses of reef development to a
rising sea-level are possible (BuDDEMEIER & SMiTH, 1988).
These include the formation of retreating or backstepping
reefs (if the rate of sea-level rise is not rapid relative to reef
growth), continued upward accretion of reefs (if the rate of
sea-level rise is approximately equal to the growth rate of the
reef, ‘keep-up reefs’; or 'catch-up reefs' with lag periods,
(JaMEs & MACINTYRE, 1985, NEUMANN & MACINTYRE 1985)
and prograding reefs (if the rate of sea-level rise is less than
the growth rate) responsible in the accretion of carbonate
platforms.

Falling sea-levels will result in the exposure of shaliow-
water reefs (as exhibited by Pleistocene and Holocene reefs,
e.g., TRACEY & LADD, 1974, BrasiER & DoNaHUE, 1985) orin
seawards prograding and downstepping of reefs as ex-
emplified by the Messinian reefs of southeastern Spain
{Dasrio et al., 1981),

Temperature control: Warm- and cold-water reefs

Recent reef-building hermatypic corals occur in 'warm
waters', ranging between 16° and 36° with an optimum of
25°-29° These temperature limits (as well as water depths)
could certainly not be postulated for the wide spectrum of
organisms responsible for the formation of all ancient skeleial
reefs or reef mounds (NELsoNn, 1988). This is impressively
illustrated by recent high-boreal to subarctic red algal reefs
off northern Norway (FReiwALD et al., 1991) and by the

sponge/bryozoan build-ups described from the Vesteris-
banken of the Central Greenland Sea (HenricH et al., 1992).
Studies of ancient ‘cold-water reefs' are just beginning and
should be intensified.

Reef cements

Early diagenetic cementation is the major process
responsible for the initiation of reef growth by consolidation
of the pre-existing substrate and for the formation of a rigid
reef structure with a defined geometry and in places steep
slopes.

Of particular interest in understanding reef evolution are
'cement reefs', common during the Permian and Middle
Triassic (FLogeL, 1989), and characterized by immense vol-
umes of carbonate cements occurring together with 'algal’ or
‘microbial’ crusts and by the rarity or absence of an organic
framework.

Despite the large number of cement types in recent and
ancient reefs (SCHROEDER & Purser, 1986), the ultimate
controls of cementation are still poorly understood.

2.2 'Reefs — just a problem of semantics ?'

'"Reefs have been defined and redefined , classified and
codified, inspected, dissected, investigated and reinvesti-
gated....” (LoNGMAN, 1981) Most authors have an idea of
what reefs are and what they are not, the latter depending on
a more biological or a more geological research approach.
Brarruwarte (1973) has argued that the definition of reefs
might sometimes be predominantly a problem of semantics.

To follow reef development over geological time, ‘reefs’
have to be defined in a very broad and rather simple way. In
order to recognize changes during reef evolution, we have to
compare 'reefs’ of different ages. A restriction of the
comparison to ‘ecologic reefs' (DuNHAM, 1970)would mask
the genetic relationships between frame-builtand non-frame-
built build-ups, e.g. reef mounds and mud mounds.

Forancient reefsit therefore seemsreasonable todesignate
all those structures as 'reefs’ which are characterized by at
least the following features: Biological control during the
formation of the structure (especially by sessile organisms),
rigidity of the structure and a laterally restricted topographic
relief.

Consequently, the data base presented in the reef biblio-
graphy includes references dealing with all kinds of 'reefs":
Ecologic and stratigraphic reefs, skeletal (frame-built) reefs
and non-skeletal reef mounds, mud mounds and microbial
build-ups, bioconstructions, biohermsand biostromes, marine
and non-marine 'reefs', large and very small reefs’, Teefs’
with high- or low-diverse biota, with rapid or low growth
rates, with a high or low amount of sediment and reef
cement.

3 A DATA BASE OF PHANEROZOIC REEFS

We believe that an up-dated data base in the form of areef
bibliography is a matter of importance and urgency for
encouraging a process-oriented approach to reef evolution
research.



3.1 Previous bibliographies

No comprehensive bibliographies of ancient reefs have
been published up to now.

More or less extended reference lists can be found in
publications summarizing the knowledge of reef communities
and reef ecology (WELLs, 1957a, 1957b; FAGERSTROM, 1987)
development of reefs over time (HeckeL, 1974; LAPORTE,
1974; JamEs, 1979; TooMEY, 1981; TaLENT, 1988) reef dia-
genesis (ScHROEDER & PURser, 1986) and reservoir rock
properties (Kuznersov, 1978; Harris, 1983; RoeHL & CHo-
QUETTE, 1985).

3.2 Organization of the new data base

The bibliography consists of two parts.

The first part (Chapter 4.1 with sub-Chapters 4.1.1 to
4.1.11) is devoted to ‘reefs over time', the second part
(Chapter 4.2) to 'processes in reefs and reef models'. Part 1
is subdivided according to geological systems (distinguishing
between the Mississippian and the Pennsylvanian).

This first part contains papers dealing with
— palecology, facies, sedimentology and the development
of reefs
— the distribution of reefs (hence papers focused on region-
al geology have also been included in the bibliography)
— the timing of reef building and of reef crises.

Papers dealing with the following are rarely included or
not at all:
— detailed and specialized paleontological data, e.g.
systematic descriptions of reef-building and reef-dwelling
organisms. Some important paleontological papers
{monographs), however, have beencited inorder to facilitate
a first taxonomic assignment of reef biota.
—references concerning reef diagenesis and the importance
of reef rocks as potential reservoirs

Part 2 (Chapter 4.2) contains references dealing with
those biological and non-biological processes inrecent reefs
which might also have been relevant for ancient reefs:

Chapter 4.2.1 deals with general aspects of modern and
ancient reefs, Chapter 4.2.2 with biological and ecological
aspects and with environmental controls. Chapter 4.2.3
collates references on the calcification, diagenetic modi-
fications and growth of reef-building organisms (including
papersonalgal symbiosis), and growth rates of reefs. Chapter
4.2.4 includes references describing the destruction of reefs
by physical processes, e.g., hurricanes, and bioerosion. The
last part, Chapter 4.2.5, contains papers related to the
development of reef types over time, the evolution of reef
communities and to general 'reef models' describing the
major theoretical controls of reef growth.

The major number of references was collected using an
Apple Macintosh IIsi and Bookends Mac (Version 2) soft-
ware.

Citation
The citations of most of the references are as complete as
possible including author, year of publication, title, journal,
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pages, plates, textfigures, tabies and location of the paper. A
few references are incomplete but have been nevertheless
included because they often contain the only information
available on reefs in remote areas.

3.3 Sources

References on ancient (and modern) reefs have been
compiled by the authors for years, These references comprise
books, symposia and papers published in journals but also
information included only in short abstracts or guide books.
Diploma theses and Ph.D. theses have been also considered
if the results have not been extensively published.

3.4 Cuibono?

When a very first draft of the 'reef bibliography' was
distributed in the Paleontological Institute in Erlangen, an
unknown colleague or student expressed his frustation by
writing ‘cui bono 7' on the first page.

The recognition of general trends in the overall processes
influencing reef evolution requires comparative research.

Comparisons of ancient reefs of various ages were com-
mon up to the 70s. Later on, most authors seem to have
capitulated because of the immense, diffuse and specialized
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Fig. 1. Number of references dealing with Phanerozoic reefs.
Mostof the information available concerns Devonian and Triassic
reefs, followed by Late Paleozoic and Cretaceous reefs.

Note: The Triassic file includes more paleontological references
than the other files. Subtraction of paleontological references
results in a number of about 600 publications for Triassic reefs.
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literature. The increasing bulk of information on ancientand
modem reefs makes an evaluation of the current state of art
difficult, but there is no reason to persist in being frustrated
and to retreat from comparative research:

The reef bibliography, consisting of more than 4800
references (not including recent reefs), provides a sufficient
base for the search and retrieval of relevant information.

Perhaps surprising to some users of the bibliography, no
farther-reaching data processing has been done. This would
counteract the aim of a more comprehensive critical compar-
ison of ancient reef data because computer-derived lists of
references summarizing, e.g., only reefs of a particular Cre-
taceous time interval or only Cretaceous reefs in Europe,
would easily lead the reader down a one-way road.

The bibliography, though comprehensive, is certainly
notcomplete and probably biased with regard to the authors'
own experience but we believe that about 80 % of the
pertinent papers have been included.

Each data base is susceptible to becoming a victim of
critical, sometimes censorious comments complaining of
larger or smaller gaps in the documentation. We suggest the
reef bibliography be assessed by looking at the information
provided rather than by pointing out missing references.
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4 REEF BIBLIOGRAPHY

The reef bibliography contains 4051 references dealing
with ancient reefs and 753 references referring to processes
in modern reefs relevant to the understanding of ancient
reefs. Last entries to the data base January 31, 1992.

English alphabetization hasbeen used, i.e. German vow-
els 4, 0, ii are found at the end of the alphabet.

4.1 Reefsin time

Each section is introduced by short remarks concerning
the state of the art followed by indications of important
papers.

The distribution of reefs is shown on paleogeographical
maps. For the sake of homogeneity the base maps published
by Smrr, HurtEY & BrIDEN (1981) have been used despite
the difficulties arising particularly from continent config-
urations during the Paleozoic (cf. Scotese & McKEerrow,
1990). In interpreting the distributional patterns of reefs in
terms of speculations on paleoequatorial belts or paleoclimatic
situations, one should consider the sometimes only very
approximate location of the ‘reefs’ and the problem of time
averaging.

Most of the information about ancient reefs available
concerns Devonian and Triassic reefs followed by Jurassic
reefs (Fig. 1). Carboniferous, Permian and Cretaceous reefs
are represented by comparable numbers of references.
Silurian and Tertiary reefs are represented by approximately
the same numbers of references. Documentation of Cambrian,
Ordovician and Pleistocene reefs is moderate in comparison
to other Phanerozoic reefs.

Fig. 2. View of a 'genuine’ atoll (after Dana 1851).
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4.1.1 Cambrian

Cambrian reefs are characterized by rather small reef mounds dominanted by the binder guild consisting of often poorly
skeletonized algae and many microproblematica, as well as by archaeocyathids.

Distribution (Fig. 3): Nearly all Cambrian reefs have been found within a narrow belt between 30° S and 30° N of the
Cambrian paleoequator. An exception is the location of reefs in Morocco.

Review articles: AITkeN (1988), James & DEBRENNE (1980), RowLanp (1984), RowLAND & GANGLOFF (1988).

Important papers: BecusTADT & Bont (1990), DesrennE et al. (1989), GANDIN & DEBRENNE (1984), JAMES & Krappa
(1983), Kennarp & James (1986), KosLuk (1988), Moreno-Erris (1987), READ (1980), SeLG (1986).

Paleontological data; Arrken (1967), DEBRENNE, Rozanov & Zuuraviev (1990), PRa1T (1984), RIDING & VORONOVA

(1985).

|
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Fig. 3. Cambrian reef distribution. Base map: Middle Cambrian (SmrTH et al., 1981).
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4.1.2 Ordovician

During the early Ordovician, reef communities were reorganized, algal diversity increased and lithistid demosponges
became important reefbuilders. A profound change took place during the early Middle Ordovician, characterized by the
displacement of the algae by a variety of better-skeletonized metazoa (bryozoans, tabulate corals, sponges) and by an
increase in reef borers.

Distribution (Fig. 5): Most of the Ordovician reefs have been described from Northern America. Many reefs occur south
of the paleoequator, but Fig. 5 should be contrasted with the results of WEBBY (1984).

Reviews: CeciLE (1988), PrrcHEr (1964), WEBBY (1984).

Important papers: ALBERSTADT & ERricksoN (1989), Grovir & Reap (1983), HarrLanD (1981), HarLAND et al. (1987),
HovLAND (1989), JaaNusson (1979), James & Currey (1988), Kapp (1975), KLarpa & JaMmEs (1980), KosLuk & Noor (1990),
PoHLER & NoEL (1989), Pra1T (1988), PRATT & JAMES (1982), READ (1982), RUPPEL & WALKER (1982), STEELE-PETROVICH

(1988), TooMmEY (1970), TooMEY & NrrEck: (1979).

Paleontological data: Kapp & STEARN (1975), LEMonE (1988), NEsTor (1964), RIpING & TooMEY (1972), Ross (1981),
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Fig. 5. Ordovician reef distribution. Base map: Ashgillian (SMiTH et al., 1981).
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4.1.3 Silurian

Silurian reefs include a variety of reef types of different sizes composed predominantly of stromatoporoids as well as

tabulate and rugose corals.

Distribution (Fig. 6): In comparison with the Ordovician the distributional pattern of Silurian reefs seems to be
characterized by concentrations in Northem America (and Australia) near and south of the paleoequator and by occurrences

in central and northern Asia.

Reviews: Bourque (1989), Copper & Brunton (1991), Rmne (1981).
Important papers: ABBOTT (1976), ArcHER et al. (1980), ARCHER & FELDMAN (1986), BOURQUE (1987), BOURQUE & GIGNAC

(1983), Cumings & Surock (1928), Frykman (1984, 1989), Happing (1950), HeEckeL & O'BrieN (1975), Hurst (1980), INGELS
(1963), Jux (1957), Kano (1990), LAuFELD & BasserT (1981), LowenstaM (1950), MANTEN (1971), NARBONNE & DixoN
(1984), Pray (1976), RunrMANN (1971), RUTTEN (1958), Scorrn (1971, 1972), SHAVER & SUNDERMAN (1984), SmosNA &

WARSHAUER (1983), Wartts (1981), WEDEKIND & Tripp (1930).
Paleontological data: BRooD (1976), FAGERSTROM (1983), Kersuaw (1981, 1984, 1990), KersHaw & RIDING (1978), MoRrt
(1968, 1970), NesTor (1966, 1990), Nicor. (1962), RiGy & DixoN {(1979), S1.JeAN (1979), STEL (1978).

Silurian

N

Fig. 6. Silurian reef distribution. Base map: Ludlowian (SMmrTu et al., 1981).

AALoE, A. & NesTor, H. (1977): Bichermal facies in the Juuru Stage (Lower
Llandoverian) in northwest Estonia. — In: Kavro, D. (ed.): Facies and
fauna of the Baltic Silurian. ~ 71-88, Tallinn (Acad. Sci. Estonian SSR,
Inst. Geol.)

AssotT, B.M. (1974): Environmental studies of the Wenlock Limestone
and comparisons with modem Carbonate environments. — Milton
Keynes Open University, Ph.D. Thesis, 1-286, Milion Keyne

AsBotT, B.M. (1975): Implications forthe fossil record of modern carbonate
bank corals. — Geol. Soc. Amer. Bull., 86, 203-204, Boulder

AsBotT, B.M. (1976): Origin and evolution of bicherms in Wenlock
Limestone (Silurian) of Shropshire, England. — Amer. Ass. Petrol.
Geol., Bull,, 60, 2117-2127, Tulsa

AcosTARO, R. & Wames, R.H. (1987): Atypical growth form in laminar
stromatoporoid coenostea, Glasco Member, Rondout Formation (latest



182

Silurian

Silurian). Kingston, southeastern New York. — Geol. Soc. Amer.
Abstracts with Programs, 19, 1 p., Boulder

AwserTi, G.K.B. (1983): Trilobiten des jiingeren Siluriums sowie des
Unter- und Mittel-Devons. — Senckenbergiana lethaea, 64, 1-88, 9 Pls,
10 Figs., Frankfurt

AMINIAN, K., AMER], S. & Bomar, R.M. (1987): Evaluation of Silurian-
Niagaran reef belt in Northeastern Michigan. - SPE Form. Evaluation,
428-434, 5 Figs., S Tab., Richardson

AnTosHKINA, A.L. & Beznosova, T.M. (1981): Stratigraficheskaya priuro-
chennost organogennykh postroek verkhnego silura severa Urala. - In:
Stratigrafiya paleozoya Europeyskoy chasti SSR. ~ Akad. nauk SSSR,
Kmi Filial, Inst. Geol., 3-16, Syktyvkar

ARCHER, A.W., BotTiER, D.J., DrRoSTE, J.B., HorRROWITZ, A.S., KELLY, S M.,
KrisHer, D.L. & Suaver, R.H. (1980): Stratigraphy, structure, and
zonation of a large Silurian reef at Delphi, Indiana. — Amer. Ass. Petrol.
Geol., Bull., 64, 115-131, Tulsa

ARCHER, A.W. & FeLpmaN, H.R. (1986): Microbioherms of the Waldron
Shale (Silurian, Indiana): Implications for organic framework in Silurian
reefs of the Great Lakes area. — Palaios, 1/2, 133-140, § Figs., Ann
Arbor

Aurt, C.H. et al. (1976): Map of Indiana showing thickness of Silurian
rocks and locations of reefs and reef-induced structures. ~Indiana geol.
Surv. Misc. Map Scale 1:500, 22, Bloomington

Baarui, B.G. (1988): Bathymetric co-ordination of proximality: trends and
level-bottom communities: a case study from the Lower Silurian of
Norway. — Palaios, 3/6, 577-586, 6 Figs., Ann Arbor

Bassert, M.G. (1974): Review of the stratigraphy of the Wenlock Series in
the Welsh Borderland and South Wales. — Palacontology, 17,745-777,
London

Basserr, M.G. & Cocxs, LR. (1974): A review of Silurian brachiopods
from Gotland. — Fossils and Strata, 3, 1-56, Oslo

BasserT, M.G. & Rickarps, R.B. (1974): Notes on Silurian stratigraphy and
correlation inthe Oslodistrict.— Norsk Geol. Tidsskr., 51,247-260, Oslo

Bay, T.A. (1983): The Silurian of the Northem Michigan Basin. — Soc.
Econ. Paleont. Min., Core Workshop, 4/16-17, 53-72, 18 Figs., Dallas

Becker, L.E. & KeLLER, S.J. (1976): Silurian reefs of southwestem Indiana
and their relation to petroleum accumulation. —~ Occ. Pap. Indiana geol.
Surv., 19, 1-11, Bloomington

Berry, W.B. & Boucor, A.l. (1973): Glacio-eustatic control of Late
Ordovician - Early Silurian platform sedimentalion and faunal changes.
- Geol. Soc. Amer. Bull., 84, 275-284, Boulder

Buarcava, ON. & Bassi, UK. (1986): Silurian reefal buildups: Spiti
Kinnaur, Himachal Himalaya, India. - Facies, 15, 35-52, Pls. 10-13,4
Figs., Erlangen

BiorLYkkE, K. (1974): Depositional history and geochemical composition
of Lower Paleozoic epicontinental sediments from the Oslo Region. —
Norges Geol. Unders., 308, 1-81, Oslo

BocoyavLEnskaya, O.V. & Loanov, E.Yu. (1990): K pozaniyu drev-
neishikh stromatoporat. — In: Soxorov, B.S. & Zuuravieva, LT.
Iskopaemye problematiki SSSR. - Trudy Akad. Nauk SSSR, Sibirskoe
otdel., 783, 76-87, PL. 27-28, Moskva (Nauka)

BocoyavLenskaya, O.V., VasiLvux, LP. & Guesov, A.R. (1990):
Kharakteristikanekotorykh paleozoiskikh Labechiida (Stromatoporata).
- In: Soxorov, B.S. & Zuuravieva, LT.: Iskopaemye problematiki
SSSR. - Trudy Akad. Nauk SSSR, Sibirskoe otdel., 783, 69-76, P1. 25,
7 Figs., Moskva (Nauka)

Boucor, A.J. (1974): Silurian and Devonian biogeography. —In:Ross, C. A.
(ed.): Paleogeographic provinces and provinciality. — Soc. Econ.
Paleont. Min., Spec. Publ,, 21, 165-176, Tulsa

BourqQug, P.-A. (1972): Le complexe carbonaté de Lefrancois (Membre de
la Formation de Saint-Leon) dans sa région-type. ~ Ministry Natural
Resources, Open File Report GM, 27886, 46 pp., Quebec

BourqQue, P.-A. (1982): An Upper Silurian reefal limestone platform: from
supratidal to marginal slope. —In: Hessg, R., MmbLEToN, G.U. & Rusr,
B.R. (eds.): Guidebook, Excursion 7b: Palcozoic continental margin
sedimentation in the Quebec Appalachians. - Int. Ass. Sediment., 11th
Internat. Congr. Sed., Hamilton, 87-106

BourqQug, P.-A. (1984): Upper Silurian pelletoidal reefs’, Gaspé Pensinsula,
Québec. — Int. Ass. Sediment., Sth Europcan Meeting, Marseille,
Abstract, 72-73, Marseille

BourqQug, P.-A. (1987): Silurian stratigraphy and facies, Port-Daniel/
Gascons and Black-Cape areas, southemn Gaspé Peninsula, Quebec. —
Geol. Soc. Amer. Centennial Field Guide, Northeastemn Sect., 379-
384, 7 Figs., Boulder

Bourque, P.-A. (1989): Silurian reefs. —In: GELDsETzER, H.H.]., JAMES, N.P.
& TeBruTT, G.E.: Reefs, Canada and adjacent areas. -~ Mem. Canad.
Soc. Petrol. Geol., 13, 245-250, 1 Fig., Calgary

BourqQug, P.-A. & Amyor, G. (1989): Stromatoporoid-coral reefs of the

Silurian

upper West Point reef complex, Late Silurian, Gaspe Peninsula,
Quebec. —In: GeLpserzer, H.H.J., James, N.P. & TessutT, G.E.: Reefs,
Canada and adjacent areas. — Mem. Canad. Soc. Petrol. Geol., 13,251-
257, 7 Figs., Calgary

BourQug, P.-A., Amyor, G., DerocHERs, A., GigNac, H., Gosseun, C.,
Lacramere, G. & LaLmerTE, J. Y. (1986): Silurian and lower Devonian
reef and carbonate complexes of the Gaspé Basin, Quebec - a summary.
— Bull. Canad. Geol. Peuol., 34/4, 452-489, 49 Figs., Calgary

BourqQug, P.-A. & Gigrac, H. (1983): Sponge-constructed stromatactid
mud mounds, Silurian of Gaspé, Quebec.—J. Sed. Petrol., 53,521-532,
14 Figs., Tulsa

Bourqug, P.-A. & Lacuamsrg, G. (1980): Stratigraphie du Siturien et du
Devonien basal du sud de la Gaspesie. —Direc. Geol., Es-30, 1-123,59
Figs., Quebec

BourquE, P.-A., MaMmET, B.L. & Roux, A. (1981): Algues siluriennes du
Synclinorium de la Baie des Chaleurs, Québec, Canada. — Revue
Micropaléontologie, 24, 83-126, Paris

BourqQuE, P.-A. & RayMon, L. (1989): Non-skeletal bioherms of the lower
reef complex of the West Point Formation, late Silurian, Gaspe
Peninsula, Quebec. — In: GeELpseTZER, H.H.J., JAMEs, N.P. & TesBUTT,
G.E.: Reefs, Canada and adjacent areas. — Mem. Canad. Soc. Petrol.
Geol., 13, 258-262, 5 Figs., Calgary

Boyaman, G.E. & LaBarsera, M. (1987): Biomechanical analysis of pas-
sive flow of stromatoporoids - morphologic, paleoecologic, and
systematic implications. — Lethaia, 20, 223-229, 4 Figs., Oslo

Brerr, C.E. (1985): Pelmatozoan echinoderms on Silurian bioherms in
Westem New York and Ontario. — J. Paleont., 59/4, 820-838, 9 Figs.,
Lawrence

BroapuursT, F. (1966): Growth forms of stromatoporoids in the Silunan of
Southem Norway. — Norsk. geol. Tidsskr., 46, 401-404, 1 Fig., Oslo

Broop, K. (1976): Bryozoan paleoecology in the Late Silurian of Gotland.
- Palaeogeogr., Palacoclimat., Palaeoecol., 20, 187-208, Amsterdam

BrunTon, F.R. (1991): Late Silurian carbonate buildups of the Barlow [nlet
Formation, castern Comwallis and southwestern Devon islands,
Canadian Arctic Archipelago. — Ph.D. research, Univ. Ottawa

Bruston, F.R. & Corpeg, P. (1991): Early Silurian paich reef complexes of
the Chicotte Formation, Anticosti Island, Quebec. - Bull. Canad.
Petrol. Geol., 39, Calgary

Brunton, F.R. & Dmxon, O.A. (1991): Distribution and morphologic
characters of stromatoporoids in a Late Silurian carbonate platfrom
succession, Canadian Arctic. — 6th int. Symp. on Fossil Cnidaria
including Archaeocyatha and Porifera, Miinster

Brunton, FR. & Dixon, O.A. (1991 in press): Late Silurian reef mounds in
the Barlow Inlet carbonate shelf-slope succession. Canadian Arctic
Archipelago. — In: MonTy, C.V., BRDGEs, P.. & PraTT, B.R. (eds.):
Mudmounds.—Int. Ass. of Sedimentologists, spec. Publ. on Mudmounds

Burk, C.F.Jr. (1964): Silurian stratigraphy of Gaspé Peninsula, Quebec. -
Amer. Ass. Petrol. Geol., Bull., 48, 437-464, Tulsa

ButLer, A.J. (1939): The stratigraphy of the Wenlock Limestone of Dudley.
— Quart. J. Geol. Soc. London, 95, 37-74, London

Carozz, A.V. & Frost, S.H. (1966): Turbidites in dolomitized flank beds
of Niagaran (Silurian) Reef, Lapel, Indiana. —J. Sed. Petrol., 2, 563-
575, 11 Figs., Tulsa

Caroza, A.V. & Huw, 1.B. (1960): Fore-reef petrography of the Silurian
Richvalley reef, Indiana. —J. Sed. Petrol., 30/2,209-217, 5 Figs., Tulsa

Carozz, A.V. & Textorss, D.A. (1963): Les stromatactis des récifs sunens
de I'Indiana sont des Bryozoires. — Arch. Sci. Géneve, 16, 188-192,
Genéve

Carozz, A.V. & ZaDNIK, V.E. (1959): Microfacies of Wabash reef, Wabash,
Indiana. - J. Sed. Petrol., 2972, 164-171, 6 Figs., Tulsa

CeciLe, M.P. & PotTer, A.W. (1988): Upper Ordovician-Lower Silurian
Misty Creek mounds, MacKenzie Mountains, N.W.T. —In: GELDSETZER,
H.H.1.,JamEes, N.P. & TessutT, G.E.: Reefs, Canada and adjacentareas.
—~ Mem. Canad. Soc. Petrol. Geol., 13, 177-182, 8 Figs., Calgary

Cercong, K.K. & Loumann, K.C. (1986): Diagenetic history of Union 8
pinnacle reef (Middle Silurian), Northem Michigan, US.A. — In:
ScHrROEDER, J.H. & PuRrscr, B.H. (eds.): Reef diagenesis. — 381-398,
Berlin (Springer)

Cuerns, L. (1982): Paleokarst, tidal erosion surfaces and stromatolites in
the Silurian Eke Formation of Gotland, Sweden. — Sedimentology, 29,
819-833, Oxford

Cuerns, L. (1983): The Hemse-Eke boundary. Facies relationships in the
Ludlow series of Gotland, Sweden. - Sveriges Geol. Undersék., ser. C,
800, 1-45, Uppsala

Cuow, AM.C. & SteArN, C.W. (1988): Attawapiskat patch reefs, Lower
Silurian, Hudson Bay Lowlands, Ontario. — In: GELDSETZER, H.H.J.,
James, N.P. & Tessutt, G.E.: Reefs, Canada and adjacent areas. —
Mem. Canad. Soc. Petrol. Geol., 13, 263-270, 7 Figs., Calgary



Silurian

CroucH, J.G. & Bropncert, R.B. (1985): Comparative study of the
sedimentology and palececology of middle Paleozoic algal and coral-
stromatoporoid reefs in Alaska. — Proc. Sth Int. Congr. Coral Reefs,
Tahiu, 6, 593-598, 4 Figs., Moroa

CrouacH, J.G. & BLopgeTT, R.B. (1988): Silurian -Devonian algal reef mound
complex of Southwest Alaska. —In: Gerpserzer, H.H.J., JamEs, N.P. &
TeBBUTT, G.E.: Reefs, Canada and adjacent areas. — Mem. Canad. Soc.
Petrol. Geol., 13, 404-407, 7 Figs., Calgary

CoLTER, V.S, (1957): The paleoecology of the Wenlock Limestone. — Univ.
Cambridge, Ph.D. thesis, 1-311, Cambridge

Corper, P. (1978): Palecenvironments and paleocommunities in the
Ordovician-Silurian sequences of Manitoulin Island. - Michigan Basin
geol. Soc., Spec. Paper, 3, 41-61, 10 Figs., 14 Pls.

Corper, P. (1988): Upper Ordovician and Lower Silurian reefs of Anticosti
Island, Quebec. —In: GELDsETZER, H.H.J., JAMES, N.P. & TessUTT, G.E.:
Reefs, Canada and adjacent areas. - Mem. Canad. Soc. Petrol. Geol.,
13, 271-276, 4 Figs., Calgary

Copper, P. & BrunToNn, F.R. (1991): A global review of Silurian reefs. — In:
Basser,M.G., LANE,P.D. & Epwarps, D. (eds.): The Murchison Symp.:
Proceedings of an Intemn. Conf. on the Silurian System. — Spec. Papers
in Palaeontology, 44, London (Palaeont. Ass. London)

Corper, P. & Fay, 1. (1984): Early Llandovenan (Silurian) bioherms of
Ontario, Canada. — Palaeontograph. Americana, 54, p. 413, Ithaca

Corper, P. & Fay, 1. (1988): An early Silurian reef complex, Manitoulin
Island, Northern Ontario. — In: GeLDSETZER, H.H.J., James, N.P. &
TesBUTT, G.E.; Reefs, Canada and adjacent areas. — Mem. Canad. Soc.
Petrol. Geol., 13, 277-282, 6 Figs., Calgary

Coron, C.R. & Textoris, D.A. (1974): Non-calcareous algae in Silunian
carbonate mud-mound, Indiana. —J. Sed. Petrol., 44, 1248-1250, Tulsa

CrosriELD, M.C. & JornsTon, M.S. (1914): A study of ballstone and the
associated beds in the Wenlock Limestone of Shropshire. — Proc. Geol.
Assoc., 25, 193-224, London

CrowLey, D.J. (1973): Middle Silurian patch reefs in Gasport Member
(Lockport Formation), New York. — Amer. Ass. Petrol. Geol., Bull,,
57/2, 283-300, 25 Figs., Tulsa

Currey, R.J. (1988): Lock Haven coral-bryozoan reef, Middle Silurian,
Pennsylvania. — In: GeLoseTZER, H.H.J., JAMES, N.P. & TeBBUTT, G.E.:
Reefs, Canada and adjacent areas. — Mem. Canad. Soc. Petrol. Geol.,
13, 285-287, 2 Figs., Calgary

Currey, R.J. (1988): Alba stromatoporoid-bryozoan reef, Middle Silurian,
Michigan. -In: GeLoserzer, H.H.J.,Jamss, N.P. & TesBUTT, G.E.: Reefs,
Canada and adjacent areas. ~ Mem. Canad. Soc. Petrol. Geol., 13, 288-
289, 2 Figs., Calgary

Currey, R.J. (1988): Drummond Island bryozoan reefs, Lower Silurian,
Michigan. ~In: GeLpserzer, H.H.J., James, N.P. & TesButTT, G.E.: Reefs,
Canada and adjacent areas. — Mem. Canad. Soc. Petrol. Geol., 13,283-
284, 2 Figs., Calgary

Currey, R.J. & Coreeg, P. (1988): Honora Bay broyzoan bioherms, Lower
Silurian, Manitoulin Island, Ontario. — In: GELDsETZER, H.H.J., JAMES,
N.P. & TessutT, G.E.: Reefs, Canada and adjacent areas. — Mem.
Canad. Soc. Petrol. Geol., 13, 290-292, 2 Figs., Calgary

Currey, RJ. & Hewrrt, M.C. (1988): Beck and Sarle bryozoan reefs,
Middle Silurian, Niagara Gorge, Ontario and New York. — In: GeLp-
seTzer, H.H.J., James,N.P. & TeeBUTT, G.E.: Reefs, Canadaand adjacent
areas. ~Mem. Canad. Soc. Petrol. Geol., 13,293-295, 2 Figs., Calgary

Currey,R.J. & TavLor,].F. (1988): Altoona bryozoan -coral-stromatoporoid
reef, uppermost Silurian, Pennsylvania. —In: GeLoserzer, H.H.J., JaMEs,
N.P. & TessutT, G.E.: Reefs, Canada and adjacent areas. — Mem.
Canad. Soc. Petrol. Geol,, 13, 296-298, 2 Figs., Calgary

Cummvgs, E.R. & Surock, R.R. (1928): The geology of the Silurian rocks of
northemn Indiana. — U.S. Dept. Cona. Publ., 75, 226 pp.

Cummics, E.R. & Surock, R.R. (1928): Niagaran coral reefs in Indiana and
adjacent states and their stratigraphic relations. — Geol. Soc. Amer.
Bull., 39, 519-620, Boulder

D’Armonp, D.B. (1980): Thomton quarry deposits: a fossil coral reef ar a
catastrophic flood deposit? A preliminary study. — Creation Research
Soc. Quarn., 17, 88-105

Dk Frerras, T. (1987): A Silurian sphinctozoan sponge from east-central
ComwallisIsland, Canadian Arctic. —Canad. J. Earth Sci., 24, 840-844,
3 Figs., Onawa

DE Frerras, T. (1989): Silurian Archaeoscyphia from the Canadian Arctic:
a case for simplified generic taxonomy in the anthaspidellid lithistids
(Porifera). — Canad. J. Earth Sci., 26, 1861-1879, Onawa

DzeFrerras, T.A. (1990): Stratigraphy, mud buildups, and carbonate platform
development of the Upper Ordovician sequence, Ellesmere, Hans, and
Devonislands, Arctic Canada. —unpubl. Ph.D. thesis, Univ. Ottawa, 16
+ 441 pp., Ottawa

De Frerras, T.A. (1990): 'Mudmounds' in Silurian deep water deposits,

183

Silurian

Canadian Arctic. — 13th Int. Sediment. Congress, Nottingham, Abstracts,
123-124, Nottingham

DesrocHERs, A. & Bourqus, P.-A. (1988): Lower Silurian biostromes and
bioherms of Southern Gaspe, Quebec Appalachians. —In: GELDSETZER,
H.H.J.,James, N.P. & TeseutT, G.E.: Reefs, Canada and adjacent areas.
— Mem. Canad. Soc. Petrol. Geol., 13, 299-303, 5 Figs., Calgary

Dewing, K. & Corper, P. (1988): Early Silurian bioherms, Southampton
Island, N.W.T. - In: GELDsETZER, H.H.J., James, N.P. & TessutT, G.E.:
Reefs, Canada and adjacent areas. — Mem. Canad. Soc. Peirol. Geol.,
13, 304-305, 3 Figs., Calgary

DmxoN, O.A. & Grar, G.C. (1991): Upper Silurian mound complexes on a
shallowing carbonate ramp, Devon Island, Arctic Canada. — Bull.
Canad. Petrol. Geol., 39, Calgary

Dixon, O.A. & Jones, B. (1978): Upper Silurian Leopold formation in the
Somerset-Prince Leopold Islands type area, Arctic Canada. — Bull.
Canad. Petrol. Geol., 26, 411-423, Calgary

Dorosex, S.L. (1987): Petrography, geochemistry, and origin of burial
diagenetic facies, Siluro-Devonian Helderberg Group (Carbonate rocks),
Central Appalachians. — Amer. Ass. Petrol. Geol., Bull,, 71, 492-514,
Tulsa

Drostg,I.B. & SHAVER, R.H. (1977): Synchronization of deposition: Silurian
reef-bearing rocks on Wabash platform with cyclic evaporites of
Michigan Basin. - In: Fisugr, J.H. (ed.) Reefs and evaporites - concepts
and depositionalmodels. — Amer. Ass. Petrol. Geol., Stud. Geol., 5,93-
109, Tulsa

Drostg, J.B. & Suaver, R.H. (1980): Recognition of buried Silurian reefs
in southwestern Indiana: application to the Terre Haute Bank. - J.
Geol., 88, 567-587, Chicago

Einasto, R.E. (1986): Osnovnye stadii razvitiya i fatsilnye modeli
siluriyskogokraevogobasseina Baltiki. —In: Kauo, D.L. & KuaamMany,
E.R. (eds.): Teoriya i opy! ekostratigrafii. — 36-54, Tallinn

ErLoy, R. (1973): Quelques aspects de la sédimentation récifale. — Bull.
Centre Rech. Pau Snpa, 7, 137-142, Pau

ErDTMANN, B.D. & Prezainpowskl, D.R. (1974): Niagaran (Middle Silurian)
interreef fossil burial environments in Indiana. — N. Jb. Geol. Paliont.
Abh., 144, 342-372, 11 Figs., Stuttgan

ErikssoN, C.O. & LaureLp, S. (1978): Philip structures in the submarine
Silurian of northwest Gotland. — Sver. Geol. Unders., 736, 1-30,
Stockholm

FAGERsTROM, J.A. (1983): Paleozoic stromatoporoid palececology: areview. -
Sponges and spongiomorphs: notes for a Short Course. — Univ.
Tennessee, Studies in Geology, 7, 173-177, Nashville

FentoN, C.L. (1931): Niagaran stromatoporoid reefs in the Chicago region.
— Amer. Midland Naturalist, 12, 203-212

FischER, A.G. (1963): Growth patterns of Silurian Tabulataas palaeoclimatic
and palaeogeographic tools. — In: NARN, A.EM. (ed.): Problems in
palaeoclimatology. — 608-615, New York (Interscience)

Fropen, T. (1980): Seismic stratigraphy and bedrock geology of the central
Baltic. - Stockholm Contribut. Geol., 35, 1-240, 97 Figs., Stockholm

Franzen, C. (1977): Crinoid holdfasts from the Silurian of Gotland. —
Lethaia, 10, 219-234, Oslo

Franzen, C. (1984): Ecology and taxonomy of Silurian crinoids from
Gotland. — Diss. Abstract, 45/1, Uppsala

Frirz, M.A. (1970): A microbicherm. —In: CHuRcHER, C.S. (ed.): Essayson
paleontology in honor of Louis Shano Russel. - 18-25, Toronio (Royal
Ontario Mus.)

FrykMaN, P. (1984): Subaerial exposure and cement stratigraphy of a
Silurian bioherm in the Klinteberg Beds, Gotland, Sweden. — Geol.
Foren. Stockholm Forhandl., 107, 77-88, 12 Figs., Stockholm

FrYRMAN, P. (1986): Diagenesis of Silurian bioherms in the Klintberg
Formation, Gotland, Sweden. —In: Scuroeper, J.H. &purser, B.H.:Reef
diagenesis. — 399-423, 8 Figs., 3 Tabs., Berlin (Springer)

FrYKMAN, P. (1989): Carbonate ramp facies of the Klinteberg Formation,
Wenlock-Ludlow transition on Gotland, Sweden. — Sveriges Geol.
Undersokning, Ser. C, Avhandl., 820, 1-79, 38 Figs., Uppsala

G, D. (1979): Differential entrapment of oil and gas in Niagaran pinnacle
reef belt of Northem Michigan. — Amer. Ass. Petrol. Geol., Bull,, 63,
607-620, Tulsa

GiL, D. (1985): Depositional facies of Middle Silurian (Niagaran) Pinnacle
Reefs, Belle River Mills Gas Field, Michigan Basin, southeastern
Michigan. — In: Roest, P.O. & CHoQuETTE, P.W.(eds.): Carbonate
petroleum reservoirs. — 121-139, 9 Figs., New York (Springer)

GoLprING, W. (1938): Algal barrier reef in the Lower Ozarkian of New
York. - N.Y. State Mus. Bull., 315, 75 pp., New York

GraBau, A.W. (1903): Paleozoic coral reefs. — Bull. Geol. Soc. Amer., 14,
337-352, Pls. 47-48, Boulder

GriesT, S.D. & SHaver, R.H. (1981): Geometric and paleoecologic analysis
of Silurian reefs near Celina, Ohio. — Proc. Indiana Acad. Sci., 91, 373-



184

Silurian

390, Indianapolis

Gussow, W.C. (1953): Silurian reefs of James Bay Lowland, Ontario. —
Amer. Ass. Petrol. Geol., Bull,, 37, 2422-2424, Tulsa

Happmg, A. (1941): The pre-Quatemary sedimentary rocks of Sweden. Vi:
Reef limestones. — Lunds Univ. Arsskr., N.F., 37/10, 1-137, Lund

Hapbmvg, A. (1950): Silurian reefs of Gotland. — J. Geol., 58, 402-409, 3
Figs., 1 Tab., Chicago

HappNG, A. (1959): Silurian algal limestones of Gotland. — Lunds Univ.
Arsskr., N.F. 2, 56, 3-25, Lund

HaLreck, M.G. (1973): Crinoids, hardgrounds, and community succession:
the silurian Laural-Waldron contact in southern Indiana. — Lethaia, 6,
239-252, Oslo

Hanken, NM., Oraussen, S. & WorsLEy, D. (1978): Silurian bioherms in
the Oslo region (Norway). — Reef Newsletter, 5, 33-35

Hecker, P.H. & O'Brien, D. (eds.) (1975): Silurian reefs of Great Lakes
Region of North America. — Amer. Ass. Petrol. Geol,, Reprint Ser., 14,
1-243, Tulsa

HepE, J.E. (1925): Berggrunden (Silursystemet). — In: MunThg, H., HepE,
J.E. & VonPosr, L. (eds.): Gotlands geologi. En éversikt. — Sver. Geol.
Unders., SSR. C, 331, 130 pp.

Hepe, J.E. (1940): Berggrunden. - In: Lunpgvist, G., Hepg, J.E. & Sunpius,
N.: Beskrivning till kartladen Visby and lummelunda. ~ Sver. Geol.
Unders., A 183, 1-167

Hepe, J.E. (1960): The Silurian of Gotland. —In: ReoNELL, G. & Heng, J.E.:
The Lower Paleozoic of Scania. The Silurian of Gotland. — 21st Int.
Geol. Congr., Sess. Norden, Geol. Surv. Sweden, 44-87, Stockholm

Hepstrom, H. (1910): The stratigraphy of the Silurian strata of the Visby
district. - Geol. Féren. Stockholm Férhandl., 32, 1455-1484, Stockholm

Hers, R. (1984): Récifs siluriens de Gotland (Suide). ~ 3&¢me Cycle Sci.
Terre, 6.1-6.22, 19 Figs., Bem

Hewrrt, M.C. & Currey,R.J. (1985): Lichenaliid-fistuliporoid crust-mounds
(Silurian, New York - Ontario), typical early Paleozoic bryozoan reefs.
- Proc. 5th Im. Congr. Coral Reefs, Tahitu, 599-604, Moroa

Hiw, D. (1936): Report of coral reef meeting at Wenlock Edge, the Dadley
district and the Oxford district. — Proc. Geol. Assoc.,47, 130-139, London

Hinman, E.E. (1968): A biohermal facies in the Silurian of eastern lowa. —
Report Investigation lowa Geol. Surv., 6, 1-52, 13 Figs., Jowa City

Hobags, L.T. & Roti, A. A. (1986): Orientation of corals and stromatoporoids
in some Pleistocene, Devonian, and Silurian reef facies. — J. Paleont.,
60/6, 1147-1158, 12 Figs, Lawrence

Horrman, A. & Narxiewicz, M. (1977): Developmental pattern of Lowerto
Middle Paleozoic banks and reefs. — N. Jb. Geol. Paliont. Mh., 1977,
272-283, 1 Fig., Swiigart

HoutepaHL, O. (1960): Geology of Norway. — Norges Geol. Unders., 208,
1-540, Oslo

Hucnson, R.C. & Stearn, C.W. (1988): Upper Silurian reefal facies of
Memphremagog-Marbleton area, Eastern Townships, Quebec Appa-
lachians. ~ In: GELpsETzER, H.H.J., JamEs, N.P. & TessutT, G.E.: Reefs,
Canada and adjacent areas. — Mem. Canad. Soc. Petrol. Geol., 13, 306-
315, 7 Figs., 2 Pls,, Calgary

Hugst, .M. (1975): Wenlock carbonate, level bottom, brachiopod-domi-
nated communities from Wales and the Welsh Borderland. — Paleo-
geogr., Paleoclimat., Palececol., 17, 227-255, Amsterdam

HursT, .M. (1980): Paleogeographic and stratigraphic differentiation of
Silurian carbonate buildups and biostromes of North Greenland. —
Amer. Ass. Petrol. Geol., Bull., 64, 527-548, Tulsa

HursT, 1. M., Suessan, P.M. & Panpovrt, J M. (1985): Silurian carbonate
shelf and slope evolution in Nevada: a history of faulting, drowning,
and progradation. — Geology, 13, 185-188, Boulder

Hurst, IM. & SurLyk, F. (1983): Depositional environments along a
carbonate ramp to slope transition in the Silurian of Washington Land,
North Greenland. — Canad. J. Eanh Sci., 20, 473499, Ottawa

IncELs, 1.1 (1963): Geometry, paleontology, and petrography of Thomton
Reef Complex, Silurian of Northeastern llinois. — Amer. Ass. Petrol.
Geol., Bull., 3, 405-440, 16 Figs., 1 Tab., Tulsa

Inners, J.D. (1988): Favositid patch reef, carly Silurian, Allenwood,
Pennsylvania, U.S.A. ~In: GeLpserzer, H.H.J., James, N.P. & TEBBUTT,
G.E.: Reefs, Canada and adjacent areas. — Mem. Canad. Soc. Petrol.
Geol,, 13, 316-318, 4 Figs., Calgary

Jaanusson, V. (1979): Stratigraphical and environmental background. ~In:
JaanussoN, V., LaureLp, S. & SkocLunp, R. (eds.): Lower Wenlock
faunal and floral dynamics - Vaiten. sec. Gotland. — Sver. Geol.
Undersokn. C, 762, 11-38, 13 Figs., Uppsala

JaanussoN, V., LaureLp, S. & SkocLunp, R. (1979): Lower Wenlock faunal
and floral dynamics, Vattenfallet section, Gotland. — Sver. Geol.
Unders., C 762, Stockholm

Jin-Yu, Q. (1990): Llandovery bioherms of Guangyuan (NW. Sichuan)-
Ninggiang (S. Shaanxi) area. — Acta Palaeontologica Sinica, 29/5, 559-

Silurian

566, 1 Fig., 4 Pls., Beijing

Jopry, R.L. (1969): Growih and dolomization of Silurian Reefs, St. Clair
County, Michigan. - Amer. Ass. Petrol. Geol., Bull,, 4, 957-981, 27
Figs., 1 Tab., Tulsa

Jounson, MLE. (1980): Paleoecological structure in early Silurian platform
seas of the North American Midcontinent. - Paleogeogr., Paleoclimat.,
Paleocecol., 30, 191-216, 6 Figs., 7 Tabs., Amsterdam

Jounson, M.E. & Baarwy, B.G. (1987): Encrusting corals on a latest Ordo-
vician to earliest Silurian rocky shore, southwest Hudson Bay, Manitoba,
Canada. — Geology, 15, 15-17, 4 Figs., Boulder

Jounson, M.E. & Lescivsky, H.L. (1986): Depositional dynamics of cyclic
carbonates from the Interlake Group (Lower Silurian) of the Williston
Basin. - Palaios, 1/2, 111-121, 7 Figs., Ann Arbor

Jux, U. ((1957): Die Riffe Gotlands und ihre angrenzenden Sedimenta-
tionsrdume. — Stockholm Contrib. Geol., 1, 41-89, 6 Pls., 11 Figs.,
Stockholm

Jux, U. & Manzg, U. (1979): Glazialeustatisch gesteuerte Sedimentsablaufe
auf dem kaledonischen Schelf (Mittelschweden) an der Wende Ordo-
vizium-Silur. —~ N. Jb. Geol. Paldont. Mh., 1979, 155-180, 7 Figs., 2
Pls., 8 Tabs., Stuttgart

Kantg, C.F. (1974): Nature and significance of Silurian rocks at Maumee
quarry, Ohio. — In: Kesung, R.V. (ed.): Silurian reef-evaporite
relationships. ~ Michigan Basin Geol. Soc. Field Conf. Guidebook,
1974,31-54

KaHig, C.F. (1978): Paich reef development and effects of repeated
subaerial exposure in Silurian shelf carbonates, Maumee, Ohio. — In:
Kesung, R.V. (ed.): Field excursion from the University of Michigan.
— Univ. Michigan Dept. Geol. Sciences and North-Central Sec. Geol.
Soc. Amer., 63-115, Ann Arbor

Kauwo, D. (1970): The Silurian of Estonia (in Russian with English
summary). — Academy Sciences, Estonian $.S.R., Inst. Geology, 343
pp., Tallinn

Kawio, D. (1972): Facies control of the faunal distribution in the Silurian of
the eastern Baltic region. —24th Int. Geol. Congr., sec. 7 (Paleontology),
544-548

Kauo, D. (1977): Facies and fauna of the Baltic Silurian (in Russian with
Estonian and English summaries). — Academy of Sciences, Estonian
S.S.R,, Inst. Geology, 1-286, Tallinn

Kawo,D. & KiaaMann, E. (1982): Communities and biozones in the Baltic
Silurian. — Acad. Sci., Estonian SSR Inst. Geol., 5-123, 32 Figs., 20
Pls.12, Tallinn

Kauo, D. (ed.) (1977): Facies and fauna of the Baltic Silurian (in Russian).
— 286 pp., Tallinn (Acad. Sci. Eston. SSR, Inst. Geol.)

Kano, A. (1989): Deposition and palaeoecology of an Upper Silurian
stromatoporoid reef on southermost Gotland, Sweden. — Geol. 1., 24,
295-315, 19 Figs., London

Kano, A. (1990): Deposition, palaeoecology, and diagenesis of the Silurian
reef-like limestones on Gotland. ~ Meddel. Stockholms Univ. Inst.
Geol. Geokemi (Thesis), 280 pp., Stockholm

Kano, A, (1990): Species, morphologies and environmental relationships
of the Ludlovian (Upper Silurian) stromatoporoids on Gotland, Sweden.
~ Stockholm Contrib. Geol., 42/2, 85-121, 20 Figs., Stockholm

Kersuaw, S (1980): Cavities and cryptic faunas beneath non-reef
stromatoporoids. — Lethaia, 13, 327-338, 8 Figs., Oslo

Kersuaw, S. (1979): Functional and environmental significance of skeletal
morphology in stromatoporoids. — Ph.D. thesis; University of Wales,
Cardiff

Kersuaw, S. (1981): Stromatoporoid growth form and taxonomy in a
Silurian biostrome, Gotland. — J. Paleont., 55, 1284-1295, Lawrence

KErsHaw, S. (1984): Pattems of stromatoporoid growth in level-bottom
environments. — Palaeontology, 27, 113-130, 20 Pls., London

Kersuaw, S. (1987): Gypsum evaporites in the Ludlovian of Gotland. —
Geol. Féren. Stockholm Férhandl., 109/4, 331-333, Stockholm

Kersuaw, S. (1987): Stromatoporoid-coral intergrowths in a Silurian bio-
strome, — Lethaia, 20, 371-380, Oslo

Kersuaw, S. (1990): Stromatoporoid paleobiology and taphonomy in a
Silurian biostrome on Gotland, Sweden. — Palacontology, 33, 681-705,
12 Figs., 2 Tabs., London

Kersuaw, S.1. & RipinG, R. (1978): Parameterization of stromatoporoid
shape. — Lethaia, 11, 233-242, 14 Figs., Oslo

KiARR, J. (1908): Das Obersilur im Kristianiagebiete, — Vis. Selsk. Skr.
Mat.-Nat. K1, 1906, 1-596

Kraamann, E.R. (1962): Rasprostranenie Ordovikskikh i Silurijskikh
tabuljat Estonii (s opisaniem nekotorykh novykh vidov). — Trudy Inst.
Geol. Akad. Nauk Est. $.S.R., 10, 149-172, Tallinn

KosLuk, D.R. (1977): Disorientation of Paleozoic hemipherical corals and
stromatoporoids. — Canadian J. Earth Sci., 14, 2226-2231, Ouawa

KosLur, D.R. (1980): The record of cavity-dwelling (coelobiontic) organisms



Silurian

in the Paleozoic. — Canadian J. Earth Sci., 18, 181-190, Ottawa

Krasnov, Y. V., Stepanov, S.A. & Ratanov, L.S. (1986): Rifovye sistemy
srednego paleozoya Sibiri. — In: Kawo, D.L. & KiaaMann, E.R. (eds.):
Teoriya i opyt ekostratigrafii. — 237-244, Tallinn

Lancean, R. & Precker, A. (1986): Zur Petrogenese und Genese des
Thiiringer Ockerkalkes (Silur).—Hall Jb.f. Geowiss., 11,49-63,16 Figs.,
Gatha

Laurmrp, 8. (1974): Reference localities for paleontology and geology in
the Silurian of Gotland. — Sver. Geol. Unders., ser. C, 705, 1-172,
Stockholm

LavureLp, S. (1974): Silurian Chitinozoa from Gotland. — Fossils Strata, 5,
1-130

LaureLp, S. & Bassert, M.G. (1981): Gotland: the anatomy of a Silurian
carbonate platform. — Int. Union Geol. Sci., 1981/2, 5 pp., 10 Figs.,
Ottawa

LecompTe, M. (1938): Quelques types de récifs siluriens et Dévonens de
I'Amérique du Nord, Essai de comparasion avec les récifs coralliens
actuels. — Mus. royale histoire nat. Belgique Bull., 14,51 pp., Bruxelles

Lenmann, P.J. & Simo, A. (1988): Depositional facies and diagenesis of the
Pipe Creek Jr. Reef, Silurian, Great Lakes Region, Indiana. — In:
GELDSETZER, H.H.J., James, N.P. & TessuTT, G.E.: Reefs, Canada and
adjacent areas. —Mem. Canad. Soc. Petrol. Geol., 13, 319-329, 7 Figs.,
1 Tab., Calgary

LELEsHus, V.L. (1970): Position of the equator during Late Ordovician,
Silurian and Early Devonian times given by tabulate corals. - Doklady
A N. Tadjik. SSR, 41-43, Duzhanbe

Letesnus, V.L. (1982): Ekologiya rannedevonskikh korallov Shishkata
(Centralnyi Tadzhikistan). — Paleont. Zhurnal, 198273, 3-8, 2 Figs.,
Moskva

Liiepant, L. (1985): Ecological aspects of a silicified bivalve fauna from
the Silurian of Gouand. — Lethaia, 18, 53-66, Oslo

LinpsTROM, G. (1884): On the Silurian gastropodaand pteropoda of Gotland.
-Kongl. Svenska Vetens.-Akad. Handlingar, 1884, 1-250, Stockholm

Lowenstam, H.A. (1948): Biostratigraphic studies of the Niagaran inter-
reef formations in northeastern llinois. — Illinois State Mus. Sci.
Papers, 4, 146 pp.

Lowenstam, H.A. (1948): Marine pool, Madison County, Tllinois, Siturian
reef producer. Structure of typical American oil field. ~ Amer. Ass.
Petrol. Geol., Bull., 32/3, 153-188, 19 Figs., Tulsa

Lowenstam, H.A. (1949): Facies analyses of the Niagaran rocks of lllinois.
- IMinois Acad. Sci. Trans., 42, 113-115

LowenstaM, H.A. (1949): Niagaran reefs in Tllinois and their relation 1o oil
accumulation. — Illinois Geol. surv. Rept. Inv., 145, 36 pp.

LowenstaM, H.A. (1950): Niagaran reefs of the Great Lakes area. —J. Geol.,
§8, 430-487, 11 Figs., 3 Pls., Chicago

LowensTaM, H.A. (1957): Niagaran reefs in the Great Lakes area. — Geol.
Soc. Amer. Mem., 67, 215-249, 4 Figs., Boulder

Ma, TinGg-YING, H. (1943): The climate and relative position of continents
during the Silurian period as determined by the growth rate of corals.
- Research on the Past Climate and Continental Drift, vol. 2

Ma, Ting-Ying, H. (1956): A reinvestigation of climate and the relative
positions of continents during the Silurian. - 8th Pacific Sci. Congr.,
Proc., 10, 1-92, 56 Tabs.

MacNEw, F.S. (1954): Organic reefs and banks and associated detrital
sediments. — Amer. J. Sci., 252, 384-401, New Haven

ManTen, A.A. (1962): Some middle Silurian reefs of Gotland. — Sedi-
mentology, 1, 211-234, Amsterdam

ManTeNn, A.A. (1971): Silurian reefs of Gotland. - Dev. Sediment., 13, 1-
539, Amsterdam (Elsevier)

Martmvsson, A. (1967): The succession and correlation of the ostracode
faunas in the Silurian of Gotland. - Geol. Foren. Stockholm Férhandl.,
89, 350-386, Stockholm

Mavr, U. (1976): Middle Silurian reefs in southern Peary Land, North
Greenland. — Bull. Canad. Petrol. Geol., 24, 440-444, Calgary

McGovnEy, J.E. (1988): Thorton reef, Silurian, Northeastern Dlinois. — In:
GevLpserzer, H.H.J., James, N.P. & TessutT, G.E.: Reefs, Canada and
adjacent areas. — Mem. Canad. Soc. Petrol. Geol., 13,330-338, 5 Figs.,
Calgary

Mckerrow, W.S. (1979): Ordovician and Silurian changes in sealevel. — J.
Geol. Soc. London, 136, 137-145, London

MesoLeLLA, K.J.,RoBison, 1.D,McCormick, LM, & Ormiston, A R. (1974):
Cyclic deposition of Silurian carbonates and evaporits in Michigan
Basin. — Amer. Ass. Petrol. Geol., Bull,, 58/1, 34-62,24 Figs., 1 Tab.,
Tulsa

Mori, K. (1968): Stromatoporoids from the Silurian of Gotland, 1. -
Stockholm Contrib. Geol., 19, 1-100, Stockholm

Mori, K. (1970): Stromatoporoids from the Silurian of Gotland, 2. —
Stockholm Contrib. Geol., 22, 1-152, Stockholm

185

Silurian

Mory, K. (1978): Stromatoporoids from the Silurian of the Oslo Region,
Norway. — Norsk geol. Tidskrift, §8/2, 121-144, 11, Oslo

Mors, K. (1982): Coelenterate affinity of stromatoporoids. — Stockholm
Contrib. Geol. (Hessland vol.), 167-179, Stockholm

Mouier, N.K. (1987): A lower Silurian transgressive carbonate succession
inRingerike (OsloRegion, Norway).-Sed. Geal., 51,215-247,26 Figs.,
Amsterdam

Narsonne, GM. & Dxon, O.A. (1984): Upper Silurian lithistid sponge
reefs on Somerset Island, Arctic Canada. — Sedimentology, 31, 25-50,
15 Figs., Oxford

NarBONNE, G.M. & Dixon, O.A. (1988): Sponge-dominated reef mounds in
the Douro Formation (Upper Silurian) of Somerset Island, NW.T. - In:
GELDSETZER, H.H.J., JaMEs, N.P. & TeeBUTT, G.E.: Reefs, Canada and
adjacent areas. ~ Mem. Canad. Soc. Petrol. Geol., 13,339-343, 5 Figs.,
Calgary

NEevLson, S.J. & Jounson, R.D. (1966): Geology of the Hudson Bay Basin.
~ Bull. Canad. Petrol. Geol., 14, 520-578, Calgary

Nesmor, K.E. (1986): Rody stromatoporat v obrazovanii organogennikh
postroek rannego paleozoya. — In: Sokiov, B.S. (ed.): Fanerozoiskie
rify i korally SSSR. — Akademia nauk SSSR, Otdel. geol., geofiz.,
geokhim. i gomykh nauk, 202-208, Moskva

Nestor, H. (1964): Stromatoporoidei Ordovika i Llandovery Estonii. —
Acad. Sciences, Estonian S.S.R., Inst. Geology, 1-112, 32 Pls., 37
Figs., Tallinn

Nestor, H. (1966): Stromatoporoids from the Wenlock and Ludlow of
Estonia (in Russian).— Acad. Sci., Estonian SSR Inst. Geol., 1-87, Tallinn

NesTor, H. (1977): On the ecogenesis of the Paleozoic stromatoporoids
from the Moiero River, north of the Siberian Platform. —In: 2nd Symp.
int. sur les coraux et recifs coralliens fossiles. — Mem. Bur. Rech. Geol.
Min., 89, 249-254, Paris

Nestor, H. (1984): Autecology of stromatoporoids in Silurian cratonic
seas. ~ Spec. Papers in Palaeontology, 32, 265-280, 11 Figs., London

Nestor, H. (1990): Biogeography of Silurian stromatoporoids. — In:
McKerrow, W.S. & Scotesg, C.R. (eds.): Palacozoic palaeogeography
and biogeography. — Geol. Soc. Mem., 12, 215-221, 2 Figs., 4 Tabs

Nestor, H. & EmNasto, R. (1977): Fatsialno-sedimentologicheskogo model
siluriiskogo paleobaltiiskogo perikontinentalnogo basseina (Facies-
sedimentary model of the Silurian Paleobaltic pericontinental basin).
— In: Fatsii i fauna Silura Pribaltiki. — 89-121, 8 Pls., 5 Figs., Tallinn
(Akad. Nauk Eston. Ssr, Inst. Geol.)

Nestor. H (1986): Role of stromatoporoids in the building of Early
Palaeozoic reefs. — In: SokoLov, B.S. (ed.): Fanerozoiskie rify i korally
SSSR. - Trudy Vsesoyuz. symp. po korallam i rifam, Dushanbe 1983,
202-208, Moskva (Nauka)

NeuMan, B. & Kersnaw, S. (1991): Excursion al: Gotland/Sweden. Silurian
reefs and coral bearing strata. —6th Int. Symp. Fossil Cnidaria including
Archacocyatha and Porifera, 111 pp., 55 Figs., 2 Tabs., Miinster

NicoL, D. (1962): The biotic development of some Niagaran reefs - an
example of an ecological succession or serie. - J. Paleont., 36, 172-176,
Lawrence

NIELD, E. (1982): The earliest Gotland reefs: two bioherms from the Lower
Visby Beds (Upper Llandovery). ~ Palacogeography, Palaeoclimato-
logy, Palacoecology, 39, 149-164, Amsterdam

Nierp, E.W. (1984): The boring of Silurian Stromatoporoids - towards an
understanding of larval behaviour in the Trypanites organisms. —
Palacogeogr., Palaeoclimatol., Palaeoecol., 48/2-4, 229-243, Am-
sterdam

NieLp, E.W. (1986): Non-cryptic encrustation and pre-burial fracturing in
stromtoporoids from the Upper Visby Beds of Gotland, Sweden. —
Palaeogeogr., Paleoclimatol., Palaeoecol., §5,35-44, 1 Fig., Amsterdam

NosLg, J.P.A. (1976): Silurian stratigraphy and paleogeography, Pointe
Verte area, New Brunswick, Canada. — Canad. J. Earth Sci., 13, 537-
546, Onawa

NosLg, J.P.A. (1985): Occurrence and significance of late Silurian reefs in
New Brunswick. — Canad. J. Eanth Sci., 22, 1518-1529, Ounawa

Noseg, J.P.A. (1988): The late Silurian Laplante reefs of northem New
Brunswick, Canada. - In: GELDsETZER, H.H.J., JaAMEs, N.P. & TeBBUTT,
G.E.: Reefs, Canada and adjacent areas. — Mem. Canad. Soc. Petrol.
Geol., 13, 344-349, 4 Figs., Calgary

Penn, 1.S. (1971): Bioherms in the Wenlock Limestone of the Malvem area
(Herefordshire, England). — Bur. Rech. Geol. Minier. Memoire, Coll.
Ordovicien-Silurien, 129-137, Orleans

Puncox, M.E. (1972): Burial of reefs by shallow-watercarbonates, Silurian
Gower Formation, Iowa, U.S.A. — Geol. Rundschau, 61, 686-708,
Stuttgan

PickerT, J. (1969): Middle and Upper Palaeozoic sponges from New South
Wales. - Mem. Geol. Surv. New S-Wales, Palaeont., 16, 1-24, 7 Figs.,
11 Pls.



186

Silurian

P1ckerT, J. (1975): Continental reconstructions and the distribution of coral
faunas during the Silurian. - J. and Proc. Roy. Soc. New South Wales,
108, 147-156

PooLg, F.G., SANDBERG, CH.A. & BoucoT, A.J. (1977): Silurian and Devonian
paleogeography of the Western United States. — Paleozoic Paleo-
geography Symposium of Soc. Econ. Paleont. Min., 1, 35-69, Los
Angeles

Pray, L.C. (1976): The Thorton Reef (Silurian), Northeastern Illinois, 1976
revisitation. — Geol. Soc. Amer. North-Central Sect., Guidebook, 1-30,
8 Figs., Kalamazoo

RegnELL, G. (1960): The Lower Paleozoic of Scania. — In: RecNeLL, G. &
Hepg, J.E.: The Lower Paleozoic of Scania. The Silunan of Gotland. —
21st Int. Geol. Congr., Sess. Norden. Guidebook, 44-87

Ribmg, R. (1981): Composition, structure and environmental setting of
Silurian bioherms and biostromes in northern Europe. — In: TooMEY,
D.F.: European fossil reefs models. — Soc. Econ. Paleont. Min., Spec.
Publ., 30, 41-85, 55 Figs., Tulsa

RibonG, R. & Warrs, N. (1981): Silurian algal reef crest in Gotland. —
Naturwiss., 68, 91-92, Heidelberg

Ripmg, R. & Warrs, N. (1983): Silurian Renalcis? (cyanophyte) from reef
facies in Gotland (Sweden). — N. Jb. Geol. Palédont. Mh., 1983/4,242-
248, Stuttgan

Riary, 1.K. (1991): Evolution of Paleozoic heteractinid calcareous sponges
and demosponges - pattemns and records. — In: REITner, I. & Keuep, H.
(eds.): Fossil and recent sponges. — 83-101, 15 Figs., Berlin (Springer)

Ricay, J.K. & Dxon, O.A. (1979): Sponge fauna of the upper Silurian Read
Bay formation, Somerset Island, district of Franklin, Arctic Canada. —
J. Paleont., 53, 587-627, Lawrence

Ross, JR.P. (1964): Morphology and phylogeny of early Ectoprocta
(Bryozoa). — Geol. Soc. Amer. Bull., 75, 927-948, Boulder

RoturLerz, A. (1913): Uber die Kalkalgen, Spongiostromen und einige
andere Fossilien aus dem Obersilur Gotlands. — Sver. Geol. Unders., 1 -
57, Stockholm

RunrMANN, G. (1971): Riff-nahe Sedimentation paldozoischer Krinoiden-
Fragmente. — N. Jb. Geol. Paldont. Abh., 138, 56-100, 22 Figs., Stutt-
garnt

Rutten, M.G. (1958): Detailuntersuchungen an Gotlandischen Riffen. —
Geol. Rundschau, 47, 359-384, Stuttgart

Sacars, M.T. & LiopeLL, W.D. (1988): Microhabitat analysis of Silurian
stromatoporoids as substrata for epibionts. — Palaios, 3/4, 391-403, 4
Figs., 5 Tabs., Ann Arbor

Savacg, T.E. & Van TuyL, F.M. (1919): Geology and stratigraphy of the
area of Paleozoic rocks in the vicinity of Hudson and James bays. —
Geol. Soc. Amer. Bull., 30, 339-378, Boulder

Savarp, M. & Bourqug, P.-A. (1989): Diagenetic evolution of a Late
Silurian reef platform, Gaspé Basin, Quebec, based on cathodolu-
minescence petrography. — Canad. J. Earth Sci., 26,791-806, 17 Figs.,
Ouawa

ScorriN, T.P. (1965): The sedimentology of the Wenlock Limestone. —
Univ. Wales, Ph.D. Thesis, 1-208, Swansea

Scorry, T.P. (1971): The conditions of growths of the Wenlock reefs of
Shropshire, England. — Sedimentology, 27, 173-219, Oxford

Scorrin, T.P. (1972): Cavities in the reefs of the Wenlock Limestone (mid-
Silurian) of Shropshire, England. — Geol. Rundschau, 61, 565-578,
Stuttgart

Scrutton, C.T. (1987): A review of favositid affinities. — Palaeontology,
30, 485-492, London

Sears, $.0. & Lucia, F.J. (1979): Reef-growth model for Silurian pinnacle
reefs, northen Michigan reef trend. — Geology, 7, 299-302, Boulder

Skars, $.0. & Lucia, F.J. (1980): Dolomitization of northem Michigan
Niagara reefs by brine refluxion and freshwater/seawatermixing. —In:
Zencer, D.H., Duntam, J.B. & EtningtoN, R.L.: Concepts and models
of dolomitization. —Soc. Econ. Paleont. Min., Spec. Publ., 28,215-235,
Tulsa

SenowBARI-DarYAN, B. (1991): ‘Sphinctozoa' an overview. — In: REITNER, J.
& Keupe, H. (eds.): Fossil and recent sponges. — 224-241, 8 Figs.,
Berlin (Springer)

Serkosky, J.J. (1968): A Niagaran reef complex near Monon, Indiana. ~
Notre Dame Sci. Quant., 1968, 11-13

Suargova, T.T. (1986): Zakonomemosti rifoobrazovaniya v siluriyskikh n
devonskikh basseinakh yughnoi Mongolii. — Trudy sovmestn. sovetsko-
mongolsk. paleontol. Ekspeditsiya, 29, 70-77, Moskva

SHAarMA, G.D. (1966): Geology of Peters Reef, St. Clair County, Michigan.
— Amer. Ass. Petrol. Geol., Bull,, 2, 327-350, 20 Figs., 2 Tabs., Tulsa

Suaver, R.H. (1974): Silurian reefs of Northem Indiana: reef and interreef
macrofaunas. — Amer. Ass. Petrol. Geol., Bull., 58, 934-956, 10 Figs.,
1 Tab., Tulsa

Suavir, R.H. (1976): Silurian reefs, interreef facies, and faunal zones for

Silurian

northem Indiana and northeastern Ilinois. — Western Michigan Univ.
and North-Central Sec. Geol. Soc. Amer. Guidebook (Indiana portion),
37 pp

SHAVER, R.H. (1977): Silurian reef geometry - new dimensions to explore.
~I. Sed. Petrol., 47/4, 1409-1424, 29 Figs., Tulsa

SHAVER, R.H. & SunpermMaN, J.A. (1982): Field Trip No. 5: Silurian reefs at
Delphi and Pipe Creek Ir. Quarry, Indiana, with emphasis on the
question of deep vs. shallow water. — 16th Ann. Meeting North-Central
Sect. Geol. Soc. America, Field Guidebook, Fort Wayne (Perdu Univ.
Dep. Geosciences)

Suaver, R.H. & SunperMaN, J.A. (1989): Silurian seascapes: water depth,
clinotherms, reef geometry, and other motifs - a critical review of the
Silurian reef model. — Bull. Geol. Soc. Amer., 101, 939-951, Boulder

SHAVER, R.H. et al. (1983): Silurian reef and interreef strata as responses to
a cyclical succession of environments, southern Great Lakes area. — In:
SHAVER, R.H. & SunpermaN, J.A. (eds.): Field trips in Midwestemn
Geology: Guidebook. — Ann. Mtg. Geol. Soc. Amer., Indianopolis,
141-196

SHEEHAN, P.M. (1975): Brachiopod synecology in a time of crisis (Late
Ordovician-Early Silurian). - Paleobiology, 1, 205-212, Chicago

SHERGOLD, 1. H. & BASSETT, M.G. (1970): Facies and faunas at the Wenlock-
Ludlow boundary of Wenlock Edge, Shropshire. —Lethaia, 3, 113-142,
Oslo

Surock, R.R. (1939): Wisconsin Silurian bicherms (organic reefs). - Geol.
Soc. Amer. Bull., 50, 529-562, Boulder

Suuisky, V.P. (1981): Faisialno - litologicheskie osobennosti verkhne-
silurskiiskogoinishnedevonskogorifov na zapadnom sklone sevemnogo
Urala.—In: SapeLNKOV, V.P. & CHuvastov, V.I.(eds.): Biostratigrafiya
i fauna srednego Paleozoya Urala. — Akad. Nauk SSSR uralsk. nauchn.
sentr., 96-110, 10 Figs., Sverdlovsk

Snusky, V.P. (1983): Verkhnesilurskii i nishnedevonskii rifovye kompleksy
zapadnogo sklona Urala. — Akad. Nauk SSSR, Uralski nauchny sentr,
1-83, 7 Figs., Sverdlovsk

Smosna, R.A. & Maxwerr, T.C. (1988): Stromatoporoid reefs and banks in
the Silurian of the Appalachian basin. —In: GELDSETzER, H.H.J., JamEs,
N.P. & TessutT, G.E.: Reefs, Canada and adjacent areas. — Mem.
Canad. Soc. Petrol. Geol., 13, 350-355, 5 Figs., Calgary

Smosna, R.A. & Patcuen, D. (1980): Niagaran bicherms and interbioherm
deposits of western West Virginia. — Amer. Ass. Petrol. Geol., Bull.,
64/5, 629-637, Tulsa

SmosNa, R.A. & WarsHAUER, S.M. (1983): Environment analysis of a
Silurian patch reef, Lockpornt Dolomite of West Virginia. — Soc. Econ.
Paleont. Min. Core Workshop, 4/16-17, 26-52, 9 Figs., Dallas

SoDerMAN, J.W. & Carozzi, A V. (1963): Petrography of algal biohermsin
Burnt Bluff Group (Silurian), Wisconsin. — Amer. Ass. Petrol. Geol.,
Bull., 47, 1682-1708, Tulsa

Soia, C.M. (1991): Origin of Silurian reefs in the Alexander Terrane of
Southeastern Alaska. — Palaios, 6, 111-125, 8 Figs., Lawrence

SoNDERHOLM, M. & HARLAND, T.L. (1988): Franklinian reef belt, Silurian,
North Greenland. —In: GeLpserzer, H.H.J., JaMEs, N.P. & TesruTT,G.E.
Reefs, Canada and adjacent areas. — Mem. Canad. Soc. Petrol. Geol,,
13, 356-366, 14 Figs., Calgary

SONDERHOLM, M. & HARLAND, T L. (1988): Latest Ordovician-earliest Silurian
carbonate mounds, Western Newfoundland. —In: GeLpseTzER, H.H.J.,
James, N.P. & Tessutr, G.E.: Reefs, Canada and adjacent areas. —
Mem. Canad. Soc. Petrol. Geol., 13, 241-244, 2 Figs., Calgary

SorauF, J.E. (1974): Growth lines on tabulae of Favosites (Silurian, Jowa).
—J. Paleont., 48/3, 553-555, Lawrence

SQURRELL, H.C. & TuckEer, E.V. (1960): The geology of the Woolhope
Inlier, Herefordshire. — Quart. I. Geol. Soc. London, 116, 139-185,
London

St.JeaN, ] (1969): Paleobiological considerations of reef stromatoporoids.
— Proc. North Amer. Paleont. Convention, Chicago, 2, 1389-1429, 42
Figs., Lawrence

Staurrer, K.W. (1968): Silurian-Devonian reef complex near Nowshera,
West Pakistan. ~ Geol. Soc. Amer. Bull., 79,1331-1350, 8 Pls., 7 Figs.,
Boulder

StEArN, C.W. (1983): Stromatoporoids: growth and form, classification,
affinity with modem organisms, in sponges and spongiomorphs; Notes
for a short course. — Univ. Tennessee, Studies in Geol., 7, 141-165,
Nashville

SteL, J.H. (1978): Environment and quantitative morphology of some
Silurian tabulates from Gotland. — Scripta Geol., 47, 1-75, 4 Pls., Lei-
den

S1EL, T.H. (1978): Studies on the palcobiology of favositids. — Netherlands,
Univ. Groningen, Ph.D. Thesis, 1-247, Groningen

STEL, J.H. (1978): Environment and quantitative morphology of some
Silurian tabulates from Gotland. — Scrnipta Geol., 47, 1-75, Leiden



Silurian/Devonian

SteL, J.H. & Dk Coo, J.C.M. (1977): The Silurian Upper Burgsvik and
Lower Hamra-Sundre Beds, Gotland. - Scripta Geol., 44, 1-43, Leiden

SteL, LH. & Stogp, E. (1982): Interspecifiece Relaties en Boringenin einige
Silurische Stromatoporen (Interspecific relationships and cavities in
some Silurian stromatoporoids). — Grondoor en Hamer, 11-23

Stock, C.W. & Houmss, A.E. (1986): Upper Silurian/Lower Devonian
Stromatoporoidea from the Keyser Formation at Mustoe, Highland
County, west-central Virginia, — J. Paleont., 60/3, 555-580, S Figs.,
Lawrence

Stockpatg, P.B. (1931): Bicherms in the Borden group of Indiana. — Geol.
Soc. Amer. Bull., 42, 707-718, Boulder

SuNDERMAN, J.A. & MATHEWS, G.W. (1975): Age and origin of clastic dikes
in Silurian reefs of northern Indiana. — In; SUNDERMAN, J.A. & MATHEWS,
G.W. (eds.): Silurian reef and interreef environments of northem
Indiana. — Indiana Univ., Dept. Earth Sciences and Great Lakes Sec.
Soc. Econ. Paleont. Miner., 72-83, Fort Wayne

SuNnpERMAN, J.A. & MaTuews, G.W. (eds.) Silurian reefs and inmerreef
environments. - Indiana Univ., Dept. Earth Sciences and Great Lakes
Sec. Soc. Econ. Paleont. Miner., 94 pp., Fort Wayne

Swarp, M. & BourqQui, P.-A. (1989): Diageneticevolution of a Late Silurian
reef platform, Gaspé Basin, Quebec, based on cathodoluminescence
petrography. — Canad. J. Eanh Sci., 26/4, 791-806, 17 Figs., Ottawa

TaHRkELL R.A K. (1969): Another Paleozoic reef discovery in Tangi Ghar,
Peshawar District. — Univ. Peshawar Geol. Bull., 4, 60-91, Peshawar

Tecuert, C. & STAUPFER, K.W. (1965): Paleozoicreef in Pakistan. —Science,
150, 1287-1288, 1 Fig., Washington

Textoris, D.A. & Carozz, A.V. (1964): Petrography and evolution of
Niagaran (Silurian) reefs, Indiana. — Amer. Ass. Petrol. Geol., Bull., 4,
397-426, 24 Figs., Tulsa

Textoris,D.A. & Carozz, A V. (1966): Petrography of a Cayugan (Silurian)
stromatolite mound and associated facies, Ohio. — Amer. Ass. Petrol.
Geol., Bull., 7, 1375-1388, 4 Figs., 1 Tab., Tulsa

VooeL, K. (1980): Uber Beziehungen zwischen morphologischen Merk-
malen der Brachiopoden und Fazies im Silur und Devon: die Bedeu-
tung der Wasseniefe. — Z. deutsch. geol. Ges., 131, 781-792, 1 Fig.,
Hannover

WaLker, K.R. & Digur, W.W. (1985): The role of marine cementation in the
preservation of Lower Palaozoic assemblages. — Philos. Trans. R. Soc.
Lond., Ser. B., 311, 143-153, 2 Figs., 2 Pls,, London

187

Silurian/Devonian

Wanc Honozuen & Cuen Jianolanc (1991): Late Ordovician and early
Silurian rugose coral biogeography and world reconstruction of
paleocontinents. — Paleogeogr. Palaeoclimatol. Palaeoecol., 86, 3-21,
4 Figs., 8 Tabs., Amsterdam

Watkins, R. (1975): Silurian brachiopods in a Silurian bioherm. — Lethaia,
8, 53-61, Oslo

WatkriNs, R, (1979): Three Silurian bioherms of the Hogklint Beds, Gotland.
— Geol. Féren. Stockholm Forhandl., 101, 34-48, Stockholm

Wartts, N.R. (1981): Carbonate particulate sedimentation and facies within
the Lower Silurian Hogklint patch reef of Gotland, Sweden. — Sed.
Geol., §9, 93-113, Amsterdam

WaTTs, N.R. (1981): Sedimentology and diagenesis of the Hogklint reefs
and their associated sediments, Lower Silurian, Gotland, Sweden. -
unpubl. Thesis Univ. Wales, 407 pp., Cardiff

WesBy, B.D. (1984): Early Phanerozoic distribution patterns of some major
groups of sessile organisms. — Proc. 27thInter. Geol. Congress,2,193-
208

WeDEKIND, R. (1927): Die Zoantharia Rugosa von Gotland (bes. Nordgot-
land). Nebst Bemerkungen zar Biostratigraphie des Gotlandium. —
Sver. Geol. Unders., 19, 1-94, Stockholm

WeDEKIND, R. & Trrep, K. (1930): Die Korallenriffe Gotlands. Ein Beitrag
zur Losung des Problems von der Entstehung der Barrierriffe. —
Centralbl. Mineral. Geol. Paliont., 1930, 295-304, Stuttgan

Warracker, JH. (1977): A guide to the geology around Steinsfjord,
Ringerike. - Oslo, Universitets forlaget, 1-56, Oslo

Wurrtarp, W.F (1952): A geology of south Shropshire. - Geol. Assoc., 63,
143-197, Leeds

Wiman, C. (1897): Uber Silurische Korallenriffe in Gotland. — Bull. Geol.
Inst. Univ. Uppsala, 3, 311-326, Uppsala

WINTERER, E.L. & MurpHEY, M.A. (1960): Silurian reef complex and
associated facies, central Nevada. - J. Geol., 68, 117-132, Chicago

Woob, A. (1948): Sphaerocodium, a misinterpreted fossil from the Wen-
lock limestone. — Proc. Geol. Assoc., §9, 9-22, London

Young,G.A. & NosLg, J.P.A. (1989): Variation and growth of a syringoporid
symbiont species in stromatoporoids from the Silurian of eastern
Canada.—Mem. Ass. Australas. Palacontol., 8,91-98, 6 Figs., Adelaide

ZiGLER, A. M., Hansen, K.S., Jounson, M.E. & KeLry, M. A. (1977): Silunan
continental distributions, paleogeography, climatology and biogeo-
graphy. — Tectonophysics, 40, 13-51, Amsterdam

4.14 Devonian

The rareness of Lower Devonian reefs is in sharp contrast to the frequency of Middle and early Upper Devonian reefs
which were common and widespread during these intervals. Stromatoporoids, tabulate and rugose corals are the most
important reefbuilders and often highly diverse. Reef types are highly diversified, including immensely large reef complexes
(e.g., Canning Basin, Western Australia; Frasnian reefs of Western Canada) but also small reef mounds and mud mounds
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Fig. 7. Devonian reef distribution. Base map: Frasnian (SmitH et al., 1981).
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(e.g., Frasnian of Belgium). A major extinction of reef biota and reefs took place during the Frasnian mass extinction
(BucaiscH, 1991). The fate of Famennian reefs is not well known.

Distribution (Fig. 7): Devonian reefs are widely distributed, exhibiting a broad paleolatitudinal pattern which is not
consistent with other paleobiogeographical maps (e.g., Witzke & HeckeL, 1988).
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4.1.5 Carboniferous

Distribution: (Fig. 9): The map shows only a very rough distributional pattern, because occurrences of Mississippian and
Pennsyltvanian reefs are not separated and because the Namurian paleogeography has been used. The distribution of
Mississippian (Waulsortian') reefs fits well into a paleoequatorial pattern: Pennsylvanian reefs, however seem to have been
also formed in higher latitudes.

Early Carboniferous (Mississippian)

Subsequent to the Frasnian extinction event, algae became the main reefbuilder during the Famennian and early
Mississippian, contributing io the formation of mud mounds. 'Waulsortian' reef mounds, characterized by high amounts of
bioclastic sediment and (microbially induced ?) lime mud were widespread in Europe and southwestem North America
during the late Mississippian.

Reviews: BoLTon et al. (1982), Davies et al. (1988), WesT (1988).

Important papers: AR (1989), BaNcrorT et al. (1988)), BatnursT (1959, 1982), Bripges & CHaPMAN (1988), Brown &
Dopp (1990), CutcheoN (1988), Davies (1975), DeLepiNg (1926), Dix & James (1987), Dupont (1969), GEORGE & AHR
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1988), LeEs et al. (1985), Lees & HENNEBERT (1982), LEEs & MILLER (1985), LEES, NoEL & Bouw (1977), Macquown (1982),
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Fig. 9. Carboniferous reef distribution. Base map: Namurian, early Pennsylvanian (Smrts et al., 1981). Note: Mississippian and
Pennsylvanian reef configuration differs significantly. This is not shown in this map, which combines the distribution of Lower

and Upper Carboniferous reefs.
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4.1.6 Permian

Lower Permian reefs can be compared with late Upper Carboniferous reefs with regard to biotic composition and reef
geometry. Often large-dimensioned Middle and Upper Permian reefs are developed as calcisponge-dominated reefs and
‘cement reefs’ characterized by high amounts of synsedimentary carbonate cements and 'algal crusts' as well as Tubiphytes.
Other reefs have been formed by stromatolites and by bryozoans. Major changes in the evolution of Permian reefs occurred
near the Lower/Middle Permian boundary. Uppermost Permian reefs are highly diverse.

Distribution (Fig. 10): The Permian base map used in Fig. 10 does not clearly exhibit the Paleotethyan region and the
transition from the Paleotethys to the Tethys during the Permian. In comparison to the Carboniferous, most reef locations
would be north of the paleoequator, which is probably wrong.
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Fig. 10. Permian reef distribution. Base map: Tatarian, Upper Permian (SMiTH et al., 1981). Note: The configuration of the continents
differs strongly from more recent reconstructions (cf.SCOTTESE et al., 1990).
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4.1.7 Triassic

No reefs are known from the Lower Triassic. The first reefs subsequent to the Permian/Triassic crisis are known from
the Anisian. Middle Triassic reefs and Carnian reefs are characterized by a specific association of ‘calcisponges’, algae as
well as various microproblematica belonging to cryptic communities and acting as binders and dwellers. There was a major
turnover in the composition of reef biota and reef geometry during the early Norian. Norian reefs form large and widespread
complexes, Rhaetian reefs also occur as platform and intraplatform reefs. The reefs became extinct near the end of the
Triassic.

Distribution (Fig. 11): Most Triassic reefs are concentrated at the western and northern border of the Tethys in a
paleolatitude near 30° N. Reefs described from the Australasian region, Japan and the Wladiwostok area differ distinctly
from this pattern, perhaps because they are located within ‘terranes' similar to the ‘reefs' known from western North America
and from southern Peru and northern Chile.

Reviews: FLUGEL (1981, 1982), FLUGEL & STANLEY (1984), STANLEY (1988).
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Paleontological data: The biota and paleoecology of Triassic reefs have been studied in much greater detail than those
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Fig. 11. Triassic reef distribution. Base map: Rhaetian, Upper Triassic (SMITH et al., 1981),
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of reefs from other time intervals. Therefore, most of the paleontologically oriented papers dealing with Triassic reefs have
been included in the bibliography. Calcareous algae have been predominantly studied by FLUGEL and SCHAFER & SENOWBARI-
Daryan; foraminifera by BRONNIMANN et al., Gazpzickl, HOHENEGGER & PiLLER, KRISTAN-TOLLMANN, PILLER, SCHAFER,
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4.1.8 Jurassic

Following a reduction during the Lower Jurassic in abundance, geographic distribution and size of the reefs, a turnover
of the biotic composition took place during the Middle Jurassic, changing the coral/calcisponge’ reefs of the Upper Triassic
and Liassic to demosponge/coral-dominated reefs, widespread during the Upper Jurassic. Upper Jurassic 'sponge/algal reefs’
are unique in reef history because of the importance of significant microbial contribution and the siliceous sponge-dominated
guild structures. A turnover to coral-dominated reefs seems to have taken place during the late Upper Jurassic, continuing
in the Lower Cretaceous,

Distribution (Fig. 12): Jurassic reefs seem to have been concentrated near 30° N, especially in Europe and at the eastern
margin of northern America, but there are several deviations from this pattern which might be explained by ‘terrane’
situations.

Reviews: CREVELLO & Harris (1984), ELtuk (1988), Keurp, Kocr & LEINFELDER (1990), ScotT (1988), STANLEY (1988).

Important papers: BAria et al. (1982), BArTHEL (1969), Bauscu (1963), Beauvats (1980, 1986), Beauvas et al. (1973),

Jurassic

Fig. 12. Jurassic reef distribution. Base map: Tithonian, late Upper Jurassic (SmrH et al., 1981).
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4.1.9 Cretaceous

Cretaceousreef-building guilds were dominated during the early Cretaceous by scleractinian corals and algae, sometimes
also by stromatoporoids and chaetetids, and during the latest Early and Late Cretaceous by rudistid bivalves. Encrusting and
binding organisms were of specific importance. Compared with pre-Cretaceous and Cenozoic reefs, wave/current resistance
and rigidity is poorly developed in many Cretaceous reefs, the original topographic relief was low resulting in ‘banks’ and
‘biostromes’ rather than in bioherms or reefs. The effect of the global Maastrichtian extinction to reef communities is not
clearly understood. Most rudists were probably not extinct at the Maastrichtian/Paleocene boundary but rather two million
years before. The major algal groups involved in reefbuilding survived the extinction.

Distribution (Fig. 13): Cretaceous reefs were widespread in the tropical and subtropical Tethys. Paleolatitudes with reefs
were much broader than during the Jurassic or Triassic. Reefs were common at the margins of the Gulf of Mexico and in
the Carribean region as well as around the Mediterranean region and continuing through the Middle East.

Reviews: ELiuk (1988), GinsBURG & BeaupoUN (1990), PaiLe et al. (1978), ScHLAGER & Puivip (1990), ScoTr (1988),
STANLEY (1988).
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Fig. 13. Cretaceous reef disiribution. Base map: Lower Cenomanian, Middle Cretaceous (SMITH et al., 1981).
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Tertiary

Paleocene and early Eocene reefs are rare. Reef abundance, geographic distribution and coral diversity increased during

the Middle to Late Eocene; many modern reef-building coral genera appeared during that time interval. The Oligocene was
marked by a decrcase in taxonomic coral diversity but an abundance of coral reefs. Paleogene red algae exhibit a distinctly
modern aspect. During the Miocene the differentiation between the Indo-Pacific reef province and the Atlantic reef province
took place.

Aphotic coral reefs are known from the lowermost Paleocene as well as from the Miocene and Pliocene.

Distribution (Fig. 14): Most Tertiary reefs are concentrated in a rather narrow belt north of the paleoequator.
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