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ABSTRACT. A microbe-bryozoan patch-reef was temporarily exposed in the Lives Formation (middle Visean) at 
the Engihoul Quarry, southern limb of the Namur syncline. It developed within the Corphalie Member during the 
transition from bioclastic to stromatolitic facies. 
Reef formation is the result of a complex meshwork of calcifi ed microbes, which formed complex layers which resemble 
“Osagia”-biocenose and individual columnar aggregates, fenestellid bryozoans, and early cements. Reef growth began 
on a hard-substrate provided by brachiopods and microbial crusts. Brachiopods (Composita sp.) are locally abundant 
in the reef facies, and contributed substantial fi rm ground for encrustation. Reef growth was controlled mainly by the 
abundance of fenestellid bryozoans. O eir presence indicates reef formation during normal marine conditions. O e reef 
developed in a high-energy area of the inner shelf. Reef growth probably stopped with the establishment of a peloidal 
mudstone facies, eventually indicating hypersaline conditions. 
O e Engihoul reef is similar to Bomel reefs (also in the Lives Formation). All are the same age and developed in the 
transitional phase of the Corphalie Member, but minor diff erences in the individual reef fauna occur. O e transitional 
phase of the Corphalie Member is an important horizon for reef formation with clear independence from other reef 
forming episodes within the Belgian Dinantian succession. 

Keywords: microbes, bryozoans, brachiopods, reef, middle Visean, Lives Formation, Namur syncline. 

facies, and (iv) to integrate the reef into the spectrum of 
Dinantian shallow-water buildups. 
A consensus on reef terminology does not exist. Herein, 
buildup and bioconstruction are used as general terms 
for varied mostly rigid, biological-induced and biologi-
cal–controlled structures with topographic relief. Reefs 
are rigid build-ups; frame reefs are reefs in which es-
sentially in place skeletons or calcifi ed microbes are in 
contact (Riding, 2002). Framework is the meshwork of a 
bioconstruction that leads to rigidity. It is due to skeletal 
organisms as well as to a broad range of non-skeletal 
organisms and processes (Webb, 1996). O e absence of 
skeletal organisms does not imply the lack of rigidity 
and vice versa.

2. Setting

O e operating Engihoul Quarry or Carrière du Lion 
(Carmeuse S.A.) is situated ~10 km west of Liège on the 
right bank of the Meuse River, immediately upstream of 
the Engis bridge (Fig. 1). O e quarry is located directly 
north of the Faille du Midi on the southern limb of the 
Namur Syncline. It exposes an almost complete succes-
sion of Dinantian strata on the southern margin of the 
central part of the Namur sedimentation area (NSA, 
Poty, 1997) (Fig. 2).

1. Introduction

O e Dinantian succession of Belgium is relatively poor in 
buildups of shallow marine environments, compared to 
the widespread distribution of Eifelian to Frasnian reefs. 
Waulsortian mounds or banks (Lees & Miller, 1995) 
of late Tournaisian deeper ramp settings (Hance et al., 
2001) are commonly regarded to be the only signifi cant 
bioconstructions within the Dinantian succession of 
Belgium. Such is the case in regards to the volumetrical 
abundance, but several smaller, non-Waulsortian build-
ups have been reported in the Visean. Lauwers (1992) 
described one large and several small cryptalgal-bryozoan 
buildups within the Lives Formation (Middle Visean, 
Livian) of Bomel (Namur sedimentation area; Poty, 1997). 
Siphonodendron dominated biostromes from the middle 
and upper Visean successions of the Namur and Dinant 
basins partly represent initial pavements of failed reef 
development (Aretz, 2001, 2002). O e late Visean suc-
cession of the Campine Basin comprises patchy microbial 
facies interpreted as microbe-dominated reefs (Muchez 
& Peeters, 1986; Muchez et al, 1987, 1990).
O e aims of this paper are: (i) to describe a second shal-
low-water reef locality within the Lives Formation, (ii) to 
elucidate the internal development of the reef and factors 
controlling its development, (iii) to discuss the frame-
work of the reef and the rigidity of microbial dominated 
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O e studied section comprises the middle part of the 
Lives Formation (V2b_ of previous authors) (Paproth et 
al., 1983; Poty et al., 2002). Parasequences (Gerards, 1955; 
Gerards & Michot, 1963) characterise the entire Lives 
Formation (Fig. 2). Sedimentologically, each parasequence 
(1-18 m thick) shallows upward. Basal subtidal marine 
bioclastic packstones/grainstones pass into stromatolitic 
boundstones or mudstones with peloids and algae repre-
senting intertidal to supratidal environments. A paleosol is 
developed on top of some sequences. O e origin of the cy-
clicity is unknown. Glacio-eustatic sea-level fl uctuations 
triggering younger Warnantian parasequences (Wright 
& Vanstone, 2001) may be involved, since isotope data 
indicated cooling episodes starting in the Tournaisian 
(Bruckschen & Veizer, 1997).
O e Lives Formation is subdivided on the basis of lithologi-
cal criteria and the parasequences, into three members: a 
lower Haut-le-Wastia Member, a middle Corphalie Mem-
ber and an upper Awirs Member (Laloux et al., 1996). O e 
entire formation belongs to the Cf5 foraminifera biozone 
of Conil et al. (1991). O e limit of the rugose coral biozones 
RC5/RC 6 coincides with the limit between the Haut-le-
Wastia and Corphalie members. According to Hance et al. 
(2001) the entire formation forms the TST of the 7th third 
order sedimentary sequence of the Belgian Dinantian.

Figure 1. Location of the Engihoul Quarry (eastern Namur Syncline, Belgium) on a simplifi ed geological map.
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Figure 2. Stratigraphic overview of the Engihoul quarry succes-
sion (A) and simplifi ed log of the Lives Formation (B). Siles.: Si-
lesian, F: Fammenian, N: Namurian; Formations: EVX: Evieux, 
HAS: Hastière, PDA: Pont d´Arcole, ENG: Engihoul, LGP: 
Longpré, TER: Terwagne, NEF: Neff e, LIV: Lives, SEI, Seilles, 
E2: Namurian shales, Eumorphoceras goniatite biozonation.
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3. Succession

3.1. Lithology 

O e Corphalie Member comprises a single parasequence 

(= Sequence 0 of Gerard & Michot, 1963). It is 18,5 m 

thick in the Engihoul Quarry. O ick-bedded, blue-grey 

bioclastic limestones dominate the lower part of the 

member (= 10 m thick), whereas thin-bedded, dark lime 

mudstones form the upper part (= 8,5 m thick). A char-

acteristic bright colour due to weathering is partly seen in 

the upper part of the member and reveals lamination. A 

bed rich in brachiopods (Composita sp.) forms a relatively 

distinctive boundary between the two units in the fi eld. 

3.2. Sedimentology 

O e sedimentological development and distribution of 

allochems in the Corphalie Member in the Engihoul 

Quarry is shown in a semi-quantitative petrological log 

in Fig. 3.

O e fi rst 6,75 meters (beds 118A to 124) are characterized 

by grainstones and more rarely rudstones rich in marine 

bioclasts that are commonly micritized. Palaeobereselleae 

dominate; other algal fragments (mainly Koninckopora, 

less commonly Girvanella, aougjaliid indet., and a few 

Aphralysia) and various foraminifers are also abundant. 

Fragmented echinoids, corals, gastropods and brachiopods 

are invariably present but are less abundant. Ostracods 

and rhabdomesid bryozoans are rare.

O e central part of the member (beds 125 to 132) has a 

very heterogeneous facies distribution. It is also marked by 

an important decrease in the abundance of skeletal grains 

and an increase in sponges, algal peloids and Porostromata 

levels (in some cases present only as rounded clasts). 

O is part corresponds to a shift from subtidal conditions 

to a more restricted environment that was occasionally 

reopened or submitted to tempest inputs.

O e upper 5,75 meters (beds 134 to 143c) comprise stro-

matolitic boundstones and mudstones-wackestones, that 

were deposited in a very shallow intertidal to supratidal 

environment.

O e stromatolitic boundstones consists of thin micritic 

laminae intercalated by peloidal grainstone with many 

cavities. Porostromata fragments and sponge spicule 

aggregates are common, whereas other bioclasts are rare 

(ostracods, fragmented brachiopods and echinoids). O e 

boundstones are in some cases brecciated. Uncommon 

anhydrite and gypsum pseudomorphs also occur.

O e mudstones-wackestones contain sponge spicules and 

rare other bioclasts (ostracods, fragmented brachiopods 

and echinoids). Small cavities and anhydrite-gypsum 

pseudomorphs are present.

4. The reef and its surrounding facies 

Although well developed bedding is characteristic for the 
Corphalie Member, a massive lens (2 m high, 5 m across) 
was observed in the wall of the second lowest quarry level 
at ~10 m height (Fig. 4). O e lens was temporarily exposed 
in 2002, and had been mined by the spring of 2003. To 
evaluate the nature, geometry and facies of the lens, eight 
sections have logged, named A-H from top to the bottom 
of the quarry wall (Fig. 4). In section A and H at least one 
sample per bed was taken, sampling in the other sections 
was more random in consequence of limitations due to 
the massive character of the lens and the fresh exposure 
of the sections. However, 50 samples were taken from the 
critical interval and ~60 thin sections (most 7x10 cm in 
size) were prepared. O e results obtained from the eight 
sections have been compared to an additional log of the 
entire Lives Formation at this quarry. 

4.1. Description of the reef and its surrounding facies 

O e lens is situated immediately above the brachiopod 
level that macroscopically separates the lower bioclastic 
part from the upper stromatolitic part of the Corphalie 
Member. O e thickness and geometry of the surround-
ing beds were highly infl uenced and the normal, regular 
bedding pattern is disturbed. Beds below the lens are de-
fl ected downwards, and overlying beds over it. O e regular 
bedding of the lateral equivalent strata defl ects near the 
lens margins, and the beds pass into massive facies. O e 
brachiopod bed is only 50% of its typical thickness un-
der the lens. Less drastic reductions of the thickness of 
the overlying beds were observed, but quantifi cation is 
hampered by the thin-bedded nature of the limestones 
and a more heterogeneous composition of the beds in the 
stromatolitic facies.
A heterogeneous facies distribution occurs in the bed 
below the lens. It is dominated by brachiopods (Composita 
sp.) and oncoids (Fig. 6, C). O e texture ranges from bio-
clastic grainstone to oncolitic packstone with a majority of 
samples being intermediates of these end-members. O is 
bed is the fi rst bed of the Corphalie Member in which 
coatings of allochems and extraclasts became abundant, 
and the formation of oncoids occurred widely. 
Macroscopically, the lens is composed of massive, dark 
grey limestone. O e macrofossil content is restricted to 
brachiopods and a few bryozoans. Microscopically, the 
central part of the lens consists of microbe-bryozoan 
boundstones. Long, almost intact fenestellid bryozoan 
sheets (Fig. 5, B) are encrusted by up to 4.5 mm thick, 
dark micritic layers. O e internal organisation of such 
layers is complex and heterogeneous, and much micrite 
may be the result of the precipitation of carbonate around 
non-calcifying microbes. Abundant micritisation prevents 
identifi cation of many clasts, but scattered Aphralysia and 
other calcifying microbes (irregular tubes; Porostromata?) 
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can be identifi ed. Within the layers, small single carbon-
ate grains and possible intra- and extraclasts are incor-
porated (Fig. 5, F). O ese dark micritic layers resemble 
in their complex structure and constituents the crusts 
of “Osagia” biocenose described by Mamet et al. (1987). 
However, some authors consider Osagia as a crust of at-
tached porcelaneous foraminifera (order Miliolida), for 
instance Calcitornella or Calcivertella (Vachard, comm. 
pers.). O erefore, the microbial encrustations we describe 
as ”Osagia“-like biocenose are microecosystem that were 
constituted by very diff erent, and independent processes 
(i. e., biofi lms and cyanobacteria). O ese dark micritic 
layers become irregularly much thicker and formed in-
dependently from bryozoan sheets. 
Calcifi ed microbes are not only restricted to the dark 
layers. O ey form larger, columnar crusts or, in some 
cases, aggregates (?) (Figs 5, A, G), which are randomly 
distributed, but most commonly attached to the layers, 
or directly on the fenestellids and brachiopod shells (Figs 
5, F, G). Growth direction is random, but a signifi cant 
number of columnar microbial crusts initiated their 
growth on cavity roofs and grew oblique towards a sup-
posed cavity centre. 

O e macrofauna consists of brachiopods (Composita sp.) 
(Figs 5, D, E, G, H), fenestellid (Figs 5, B, E, F, G, H) and 
rhabdomesid bryozoans (Figs 5, C, H), vermetid gastro-
pods or annelid worm tubes, and rare chaetetid sponges, 
corals and paleoberesellid algae (Fig. 5, D). Only few of 
the thin brachiopod shells are bored and this is mostly 
connected to microbial coatings on inner shell surfaces. 
O e shape of the fenestellid bryozoans may partly diff er 
from the normal cup-shape form and become more hori-
zontal (Fig. 5 G), possibly like in some modern fenestrate 
bryozoans (see Hayward, 2000: 120). 
O e dark micritic layers form an open meshwork, which 
is supported by the macro-organisms (Figs 5, G, H). 
O e primary pore space of this meshwork is consider-
ably reduced through the infi ll of carbonate mud and 
peloidal silt. Additionally, allochems, mostly oncoids and 
larger peloids, may be abundant in some cavities (Fig. 5, 
B). Concentrations of sponge spicules (Fig. 5, E) occur 
locally within the internal carbonate sediment. In later 
phases, the meshes were completely fi lled by cement. 
Cementation started with edges of brown microcrystalline 
cements, which were succeeded by bright, blocky sparitic 
cements. O e shells of brachiopods are commonly fi lled 

sequence 0

A

sample point

Figure 4. Reef within the Lives Formation in the wall of the second lowest bench (height ~20m), and position of the samples. 
Engihoul Quarry (photo: July 2002) .
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Figure 5. Reef facies. A: columnar calcimicrobe crust; B: fenestellid bryozoans with encrustation of a “Osagia”-like layer, C: rhab-
domesid bryozoan with thin encrustation of a calcimicrobe (Aphralysia ?), D: brachiopods with geopetal sediments, calcareous algae 
and gastropod; E: sponge spicule concentration within a cavity of the reef framework of fenestellids and “Osagia”-like layers. O e 
cavity is partly fi lled by peloidal sediment. F: A fenestellid bryozoan sheet is encrusted on its upper side by a dark micritic layer of 
the “Osagia”-like type, showing its complex composition, and on the lower side by a calcimicrobe (Aphralysia ?).; G-H: general reef 
fabrics and organic network. G: primary pore space is largely reduced through peloidal sediments, H.: primary pore space of the 
organic network is mostly cemented.
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with geopetal sediment, which become fi ner towards 
the top. Diff erent generations of cavity fi lling sediments 
are relatively scarce. In some cases, an early cement was 
followed by a fi lling of geopetal sediment.
Locally, fi ne carbonate sediment is suffi  ciently abundant 
that mudstone or wackestone texture developed and cavity 
formation was highly suppressed (Fig. 5, G lower half ). 
A second generation of cavities developed independently 
from the organic meshwork, and commonly destroyed it. 
It is relatively common at the outer margins of the lens 
and may be due to subsequent dissolution phenomena. 
O e bryozoan rich core facies of the lens consists to 40-
55% of the organic meshwork and 5-15 % of spar fi lled 
cavities. Due to parts with much carbonate mud and silt, 
the fi ne sediments comprise 30-55% of the counted sur-
faces. O eses calculations are based on measured surfaces 
of the three categories in digitalised thin sections. 
Towards the outer margins of the lens, the abundance 
of fenestellid bryozoans decreases and the complex 
“Osagia”-like layers become less abundant. O erefore, the 
relatively dense meshwork of fenestellids and “Osagia”-
like layers is locally restricted and was mainly replaced by 
mud-dominated stromatolitic facies. O at development 

resulted in a signifi cant decrease in the abundance of 
spar-fi lled cavities, which is related to the large increase 
in the amount of carbonate sediment. Peloidal mudstones 
commonly with laminated textures, became abundant, and 
individualised stromatolites (1,2 mm width, 2,5 mm high) 
developed in places (Fig. 6, B). However, calcimicrobes 
contributed signifi cantly to the formation of microbialites 
(often smaller patches). Microbial coatings and mats are 
interbedded with brownish calcite cement layers, which 
“mirror” the outer shape of the microbes (Fig. 6, D), thus 
forming stacked aggregates of calcifi ed microbes (com-
monly Aphralysia) and cements. O e development of theses 
aggregates seems to be independent from macrofossils, 
however some shells of vermetid gastropods or annelid 
worm tubes, brachiopods and very few corals are incor-
porated. Skeletal grains are diverse, but their abundance is 
relatively low. Oncoids occur in local concentrations. 
More distal surrounding sediments display a heteroge-
neous distribution (Fig. 7) of dominating peloidal mud-
stones, partly layered, and minor bioclastic or oncolitic 
pack/grainstones. Individual stromatolites occur rarely. 
O e lens is directly overlain by peloidal mudstone facies 
(Fig. 6, A). 

4 mm

B

4 mm 2 mm

B

A

B

D

C

2 mm

DC

A

Figure 6. Marginal reef facies: A: Microbial coatings and mats interbedded with brownish calcite cement layers form a stacked 
aggregate of calcifying microbes (often Aphralysia) and cements. B-D Off -reef facies at the margins of the reef: B: underlying bra-
chiopod bed; C: individualised stromatolites from the upper part of the fl anking beds; D: peloidal, partly layered mudstone which 
caps the reef top.
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4.2. Interpretation 

O e massive lens is interpreted as a patch-reef. According 
to the usage of Webb (2002), the lens can be considered 
as a shallow-water reef, that consist of three framework 
types: biocementstone, microbialite, and skeletal frame. 
O e proportions mentioned in 4.1. for the three principal 
sedimentary components, are characteristic of a domical 
fi lled microframe reef (Riding, 2002)
A primary meshwork of bryozoans (mainly fenestellids) 
and complex microbial “Osagia”-like layers is mainly 
supported by brachiopods and minor by vermetid gas-
tropods, chaetetid sponges, calcareous algae, and few 
corals. O is support is of a passive nature and is restricted 
to the provision of hard substrate. However, incrustation 
of these skeletons by the primary reef builder seems not 
to have been essential, but substantially facilitated reef 
growth. O e primary reef builder formed an open mesh-
work, which must have been rigid. Abundant cavities in 
this open meshwork were colonised by other organisms 
(such as calcimicrobes in Fig. 5, G). O erefore, the roof 
of these cavities must have been rigid before it could be 
colonised by other organisms. Also the downward growth 
orientation of those organisms indicates a rigid cavity 
roof. O e cryptic habitats in the reef were colonised by 
calcimicrobes and siliceous sponges, the later known only 
from cavity fi llings. 
Additional processes to increase rigidity were the incorpo-
ration of macrofossil shells and early marine cementation. 
O e aggregates of layered calcite cement and calcimicrobes 
indicate alternating intervals of cementation and micro-
bial precipitation. O e onset of cementation before the 
start of geopetal sedimentation is a further strong indica-
tion for the important early cementation processes. Infi ll 
of geopetal sediments resulted in the reduction of open 
pore space, and further strengthened the framework. 
O erefore, the reef formation is mainly due to three 
groups: microbes, which formed complex “Osagia”-like 
layers and individual aggregates, fenestellid bryozoans, 

and early cements. Other organisms contributed only 
passively towards reef formation, but through their 
abundance, brachiopods are locally an important part of 
the reef fauna. 
An estimation of the reef geometry and its relief is rather 
diffi  cult. O e onlap of the surrounding beds indicates 
gentle relief on the reef. Relief may have been not more 
than 0.5 m. Also the diff erences in bed thickness above 
the reef indicates relief and its infl uence on the sedimenta-
tion on surrounding areas. However, reef debris is so far 
not surely identifi ed in the off -reef facies, but reworked 
microbial material may be incorporated in the peloidal 
mudstones of the off -reef facies. O e defl ection of the 
brachiopod bed under the reef may indicate diff erences 
in the compaction rate during burial due to the early 
lithifi ed reef body. 
O e reef formed in a highly unstable shallow-water en-
vironment during the overall change from bioclastic- to 
stromatolitic-dominated facies. Although fi eld observa-
tions show an abrupt change, the petrographic analyses 
indicate several shifts between the two facies on a 2.5 m 
thick interval (fi gs. 3, 7). O e fl ourishing development 
of brachiopods and microbial coatings in the basal bra-
chiopod bed furnished a hard substrate suitable for the 
growth of the reefal community. O e reduced thickness 
of the brachiopod bed below the reef indicates that reef 
formation initiated during the sedimentation of this 
bed. Reef initiation was linked to the local abundance of 
fenestellid bryozoans, since this abundance is the only 
major compositional change of the brachiopod bed in the 
eastern Namur Sedimentation Area (unpub. obser. of the 
authors). Once the initial framework of fenestellids and 
calcifying microbes established, reef growth and stabilisa-
tion began. O e critical importance of the fenestellids is 
seen at the lateral reef margins, where bryozoans are still 
present, but the drastic decrease of fenestellids resulted 
in the interruption of the meshwork, and therefore the 
reef growth did not continue. However, a diff erentiation 
into fl ank and core facies is not supported by the data 

bioclastic oncolitic peloidal mudstone/stromatolites boundstone

H G F E D C B A

1
m

Figure 7: Facies map: distribution of four dominating facies types in beds 126-133.
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obtained here. O e reason for the stratigraphic termina-
tion of reef development is not clear. As with the lateral 
margins, the absence of fenestellids may be critical. In a 
later step, the reef was covered by shallow-water peloidal 
limestone, and fi nally the relief was levelled out about half 
a meter above the reef top. 

5. Discussion

5.1. Controlling factors 

It is critical to evaluate the paleoecological setting of 
the reef. Reef formation initiated during a time of high-
energy as indicated by the amount of broken shells and 
thick-shelled gastropods in the basal brachiopod bed. O e 
reduced thickness of the brachiopod bed below the reef 
suggests that reef formation started during sedimenta-
tion of the upper part of this bed. Later, the environment 
may have been stressed through the shoaling-up facies 
shifts towards intratidal and supratidal conditions due to 
a relative sea level fall but equally changes in salinity may 
have been important. 
As already mentioned, the presence and abundance of 
fenestellid bryozoans is critical for the reef formation. 
O erefore the paleoecological factors controlling the 
fenestellid bryozoans are major controlling factors for 
the reef development. Since most bryozoans are adapted 
to normal marine salinity, a change in salinity is possible 
at the top of the reef. A change in salinity at this time 
interval may be supported by the overall change in the 
allochem spectrum (Fig. 3). Organisms adapted to normal 
marine conditions as echinoderms and calcareous algae 
almost disappeared in the mudstone facies, other groups 
as brachiopods and foraminifers occurred only locally and 
are mostly concentrated in tempestit layers. 
A second major controlling factor in shallow-water reefs is 
the origin of the rigidity. In the Engihoul reef, most reef-
builders do not form a rigid, heavily calcifi ed skeleton. O is 
functional disadvantage was overcome by the interaction of 
several organisms (e.g. “Osagia”-like layers) and a relative 
quick reduction of primary pore space. Possibly not only 
fenestellid bryozoans were “scaff old constructors” (Webb, 
1996), but also the “Osagia”-like layers. Additionally, early 
cementation and possible lithifi cation further enhanced 
the rigidity of the reef. O erefore, all factors controlling 
these early diagenetic processes must be considered.

5.2. Comparison 

O e reef in the Engihoul Quarry can be easily correlated 
with the reefs that appear exactly in the same stratigraphic 
position (transitional level of the Corphalie Member) in 
the Bomel quarry, especially the so-called smaller reefs 
(Lauwers, 1992). O e framework is basically the same. 
However, fenestellid bryozoans and individualised colum-
nar calcimicrobes play a more important role in Engihoul. 

Another striking diff erence is the general poverty of 
Siphonodendron martini (colonial rugosa) in the Engihoul 
section at this stratigraphic interval. Neither concentra-
tions in the basal beds nor occurrences within the reef or 
as capping beds , which are known from Bomel (Lauwers, 
1992; Aretz, 2002), have been observed here. 
O e larger dimensions of the reef at the quarry entrance 
at Bomel lead to some diff erences in interpretation of in-
ternal sediments and cements. O e smaller reefs including 
the Engihoul reef have not been subaerially exposed, and 
therefore have a less complicated diagenetic history. 
The reefs of the Lives Formation are very different 
in respect to the “classical Dinantian buildup type” 
Waulsortian banks. O ey are younger and originated 
in a single sedimentary sequence. Lives reefs have an 
organic framework, which consists of skeletal organisms, 
calcimicrobes and non-calcifi ed microbes. O is contrasts 
with mud-dominated textures of the Waulsortian banks. 
Another obvious diff erence is the reef size. Lives reefs 
are very small compared to Waulsortian banks, which 
could form very large complexes (Lees & Miller, 1995). 
O e depositional environment of the Lives reefs was a 
somewhat stressed, shallow-water environment, whereas 
Waulsortian banks developed from subphotic depths 
into shallow conditions of the photic zone. O erefore, 
the faunal constituents of the higher Waulsortian phases 
(C+D) may match with the fauna found in and around 
the Lives reefs, but that does not imply any constructional 
similarities. It just emphasises the deposition in shallow 
water. Waulsortian banks are typical for ramp settings 
(Hance et al., 2001), whereas the Lives reefs formed in 
an inner platform setting.
Non-Waulsortian buildups from the late Visean succes-
sion of the Campine Basin (Muchez & Peeters, 1986; 
Muchez et al., 1987, 1990) also consist of microbial 
framework fabrics. However, unlike in the Engihoul reef, 
neither fenestellid bryozoan nor “Osagia”- like layers con-
tributed to reef formation. Reef sizes are also apparently 
diff erent, with Campine reefs being somewhat larger. 
Western European reefs of early and middle Visean age 
also have been described from the British Isles (Adams, 
1984; Bancroft et al., 1988; Kelly & Somerville, 1992; 
Somerville et al., 1992). O e Nant-y-Gamar buildup 
(Bancroft et al., 1988) is very rich in bryozoans, but mi-
crobial fabrics are lacking. O is pattern is contrasted by 
the Furness reef, in which microbial fabrics are important, 
but the spectrum of bioconstructors does not include 
abundant bryozoans. None of the British reefs is exactly 
similar with the Engihoul reef. A partial overlap of bio-
constructors, depositional setting, size, and abundance 
of microbial fabrics is observed, but each British reef 
represents an individual reef type, which is not copied 
elsewhere. O e overlap is the result of reef formation in 
shallow-water and the ubiquitous occurrence of shallow 
water organisms in most shallow-water environments.
On a global scale, the Engihoul reef is most similar 
to cryptalgal (=microbes) –bryozoan reefs from Nova 
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Scotia (Dix & James, 1987). O e stratigraphic posi-
tion is the same, but the dating of the Canadian reefs 
as Holkerian is not as precise as the Engihoul reef. 
O e Canadian reefs have a very similar framework, but 
slight diff erences are observed in the bioconstructors. 
Fenestellid bryozoans, important in the Belgian reef, 
are not observed in Canadian reefs. Common to reefs in 
both regions is the importance of early cements. In both 
regions reefs formed in stressed environments, in Canada 
within narrow palaeokarst valleys, in Belgium in a time 
of highly unstable ecological conditions. However, the 
main diff erences include: (a) the dimensions of the reefs, 
Canadian reefs being somewhat larger, (b) the diff erent 
types of bryozoans and layers, (c) the stacked pattern of 
the Canadian reefs, which contrasts with the Belgian 
occurrence on a single horizon, and (d) the absence of 
quartz in the Belgian reef. 
Although diff erent types of shallow water reefs have been 
reported in upper Visean strata of Europe (see Aretz, 2002), 
none of the reefs shows similar framework fabrics to the 
Engihoul reef. However, the Engihoul reef confi rms the glo-
bally observed importance of microbial fabrics for reef con-
struction and stabilisation in the Mississippian (Aretz, 2002, 
Bourque et al., 1995, Mundy, 1994, Webb, 1994, 2002). 
Microbial fabrics, fenestellid bryozoans, and early cements 
were also important contributors to buildup formation 
in Pennsylvanian and early Permian time (Minwegen, 
2001, Wahlman, 2002). O ose buildups formed mostly in 
somewhat deeper water. O erefore, detailed comparisons 
with the Engihoul reef reveal signifi cant diff erences. 

6. Conclusions

A microbe-bryozoan patch-reef was temporarily exposed 
in 2002 in the Corphalie Member at the Engihoul Quarry. 
Reef formation is mainly due to three groups: calcifi ed 
microbes, which formed complex “Osagia”-like layers 
and individual aggregates, fenestellid bryozoans, and 
early cements. Rigidity of the reef is due to the complex 
meshwork of these groups. O is meshwork combines 
several of the framework types of Webb (1996): skeletal, 
microbialite, and biocementstone. 
Brachiopods and microbial coatings were important in the 
initial stage of reef development in contributing an initial 
hard-substrate. Later, brachiopods were included in places 
and formed substantial fi rm ground for encrustation. 
O e reef formed in a shallow-water environment of the 
inner shelf, and numerous bioclastic fragments indicate 
its formation in a higher-energy setting. Reef develop-
ment was largely controlled by the presence of fenestellid 
bryozoans, which indicates that the reef formed in normal 
marine conditions. However, the reef is embedded in a 
succession of highly variable and unstable facies. 
O e reef is topped by peloidal mudstones probably of 
intra-/supratidal origin, which may indicate hypersaline 
conditions. 

O e Engihoul Quarry is the second known reef locality 
for the Lives Formation, with all reefs appearing in the 
transitional phase of the Corphalie Member. O e new lo-
cality shows that reefs are more common than previously 
thought. O e comparison of reef fauna may indicate some 
diff erences in the composition and abundance within in-
dividual reefs. O e Engihoul reef is well incorporated into 
the range of Visean shallow-water reefs. Although some 
superfi cial similarities exist to the Waulsortian facies, it is 
clearly not genetically linked to those buildups. 
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