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Abstract Small reefal bioconstructions that developed in
lagoonal settings are widespread in a few horizons of the
Late Jurassic (Oxfordian) succession of the Korallenoolith
Formation, exposed southwest of Hannover, Northwest
Germany. Especially the florigemma-Bank Member, “sand-
wiched” between oolite shoal deposits, exposes a high va-
riety of build-ups, ranging from coral thrombolite patch
reefs, to biostromes and to coral meadows. The reefs show
a distribution with gradual facies variations along an out-
crop belt that extends about 30 km from the Wesergebirge
in the NW to the Osterwald Mts in the SE.

The patch reefs from the Deister Mts locality at the
“Speckhals” are developed as coral-chaetetid-solenoporid-
microbialite reefs and represent a reef type that was hitherto
unknown so far north of its Tethyan counterparts. They are
mainly built up by coral thickets that are preserved in situ
up to 1.5 m in height and a few metres in diameter. They
contain up to 20 coral species of different morphotypes but
are chiefly composed of phaceloid Stylosmilia corallina
and Goniocora socialis subordinately. The tightly branched
Stylosmilia colonies are stabilized by their anastomosing
growth. The coral branches are coated with microbial crusts
and micro-encrusters reinforcing the coral framework. En-
crusters and other biota within the thicket show a typical
community replacement sequence: Lithocodium aggrega-
tum, Koskinobullina socialis and Iberopora bodeuri are
pioneer organisms, whereas the occurrence of non-rigid
sponges represents the terminal growth stage. The latter
are preserved in situ and seem to be characteristic so far
poorly known constituents of the Late Jurassic cryptobiont
reef dweller community. The distance and overall arrange-
ment of branches seems to be the crucial factor for the
manifestation of a (cryptic) habitat promoting such com-
munity replacement sequences. Widely spaced branches
often lack any encrusting and/or other reef dwelling organ-
isms, whereas tightly branched corals, as is St. corallina,
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stimulate such biota. Hence, such reefs are well suited for
research on coelobites and community sequences of en-
crusting and cavity dwelling organisms.
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Introduction

The coral reef development reaches a climax in the Late
Jurassic (Kiessling et al. 1999; Leinfelder et al. 2002),
and a wide variety of different coral reef types were
established in different environmental settings. This can
be attributed to a widened “reef window” during that time
(Leinfelder and Nose 1999; Leinfelder et al. 2002). Owing
to intensified examination of these reefs, the knowledge
about their faunal composition, structure, palaeoecology,
and sedimentology increased significantly during the last
decades (see Leinfelder 2001, and references therein;
Schmid et al. 2001). Due to a more equilibrated greenhouse
type climate, Late Jurassic reefs are distributed in high
latitudinal settings – up to about 40◦ north – as well as in the
low latitude reef belt of the Tethyan realm (e.g., Leinfelder
et al. 1993, 1994, 1996; Leinfelder 2001). In contrast to
the reefs from the Tethys, those from the high latitudes
of the North-Tethyan shelf areas (sensu Leinfelder et al.
2002), for example from southern Great Britain and north-
western Germany, are only insufficiently known (Insalaco
et al. 1997; Insalaco 1999; Leinfelder et al. 2002: 504).
Therefore, a comparison between them and the Tethyan
reefs was almost impossible. Insalaco (1999) described
Middle Oxfordian coral reefs from southern Great Britain.
He recorded only a few eurytopic and r-selected corals
that dominate the reef building assemblages even in highly
different local environments and ecological conditions.
These assemblages frequently display characters of
pioneering communities among which typical Tethyan ele-
ments, especially micro-encrusters (Leinfelder et al. 1993;
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Schmid 1996) and microbialite, widely to completely
lack. These observations agree with the environmental
instability model developed by Fürsich and Sykes (1977)
for the subboreal faunal province in the Upper Jurassic.

The Northwest German coral reefs of the Korallenoolith
Formation that developed contemporaneously at similar
palaeolatitudes in the European archipelago (Fürsich and
Sykes 1977) were expected to show largely similar fea-
tures. This was questioned by the observations of Helm
and Schülke (1998, 1999), Helm et al. (2001, 2003b: con-
cerning reef corals, 2003c: concerning calcareous algae),
Reuter et al. (2001), and Helm (2005) who were able to
demonstrate the close palaeobiogeographical affinity of
many Northwest German reefs to the Tethyan ones.

The reefs presented in this paper are patch reefs that
mainly consist of branched corals (Stylosmilia corallina
and Goniocora socialis). Similar coral thickets show a
worldwide distribution and are developed as patch reefs,
biostromes, or coral meadows, the latter mostly consisting
of only one coral species. Such reefal bioconstructions are
largely restricted to lagoonal environments in very shallow
water and less turbulent conditions. Although the overall
fossil record of such build-ups is rather good (Roniewicz
and Roniewicz 1971; Eliášová 1981; Beauvais 1985;
Werner 1986; Geister and Lathuilière 1991; Flügel et al.
1993; Fookes 1995; Geister 1995; Nose 1995; Bertling
and Insalaco 1998; Helm and Schülke 1998; Laternser
2001; Leinfelder et al. 2002; Olivier et al. 2003, 2004,
2006), Late Jurassic coral bioconstructions mainly formed
by branched corals are rarely examined in detail and
poorly known so far. The Northwest German reefs can be
taken as type examples for the growth of such build-ups
and the associated epifaunal communities (see Vytopil
and Willis 2001). The descriptions also add further detail
to reefal development in the Northwest German Late
Jurassic.

Late Jurassic coral reef development in NW Germany

During the early Late Jurassic, calcareous clay – to
sandstones (Heersum Formation) were deposited in the
Lower Saxony Basin, which are overlain by the platform
carbonates of the Korallenoolith formation extending from
the Middle Oxfordian to the earliest Early Kimmeridgian
(Gramann et al. 1997; Helm et al. 2001). Corals and coral
bioconstructions are largely restricted to five horizons
within the Korallenoolith Formation (Helm et al. 2003b,
and references therein) that is mainly formed by oolites.

The Untere Korallenbank Member and the florigemma-
Bank/Hainholz Member are the most important reef-
bearing intervals. The corals of the Untere Korallenbank
Member form biostromes that have a lateral extent of sev-
eral kilometres and reach up to 10 m in height. The low-
diversified coral fauna is dominated by ubiquitous platy
forms like Thamnasteria concinna, Isastrea, and turbinate
solitary corals (Montlivaltia). Micro-encrusters and micro-
bial crusts largely lack, whereas encrusting oysters, ser-
pulids, and bryozoans as well as other reef dwellers (mol-

luscs, brachiopods) occur frequently (Bertling 1989, 1993,
1994, 1997a,b; Schülke et al. 1998).

The florigemma-Bank Member is the most widespread
coral-bearing horizon intercalated in a sequence of oolite
shoal deposits. The term “florigemma-Bank” refers to the
occurrence of echinoid spins of Paracidaris florigemma
(Phillips) in this Member. However, remains of P.
florigemma are of no stratigraphic value, since spins of this
echinoid species are also present in the footwall deposits
and the overlying strata. The biostratigraphical assignment
of the florigemma-Bank Member (middle Oxfordian,
variocostatus subzone; for discussion see Helm et al.
2003c) is based on rare and poorly preserved ammonoid
specimens that were recovered during the last decades
from deposits below and above the Member.

Although reef-like bioconstructions are widespread in the
florigemma-Bank Member, they were largely unconsidered
in the regional literature save a few short notes (Klüpfel
1931; Lambelet 1968; Bertling 1989, 1993; Mönnig and
Bertling 1995). The facies mapping of the florigemma-
Bank Member in its distribution area resulted in a char-
acteristic facies and reef type distribution patterns (Helm
et al. 2003b, and references therein). The spatial variations
of reef types appear to be mainly controlled by both local
scale tectonic movements in the course of the North Sea
rift development and eustatic sea-level fluctuations (Ziegler
1990; Jacquin et al. 1998; Schülke et al. 2004).

In the Süntel Mts, extending over an area of approxi-
mately 50 km2, there occur small patch reefs up to a few
metres in diameter and less than 4 m in height. The patch
reefs are embedded in a micritic lime-mud inter-reef fa-
cies. Most of these reefs are formed by coral-thicket dom-
inated by ramose Thamnasteria dendroidea Lamouroux
(Helm and Schülke 2000a; Helm 2005). These coral thick-
ets are strengthened by microbialite that exhibits frequent
(micro-)encrusters. At a few localities, in particular overly-
ing the patch reefs, large solenoporids occur in considerable
amounts (Helm and Schülke 1998; Helm 2005).

East of the Süntel Mts, in the Kleiner Deister area,
Th. dendroidea forms meadows of mostly thin branched
and open-spaced colonies with usually upward directed
branches (sparse pillarstone sensu Insalaco 1998). Micro-
bial crusts and micro-encrusters largely lack. The coral
meadows are interpreted as sediment-stressed because they
were continuously covered with carbonate deposits during
growth and did not elevate above the sediment surface (con-
stratal growth fabric; Insalaco 1998).

North of the Kleiner Deister area, in the Deister Mts,
the florigemma-Bank is excellently exposed and forms out-
crop strings of about 5 km in lateral extent. According
to Helm and Schülke (2000b), a threefold lateral facies
variation can be observed: (1) biostrome facies, (2) coral-
bearing marl facies, and (3) patch reef facies. The presence
of chaetetids (Helm and Schülke 2000b; Helm et al. 2001)
is a unique feature of the florigemma-Bank in the Deis-
ter Mts since they were so far only known from Tethyan
type reefs. The biostrome facies reaches up to 3.5 m in
thickness and is formed by a coral-microbialite commu-
nity that has a lateral extent of several km2. Almost all
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Fig. 1 Location map of the Speckhals area with the two sampled quarries in the Deister Mts, northwestern Germany. Below: Simplified
sketch of quarry 1 with position of sections A – K shown in Figs. 3 and 7

possible coral morphotypes (platy, hemisphaerical, pseu-
docolumnar, ramose, phaceloid, dendroid, solitary) occur
in this particular biostrome that is overlain by a horizon rich
in large solenoporaceans. In the coral-bearing marl facies
scattered corals and rare chaetetids are imbedded in fos-
siliferous lime-mud (e.g., Hirschkopf section, see Schülke
and Helm 2000). The patch reef facies in the Deister Mts is
characterized by coral thickets that are described in detail
in the following chapters.

The largest occurrences of coral reefs are situated
in the Hainholz Member (Helm et al. 2003a; Oberer
Korallenoolith after Hoyer 1965), the presumed strati-
graphical equivalent of the florigemma-Bank Member in
the Osterwald Mts. They consist of patch reefs up to 12 m
in height which are embedded in reefal debris (Reuter
et al. 2001; Helm et al. 2003a).

Investigated sections

Two abandoned quarries that expose patch reefs in the Deis-
ter Mts, north of the town of Springe and about 25 km in the
southwest of Hannover, Lower Saxony (Fig. 1) are investi-
gated in detail. Further data about the regional distribution
of this facies results from mapping (screening of hand sam-
ples) in the adjacent areas.

The first quarry (section no. 20 following Hoyer 1965;
r 3538790 h 5789990) is situated near the Speckhals
(Fig. 1; Speckhals quarry in the following). It has a
lateral WE-extent of approximately 100 m and exposes
the sedimentary succession up to 9 m in thickness of the
gently N-dipping Korallenoolith Formation. The eastern
part of the quarry is largely covered by rubble and dense
vegetation, whereas the strata in the southern, western, and
northwestern parts are well exposed, though their surfaces
are frequently covered with algae and lichen. Due to the

comparatively long lasting exposure of the rock surfaces,
the massive patch reef units are less weathered when com-
pared to the surrounding peri-reefal deposits (see Fig. 2A).

The second quarry (section no. 21 following Hoyer 1965,
r 3538960 h 5790300) is situated about 400 m NNE of
locality 1 on the northern slope of the Speckhals (Fig. 1).
Only the base and the middle part of the florigemma-Bank
Member are poorly exposed in its easternmost part.

Methods

At locality 1 (Fig. 1), 11 sections of up to 3.5 m in thickness
and containing the florigemma-Bank Member were anal-
ysed. Samples were taken at intervals of 10–20 cm. Due to
favourable outcrop conditions, we focused on the western
part of the quarry. The position of the sections is given in
Fig. 1, sections C, E, F, I, J, and K are shown detailed in
Fig. 3b. Owing to the bad exposure conditions of the suc-
cession at locality 2, only one section has been investigated
(Fig. 3a). Bulk sampling and standard preparation tech-
niques led to a total number of 290 polished slabs and 110
thin-sections. In addition, large samples of reefal limestone
were broken down and prepared using hydrogen peroxide.
These samples were examined for borings and resolution
moulds (comp. Fürsich et al. 1994a; Bertling and Insalaco
1998), e.g., of corals (Fig. 4D). Several of these external
moulds revealed detailed micromorphology of skeletal
structures and were casted with latex (Fig. 2B, E–G). The
facies examinations in both field analyses and microscopic
studies resulted in a three-dimensional reconstruction of
the Stylosmilia/Goniocora patch reef community (Fig. 5).

The figured thin-sections, polished slabs, moulds, and
latex casts are reposited in the collection of the Institut für
Geologie und Paläontologie, University of Hannover under
catalogue no. GPH 2002 III 1-ff.
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Facies description

Pre-florigemma-Bank Member deposits

Bedded and well-winnowed oolite (grainstone), which
thickness amounts to at least 4 m in quarry 1 underlies
the deposits of the florigemma-Bank. It is formed by ooids,
grapestones/lumps, and some oolite-clasts. Bioclasts are
mainly represented by echinoderm and Terquemella frag-
ments. Remains of bryozoans, molluscs, and foraminifers
(in particular lenticuliniids, textulariids, and Everticyclam-
mina sp.) occur in minor amounts. Larger bioclasts and
ooids are frequently encrusted by foraminifers. The oolite
grades vertically into fossiliferous packstone to rudstone
(Fig. 4A) followed by wackestone to floatstone (Fig. 6H)
of the peri-reefal facies.

florigemma-Bank Member

The florigemma-Bank Member consists of reefal facies
(Stylosmilia/Goniocora thickets and Stylina patch reefs)
and peri-reefal facies (Figs. 2A and 7). Its thickness reaches
2–2.5 m. A summary of reef organisms and organisms of
the peri-reefal facies is given in Figs. 8 and 9.

Reefal facies

Stylosmilia/Goniocora thickets

This is the most prominent reef type within the florigemma-
Bank Member in the Speckhals area. The outline of the
thickets that are well exposed in the western part of the
Speckhals quarry 1 is typically ellipsoid in vertical section
(Fig. 2A). The thickets reach up to a few metres in diameter
and up to 2 m in height. They are either grouped together
with only a few metres of peri-reefal deposits between each
reef (Figs. 5 and 7), or they are loosely spaced.

The thickets are made up by a framework that is formed
by the fasciculate Stylosmilia corallina (Figs. 2C and
D) and Goniocora socialis (Fig. 2B) subordinately. The

� Fig. 2 Abandoned Speckhals quarry, Deister Mts, NW Germany;
corals of the florigemma-Bank Member. A Abandoned Speckhals
quarry I, southern quarry wall (height of quarry wall is about 8 m,
black arrow indicates hammer for scale). The section starts with
bedded oolite that is overlain by reefal deposits of the florigemma-
Bank Member: a coral thrombolite patch reef (thicket) is exposed
in the centre of the photograph. Note lateral facies transition into
indistinctly bedded micritic peri-reefal limestone. Bedded oolite
follows up-section. B Goniocora socialis, a coral species similar
to St. corallina; the interstices between the branches are filled up
with fossiliferous micritic limestone. Arrow points to extratentacu-
lar budding. Thin-section Sph-M-1.1 m. C Submassive colony of St.
corallina. Note calcareous cement layer connecting single branches.
Thin-section Sph-IX-0.35 m(3). D Colony of Stylosmilia corallina
in longitudinal section. Note fused fasciculate branches. T, in situ
tetractinellid demosponge; S, serpulids; B, bryozoans; sp, shelter
pores. Bivalve boreholes are circled with a black line. Thin-section
Sph-IX-0.35 m(1)

corals are generally preserved in life position and have
only scarcely been toppled over. Large hemispherical
colonies of Stylina tubulifera (Fig. 4B) are abundantly in-
terspersed among the thickets. Other frequent corals are
ramose colonies of cf. Actinastraea ramulifera (Fig. 4D
and E). Plate-like colonies of Actinastraea pentagonalis,
Isastrea, and microsolenid corals are less common. Rare
reef dwelling coral species that do not contribute to the
reefal framework are Actinaraea granulata, Thamnasteria
concinna, Thecosmilia cf. trichotoma, Microphyllia spp.,
Dimorpharea sp., Cyathophora sp., Calamophyllia more-
auana, cf. Caryophyllia suevica (Fig. 4C), Montlivaltia sp.,
and Rhipidogyra costata. According to the classification of
Insalaco (1998), the reef growth fabric fits well with the
dense pillarstone.

Individual colonies of the dominant phaceloid corals (St.
corallina and G. socialis) are up to a few dm in diameter
and resemble each other in thin polished slabs to a high
degree with regard to the cylindrical corallite diameter
(2.5–4 mm), the hexamer septal cycle with 24 septa, the
weakly to strongly developed costae, and the styliform
columella. Moreover, the septa of the first cycle of both
species are often fused with the columella. However, there
are significant differences concerning the branching mode
and the arrangement of corallites (Lauxmann 1991). Unfor-
tunately, these features are hardly recognizable in the field
because the branches are covered with microbial crusts.
Details are only visible in external moulds. In G. socialis,
the budding is extratentacular (Fig. 2B), commonly in pairs
of laterally opposing corallites. Over short distance the
branches are bent up and grow subparallel to the predeced-
ing corallite in a comparably wide distance. In St. corallina,
the budding is also extratentacular, but the corallites are
more or less closely packed within a colony, and commonly
anastomotic. This branch arrangement results in submas-
sive coralla (Turnšek 1975: pl. 2/4, 1997: 196, fig. A–F;
Errenst 1990: 176; Reuter et al. 2001: fig. 7/4; Helm et al.
2003b: Fig. 11E). In addition, the costae of St. socialis are
granulated, whereas those of G. socialis are rather rib-like.

Cf. Actinastraea ramulifera exhibits ramose colonies
with widely spaced branches that reach ca. 5 mm in diam-
eter; budding is rare (Fig. 4D and E). The calices are small
and expose a columella. Twenty-four confluent to subcon-
fluent septa are commonly developed, but smaller numbers
of septa can also occur. Moulds of the branches show a fine
granulation of the septa. The calices are frequently polyg-
onal and appear to be cerioid. In other cases, even on the
same branch, the calice boundaries are less sharp and the
septa are thamnasterioid. The Northwest German material
agrees well with the descriptions of Rosendahl (1985) and
Lauxmann (1991), but the separation at species level re-
mains uncertain due to the weakly developed walls towards
adjacent corallites. The colonies of cf. Act. ramulifera have
been observed mainly at the base of the thickets.

Within the Stylosmilia/Goniocora thickets, the interstices
between coral branches are almost completely filled by
microbialite, micro-encrusters, and cavity dwelling fauna.
In the southwestern part of the Speckhals quarry (exposed
along sections G and H), reticulate to dendroid microbialite
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Fig. 3 Continued

(sensu Schmid 1996) overlies the thicket facies and usually
wraps foliaceous microsolenid corals (poorly preserved and
commonly leached colonies of cf. Actinarea granulata),

� Fig. 3 (A) Sedimentary succession of quarry “2” (see Fig. 1) and
legend and (B) successions of sections C, E, F, I, J, and K (Speckhals
quarry, “1” in Fig. 1) containing the florigemma-Bank Member; scale
in metres

Thecosmilia cf. trichotoma, and scarcely St. corallina/G.
socialis.

Stylina patch reefs

In the Stylina patch reefs from the eastern part of the Speck-
hals quarry 1 (Figs. 3 and 7, section K), massive corals are
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Fig. 4 Corals from patch reef of the florigemma-Bank Member
exposed in the Deister Mts. A Fossiliferous oolite from the base
of the florigemma-Bank Member with a small coral colony (cf.
Stylina) growing on an oyster shell fragment. Polished slab Sph-L. B
Stylina tubulifera, Sample B (latex cast). C Specimen of the solitary
caryophyllid coral Caryophyllia cf. suevica encrusted by serpulids;
bottom: cross-section (central cut) through the corallite that exposes
the spongeous columella; top: cross-section of the uppermost part of

the corallite. Thin-sections Sph-VI-1.75 m(1) and Sph-VI-1.75 m(2).
D and E Ramose branches of cf. Actinastraea ramulifera preserved
as external moulds (D sample A1; E latex cast, sample A3). The
margins of the septa are regularly ornamented with granules. F and
G Calicular surface of cf. Dendrohelia coalescens showing small
irregular-spaced corallites and granulated coenosteum surface. Sam-
ple Sph-IV-0.6 m (latex cast)

more common than the above listed framebuilding branch-
ing corals. They predominantly consist of hemispherical to
plate-like plocoid or cerioid colonies, varying around 10 cm
in diameter. In order of decreasing frequency, the Stylina
patch reefs contain the following corals: Stylina tubulifera
(Fig. 4B), Heliocoenia variabilis, Actinastraea pentago-
nalis, Microphyllia spp., Isastrea sp., Stylina limbata, and
Dendrohelia coalescens (Fig. 4F and G). The branched St.
corallina, G. socialis, cf. Act. ramulifera, and Th. cf. tri-
chotoma also occur abundantly but do not dominate the
frame builders. Plate-like microsolenid corals are only of
minor importance. The reef growth fabric (sensu Insalaco
1998) corresponds to domestone.

As in the Stylosmilia/Goniocora thickets, the framework
is heavily encrusted by microbialite. Towards the top, the
microbialite encrustation increases. The other encrusting
fauna largely resembles that of the thicket facies.

Microbialite, associated reef organisms,
and bioerosional organisms

Microbes are secondary reef builders, and microbialite sig-
nificantly contributes to the framework. They commonly
encrust the lateral surfaces of branched corals strengthen-
ing the framework or form up to a few cm thick coatings on
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the surfaces of massive corals. Microbial crusts at the sides
of single coral colonies or thickets are developed as down-
facing hemispheroids (Leinfelder and Schmid 2000) or
mamillated microbialites (Olivier et al. 2003). This type has
frequently been observed in Late Jurassic coral-thombolite
reefs (Leinfelder 2001), in particular as wrappings of bushy
corals (Nose 1995: 88; Olivier et al. 2003, 2004, 2006). The
microbial crusts show mostly clotted to peloidal textures.
According to the classification of Jurassic microbialite fab-
ric offered by Schmid (1996), the following types have been
observed: pure, clotted, and layered thrombolite as well as
clotted and pure leiolite.

Encrusting serpulids are common in the studied reefs
(Figs. 2D and 4C), but only “Glomerula” is distinguishable
due to its round tubes. Apart from Terebella lapilloides that
usually develops small tubes up to 1 mm in diameter, there
occur specimens with larger tube diameters varying around
3 mm. However, variations in tube diameter and wall thick-
ness are well known from Terebella in southern Germany
(e.g., Brachert 1986). A few large arenaceous tubes aggluti-
nating ooids, peloids, foraminifers, and spiculae have been
observed, fixed on coral branches. They reflect a hitherto
undescribed species of “terebelloid” polychaets. Additional
material of this type is figured and referred to by Herrmann
(1996: pl. 8/6, “agglutinated polychaetid worm gen. et sp.
indet.”) from the Oxfordian of central Dobrogea (eastern
Romania).

Among the foraminifers, nubeculariids and “Placop-
silina” are dominantly present in the reefs. The latter is very
similar to Haddonia sp. figured by Bucur et al. (1996) and
commonly occurs enriched in clusters. The Lithocodium
aggregatum/Troglotella incrustans-consortium (Schmid
1996; Schmid and Leinfelder 1996) is less frequent.
Attached foraminifers with calcareous hyaline tests
belonging to Bullopora (B. tuberculata and B. rostrata),
Ramulina, Ramulinella, and Tentilenticulina latens also
occur. They preferently inhabit micro-cavities within coral
colonies (Fig. 11L). T. latens has only rarely been observed
and seems to have a regionally restricted distribution,
because it is so far only known from mid-Oxfordian coral
reefs of the Coral Rag, England (Hitchings 1980; Insalaco
1999) and northwestern Germany (Helm 2005).

Sheet-like bryozoans of the “Berenicea”-group (Fig.
11K), which includes different genera (Walter 1969), are
common. To a lesser degree, runner-like bryozoans (Stom-
atopora, “Proboscina”) are present. “Massive” colonies of
bryozoans similar to Kolophos in thin-sections (Fig. 11J)
occur only rarely. Boring bryozoans have been identified
only by their boreholes (Talpina).

Concerning the brachiopods, the pedicle-attached Sep-
taliphoria pinguis occurs abundantly in interstices of the
framework. In addition, thecideidinids are very abundant
(Fig. 11M). They are represented by Rioultina pustulosa,
which has been described from a section southwest of the
Speckhals area (Schülke and Helm 2000).

Sponges are very common in the patch reefs (Fig. 6A–H).
Apart from chaetetids (Ptychochaetetes polyporus; Fig.
6G and H), the sponges are rather small and normally do
not exceed 1 cm in size. They are represented by different

taxonomic groups including sponges with rigid skeleton
and non-rigid (soft-bodied) sponges. Owing to difficulties
in the determination of sponge remains in thin-sections,
the number of species that contribute to the patch reef
fauna is uncertain but seems to be moderately high. Most
frequent are non-rigid tetractinellid demosponges with in
situ preserved tetractinellid megascleres and micro-triaens.
Such aggregations of megascleres and micro-triaens are
surrounded by bean-shaped rhaxes (Fig. 6A–C). Non-rigid
pachastrellid sponges with dichotriaen megascleres in the
mesohyl (Fig. 6D and E) and sterraster type microscleres in
the dermal layer are rare and belong to the accessory fauna.
All non-rigid sponges are restricted to the cavities left in the
thickets after coating of coral branches with microbialites
and encrusting organisms. They are preserved in situ and
are imbedded within a mostly peloidal matrix that results
from sponge automicrite formation (Delecat et al. 2001).

Such reef dwelling non-rigid sponges belong to the rather
poorly known organisms (Leinfelder 2001: 266). Cryptic
non-rigid sponges communities similar to the described
material are known to occur elsewhere in the Lower Saxony
Basin (Reitner 1994; Delecat et al. 2001: Lower Kimmerid-
gian oyster patch reefs characterized by prolific non-rigid
sponge growth; Helm and Schülke 1998, 1999; Helm 2005:
Oxfordian Thamnasteria dendroidea patch reefs exposed in
the Süntel Mts).

Pharetronid Calcarea with basal skeleton are less fre-
quent. The observed specimens comprise forms with stout
and strongly linked fibres, but also specimens with fine
reticulate skeleton structure (comp. Delecat et al. 2001: pl.
38/1). Specimens of Eudea cf. globata are rarely present.
They are a few mm in diameter and globular in outer shape.
Their surface is covered with a dermal layer (cortex) with
apertures (Fig. 6F). Coralline sponges are rather rare and
are represented by Neuropora. Additional sponges com-
prise clionids that belong to the destroyer guild.

Apart from small reef dwelling gastropods, numerous
specimens of small patelloid gastropods (limpets) are rec-
ognized in the patch reefs (Fig. 11H). They belong to
Emarginula sp. (comp. Jaintly et al. 2000). The surface
ornamentation of cap-shaped shell appears grid-like due
to the equally pronounced development of concentric and
radial ribs. The patelloid gastropods occur in small reef
cavities or dwell inside phaceloid coral colonies.

The examined patch reefs exhibit a wide variety of
bioerosion features. They are extensively penetrated by bi-
valves that locally removed about 50% of the microbialite
volume. The lithophagids are the most common of these
taxa (Lithophaga subcylindrica and others; comp. Fürsich
et al. 1994a). Also, a probably new pholadid species of the
genus Jouannetia has frequently been identified. Borings
of gastrochaenids are less frequent. They derive from
two different species. A rare form is Gastrochaenopsis

�Fig. 5 Reconstruction of the Speckhals patch reefs synthesised from
facies examinations showing their architecture, the major reef build-
ing corals, and important accompanying fauna and flora of the peri-
reefal areas. The drawing was provided by Dr. Annette Broschinski,
Hannover



450



451

Fig. 6 Sponges from patch reefs of the florigemma-Bank Member
exposed in the Deister Mts. A Non-rigid tetractinellid sponge, a com-
mon cavity dweller of Stylosmilia/Goniocora colonies. The megas-
cleres are preserved in situ and are embedded in clotted peloidal ma-
trix. Thin-section Sph-IX-0.35 m(1). B and C Non-rigid tetractinel-
lid sponge exhibiting in situ cementation of calthrop megascleres
and microscleres (C: detail of B); thin-section Sph-IX-0.35 m(2).
D and E Mesohyl area of non-rigid pachastrellid sponges showing
dichotriaene dermal spicules. D: thin-section Sph-Br.-0.9 m(1), E:

thin-section Sph-Br.-0.9 m(1). F Eudea cf. globata attached to a mi-
crobial crust. The sponge skeleton is covered with a rigid hemispher-
ical cortex. Two openings with slightly elevated margins are visible.
Thin-section Sph-Br.-0.9 m(2). G Ptychochaetetes polyporus grow-
ing on Thecosmilia sp. Thin-section Sph-IX-2.95 m. H Peri-reefal
deposits with two nodules of Ptychochaetetes polyporus (P) and a
branched colony of Thecosmilia sp. (branches encircled with black
line) with varying stages of preservation (well-preserved corallites
together with leached corallites). Polished slab Sph-VI-1.5 m
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Fig. 8 Coral species from
patch reefs and peri-reefal
deposits in order of decreasing
frequency, growth form and
calice types
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Fig. 9 Fossil content of the florigemma-Bank Member except for coral species (shown in Fig. 8) with information on habitat (patch reefs
versus peri-reefal deposits), semiquantitative abundance, and guild assignment

sp.. Its valves occur in elongated, flask-like borings
(Gastrochaenolites dijugus). The valves of Carterochaena
pulcherrima can also be observed in the same type of
boreholes.

Bivalve borings penetrate microbialite as well as coral
skeletons. The boreholes abundantly cut through both sub-
strates (Fig. 2D). Lithophagid specimens were observed

to primarily attack coral skeletons (nearly 80%), whereas
about 75% of the Jouannetia sp. borings are found in mi-
crobial crusts. Gastrochaenid borings are present in corals
as well as in microbial crusts, but their relatively small
number does not allow a statistical analysis.

Apart from the juvenile boring stage of the foraminifer
Troglotella incrustans (Fig. 11I), microborings are
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Fig. 10 Sketch of polished slabs cutting a single? colony of Stylos-
milia corallina (bottom: cut parallel to the branches; top: branches in
cross-section). Note frequent fusion of adjacent branches

represented by small pits, straight or digitating tubes, and
tubes forming networks. Occasionally, structureless leiolite
is penetrated by boring fungi (sensu Reitner 1994) which
form anastomosing and digitating tubes subsequently filled
with sparite. The following forms of several larger borings
have been observed: long tube-like borings between 0.1
and 2 mm in diameter (Trypanites ichnsp.), camerate and
noncamerate borings of clionid sponges (Entobia ichnsp.;
Fig. 11L), borings of cirripedians (Rogerella ichnsp.), spi-
rally coiled, 0.2–0.4 mm wide borings (Spirichnus spiralis),
phoronid borings (Talpina ichnsp.), and a single occurrence
of a brachiopod boring (Podichnus ichnsp.).

Peri-reefal deposits

The poorly bedded limestone deposits that represent the
peri-reefal facies have a micritic matrix and are highly fos-
siliferous (microfacies vary from wackestone/packestone to
floatstone). These deposits abut sharply against the patch
reefs whereas the transition from the underlying oolite is
gradual: ooids become scarce and pelmicrites to fine cal-
carenites prevail upsection. However, the transitional hori-
zon is also a stratigraphical equivalent to the onset of the
reef development because it passes laterally into coral lime-
stone that represents the base of the coral thickets (Fig. 3).

Thus, ooid sedimentation continued during the beginning
reef growth and ceased successively.

The deposits of the transition zone and those directly
underlying the patch reefs are enriched with reef debris
(rudstone/floatstone; Fig. 4A). The reef debris is generally
well preserved and consists of broken massive or branched
corals. Colonies of Thecosmilia cf. trichotoma are also
present in the peri-reefal deposits (Fig. 6H). They are in life
position and only rarely toppled. Other corals preferently
growing in inter-reef areas are species of Microphyllia (M.
brevivallis and M. thurmanni). They develop only small
meandroid colonies.

Pseudocolumnar bulbs (up to 20 cm in diameter) of
Solenopora jurassica occur very frequently in the peri-
reefal deposits and can be found both in growth position
and toppled. Most of the bulbs expose characteristic
annual growth patterns (Wright 1985), but frequently
they are mutually intergrown with Bacinella irregularis.
This is interpreted as “boring behaviour” of B. irregularis
(Herrmann 1996; Kołodziej 1997; Dupraz and Strasser
1999; Ourribane et al. 2000). Larger components of the
deposits, e.g., coral fragments, are frequently overgrown by
the chaetetid sponge Ptychochaetetes polyporus that forms
small nodules up to a few cm in diameter (Fig. 6G and H).

The associated benthic macrofauna appears gener-
ally well preserved. However, the preservation and,
consequently, taxonomic identification suffers from the
extensive lithification of the host sediments. A restricted
number of gastropod, bivalve, and echinoderm species
were observed occasionally (Fig. 9). Pedicle-attached
brachiopods occur abundantly and are mainly represented
by Septaliphoria pinguis.

Pelmicritic deposits of the inter-reef areas are partly en-
riched in rhaxes and Terquemella remains. Further remark-
able remains are fragments of an erect bryozoan (Fig. 11A
and B) that are probably detached from their patch reef
habitat. Apart from rare ostracods, the microfauna also
includes a diverse assemblage of benthic foraminifers of
approximately 20 species (Figs. 8 and 11C–G). Most com-
mon are large tests of the lituolid foraminifer Everticy-
clammina sp. (Fig. 11C and D) that resemble those of
Otaina magna (Ramalho). Also abundant are lenticulid
species and small, coarse-agglutinated tests of Ammoba-
culites or Haplophragmium. Remains of the worm (?)tube
Carpathiella triangulata and the enigmatic Aeoliasaccus
occur only rarely.

Post-florigemma-Bank Member deposits

The deposits of the florigemma-Bank Member are over-
lain by a bedded and partly dolomitized oolite (grain-
stone). The sediments locally contain reef rubble (strongly
abraded corals and nodules of Solenopora) at the base,
which probably is material reworked from the underlying
reefal and peri-reefal deposits. Bivalve shells are enriched
in non-persistent intervening beds. In addition, oolite intra-
clasts, bored by bivalves (Gastrochaenolites ichnsp.), rarely
occur.
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Fig. 11 Reef dwellers (bryozoans, foraminifers, thecideidinid bra-
chiopods, gastropods) from the patch reefs of the florigemma-Bank
Member and biota of the peri-reefal deposits. A and B Erect bryozoan
colony with central tube, peri-reefal deposits: A cross section, thin-
section Sph-VI-2.5 m; B oblique longitudinal section; thin-section
Sph-VI-2.5 m. C Pelmicrite with abundant tests of Everticyclammina
sp.; thin-section Sph-III-2.7 m(2). D Everticyclammina sp. in longi-
tudinal section. The test consists of peloids and small foraminifers.
Thin-section Sph-III-2.7 m(1). E Tetraxis type foraminifer (?Pseu-
domarssonella sp.); thin-section Sph-III-2.7 m(2). F Comaliamma
gediki; thin-section Sph-III-2.7 m(2). G Reophax sp.; thin-section
Sph-IV-1.9 m. H Patelloid gastropod Emarginula sp., “apex” is not

preserved; sample Sph-E (latex cast). I Troglotella incrustans bor-
ing into a coral skeleton; thin-section Sph-IX-0.25 m. J Bryozoan
(aff. Kolophos sp.) fixed on a St. corallina branch; thin-section Sph-
IX-0.35 m(3). K Berenicean type bryozoan. Thin-section Sph-Br.-
0.9 m(1). L cf. Actinastraea ramulifera branch penetrated by clionid
sponge borings (Entobia ichnosp.). The cavity is inhabited by a hya-
line foraminifer (Ramulina sp.). Note abundant needle-like processes
of the outer wall of the worn tube-like test. Thin-section Sph-M-
1.8 m. M Microbialite with two thecideidinid brachiopods (cf. Ri-
oultina pustulosa) in cross section (above) and longitudinal section
(below). Sample Sph-Br.-1.5 m
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The boundary between the florigemma-Bank deposits
and the overlying strata is gradual by the successive in-
crease in ooid content. Evidence of subaerial exposure
(e.g., karst cavities) that is well known from the adjacent
Süntel Mts (Helm 1998; Helm et al. 2002) has not been
observed. However, coral skeletons from the top of the
florigemma-Bank Member have been dissolved in places,
and subsequently filled with sediment. This may indicate
early freshwater diagenesis.

A calcarenite bed a few dm in thickness with fine quartz
grains is intercalated in the oolite succession about 1 m
above the top of the florigemma-Bank. This bed pos-
sibly corresponds to the siliciclastic Zwischenregion or
Liegendquarzit Member (Klüpfel 1931) in the Süntel Mts.

Discussion

Environmental interpretation

The succession starts with oolites extensively showing HCS
structures that were probably deposited as shoals or tidal
bars under a storm-dominated turbulent high-energy en-
vironment below fair-weather wave base. The base of the
florigemma-Bank Member possibly marks a major flood-
ing surface. This deepening of considerable amplitude pro-
vided the accommodation space for the reef development.
The initial patch reef growth started by coral colonization
of large bioclasts that offered a sufficient hard substrate
(Fig. 4A). Other favouring conditions were presumably
reduced sedimentation rates during transgression and a sta-
bilisation of the substrate (comp. Fürsich et al. 1994a; In-
salaco 1999). The deposits of the florigemma-Bank Mem-
ber reflect an open lagoonal depositional environment in
relatively calm and shallow water above storm wave-base
(<20 m). Storms account for episodically raised water en-
ergy that led to breakdown, fragmentation, and toppling
of coral colonies. Organisms that preferred shallow water
depths (L. aggregatum, B. irregularis, K. socialis, soleno-
porids, chaetetids) point to well illuminated and clear water
(e.g., Leinfelder et al. 1993; Schmid and Leinfelder 1996),
different from mesotrophic or eutrophic conditions dur-
ing later reef growth (see below). The upper part of the
florigemma-Bank Member reflects moderate shallowing.
It is followed again by oolite shoal or tidal-bar deposits
disadvantageous for reef growth. In general, this succes-
sion corresponds well to the one of the Süntel Mountains
(Schülke et al. 2004; Helm 2005) but otherwise lacks the
pronounced emersion surface known as the “Hauptdiskon-
tinuitätsfläche”, that is developed as a minor facies shift
probably marked by the quartz-bearing deposits above the
reef horizon (Schülke et al. 2004).

Community replacement sequence
in the Stylosmilia/Goniocora thickets

The succession of reef organisms that inhabit the thick-
ets show a characteristic settling or replacement sequence,

characterized by a successive colonization by encrusters
and cavity dwellers and contemporaneous biological de-
struction. Such community replacement sequences associ-
ated to coral thickets or rubble piles were studied repeat-
edly during the last decades in both recent and fossil settings
(Scoffin and Hendry 1984; Helm and Schülke 1998, and ref-
erences therein; Perrin 2000; Perry 2001; Wood 2001; Shi-
raishi and Kano 2004). The formation of such successions
is controlled by the progressive restriction of reef cavities
(reduction of light exposure, water circulation, and oxy-
genation; Scoffin 1993) and follows a development from
mainly photoautotrophic to heterotrophic feeding modes
(Wilson 1998; Dupraz and Strasser 1999). Moreover, the
fossilization inside protected cryptic habitats allows the ex-
amination of marine biota that are otherwise only poorly
preserved or suffered from water turbulence (Brett 1988;
Scoffin 1992).

The replacement stages from pioneering organisms to
cryptobionta (Kobluk 1988) or coelobites (Rasmussen and
Brett 1985) observed in this study are defined according
to the dominant or characteristic organisms. We propose
a subdivision into three stages comprising (1) a pioneer
assemblage, (2) a micro-encruster/microbial crust assem-
blage, and (3) a terminal non-rigid sponge assemblage
(Figs. 12 and 13).

1. Lithocodium/Koskinobullina stage (pioneer assem-
blage). The pioneer assemblage is defined by the
scattered appearance of the Lithocodium-Troglotella
foraminiferal consortium (cf. Schmid and Leinfelder
1996) and sheets of Koskinobullina socialis together
with Iberopora bodeuri (Helm et al. 2003c) that di-
rectly cover the coral branches. Both decrease in abun-
dance during the ensuing development of stage 2. The
foraminiferal consortium has even been observed within
the calices of phaceloid corals. Occasionally, the con-
tact to the substrate is diffuse or micritic and the coral-
lite walls below L. aggregatum encrustations seem to be
etched or bored. Also clionid sponges, represented by
the ichnogenus Entobia, are confined to this stage. They
seem to exclusively penetrate corallites of branched
corals before encrustation has taken place, because bor-
ings that cut both coral skeletons and microbialite have
yet not been observed. In addition, boring bivalves may
occur (documented by the existence of small borings),
but their appearance depends on skeletal characteristics
of the penetrated coral species (Edinger and Risk 1996;
Perry and Bertling 2000; Laternser 2001). They flourish
during the following stages when coatings around the
branches are available for excavation.

2. Micro-encrusters/microbial crust assemblage. In partic-
ular microbialites contribute to this stage. In addition,
this stage comprises all organisms that grow contem-
poraneously to microbial crusts (Figs. 9, 12 and 13)
or feed on microbialite, thus forming composite crusts.
During advanced growth most organisms become suc-
cessively rare, so that only T. lapilloides and nubecu-
lariids continue to flourish even in the following stage 3.
Both occur in close association with microbial crusts as
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Fig. 12 The diagram shows Stylosmilia corallina that is extensively
encrusted by microbialite intergrown with encrusting metazoans. The
coenosarc of St. corallina extends down the sides of each branch. The
community replacement sequence starts with photoautotrophic or-
ganisms. Remaining cavities supported the cryptic non-rigid sponge
community

they are incorporated within. Composite coatings in the
branched coral colonies are developed as thin veils to
thick crusts a few mm to a few cm in thickness, but they
never fill the whole interstices between coral branches.
In these small reef cavities small patelloid gastropods
(Emarginula sp.) are occasionally present. The remain-
ing space offers a habitat for cavity-dwelling, crypto-
biontic fauna. This fauna flourishes in the following
stage 3.

3. Non-rigid sponge stage (terminal sponge assemblage).
The encrusting sequence in the thickets is terminated
with a non-rigid sponge community that postdates the
encrustation described above. This community com-
prises small geodiid and pachastrellid demosponges
(“container” sponges) that are confined to small cryptic
habitats and preserved in situ. This preservation is pos-
sible because of the following conditions. First, the rigid
reef framework protects all interstitial sediment and or-
ganisms from compaction (Scoffin 1992). Secondly, the
intense microbial activity during and after decay of the
sponge soft tissues leads to an early in situ lithification
(Keupp et al. 1993; Reitner 1993; Delecat et al. 2001).
Finally, the complete thickets are post mortem encrusted
by mamillated microbialites that terminate the preced-
ing community replacement sequence and trap the reef-
associated fauna.

The community replacement sequence recorded here
resembles that described from Thamnasteria dendroidea
thickets of the Süntel Mts (Helm and Schülke 1998,
1999; Helm 2005). Probably, the settling sequence is
also typical for other Late Jurassic coral reefs that are
composed of tightly branched corals: The cosmopoli-
tan Lithocodium/Troglotella-consortium corresponds to the
first encrusting stage of the reefal framework in shallow-
water settings. It commonly encrusts external surfaces of
corals (Kołodziej 1997; Laternser 2001). Hence, Schmid
and Leinfelder (1996) and Kołodziej (1997) suggest a light
dependence and that the alveola side of the tests of L. aggre-
gatum was the preferred position of the photoautotrophic
symbionts. Also, Koskinobullina socialis and Iberopora
bodeuri appear to depend on light exposure, because they
commonly develop folious (?)colonies that are attached
directly to skeletal hard tissues (mostly coral skeletons).
The Lithocodium/Troglotella-consortium, K. socialis and
I. bodeuri are pioneering organisms that colonize rapidly,
but that are poorly competitive concerning overgrowth pro-
cesses (Dupraz and Strasser 1999; Shiraishi and Kano
2004). They demise during the ensuing development of the
epifaunal community and are only able to survive if reef
growth continues and coral skeletons provide new substrate
for colonization (Kobluk 1988).

The presence of small patelloid gastropods (limpets) in
the patch reefs is of special interest. The limpets belong to
the mobile dwellers in small reef cavities where they feed
on microbial coatings. Similar observations were made in
coral thickets composed of Th. dendroidea (florigemma-
Bank Member, Süntel Mts) and in reef rubble (Hainholz
reef complex, Osterwald Mts) where a variety of additional
species occur (Helm 2004, 2005). The ecological niche
of the patelloids in the reefs of the Korallenoolith For-
mation corresponds to that of the contemporaneous coral
thrombolite reefs of the northern Paris Basin where the
patelloids are only a single taxon among a variety of other
herbivorous raspers that are restricted to hard substrate
(Bertling and Insalaco 1998). However, this difference
can be interpreted as a sampling bias because small gas-
tropods, roughly assigned to the trochoids, are apparent on
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Fig. 13 Community replacement sequence in the Stylos-
milia/Goniocora patch reefs. The settling sequence starts with the
Lithocodium aggregatum – Koskinobullina socialis stage (pioneer

assemblage). The final stage is characterized by non-rigid sponges.
For further explanations see text

several polished slabs, but were not yet identified in hand
specimens.

The cryptic epifauna (non-rigid sponges, thecideidinid
brachiopods, bryozoans, a few foraminifers) recognized in
the Deister patch reefs are considered as fossil analogues of
recent micromorphic communities of coelobites in marine
caves (Asgaard and Stentoft 1984; Rasmussen and Brett
1985; Scoffin 1993) and within coral rubble (Gischler and
Ginsburg 1996). Similar fossil epifaunal communities are
known from Middle Jurassic hardgrounds (Wilson 1998)
and from Kimmeridgian reef cavities (Taylor and Palmer
1994). Even from mudmound environments a similar sce-
nario has been described (Wood 2001).

Although the preservation potential of such non-rigid
sponges is considered low (Rasmussen and Brett, 1985
put them into the non-preservable category) in coral reefs
(Bertling and Insalaco 1998: 172) and a significant infor-
mation loss should be expected, non-rigid demosponges
seem to be common in Late Jurassic coral reefs. Fürsich
et al. (1994a) reported small non-rigid sponges as intersti-
tial fauna within bivalve-dominated patch reefs of south-
ern England. Lauxmann et al. (1998: 127) emphasise that
sponge spicules of non-rigid sponges are very common in
reefal limestone of the Late Jurassic from the Swabian Alb

in southern Germany. In conclusion, these sponges abun-
dantly contribute to the reef-dwelling fauna (cf. Dupraz and
Strasser 1999: 113, pl. 13/3). The common co-occurrence
of coral limestone and sponge-rich interstitial sediment in
reef cavities and aprons around the reef framework (e.g.,
Herrmann 1996: Oxfordian coral reefs in Dobrogea/eastern
Romania; Insalaco 1999: Oxfordian coral reefs in England)
further supports this assumption. Further Jurassic occur-
rences are known from sponge-algal mounds of southern
Germany (Pisera 1997).

Due to the broad spectrum of possible dwelling sites
of such sponges, it is not yet clear whether Late Jurassic
non-rigid sponges are generally coelobites. The fact that
non-rigid sponges are mostly found in reef cavities may
have two reasons either they are true coelobites who only
live in such cavities with restricted physical and biologi-
cal disturbance, or there is a preservational bias, i.e., the
sponges that lived outside the protected microenvironments
were destroyed following post mortem decomposition of
the sponge soft tissues.

The possible source of rhaxes in the peri-reefal deposits
remains unclear. Rhaxes are also well known from
Jurassic micritic deposits that lack reefal build-ups (e.g.,
Gramann 1963). This implies that they did not derive
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from decomposed reef-inhabiting sponges. According to
Schweigert et al. (2000) and Dietl and Schweigert (2002),
it seems reasonable that the rhaxes originate from a special
kind of “Rhaxella” sponges. These non-rigid sponges are
presumed to have pillow-like “bodies” with finger-like
protuberances, and their skeleton possibly consist exclu-
sively of rhaxes (Krautter, oral communication 2005). The
individual bodies presumingly dwelled directly on soft to
firm substrate adjacent to the patch reefs.

Like their non-rigid counterparts, “coralline sponges” oc-
cupy cryptic habitats in Late Jurassic reefs (Taylor and
Palmer 1994; Leinfelder 2001: 265). This habitat prefer-
ence is thought to reflect escape from detrital input (Werner
et al. 1994). The secondary rigid calcareous skeleton en-
hances the preservation potential of these small to even
micromorphic sponges.

The increase of borings in the patch reefs towards the
final microbialite surface indicates enhanced boring ac-
tivity after the final coating of coral colonies or thickets
with thick microbial crusts. This coincides well with Late
Jurassic bivalve-dominated patch reefs of southern England
(Fürsich et al. 1994a) and with Oxfordian coral thrombolite
reefs in the Suiss Jura (Dupraz and Strasser 1999). Even in
modern coral reefs, microbial crusts commonly form as the
final stage of an encrustation succession around the coralgal
framework (Wood 2001, and references therein). Dupraz
and Strasser (1999) emphasised that activity of boring or-
ganisms is strongest before (borings within coral skeletons)
and after formation of microbial crusts. This observation
agrees with a suspected increased eutrophication during fi-
nal patch reef growth (discussed below) because enhanced
nutrient fluxes can enforce bioerosional processes (e.g.,
Chazottes et al. 1995).

The composition of reef faunas changes along a bathy-
metric gradient, resulting in a depth zonation of reef or-
ganisms. Such a bathymetric distribution pattern has been
elaborated for the Iberian Peninsula by Leinfelder et al.
(1996, and references therein). To our astonishment, the
shallow-water Speckhals patch reefs comprise both organ-
isms of shallow and deeper water settings as defined by
Leinfelder et al. (1996). However, organisms that are con-
fined to deeper reefal settings (thecideidinid brachiopods,
bryozoans, demosponges, Terebella lapilloides) according
to Leinfelder et al. (1996), are restricted to cryptic habi-
tats in the examined patch reefs. Thus, the cave-dwelling
mode of life extends the bathymetric range of these faunal
components into shallow water. On the other hand, pho-
toautotrophic organisms are stenobathic and can thus be
regarded as bathymetric markers.

According to these observations, an analysis of environ-
mental conditions on the basis of reef organisms should be
executed carefully (Werner et al. 1994) and should take into
account that coelobites do not show a clear depth stratifica-
tion and are able to flourish even in small patch reefs within
well oxygenated lagoons. Moreover, in a few exceptional
situations, e.g., after a breakdown of the reefal framework
following a storm and the subsequent accumulation of loose
coral branches (Scoffin and Hendry 1984), the sheltering
epifauna and coelobites are able to exist directly attached

to the coral skeleton, and the community replacement se-
quence described above is not valid anymore.

Late Jurassic coral reefs mainly composed
of branched corals

The success of bushy corals in forming reefs in Late
Jurassic lagoonal environments even under a high-energy
condition has frequently been recognized. Except for a few
studies (Beauvais et al. 1974; Werner 1986; Fookes 1995;
Bertling and Insalaco 1998; Helm and Schülke 1998; Helm
2005), reefs composed mainly of branched corals were not
subjected to crucial investigations concerning the composi-
tion of coral fauna, their growth fabrics, the guild structure,
the overall shape, the interstitial sediments, the sedimen-
tation rates, etc. A lot of these reefs are developed as coral
thrombolite reefs. Such reefs, however, do not fit a certain
type as defined by Insalaco et al. (1997). They expose
features of both type III (reefal thickets dominated by tall
dense phaceloid colonies developed within pure carbonate
muds), and type IV (microbial-coral reefs dominated by
massive, branching ramose and phaceloid colonies). Other
bioconstructions composed of branched corals suffered
from detrital influx and lack microbial crusts and encrust-
ing organisms (Werner 1986). Such sediment-stressed
reefs with constratal growth fabric partly belong to the type
VIII following the classification of Insalaco et al. (1997).

In contrast to recent reef corals, Late Jurassic branched
corals were largely restricted to lower-energy settings (Le-
infelder et al. 2002: 469). According to, e.g., Brett (1990),
Scoffin (1992), and Insalaco et al. (1997), branched corals
are interpreted less resistant to mechanical destruction and,
thus, good indicators for the intensity of water turbulence
(Leinfelder 1992: 18). Following these authors, the fraction
of framework in growth position versus that of reef rubble
can be used for estimations of water energy. In particular,
phaceloid and dendroid corals that lack soft tissue on their
branches are subjected to enhanced penetration by boring
organisms (Scoffin 1992) that arose during Late Jurassic
times (Bertling 1999; Perry and Bertling 2000).

In contrast to the statements above, bushy corals and reefs
mainly composed of such corals are frequently preserved in
situ in less protected settings (Leinfelder 2001: 265). Sin-
gle colonies are even able to survive in high-energy reefs
(e.g., Leinfelder 1992; Reuter et al. 2001). The preservation
processes remain unclear (Leinfelder et al. 2002). One ex-
planation is that many of these bioconstructions are buried
in terrigenous and/or carbonate sediment that stopped the
mechanical breakdown and bioerosion (e.g., Beauvais et al.
1974: Thamnasteria dendroidea mud banks; Werner 1984:
“Calamophyllia” meadows). In most cases, only the termi-
nal tips of the coral branches raised above the sea floor (con-
stratal growth fabric), because they continuously baffled
sediment during their growth (Geister 1995). Leinfelder
(1994) and Nose (1995) emphasise that sediment-stressed
environments favour bushy corals that are adapted to such
environmental conditions, because they are able to keep
pace with sediment supply (Leinfelder et al. 1994, 1996;
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Fookes 1995; Nose and Leinfelder 1997; Laternser 2001:
155; Lathuilière et al. 2005: 553). Thus, occurrences of
(Late Jurassic) branched corals are largely connected with
such environments (Leinfelder 1994), forming the reef type
“clayey coral meadows” (Leinfelder 2001).

However, many settings with bioconstructions mainly
composed of branched corals lack such enhanced sedi-
ment supply during coral growth (e.g., Olivier et al. 2003).
The Northwest German reefs demonstrate that the excel-
lent reef preservation is also favoured by tightly branched
corals with anastomosing growth of corallites and envelop-
ing microbial crusts.

A further example of such coral thickets consisting of the
ramose Thamnasteria dendroidea was given by Helm and
Schülke (1998, 1999, 2000a) and Helm (2005). The patch
reefs of the Deister Mts similarly consist of branched corals
among which the phaceloid coral St. corallina prevails. Its
tightly branched colonies are quite similar to those of Th.
dendroidea concerning their shape, superstratal growth fab-
ric and internal architecture. In contrast, each (phaceloid)
branch of St. corallina is terminated with a calice, whereas
the calices of Th. dendroidea are arranged around the
branches. This growth type, the intraspecific reactions of
the soft tissue, and fusion of adjacent coral branches, that
are well known from Th. dendroidea (Helm and Schülke
1998, 2000a) should be absent with St. corallina, because
of the lack of wrapping tissue. Nevertheless, coalescent
(phaceloid) corallites of St. corallina colonies are very
common and produce a lattice of branches. On microscopic
scale, well-preserved specimens reveal a diffuse dark and
sometimes jagged line that encircles the single branches
(Fig. 2C). This feature reflects a slightly micritized mar-
gin of the corallite prior to encrustation by additional coral
skeleton that connected adjacent corallites. It suggests that
– in contrast to most recent phaceloid corals (Barnes 1973)
– the soft tissue of St. corallina extends even along the sides
of each branch and possibly enclosed the whole skeleton.
Therefore, the subsequent increase in skeletal mass in ra-
dial direction resulted in submassive coralla consisting of
fused branches and extensively enhanced the rigidity of
single colonies (Fig. 14). Such colonies incorporate both
features of the massive stylinid coral genus Stylina and of
the branched stylinid Goniocora.

Coral morphology and reef development

Growth fabric, patch reef growth, encrustation by micro-
bialite and reef dwellers, and resistance against biotic or
abiotic destruction are strongly influenced by the coral mor-
phology, which itself is subjected to the above and other
synecological constraints (e.g., Insalaco 1998). In the fol-
lowing, we aim to demonstrate the unique position of the
Northwest German bioconstructions. The first aspect is the
connexion between branched corals and the initiation of
reefal growth. The breaking of branches with living soft
tissue and the transport into the peri-reefal environment
promotes the development of either new scattered patch
reefs or vertical accretion of the patch reefs (Helm 2005,

and references therein). Such corals are considered pioneer
species (Leinfelder 2001), because they enhance reef de-
velopment by building their own substrate (Roberts et al.
1988) and flourish in particular in lagoonal settings (Geister
and Lathuilière 1991).

As shown by Vytopil and Willis (2001), the epifaunal
communities on branched coral species and coral thick-
ets are mainly controlled by the coral morphology. They
observed a greater abundance and species richness of epi-
fauna on tightly branched coral species when compared to
their rarity or absence on open-branched species in fringing
reefs of the Great Barrier Reef. In fossil analogues, similar
observations can be made. The patch reefs of the Süntel and
Deister Mts consist of a thicket of Th. dendroidea and St.
corallina/G. socialis, respectively. The coral species belong
to the tightly branched coral type and, consequently, the
epifaunal community is well developed (Helm 2005, this
work). In contrast, coral thrombolite reefs from the north-
ern Paris Basin, mainly composed of corals with widely
spaced branches developing open colonies (Dendrohelia
coalescens, Th. dendroidea type A, Allocoenia sp.), largely
lack any encrusting invertebrates (Bertling and Insalaco
1998). Bertling and Insalaco (1998) suggest that microbial
films may hinder larval settlement. However, encrusting
organisms and microbial crusts are often closely related in
coral thrombolite reefs (Leinfelder et al. 1993; Nose 1995).
On the other hand, there are sediment-stressed coral mead-
ows (Actinastrea/Stylina-thickets) that bear veneers of at-
tached organism, but largely lack accompanying microbial
crusts (Leinfelder 1994: 164). Hence, increased sediment
supply can also hamper encrusting organisms and microbial
crusts (Leinfelder 1994), but to which extent different sed-
imentation rates account for this phenomenon and which
factors finally control the process of encrustation (epifauna
versus microbial crusts) is hard to define (Olivier et al.
2006). In addition, the non-sheltered epifauna, attached to
“exposed” substrates, suffers greatly from grazers (e.g.,
echinoids) and other predators (Ruggiero 1996: fishes).

As it is shown in modern counterparts (Vytopil and Willis
2001), the coral morphology apparently controls the epi-
faunal community structure (trigger versus hamper) and
the replacement sequence (Fig. 14) in the Northwest Ger-
man reefs. Thus, the existence of a certain microhabitat
governs the composition of the epifaunal community and
enhances microbial growth (Fürsich et al. 1994a; Lein-
felder and Schmid 2000; Laternser 2001; Wood 2001, and
references therein). Even the space between the branches
of different coral species significantly affected the size dis-
tribution patterns of nestlers and mobile dwellers (Vytopil
and Willis 2001: certain crab species in different Acrop-
ora species). The tightly branched coral species appear to
even stimulate lush epifaunal development and promote
the evolution of cavity-dwellers, e.g., small limpets or the-
cideidinid brachiopods, probably by providing a variety of
small microhabitats.

Moreover, the formation of a reefal framework depends
on the growth rate of the coral branches in relation to the
growth rate of microbial coatings (Dupraz and Strasser
1999). In particular, branched corals are characterized by
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Fig. 14 Interrelations between branch distance of phaceloid and
ramose corals, penetration by boring organisms, intraspecific reac-
tions of coral species (non-fusion versus fusion of branches) and

growth of microbial crusts and encrusting organisms. Some factors
hamper, some enhance framework rigidity

high linear growth rates (Geister and Lathuilière 1991;
Fookes 1995; Geister 1995). This growth enhances the mi-
crobial activity and leads to extensive carbonate precipi-
tation and promotes framework rigidity (Leinfelder 1992;
Nose 1995; Bertling and Insalaco 1998; Helm and Schülke
1998; Dupraz and Strasser 1999; Laternser 2001; Olivier
et al. 2003). However, the growth capacity of both should
be balanced, and microbial crust growth should keep pace
with coral growth (Nose 1995; cf. Laternser 2001). Oth-
erwise, in case of an excessive microbial growth, the out-
paced corals suffer from thriving microbes (Olivier et al.
2006), so that microbial crusts finally cover the whole coral
colonies/thickets (Nose 1995: 76). On the other hand, accel-
erated coral growth leads to a lack of microbial coatings (in
particular open-branched coral species, see above), which
makes the respective colonies prone to bioerosion and me-
chanical breakdown (e.g., Laternser 2001).

The Speckhals patch reefs are increasingly encrusted
by microbialite up to their tops. Whether this is due to
excessive microbial growth outpacing the corals or a post
mortem microbialite encrustation both of single colonies
and the whole thickets (mamillated microbialites) can only
be assumed. These crusts, however, provide additional
rigidity so that the patch reefs remained intact after their
final demise.

Several environmental triggers have been proposed to ex-
plain such a scenario of disproportionate microbial growth.
A possible explanation is an increased nutrient level that
favours microbial activity (e.g., Hallock and Schlager

1986). The vertical succession of the Speckhals patch
reefs gives rise to the assumption that the environment
changed towards eutrophication and thus favoured micro-
bialite rather than coral growth (Nose 1995; Dupraz and
Strasser 1999, 2002; Olivier et al. 2006).

This interpretation agrees with the appearance of
thin platy microsolenid corals towards the top of the
florigemma-Bank Member. These corals are known to oc-
cur in deeper water, where they build a special kind of
reef types (type I reefs after Insalaco et al. 1997). How-
ever, mass occurrences of microsolenid corals are also
known from Late Jurassic shallow-water settings, e.g., the
Ota Reef (Leinfelder 1994), the Lusitanian Basin (Nose
1995; Nose and Leinfelder 1997), the Swiss Jura Range
(Dupraz and Strasser 1999) or the Dobrogea, eastern Ro-
mania (Herrmann 1996: fungiid biostromes). Flourishing
of microsolenids reflects reduced illumination (cf. Insalaco
1996). Hence, occurrences of microsolenids in compara-
bly shallow water emphasise increased presence of sus-
pended matter that is mostly connected with intensified nu-
trition (Hallock and Schlager 1986; Herrmann 1996). Such
a mesotrophic to eutrophic environment prevents branched
coral growth (e.g., Nose 1995) and stimulates growth of
opportunistic microsolenid corals instead (Fürsich et al.
1994b) as well as of microbial crusts (Olivier et al. 2006,
and references therein).

The growth of reefs is strongly influenced by the rate of
sedimentation as shown by Schmid et al. (2001). High sed-
imentation rates lead to progressive burial of reefs that are



463

composed of branched corals. Following Leinfelder et al.
(1993) and Schmid (1996), such conditions hamper micro-
bial growth in reefal settings. Hence, the lack or decrease of
microbial crusts on coral skeletons would generally suggest
a high sediment supply. However, this model cannot be ap-
plied to branched corals, because fast growing species rise
above the sea floor and can therefore promote microbial
growth even under increased sedimentation rates.

Sea-level development

Water depth is an important controlling factor for the
development and evolution of Jurassic reefs (Leinfelder
et al. 2002). The studied succession reveals a deepening-
shallowing trend of the sea level.

In several sections in the Lower Saxony Basin, the top
of the pre-florigemma-Bank Member is developed as a lag
deposit (e.g., oncolite, bioclasts encrusted by porostromate
algae) or as an erosional surface that indicates the flooding
surface of a major transgression (Helm 2005), possibly rep-
resenting fourth-order or lower-order transgression within
the framework of a third-order sea-level rise. In the studied
sections, no evidence was found for a sedimentary uncon-
formity at the base of the florigemma-Bank Member, but
the depositional sequence reveals a gradual change from
grainstone/packstone to wackestone facies that indicates
the transgressive sea level. At the top of the florigemma-
Bank Member, a widespread erosional surface is developed
(Helm 1998, 2005; Helm et al. 2002) that is present in the
Deister Mts as a minor facies shift.

The reefal community structure reflects the sea-level
trend. The oligotrophic conditions at the beginning of the
patch reef growth are related to a rising relative sea level
(Leinfelder et al. 2002: 500), whereas the more mesotrophic
to eutrophic conditions during advanced patch reef growth
(intense microbial coatings, enhanced bioerosion, thriving
of microsolenid corals) are linked to a falling sea level (see
Dupraz and Strasser 1999 for discussion).

Possibly, the transgressive-regressive sequence described
above corresponds to a cycle of orbital eccentricity (100 ka:
smale-scale sequence after Strasser et al. 1999) or to the
20-ka precession cycle of the equinoxes as proposed by
Dupraz and Strasser (1999) for similar successions in Ox-
fordian shallow-water coral bioherms. According to these
authors (Dupraz and Strasser (1999: 125), such “20-ka or-
bital cycles did not directly influence the reef system, but
probably opened and closed lagoons and thus modified
water circulation and oxygenation, and through climate
changes controlled terrigenous run-off and nutrient avail-
ability.”

Palaeobiogeography

The close palaeobiogeographical relationship of the
florigemma-faunas to the contemporaneous Tethyan ones
are underpinned by the presence of a variety of faunal
elements, especially the chaetetids and coral-chaetetid-

solenoporid-microbial crust-reefs, respectively. Chaete-
tides are represented by Ptychochaetetes polyporus that is
common in deposits of the florigemma-Bank Member ex-
posed in the Deister area (Helm and Schülke 2000b; Helm
et al. 2001). Recent findings of this species in reef debris
of the Hainholz Member in the Osterwald Mts indicate a
more widespread distribution in the Korallenoolith Forma-
tion of the Lower Saxony Basin. The chaetetid specimens
from the Deister Mts represent the northernmost occurrence
of the taxon known until today (Fischer 1977). Southward
shifted occurrences are known from the Paris Basin (Oxfor-
dian of Lorraine; Geister and Lathuilière 1991) and Poland
(Swietokrzyskie in Holy Cross Mts; B. Kołodziej, written
comment 2002). The chaetetids are also known from south-
ern Germany, but there they appear in Late Kimmeridgian
strata for the first time. They are described from the Arnegg
Reef exposed in the Swabian Alb (P. polyporus; Paulsen
1964; Laternser 2001) and from the southern Franconian
Alb (Ptychochaetetes grimmeri Flügel; Flügel 1979).

During the Late Jurassic, chaetetids generally reach a
peak in specific diversity (e.g., Ernstbrunn and Stram-
berg limestone from Lower Austria and Czech Republic;
Bachmayer and Flügel 1961) and are highly abundant in
wave-agitated reefal settings or even in high-energy coral
reefs (Pümpin 1965; Flügel 1979; Steiger and Wurm 1980;
Flügel et al. 1993; Nose 1995). However, P. polyporus is
by far the most common and widespread species.

The enigmatic serpulid worm genus Carpathiella is
known up to now only from limestone deposits of Lat-
est Jurassic to Aptian age from the Western Carpathians
and Eastern Alps and seemed to be endemic in this region.
A few species (C. triangulata, C. perforata, and C. sp.)
were described from loose tubes in thin-sections (Mišik
et al. 1999). Additional species derive from the North-
ern Calcareous Alps, e.g., Late Jurassic to Early Creta-
ceous Plassen Limestone (Schlagintweit et al. 2003). Our
specimens represent the earliest (Middle Oxfordian) evi-
dence of Carpathiella and extend its regional distribution
to the Lower Saxony Basin. Specimens are restricted to
peri-reefal deposits (wackestone) of the Süntel Mts (Helm
2005) and Deister Mts, and have never been observed in
the reef facies.

Conclusions

– A variety of coral reef types are developed in the Ox-
fordian sedimentary succession of the Lower Saxony
Basin, NW Germany. The patch reefs considered here
belong to the coral-chaetetid-solenoporid-microbialite-
reefs and represent a reef type that was hitherto unknown
so far north of the Tethys.

– The coral fauna of the Speckhals area consists of more
than 20 species belonging to 17 genera, three of which
mainly occur in peri-reefal deposits. Bushy corals are
represented by only five species, and the framework of
the patch reefs is dominated by two of them (Stylosmilia
corallina and Goniocora socialis).
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– The phaceloid Stylina corallina combine fast and anasto-
mosing growth of branches that provoke both the forma-
tion of rigid submassive colonies and the strengthening
of the overall reef framework. These features are cru-
cial for the success of this species in lagoonal settings.
Moreover, this coral species is even able to conquer high-
energy settings, because the anastomosing growth en-
ables the colonies to tolerate increased water turbulence.

– The interspecific differences in coral gross morphology
of bushy corals strongly governs the habitat structures
of reefs and epifaunal communities they host. Tightly
branched corals like Stylosmilia corallina stimulate epi-
faunal development whereas loosely branched coral are
hostile substrates and hamper the development of a com-
plex community structure.

– Coral reefs that are composed of tightly branched
coral species typically show community replacement se-
quences as a result of their habitat complexity. These
successions are controlled by increasing space restriction
between the branches (gradual change from photophilic
to sciaphilic organisms). The assemblage of cryptobionts
is similar to those observed on Jurassic hardgrounds and
reef cavities.

– Phototrophic organisms such as Lithocodium aggrega-
tum belong to the pioneer community and are directly
attached to the coral skeletons whereas sheltered micro-
habitats in the coral thicket are characterized by prolific
cryptic non-rigid sponges. Such soft sponges with a gen-
erally low preservation potential seam to be common in
Late Jurassic coral reefs which provide a variety of tiny
reef caves. Their fossil record suffered from post mortem
decay. Therefore, it is not clear how important their role
is as Jurassic reef constituents.

– The Speckhals patch reefs’ faunal association en-
closes both organisms of shallow and deeper water set-
tings. Thecideidinid brachiopods, bryozoans, non-rigid
sponges, Terebella, and nubeculariids are eurybath but
become increasingly important towards deeper water. In
shallow-water settings they were restricted to caves in
hardgrounds and coral reef cavities. In contrast, pho-
totrophic organisms such as Lithocodium aggregatum
are stenobath and restricted to shallow-water settings.
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imentation im süddeutschen Oberjura (unteres Kimmeridge;
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Flügel E (1979) Ptychochaetetiden aus dem oberen Malm der
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Fürsich FT, Sykes RM (1977) Palaeobiogeography of the European
boreal realm during Oxfordian (Upper Jurassic) times: a quan-
titative approach. N Jb Geol Paläont Abh 154:137–161
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Klüpfel W (1931) Stratigraphie der Weserkette (Oberer Dogger und
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