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ltinerary of excursion to the Middle and Upper Jurassic coral formations of
Luxembourg and Lorraine. Excursion Stops 1 to 11 are indicated.



1. General introduction
1.1 Framework of Jurassic stratigraphy of the northeastern Paris Basin

The Jurassic deposits of the northeastern part of the Paris Basin represent a complete
sedimentary megacycle (fig.1). After the period of continental sedimentation in the
Late Triassic, the area was inundated as a consequence of the Liassic transgression. The
flooding by the Liassic sea is recorded by a thick sequence of predominantly clayey,
ammonite-bearing marine sediments. These are overlain by the Aalenian iron oolite
deposited in a shallow-marine environment. The latter beds, known as the "Minette”
iron ores have been heavily exploited in the past. In fact, Minette ores, nearby coal
measures and Triassic salt provided the basis for a formerly flourishing industry in
Lorraine.

The following period of sedimentation is characterized by the development of a wide
carbonate platform in the Middle Jurassic. This platform, mainly of Bajocian age in
Lorraine, was subsequently drowned under a thick sequence of clay beds. The
carbonate platform was reinstalled in Middle Oxfordian times. A general shallowing-
upward trend persisted throughout the Middle and Upper Jurassic, and the Portlandian
sediments already indicate restricted environments. The final emersion of the deposits
towards the end of the Portlandian concluded the Jurassic sedimentary megacycle.

The geological history of this part of the Paris Basin, as briefly summarized above, is
directly reflected by its present-day geomorphology. A slight but regular westward dip
of the strata and the differential erosion of the alternating limestone and clay sequences
contributed essentially to shape a conspicuous relief of successive subparallel cuestas
("cotes” in French). These cuestas constitute the dominating feature of today’s
landscape and may be easily traced from eastern France to the centre of the Paris Basin
(fig. 2). The Jurassic cuestas are the following:

- cote infraliasique (Hettangian and Sinemurian s.s.)
- cote de Moselle (Bajocian)
- cote de Meuse (Oxfordian)
- cote des Bars (Portlandian)
Our excursion itinerary will follow the Bajocian "céte de Moselle” from Luxembourg

to Nancy and Sommeérécourt in the south. From the Toul area to Verdun in the north,
the Oxfordian reefs will be visited in the "cote de Meuse”.

1.2 Jurassic reef corals of Lorraine

Scleractinian corals may be found in rocks of several stages of the Jurassic period in
Lorraine. The first reef corals appear during Hettangian and Sinemurian times. These
coral colonies are only known from poor outcrops in the border region of Luxembourg,
Belgium and France and were already described by TERQUEM & PIETTE (1865).
Solitary corals were present over a larger area and were studied in detail by M.
LEJEUNE and published under the unfortunate title of "les Montlivaultia” (LEJEUNE
1935).

Corals are also present and very abundant in the Bajocian (humphriesianum zone) of
Lorraine. Long known to have been important frame-builders of reef complexes that
extended over a wide area in eastern France (see fig.3), these reefs and their coral
fauna will be one of the two main topics of this guide book. Recently, a number of
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Adelocoenla semirsdiata £t +
Agurleia elegans o Q
hgaricia gracloss M [+]
hgaTicla granulata Goldf 4 & 0-0— -0
Agaricia rotata Goldf ] [
Agaricla somaeringll (GoldE) o] a
Allolteaucoenia  Astrea pentagonalfis Goldf 1o EBemuv =0
Mlocoenia furcets Bt —087 — 4
Alveopara Incrustala W Q
Alvespara tubeross M o]
Anthophyllum  excavatus M D
Aplosml)ia Lobophyllin aspers B L]
Aplosoilia Lobophyllia sealsulcala K ] ¢4—0
Astrea burquodlae Blaipv, 4]
hstres castelion H 4] 0
Asirea crlataty Goldf 1t )
hstrea gepravats § 4]
Astrea meandrites H -] ]
hstrea tumulacies B o
Aulophyllia Caryophyllla  cornutas X L]
Aulophyllia Caryophyllia  subcylindrica H L
Brachyserls curtata Beauv + +
Calampephylliopsis Lithodendron  flabellum KM o] a
Caryophyllla calvipontil Linm o
Caryophyllia clavus H o
Caryophyliia  dllatata H a ]
Carypphyllia  elongata Defr o
Caryophyllia wmoreausiaca W o
Caryophyllia vesiformis M Q 0
Cladephyllia Lithodendzon  fupleulus M *
Cladophyllin Lithedendron  dichotoma (Goldf) a 1] —0
Comoseris Pavenia meandr [aoides M + ']
Cryptocoenia cartleri K +
Cyathophora richasrdi H a
Dendrazaea Alvecpora ratemosa M ¢ 0
Dendrophyllla dichotama 0 0—29»
Depdrophyllia glemsrats M [+] |
Derxoseris Lithodeodron  laeve (Bleinwv) o -0 a
Derposmilia crasin K +
Dlmorpharaeca cf expansa Et +
Diplocoenis Astres rotularia H o
Diplocoenla sanctimlblell M 0— ¢

Teble_L:

MICHELIN (1841-43) and BEAUVAIS (1964).

O = ciled by MICHELIN

X = cited by BEAUVAIS

Check-list of Oxfordian corals from Lhe Depariment of Meuse after
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from Beauvals from Michelin oEz83825322Lohauns>
Enallocoenla hstrea crasscramosa M ] o
Isastrea gresslyl Et +
Isastrea hstrea helianthoides (Goldf) o
Iszsrerea teruisepta K *
Lobophyllia buvignierl H o]
Lobophyllia cylindrica ¥ 0
Lobophyllia incubans M o
Lobophyllia meandrinoides M 0
Lobophyllia pseudoturbinolia M i o
Lobophyllia turbipata M t o
Lithodendron articulatum H [+] o
Lithodeodron  edwardsif K i 0
Lithodendron moreausiacum H T o
Lithodendron  pseudostylina H ——— 0
Madrepora obelliscus H ila'o [¢] L]
Meandrinca lamellodentata H o
Meandrina lotharinga M 0-0
Meandripa pontana H ]
Heandrica raulinil H o
Heandrophyllia Meandrina corrugata H o
Heandpophyllia Meandrina edwardsl M §-0
Hicrophyllia curtata Et +
Hicrosolena sp +
Microsolena mosensis Beauv, +
HMicrosclena thurmanni X +
Myriophylllia Meandrina rastellina K 0
Pavonia hemispherica (BElalov) o 0
Pavonia tuberosa Goldf o
Pseudocoenla Madrepora sublevis H o [+ o
Rhipldogyra Lobophyllla deshayesiaca H [}
Rhipidogyra Lobophyllia flabellum M L
Stereocoenia hstrea araneola H 9
Stereccoenia concinna (Goldf.) %
Stylina limbata (Goldf.) +0
Stylina stellata Et + |
Stylina hstrea trochifornis (Michl) +0
Stylina tubulifera M.Ed +
Stylina/Astrea tubulosa 00
Stylina gaulardl § ———M———— 0
Stylosmilia richelinl M.Ed +
Thamnasteria bourgeat! f — M8 ———+
Thamnasteria Thamnasteria Jlamourouxi/ dendroidea Les - 0 0-0
Thamnasteria Agaricla lobata (Goldf.) o +-0—0-0
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scleractinian genera of these reefs have utderpone a taxonomic revision
(LATHUILIERE 1984, 1988, 1989, 1930).

Some more localized Upper Bajocian outcrops also yielded a coral fauna which was
noticed by GARDET (1943). In additioa, the lowermost formation of the Bathonian,
regionally known as "Caillazse 4 Apabacia” is extremely rich in Chomatoseris, a
solitary moabile coral formedy known as Apabzcia (GILL & COATES 1977). The
Middie Juraesic corals from Lorraine have been described in a tnonograph by MEYER
(1888).

Withcut doubt, the Oxfordian scleractinians are the most famous corals in the area,
mainly due to the early work of MICHELIN (1840-1843), and because they were later
treated in defail in the thesis work of L. BEAUVAIS (1964)(see table 1). Consequently,
the extraonlinary Oxfordian reef formations and their rich coral fauna will be the
second main topic of this guide book.

2. introduction to the Lower Bajocian coral formalions

Cyclic Middle Jurassic sedimentation in the Paris Basin documented by recurring
regressive sequences (KUUPFEL 1919, PURSER 1969) has been attributed to important
eustatic fluctuations of sea level (HALLAM 1963, 1988; see also VAIL et al.1987).
Within the Bajocian, rwo successive eustatic cycles are separated by a ime lapse of less
than one ammonite zone

Within the Lower Bajocian at least two successive shallowing-upward sequences are
abserved. The first sequence beginning with micaceous marls, silty limestones and
crinoidal limestone, passes vertically into shallow-water coralline limestones and
terminates with a bored hardground. In the second sequence , the basal unit is formed
by various limestones with occasional ammonites. These are overlain by a second
complex of shallow-water coralline limestones which terrninales with 2 hored

hardground.

During the Bajocian (humphriesiapurn zone) there was an extemsive coral reef
development on the eastern shelf of the Paris Bagin (fig3). This was the firgt tme in
earth history that scleractinian corals, almost exclusively, consiructed reefs which
extended over an entire carbonate platform. Thus, these coral build-ups represent
primitive climax communities in the history of Mesozoic caral reef ecosystems.

These Bajocian coral reefs ocour within two distinct superposed reef complexes, each
correspomding ta one of two shallowing-upward sequences. These two coral-bearing
limestone complexes were already known to early stratigraphic workers (see KLUPFEL
1919) and were designated as the "Lower Coral Limestone” {"Unterer Korallenkalk™,
"Calcaire & polypiers inférieur”) and “Lpper Coral Limesigne” ("Oberer
Korallenkalk”, "Calcaire & polypiers supérieur”). In addition, KLUPFEL (1919:316-317)
mentions a "Mittlerer Korallenkalk™ ("Middle Coral Limestone™) froro the area of
Metz.

Based on rare ammonite findings the Lower Coral Limestone has been artribuled to the
humphriesianum subzone and the Upper Coral Limestone 1o the blagdeni subzone
{CONTINI 1970). The coral reefs described in this guide book belong both to the
Lower and Upper Coral Lirmestones, They crop oul between Luxembowrg and
Sommeérecourt (Lorraing) some 150 km to the south.
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2.1 Geomeiry and geomorphology of reefs

The reefs show an irregular outline and belong exclusively to the patch reef type. They
include lens-shaped reef bodies a few meters in diameter, together with dome-shaped
build-upzs up to 10 m thick and 10 to 20 m broad. Additionally, there are large reef
masses often up to 20 m thick and extending laterally more than 100 m. There are no
barrier reef structures, and no landward and seaward zonation of the patch reefs is
apparent. Major reef bodies are vsually truncated at their tops by the hardground
discontiguity that terminates the sequence.

The submarine relief of the reefs was Jow and averaged generally less than 0.5 m. Even
in the vicinity of major build-ups it rarely surpassed 2 m and no sleep or vertical reef
walfls were developed. Thus, even larger reef bodies rose gently as low mounds shove a
rather level sea floor, althongh lateral transition from reef to inter-reef facies was

generally abrupt

2.2 Reel ecology and bota

Substratum and reel initiation

Initiation of reefs occurred during shallowing phases when the subgtratum was
colonized by hermatypic corals. Numerous small coral reef bodies with conical bases
developed contemporanecusly and by lateral fusion produced larpe reef masses within
the first meter of vertical growth.

Reef framework

The reef bodies are formed by a dense and coherent rigid framework of o paucispecific
coral fauna, The fauna is composed mostly of large platy hermatypic colonies
{predominantly Isastres spp.) with additions of more massive colonies of the same
genvs, platy representatives of the genera Kobyastracs and Periseris and rare branching
corals, Only at Sommérécourt branching corals play locally a major role in framework
construction. The reef rock may be formed by more than 70 % of coral skeletons. The
red alga Solenopora was found in reefs of the Upper Coral Limestone at Malancourt.

The Bajocian reefs of the northeastern Paris Basin belong to the rare exammples of
Mesozoic reefs that show a rigid and coherent framework comparable to well-
developed Quaternary coral reefs,

Growth rates and carbonate production

The epithecae of some of the platy and massive corals show rhythmtic growth ridges at
rather regular intervals of 1 to 3 mm (fig.4). Assuming the ridges are yearty, they would
indicate the growth rate of the cofomy Skeletal density banding recognizable in
Jongitudinal sections of recrystallized massive Jsastrea (fig.5) are very similar to
Recent growth bands. They suggest growth rates of the same magnilue.

Calculated from growth band data, the gross carbonate production of one particular
Bajocian coral reef was fairly low but remains within the ranpe of its Holocere
counterparis (GEISTER 1986a, 1989).

Currents and waves

Currents and possibly wave action were active at several levels in the section as
evidenced by the frequent large scale crossbedding of the rather coarse inter-reefal
sediments formned mainly by the debris of crinoids and sea shells. The fine fraction was
winnowed out and has been apparently trapped as intra-reefal sediments in the
interstices of the reef framework {GEISTER 1984a). As a consequence, the coral
colonies of some of these reefs that have a rather shallow aspect appear embedded in
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Figd: Amnuai epithecal growth banding of a Bajocian reef coral {presumably
Kobyastraea sp. , Carriére Blanche , Rumelange (Luxembourg).

a matrix  of mudstone with ae unoswally high silica content up to 31% (HARY
1970:459).

Some of the smaller reefs observed in the lower cycle lived in a regime of increasing
sedimentation rates that finally surpassed their net growth rate, so that they became
suffocated by onlapping inter-sediments. These build-ups sre embedded in cleardy-
stratified argillaceons limestone that testifies to the absence of extemsive biotarbation
and reworking of sedimesnts. They appear to have developed in deeper water below wave
base, Reef debris flanking the build-ups is almost non-existent in both reef types.

Heef zonation

No lateral nor distinet vertical scolopical zoration has been recognized in these reefs,
This is probably due both to the very low diversity of the frame-building bicta that
lack the necessary ecological spectrum and to the apparently iosignificant
environmental gredients that prevailed over the growing surfsce of the reefs.

Fhe coral fauna

The low-diversity coral fauna recovered from the reefs corresponds to that deserzbed for
the whole area by MEYER (1888). It is dominated by nearly 70% of generally platy
but also massive colonies of the genus Jsastrea Some of the larger platy Lastrea
colonies attain diametres of more than I m with thicknesses surpassing 10 cm,
Also  dome-shaped massive colonies are frequently encountered ina some  oulcrops.
Such a colony of Isastrea collected at Rumelange (Luxembourg) and figured by
HARY (1970} attained a diametre of nearly 30 ¢ at the ambitus, The high diversity of
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total abwence of major cavities within the Bajocian reef framework which contrasts to
modern coral reefs, However, a coelobite fauna fixed to the lower face of the corals
demonstrates that these colonies have not been entirely encrusting. Thus, the platy
colonies formed relatively small shelters for a faidy diversified cryptic fauna (fig.6).
Among the cryptobionts the following groups have been recognized:

endolithic: sponmges, lithophagans {at least two species), annchds or sipunculids,
phoronids (7}, algae

sessile  pedunculated brachiopods {thyachonellids and terebratuiids), thecidean
brachiopods (Moorelfina), serpulids, bryozoans (Plagiceciz), nubecularian foraminifers.
Other fossils:

Within the coral framework the following pelecypods may be observed :
Chlamys, Plagiostoma and Lopha Chlamys is most abundant and appears

LIVING REEF CORAL

.'\A living

. ?."q,m ’\1/ tissue on
"*&M“M: ) skeleton

Fig..G: Organisms associated with platy Bajocian reef corals

se = serpula ep = boring sponge nu = nubecularian

br = bryozoan b = small brachiopod o = cidarid

ph = pharetronid 1i = tithophagan chi = Chlamys

th = thecidezn ve = vermiform boring igb = targe brachiopod

st = stromatolite
Modified from LATHUILIERE (19§2)
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tightly mssocisted with the boundstone fecies, probably because of its obligatory byasal
fixation to hard substrates. Among echinoide, two species may be commonly
encountered: Cagpocidari cucumifera and Parecideris zechokker.

The macrofaunal association of the inter-reef facies is more diverse, mainly due to the
nature of the substrate, Thiz is especially true for the "Lower Coral Limestone” where a
soft substrate is more common. The following pelecypod genera have been
encountered: Lopha, Cienostreon, Plagiostorna, olher Limides, Trichites, Chlamys,
Enfolium, Cavilucing bellons and Psewdotrapezivm es well as Pholadomys. Large
gastropod shells of the Renus Bourguetia are very common. Terebratulid and
thynchenellid brachiopods are also ¢ommon. The predominant macrofossils are,
however, Isocrinus ossicles and spines of Parscidaris zvchokkeL

23 On the differences beiween Bajocian and Quaternary coral reefs

Typical Quaternary reefs preferably settled on a hard substratum provided by an older
reef and other limestone forming owler terrace margins or topographic highs on a
freshly inundated sea floor. Pioneering reef-building biota are frequently represented
by medium diversity associalions of incrusting and massive scleractinians that lived
sbove wave base_ Initiation of reef growth om soft substratum seems Lo be exceplional
Prevailing growth rates of the massive corals vary from less than 10 o 25 mm/year
depending on systematic affinity, depth (light level) and temperature of the water.
Holocene shallow-watet reefs were growing to thicknesses up to 20 m within several
thousand years.

By contrast, Bajocian reefs settled on 2 perfectly level sea floor covered by sand and/or
sandy mud and, as reported by KL L {1919:313), on nests of rhynchonellid
brachiopods. These are frequently underain by oofitic and crinoidal limesione and
more rarely by ammanite-bearing sediments. Reefs were initiated as coral biostromes
of very low diversity Their pioneer coral fauna consisted of supposedly deep-water
morphotypes of olherwise massive scleractinians (mosily Isastrea spp) and thin dise-
like Kobyastraca sp. and Periseris sp. with growth rates around 1 mm/year. They
resernble the growth habits of modern deeper-water agariciids.

Growth anatyses of a number of well-preserved coral specimens from a Bajocian reef
in Luxembourg indicates very low distal growth rates ranging from 3.0 mm/ year in
the massive to less than } mm/year in the more flattened colonies, These obser vations,
supplemented by sedimentological evidence, point to an aneet of reef growth al water
depths well below wave base. The shallow and vppermost parl of the original Bajocian
reef bodies is not preserved today as a resuk of the bioerosion during the formation of
the hardgrourd that terminated the sequence. Iz one parlicular case, the gross growth
raie of a Bajocian patch reef was cakulated from individual coral growth rates,
suggesting that it needed some 10,000 years for the upgrowth of the 18 m thick reef
body (GEISTER 1989).

By contrast, the shallow-water framework of Quaternary coral reefs is commonly
dominated by fast-growing branching ecroporids and poritids with growth rates of 3 to
more than 20 crn/year. These have no ecological equivalent in the Bajocian coral reefs
of the eastern Paris Basin.

Moreover, the Quaternary reef coral fasna is highly diverse (with 80 genera in the
Indopacific and 35 genera in the Atlantic) as compared to the 12 odd coral genera
present in the Bajocian of eastern France. But this observation of lower diversity might
be binssed by the fact that the shallowmost reef crest aseociatioms of all the Bajocian
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reefs were truncated and by their marginal pasition within the Bajocian tropical belt
(GEISTER 1989). The lafter obgervation alone suggests a reduced diversity of the
hermatypic scleractinians. Ecological zomation i8 common in the Quaternary
(GEISTER 1980, 1982,1983) but absent in the Bajocian reefs of the area

Disruptions of reef growth caused by natural physical and biclogicel disturbances and
subsequent recolonization are common in the Quaternary but seemingly are rare in the
Bajocian coral reefs examined. Erosion by boring bivalves and even more intensively by
clionid sponges is widespread in the Quatermary, k wis more restricted in the Bajocian
corais, however, where lithophagan borings are most pbvious.

Cheilostamate and cyclostomate bryozoans play a certain ecological role as encrustlers
in the framework of Recent reefs. But in the Bajocian reef framework oaly negligible
amounts of small and encrusting or branching colonies of cyclostomates have been
observed. Binding calcareous algae which are well-represented in Quaternary reels, are
restricted to local occurrences of Solenopora in the Bajocian reefs.

Literpture:
DURAND et al. (1989), GEISTER (1980, 19842, 1984h, 1986a, 1986b), KLUPFEL
({1919), LATHUILIERE (1981,1982)
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2.4 Field guide to Bajocian and Bathonian coral formations

Stop T Hajpcian coral reels and inter-reef sedimenis at Rumelange south
of Grand-Duchy of Luxembourg)

The cuterop to be visited is a large abandoned limestone quarry {"Carriére Blanche” or
"Weiss-Kaul”) situaled SW of the lown of Rumelange at the southern border of the
Grand-Duchy of Luxembourg. The quarry was formerly worked to extract limestone
for the local steel industry. It is approximately 600 m wide from E to W and its quarry
walls are up to 25 m high exhibiting most of the "Lower Coral Limestone™ ("calcaire 4
polypiers inférieur™) and overlying ammonitic beds. But the hardground on its base is
nat visible in this quarry

The cutcrops give a fine overview of lateral fecies transitions within the "Lower Coral
Limestone” and show its relation to the overlying ammeonitic beds. They are renowmned
for their well-developed reef formations.

Stratigraphy:

"Calcaire d"Audun-le-Tiche” or "Other Kalk™ which corresponds to the Lower Coral
Limestone of Lortaine. }t is overdain by the "marpes sablenses d' Audun-le-Tiche” or
"Other Mergel”. Both are referred to the humnphriesianum zone of the Lower Bajocian.

Most conspicuous fossils

Reel framework of "Calcaire ’Andun-le-Tiche™ Isastrea bermardiana (predominant),
Kobyasiraed, Perseris, one single but large colony of Stylosmilis; Lopha, Lima,
pectinids and other pelecypods; gastropods; thynchonellid and terebratulid brachiopads;
echinoids; encrusting serpulids and bryozcans. HARY (1970) mentions rare findings of
amenonites.

Inter-reefl facies of "Calkcaire d’Awdun-le-Tiche™ Bourguetia, crinoid ossicles

Hardground: numerous boring organisms (lithophagans, Potamells?, Polydorites? ete),
and encrusting oysters.
"Marnes sableuses d’Awdun-le-Tiche™ numerous pelecypods (sbundant small
Dxylomides), stephanoceratid ammonites etc.

” ! .,
The town of Rumelange is situated some 6 km due SE of Esch-sur-Alzette, the centre
of the Luxembourg steel industry. From Rumelange city centre follow road sign
indicating “rousée des mines, champs de tir”. Leave the car at the chooling range
("champs de tir") which is just beside the entrance to the eastern ewd of the quarry
area. From here the outcrops mey be easily reached by foot

Coondinates - (GAUSS-Luxembourg) x = 63,28 o 68,72 y = 5754 to 57,96

Topographic maps 1: 50 000 : XX XI-11 (Audun-le-Roman)
1:20000: VI(XXXIO-10)-Nos.7-8bis.( Esch-sur-Alzette)

Geologicmap  1: 25000 Nri (sheet Esch-s.-Alzelte)

Literatuce :

GEISTER (1984a,19862,1989), HARY (1970), LUCIUS (1945), STAMM (1975),
WATERLOT et al.(1973%:150, 155-160)
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Because of is arge size, the cutcrop will be visited at 2 stations (A and By in order to
show the best-developed and most easily accessible reef formutions.

Station $A:  Easternmuost sector of the guarry aren adjcent to the

sheuting runge
From the parking area of the "champs de tir” waik down the quarry road which is
closed for vehicles by a barrier. After about 100 m the road widens into the southeastern
sector of the "Carriere Bianche”,

The oulerop

Recfl framework:

Of interest is the scuthern quarry wall which exhibits a remarkable reef structure,
which has already been studied to some detail (GEISTER 19842,198%). This patch reef
has a stem-like base that is fopped by a wide roof truncated by a bored hardground
giving it an oversl mushroors-1ike shape (fig.7). The vertical thickness of the reef as
exposed in the guarry wall is about 18 m.
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Fig.7: Stop L Panoramic sketch of quarry face at "Carridre Blanche”, Rumelange, Luxembaourg (Station 1A). The mushroom-shaped pateh
reef developed during & shallowing-upward eyecle of the Lower Bajocian (Lower Coral Limestone, hurnphriesianum subzone) and {s truncated
on top by a bored hardground. The hardground is overlain by muddy to calearenitic Hmestone ("Marnes seblenses d’Audun-le-Tiche™)
representing the deeper-water phase of a subsequent shallowing-upward cycle, A hardground present near the hase of the patch reef does not
crop out in this quarry. Height of the reef body as visible in onterop is approximately 18 m. From GEISTER (1989).
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As the mushroom developed, the patch reef appeared as & low mound that rose gently
above 2 level sea-floor Lateral transition fium reef to infer-reef facies was abrupt. No
oplapping sediments can be observed. During a later growth stage, corals
simultaneously colonized much of the surrounding sediment surface, thus forming the
"head” of the mushroom. Sedimentation rate equalled roughly the growth rate of the
adfacent reef.

From this patch reef, the growth rate and }ife span of a number of coral colenies with
well-developed growth banding (fig.5) were studied, The estimated aceretion rate of the
entire densely packed reef body (fig.8) was close to 2.2 mm/year Therefore the 18 m
thick reef body represents at jeast 10,000 years of reef growth, The gross carbopate
production, as calcnlated froro skeletal geometry, coral cover and coral growth rates
should have been around 1.6-1.8x10° g/m¥yr. This is rather low as compared to Recent
paich reefs (GEISTER 1989),

Note the fine silty matrix trapped within the interstices of the framework (fig.9).

Inter-reef sediments:

Sediments of the Lower Coral Lirnestone are falrly coarse, well-sorted, winnowed and
rippled, indicating a rather high-energy shallow-water environment. This contrasts to
eentral amd southern Lorraine where the inter-reef sediments of the Lower Coral
Limestone indicate a more quiet and possibly deeper water depositional environment,
which would have been more distant from the Rhenish continent.

To the left of the quarry wall the hardpround truncating the fop of the reef (fig10)
and the overlying beds of the fossiliferous "Marnes sableuses d’ Audun-le-Tiche” are
readily accessible.

Station I8 : Western scector of the guarry area

Access:

From the parking area of the "champs de tir” drive westward for 300 m to enter that
wide and extensive quarry area,

The southern outcrop wall shows a good example of onfap of inter-reef sediment onto a
large reef body (fig.il). The transition here is not at all abrupt. There is some
interfingering of coral-rich and coral-poor sediments parallel io the reef slope. It
appears that the reef body was gradually drowned by onlapping inter-reef sediments.
Likewise reef and inter-reef sediments are truncated af thelr top by the hardground,

Nearby, there are 3 smaller reef bodies that have been completely drowned in the
sediments well below the trancation surface.
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Fig. 11: Stop 1. Panoramic sketeh of quarry facs at "Carriére Blanche” (Station 1B). Lower Coral Limestone ("Caleaire 4’ Audun-ie-Tiche™)
with reef and inter-reef facies is separated from the overlying deeper-water sediments {("Marnes ssblenses d'Audun-le-Tiche™) by bored
hardground. MNote onlap of inter-reef sediments on slops of largs reef body {£2.18 m thick). From GEISTER (1984a).
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Stop 2 Bajocian coral reefs and inter-reefl sediments at Malancourt

{Lorraine)
The outcrop to be visited is a huge Hoestone quarry ("Carrigre des Anges™) that was
used by the cement industry The exceptionally large quarcy wall (some 400 m wide
and more than 30 m high} exhibits a unique panorama both of the Lower and Upper
Coral Limestones and the suprajacent "marnes de Longwy”(Longwy maris).

The "Carritre des Anges™ at Malancourt-la-Montagne

Agcess 1o auarry:

The small village of Malancourt is situated in the hills of the "cote de Moselie™ which
forms the western flank of the Moselle vatley between Metz and Luxembourg. Lying
some 18 km due 3SW from the centre of Thionville, it may eanily be reached by car
after driving for 11 kin from the highway exit of Mondelange (S Thionvilld via
Rombas. The modern road crosses the cuesta to Montois-la-Montagne. From Montois
there is also an easy copnection to the exit of the highway Verdun-Metz at Ste. Maric-
ai-Chénes which is 12 km from Malancourt.

Pass through Mazlancourt from the N and follow direction "Pierreviliers/Roncourt™.
Near the end of village furn left into small street ("rue de la Potence™) and continue for
several 100 m to its end (barrier). Proceed downhilf by foot on quarry road for some
500 m untii the panorama of the quarry wall can bie seen to the feft. The top of the
guarry may easily be visited by walking up a forest lane from the right side of the
quarry.

]

"Marnes de Longwy™: lowermost Upper Bajoclan, subfurcatum zone
Upper Coral Limestone: Lower Bajocian, blagdeni subzone
Lower Caral Limestone: Lower Ba}oclan bu@hrmsmnum suhzone
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Fig, 14: Stop 2. Small (2m hxgh).patch reef of the Lower Coral Limestone drowned
under inter-reef sediments. Malancourt quarry.
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ig. 15: Stop 2. Initiation of reef facies by small contemporaneous coral reef bodies
with conical bases which by lateral fusion produced the large reef mass of the Upper
Coral Limestone. Malancourt quarry.
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Stop 3 : Bajocian coraj reefs of Viterne {(SW of Namy)

The outcrop is an abandoned quarry where limestone has been extracted at 4 quarry
levels which are easily accessible to the visitor. The quarry exhibits & complete, partly
three-dimensional view of a sequence of hoth coral limestones inclading the
undedying beds and the ovedying "mames de Longwy”.

The quarry of Viterne

Access to quarry:
The village of Viterne is situated about 20 km SW of Nancy to the N of Route Natjonal

RN 74 = D 974 which connects Nancy to Dijon. The quarry lies immediately N of this
road, about 1.2 km WSW of Viterne village. It can already be seen from far when
approaching on this road from the B,

The floor and lowermost wali of the guarry can be visited from the main entrance at
the roadside. For the higher strata you must continue for some 250 m on paths on the
right or left sides of the quarry. From there the 3 upper quarry terraces are easily

accestible.
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Fig. 17: Stop 3. Panoramic skeiches of the Viterne quarry face featuring the Lower
{"polypiers inférieurs™): and {pper Coral Limestones {"polypiers supérieurs™),
uaderlying and overlying sirata and their relationship to the two hardgrounds. Lower
Bajocian. By LATHUTLIERE, from DURAND et &, (1989).
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Stratigraphy: Upper and Lower Bajocian.

"Marues de Longwy™ Upper Bajocian, subfurcaium zone

Upper Coral Limestone: Lower Bajocian, blagdens subzone

"Qoalithe cannabine™ humphriesianum zone

Lower Coral Limestone: Lower Bejocian, lumphriesianurn subzone

"Oolithe & Clypeus angustiporus” : Lower Bajocian

*Caleaire & entroques™ Lower Bajocian

Coordinates: x-87,2  y=104,6
graphic and geologic maps 1:50 000: Ne3316 (sheet Vézelise)

A panoramic sketch of the whole quarry {fig.}7) shows the facies distribulion within
this extensive oulcrop.

At the base of the quarry we observe for the first time the sediments and the hard-
ground underlying the Lower Coral Limestone. Theee are ihe "calcaire i emtrogques”
(a crinoidal grainsions and the "onlithe i Clypeus sogustiporus” (an oobiosparitic to
oosparitic grainstone). The latter terminates with a bed formed by resedimented and
bored oolite pebbles ("lag deposit™).

Lower Coral Limestone

There are build-ups wp to 8 m high and 60 m broed at the base. Inter-reef facies are
more or less argillaceous with a texture varying from wackestone to grainstone with
binckasis, ooids, some intraclasts and pellets.

M . fossils:

Locripus, pelecypeds (Chlamys, Camplonecles, lopha, Trichites), gastropods,
pedunculated brachiopods end Moorelfing (2 thecidean brachiopod), echinoids
(Paracidaris zschakkei and Clypeus sp.), bryczoans, serpulids and a few foraminifera.

The Lower Coral Limestone terminates with KLUPFEL’s "Lucinenbank™ containing a
rich mollusk fauna Cavilucina bellone, Pseudotrapezium sp., Pholadamya sp., Modiofus
sp., Bourguetia siriats). The shells are only preserved as moulds in the upper part of the
"Lucinenbank™ which ig itself clearly truncated by the lower hardground already known
from Rumelange and Malancourt This hardground is covered by a shell bed rich in
Entolium valves.

"Oolithe cannabine”

Beds 1.2 m thick and very rich in oncoids. The latter are formed by the encrusting tests
of Mubecularia reichieli RAT which alternate with algal crusts.

LUpper Coral Limestone

The laleral extensions of the coral reef formations are rather irregular becanse they
were intermittantly suffocated by onfapping ooid and bioclastic sediments. There are
lateral trapsitions from true framework to incohesive communities of in site coral
colonies scattered in the sediments. The framework is mainly formed by platy
scleractinians.

The Jimestone terminates with the upper hardground, marked by borings and
encrustations. Also this hardground, already visited al Malancourt, is widely known
from western Purope where it truncates the deposits of the Lower Bajocian
(humphriesisnum zome).
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"Longwy marls”

These are rich in brachiopods and pelecypods and form the top of the quarry. Their age
is lowermost Upper Bajocian.






Literature: !)URAND et al (1989), H{LLY & HAGUENAUER {1979:62-63)

The panoramic sketch of fig.18 shows the facies relstions within this extensive quarry
area,

Lower Coral Limestone

The framework is rather different from that seem at Rumelange, Malancourt and
Viterne where the corals generally formed a true coherent framestone. At
Sommeérécourt, the coral communities appear more loosely bound. They cover and
encrust the sediments to form bindstone. This may explain the relatively small number
of cryptobionts (coelobites) present under the platy colonies. The communities of
brasching corals which are surprisingly frequent at Sommérécourt, trapped the
sediments o form bafflestone.

The composition of the fauna is also fairly unusnak the massive and platy colonies of
fsastrea do not dominate everywhere the framework. The pemus Periseris is very
abundant, showing different growth habits of its colonies. The dendroid Dendraraca is
aiso very frequent and hosts a diverse fanna of small invertebrates {(mainly brachiopods
and gastropods). Pelecypods of the gemos Chlamys and the echinoid Caenocidaris
cucomifera are more abundant here than in the corresponding beds of the preceding
outerops.

The inter-reef facies is similar to that of Viterne with a texture of packstone and
grainstone, Clasts are mainly echinoderm and pefecypod fragments, and coated grains
{ooids and nubecularian oncoids). Dolomitization is locally important.

The Lower Coral Limestone terminates with KLUPFEL’s "Lucinenbank” which is
locally rich in dissolved coral skeletons. Also here, the "Lucinenbank™ and the tops of
adiacent reef bodies are sharply truncated by a hardground corresponding to that seen at
Yiterne.

Within the Lower Coral Limestone 2 large { 2 m diametre) resedimnented biock of reef
rock is easily recognized (fig. 19). The resedimented character of the block is indicated
by the exclusively vertical orientation of the dominating platy corals and of the
micrite/sparite interface in the geopetals. The block lies on as argillaceous bed with a
strong lateral dip which is rich in debris of large oysters.

The "Qolithe cannabine”
It shows the same microfacies as at Viterne.
The Upger Coral Limestone

This facies is very similar to that observed at Viterne, aithough the benthic
communities characterized by Dendraraea are more common. Here again, the top of
this rock unit is truncated by the upper bored hardground.
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Fig.l#: Stop 4. Pancramic sketches of the Sommeérécourt quarry face featuring the
Lower ("polypiers inférieurs”) and Upper Coral Limestones ("polypicrs supérieurs”),
hardground and related facies. Lower Bajocian.

By LATHUILIERE, from DURAND et al. (1989).
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Stop 5 "Caillasse a Anabacia” with underiving corai paich and oclitic
tidal facies at Bicgueley near Toul

The village of Bicgueley is sitsiated some 6 km S from the centre of Tout on the road
13904 which teads to Thuilley-aux-Croseiltes. Two outcrops of Bicqueley were selected
for thiz guide book becanse they exhibil a fossil equivalent of a Bahama Bank type
environment with oolite shoals and coral patches. These very shallow-water deposits are
truncated by a bored hardground which itself is ovedain by decper-water deposils of
the "Caillasse & Anabacia” of lowermost Bathonian age. The two topics of Stop 5, an
oclite shoal and a coral patch wifl be visited a¢ Stations 5A and 58 which are from each
other some 1.2 km apart.

Stratigraphy:
Cailiasse 4 Apabacia i lowermost Bathonian {zigeag zone) {see MANGOLD e 2k 1991

COotithe miliaire supérieure: Upper Bajocian (parkinsomi zong (see MANGOLD et 3l
1991)

Qolithe miliaire supérieure: undetermined massive coral colonies, gastropods,
pefecypods and brachiopods.

Caillasse @ Asmabaci:  Chomatoseris spp., numerous pelecypeds, brachiopods and
echinoids (see GARDET 1529)

i i : i Ne XXHXKTHE-15 (sheet Toul)

- & b ]&H@‘"‘x\w—.

Literature: DURAND et af. (I989), LEDIT (1985)
Station 5A: Quarey 2 km NE Bicqueley

After entering Bicqueley from Thuilley turp right within viflage centre into small road
that Jeaves the village and crosses the ficlds to the edge of the forest (1.3 k). Continue
straight into the forest for 600 m keeping stightfy to the right at the crossroads, until the
road widens into an extensive quarry in the "Oolithe miliaire supéricure” (fig.20).

Coondinates LAMBERT L  x = 8648 y = Hi0,0






-43-

The outcrop (fig.20)
The interest in this owicrop is threefold:

1) Here we can observe the contact of the uppermost formation of the Hajocian
("Oolithe miliaire supérieure”) with the overlying lowermost Bathonian ("Caillasse
i Angbacia®) both separated by a bored hardground. But the latter is not well visible
here due to poor outcrop conditions.

2) The "Qolithe miliaire supérieure” is a grainstone formed by well-sorted true ooids
alternating with more bioclagtic layers. There is & conspicuous crosslemination visible
in the outcrop Fig.20) with bundles assembled to units up to 4 m thick. These allowed
to study in detail the hydrodynamics of a fossil marine sand belt which is comparable
to Recent examples described from the Behama Bank. These deposits have been
interpreted as "ebb spill-over lobes™ directed from the platform to the open sea which
would indicate the probable influence of the tides (see LEDIT 1985 and DURAND ¢ al.
1989). Note numerous massive circurnrotatory corals ("coralliths”), around 4 cm in
diametre, in the uppermost part of the *Qolithe miliaire supérieure”.

The Caillasse & Anabacia™ , an unsorted bioclastic limestone, is very rich in the small
solitary coral Chamaioseris formerly Anabacia) whose skeletal structure suggests a
mobile mode of life (see GILL & COATES 1977).

1) Noteworthy is also a set of faults directed N 140 E which parallel the small tectanic
graben of Bicqueley situated several 100 m to the W. The feulis prove the activity of
distensive symsedimentary tectonics towards the end of the Bajocian. The faces of the
faults are impregnated by several centimetres to decimetres of iron oxyde. The material
of the joint filling i8 similar to that found within the boreholes of the hardground
above,

Station 5B: QOutcrops 1.3 km N of Bicqueley

Access 10 oicrops:

About 1.3 km N of the village , a small quarry becomes visible on the right in a slight
left turn of mad D904. The vertical and inaccessible quarry face shows a beantiful
section of the "QOolithe miliaire supérieure” {runcated by the hardground and overlain
by the "Caillasse 3 Anabaciz” (fig.21).

Immediately before the curve a field path branches off to the right, leading after a few
metres to a pit dug into the "oolithe”. Behind there iz a low ridge of wasteland
overgrown by small shrubs and with a solitary pine-tree on top. It is capped by the
"Caillazse™.

Coordinates LAMBERT J:  x = 8633 y = 1110,2

The outcrops:

On the hilltop arcund the pinetree there are some good outcrops of the bored
hardground. ft iruncates a large massive Upper Bajocian coral. This coral head attains a
diarpetre of 80 cm. Density banding highlighted by recrystallisation of the skeleton is
very conspicuous showing yearly growth bands (fig.20) of 2.5 - 3.0 mm, indicating a
total life gpan of the colony in the order of 130 to 150 years.

The hardground is overlain by the bioclastic deposits of the "Caillasse” with mumerous
well-preserved Chomatoseris
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3. Introduction to the Oxfordian reef formations
3.1 Lithostratigraphic nomenclature and age

The "Formation récifale de Lorraine”

In Lorraine, the Oxfordian stage begins within the clayey formation of the ”Argifes de
1a Woivre™, the upper part of which has been attributed to the Lower Oxfordian mariae
zone. It grades upwand into the "Terrain & Chailles” which is characterized by a
progressive upward intercalation of limestone beds. This formation terminates with a
hardground formed by a pavement of large bored oyster valves or with an iron oolite.
The "Terrain & Chailles™ i3 overdain by the "Formation récifale de Lorraine” formed by
fwo distinct superposed reef complexes.

The reef formations of the Oxfordian of Lorraine have been known for a long time.
Their long history of investigation and the wnatural complexity of facies
interrefationships led o an unreasomable proliferation of formation names. As a
consequence of thiy, in many geological tnaps and regional studies these reef rocks
have been named "Corallien” and sobsequently "Cakaire Corallien™ or "Argovoe-
Ravracien™ . Other more or less informal terrns have also been applied: "Complexe
técifal des Hamsz de Meuse” (HILLY & HAGUENAUER 1979, ENAY & BOULLIER
1981) or "Complexe récifal des Cotes de Meuse” (ENAY & BOULLIER 1981). In spite
of some disagreement with the international rules of stratigraphical nomenclature, in
this paper the term "Formation récifale de Lorraine” will be applied which was
proposed in a catalogue of formation names of the Paris Basin (MENOT 1980).

The lower and upper reef complexes
The "Formation récifale de Lorraine” was deposited during two succeeding reef-
building events that resulted in the formation of a lower and an upper reel complex.

The lower reef complex was originally named “faciés ghypticien”, subsequently
renamned “zome construite inférienrs™ by HUMBERT (1971), "Complexe récifal
infériour” by HILLY & HAGUENAUER (1979} or “Episode récifal inférieur ™ by
MENOT (1980). it iz characterized by abundant lamellar microsolenid corals, bivalves
and echinoids, Its thickness varies from 5 to 35 m. Between the fwo reef-building events
an oncoidal limestone was deposited south of the Commercy area while 2 crinoidal
limestone ("Pietre d'Boville-Lérouville™) was deposited to the north {fig. 23).

The wpper reef compiex was named "zone construite supérieure” by HUMBERT (1971}
or "Complexe récifal supérienr” by HILLY & HAGUENAUER (1979) and “Episode
récifal supérienr” by MENOT (1980). It corresponds to a 10-20 m thick suite of
limestones, partly composed of boundstomes. The latter are built by a diverse coral
fauna whose colonles are embedded in a white, more or less chalky matrix, These reefs
were subsequently drowned under the pure white chalky mud, Therefore, the higher
section of the upper reel complex is almost devoid of corals and represents 2 40-80 m
thick suite of chalky limestone beds ("Calcaire de Crene™). In the area visited by the
field trip, these rocks are heavily exploited today in quarries providing excellent
outcrops. The industry 1s highly interested in these beds because of the chemically pure
quality of the calcium carbonate and, naturally, less in the beauty of the corals below!

The nomenclature of the subordinate sedimentary units is hardly clearer. Some units
keep a formation rank and a formation name @Examples: Pierre d'Buville-1.érouville,
Calcaire de Creue..). HOMBERT (1971} sumbered and HILLY & HAGUENAUER
{1979} lettered these sedimentatry units.

In spite of this nomenclatural confusion, the section deawn by HUMBERT (1971) in his
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remarkable but poorly known thesis provides a clear idez of the relationships between
the different sedimentary units which constitute the "Formation récifale de Lorraine”
{see fig. 23).

The age of the "Formation récifale de Lorraine” and averlying formations

Today, the "Formation récifate de Lorraine” can be considered of Middle Oxfordian age
on the basis of biochronoiogical data provided by ammonites and brachiopods (see
ENAY & BOULLIER 1981). However, these results conflict with an Upper Oxfordian
age proposed both by BEAUVAIS, HAGUENAUER & HILLY (1980) on the basis of
reef corals and by HEUUMBERT (1971} on the basis of ostracods determined by
OBRTLL

The "Formation récifale de Lorraine” is bounded by 2 hawdground at its base and
frequently by another hardground at its top. It is overlnin by the "Argiles & Huitres”. At
Void and Pagny-sur-Meuse in central Lorraine, some rare small and poorly known
corat build-ups developed during the deposition of this muddy ard clayey formation
{MAUBEBUGE 1968t3. According to the steatigraphical synthesis provided by
MARCHAND & MENOT (1980), the formations overlying the "Argiles 4 Huitres” are
the "Oolithe de Lamothe”, the "Calcaires 3 Astarte™ and the Calcaires rocailleux &
Ptérocéres®,

The boundary between the Oxfordian and Kimmeridgian has not yet been clearly
established. The only fossils of biostratigraphic value are ammonites of the Oxfordian
bifircatus zone found immedistely above the upper hardground of the "Formation
récifale de Lorraine™ (ENAY & BOULLIER 1981) and the ammonite Rasenig cymodoce
in the lowermost part of the "Calcaires rocailleux & Ptérocéres” indicating a
Kimmeridgian ege (MAUBBUGE 1953b, 1855, 1968a).

3.2 Reef ecology and hiota

Reefs and platform development

The Oxfordian reef complexes of Lorraine show a clear arrangernent in facies belis (see
fig. 24). Southward of the platform edge is the fore-reef area, and outcrops of the reef
crest are found in the Marmne valley. According to LE ROUX, wel-logging data indicate
that reef crest environments persisted during Upper Oxfordian times over a large part
of the Paris PBasin (see fig.1). In the subsurface , the Middle Oxfordian reef crest has
been sketched by DEBRAND PASSARD (1980).

The back-reelf ares is localized in the northern part of the platform, between the
Marne valley and the Ardennes landmass. The fossil environments accessible in the
Carriére du Revol af Pagny-sur-Meuse (Stop 7} are representative of the Oxfordian
back-reef area of the eastern Paris Basin.

Environmental factors

The general paiters: in the evolution of the environments may be most easily explained
by a persistent shallowing-upward trend recognizable within the reef complexes as a
whole. Therefore, only two examples will be discussed here which demonstrate that
this trend generated the diverse biotopes that may be observed in the outcrops.

The "zone construite inférieure” corresponds to a poordy illuminated environment, as
iltustrated by the owtcrops at Foug (Stop 6). Our main argumenis in favour of a low
light level are the thin-platy morphology of coral colonies and the total absence of red
algae. Both phenomens may be most easily explained by & relatively deep bathy-
metric position of the sea floot, fying probably within the infralittoral zone. However,
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according to GYGI (1986) who studied a lateral equivalent in Switzerland (Liesberg
Member), this low light level may also be attributed o a turbid environment at a
shallow water depth (possibly less than 20 m). In the lowermost part of this "zome
construite inférieure®, alsc the water energy was low as indicated by depositional
textures and the abundance of micrite. A position below wave base canndt be ruled out.
During this eary stage of Oxfordian reef growth only build-ups of very low relief
developed in the area

The build-ups of the upper reef complex are illustrated by the outcrops in the quarry at
Pagny (Stop 7). They indicate a faidy different environmental setting. The presence of
Solenopora and the dome-sheped growth hebit and rather high growth rates of the
massive coral colonies cbserved, suggest well-illuminated shallow-water conditions,
Nevertheless, the energy level of the environment remained low. The great amount of
chalky sedimeats and the sbundapnce of thin-branched colonies are interpreted as
indicative of a rather calm and sheltered beck-reef environment. However, for a firm
conchuision a detailed study wonid be necessary which should include depositional
features related to weves, tides and storms. It would also have to examioe the eventual
role of blue-green algas in the stabilization of the sediments.

Ancther environmental factor must be taken into comsideration: the rate of
seditnentation. As indicated by rhythmic (?annual) growth rings of vertically growing
phaccloid branching scleractinians, the sedimentation rate was very high and fipally
surpassed the probable maximum coral growth rate in the order of 14 mm/year,

The coral fauma

As compared to other Mesozoic reefs, especially older ones, the Oxfordian coral build-
ups of Lorraine were copstructed by a highly diverse fmuna of reef-building
scleractinians. Table 1 provides a cheek-list of the Oxfordian corals of the Department
of Meuse as determined by MICHELIN (1841-43) and BEAUVAIS (1964). The number
of species listed, is probably exaggerated. Bun the tentative (and possibly premanure)
identification key of the gemera presented here (sse appendix) also indicates that the
Oxfordian coral fauna of the area was at least twice ag diverse as that of the Bajocian,

Some additional chservations on the Oxfordian scleractinian corals of Lorraine shoutd

be pointed out:

- their _diverse colonial morpholopy with lamellar, dendroid, phaceloid and dome-
shaped colonies present

- their _gdiverse colonial structure comprising phaceloid, cericid, tharnnasteriod, bui
also plocoid and meandroid colonies

- the abundance of corals with perforate septa

- the higher generic diversity in the upper reef complex as compared to the lower reef
complex which is dominated bry platy microsolenids

Accompanying organisms

The lower reef complex of the "Formation récifale de Lorraine” shows a "glyptician”
facies characterized by the presence of numerous echincids (including Giypiicus
hieroglyphicus) and pelecypods. It hardly recalls the biocenotic structure of the
Bajocian reefs. The platy corals (here mainly microsolenids) provided a suitable
substrate for s diverse crypiic fauna @oelobiles) and for crusts of blue-green
algae showing a pholopolarity, Both probably furnished sbundant food for the diverse
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fauna of grazing echinoids (VADET 1987).

In the upper reef complex, the red alga Solepopors is an important secondary
framebuilder. Blue-green algae are probably also important here and played a major role
in the genesis of inter-reef sediments. The rudist Djceras and nerincan gastropods are
locally abundant in the upper reef complex. They are characteristic of some of the
inter-reef facies. The presence of numercus additional mollusks (both pelecypods and
gastropods) should be noticed.

33 Sequence of benthic environmenis

The succession of Oxfordian sedimentary strata is conirolled by palaeoemvironments
changing in time and space, in parl due to custatic fluctuations of the sea-level. On the
whale, the succession of strata observed from the "Argiles de la Woévre” to the
"Rerrain & Chailles” and continuing into the *Formation récifale de Lorraine”,
corresponds to a shallowing-upward sequence. The "Argiles de la Wotvre” and the
"Terrain 4 Chailles” are characterized by ammonite-bearing basinal eediments
deposited in a calm environment, the benthic fauna being that of the circalittoral zone
The progressive enrichment in carbonates and the increase of the biomass, especially of
epthenthic biota adapted to firm and hard substrates confirms the shallowing-upward
trend. The transition from the "Terrpin @ Chailles” to the "Formation récifale de
Lorraine” should correspand to the photic boundary that separales the circalittoral zome
from the infralittoral zone, In detail, the facies development may be more compiex
within the "Formation récifale de Lorraine”, but the shallowing-upward trend persisted,
This evolulion of the depositional environments is indicated by the following
observations:

a) The presence of sbundant coral colonies with thig-platy growth habit et the base of
the lower reef compiex (Stop 6), suggesting a low light level i.e. a probable deeper-water
environment.

b A more diverse corsl fauna inchuding dome-shaped masgive corals in the upper reef
complex (Siops 7-11) suggests a shallower, well-iit environment.

o The final emersion of the top of upper reef complex. This emersion has been
demonstrated by sheet cracks end asymmetric cernenis (HUMBERT 1971, 1976).

Hence, this shallowing-upward sequence of the depositional environments may be
summarized by ihe following succession of stages: circalittoral » infralittoral »
mediolittoral (for definitions see PERES & PICARD .1964).

Surprisinghy, this evolution coincides globally with a eustatic rise of the sea-level. The
study of the geomeiry of the sedimentary umits as described by HUMBERT (1971,
pl.89) confirms this conclusion. The "Argiles de la Wotvre” are defined as a large
sigmoidal unit of clay deposits with ils depocentre situated approximately at the latitude
of Verdun. These detritic deposits are inierpreted as a "low stand wedge”. With the
"Terrain i Chailles”, the depocentre ix displaced northward and landward. Finally, due
to limited accomodation spece the "Formalion récifale de Lorraine” had to progrede
southwand towards the shelf edge.

This general view of the Oxfordian transgression is compatible with the interpretations
of GYGI (1986) in Switzerland and of VAIL et al. (1987) in the Paris Basin. The
subordinate inflexion of the eustatic sea-level curve remains a matter for forther
discussion.



35 Field puide ta Oxfordian reef formations
Stop &: Shallowing-upward sequence from ammonitic marks ("Tervain a

Chailles™ to reef Limesipne  lower part of the "Formation

récifale de Lorraine™, Oxfordian). Highway cot W of Foug
Between the villages of Foug and Pegny-sur-Meuse, the highway Toul- St Dizier is cut
for several hundred metres into two low-lying hills. There are major fresh ovicrops on
both sides of the highway within (hese two cuts exposing a section at the base of the
Oxfordian reef complex. Best accessibde and most complete is the northern flank of the
easternmost cit [ig25). From there 8 beawtiful panorama of the southern {lank of the
cut can also be observed across the highway (fig.26) showing a mirror image of the
owcrap to be visited.
The outerop exhibits a beautiful example of a coral reef formed during a shallowing-
upward sequence. The reel complex became establisbed on muddy deeper water
sediments and confinued (o grow during 2 coarsening-upward sedimentary sequence to
biodetrital and oneolitic sands.
Within this sequence the following facies units will be examined at Stop 6 {from top te
boltom):
- ancolitic limestone
- coral beds formed by:

coral limestone and inter-reef eediments
corai marks and inter-reef sediments

- ammonitic marks ("Terrain a Chailles”) terminsting with a secondary
hardground  (oysier bed)

Stratigraphy:
Lowermost 20 m of (he "Formation récifale de Lorraine” (Middle Oaxfordian)
overlying limestones and mards ("Terrain & Chailles”™) of Lower to Middle Oafordian

age.

Leave highway at interchange of Foug. After entering Foug village turn left at the war
memorial. At the end of roed turn left again and proceed to Lhree single houses
situated close to the highway From there the outcrop may be reached by fool, walking
uphill for some 200 m on a small forest lane.

Coordinates LAMBERT I: x » 832,85 y = 11137 to 11314,2
and_peolo aps 1: 50 000 NeXXXI1-15 (sheet Comnmercy}

Lilerzture: POIROT (1986,1987), VADET (1987)

Coution:

Becanse of heavy high-speed traffic absolutely stay within the ouicrops. Never step on
margin of highway !

The outcrop will be visited at 3 stations (A to C) in order to cover the whole section
exposed.
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"Coral mark™ (Figa 28, 29, 31)

Patchy coral growth initisted on muddy boltomn some 15 to 20 cm shove the oyster bed.
Coral patches resching 5 to 15 m in horizontal diameter are dominated by a pionecring
fauna of small and thin foliaceous colonies forming a true interfocking framewnrk in a
muddy matrix. One species is cleady dominant: the microsolenid Dimorpharees
koechiini

Undersides of the foliaceous corals are incrusted by sciaphile thecidean brachiopods and
serputids and bared by lithophagano bivalves and clionid sponges. The upper faces of the
famellat coral skeletms are frequently covered by thin crusts of photophile
strompatolites similar 1o thoge deserbed from Oxfordian sponge/algal bicherms
(GALLLARD 1983) and Bajocisn coral build-ups (LATHUILIERE 1982). There are very
few bhranching and eolitary corals in this coral community.

Distinet bedding indicates an apparent maximum relief of coral paiches rising shove
the surrounding muddy inter-reef sediments for some 1 to 1.5 m. But this is larpely due
to differential compaction. Inter-reef sediments are heavily burrowed (Fip.31). Debris of
Apipcrinus and Paracidaris florgernme is cormmon.

The "corel marls” are approximately 3.5 m thick and significantly more clayey then
the overlying "coral limestone®.

Most obyiogs fossil pensra:

Corals: Dimarpharaea

Pelecypods: Manogyra, Chlamys, Camptonectes, Ctenostreor, Plagiostorns, Plerocardia
Crinnid: Apiocrinmus

Echinoids: Glypticus, Paracidaris, Hemicidaris, Rbabdocidaris, Pseudodiadema,

Stomechinus
The species of some of these gerera are cited in POIROT (1987) and VADET (1987)

Station 6B: First terrace of highway cut and vertical wall shove (figs.25, 27)

"Coral limestone™ (Tigs. 32, 33, 34)

Within the reef and inter-reef facies we cbserve a suddem decresse of ferrigenous
material. This is cleardy recognizable at a distance from Lhe oufcrops, as differential
weathering produces a slight overhang of the upper coral beds over the undedying
muddier strata {fig.31). This distinet horizon can be traced from the reef Lo the inter-
reef facies and defines the limit between the upper corul beds ("coral imesione™) and
lower coral beds (“coral maris™).

Cloral paiches from the lower coral beds generally continued to grow across this Hmit
into the upper coral beds whers they form ill-defined build-ups. Their framework: is less
denze and irterlocking in the "coral limestanc” than in the uaderying "coral marls”,
and there is s rather pradval tramsition from locse coral communities to coral-
free inler-reef sediments. The coral colonies are thicker (2-5 cm) here than in the
lower coral beds with dianeters around 0.5 m. But, there are also exceptionally
large corals which are 0.4 m thick with horizontal diameters ranging up to 1.5 m. The
framework of (he "coral limestone” is easily accessible in the cul of the forest lane,
some 80 m uphill from the highway cut (fig.34).

The taxcaomic ¢omposition of the coral fauna is cleardy different from that of the
"coral marl”. Microsolenids are stlll dorminant, bt colonies of the genus Mrosafens
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are here most abundant. Paying special attention to septal thickness and septal density
the shift in the faunal composition will be clearly revealed in the field (fig. 35).

The inter-reef sediments are biodetrital carbonates showing indistinct bedding. As it
appears from the bedding planes, the submarine relief of these build-ups was
insignificant, reaching less than 1 m in height. Most of this apparent submarine relief,
however, is due to differential compaction. Nevertheless, in the outcrops these build-ups
appear as several metres high hillocks within the sediment.

It is remarkable that the tops of the hillocks are clearly bent to the E (fig. 25,27). This
might be due to storm wave action during reef growth which deposited coral fragments
in the lee of the reefs where they became suitable substrates for the subsequent coral
generation. In contrast, the presumed windward side of the reefs was gradually
suffocated by encroaching wind-driven inter-reefal sediments. Finally, the whole reef
was submerged by bioclastic sediments rich in micritized coral debris and covered by
oncolitic limestone.

The "coral limestone” is approximately 8 m thick. It probably terminates with a
hardground, but this has not been located due to the inaccessibility of the steep outcrop
wall.

"Coral mards” and "coral limestone” together constitute the lower reef complex
("zone construite inférieure” or "unit 4” of HUMBERT 1971 ).

Station 6C: Uppermost terrace of the highway cut exposing the oncolitic
limestone facies which covers the upper coral beds (figs.25, 27)

Access to outcrop:
This terrace may easily be visited by proceeding for some 150 m on the forest lane to
the top of the plateau and then returning from there across the woodland to the upper

end of the highway cut.

Oncalitic i
The oncolitic sands which are at least 6 m thick, were mainly responsible for the final
suffocation and burial of the reefs. The bedding is horizontal but not well-defined. The
micro-oncoids (up to 2 mm) are formed by algae and nubecularian foraminifera
encrusting tiny skeletal fragments. The rock is a poordy sorted, early cemented
grainstone to packstone.

Most conspicuous fossils are pelecypods (Arcomytilus, Plagiostorna, Aequipecten,
Velata?, Gervilleia and Chlamys) and gastropods (nerineans and several smaller forms),
perisphinctid ammonoids, terebratulid brachiopods, echinoids (Clypeus ?) and some
coral fragments. There is a pavement of large oriented pelecypod valves suggesting
strong current influence.

The rocks of the upper reef complex ("zome construite supérieure”) overlying the
oncolitic limestone, are not preserved in the area of the highway cut. They will be
visited at the following excursion stop.
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Eig. 27; Stop 6. Northern face of highway section at Foug showing the
following facies units :
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TC = "Terrain a Chailles” CR = coral limestone (reef facies)
CM = coral marl CI = coral limestone (inter-reef facies)

OL = oncoidal limestone
Stations 6A and 6B
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Fig 3% Stop 6. Shift in generic composition of coral fauna from Oxfordian coral marl
to coral limestone at Foug.
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Caral thich L1 .
Branching corals are grouped in thickets 5 to 10 m high and measuring up to 10 m in
horizontal diameter Coral growth is resiricted to the lowermost 10 m of the quarry
wall. Most conspicuous are large thick-branched Aplosmilis coloniez which reach 5
10 m in height and spparently, kept pece with the rising sediment level (figs. 36, 38).
Also thin-branched smaller Stylosmilia are frequent (fig. 37). The skeleton of these
branching scleractinians was frequenily dissolved ("mouldic porosily”) snd the mouldy
were partly or enotirely refilled by sparry calcite, Somewhal less abundant are
Thecoamilia and octomeral branching Pseudocoenia

There are also some massive plocoid colonies (inchuding lhe gemus Styling end
undetermined platy colonies with perforated septal structure. In addition, a few isclated
dome-shaped colonies can be cbserved, the largest measuring 13 m in horizontal
diametre (fig39). Density bands recoguizeble in sections of some of these massive
colonies indicate yeady growth retes of about { cm. Some circurnrolatory massive
corals (“caralliths”) attain diameters beween 5 and 15 cm. One of them which has
been sampled and slabbed, revealed a "mcleus” of Comoscris and a "cortex” of
Thamnasteris.

Frequent large thalli of the red alga Sofenopora altain diameters of more than 20 ¢m.
They show beautiful purple (7 yearly) growth rings.

Further conspiouous fossils:

Large thin-shelled bivalves, gastropods, thynchonellid brachiopods and echinoid spines.
Matrix:

SEM photographs and field obser vations revealed that the very pure carbonate material
making up the chalky mairix of the corals and forming the inter-reef sediments
consisis in detrital cryslals of micrite {HUMBERT 1971,p.330). Within the coral beds it
is evenly distribuied throughout the quarry. We presume that ihe fire-grained material
was produced mainly elsewhere on the Oxfordian carbonate pletform where the fines
were winnowed ot aod became trapped as calcareous mud within the shellered area of
the coral thickets. From the known growth rates of the branching corals {more than 1
em/year) it may be caleulated that 10 m of chalky mud were deposiled in [ess than
1000 years.

A similar, if not identieal facies of branching corals in a chalky matrix has been
desceibed from Oxfordian patch reefs of St. Ursanne, Switzerland (MIMPIN 1965) and
from Oxfordian coral assemblages of Paland (RONIEWICZ & RONIEWICZ 1971).

Recent shelf reefs formed almost exchusively by a branching coral association and
thriving in & turbid carbonate environment have been described from the Gulf of
Guacanayabo of Cuba (see ZLATARSKI i980:243). In several respects, such as size,
growth form of corals, calm eavirenment and heavy carbonate mud sedimentation,
they appear very similar to the Oxfordian coral thickets of Pagny.

In the highest part of the quarry, some 30~40 m ahove the coral thickets, the Oxfondian
carbonate sequence is truncated by a hardground, incrusted by oysiers. The
unconformity is overain by gyster marls ("Argiles & Osirea™ or "Argiles & hujtres™)
with noduolar limestone beds containing platy reefl corals. The age altributed to this
sedimentary cycle is Upper Oxfordian.

Lilerature: MAUBEUGE (1968
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The "Carritre des Citillons™ (fig.40)

The lower reef complex

The undulating topography of the quarry floor corresponds to the original submarine
morphology of reefs and inter-reef depressions which were cavered by the advancing
sandwaves of the crinoidal limestane. As the overtying crinoidal limestone was removed
to a large extent by the quarry industry, the upper surface of this reef compiex, its
horizontal faunal distribution, and the final stage of reef morphology may be studied
today in preat detail. As compared to Foup, there is an astounding original relief of at
least 20 m between reef crest and inter-reef depressions within 100 m of uncovered
surface of the reef complex. By conmtrast, only 3 m of the lower reef complex are
exposed in two very localized quarry sections.

The cocks of the quarry floor ae exposed consist mainly of:
o) detrita) biopenic limestone in the inler-reef depressions
b) considershle amount of coral dehris at reef slopes
¢ locally true reef framewmrk towards the topographic crests

The top of the lower reef complex is marked by a locally well developed hardground
(lithophagan boreholes, incrusting oysiers etc.).

Near the vertical wall at the NNW side of the quarry, the coral rock is formed by a
dense framework of platy scleractinians (see fig. 40) which rises steeply (30° for some 7
m) towards the quarry face of the cverlying crinoidal limestone. It thus forms a trus
topographic and struectural coral reef exhumed at the hardground interface by the
QUAITY WOIKS.

Below this steep rise, the slope of the former sea floor was much smoother, descending
for more than 10 m within 8 horizontal distapce of some 100 m towards the quarry
center: Here the former sandy sea floor was littered by abundant debris, maindy of
corals, echinoderms and moliugks, indicaring submarine slope deposita downslope of an
actively growing reef. The surfaces of both meef and slope deposits are visibly drilled by
boring organims, thus indicating hardground formation before burial uvnder the
crinoidat sand-waves.

Most commaon fosgil in the inter-reef sediments:

Spines of Paravidaris florjgemnma (statistically oriented N 265°)

The crinoidal imestane ("Pierre d’Ewrille”)

The crinoidal iimestone is fully exposed in the vertical quarry walls. Within the quarry
it varies in thickness beiween 6 and 13 m, which corresponds to the crest and trough of
the stebilized sandwaves but also to the antecedent submarine topography. The two
crests visible in the outcrop are some 150 m apart. The constituant pariicles of the rock
are predominantly coarse crinoid ossicles, the fines having been winnowed out
According to HUMBERT (1971), the isopach mep of the "Pierre d'Buville” shows a
giant dune 2.5 kin long with 8 longitwdinal axis oriented spproximately E-W, The width
of the dune (in N-5 direction) is 600 m and its maximum thickness reaches 20 nt. The
steep slope is directed northward. At the top, also the crinoidal limesione is truncated by
a hardpround unconformity as indicated by boreholes and incrusting aysters.

Crinoid fragments {Pentacrinites), cidarid echinoid spines, pelecypods.
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The "Carrifes de |a Meézengere® (figs.41, 42)

The lower reel complex

As ol Ewville the target of the Lérouville stone induslry was the crincidal limestone
{"entroquite”}. Thus, a large surface area of the underlying lower reef complex was
also exhumed here, giving a fairly accurale image of the submarine topography belore
its burial by the submarine dunes of crincidal sands.

The following fecies vaits can be examined on the fossil sea ficor:

a) Structural and topographic coral reef rising o least 20 m shove the inter-reef
depressinns. Where visible, the reef body is formed by a dense interlocking framework
inchiding branching corals. Among them a large colony of Dendraraca raremoss has
tumbled down the shope {fig.43). The slape angle of the reel is about 30 degrees in the
uppermost 14 m.

by Sedimeniary slope covered with coarse biodetrital sediments and coral detwis.
forms a belt al the deeper slope of the coral reef between 14 and 20 m below the reef
crest. The slope angle is smoother, & lo 10 degrees, as compared to the upgrowing
framework.

o) Sandy deposits of inter-reefal depressions showing locally the formalion of ripples
(fig. 44).

As al Euville the interfece between the lower reef complex and the overlying crincidal
limestone is locally drlled by pumermis borehales, thus indicating hardground
formation.

Most obvious fossil: Dendraraes racemosa

The crincida limestone {"Pierre de Lérpuyilke®)

It is composed of sandwaves formed predorninantly by coarse crinoid ossicles deposited
in foresets similar to the Ewville quarry. The sandbody reaches a thickness of over 14 m
in the verlical quarry wall. Its top is nof easily accessible. X is truncated by a bored
hardgronnd.

Most ghvious fossll: Pentacrinites

The wpper reel complex

After the deposition of the crinoidal limestone the sea-floor became colonized by
predominanily platy and seme brapching scleractinian corals forming a mastly loose
and incoherent framework showt 2 m high. This became tater buried under several
metres af biodetrital sediments.

A new phase of reef formalion resulted in an approximately 4 m thick extensive reef
body {ormed by a dense interbocking framework of platy corals (fig.45). This reef body
may be followed over the whole extension of the quarry which is abowr 350 m wide,
There is no indicalion of & significant topographic buikl-up within this framework. The
teel Tock is very similar to the framework of platy cotals as shown by well developed
Bajocian coral reefs.

The inter-reefal sediments are white biodetrital limestones, not winnowed and
indistinctly bedded. The bioclasts, mainly echinoderm debris and partly dissolved shell
fragmentz, are strongly micrifized. They appear as corioids and carrespond to the early
phase of oncoid formation (algal/nubecularian oncoide), The cement shows a granular
fabric which appears as an overgrowth around the grains. The incomptete cementatinn
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is responsible for the important porosity of the rock

M . fossils:

Echinoderms: crinoid ossickes, Paracideris florigemma
Pefecypods: Lopbe, Chiaprys, Entolium (rare), Ctenostreon (rare

Corals: Isastrea, Calarmophylliopsis, and thin platy corale (Meandraraea, Thamnasteria,
Fungiastraea, Actinaraeca, Microsolena) .

Beoring prganisms

The most interesting features of the quarry may most conveniently be visited at the
following Stations A to C:

Station 9A: Floor of quarry (see figs 41, 42)

From here we have the best panoramic view of the whole outcrop. The following
features may be examined in detail in the lower reel complex:

The submarine topography and facles distribution towards the end of the formation of
the lower reef complex (sandy inter-resf depressions locally rippled, coral reef
framework and reef slope deposits, and the bored reef top).

The topographic and structural reef is best developed in the steep slope just betow the
quarry wall, which is unfortunately largely covered by quarry debris. Nevertheless, a
beautiful framework of branching corals {ig.43) may be examined in several spots near
the reef crest and the coral dehris of the reef slope is readity accessible. Note that there
is a total original submarine relief of more than 20 m between reef crest and inter-reef
depressions within the exient of the quarry.

The lower part of the crinoidal limestone is only accessible from the floor of the
quarry. The horizonte) and vertical facies relaljons of reef and inter-reef facies of the
upper reef complex may be well observed in the vertical quarry wall at s distance.

Station 9B: Lower quarry terrace

Agcets:

Proceed uphill on the forest lane from the eastern end of the quarry floor. Turn right at
junction into small road to reach the uppermost level of the quarry outerop. From here
a narrow trail will lead to the western end of the quarry wall from where it is possible
to descend safely to the lower terrece.

From this station the uppermost crinoid limestone may be examined as well as the
locse framework of platy and branching corals and biodetrital sediments immediately
above. A coherent framework dominated by thin Meaodrarsea colonies can aiso be
observed, The bardground truncating the iop of the crincid limestone is not well
expascd here. It is accessible with difficulty on the same ferrace at the eastern end of
the quarry face.
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Stop 11: Road cuts of interchange and adjacent highway inta Middle
Oxlpedian reefs at Haudainville, S of Verdun

The extensive oulcrops give a unique three-dimensionel view of the internal structure
and facies relationships within & fossil reef complex. The growth history of the recfs
may be fully traced from their initialion on unsiable substralum through their build-up
and final burial by biodetritic sediments.

b -
"Formation récifale de Lorraine™, Middle Oxfordian., The cutcropping rocks correspond
roughly to the upper part of the crinoidal limestone and ovedying reef
formations/inter-reef sediments visited a1 Duville and Lérouville,

Accesy:

By car to the highway interchange Verdun (sowh of Handainville village). Leave the car
at the toll check-point and proceed by foot.

Coordinptes: Xx=824.5 y=1605
ic & ic m : 000 : NeXXXI-13 (sheet Yigneulles-lés-

17 g

Literature:
BEAUVALS (1985), BEAUVAIS e al (1980), ENAY & BOULLIER (1981), HANZO, LE
ROUX et al. (1982), HILLY & HAGUENAUER (1979)

[mpostant note:

This ouicrop may only be visited with a special permit from the highway authorities !

b
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The Haudainville reefs

The threedimensional oulcrop conditions permit a detailed cbservation and
reconstruction in time and space of the installation and burial of a fossil coral reef (fig.
47). Resf growth initiated on the eroded upper surface of a crincidal limestone complex
probably equivalent of the crincidal limestomes visited a) Buville and Lérouville. Reef
initiation is preceded by successive deposition of prograding detrital limestone beds
{storm evenis?) which became subsequently colonized by o loose agsociation of massive
reef corals. These beds were themselves successively colonized by equally progreding
thickels of a dense association of robust branching cocals dominated by Thamaasteria
dendroidea. In some places, these thickets whick are 1 to 2 m high, were finally
overgrown by finer branched colonies which by trepping sediment formed conspicuous
build-ups ebout 6 m high. The build-ups were (iaally drowned completely by rather
muddy onlapping inter-reef sediments.

Higher in the section, there is evidence of a renewed attempt of colonization of the soft
substratum by large massive coral colonies. However, many of these were uprooted,
miled and redeposited probably during a major storm event They are concentrated
within a distinct layer of coarse debris and covered by finer grained sediments.

We did not find any clear horizontal coral zonation within the buikd-ups that might
reflect ancient wave energy levels, 1. a wave-exposed and a wave-protected side of the
reefs as has been described from Quaternary reefs (GEISTER 1977,1980). And there
are no growth forms or growth directions of coral branches that might he indicative of
persisiant palacocurrent directions. The outcrops, although large and three-dimensicnal,
are insufficient to show possible geomorphological trends of the build-ups such ac the
formation of dongated ridges and their predorninant crientation

A striking phenomenon within these outcrops is the presence of numercus brown
marker horizons. These are centimetre- or even millimetre-scale silty layers of pure
brownish carbonate malerial which may be traced from inter-reef sediments into the
coral thickets and build-upa. At the marker horizons coral thickets died frequently and
became recolonized by another species. Some more robust branching colonjes of
Thamnasteria dendroides, however, survived the noxious events and continued growing
during at least 2 periods separated by such marker horizons. Yeardy (7) growth rings of
these colonies indicate that the periods between the deposition of two successive brown
marker horizons ranged from about 10 W 100 years,

Available evidence suggests that the corals lived in a rather calm protected environment
and were possibly ravaged periodically hy exceptionally violent storms. The storms
smashed many coral skeletons, eroded their tops and stirred wp also a great amount of
mud on the surrounding shelf. This mud settted subgequently in areas protected from
waves and currents suffocaling most of the surviving corals. Each mud layer
represented in the ovtcrop as a brown marker horizon would indicate a slorm event.
The ouicrops of Stop 1 will be examined aloag an itinerary beginning with the
lowermost facies units and leading step by step to the top of the section. Dratailed
explanations W Stop 11 will be given al 8 stations {A to H) as shown on accompanying
plan {ig. 48).






Fig, 46: Stop 11, Plan of highwsy interchange af Haudsinville.,
Stations SA to SH marked A to H

Station 11A: Cut of access road to highway before and after highway
bridge {fig.49).

Uppermost § m of a cripcidal limestone complex {grainstone to rudstong) with well-
defined foresets and reactivation surfaces, It is truncated at the top and underlies the reef
formations. The foresets are directed to the SW in the lowermost part of the section, but
are succeeded by foresets directed to the NE (fig.50). Within the foresets there is fining-
upward from coarse fossil debris to sand-sized particles. The reactivation surfaces roay
correspond to storm events. The microfacies is cheracterized by a mixture of unaltered
binctasts (mainly crlnoid ossicles or fragments) and some already micritized graing
which are poordy cemented.

Obvious fossils in debrig of foresef slope:
Crinoids (Peatscrinites), coral fragments, echinoid spines (Pammcidaris fforigeamas and
olhers), smail gastropods, pelecypod fragments, serpulids, bryozoans.
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Station 11B: Both sides of aboye road cut 100 m after highway bridge

{fig.50, 51}
Initiation of reef facies on a truncation surface of crinoidal limestone. Progradation of
reef fecies o SW. Vertical and lateral succession of faciex units. Base of reef facies
formed by a loose, incoherent pavement mostly of massive corals. Progredalion of
pavement towards fore-reef slope ending in a tongue of fossil debris. At least §
prograding pavements are recognizshle, which themselves are subsequently buried
under an equally prograding fecies of dense caral thickets (Tigs.50, 51).
Cyclic interruption of reel growth is indicated by thin marly fuyers forming excellent
brown marker horizons. Reinitiation of reel growth ebove marker horizon generally by
different genera Few, generally larper colonies of Thamanasterie depdroides survived
the event and continued to grow in subsequeni cycle,

Dense thickets of Thamnasteris dendroidea, 1 m high, overgrown by branching
Calamophylliopsis, massive perforated scleractinians ( possibly Actfnarmea or
Meandrarace), Isastres and Commoseris?

Station 11C : Curve of road cut 175 m after highway bridge (fig.52-54)

Two coral build-ups, up to 6 m high and 15 m broad at the base, crop ot in the gection.
The base it formed by & dense coral thicket of Thamnasteriz dendroidea succeeded
vertically by predominantly thin-branching end folisceous corals (Fungrastraes).
Between bath build-ups there i a colony of Depdrarsea racermosa (1 m high and 3 m
widd) and a massive Affocoeniz with lateral horizental platy outgrowths. The build-ups
were drowned by more than S m of bicdetrital sediments. Brown marker horizons may
be treced from inter-reef sediments into the build-up.

Furtk | .. ized:
Isastrea, Calamaphylliopsis, Fungiastraca

Further macrofossils:
rhynchonellid and terebratulid brachiopods, pelecypods, nerinean gastropods,
Solenopora. Further gasiropods are abundant and diverse in the inter-reef facies.

Station 111 : Panorama of rosd vul visited in stations A to C {hig55)

Orverview over the whole outcrop, Vertical and latere! facies swccessions. From bottom
t0 top the Following sequence may be recognized:
- Prograding of reel facies onto crineidal limestone. At least S en

echelon beds each abowt 0.2 o 03 m thick, sugpest a stepwise reef progradalion

- Discuptions of coral growth as indicated by seversl brown marker horizons with
subsequent phases of reinstallalion of coral growth Farmation of dome-shaped
build-ups some & m high and distant from cach ather some 7 to 15 m.

- Final drowning of build-ups under biodetritel limestone { 3 m)
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- Reinitiation of lzrge massive scleractinians on unsteble substratum within the
biodetrital sediments (fig.56). Some of these corals were upreoted, rolied and
resedimented on 3 reactivation surface. They were subsequently embedded in o 5 em
thick brown bed cof carborate silt. This conspicoous silt layer represents an
unusually thick brown marker horiron, suggesting a major sionm event

- Continuation of normal biedelrital vedimentation a8 m fo the upper end of
outerop). These sediments show a large proporiion of micritized clasis and a texiure
varying from packstone to grainstone.

Station TE : Cut along south side of highway E of highway twidge
(Nig.54)

Internal struciure of interdocking framework within coral build-ups, formed by large
lamellar, unifacial (Actinaraes) (see fig.57) and branching {Thamnasteriz depdrofdea)
scleractinians,

Further scleractinians recognizahle in cutcrop:

About 15 m E of bridge, there is a large massive coral head ( { m broad, 0.8 m high)
formed by several different coral genern as well as by Solenopora (fig. 58). Branching
corals present include: Dendrarsea, Calarnophylliopsis, Stylosmilis (immediately above
coral head). In addition, there are also undetermined massive scleractinians,

Three melres to the left below a large massive coral head, there is a thicket of
Thamnasteria dendrosdea 2 m broad and 1 m high showing annual(?) thickening of
branches, suggesting an approximate growth rale of 13 mm / year. Such well developed
growth rings of Thamaasteria dendroidea are & common phenomrenon in the
Haudainvilte reefs (sec fig §9).

20 m to the Jell a Thampasteria dendroidea thicket, 5 m broad, terminates at an
overlying brown marker horizon. On top of this Thamnasterra there is an Aplosmilia
with clearly truncated top (brown marker bed) and overlain by biodetritic sediments
(fig. 60).

Station 11F : Cut of highway NFE of highway bridge {fig. 61}

Extensive intedlockiug framework of dense coral thickets dominated by Thamnasteris
dendroidea within the lower part of the coral build-up. Disruptions and reinstallation of
reef growth is indicated by at least 3 brown marker horizons, The probable yearly
prowth rate of Thamupasteria deadroidea, as suggested by rhythmic thickening of
branches, is about 12 mm/year.

branching Thamnasteria deodroidea, Aplosmilia , Calamophyiliopsis,
lamellar Aciinaraea, Meandraraca, Pongiastraca

undetermined rmassive corals.

Curther fossils:

Chlamys, gastropods, echinoid debris, Sefenopora.
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Station 11G : Cut of highwsy NW of highway bridge (figs. 62, 63)

Reef framework wilthin coral build-up. The thicket of branching Thamnasteria
dendrojdea, 3 m broad and 1 m high shows growth rings indicaling a veady growth rate
of shout 14 mm. The Thamnaderiz grew above a calony of Dendraraea racemosa (fig.
63) and is separated from it by a brown marker bed which may be foliowed laterally
into the biodetrital reef sediments.

As indicaled by this snd additional marker beds the growth rate of the build-ups
corresponds roughly to the growth rate of branching corals, ie. 10 o 14 mm / year
This means that a coral build-up of 6 m height needed a maximum of 00 years for its
formation. Five succeeding brown matker beds in inter- reefal sediments are distant 0.1
to T m suggesting thet the related events which disturbed the reefs occurred in time
lapses of the order of 10 to 100 years.

Note the lateral transition of the round Thamassteria branches into an extremely platy
growth form, especially at their periphery. In the literature, the branching part of this
coral is commenly ciled a8 Themnasteria dendroides (LAMOUROUX) and the platy
part as Thammasteria of Stereocoenis concinna (GOLDFUSS), The presence of 2
strongly diverging growth hebits within a single coral colony is comperable 1o those
ohserved in Recent colonies of Synarsea comvexs , as described by JAUBERT {1977).

Curther scleractinians observed: Calamopityifiopsis, Iszstrea, Comoseris
Other foszilss  perisphinctid ammonite, echinoid spines, calcareons sponge(?)

Station 11H: Highway cut NW of highway bridge, 40 m W of Station 11G

(figs.62, 64)
Reef framework within build-up. Dense thicket of Thamnasteria dendroidea (fig. 64) at
the base of cubt:rop showing 3 brown marker horizone within 1.5 m of vertical distance
The thicket is overlain by 34 m of coral-bearing sediments within the bicherm. The
upper wall of ouncrop shows 2 to 3 m of dense thickers of Thampasteriz dendroidcs and
other branching corals with some plety and massive colonies.

Other scleractinians seeq:

Calamopitylliopsis, Aplosimilis, Isastrea, Actinaraca, Fungiastraea?? microsolenids
Furthier fasils:

terebratulid and rhynchonellid brachiopods, Chlariys and other pelecypods, nerincans
and other gastropads, Paracidaris flongemma and other echinoid spines, serpulids,
Solenopora.
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