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MICROFAUNAL DIVERSITY AND DIAGENESIS
IN THE MUSCHELKALK FACIES

POR

A. GANDIN ~‘, R. MARTINI * & L. ZANINETrJ **

ABSTRACT

Foraminifera from the Triassíc Muschelkalk facies are rare and
their diversity is low. Tite recorded speciesare mainly Lagenidae
characterizedby hyaline calcite walls. Other foraminifera (Involuti-
nidae,Duostiminídae),well knowri in the Trias of the Alpine faciespro-
vince (Tethys), seemednot to occur in the German facies province
possiblybecauseof anomalousconditions of the bottom waters. Ho-
wever, recent work has shown titat foraminifera of the Alpine facies
province occur also, however rarely and not always well preserved,in
the Muschelkalk of Sardinia,Germany,Luxemburg andSouthTunisia.
Their infrequency and poor preservation are explained as the result
of diagenetic changesin the courseof fossilization combined with a
very low rate of sedimentation,rather than of adverse living condi-
tions.

RESUMEN

Los foraminíferos del Muscitelkalk son rarosy su diversidad baja.
Las especiesregistradascorresponden mayoritariamente a Lagenidae
caracterizados por tabiques de calcita hialina. Otros foraminíferos
(Involutinidae, Duostominidae), bien conocidos en el Trías Alpino
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(Teíhys), parecen no encontrarse en las facies germánicasposible-
mente debido a condicionesanómalasen las aguasde fondo. No obs-
tante, trabajos recienteshan demostradoque estos foraminíferos de
facies Alpina también aparecen,aunqueraramentey no siemprebien
conservados,en el Muschelkalk de Cerdeña,Alemania, Luxemburgo
y Sur de Túnez.La escasezy deficienteconservaciónse explica como
resultado de los cambios diagenéticoshabidos en el transcurso de
la fosilización, combinadoscon una muy baja tasa de sedimentación,
más que de las adversascondicionesde vida.

INTRODUCTION

Foraminifera in the Germanfacies of Middle Triassic ageare gene-
rally consideredas absentor very poorly represented. If presentthey
are normally representedby ihe biostratigraphicaily insignificant La-
genidae(mainly «Frandicularia» spp.>. In the Alpine facies (Tethys),
foraminifera are comparativelydiversified and representedby age —
significant associations(ZANINEITI, 1976). However, Glomospirella
and Agathamminahave beenreportedfrom the Grés á Voltzia (Upper
Buntsandstein)of tite Vosges (France) (KOEHN-ZANINETTI et al.,
1969) and the sessileTo4vpamminain the oolic facies of the Letten-
koitle (UppermostMuschelkalk) of Luxemburg (COUREL, 1978).

Tite reasonsfor the microfaunistic differencesbetweenthe German
and the Alpine Triassic facies have never been explicitly explained.
However is itas been suggested,on tite groundsof sedimentological,
paleoenvironmentaland paleoecological interpretations for the epi-
continental deposits, that confíned enviroments and anomaloussali-
nities of the waters would be tite main causes.

The aboyementionedecologic factors, associatedwith tite turbidity
of tite watcrs (high clay content) could explain thc absenceof dasy-
cladaceanalgae in the internal areasof the epicontinental seasand
conversely their occurrencenear the Tethys edges (Spain, Sardinia,
Southern Franceand Poland); but they cannotexplain the absenceof
foraminiferawhich do not necessarilydependon well oxygenatedand
clear waters. In addition, tite occurence of stenohaline organisms
such as echinodermsin both the German and Alpine realms,apparen-
tly excludes,at least in tite horizons in witich they are contained,an
anomaloussalinity of the waters.

The discovery of «alpine» foraminifera in tite Muscitellcalk facies
of Sardinia,Germany,Luxemburg and South Tunisia shows that they
were able to live under adverse conditions in epicontinental seas.
Titeir infrequent occurence,however, requires an explanation.

Tite samplesinvestigatedcome from the outcrops and quarriesof
Puntadel Lavatoio, Monte SantaGiusta,ContradaRenuzzo(Sardinia);
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Sommenberg,Saar, Kleiber, Keisberg near Kronak, Weisslensburg
near Eschembacit(Germany); Bettendorf (Luxemburg) and Jebel el
Reitash(Soutit Tunisia).

CHARACTERS OF THE MUSCHELKALK LIMESTONE

Microsparite mudstone,locally highly bioturbated, is the dominant
fabric of tite Muscitelkalk carbonates. Siliciclastic material of mud
or silt-size is often abundant. Tite microfossils commonly reported
are ostracods,echinoderm ossicles and «Frondicuiaria».

Intercalationsof wackestone,packstoneor grainstonemade up of
coquinas, locally oligotypic, occur in some itorizons. The grains are
peloids, fecal pellets, seldomooids or coatedgrains and mainly debris
or tests of pelecypods,gastropods,cephalopods,brachiopodsand os-
tracods, ecitinoderm plates and spines, spongespicules,fish remains
and conodonts.Dasycladaceanand solenoporaceanalgae occur only
in the peritetitysian facies. Encrusting foraminifera and algae, for-
ming frequently oncolites,occur locally.

Intergranular andintragranular cementsconsistof clear coarse-cal-
cite sometimesassociatedwith thin yellowish rims of bladedcalcite.
They ful the moulds and cavities of the tests locally with geopetal
structures.

Commonneomorphicprocessesaffect most of the skeletal remains
and Ihe matrix aswell. Tite latter is always madeup of microsparite
with irregular patchesof sparite.

Tite grainstonefacies are locally affectedby selectivedolomitization
so that it is often impossibleto recognize the nature of the grains.

Pressure-solutionstructuresare widespreadand generally parallel
to tite bedding. Titey range from irregular thin solution seams to
evolved structuresassociatedwith concentrationof insoluble residue
and locally with diagenetic dolomitization (DAMIANI & GANDIN,
1974; SCHWARZ, 1975).

Tite foraminifera so far reportedare mainly representedby «Fron-
dicutaria» («F. woodwardi» auct.) and other Lagenidae, though rare
ghosts of Glomospireila, Involutina and Agathamminahave recently
been reported from the Middle Triassic sequencesof Punta del La-
vatoio and ContradaRenuzzo(Sardinia) (GANDIN, 1979; BAGNOLI
et aL, 1985).

PRESERVATION OF IHE FORAMINIFERA TESTS

The foraminifera found in tite Muscitelkalk facies are commonly
badly preserved. Their recognition in thin sectionwas madepossible
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using a translucentplastic paperand/or tite microscopecondenseras
proposedby DELGADO (1977). Without titis help, most of them are
not visible. -

They occur both in tite mudstoneaxid granular facies mainly as
microspariteghosts,densedark rims outlining the original shapeand
structure.

Botit micritization and recrystallization affect most of tite fora-
minifera tests though in different ways.

The behaviorof hyaline testsduring diagenesisappearsto be con-
nected with tite mineralogy of the walls: tite calcite testsof «Fron-
dicularia» and other Lagenidaealways retain titeir primary texture
and typical pseudouniaxialinterferencefigure, seenunder crossedni-
chols, never exhibiting a micritization coating(Pl. 1, 1-2).

On the other hand, the hyaline aragonitic tests can be changed
by a more or less extensivemicritization (Pl. II, 1-3) and, owing to
the instability of aragonite,can be subjectedrecrystallization(Pl. II,
1) or dissolution, leaving as cast subsequentlyfilled by secondary
coarsecalcite (Pl. 1, 8; II, 4). Furthermore,if micritization aswell as
the filling of tite chambersby litfie-mud, occursbeforerecrystallization
or dissolution, the sitape and some of the original structure may be
preserved(Pl. II, 4). An early dissolution or an extensivemicritiza-
tion leads to the obliteration of the witole test (Pl. II, 6).

Tite microgranular tests appeareither as densepeloids, where at
timesit is possibleto recognizerelics of tite sparitefilling of tite cham-
ber (Pl, 1, 3) or as thin densemicrospariticrings vanishinginto the mi-
crospar fabric of the matrix (Pl. 1, 4-7; Pl. II, ‘7, 9).

According to BATHURST (1971) the walls of recentmicrogranular
axid agglutinatedforaminifera canbe easily micritized probably owing

PLATE 1—1-2. Calcite test of «Frondiculariawoodwardi» retaining the primary
texture and the pseudouniaxial interference figure under cross nichols (2).
Contrada Renuzzo,.Sardinia. 3. Micritized test of a microgranular form (Aga-
titanumina?) with relics of the original síructure marked by the calcite filling
of ti-te chamber. Keisberg, Germany. 4-5-6. A dense microsparitic ring marks
ti-te si-tapeof the Agatharnminatests, locally dissolvinginto thematrix. (4-5) Con-
trada Renuzzo,Sardinia; (6) WeisslensburgQuarry, Germany. 7. Micritized test
of Diplotremina? Monte Santa Giusta Sardinia. 8. Ghost of foraminijera test
replaced by fine-grained spar and filled by lime-mud. Jebe! el Rehasi-z,South
Tunisia.

1-2. Conchacalcítica de «Frondiculariawoodwardi» queconserva la textura pri-
maria y la figura pseudouniáxicade interferencia en nicoles cruzados.Contrada
Renuzzo,Cerdeña.3. Conchamicritizada de una forma microgranular (Agatham-
ruina?) con restos de la estructuraprimaria visibles gracias al relleno calcítico
de la cámara. Keisberg,Alemania.4-5-6. Conchasde Agathammina realzadaspor
anillos micríticos densosque pasan localmentea la matriz. Contrada Renuzzo,
Cerdeña (4, 5). Cantera Weisslensburg,Alemania. 7. Concha micritizada de Di-
plotremina?Monte Santa Giusta, Cerdeña. 8. Fantasmasde conchas de Fora-
minífero reemplazadaspor esparita de grano fino y rellena de micrita. Jebel el
Relash,Sur de Túnez.
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to tite organic-matter content of the wall, and, under a prolonged
early-diagenetic stage, .they tend to become structurelesspeloids or
micrite.

Moreover the mineralogic composition of the tests also appears
to control the nature of tite replacing micrite: PURDY (1968) has
shown that aragonitic testsare replacedby aragonitemicrite whereas
high-Mg calcite tests maintain the original mineralogy. Thus a diffe-
rent behaviour with regard to recrystallization and micritization of
the tests is to be expected. Actually it is possible that after a deep
micritization processtite aragoniticfroms «dissolve»into the sediment
whereas tite dense fine-grained peloids andrings would represent
calcitic precursors. The ghosts of foraminifera composedof spar-
grains (Pl. II, 8) could finally reprcsentreplaced aragonitic tests.

In conclusion, the preservationof most of íhe foraminifera tests
in carbonatedeposits—and thus the diversity of titeir associations—
appears to depend on tite magnitude both of micritization and re-
crystallization.

1. The extent of the process of recrystallization appearsto be
linked to the problem of the mineralogy of the carbonate production
during Triassic times. The Triassic limestonesare everyxvherecom-
posedof microspariteprobablyasa result of the aragoniticmineralogy
of the original lime-muds(SCHWARZ, 1975). Moreover this assump-

PLATE 11—1-3. Micritized and recrystallizedInvolutina tesIs.Micritization andior
Ihe fiiiing of ti-re chamberby lhne-mudpreser0e- sorne-of -the-original -structure.
(1) Monte Santa Giusta, Sardinia; (2-3) Sommenberg(Saar), Germany. 4. The
lime-mudfilling of thechamberpermits lo recognisein a patch of coarsecalcite
the ghost of a foraminifer (Involutinidae?). Monte Santa Giusta, Sardinia.
5-6. PIense micrite peloids a/ter micritized foraminifera. The spar filling of the
chamber is the only trace of the original structure. (5) Jebe?el Rehash,South
Tunisia; (6) Monte Santa Giusta, Sardinia. 7. Micritized test of Glomospirella
with spar filling of the chamber.Jebe?el Rehash,South Tunisia. 8. Organized
cementgrains let to recognisethe ghostsof smc??tesIs of Glornospirella.Punta
del Lavatoio, Sardinia. 9. Smc??Glomospirella test marlced by a Ihin, dense
mtcritic coating of the walls. Bettendorf, Luxemburg.

1-3. Conchasde Involutina micritizadas y recristalizadas. La micritización y/o
relleno de la cámarapor micrita conservaenparte la estructuraoriginal. (1) Mon-
te Santa Giusta, Cerdeña; (2-3) Sommenberg,Saar, Alemania.4. El relleno micrí-
tico de la cámarapermite reconocer el fantasma de un Foraminífero (Involuti-
nidae?) en una porción de calcita gruesa. Monte Santa Giusta, Cerdeña. 5-6.
Peloidesde micrita densaprocedentesde Foraminíferos micritizados. El único
resto de la estructura original es el relleno esparítico de la cámara. (5) Jebe?
el Rehash,Sur de Túnez. (6) Monte Santa Giusta, Cerdeña. 7. Concha micriti-
zada de Glomospirellacon relleno esparítico de la cámara. Jebe?el Rehash,Sur
de Túnez. 8- Fantasmas de pequeñasconchas de Glomospirella reconocibles
gracias a los granos de cementoordenados.Punta del Lavatoio, Cerdeña. 9. Pe-
queña concha de Glomospirella visible gracias a una fina y densapelícula de
micrita sobre las paredes.Bettendorf, Luxemburgo.
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tion is consistentwith tite low sea level during tite Triassic according
to SANDBERG (1983).

2. The extent of the micritization results from the duration of
titis process,i.e. of tite early-diageneticstage. The rate of subsídence,
controlling tite duration of the early-diageneticstage in submarine
environment, therefore appearsto be the ultimate factor of control
on the foraminiferal preservation.

Consequentlya íow rate of subsidence,consistentwith the reduced
thicknessof tite Germanic sequencesin regardto the Alpine ones,can
explain tite obliteration of most of the foraminifera in tite epiconti-
nental settingand their preservationon the fastly subsidingTethysian
borders.

DISCUSSION

Tite Middle Triassiccarbonatedepositsof the Germanrealmappear
to have been mainly muds. Tite poorly representedgranular facies
consist of bioclastic grains, the oolitic or intraclastic onesbeing very
infrequent.

The generaldepositionalsettingcorrespondsto ashallow,yet under
the wave base, very quiet, environment, where high-energyepisodes
anda morerapid depositionareconnectedwitit stormsand¡or tsunami
(GANDIN, 1979; DURINGER & GALL, 1982)or to the local occurrence
of shell banksor oolitic bars (SCHWARZ, 1975).

Tite general occurrencéin tite eflitóutffi~íítal Iviiddic Triassíc car-
bonatesof intense bioturbation and concentrationof fossils in few
horízons, suggestsa confined environment and a relatively anoma-
bus salinity. However, tite relative diversity of some associations
andthe abundanceof echinodermsin tite fossiliferoushorizons suggest
that at least temporarelyandlocally tite bife conditionswould be more
or less normal as far as temperatureand salinity are concerned.

In such a low-energy depositional setting the prolonged activity
of micritization can achieve the obliteration and destructionof most
of the skeletal remains. The only resistingremains canbe the calcite
crystalline tests of pelecypods,brachiopods,echinoderms,ostracods
and hyaline foraminifera (Lagenidae).

However, in tite high-energyenvironmentthe micritization activity
cannot attain the complete obliteration of the skeletal remains. In
fact in the granularfacies,ratherwell-divcrsified faunascan be found,
among them foraminifera with microgranular and hyaline (aragonite
or calcite) tests which are better preservedas a consequencetiteir of
more rapid deposition and burial.
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The agglutinatedand microgranular tests appear to be the most
easily harmed, possibly owing to tite occurrenceof a considerable
amount of organie matter in titeir walls whereasthe hyaline calcite
(Lagenidae)sitelíscould withstandunchangedtite diageneticprocesses.

Ah theseevidencessuggesta confined setting and a rather normal-
marine sahinity of tite Middle Triassic epicontinental German reatm,
where as a consequenceof a very bow rate of subsidence,consistent
with tite stabibity of tite intercratonic basin, most of the carbonate
skeletabmaterial wascompletely destroyedby tite activity of micriti-
zing bacteria, fungi and algae.
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