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CHAPTER 1

Introduction

Regional Setting
The Middle and Upper Devonian rocks of the Eastern

Rheinisches Schiefergebirge show a great deal of lateral
variation., Continental clastic sediments (lying just

north of the main mass of the Schiefergebirge) pass
southwards into impure mixed detrital sediments rich in
bivalves, brachiopods and other shallow-water marine benthos
("Rhenish Magnafacies" of Erben, 1964; "External Shelf"

of Krebs, 1971) in the synclinal area of the Sauerlands

(Figs 1.1 and 1.2). South of the Siegen Anticline,
composed almost entirely of Lower Devonian sediments, in

the Lahn-Dill Syncline, the character of the sediment changes
to a "mixture" of fine grained limestones and shales, with
common "reef" limestones and submarine volcanics, These
rocks are thought to have been deposited in the deeper
tr&ugh or eugeosynclinal area in the Rhenish geosyncline, the
shales in the basin areas ("Becken"), the limestones on sub=
marine rises ("Schwellen")., These rises are commonly of
voleanic origin, though tectonic horsts do also occur (Schmidt
1926; Rabian, 1956) (Fig 1.3). The nature of the limestone
developed on these rises was dependent on the depth of the
summit below sea level, ("Hercynian (Bohemian) Magnafacies"

of Erben, 19641 "Axial Trough" of Krebs, 1971, There is
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Fig.I'l a. Simplified geological map of the Rhein
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evidence that farther south in the Taunus region (Figs 1.1
and 1.,2), where the rocks have been metamorphosed during
the Variscan Orogeny, shallow water sediments are again
located (Krebs, 1970) ("Internal Shelf" of Krebs, 1971;
"Mitteldeutsch Schwelle" of Brinkmann, 1948 and Henningson,
1970). Indeed the massive limestones south of Giessen
(fig 1.4) are considered by Krebs (op. cit.) to be of
shelf type, as distinct from the isolated limestone masses
found within the trough area of the Lahn Syncline,

The area dealt with in this thesis lies in the Lahn
Syncline, close to the eastern edge of the Rheinisches
Schiefergebirge, about ten kilometres northwest of the town
of Giessen (Fig 1.4).

Very little work has been done on the Devonian rocks
in this area since the region was mapped by Kegel (1933).
Prior to this, mention had been made to the area only in a
more general stratigraphic context by Ahlburg (1908, 1910),
Kegel (1922) and Schwartz (1925), and by Beyer (1896),
Maurer (1875, 1889), Parkinson (1903), and Sommer (1909)
who published palssontological lists from several localities
within the area. Since 1933, the only detailed work done
in the area has been that of P.Bender (1965, 1969) who,
at the time of writing, was engaged in remapping the area
north of DHnsberg (Fig 1.5). The Lower Carboniferous
greywackes in the southeast and east of the area have been

studied by Henningson (1961, 1966, 1968),

Ob iv
The purpose of this study is to describe and give
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an environmental interpretation of the various facies
both within and surrounding the Rodheim-Bieber carbonate
complex,

Very early in the study, it became obvious that to
achieve this aim very precise biostratigraphic work was
essential to relate lithologics from different exposures,
as the rocks are, in the main, highly tectonized.

Detailed study of the rocks themselves also revealed that
many of their textural and mineralogical features were the
result of post-depositional not syndepositional processes.
Careful study of diagenetic and later processes was
therefore thought necessary before conclusions could be
drawvn about the depositional environments in which the

rocks were famed.

Method of Study

All areas mapped as Middle or Upper Devonian by Kegel
(1933) on the lower half of Geologisch Karte, Blatt 3106,
Rodheim, were examined for exposures. Localities in the
northern area of the map, recently dated by Bender (1965),
were alsoe visited and samples collected for comparative
purposes, no detailed petrographic work having been done
by Bender (op. cit.).

The majority of exposures did not lend themselves to
detailed field study however, for the following reasons:

(a) exposures were gemerally too small for details of
relationships between individual lithologies to be shownj;

(b) in many places, tectonic deformation had disturbed
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the rocks to such a degree that very little of the ﬁrimaxy
texture could be seeny

(e¢) the surfaces of many exposures were often
weathered or covered by vegetation, flowstone, or
slickensides.

The largest areas of éxposure were found in quarries
at Eberstein (69140, 11780) and Bieber (10360, 70885)
(Map 1, Appendix 2) but, as the former is at present being
worked, detailed examination of faces was restricted by
time and by the shattered and dusty nature of the faces,
Only in Bieber quarry could detailed field examination be
carried out, but here, faulting and dolomitization restricted
the areas of quarry wall suitable for study,

Many specimens, therefore, had to be collected for
detailed laboratory examination, All samples were slabbed
and ground flat, and either peels or sections (some stained
by the method described by Dickson (1964)) made from all
specimens, Staining slabs with methylene blue before
taking peels was found to enhance textural details in some
samples (especially microsparites and micrites). Certain
specimens were also selected for microfossil extraction

and for estimation of insoluble residue content,

Stratigraphy

Prior to the 1960s, zonation of the Devonian and
Carboniferous in the Rheinisches Schiefergebirge was based
mainly on the use of ammonoids, the Middle Devonian being
divided into two major "stufen", the Upper Devonian into

six, and the Lower Carboniferous into three,



Fig 1,6

Correlation of Middle and Upper Devonian, and
Lower Carboniferous conodont zmones with ammonoid "stufen"
in the Rheinisches Schiefergebirge. *

A, = Ancyrognathus,
Gn, ~« Gnathodus.

I, - Icriodus,

P, -~ Palmatolepis.
Pg. = Polygnathodus,
Pol.~ Polygnathus.
Pro.~ Protognathodus.
Ps. = Pseudopolygnathus.
S, = Spathognathodus,
Sc., = Scaliognathus,
Sch.= Schmidtognathus,
Sg. - Scaphignathus,
8i., = Siphonodella.

* Since compilation of this table, a new conodont zone,
the lower "rhomboidea" zone, has been established
between the "crepida" and "rhomboidea" zones, the
latter having been renamed the Upper Crepida-
zZone, The succeeding quadrantinodosa-zone has
also been renamed the marginifera-zone.

(Ssandberg and Ziegler, 1973).

———— - - . W —— - — e i A s — — --—



10

q}@ c;(": S AMMONOID CONODONT
£ ‘;\Y" A ZONES ZONES
N s Pg. nodosus =11
> § Goniatites Culll -E
S| Gn bilineatus bilineatus
P o«
é > _ [ § | anchoralis-bilinectus interregnum
i 2 , by
S g Pericyclus Cull % | ower Sc.anchoralis
= e, . ﬂl’
6 g Q * lower Si. crenulate
. v —
-
é ‘ é Pstriangula tiangula
§ %g Gattendorfia | ¢y Ps. triangula incequalis
3 to VI Pro. kockeli
Z | Wocklumeria ? i 2
g ow Lo
o 3 ‘ VA = G costatus
w | Goniaclymenia .
2 T i taV upper
> Mo _!W_ Tmiddie Pol. styriacus
< ) to IV lower
Z | & |Platyclymenia i :
& 2 i to 11 | B [iadte Spati
?‘ % lower
e .
E g" P quadrantinodosa
oo 8 ol !
5 : P rhomboidea
o | Cheiloceras to Il
g |5 oy X
S z o |middle Ligpiaa
Tower
upper
. |post 1§ middie P trianguloris
S lower
S uppermost
z | & Maonticoceros 85 :'_"“' P gigas
K aid .
<«
- g . tol | ¥ Atriangularis
2 [(@)x{vrper
e _’:.‘H" Pol. asymmetricus
lower
(-8
lowermost
s -
3 s Sch. hermanni-cristatus
E P lower
.5 < 5 upper
g u':.n Maenioceras fn st Pol. varcus
>
£ © '%:: L. obliquimarginatus




11

In the late '50s8 and early '60s attempts were made
to establish a fuller, more reliable and more universally
applicable zonation based on more common microfossils,
Thus zonal schemes, based on conodonts, were established
for the Middle Devonian (Bischoff and zZiegler, 1957;
Wittekindt, 19553 Ziegler, 1965, 1971), the Upper
Devonian (Ziegler, 1958, 1962, 1969, 1971), aand the
Lower Carboniferous (Bischoff, 1957; Voges, 1959, 1960;
Hoitehn.f. 1970) (Fig 1.6).

The sequence of conodont zones recognized in the
German Devonian has since been found in North America
(Winder, 19663 Clark and Ethimgton, 19663 Pollock, 1968;
Klapper et al, 1971 etec.) and in Australia (Glenister and
Klapper, 19665 Druce, 19693 Seddon, 1970). VWith very
minor modifications, this zonal scheme appears to have
almost worldwide applicability. The sequence erected by
Voges (1969), and modified by Meischner (1970), does not
appear to be recognizable on a worldwide scale, or even
between different parts of Europe, due to the provincial
nature of many Lower Carboniferous conodonts, Since both
the Devonian and Carboniferous seguences were established

within the Rheinisches Schiefergebirge, however, both can

be used with confidence in the studied area.

156 samples from the studied area were treated for
conodonts using the methods described by Collimson (1963).

Of the 156, 44 samples were either completely barren or



12

contained only bars and blades of little or no stratigraphic
value, The remaining 112 either contained faunas rich
enough to enable a precise age to be given, or their age
could be estimated using supplimentary information from
samples collected from the same locality. A list of the
samples with their stratigraphic and geographic locations

is given in Appendix III. - Sample locations are also
given on Map 2, Appendix I, and faunal lists are tabulated
in Tables 1-6, Appendix III,

Further dates for certain localities (mainly outside
the main study area) were obtained from samples collected
and dated by P.Bender (1965, 1969) and D,Henningson (1966).

In addition to the conodont ages above, a few scattered
pre=1933 macropalaeontological investigations provided
additional evidence of age at certain localities (Beyer,
18963 Maurer, 1875, 1889; Parkinson, 1908; Sommer 1909),
Although very common within the massive limestones, however,
macrofossils (e.g. stromatoporeids, tabulate corals and
brachiopods) are of little stratigraphical value because

of the relatively long time ranges of species present.

S tigra cal problems

Even with as good a means of correlation as conodonts,
precise correlation was hampered by the following problems.
(a) The nature of the rock types present,

In the Bieber area, the complex interrelationships
between rock types severely limits the use of 1litho=-
stratigraphical correlation methods, Furthermore, the

lithologies where an accurate means of correlation is
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most needed are often those poorest in conodonts
(e.g. the massive limestones).
(b) Tectonic disturbance.

All of the rocks in the studied area have been
affected to a greater or lesser degree by Variscan and
later earth movements, Although none of the studied
rocks can be described as metamorphic, the development of
cleavage in the basinal shales and to a limited extent
within some of the shaly limestones, neomorphism and
dolomitization within limestone sequences often malke
assessment of true thickness of sedimentary sequences
difficult.

(¢) Difficulties in relating microfossil dates to rock ages
on published maps.

Due to the relative lack of biostratigraphic control
(ammonoids being uncommon or absent in many of the rocks
in the area) and the consequent high reliance on lithoe
stratigraphic correlation methods, the published maps
contain many serious inaccuracies especially in the basin
areas where similar poorly fossiliferous lithologlies occur
several times in the Devonian and Carboniferous., As much
of the tectonic interpretation of the area depends on an
accurate knowledge of the age and distribution of the
strata, the structural interpretation of these areas is
brought into question and revision of these maps is required,
(At the time field-work was being dome (1972), remapping of
the area north of D;naborg was being carried out by P.Bender

of Marburg University)., Fortunately the southern part
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the area shown in Fig 1.5 contains fewer major errors
because macrofossils are common in the majority of
sediments of this area. The use of conodonts has however
resulted in a refinement of correlation in the area. As
a result, the ages of many sediments mapped by Kegel
(1933) have been revised,

(d) Limits of exposure.

Apart from the quarries at Eberstein and Bieber,
where exposure was more or less continuous, outcrops were
normally small, Because of the massive and frequently
inhomogeneous nature of the massive limestones, it was
often difficult to decide whether two dissimilar but
adjacent outcrops were in their correct stratigraphical
position or had been tectonically juxtaposed, For this

reason, accurate field measurement of complete sections

was almost impossible,

Despite the difficulties in measuring sections in the
field, the actual dating of individual specimens from a
given locality enables one to place these specimens in a
time~space field independant of their field relations,
so that a history of sedimentation for that locality emerges.
This method of sample plotting forms the basis for the
stratigraphic columns in Fig 1,7 many of which have been
compounded from the samples collected within a small area
rather than in a continuous seetion. Time lines are here
approximately horizontal,

Accurate total thicknesses of sediment cannot be
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measured in most areas, but rough estimates of relative
thickness can be made, both from field observation and from
estimation of thicknesses of mapped units, Fig 1.8 shows
the relationship between some of the sections in Fig 1.7,
with the relative thickness between litholigic units in

the various sections represented,
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CHAPTER 2
Igneous Rocks

Igneous rocks are important constituents of the
Devonian-Carboniferous succession in the Lahn-Dill area,
Their prime importance, however, is not so much the
contribution they make to the overall volume and thickness
of the rock sequence, but the way in which igneous activity
has controlled facies distribution and development through-
out the Upper Devonian and Lower Carboniferous.

Petrographically, the rocks fall into three main groups:

(a) Pyroclastics - defined ﬁora as fragmental rocks
derived directly or indirectly from explosive volcanic
activity. Reworked tuffitic sediments are thus included
within this group.

(b) Lavas and sills -« mainly vesicular pillow lavas
and small, petrographically similar, intrusions,

(¢) Volcanochemical deposits - although not strictly
"igneous", the origin of these deposits is so intimately
linked with volcanic activity, that they are described and

discussed here for convenience,

(a) Pyroclastics
As in the rest of the Lahn Syncline, the pyroclastic

rocks in the studied area are dominated by vitric tuffs
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("Schalstein" of German nuthors.). They are restricted
to the region south of K;nigaberg and west of Bieber
(Map 1, Appendix I), this marking the northeasterly
termination of a more or less continuous volcanic ridge
running the entire length of the Lahn Syncline. The
thickness of the tuff sequence is difficult to assess due
to the tectonic complexity of the area, but Kegel (1933)
estimates it to be between 0 and 500 metres. Good
exposures are found only in small quarries and recent road
cuttings, but even here the rocks are chloritized and
sheared, and in some cases, thrust over rocks of younger
age (Fig 2.1a).

In thin section, the greater part of most of the rocks
is made up of "streaked-out" and "welded" apple-green
chlorite globules enclosed in a fine grained chlorite-
calcite matrix, sometimes clouded with limonite (Fig 2.1b).
The flattening of globules has imparted a pronounced
lineation to the rocks which is interrupted in places by
apparent flowage of the chloritic mass around small ovoid
lumps of fine grained olive green to brown vesicular spilite.

Near the top of the Schalstein sequence, southwest of

Dicke Eiche (Map 2, Appendix I), which in the Givetian

"Schalstein" is an old term used originally for the
green and purple chloritized sheared pyroclastics of
Givetian age in the Lahn-Dill area,  Hentschel (1952)
proposed that the term be used only in this precise
lithostratigraphic sense, though others (e.g. Middleton,
(1960) have extended its use to rocks of similar
composition and texture, regardless of age or
geographical location,



Fig 2.1

(Seale bar represents 1mm, length unless otherwise
indicated)

(a) Contact between strongly sheared Schalstein (above
left) and massive limestone (below right) in roadside
exposure immediately south of Eberstein. The
pyroclastics are thrust over the younger limestones
at this locality. Scale given by figure, right of
centre at base of photograph.

(b) Givetian Schalstein showing typical "streakedeout"
and "welded" chloritic globular texture, Thin
section, plane polarized light, Sample no. E1,

(¢) Crinoid ossicles and plates in shaly tuffitic matrix.
Ossicle near bottom of photograph has been partially
haematitized, Methylene blue stained peel, plane
polarized light, Sample no, H32,

(d) Undeformed chlorite globules in tuff fragment from
breceia in upper part of volcanic sequence, south of
Dicke Eiche, Thin section, plane polarized light.
Sample no, H31,

(e) Bedded tuffitic sediment from basinal area south of
Frankenbach. The bulk of the sediment is composed
of discrete chloritized shards, in contrast to the
schwellen Schalstein in which interconnected globules
are more common, Thin section, plane polarized
light. Sample no, FS8,






probably lay near the summit of the velcanic rise, the
massive unbedded Schalstein pass upwards into bedded shaly
tuffs containing blocks of volcanic and sedimentary
materials (e.g. Emsian(?) sandstone and Givetian
biomicrites) as well as mixed volcanic-sedimentary
breccias rich in crinoid material (Fig 2.,1¢). The

tuff fragments found in these breccias differ from the
Schalstein,described above in having a less well developed
foliation, the globules being unflattened here, and in the
presence of oxtremely small chloritized feldspar lathes in
an olive green, partially silicified, chlorite mesostasisg
(Pig 2.14d).

The lack of foliation and the preservation of the
original shape of the globules may be due to differential
palagonitization within the tuff sequence, Only the
feglear" apple-green chlorite areas show signs of "streaking-
out® and flattening, and then only when they are not
encleosed in olive=green "turbid" chlorite areas, with or
without feldspar microlites, It is possible that the
"gclear® areas were originally sideromelane (very quickly
quenched basaltic glass) which, during diagenesis, was
transformed to palagonite and was compacted in the process.
The "turbid" areas, on the other hand, may have originally
been tachylite (basaltic glass clouded with iron ore)
which failed to compact since tachylite resists
palagonitization (Peacock, 1926).

The foliation, flowage around fragments, and welding

of globules typical of the Schalstein, therefore, may be

22
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at least partly a secondary feature, due to early
palagonitization, and not produced by any primary volcanic
process,

Although the bulk of obvious Givetian magmatic activity
was restricted to the area southwest of Dunsberg (Fig 1.5),
thin, often graded, tuffitic siltstone horizons of this age
are found interbedded with black shales in the area north
of Dunsberg (Bender, 1965).

Microscopically these bedded reworked (?) tuffitic
sediments most differ from the Schalstein in possessing
discrete angular, chloritized shards rather than globules
(Fig 2.10).

In composition and texture, these pyroclastic rocks
closely resemble the Triassic "aguagene tuffs" of British
Columbia (Carlisle, 1963). The globulation found in
most of these rocks is, according to Carlisle, due to
fast quenching of pieces of molten lava in contact with
sea water, with subsequent hydration of the glass to

palagonite and then to crystalline chlorite,

(b) Lavas and sills

The oldest lavas in the Devonian of the Lahn Syncline
are of keratophyric and quartz keratophyric composition,
These are well developed in the area south and west of
Wetzlar (Fig 1.4), but are only found in the southwest
part of the studied area interbedded with shales and tuffs
of Givetian age (Fig 2.2a).

The majority of lavas, however, are more basic in



2l

Fig 2.2

(Seale bar represents lmm,., length unless otherwise
indicated)

(a) Givetian quartz keratophyre with strongly embayed
quartz phenocrysts in a greenish-grey glassy groundmass
with fluldal structure picket out by limonite staining,
Thin lzatien. crossed polarized light, Sample
no., W1 )

(b) Lower Carboniferous feldsparphyric spilite,
Feldspar lathes either randomly orientated or
arranged in fan-like clusters in a chloritic groundmass.
Thin section, plane polarized light. Sample no, D29,

(c) Lower Carboniferous spilite, Detail of calecite
filled vesicle showing dislodged dusty olive green
chlorite rims, Thin section, plane polarized
light. Sample no. D20,

(d) Lower Carboniferous spilite. Detail of groundmass
showing patches of clear apple green chlorite
pseudomorphing groundmass mafic minerals (7 clino-
pyroxene) between feldspar lathes., Thin section,
plane polarized light, Sample no. D29,

(e) Lower Carboniferous spilite. Detail showing
probable calcite pseudomorvhs after(?) pyroxene
glomerocrysts, Thin section, plane polarized
light. Sample no, D30.

(rf) (?) carboniferous partially spilitized dolerite,
Heavily altered euhedral plagioclase feldspars
(andesine, in part) and ilmenite (+ leacoxene)
subophitically enclosed within subhedral titanaugite
crystals, Thin section, crossed polarized light.
Sample no, K16,
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composition. These occur as lenses, flows and fragments
within the Schalstein, and as flows of Lower Carboniferous
age ("Deckdiabas" of German authors), the latter being

by far the best developed in the studied area,

The Deckdiabas reach their maximum thickness west and
south of K;nigsborg (250 metres, according to Kegel, 1933),
thinning rapidly to less than 50 metres west of Eberstein
and dying out entirely to the south and east (Map 1,
Appendix I), It appears, therefore, that the Deckdiabas
were originally confined to the northern part of the rise,
the volecanic centre probably lying somewhere southwest
of Konigsberg. (The present northerly extent of the
Deckdiabas is due solely to the lavas having been thrust
northwards along the Hohemsolms Thrust).

Until recently, age estimates of the Deckdiabas were
imprecise, the only indications of age being that
metamorphosed nodular limestones of Wocklum age occur
within the lavas (proving them to be post-Devonian), and
that shales of Upper Pericyclus age overlie them in
places (Kegel, 1933). More accurate age information
has since been provided by Walliser (reported in Bender,
1965), who obtained a Cullp conodont fauna from a black
fine-grained limestone lense within the Deckdiabas
sequence south of Hohensolms (66360, 12450). This age
agrees with those obtained for the nockdiabaa.olsewhoro
in the Lahn-Dill region (Krebs, 1966; Goldman, 1968),

In the field the lavas often appear massive and

vesicular, though, in several exposures, poorly developed
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pPillows are seen.

In thin section, both the Givetian and Lower
Carboniferous lavas are amygdaloidal hyalopilitic
feldspar-rich spilites, the feldspars (albitic, in
composition) being more or less randomly orientated in a
dark "turbid" olive green chlorite groundmass (Fig 2.2b).
This chlorite (possibly originally tachylite) also occurs
as discontinuous, and often disledged, vesicle rims
(Fig 2.2¢). Clear apple-green chlorite and calcite
otcur as final vesicle-fills, and also in the groundmass,
apparently as pseudomorphs, the former of groundmass
ferromagnesian mineral (Fig 2.2d), the latter as glomero=
cryst pﬁeudonorpha (Fig 2.2¢).

In places the spilites are heavily enriched in
haematite, either dispersed throughout the matrix, or
filling vesicles, These are discussed more fully in the
next section.

Intrusive spilitized doleritic rocks (probably also
of Carboniferous age) are common in the basin as well as
rise areas, normally as more or less concordant sill-like
bodies. In some samples, spilitization has not gone to
completion and relics of the original mineralogy and
texture are preserved, indicating that these rocks were
originally dolerites with zoned andesine feldspars and
ilmenite subophitically enclosed within titanaugite
crystals (Fig 2.2f),

It is widely accepted (Kegel, 1933; Krebs, 1966,

19713 Goldman, 1968) that the spilitic pillow lavas in



the Lahn-Dill region, are the products of submarine
velcanism, and nothing in the association of the spilites
in the Rodheim-Bieber could be found to contradict this,
The actual process by which the present mineralogy was
derived, however, is more controversial, some authors
believing the present minmeralogy to be primary (Lehmann,
1952, 1974), others that it is due to alteration of basalts,
extruded into sea water, either at an early stage or some
time after burial (Vallance, 1960, 1969, 19743 Cann, 1969;
Juteau and Rocei, 1974). A primary origin for the Lahne
Dill spilites is clearly unacceptable, due to the partially
preserved basic mineralogy of the intrusive rocks, the
frequent occurrence of pseudomorphs of mafic minerals,

and the fact that published analyses of the Devonian-
Carboniferous spilites fall within the range of basalts
(Hermann and Wedepohl, 1970; Floyd, 1972). Early
spilitization caused by reaction with sea water on eruption
also seems highly unlikely since spilitization in recent
ocean-floor lavas increases with depth and is not advanced
in those basalts actually in contact with sea water (Cann,
op. cit,.). The changiu in composition most probably
resulted from hydrothermal solutions connected possibly
with intrusion of dolerites, the formation of ironstones
in the Devonian, Carboniferous or Tertiary {or, perhaps,
all three), or from widespread Logional me tamorphism

during the Variscan Orogeny.
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(¢) Voleanochemical Deposits

In places the junction between the volcanic rocks
and the overlying sediments is marked by a zone of
haematite enrichment, This ore is present above both
the Givetian and Carboniferous volcanics, and in places
hnonatite impregnation of the overlying limestones in the
Devonian case has extended the area of these ores, Only
the primary ores are discussed here,

The ores associated with the Schalstein are by far
the most important, They are found throughout the Lahn-
Dill area always at, or near, the boundary between the
Givetian volcanics and Adorf sediments (thus the German
name "Grenzelager", literally "boundary-layer"),

Ammonoids (Pharciceras sp.) have been found within the
ores at many localities proving them to be mainly upper
Givetian in age (Kegel, 1933). Conodont samples of
Adorfian age age have also been obtained from sediments
immediately above the ore layers in other areas of the
Lahn-Dill Syncline,

The "Grenzelager" ores are of two distinet petro-
graphic types: haematite-calcite ores ("Kalkig roteisenerz")
and haematite-quartz ores ("Xieselig roteisenerz")
(Bottke, 1965).

Calcareous ores consisting of irregular inter-
connecting angular flakes of haematite #cattered throughout
a rworyatallisaé calcium carbonate matrix, are rare in the

studied area, only one occurrence having been noted (Fig 2.3).

Siliceous ores are by far the most widespread. Texturally
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(a)

(v)

(e)

(a)

(e)

(£)

!‘13 2.3

(Scale bar represents 1mm, unless otherwise
indicated)

"Grengzelager" haematite-calcite ore. Non
uniformally distributed angular haematite flakes

often containing angular quartz or chert m‘c

in coarse ferroan caleite cement. Thin section, plane
polarized light, Sample no, K13.

'Br-ﬁttlngcr' unn-atito-qnnrin.auo. Finely
% nntrtx. nrusy quartz filled

vuins co-oulyltranpoot ore rocks. Thin section,
crossed polarized light, Sample no, Wila,

"Grenzelager" haematite-quartz ore. Large inter-
connected haematite flakes, non uniformally distributed
in a coarse crystalline gquartz matrix, Thin section,
crossed polarized light, Sample no, W16,

"Grenzelager" haematite-quartz ore. Detail of wvug
area with two generations of cavity filling:

quartz crystals and ferroan calcite filling cavity
in dusty haematite-chert rock, Thin section, plane
polarized light. Sample no. K5.

"Grenzelager"” haematite-quartz ore, Detail of drusy
quartz crystals with well developed crystal
terminations overlain by haematite dust, possibly
internal sediment deposited on top of crystals.

Thin section, crossed polarized light. Sample no. K9,

"Eisenkiesel" ore disseminated throughout spilitic
oundmass, and as cherty-haematite vesicle fillings
left and upper left). Thin section, plane
polarized light. Sample no, X7,
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they vary from "spongey" dispersed haematiteechert rocks
with small haematite clots and crystals fairly evenly
dispersed throughout a fine cherty matrix (Fig 2.3b) to
more massive haematite-guartz rocks, in which large
irregularly shaped interconnecting masses of haematite
and quartz mosaic form a complex interconnecting network
(Fig 2.3¢). In addition to these "primary" fabrics,
drusy quartz-filled veins and vugs, in which specularite,
chalcedony and ferroan calcite also occur, are common
(Fig 2.3d). At least some of these cavities and their
fillings were formed at a much later date since void
filling chalcedony appears to grow from the outer edges of
quartz veins,

Some specimens have been intensively brecciated,
often with remobilized haematite injected along the cracks,
and in places either roof collapse of fine cherty irom
sediment into enhedral guartz crystals, or forceful
crystallization of quartz into the matrix has taken place
(Fig 2.3e).

The Lower Carboniferous "Eisenkiesel" ores are
developed on a much smaller scale and are most commonly
found in the volcanic rocks themselves or at the junction
with the overlying siliceous shales. The ore«bodies are
normally thinner ( <1 metre maximum thickness) and are
poorer in haematite. Frequently the iron is dispersed
throughout the groundmass of the volecanic rocks themselves,

or is concentrated in vesicles (Fig 2.3f).
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Origin
Iron enrichment on the surface of volcanic rock
sequences can be caused by surface weathering, with the
formation of a lateritic soil, or by volcanic exhalations
resulting in the formation of ironerich precipitates.
Laterization can be excluded as a likely process for
formation of the Lahn-Dill ores for the following reasons
(Harder, 1954):
i) they are normally coarse grained crystalline quartz-
haematite rocks and not soil-like in texture;
ii) they contain marine fossils;
iii) they are poor in Al, Cr, and Ti, elements commonly
enriched in lateritic deposits,
An exhalative origin was suggested by Bottke (1962,
1965) in which iron and silica chlorides were released
into sea water and precipitated near the vent as mixed

hydrosols, passing laterally gradually into deposits richer
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in CaCo,, A somewhat similar process, involving "extrusion"

3
of "ore-magmas" derived from pre-eruption spilitization,

has also been suggested by Lehmann(1972).

Recent drillings in the deep oceans (Bostrom and
Peterson, 19663 Bonatti and Joensa, 19663 Bostrom, 1970)
and in the Red Sea (Deegens and Ross, 1969) have proved

the existence of iron enriched sediments above the volecanice

basement. These deposits are thought to have formed through

emanation and precipitation at spreading ridges and to have
been transported later by sea floor spreading to their

present positions, Apparently similar sediments of



of Cretaceous age, attributed to hot brine exhalation,
have been reported from the Troodos Massif in Cyprus
(Elderfeld et al.,, 19723 Robertson and Hudson, 1972).

The deposits described above differ from the Lahne
Pill ores in several important respects:

i) they are essentially all iron enriched clays,
whereas the Lahn ores contain, at most, only a
small percentage of clay materialj

ii) they are enriched in certain heavy metals (e.g.
Cu, Ph, Zn, Ni etc.) missing in the Lahn ores.

Furthermore the preservation of calcareous fossils
within the ores cannot be easily reconciled with the
high temperature, acidic exhalative origin suggested
above.

Low temperature exhalation from 602 springs assocliated
with volcanism has been suggested as an alternative
(Harder, 1964). 1In the Mediterranean area, at present,
several areas are known where iron and silica are being
precipitated at normal temperatures and only slightly
lowered pH from such springs (e.g. the Kameni Islands,
Santorini; Puchelt, 1973). The iron and silica are
thought to be derived in this case from leaching of the
volcanics by acidic hydrothermal solutions, a process
which has been advocated for the derivation of iron and
silica in the Lahn-Dill ores (Hentschel, 1960; aaslor,
1962), The leaching of iron and silica may be associated
with the spilitization of the volcanics, as they are

noticably depleted in irone-rich, mafic minerals, Heavy
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metals leached along with iron may have escaped into the
atmosphere at the "ghallow" depths at which the ironstones
probably formed instead of being retalined, as they are in
deeper "oceanic" areas, within the ore deposits,

The "spongy" texture shown by the ironstones may
possibly be a relic of an original colloidal irone
hydroxide/silica mixture (as is found in Santorini),
which has since ecrystallized to haematite and quartz,

It is even possible that crystallization was an early event
as quartz crystals have been observed forming from iron
hydroxide/silica gels within a few weeks of their formation
(Harder and Flehming, 1970).

Although the ironstones are stratigraphically
equivalent te the massive limestones of the schwellen
areas, they are never closely related in the field. The
physicochemical conditions in the vicinity of the
"exhalative~springs" may have inhibited organic limestone
development, though the common occurrence of radiolarian
cherts above these deposits suggests that they may have
been deposited below the level of active organic carbonate

growth, on the schwellen slopes,
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Volec and Tectonics

Three distinct phases of volcanism are recognized
in the Rheinisches Schiefergebirge (Pilger, 1952): an
Emsian "Keratophyre" phase, a Givetian "Schalstein" phase,
and a Lower Carboniferous "Diabas" phase, In the Rodheim-
Bieber area, the first two phases run consecutively with
little or no break ﬁotvucn phases (Kegel, 1933).

The temporal relationship between volcanic activity
and major sedimentary and tectonic features is shown
diagramatically in Fig 2.4, Both periods of volecanie
activity coincide with major envirommental changes, the
first marking the beginning, the second the terminationm,
of leptogeosynclinal conditions in the development of the
Rhenish Geosyncline, in the studied area.,

With the development of the plate-tectonics theory in
recent years and the realization that many ancient orogenic
belts mark the sites of ancient plate collisions, and are
thus the only remaining evidence for the existence of
ancient oceans, new interest has been aroused in the
tectonic environment of volcanic activity within orogenic
belts, in the hope of discovering the relics of ancient
subduction mones and eventually reconstructing the relative
former positions of plate margins prior to collision,

Recently, several reconstructions of Hercynian
Palaeogeography have been attempted, involving lithospheric
plate collisions ("Alpinotype" condition of Zwart, 1967)
(Nicolas, 19723 Burret, 1272; Burne, 1973; Johnson,
19733 McKerrow and Ziegler, 19733 Floyd, 19733 Riding,
1974; Anderson, 1975).

36
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The difficulties encountered in the above models

in locating the positions of oceaniec areas and of

subduction zones, however, emphasize the problems

involved in trying to apply a "simple" plate-tectonics

model to the Hercynian fold belt:

i)

ii)

iii)

No evidence (e.g. ophiolites, glaucophane schists,
melange deposits) of the former presence of a sub=
duction zone has yet been found anywhere in the
Rheinisches Schiefergebirge. Those reconstructions
showing a subduction zone immediately to the south
of the Lahn area (Burret, Burme, Johnson, op. cit.),
therefore, are not based on observable fact but on
the assumption that the Lahn~Dill volcanics are of
island-arc origin,

Although many of the Middle and Upper Devonian
sediments show "oceanic" features, there is no
evidence that the underlying crust was oceanic.

On the contrary, neritic Emsian sandstones and shales
underly the "oceanic" sediments over most of the
studied area. Furthermore, if the volcanics, in
any way, reflect the nature of the underlying crust,
then it is more likely to be of "continental" type
(Floyd, 1974), though some of the Lahn-Dill volcanics
show characteristics intermediate between "continental"
and "oceanic" basalt types (llerrmann and Wedepohl,
1970).

The existence of an oceanic area immediately to the

south of the Lahn area is contradicted by the



presence of greywackes, in the studied area,
thought to have been derived from a crystalline
mixed pluton:l.c/volcan:l.c source located in the
direction of this ocean area,

Indiscriminate application of plate-tectonics to the
Hercynian fold belt, therefore, raises problems which
are difficﬁlt to solve, There is, however, strong
palaeogeographical and faunal evidence for the existence
of some kind of "oceanic" area separating North and South
Europe in the Devonian (Wittington and Hughes, 1973
McKerrow and Ziegler, 1973). If a true ocean separated
these two areas at that time, then it most probably lay
farther south, in the sight of the subduction zone lying
within the metamorphosed Massif Central region (Riding,
1974)., It is also possible, however, that such an
"oceanic" area could have been formed by downfaulting of
large areas of continental crust to bathyal or abyssal
depths, as in the Tyrrhenian Sea at present ("Hercynotype"
condition of Zwart, 19673 Krebs and Wachendorf, 1973).

Of the models so far proposed, the one which appears
to agree best with most of the sedimentological,
palaeogeographical, igneous and geochemical evidence, is
that the Rhenish trough developed as a marginal "behind-
arc" basin, bordering the 0ld Red Sandstone Continent
to the north, and bordered by an island arc complex, in
the region of the Mitteldeutsch Schwelle, to the south
(Reading, 1973).

Such a model provides an attractive analogue for
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the following reasons:

1) Present marginal basins (e.g. the Tonga-Kermadeec
region) are divided into many fault-bounded rises
and basins, with pelagic limestones and reefs on
the ridges and terrigenous material in the basins,
as in the Rhenish trough (Karig, 1970).

ii) Volcaniec activity is almost entirely restricted to
fault zones parallelling the basineridge system,
and is sometimes intermediate in composition
between continental and oceanic basalts (Kuno,
19673 Myashiro, 1973) as in the Rhenish trough
(Herrmann and Wedepohl, 1970).

iii) In present marginal seas lying between an island
arc system and the continent, terrigenous sediment
is derived from both areas: mature sands from the
continent, immature flyschetype sands from the
island arcs, A similar situation is seen in the
Rheinisches Schiefergebirge where quartzites from
the O.,R.5. continent are carried south into the
Dill Syncline, being trapped before reaching the
Lahn area, whereas greywackes and silts from the
Mitteldeutsch Schwelle are carried north and deposited
in the Lahn syncline, In many modern examples the
island arc complex is entirely volcanic and so the
resulting "flysch" is dominated by volcanoclastic
material, but in some cases (e.g. Japan) is itself
partially made up of continental material and so a

more varied flysch composition results (Matsuda and



Uyeda, 1970). The Mitteldeutsch Schwelle
probably resembled the latter since the Devonian=-
Carboniferous greywackes contain highe-grade
metamorphie and plutonic fragments which could not
have been derived from a purely volcanic source.
In summary, no evidence has so far been obtained to
indicate that the Rhenish Trough was a true oceanic basin,
although it probably reached oceanic depths in places
through down faulting producing northeast-southwest
trending rises and basins, Whether the trough was part
of a larger, purely intracratonic Hercynian complex or
developed as a marginal sea bordering an oceanic area to
the south cannot be assessed from a study of the Rheinisches
Schiefergebirge alone and has not yet been finally resolved

(see Riding, 1974 for discussion).
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CHAPTER 3
Non Carbonate Sediments

If one excludes the volcanic contribution, sediments
within the basin areas can be seen to be composed
essentially of verying proportions of pelagic (siliceous)
material and detrital clays, silts and occasionally sands.
As both the pelagic and detrital processes were continuously
active, and thus all sediments contain elements of both
processes, attempts to subdivide the sediment types must,
of necessity, be somewhat arbitrary. At certain times,
however, and in certain areas, one or the other of these
processes appears to have been dominant, producing a more
or less distinective lithological group. On this basis
the sediments are discussed below under the following
headings:

(a) Detrital siltstones and shales - where the
influence of fine detrital sedimentation is most marked.
With a decrease in detrital supply or an increase in
pelagic material these pass into (b).

(b) Siliceous mudstones and cherts - in which evidence
of pelagic origin in the form of recognizable siliceocus
microfossils can be seen.

(¢) Coarse detrital deposits, mainly greywackes and
breccias, although strictly detrital like (a) are
sufficiently distinctive lithologically to be recognized
as a separate group and therefore warrant separate

discussion,
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(a) Detrital siltstones and shales

These are the typlcal sediments of the basin areas
of the Rhenish Geosyncline and are best developed in the
studied area in the region north and west of Dansberg
(Fig 1.5).

In the main, the shales show poor fissility, except
in the case of black shales of Givetian age, Rock colour
varies from black and grey to green and red depending
on the degree of oxidation of the iron and the organic con-
tent. Black and grey shales are typical of basin areas,
especially in the Givetian and Frasnian, with green and
red mudstones increasing in importance, the latter,
especially, in schwellen areas, in the Famennian.

The shales and siltstones are normally calcium
carbonate-poor (usually less than 5% by weight, see
Appendix II), but limestone concretions occur locally
(PFig 3.1a) and nodular limestones (and, less frequently,
limestone turbidites) are interbedded with them in "near-
schwellen" areas, the amount of 03003 in the sequence as
a whole increasing as schwellen areas are approached.

In those areas where the shales are well exposed and
have not been intensively deformed by thrusting and
development of cleavage, no sedimentary structures, other
than fine horizontal lamination, were seen (Figs 3.1b and d),

Petrographically the shales and silts are monotonous,
most of the material being in the clay or fine silt range,
though scattered silt sized angular quartz grains oﬁour in

a few samples, These are never common enough, however, to
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(a)

(b)

(e)

(d)

(e)

(Scale bar represents lmm., unless otherwise
indicated)

Exposure of Givetian black shales south of Weipolts-
hausen., Laterally impersistent nodules (Centre,
below hammer) commonly developed along the bedding at
certain horizons, Barly formation of the nodules is
indicated by textural features within the rock and by
the compaction of shale laminae over the nodules.
Scale given by hammer,

Laminated Adorf "Banderschiefer" showing fine
compositional lamination, interrupted by small early-
formed chert nodules, Dark bands consist of fine
black mudstone, light bands of fine siliceous
mudstone, Hand specimen, Scale bar = lem,

Sample no. Flla,

Banded Givetian black shale, showing indistinct
lamination and decaleified moulds of ericoconarids.
Thin section, plane polarized light., Sample no. wWp22.

Laminated Aderf "Banderschiefer". Atypical silty
bands alternate with thin bands of black mudstone.

A distinct cleavage, running diagonally across
photograph, has deflected laminae slightly in places
and has resulted in some reorientation of grains in
the silt. Thin section, plane polarized light.
Sample no, F11b. i

(?)Detrital albite grain in siltstone. Grain edges
are ragged, Bedding direction is almost diagonal
in photograph. Thin section, crossed polarized
light. Sample no, Wpi6.
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form distinct silt lamellae, It is likely that the
importance of fine grained quartz has been underestimated
in some cases due to the "obscuring effect" of mica of
higher birefringence in the matrix, Rare (7) detrital albite
grains occur in some samples (Fig 3.1e).

Many of the sediments were deformed during the
Variscan orogeny and a distinct cleavage is developed

in them (Fig 3.1d).

The fauna

One of the most distinctive features of the silts
and mudstones is the sparseness of the fauna, both in
actual numbers and in the range of speéclies represented.
Conodonts are rarely seen in thin sections, due to dilution
by detritus. Faunal lists compiled by P.Bender (1965),
however, indicate that little significant difference
exists between the conodont faunas of the basin and rise
areas, though these lists contain no mention of Icriodus
or Belodella, both genera thought to be restricted or
more abundant in shallow water, near-reef environments
(Krebs, 19593 Muller, 1962; Seddon, 1970; Seddon and
sweet, 19713 Druce, 1973). (For further discussion,
sce page 304).
Cricoconarids are represented only by thin shelled
Dacryoconarids, which are normally found as rare scattered,

decalcified moulds in shales of Givetian and ¥rasnian age.

Their absence in younger sediments is due to the extinction

of the group at the end of the Frasnian, Occasionally



mierocoquinas, several millimetres thick, occur, as in
the Givetian shale sequence south of Weipoltshausen,

but neither in these nor in the shales thenaelv;n do the
shells show strong preferred orientation, There is,
therefore, no evidence of strong current activity.

The biological affinities of the Dacryoconarids are
difficult, if not impossible, to establish with any
confidence. Superficially the shells resemble those of
some modern pelagic pteropods, but the absence of late
Palaeozoiec and early Mesozoic pteropods suggests that no
phyletic link exists between the two groups. Their
facies independence, widespread distribution, and thin
tests, however, suggest a pelagic mode of life, and,
though possibly unconnected with the pteropods
phylogenetically, they may well have occupied a comparable
ecological niche in the Devonian Seas (Fisher, 1962;
Boudek, 1964).,

Ostracods are locally common in the shales, especially
those of Famennian age (thus the local lithostratigraphic
term "Cypridinenschiefer"™ used for shales of Fammenlian
age) and have been used for stratigraphic purposes in

some areas (Rabien, 1956). The majority of forms belong

b7

to the Entomozoidae (Entomozoe, Entomoprimitia and Richterina

being the dominant genera). These are thought to have
been planktonic, and are related to the modern pelagic
fiolocypridae. Occasionally large numbers of shells are
found scattered on bedding planes, marking perhaps periods

of non-deposition or current winnowing, though normally
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only scattered specimens are found, Articulated,
unbroken specimens, often preserved only as external

or internal moulds are common, though loss of Caco3
through diagenetic solution would tend to result in a
preservational bias towards articulated specimens,
Ammonoids are only rarely found in the shales, and only
as flattened external moulds, but are more common within
shaly limestone nodules within the shales. Their rarity
in the shales is, therefore, thought to be due mainly to
difficulties in preservation and not to any fundamental
ecological control,

Bivalves have occasionally been found in the shales, All
belong to the presumed pelagic FPosi or Buchiola
groups (Bender, 1965),

Irilobites are common only in criconarid microcoquinas,
south of Weipoltshausen where thoracic segments, pygidia
and cephalons (some with freee-cheeks connected to the
cranidia) of Phacopids and Proetids, occur in pockets,.
The occurrence of whole unbroken (though erushed) head-
shields indicates that transportation by strong currents
is unlikely, and that bottom conditions, on the schwellen
slopes at least, were not prohibitive to bottom life.
Corals are extremely rare in these sediments, Only one
specimen (? Syringaxion sp.) was found buried with the
trilobites described above.

Irace fossils have also been reported (Bender, op. cit.).
All belong to the Posichnia group, typical of the Nereites,

deep water, facies (Seilacher, 1953). No burrowing or
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resting traces have yet been found, The preservation
of surface trails on bedding surfaces once agaln indicates
quiet water conditions.

In summary, several generalizations can be made
concerning the fauna of the shales and siltstones:

(1) the fauna is sparsej;
(41).a11 fossils present are exclusively marine formsj
(1ii) most fossils are planktonic or nektonic;
benthonic forms are rare;

(iv) the faunal diversity and abundance appears to be
largely controlled by diagenetic solution of caco3
and Si0, akeletons, as can be seen by comparing
the faunas of the shales with those of limestone
nodules within them. The consequences of the
dissolution of skeletons in these sediments to
estimation of the depth at which they were deposited
in the Rhenish trough is discussed more fully

below (page 72 ).

f the el

The faunal and sedimentclogical features of the shales
suggest a largely pelagic source for much of the clay,
with the clay and fine quartz silt being transported
through the air from a distant landmass (the O.R.S.
continent to the north perhaps). Such a process is known
to account for much of the fine gquartz silt seen in the
present oceans (Rex and Goldberg, 1958). If this were

the only, or indeed the main, source of silt and clay,



however, one would expect basinal sediments to be much
more éondonsod stratigraphically than their submarine-
rise counterparts which would receive just as high a
"rain® of clay, but in addition would also receive
carbonate sediments., This is the case in the present
Central Pacific Ocean where most of the sediment is
pelagic in origin and the basinal red or brown mudstones
are much reduced in thickness compared to the coccolith-
foram oozes on the submarine highs above the Carbonate
Compensation Depth, The basinal clays are, in effect,
insoluble residues, the calcium carbonate ﬁaving been
completely removed by solution., In the Bieber area,
however, the reverse is true: the schwellen limestones

are the condensed depositsj; the basinal shales being

very much thicker in comparison, The pelagic contribution

to the clays is therefore of only secondary importance,
most of the sediment being swept into the basins by
bottom currents as happens around Roariguea Seamount
(Palmer, 1964) and in the Tyrrhenian Sea today (Ssartori,
1974),
Two sources for such sediment are possible:
(1) 1ocal, i.e, from slumping on the slopes of the
submarine rises,
(2) distant, i.e, bottom transportation of silt and
clay from a far-off shelf area,
The absence of slump structures and the wideapréad
fine horizontal lamination seen within the shales and

silts, suggest that local derivation of material was
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minimal and that the material was transported and
deposited mainly from suspension and not by bottom
currents. These deposits may possibly represent distal
turbidites (coarse greywackes of middle Adorf age occur
in the eastern part of the area, and Givetian greywackes
have been found 30km to the south)., Alternatively they
may have been deposited from suspended sediment-rich
layers of water in the water-mass above the basin,
similar to those described from the Atlantic Ocean off
the Eastern coast of North America (Eittreim et al 1969).
These "nepheloid layers" are thought to be responsible
for the deposition of significant amounts of hemipelagic
sediments at the base of the continental slope and on
the basin plains of modern oceans, and may have been
equally important in the past (Stanley and Uarug, 1972).
At present "mepheloid" deposits are difficult to
distinguish from distal turbidites, possibly because the
two depositional processes merge at "base of slope®,

The sediment could have been derived from the north,
as is much of the sediment in the Dill Syncline, but the
presence of the ﬁ;rr.-Ackcr trough between the Lahn and
pill Synclines would surely have acted as a trap for
sediment derived from that direction. Derivation, from

a southerly direction, therefore, appears more probable,




(b) Siliceous mudstones hert

No clear cut division exists between these rocks
and the detrital mudstones and siltstones, into which
they grade with increasing clay mineral and silt content,
and decrease in the abundance of siliceous fossils.

Rocks discussed under the present heading are characteriged
by fine grain size and the presence of recognizable
siliceous fossils.

The siliceous sediments are best developed in the
Adorf sequence south and southewest of the Rodheim-Bieber
rise, where they have been thrust north-west onto the
Schwelle, but occur also in the Adorf sequence west of
Dﬁnaberg interbedded with dark grey and light grey shales
("Banderschiefer® ), and in the Hemberg/Dasberg sequence
at Frankenbach (Fig 1.5). Siliceous sediments also
occur in abundance in the Lower Carboniferous throughout
the area ("Kieselschiefer"),

The siliceous sediments are always conspicuously well
bedded, though bedding thickness is often irregular,
varying from a few centimetres in the cherts to less than
one millimetre in siliceous shales (Fig 3.2a). Ne
sedimentary structures, other than planar lamination, were
observed.,

No conodonts were obtained from the sequence south-
west of Bieber, but as the siliceous sediments directly
overlie the "Grenzelager® ores (which contain zonal
ammonoids of upper Givetian and lower Adorf age) and, in

places, nodular limestones of lower Adorf age (Kegel, 1933),



(a)

(»)

(e)

(a)

(e)

Fig 3.2

(Scale bar represents 1mm, length unless otherwise
indicated)

Exposure of Adorf siliceous shales and cherts south
east of Rotestrauch, The distinct bedding shown
is due to repeated altermation of bands of massive
chert and fissile siliceous mudstone. Scale given
by hammer,

Siliceous mudstone containing scattered sponge
spicules (centre left) and squashed radiolarians
(centre right), Thin section, plane polarized
light, 3&!’1. no, W8,

Radiolarian chert crowded with casts of radiolarians.
Matrix is blackstained microcrystalline guartz,

In places details of radiolarian wall structure are
preserved, but most radiolarians are preserved as
chalcedony filled external moulds, Thin section,
plane polarimed light, Sample no, W18,

Laminated peoorly fossiliferous chert. Rare sponge
spicules lie parallel to the bedding, but no larg.r
fossils are present, Thin section, plane
polarized light, Sample ao. Wi12,

Interlamination of siliceous sediment types.
Unfossiliferous chert abruptly overlain by siliceocus
mudstone with poorly preserved radiolarian ghosts,
passing up into reerystalliized richly fossiliferous
radiolarian chert, Rock is traversed by stringer
veins filled with drusy quartz, (?7) dolomite and
limonite, Thin section, plane polarized light.
Smple no. F2,






the age of the base of the sequence, at least, is known,
Ages of other siliceous sediments were obtained by conodont
dating of interbedded shales (Bender, 1965).

Like the shales and siltstones described above, the
siliceous sediments show a wide range of colours depending
on the percentage of organic material and ironm contained
in them and on the oxidation state of the iron (Grunau,
1965), Grey and black predominate, though as in the
shales, red sediments become locally important in the
Nehden Stage.

Petrographically the rocks range from mudstones with
siliceous fossils (Fig 3.2b) to pure cherts (Fig 3.2¢)
depending partly on the composition of the matrix. In
general, the higher the proportion of siliceous micro-
organisms, the “"purer" the chert, but this is not always
so, as some of the purest cherts contain very few
recognizable fossils (Fig 3.2d).

The matrix of the cherts consists of a fine grained
mosaic of micro-crystalline quartz and chalcedony, with
fine grained almost opaque clots of limonite, pyrite,
organic material and clay minerals, intimately mixed in
varying proportions, the relative proportions of the various
components determining the colour and "muddiness" of the

sediment.

Fauna

The most cunspicuous difference between the siliceous

mudstones and their detrital counterparts can be seen in
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the marked change in faunal constitution from the
dominantly calcareous fauna of the latter te the almost
exclusively siliceous fauna of the former, conodonts
alone being common to both sediment groups,
Radiolarians are present in many of the sediments but
their abundance varies greatly: in many of the purer
cherts they are so numerous that individuals are more or
less "grain" supported, while in the muddier sediments,
they are often more sparsely scattered throughout the
matrix. In some cherts radiolarians are almost absent,
but ihis may be‘due to diagenetic alteration of the chert
rather than a primary ecological "exclusion",

Regardless of age and lithology, the type of
radiolarians found appear to be the same: spheroidal
spumellarians, Specific 1dent1;igation of the individuals
is hampered by the poor preservation and the limitations
of examination in section, but some, at least, appear to
belong to the Heliosphaerinae (perhaps Acanthosphaera and
Astrospharina).,

Generally in the purer cherts, the shape of the
radiolarians tends to be well preserved, but details of
test ornament lost. In the mudstonas; on the other hand,
test details are generally better preserved, but the
radiolarians themselves tend to be more flattened by
compaction, The range of preservation types encountered
is illustrated in Fig 3.3a-h,

Spicules are the only commonly encountered fossils apart

from radiolarians, They tend to be more abundant and



better preserved in the muddier sediments, partly because
of the lack of dilution by radiolarian tests, but also
because, like the radiolarians, they probably tend to

be much less well preserved and, because of their small
size, more difficult to "pick out" in thin section in

the purer siliceous sediments,

Some radiolarian spines may have been included with
sponge spicules in some samples, but the shape and presence
of a distinet central canal in most of the spicules proves
them to be sponge spicules (Fig 3.3i-1).

Conodonts are extremely rare, as in the detriral shales
and silts, due probably in part to high sedimentation
rate, but also to difficulty of extraction, Scattered
elements were seen in only one sample, and none were

obtained from microfossil samples,

Summa o c erist

None of the above groups are autochthonous faunal
elements: the radiolarians are pelagic, and must have
travelled at least vertically downwards to the sea floor,
the conodonts are generally considered to be nektonic or
planktonic and, therefore, must have again undergone
vertical transport and peossibly significant lateral
transport, if the conodont animal were buoyant after
death, before being incorporated into the sediment,. The
sponge spicules represent the only benthonic component of
the fauna, but as no large sponge-like masses were found,

and the spicules are always found parallel to the bedding,
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it is likely that these too have been transported from
elsewhere, The presence of small uﬁmbars of sponge
spicules in practically all recent pelagic sediments

was noted by Riedel (1959) who attributed their presence
to the fact that they are light and hoilow and thus can
drift for long distances before being deposited. No
calcareous fossils are present, and as they are common
both on the rises and in the basins, their absence in the
cherts and siliceous mudstones can only be explained by a

preservation bias towards non-calcarceous faunal components.

Mode of Formation
(1) The source of 510,

The origin of silica in siliceous sediments has
received a great deal of study in recent years (Grunau,
1965; Krauskopf, 1959; Siever, 1962; Ernst and Calvert,
19663 Pimm et al, 1971; Calvert, 19743 von Rad and
Rosch, 1974; Wise and Weaver, 1974). Only twe sources,
are currently considered important:

(a) that 510, is precipitated inorganically from sea

water abnormally saturated with s;licnl

(b) that $10, is derived mainly from solutien of the

siliceous tests of planktonic microorganisms,

At present, no substantial amounts of inorganically
precipitated silica are known to occur in marine environ-
ments (Calvert, 1974), Normal sea water is undersaturated
with respect to both amorphous silica and quartz (Krauskopf,

1959) and so inorganic precipitation of silica would be
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impossible under normal conditions, Local silica
saturation of sea water could, however, possibly occur
if silica was released in large enough gquantities by
submarine volcanic activity (Stefansson, 1966), The
strong association between cherts and submarine volcanics
in the geological record, and the lack of any recognizable
biogenous siliceous remains within bedded cherts, have
led some authors to favour an isorganic origin (Grunau,
19653 Bonatti, 1965; Heath and Moberly, 1971;
Scheidegger, 1973).

In the Rodheim-Bieber a strong connection does
exist between siliceous sediments and volecanic activity,
the main chert developments immediately following periods
of submarine volcanic activity. Siliceous sediments
are, hovever, not restricted to these periods, Some of
the siliceous sediments are apparently unfossiliferous
or poorly feossiliferous, but neither this nor the
connection with volcanic activity is inconsistent with a
purely biogenous source of silica (von Rad and R;aoh, 1974).
Furthermore, the majority of sediments do contain abundant
siliceous microfossils. A predominantly biogenous origin
is, therefore, suggested for the siliceous sediments
described above, although inorganic "volecanogenic" silica
is believed to have precipitated locally, immediately
after volecanic events, together with iron oxides to form
the cherty "Grenzelager" and "Isenkiesel" ores dealt

with in Chapter 2.



60

(2) conditions of deposition

Assuming a blogenous silica source, the contribution
made by silica-secreting organisms to the sediment depends
on their population density in the overlying water column,
the amount of dilution by non skeletal detrital material,
and to a lesser extent on the rate of solution of
siliceous tests in the water column or on the sea floor,

Plankton productivity is ultimately governed by the

supply of nutrients, of which dissolved silica, in the
form of weak silicic acid, is one of the most critical
in coﬁtrolling the growth and development of diatoms
(and presumably radiolarians) (Lewin, 1962), At present,
rich radiolarian deposits are virtually restricted to
regions where the near-surface waters are abnormally
enriched in nutrients due to upwelling, Locally,
submarine volcanic activity, by releasing 810, along with
other nutrients into sea water, can drastically increase
radiolarian productivity, resulting in local population
bursts or plankton blooms (Gibson and Towe, 1974).
The development or siliceous sediments above submarine
volecanics is thus more likely due to the establishment
of optimum conditions for plankton development than to
inorganic precipitation of S1i0,.

Even with optimum conditions for productivity,
however, recent investigations of siliceous ocoze
distribution in the modern oceans suggests that relatively
pure siliceous deposits will only be produced if the

pelagic "rain" or organisms can be deposited free of
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dilution from other sediments with higher rates of
sedimentation, In the present case diiution could
come from two sourcest

(1) the basin detrital silts and sands;

(11) pelagic carbonates.

The absence of any significant terrigenous admixture
in many of the siliceous sediments suggests that they
were deposited at a faster rate than the detrital mude
stones (perhaps during pauses in supply of detrital
material, allowing sufficient time for thin purely pelagic
layers to develop),or that they were deposited out of
reach of the detrital sediments (perhaps on schwellen
slopes which could have provided sufficient relief for
pelagic sediments to accumulate relatively free of
sediment transported by bottom currents), The location
of cherts in the studied area precludes the posaibility
of their having accumulated in "deep ocean" regions far
out of reach of bottom carried terrigenous detritus.

Even with elimination of terrigenous material,
however, in the oceans today high productivity of
caleareous plankton relative to siliceous plankton results
in a swamping of the siliceous material by calcareous,
resulting in the formation of carbonate ocozes., Siliceous
cozes only become important when the carbonate material
is totally eliminated by solution below the Carbonate
Compansation Depth (Peterson, 1966; Berger, 1968).
Evidence of apparently pelagic carbonate sedimentation

in the area contemporaneous with deposition of siliceous
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sediments is provided by the presence of fine grained
nodular limestones on the schwellen summits (see Chapter 4).
The complete absence of primary carbonates in the siliceous
sediments suggests that the formation of rich siliceous
deposits and the exclusion of carbonate from such deposits
are intimately related,

The location of rocks of this type within eugeosyne
clinal terraines and their resemblance to modern siliceous
cozes have led many authors (Steinmann, 1925; Garrison and
Fischer, 1968) to regard sediments of this type as direct
analogues of present-day deep-sea oozes deposited below
the Carbonate Compensation Depth. This would suggest
that water depths in the Rhenish geosyncline reached
abyssal depths, Concentrations of siliceous microfessils
need not in themselves indicate abyssal conditions,
however, (Folk, 1973) nor is it possible to estimate with
certainty the Compensation Depth in Devonian times
(Hudson, 1967; Garrison, 1974)., It is possible that co,
emission associated with volcanism could account for the
absence of carbonate, as this would raise the pH of the
sea water and thus the solution rate of caco, (in effect,
raising the Compensation Depth) (Granau, 1965),

As sea water is undersaturated with respect to both
opal and quartz, deposition of siliceous tests on the
sea bottom will not ensure their preservation, and tests
will tend to dissolve in sea water, the effectiveness of
this solution being controlled to a large extent by

water depth and sedimentation rate.(Riedel and Punnel, 1964),
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Solution appears to be greatest in shallow water (less
than 250m) decreasing regularly to a depth of about 2,000m
in modern oceans, below which solution rates are constant
and low (Berger, 1968)., The optimum depth for silica
preservation, therefore, would appear to be below 2,000m,
all other factors excluded., Solution, however, is
effective only so long as skeletons are in contact with
sea water, Increased sedimentation would result in
faster burial of skeletons and compaction would expel
much of the pore water, thus reducing the rate of solution.
Rich siliceous deposits could persist at relatively shallow
depths, therefore, if sedimentation rates were high enough

to counteract the solution effects.

(3) Diagenesis

The lack of cbserved compaction features in the
radiolarian cherts and the fine structural detail preserved
in some radiolarians suggests that the cherty matrix was
completely lithified before much solution or crushing of
radiolarian tests could take place. The silica cement
was derived most probably by solution of opaline skeletal
material in interstitial undersaturated pore waters with
subsequent precipitation when saturation was reached,

In the radiolarian rich sediments, however, the large
volume of cement required could not have been derived
from indiscriminate local skeletal solution since the
majority of skeletons appear to have dissolved after

lithification. It appears likely, therefore, that the



bulk of the cement in these rocks must have been derived
from some external Source, probably from solution of
silica in sediments more affected by compaction and
solution, These richly fossiliferous rocks often grade
into poorly fossiliferous or unfossiliferous, often finely
laminated cherts (Fig 3.2e). In these rocks, perhaps,
the rate of sedimentation failed to keep pace with the
rate of solution of skeletons, resulting in an alnosi
featureless "amorphous" siliceous sediment, Increased
detrital sedimentation with cdnatqu‘nt lowering of solution
rate might also explain why microfossils are generally
better preserved in these rock types, and why they show
conspicuous signs of compaction (e.g. flattening of
radiolarians) not seen in the "purer" radiolarian cherts,

The present microcrystalline quartz fabric probably
developed through gradual erystallization ("maturation")
of the original opaline sediments (Ernst and Calvert,
1='969g Calvert, 1974%; von Rad and Rosch, 1974),

Many of the sediments are traversed by. thin veins
filled with chalcedony, quartz, (?)dolomite and limonite
(Fig 3.2¢), Such veining is common in subsurface cherts
in the modern oceans (Pimm et al,, 1971) and appear here
to be caused by compaction pressure. Whether the veining
in the present case is "early diagenetic" as in the
Pacifiec today, or occurred durings deformation in the

mid-Carboniferous is, however, uncertain,
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(a)
(v)

(e)

(a)

(e)

(£)
(e)
(n)

(1)
(3)

(k)
(1)

(a)

(v)

Fig 3«.3

(Secale bar representsOimm, unless otherwise
indicated)

All figures - thin sections (plane polarized light-
a, f, g, h:t others crossed polarized light).

Poorly preserved chert filled radiolarian ghost,
sml. no., N‘I1 -

External mould of radioclarian filled by chalcedony
fans, Ml‘ no, W18,

Squashed radiolarian filled with red siliceous mud,
Wall preserved as aggregates of radially orientated
quartz crystals, Sample no., W8,

Black siliceous mud filling radioclarian test, Spinose
nature of wall well preserved, Sample no, W18,

Detail of above, Spines and associated spine bases
consist of single quartz crystals, laterally linked
to form skeletal wall, Sample no. W18,

Detail showing honeycomb nature of radiolarian test.
Sample no. X3.

Radiolarian showing possible intermal sphere.
Sample no., 022,

Pillar structure in radiolarian test, preserved by
sediment infill, Sample no. X3.

Triaxion sponge spicule. Sample no. W8,

Circular cross section of sponge spicule, showing
central canal, Sample no., X13.

Needle like spicules. Sample no, 07.

Spicule cross, Sample no, 07.

indicated)
Poorly sorted and romﬁ-d grains of quarts, fol.dai:r.

mmmmmmem
light., Sample no, H1

Angular chert, siliceocus shale and ona’arita fragments
and fossils in silty matrix, Lower Carboniferous
breccia., Thin section, plane polarizmed light,

Sample no. X3.
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(e) Arenaceous and Rudaceous detrital deposits

Coarse clastics of arenaceous or rudaceous grade
are rare in the Middle and Upper Devonian sequences in
the Rodheim-Bieber area. The only known occurrences
(all definitely of Middle Adorf age, Henningson, 1966)
lie in inliers within the main mass of Kulm Greywackes
("Giessen Greywackes"of Henningson 1966) east of Bieber,
between Salzboden and Wissmar, Here thin beds of dark
grey to brown sandstones are interbedded with the "normal"
siliceous mudstones and siltstones of the basin facies.
Graded bedding is poorly developed and directional
sedimentary structures, such as loadcasts, toolmarks etc.
were not found, because of restrictions of exposure and
the fact that bedding planes were never exposed, Little
could be deduced about the lateral persistance of these
beds but thickness and evenness of bedding never varied
over the lengths of exposure examined,

Petrographically the rocks resemble the Carboniferous
greywackes, both in general texture and in composition
(Fig 3.4a). The mineralogy consists in the main of
fragments of gquartz (with a significant proportion of
"metamorphic-platy" polyerystalline grains), plagioclase
(essentially all albitic in composition), microcline,
perthitic feldspars and various rock types (mainly
metamorphic-gneissose, schistose and phyllitie)., Roek
types found locally in abundance (such as limestone,
ironstone, gchalstein and shale) tend to be absent., The

Devonian greywackes appear to be more feldspathic than
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those at the Kulm, but the number of samples studied

was low and comparison between different mineral

estimates in greywackes are notoriously difficult

(Welsh, 1976).

Iransport Direction
No directional sedimentary structures were found

in the greywackes, but several factors indicate that

the material was derived from the East or South lnit.'

(1) Coarse greywackes of Adorf age are restricted

to the East and South East of the Bieber
fchwelle; contemporaneous sediments further to

the North West are fine grained.

(i1) The presence of a deeper water trough to the

North West in the H;rro Acker Zone would act
as a trap for any sediment derived from the

direction of the O0,R.S, continent in the North.

(iii) The immature nature of the Adorf greywackes

(iv)

contrast with the more mature nature of the
recycled, presorted turbidites derived from the
shelf areas bordering the continent to the North
(Einsele, 1963).

The compositional and textural similarities
between the Adorf and Kulm greywackes, strongly
suggest a similar source area (or areas) for
both groups, Grain orientation studies of the

Kulm greywackes around Giessen (Henningson, 1963)
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indicated transport from the South east and east

(Henningson, 1963}.'

Source Area

The almost complete absence of rock fragments
typical of the Rhenish Geosynclinal trough (cherts, shales,
nodular and massive limestones, ironstones and spilites),
together with the common occurrence of plutonic and
gneissose fragments led Henningson (1963) to conclude
that the Kulm greywackes were not locally derived but
came from a largely crystalline source area or series of
source areas somewhere to the Southeast of Giessen (the
Mitteldeutsch Schwelle, Brinckmann, 1948),

No such "Devonian-Carboniferous" crystalline area is
at present exposed at the surface, but several deep
borings made during the last 15 years have located plutonic
igneous and high grade metamorphic rocks beneath Permian
sediments, about 80km East southeast of Giessen
(Henningsen 1966, 1970). Because of the lithological

similarities between the Adorf and Kulm greywackes, the

The use of grain orientation as a reliable index of
transport direction is only wvalid if the beds have
been deposited malnly by grain flow as direct
deposition from suspension would result in near
random grain distributions. [Recent work (Middleton
1967), however, suggests that the basal parts at
least of turbilidite sequences are deposited by bed
flow, and, as Henningson's measurements were made in
the coarser basal members of the greywackes
sequences and show a high degree of orientation,
they probably are a fairly reliable index of transport
direction,
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former are also thought to be derived from the Mitteldeutsch
Schwelle,

Sandstones of Famennian age are an important
constituent of the sedimentary sequence in the H;rraolnker
Zone and neighbouring regions, The resemblance of many
of these sandstones to the well sorted sandstones of the
Dill Syncline and the absence of coarse sediments of this
age in the area south of the Horre-Acker Zone suggests
derivation, at least in part, from the North with the
possibility of "along trough" transport from the North
east, and local derivation from the trough slopes,
especially for thp impure limestone turbidites ("Alleda-
pische Kalk", Meischner, 1964) which occur locally

especially in the uppermost Upper Devonian in this area.

B i n _the basin s

No terrigenous rudites appear to be present in the
Devonian sediment sequence in the studied area, but in
the Lower Carboniferous, two breccia occurrences are
worthy of mention as they provide evidence of tectonic
activity at the time of their formation, and contain
fragments of rock types no longer seen in the "normal"
sedimentary sequences, They are, therefore, the only
remaining evidence of some environments once present in
the areas from which the breccias were derived.,

One such case is a breccia 1.5m thick interbedded
with black siliceous shales, north of K;nignbarg

(67780, 12240), No conodonts were obtained from the



breccia (Sample no., X3); but a rich macrofauna of Culll
age was obtained from the matrix by Parkinseon (1903) and
Somer (1909). Most of the cherts are platy fragments
of chert or siliceous shale, but more rounded fragments
of biomiecrite and oosparite, as well as isolated broken
brachiopod and gastropod shells, bryozoans and crinoids,
often only weéakly disarticulated; occur in a black shaly
matrix, (Fig 3.4b).

The compositional and textural disorder of this
sediment, with its haphazard mixture of shallow water
benthos and rock types mixed with deep water radiolarites
and shales, together with its location on the Northern
slope of the Bieber Schwelle and its postevolcanic,
pre~flysch age indicate that transport was initiated
suddenly on a slope steep enough to allow mixing of
sediments, many already lithified, of widely wvarying
bathymetric facies.

Breccias of this type are Ly no means uncommon in
gliliceous mudstone sequences (Garrison and Fischer 19663
Schlager and Schlager 1973j Cox and Prath 1973). The
sediment described above shows a remarkable resemblance
to that described by Cox and Prath (op. cit.) who
attributed the admixture of chert, shale and oolitic
limestones to submarine sliding initiated by reverse
faulting on the slope of a submarine volcanic rise,
Bearing in mind that the direction of tectonic transport
in the Rheinishes Schiefergebirge is towards the northwest,

and that the occurrence of this breccia coincides with the
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date of orogenic movements in the area, one is tempted
to conclude that the Konigsberg Breccia, also, was
caused by reverse faulting on the Schwelle,

In the area south west of Weipoltshausen, a breccia,
mainly composed of Upper Devonian nodular limestone
fragments in a shaly erinoidal matrix of Cullz age was
discovered by P.Bender (1965). Although not investigated
in the present study, the -ﬁrntigrlphic and geographic
position (close to the Weipoltshausen Schwelle) suggests
that this two may have formed by submarine slumping on a

fault-prone slope.

Summary :
For much of the Middle and Upper Devonian,

sedimentation within the basinal areas around the BDieber
Schwelle consisted of deposition of detrital mudstones
and silts from the slow moving turbidity or bottom
"nephroid" currents. During pauses in sedimentation and
in sites not easily reached by these sediments, however,

the pelagic contribution to sedimentation became more
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important, with siliceous ocozes being deposited on gghwellen

slopes, especially immediately after periocds of volcanic
activity when unusually favourable conditions for plankton
productivity prevailed. For a short time during the
Middle Adorf, the supply of coarse material from the
Mitteldeutsch Schwelle intensified leading to the brief
introduction of coarse sediment in the eastern part of the

basin, foreshadowing the more intensive deluge of



greywackes of the Lower Carboniferous Kulm series which
were eventually to fill the basins, Apart from these
local incursions from the South, sedimentation of coarse
clastic material appears to have been short lived and
restricted to local tectonically unstable situations,

Estimation of the absolute water depth in which any
of the basin sediments were deposited is difficult, but
was almost certainly in excess of 300m, Several lines
of evidence suggest this figure as an upper depth limit:

(1) Avove this depth S10, is extremely soluble, so
the abundance of siliceous sediment suggests deeper water,

(2) Modern siliceous sponges are found today at
depths between 200 and 300m,.; above this depth calcareous
sponges predominate.(A similar relationship seems to hold
true for Palaeozoic sponge faunas (Finks 1960)), The
frequency of occurrence of sponge spicules in many of the
basin sediments indicate that they accumulated at or
below the zone of sponge growth, the spicules being swept
downslope after death of the sponge.

(3) Neritic faunas typical of shelf conditions are
missing from the sediments. The fauna is, rather,
dominated by pelagic forms with only a sparse vagile
benthos (mainly Mind trilobites). Blindness in
arthropods is generally linked to life in relatively
deep dark waters (though not necessarily abyssal
(Clarkson, 1967).

A lower depth limit is almost impossible to estimate.

Much of the faunal and lithological evidence is suggestive



of abyssal depths (Rabien, 19563 Goldring, 1962). The
rarity of Oacoj, especially, in basin sediments is

difficult to explain except by solution of Cac63
at the sediment-water interface or within the sediment,

N either

in the environments in which these sediments were deposited.
It therefore appears likely that the bulk of non carbonate
sediments accumulated below the Carbonate Compensation
Depth (C.C.D,) in that part of the Rhenish trough. The
actual depth below which solution became effective in
removal of c;coa cannot, however, be determined, At
present the C.C.D, in the oceans varies from one area

to another over a depth range of over 2 kilometres

(Berger and Winterer, 1974), and there are indications
that even in the Mesozoic, solution of 0;003 became
effective at shallower depths than at present, allowing
pelagic non-carbonates to accumulate, undiluted by
calcareous material, in environments (e.g. continental
shelves and oceanic spreading ridges) where pelagic
carbonates are at present abundant (Garrison, 1974;

Robertson and liudson, 1974).



CHAPTER &4

Nodular limestones

For much of the Devonian and Lower Carboniferous
in the Rheinisches Schiefergebirge, carbonate deposition
gave rise to limestones of two distinct types:

(1) Thick massive limestones, produced directly or
indirectly by the build-up of benthonic eorganisms,
These are largely restricted to the "shelf" area
bordering the O0,R.S. continent to the north, though
scattered occurrences are found over volcanic submarine
elevations in the trough region of the Variscan
geosyncline where waters were apparently shallow enough
for prolific benthonic carbonate development. These
limestones form the subject of Chapter 5.

(i1) Thin nodular limestones, in which the benthoniec
contribution is small or completely lacking, the bulk
of the sediment being apparently of pelagic origin
(Rabien, 1956). Like the massive limestones, they are
restricted, in the trough area, to submarine highs since

it was only on such submarine highs that relatively pure

limestones could develop free of dilution from terrigenous

detritus (Fig 4.1).
On the lower slopes of these submarine rises, where
terrigenous dilution is high, no truly primary carbonate

rocks are found. Limestones in these basin sediments
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tend rather to occur as isolated impure elongate nodules
or nodule bands along bedding planes in shales (Fig 3.1a).
As the overall calcium barbonate content of the sequence
increases further up the schwellen slope, the frequency
of limestone nodules within the shales '‘increases, and

the limestones become purer (Fig 4.2a), until on the
schwellen summits where terrigenous detritus is almost
completely lacking, the nodules coalesce leaving only
thin shale seams ("flasers" of German authors) between
them (Fig 4.2b).

When discussing the nodular limestones it is
important to distinguish between those nodules which
were formed diagenetically within the lower slope
sediments (and are essentially "calecified shales" from
a sedimentalogical point of view), and those sediments
which, although they may have undergone some cauob
remobilization and enrichment during lithification,
were nevertheless orilginally deposited as calcium carbonate
rich sediments, relatively free of detrital nonecarbonate
material,

The main features of these two limestone types
are listed below:

Basin limestones Schwellen limestones

(Fig 4.2¢) (Fig 4.2d)
Nodule shape Large, elongate~ Small, "isometric"-
and size up to 1 metre or rarely more than a
more in length few cm, in size,

and greater than
10 em, thick
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Basin limestones

PFig h.2¢)
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Schwellen limestones
(Fig 4.2d)

Colour Always black, like Grey on schwellen
surrounding shales slopes; red and buff-
yellow also found on
schwellen tops, *
Insoluble 35-60% (by weight) 10e15% on schwellen topsj

residues (see Mainly clay
Appendix II) material evenly

up to 30% on slopes.
Mainly clay material

disseminated (# rarely, quartz silt),
throughout. largely restricted to
clay seams or bands
between nodules,
Carbonate Micrite Microsparite (rarely
matrix pseudosparite ),
Sedimentary Fine lamination Mottled texture and
structures marked by fossil bioturbation structures,
alignment. Skeletal material
(Continues into haphazardly distributed,
surrounding
shales.
Fauna Rich = dominated by pelagic and nektonic

animals,

In the studied area nodular limestones are restricted

to the area between Kgnigsberg, Bieber,; and Waldgirmes

in the south (Fig 4.1; 3) and to a thin linear belt between

* Only in the case of the Kellwasser Limestones, have

black schwellen limestones been noted,

These are

bituminous, pyritic biomierites, rich in nektonic and

planktonic fossils and certain heavy metals.

They

are thought te have been deposited in local reducing
conditions caused by either (a) an overabundance of
vegetable mat#er (floating seaweed) in the
environment of deposition, as in the Sargasso Sea
today (Schmidt, 1925, or (b) temporary restriction of
water circulation in the geosynclinal trough (Rabien,

1956 );

or, (e) periodic volcanic gaseous emissions

along north unorth west - south south east treanding

eofractures,
?ﬁreba, 1969).

in this case the "Unna-Giessen Fraktur"



(a)

(b)

(e)

(a)

(Scale bar represents lcm, in a+b and fam, in
c and d)

Nodular limestone from schwellen slope environment.,
The mottled irregular appearance is typical of the
nodular limestones, The junction between

nodular bands and shaly horizons is always marked
by a sharp decrease in nodule size giving the

rock a brecciated look, The nodular bands are
broken up by high angled solution and movement
planes, Sample no, X12,

Nodular limestone from schwellen summit, The
limestone is again strongly mottled but clay
material is virtually restricted to irregular clay
seams in the rock. Sample no. E119,

Nodule in basin shales, Fossiliferous

calcareous mudstone matrix containing ammonoids
(centre and upper left), bivalves (lower centre)

and scattered cricoconarids (in matrix - light dots).
Note the tendency for strong horizeontal alignment
and the crushing of the bivalve shells through
compaction, Methylene blue stained peel, plane
polarized light. Sample ao. Wpi5,

Nodular schwellen limestone. In contrast to (¢),
typical schwellen limestones are intensively
bioturbated with shell fragments, lacking any
preferred orientation, The matrix is micro-
sparite. These sediments are frequently transected
by solution stringers ("Flasers" of German authors),
(right of centre). Thin section, plane polarized
light. Sample no. D21,
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Erda, Weipoltshausen and Altenvers, in the north
(Fig 4.1; 2,3,10).

These two areas mark the positions of former
schwellen areas which, in the Upper Devonian were flanked
by basin areas in which limestones are never developed

(Fig 4.1; 1,8,9; 4,113 5,6,14.).



Origin of the carbonate matrix

In the shaly nodules in the basin shale facies,
most of the calcium carbonate is either present as
fossil fragments or as micrite-sized cement between
terrigenous silt and clay-sized grains, with minor
amounts of sparty calcite filling skeletal voids, The
nature of these nodules suggests that all of the caleite
cement has migrated into the enviroament during diagenesis
from solution of skeletal fragments elsewhere in the shale
sequence,

The matrix of the majority of the limestones dealt
with in this section, however, could have been formed
by any of the following processes:

(1) by deposition of an original siltesized matrix

between skeletal grains;

(1i) by degrading neomorphism of an original sparite
cement between skeletal grains;

(i11) by aggrading neomorphism of an original micrite
matrix between skeletal grains.,

Several objections can be raised against a primary
calcisiltite matrix, Modern carbonates of silt grade are
relatively uncommon, the only known "primary" carbonate
silt being the "vadose silt" of Dunham (1969) which
could not have developed in the Devonian schwellen lime-
astones as evidence suggests that they were never
subaerially exposed in the Devonian, Alternatively, a
8ilt could have developed from comminution of skeletal

fragments, as is the case on areas of the Campeche Bank
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today (Logan 1969). Larger microspar grains are
posibly recrystallized skeletal fragments (Tucker 1973),
but it is difficult to imagine where such a finely broken
down matrix could have been derived from, especially in
the case of the post-Adorf limestones when few if any
shallow high energy areas existed in the studied areas
to supply the detritus. In situ breakdown is largely
ruled out by the fine preservation of thin shells within
the limestones,. Furthermore, breakdown of most skeletons
tends to result in micrite-sized grains (Bathurst 1969).
The present nature of the microspar within the
limestones is clearly secondary. Grain size distributions
are patchy, grain contacts are curved and wavy, and in
several cases microspar crystals "nibble" into earlier
features (see page !!3), It is doubtful whether such a
matrix could have developed by degrading neomorphism of
a sparite, however, as this type of replacement is rare
and normally very localized (Bathurst, 1969). It is
improbable that such a process could produce the microspar
matrix, usually found in all schwellen limestones,
The most likely explanation for the microspar, therefore,
is that it resulted from agsrading neomorphism of an

originally finer grained (mieritic?) matrix (Folk, 1965).
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Ori of micrit

The origin of calcium carbonate mud has been dealt
with in detail elsewhere (see Bathurst, 1969), and only
a few points relevant to the present limestones will be
dealt with hers.

Of the various methods by which limee-mud can be
produced, only three can be seriously considered as
possible sources for the matrix of the schwellen limestones,

(1) Mechanical or biological breakdown of shells.

(1i) Disintegration of calecareous algae.
(iii) Inorganic precipitation of Caco,.
(1) Mechanical or biological breakdown of shells.

The abundance of thin, delicate, apparently
unabraided skeletons showing no signs of algal degradation,
would seem to indicate that insitu comminution was not an
important process in the formation of matrix in the
studied limestones. Nor could such a matrix have been
derived from local shallow wave-washed areas, since no
such possible source areas are known for most of the time
the schwellen limestones were being deposited,

(11) Disintegration of calcareous algae.

Benthonic algae, for the reasons given above, can

also be excluded as a likely source for lime mud, Such

#ud could only be derived from the disintegration of
planktnic algal skeletons, as in Recent pelagic forame-

coccolith oozes, No plated planktonic algal skeletons
have been found in Devonian limestones, though a few

problematical forms have been described from the



Carboniferous (Gartner and Gentile, 1972), [Even if
present, however, no trace of such skeletons would be
expected since they would not have survived neomorphism,.
Recent altered coccolith-«foram oozes from the Pacific
Ocean already show features similar to those of Devonian
nodular limestones:
"The anhedral calcite crystals lie mostly in the
2«20 range and typically have very irregular
shapes,....the boundaries between the coccoliths
platelets often are indistinet suggesting the onset
of recrystallization in which the multicrystal
coccoliths are reformed into a few crystals or a
single erystal® (Pimm et al,, 1971).
Plated planktonic algae are generally thought to
have developed since the Triassic (Black et al., 1967),
but planktonic algae must have been important comnstituents
of the pelagic ecosystem throughout the Phanerozoic,
since without these "primary producers", pelagic animal
life could not have been sustained. In view of the
strong lithological resemblance between the Devonian
nodular limestones and those of the Alpine Jurassic
(Hallam, 1967 3 Garrison, 1967; Jenkyns, 1970;
Garrison and Fischer, 1969), which do contain coccoliths,
it is possible that the micritic matrix could have been
derived from the plates of similar, though not necessarily
closely related, pelagic calcareous algae,
(141) Inorganic precipitation eof CaCO4.

Until recently inorganically precipitated Ca003 was
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considered only to occur in very shallow-water environments,

where supersaturation of sea water with CaC0j could take

place. Recent investigations in deep marine environments,

however, have revealed the presence of calcium carbonate

of micrite grade in carbonate sediments on the sea floor,

which is definitely of inorganic origin:
".eess the finding of inorganically precipitated
lutites in such environments may offer a possible
clue to the mode of deep-sea carbonate
sedimentation prior to the evolution of coccolitho-
phoroids and planktonic foraminifera in the early
Mesozoic®" (Milliman and Muller, 1973).

At the present time, however, such cases of inorganic
micrite precipitation in open marine environments, appear
to be restricted to areas in which the salinity and
water temperature are unusually high, due to submarine
exhalation of hot saline brines (Gewirtz and Friedman,
19663 Milliman, Ross and Ku, 1969), In addition to
cacos, such brines are often responsible for the precipita-
tion of heavy metals within the sediment (Deegens and
Ross, 1969)., MHeavy metal concentrates occur in the
Givetian basin sediments in parts of the Rhenish trough
(Krebs, 1971), but are absent in basin areas in the
studied region, Exhalation has also been suggested as
an explanation for heavy metal enrichment in the
Kellwasser limestones (Krebs, 1969). There is, in
addition a long history of volcanism in the area., Such

periods wvere epilisodic, however, and it seems unlikely
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that thermal activity could account for the matrix of
all of the modular limestones, irrespective of age.
Palagonitization of voleanies, by increasing the
pH and the 0n+* concentration of sea water, can result
in precipitation of c-coj (Garrison, Hein and Anderson,
1974). Such a process could, at best, only provide
CaCO, over a restricted period (the duration of
palagonitization), and area (locally, above the volcanic
pile), It is thus felt inadequate as a source for the

matrix of the widespread limestones.



The fauna
The fossil types encountered in both the shaly

nodular limestones and schwellen limestones are alike.
They are therefore discussed together in this section.
Both limestone types are extromely fossiliferous, due
in large part to their condensed nature and to the
increased possibilities of fossilization offered by the
li-astnhns, though the range of fossil-types encountered
commonly in them is restricted,
Conodonts are common in insoluble residues of the
nodular limestones though their fr.qﬁnncy of occurrence
relative to other components is difficult to assess as
they are only rarely seen in thin sections, Their
contribution is, therefore, not as great as one might
imagine from faunal numbers obtained per unit vdlume of
rock, and, in sheer numbers, both cricoconarids and
ostracods, for instance, often heavily outaumber conodont
elements, The high concentrations of conodonts in
schwellen limestones, relative to other sediments would
seem to be due mainly to the condensed nature of the
limestones, the relative inmsolubility of conodont
elements, and their high density which could be an important
factor in areas where fine calcareous mud was periodically
winnowed by currents.

The world-wide reputation of conodonts as"facies-
breakers", and their common association with pelagic fossils,
especially in areas where indigenous benthos are absent,

has led to the conclusion that conodonts formed part of



some nektonic or planktonic animal (H&ller, 1962), though
the exact nature of this animal is still in doubt

(Seddon and Sweet, 1969; Melton and Scott, 1973;
Lindstrom, 1973).

Cricoconarids, with the exception of the genus Stylioclina,
which appears in rocks of late Adorf age, are ro;trdoted
to rocks of Givetian and early Adorf age, due to the
almost complete extinction of the group in the middle

Adorf, Styliolina is by far the most common genus
present, though Nowakia is almost as widespread but not

S0 common. Tentaculitids are virtually absent and have
only been seen in the Kellwasser limestones (toI( 5)Y )
at Altenvers (Fig 1.5).

Cricoconarid tests seldom show any preferred
orientation in the limestones, a feature which cannot
easily be reconciled with passive pelagic settling, which
would tend to produce a pronounced horizoantal shell
orientation, Bioturbation is thought to be the most
likely cause for the haphazard orientation of the shells,

In places cricoconarid concentrations occur in which

the shells are overgrown by radiaxial bladed fibrous

calcite (Fig 4.734). Such overgrowths are considered to be

replacements of an original acicular cement (Kendall and
Tucker, 1973).

The pfnaeuce of cement rims on these shells, which
are always found in areas where the sequence is very
condensed (e.g. Weipoltshausen and the north slopes of

Dunsberg) indicates that these shells woere not mud
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(Scala bar represents Tmm, unless otherwise
indicated)

Cricoconarid-rich schwellen limestone,

Styliolinid shells with syntaxial fibrous calcite
overgrowths, randomly orientated in shaly micrite.
Methylene blue stained peel, plane polarized light.
Sample no, F20.

Smooth-shelled ostracod (peossibly Entomozoe,
!annﬁlmmwﬂ a sp.)
found most of the nodular limestones examined

but never abundant, Thin section, plane polarized
light. Sample no, D18,

Ridged-shelled ostracod (possibly h E
Fossirichterina, Maternella or Volkina sp.) never

seen in Givetian and Lower Adorf nodular limestones,
but important constituents of theose of later age.
Thin section, plane polarized light, Sample no. E124,

Burrows in nodular limestone (lighter mottled patches)
rich in gquartz silt (white specks). The patchiness
of the quartz distribution is thought to be due to
bioturbation, Thin section, plane polarised light.
Sample no, F23.

Irregular (?)submarine karst in nodular limestone,

The ammoneoid capping the pillar (right of centre)

shows no signs of differential solution of shell

relative to sediment infilling, It is thought,
therefore, that solution took place after shell
replacement. The fact that the ammonoid is filled

with sediment, indicates that it must have been partially
broken or dissolved prior to burial, Methylene blue
stained peel, plane polarized light., Sample no. K3.

Possible hardground in nodular limestone, Coarse
material from above penetrates down into micro-
sparite, The sharpness of the junctions suggests
that such "funnels" may be borings . rather than burrows
in soft sediment. Thin section, plane pOIqrilod

light, _ Sample no. DI8. Negative priaf. oo







supported, a situation which could only arise if
sedimentation of fine material had virtually stopped
over the period the shells were being deposited, or if
the shells themselves were winnowed from the sediment by
bottom currents,

Ostracods. The importance of ostracods in the basin
sediments has already been emphasized (page 47 ), but
they are no less abundant in many of the schwellen
limestones.,.

Rabien (1956) concluded that the ostracods present
were pelagic, but in view of the identification difficulties
encountered in the present study, the possibility of some
benthonic¢ forms beilng present in the limestones cannot
be excluded. In thin section, only two ostracod types
could be identified (most of the specific characters
being observable only in completely exposed specimens).
(1) A smooth unornamented or weakly ornamented elliptical
form, present but never abundant, in rocks of all ages and
all environments of deposition (Fig 4.3b). These are
generally articulated, either with shells preserved or
as calcite filled moulds,

(i1) A ribbed form (or series of forms), absent in
limestones older than Lower Adorf age, but an important
constituent of younger rocks, occurring both as articulated
and disarticulated valves, lying at all angles to the
bedding in the majority of sediments, but parallel to the
bedding, "convex-up" in rocks with high clay mineral

content (Fig 4.3¢). In rocks of post-Frasnian age,



these ribbed ostracods are often the dominant fossil
components, frequently rivalling the cricoconarids of
the Givetian and Lower Frashlian in their rockebuilding
potential. Their importance in Upper Devonian nodular
limestones and their appearance on the scene just at the
time when circoconarids were on the point of extinction
suggests that they may have taken over the pelagic niche
left by the then fast declining cricoconarids,
Arenaceous foraminifera, though present in a few of the
limestones, do not appear te have been important faunal
constituents., ‘

The commonest types encountered were meandering
tube-like forms (Tolypammina sp), though a few
planispirally coiled (Ammodiscus sp) and globular
(Saccamina + Saccaminopsis sp.) forms were encountered in
some samples (Appendix III, plate 4, Fige 37-44). A
complex siliceous labyrinthine structure observed in a
few specimens, is tentatively classed here as a foram though
its exact taxonomic position is unknown (Fig h.jd),

The ecological significance of the foraminifera in
these sediments is difficult to assess due to their rarity
and the fact that most were recgvered from insoluble
residues, No encrusting forms were seen, however, and
it is possible that the few specimens seen had undergone
bottom transport or that they were originally epiplanktonic,
attaching themselves to floating algae, no trace of which
has been preserved.,

Ammonoids are sporadically distributed, but are locally so



abundant as to suggest concentration by condensation

or current action, With the exception of the larger
shells (i.e. those greater than 1-2c¢m,.), skeletons seldom
show any preferred orientation, This is not surprising,
however, since many of the ammonoids are globular in
shape and little preferred orientation would be attained
under any current conditions,

In many cases, the ammonoid shells were severely
damaged, often with inner whorls completely missing,
suggesting predator breakage or partial solution, prior
to burial, No strong evidence for current or compaction
breakage could be found,

It is assumed that Devonian ammonoids, like the
modern nautiloids, were nektonic carnivores or scaveagers.
Bivalves, Definite bivalve shells (Buchiola sp.), which
could be identified in hand specimen, were seen only in
the Kellwasser limestones at Altenvers, but many of the
limestones contain small, thin, slightly curved,
recrystallized shells or spar-filled moulds thought to
be bivalve shells,

Apart from Buchiola, the only bivalves reported from
the Middle and Upper Devonian schwellen sediments in the
Rheinisches Schiefergebirge are thin shelled Pectinaceans
(Posidonia sp.) (Rabien, 1956). The characteristics of
the thin shells seen in thin sections are wholly
compatible with those of the above genus, No large
Megalodus bivalves, found in Adorf massive limestones

elsewhere in the Rhenish trough, were found (Clarke, 1885;



Lotz, 1900). It is thought aslikely that these thin
bivalves could have been transported from a shallower
water source for the following reasonsi

(i) they show no increase in frequency of occurrence

adjacent to presumed shallow-water sedimentsj

(11i) they lack micrite envelopes, a common feature

gpeen in molluscs in shallow water limestones;

(iii) the shells are so thin that they would stand
little chance of preservation if derived from a
shallow highe-energy environment,

The occurrence of these bivalves in both the
schwellen limestones and basin shales in association with
a dominantly pelagic fossil assemblage, suggests that
they are "native" to the basin realm and that their
distribution in life was independent of both water depth
and substrate type. For these reasons the Posidoniids
are thought to have been planktonic in the Devonian as
they apparently were in the Jurassic (Jeffries and Minton,
1965), An epiplanktonic mode of life has been proposed
for Buchiola (Sehmidt, 1935).

Most of the valves seen in the present study were
disarticulated with "convex-upwards" orientatlion along
bedding planes, though some valves occur at high angles
to the bedding, perhaps due to bioturbation, Severe
shell breakage is rare, and that which is seen is more
likely to have been caused by compaction or biomechanical
processes than by strong current activity.

Crinoids are represented in many of the nodular limestones



by ossicles and plate fragments, but only in those
sediments stratigraphically above or adjacent to detrital
crinoidal biosparites in the Eberstein area, are they

at all common, In cases such as this crinoidal derivation
from neighbouring bioclastic sediments seems the most
likely source for the crinocidal material, but isolated
ossicles also occur in situations where no i-ncdiatg
source can be found (e.g. Weipoltshausen)., Sparse
crinoidal development may, therefore, have been possible
in some areas in which schwellen limestones were deposited.
It is equally likely, however, that these scattered
ossicles undervent considerable transportation from a
distant shallow-water source, as crinoidal material is
easily transported due to its buoyancy after death

(Cain, 1968).

Articulated brachiopods, though common in some of the
massive limestones, are only occasionally found in the
nodular limestones, and then normally only as disarticulated
and broken shells.

Brachiopods are most comuon in those nodular limestones
directly overlying or laterally adjacent to massive
bioclastic schwellen limestones, in which brachiopod
fragments are common, suggesting that most, if not all
of the brachiopod material was derived from a shallower
higher-energy enviromment, A similar degree of
disarticulation and breakage ecould, of course, have been
accomplished by scavengers or predators, but the possibility

of most of the brachiopods being indigenous to the"nodular
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limestone" environment is rejected as little evidence of
widespread hardground formation has been found, the
brachiopods requiring a hard substrate for attachment.
At Weipoltshausen, however, no shallow-water provenance
from which the braehioﬁods found there (Herrmann, 1909)
could have been derived has been located, Perhaps, here,
and locally in the Bieber area, small brachiopod faunas
could establish themselves by attachment to shell
fragments, or to local submarine hardgrounds. (The
entire Givetian sequence is, at Weipoltshausen, less
than 5 metres thick and indications of disconformities
can be seen in the limestones.,) Some modern brachiopods
(e.g. Chlidonophora chuni, Blockmann) are capable of
attaching themselves directly to "soft" substrates by
the use of a root-like pedicle system (Rudwiek, 1961),
but it is unlikely that this type of attachment had
developed in the brachiopods in the rocks examined.,
Inarticulate brachiopods

Several small Acrotethaceans were recovered with
conodoptl in insoluble residues of many of the nodular
limestones (Appendix III, Plato?b; Rigs 45 and 46).
They are not, however, restricted to these rocks and
have been found also in several samples of massive
limestones from the Bieber area.,

In view of the statements above on the ecological
needs of brachiopods, and the facies independence of these
forms, it is thought most likely that they were

epiplanktonic, perhaps attaching themselves by their
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pedicles to floating algae (Ager, 1962), Furthermore,
their small size would make life on a soft substrate
virtually impossible (Rowell and Krause, 1973).
lob 8 are ubiquitous though numerically unimportant

members of the fauna of these limestones, Disarticulated
fragments are normally all that are seen in sections,
although nearly complete specimens have been recovered
from the Givetian Weipoltshausen limestones, (Hermmann,
1909).

Trilobites as a group appear to have inhabited a
wide range of environments in the Rhenish gecsyncline,
and there are no reasons for believing the trilobite
fragments found in the limestones to be anything but
autochthonous, though the fragments probably have undergone
a certain amount of post-mortem movement, if only through
bioturbation,

Rabien (1956) reported 16 species {(all Phacopids)
from the shales and nodular limestones of the Waldeck
Syneline, (Proetids were also found in rocks of Wocklum
age, but no limestones of this age were examined in the
present study). No other trilobite genera were noted,
The trilobite fauna listed for the Weipolfshausen
limestones, however, is more varied containing Cheirurids,
Harpids and Cyaphaspids as well as Phacopids and the nature
of this fauna resembles those of massive limestone sequences
of equivalent age elsewhere in the Rheinisches Schiefergebirge
(Clark, 1885; Maurer, 1889; Beyer, 1896) rather than those

described by Rabien (op. cit.).



Corals are normally absent in the nodular limestones, but
in the Weipoltshausen sequence one small solitary rugose
coral (tentatively identified as "aff. Barrandeophyllum")
was found, As no evidence exists for a shallower water
area in the neighbourhood from which it may have been
derived, it is assumed that sparse coral development
was possible on the Wéipoltshausen Schwelle, at least for
part of tho-Givnt;;n. As has been noted above, many
aspects of the fauna of the Weipoltshausen limestones
suggest that these were deposited in water depths shallower
than those in which the majority of the nodular limestones
were apparently deposited, yet nmot shallow enough to
allow reef development,

Apart from the material listed above the only
recognizable fossil fragments found were isolated sponge
Spicules in a few of the shalier ltnsatnﬁ--.

Skeletal g;egogggt;gg

The degree to which fossil particles can be recognized
depends partly on their mode of fossilization and partly
on the extent to which original characteristies have been
destroyed by subsequent neomorphism, Neomorphism is
dealt with in detail later (page /6 ) and only fossilization
processes are dealt with below,

In the studied rocks, skeletal material is generally
preserved in one of the following ways:

(1) Unaltered hard parts, where no apparent

mineralogical or textural changes appear to have
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(Scale bar represents lmm, unless otherwise
indicated)

(a) Preservation of original fibrous microstructure in
brachiopod. Methylene blue stained peel, plane
polarized light. Sample no. Kl.

(b) Concentration of broken ammonoid outer whorls
(Preservation type alll), Methylene blue stained
peel, plane polarized light. Sample no. E21.

(e) External mould of articulated ostracod. Void
filled with sparry calcite. (Preservation type
¢II). Thin section, plane polarized light.
Sample no, E118,

(d) Apertural filling of ammonoid, Wall shape retained
in outer but not inner whorls. (Preservation type
bII)., Methylene blue stained peel, plane polarized
light. Sample no, A2,

(e) Partial apertural filling has resulted in formation
of a cavity above opetal sediment in outer whorl
(vertical junction). Lower part of ammonoid is no

longer preserved, (Preservation type bIL/elIX),.

Thin section, plane polarized light, Sample no.D17.

(f) praft filled ammonoid, Wall shape preserved
throughout. Sediment laminae prove shell filled in
vertical position, (Preservation type alXl).

Thin section, plane polarized light. Sample ne. E132,

(g) Arcuate dust line in sparry caleite marking former
wall edge of inner whorl of ammonoid, The high
angled indistinet dustline (upper left) is a
septal trace within the spar, (Preservation type
eIv(?)). Thin section, plane polarized light.
Sample no, N18,

(h) Shell layering preserved in ammonoid. Upper
(originally outer) layer is composed of small dusty
crystals orientated roughly parallel to shell edge,
those in lower (inner) layer are coarser grained
and resemble void-filling spar., (Preservation type

. . blue stained peel, plane a
""%EI%%&.‘%Q ight. sample no, Wpl5.,
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Fig. 4.5. Diagram of fossilisation possibilities for
ammonoid shells,

black — original shell material

black & white banded - recrystallized shell material
stipple - sediment matrix

mosaic - void-filling calcite

blank - void
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taken place.

(2) Replaced hard parts, where skeletal replacement
by calcite and, more rarely, haematite and silica,
has taken place, through filling of voids
resulting from solution of skeletons,

(3) Reerystallized hard parts, generally involving
textural but not compositional change without an
intervening void stage.

(1) Unaltered hard parts

Skeletons and skeletal fragments retaining details of
original nicr?ntruoturo are common in those elements of
the fauna possessing mineralogically stable calcite or
calcium phosphate shells (e.g. brachiopods, ecrinoids,
corals, foraminiferids, conodonts) (Fig 4.%a). 1In some
cases, however, later neomeorphic crystal growth has
affected some skeletons with a consequent loss of detail,
(2) Replaced hard parts

Replacement of carbonate skeletons by non~carbonates
is rare, and only occurs in local "special" environments,
(Page 793 ).

Replacement by void-~filling calcite spar is common,
however, especially in mélluscs, Posaibly because of
their complex morphology, ammonoids show a greater range
of preservation types than other molluscs, and so the
discussion below is largely concentrated on them,

How well the form of an ammonoid is preserved in the
studied limestones is dependant on the effectiveness of

burial, the best preserved ammonoid shapes being both
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surrounded by and completely filled with fine sediment.
Non~burial would have resulted, in extreme cases, in
complete solution and non-preservation of ammonoid shells,
As sediment deposition rates were probably very low over
most of the period of deposition of these limestones,
complete solution of ammonoids at the sediment surface
may have occurred, In some limestones, evidence for
post-burial (and post-lithification) solution is common
(Fig 4.3e¢), and some limestones contain concentrations
of "incomplete" ammonoids, in which outer whorls are
common, but inner whorls rare (Fig 4.4b), 1In the absence
of any evidence of strong current abrasion, the present
state of the ammonoids can only be adequately explained
by breakage by predators or scavengers, or preferential
solution of the inner (thinner) whorls, prior to burial,
Ammonoids in which the shell material has been
dissolved and infilled by calcite are found in one of the
following forms in the studied limestones:
(1) As spar or sediment-filled moulds. All traces of
the shell have been removed by solution, so that only the
external shape is preserved (Fig 4.5¢ II + II1),
Preservation of the shell will not be accomplished, of
course, in unlithified sediments, due to collapse of
sediment into the solution veid. Bivalves and articulated
ostracods are often preserved in this way (Fig 4.4¢c),
though ammonoids seldom are due to the ease with which

sediment can enter the living chambers of ammonoid shells,

(1i) As part sediment-, part spar-filled moulds, Many



amnonoids are preserved in this way, the walls of the
interior whorls having completely dissolved as in (1),
but the internal and external wall positions are retained
in part of the outer whorl by infilling of the last
chamber with sediment ("apertural-fill"; sSeilacher, 1973).
(Fig 4,.5bIX, Fig 4.,44), In ihole cases where the living
chamber has only been partially filled by sediment, the
internal-shape of the wall is preserved only adjacent to
the sediment infill, which is overlain yy a spar filled
geopetal cavity in which no signs of wall structure can
be seen (Fig h.he).
(iii) As completely sediment-filled moulds. Internal
and external wall boundaries are preserved throughout,
if filling is complete (Pig 4.5aIII, Fig 4.4f).
Effective filling of all the chambers could not have been
accomplished through the siphuncular opening alone;
secondary openings (caused by abrasions, corresion, or
predator damage) are essential if sediment is to gain
access to inner chambers ("draft-dill"; Seilacher, 1973).
The common occurrence of this type of preservation
indicates that most of the ammonoids in the studied
limestones must have been severely damaged prior to burial.
In one specimen the mode of preservation is
problematical, The camerae have been partially filled
with internal sediment yet "ghost" traces of internal walls
and septa are seen, not only beneath internal sediment
lenses, but also within the spar areas above (Fig 4.4g).

The original textural relations have been modified by

105
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recrystallization of spar and sediment alike. The
retention of traces of wall within the spar can be
explained only if recrystallization of the shell took
place with subsequent filling of the camerae with cement,
off if the shell was dissolved and later filled with
sany calcite after all of the camerae had themselves been
filled by calecite cement (Fig 4,5¢IV)., Reecrystallization
is thought more likely, though no microstructural details
have been preserved within the "shell areas",
(9) Recrystallized hard parts

Only in those cases where details of shell micro-
structure are retained can recrystallization be proved
(Fig 4.5 II). The only ammonoide retaining a distinect
double layering within the shell occur in the nodules
in the basin shales (Fig 4.4n). The retention of shell
structure indicates that no complete shell void stage
was present at any time. The special diagenetic
conditions offered by this clay rich environment are
thought to be largely responsible for this mode of

fossilization,



Diagenesis
iot ti

The earliest post-depositional event recorded in
the schwellen limestones is bioturbation, It is
believed that burrowers were responsible for wholesale
reworking of the sediment during and after deposition
for the following reasons: ,
(1) No signs of original sedimentary lamination are present
in the limestones, The absence of such laminations
could only be due to unchanging sedimentation over a
long period of time, or to the destruction of any record
of such sediment changes by thorough mixing. In the
case of the limestones considered here both processes
probably played some part, as sedimentation is likely
to have been constant over large periods of time,
The lack of any record of any vertical change however
would seem to suggest that such minor changes were
obliterated by biogenic homogenization of the sediments.
Ix; some limestones, for instance, "pockets" of quartz
eilt are found (Fig 4.3d). Such localized patchy
concentrations are difficult to reconcile with even,
pelagic sedimentation of the carbonate unless one is
prepared to accept that the localization of the
terrigenous silt occurred after and not during deposition,
(11) Fossils within the limestones show no preferential
orientation parallel to the horizontal, but are normally
found at all angles to the "bedding".

(1ii) Intensive mixing of sediment is indicated by colour



and grain size mottling (Fig 4.24).
(iv) Direct evidence, in the form of sediment filled
burrow structures, is found in many limestones,

No signs of bioturbation were seen in the nodules
in the basin shales. In common with the surrounding
shales, they show a well developed lamination marked by
fossil orientation along the bedding (Fig 4.2¢).

Lithification
Lithification (i.e. the establishment of a rigid

framework irrespective of porosity) took place at a very

early stage in the diagenetic history of the pelagic

limestones studied:

(1) fragile curved bivalve shells retain their curvature

and remain unbroken, even at high angles to the bedding in

the schwellen limestones, indicating that the rocks were

already cemented prior to compaction. In the shaly

nodules in the basin sediments, however, thin shells are

often slightly crushed. Some compaction had obviously

already taken place before lithification of these rocks

(rig 4.2¢).

(2) Burrow structures do not appear squashed,

(3) Shell moulds of originally aragonite fossils are

preserved proving that the matrix was self supporting

prior to solution of aragonite,

(4) Sediment filled fissures are present in a few limestones,

indicating that the limestones were cohesive enough to

fracture while still in the surface or near surface

environment,
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No evidence can be found in either the schwellen
or basin limestones to indicate that they were ever
subaerially exposed prior to orogenic uplift in the
Carboniferous, On the contrary, the lithological
features of the rocks indicate that the sea bottom
underwvent almost continuous deepening from the Middle
Adorf stage to the Carboniferous, One must conclude
therefore that the cementation of these limestones oecurred
soon after deposition at or near the sediment surface in
the submarine environment.

In recent years many examples of early submarine
lithification of calcareous muds have been reported
(Friedman, 1964; Gevirtz and Friedman, 1966; Milliman,
1966, 1971, 19733 Cifelli et al,, 19663 Fischer and
Garrison, 19673 Thompson et al., 1968; PFriedman et al.,
1971; MacIntyre et al,, 1971; Marlowe, 1971; Muller and
Fabricius, 1974). In most cases the cement is magnesium
calcite, though aragonite cements are found in areas of
unusually high salinity and temperature. (Gevirtz and
Friedman, 1966), Both magnesium calcite and aragonite
tend to develop as acicular or micritic cement crusts on
and within pelagic limestone components,

Due to subsequent recrystallization, the nature of
the cement in the nodular limestones studied remains
uncertain, although it appears probable, if one accepts
that most of the schwellen limestones were once "micrites®,
that much af the cement was itself micritic. Perhaps

much of the micritic "matrix" was indeed cement, xr
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this were so then the origin of the micrite (page %4 )
no longer presents such a problem, In a few rocks,
mainly cricoconarid shell beds, the micritic "matrix"

is absent, Instead the styliolinids are "cemented" by
overgrowths of fibrous calcite, most probably replacing
an earlier acicular cement (Kendall and Tucker, 1973).
Whether this acicular cement was aragonite or magnesium
calecite however is unknown.,

Vhether lithification was effected at the sediment/
water interface, (Muller and Fahricius, 1974), or
diagenetically below the surface, is open to controversy.
Both submarine solution, with formation of hardgrounds
(Hollmann, 1964; Garrison and Fischer, 1969), and
diagenetic nodule formation (Hallam, 1967; Jenkyns,

1974) have been proposed as the cause of the nodular
structure of the lithologically similar Ammonitico Rosso
and Adnet Limestones of the Alpine Jurassic.

As with the above mentioned limestones, evidence
can be found in the Devonian nodular limestones to support
both processes, Foram-encrusted hardgrounds have been
found in the Rheinisches Schiefergebirge in extremely
condensed schwellen limestone sequences (Tucker, 1973).
Encrusted hardgrounds have not been observed in the present
study, but a few limestones show irregular lithological
Junctions, mot modified by subsequent stylolitization,
with structures which could be interpreted as borings
penetrating into the limestone (Fig 4.3f). 1In some cases,

the irregular relief is demonstrably the result of
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subsolution as the limestone surface is deeply embayed
and sediment filled fossil shells are truncated
(Fig 4.3e). Subsolution probably played some part in
the lithification of limestomes on the schwellen tops,
but no evidence could be found that it was primarily
responsible for the nodular structure of the limestones.
A diagenetic origin through early sub surface migration
of cacos is thought more likely for the following
reasons:
(1) With increasing CaC0, content, shales with scattered
nodules pass gradually into almest pure limestones
composed of aggregates of nodules.
(2) The frequent alternations of limestone nodule bands
and thin shale bands are difficult to explain in terms of
primary sedimentalegical controls, since there is no
indication in the area of cyclical changes in depositional
conditions which could give rise to such marked sediment
changes, Such a lithological alternation, however,
would be expected if Caco3 was dissolved at certain levels
in the sediment and redistributed in others, Such a
process would result in exaggeration of original
lithological variations,

No new explanation for nodule origin could be found
from a study of the rocks in the Bieber area, Perhaps
solution and redistribution of CaCO

3
in the subsurface environment by organic decomposition

was brought about

and heterogeneous nucleation within the sediment

(Berner 1968, 1971), by solution in the reducing zone
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with migration of dissolved carbonate upwards into the
oxidation zone and subsequent precipitation (Grundel and
R3a1ar, 1967), or by some process whereby nodule layer
spacing was controlled by rate of sedimentation
(Jenkyns, 197%).

Whatever the process of nodule formation, the rate
at which nodules formed was obviously dependent on the
total c-ooa content of the sediment, Thus nodules in
the lime-rich sediments on the schwellen tops and upper
slopes were formed before early compaction could have
any effect on their constituents, whereas those nodules
developed in the lower slope and basin environment, where
the calcium carbonate is heavily diluted by detrital clay
and silt, show signs of compaction prior to the
establishment of a rigid carbonate nodule structure.

At some stage during compaction inversion of the
presumed high Mg calcite constituents to the present low
Mg mineralogy, probably took place, although no textural
evidence of this transformation exists, or would indeed
be expected. It is certain, however, that after
lithification, some calcitization of aragonitic cements
and allochems occurred with the production of calcite
pseudomorphs (e.g. the fibrous calcite replacements of
original aragonitic (?) acicular cements and some
calcitized mollusc shell fragmente ), although actual
solution of aragonitic shells with subsequent infilling
of the voids by low Mg sparry calcite cement was of more

widespread ilmportance,
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Sparry calcite cement is, as yet, unknown in the
submarine surface environment, but is a common cement
in the magnesium-~depleted fresh water environment,

It is also believed to be the major cement type in

deep burial environments (Folk, 1973). It follows,
therefore, that precipitation of sparry calcite either
occurred when the rocks were exposed to meteoric waters
during the Mid-Carboniferous or during burial while
gtill in the submarine realm., As the spar-pore fillings
are both cut by carly stylolites (Fig 4.4d) and are
affected by microspar growth, the cement appears to be
of fairly early age, certainly pre-tectonic, and must
therefore have formed in the subsurface environment

while the limestones were still submerged.

Stylolitization

As shown above, the process of lithification of
the limestones tends to result in nodule formatiom and
the segregation of the original sediment into altermating
carbonate-rich and carbonate-poor zones. During
compaction these lithological contrasts were further
accentuated by the development of horizontal stylolites
between the limestones and shale seams and between the
nodules themselves, Solution along these stylolites
may have been more or less continuous or sporadic, but
was certainly long lived as can be seen by the displace-
ment of caleite veins by solution (Fig 4.6a).

In many rocks a later set of stylolites are developed,
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(a)

(b)

(e)

(d)

(£)

(e)

(n)

(Seale bar represents 1mm. unless otherwise
indicated)

Calecite filled vein cut by solution seams. No
trace of vein found above or below shale seam,
Methylene blue stained peel, plane polarized light,
Sample no, H29,

Sigmoidal nodules produced by interference of
horizontal "compaction" stylolites and high anglad
"tectonic" stylolites, Hand specimen, Scale bar =
fem, Sample no, D27.

Bladed fibrous calcite on ericoconarid test,
partially removed by pressure solution (longitudinal
section), Methylene blue stained peel, plane
polarized light, Sample no, F20, :

Concentrically arranged inclusion zones in fibrous
caleite overgrowths on ericoconarid shell (retained
as dark ring; (eross section). Methyleme blue
stained peel, plane polarized light, Sample no, K1.

Bladed fibrous calcite growth partially developed
on brachiopod shell, Methylene blue stained peel,
plane polarized light, Sample no., K10,

Thin shell preserved only as clear zone within more
turbid microspar surroundings. Shell margilas
obliterated by microspar growth, Thin section,
plane polarized light, Sample no, E128,

Microspar (right) replaced by loafish grains of
pseudospar. No primary textural details recognizable
in pseudospar, Thin section, plane polarized

light, Sample no, N18,.

Microspar "nibbling" of detrital quartz grain,
Thin section, plane polarized light, Sample no. E118,
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often rearly perpendicular to the earlier set., These
are the result of the change from vertical (compactional)
to lateral (orogenic) linear stress during the Mid
Carboniferous, The interference of these two sets of
stylolites tends to break the rock up into a series of
more or less sigmoidal nodules, each separated from its
neighbours by a thin clay secam (Fig 4.6b). How well
these structures are developed, however, depends on the
nature of the original rock (purer limestones often tend
to be more irregular in their reaction to stylolitization)
and its orientation relative to the axis of linear stress
at the time of "tectonic" stylolitization (if vertical,
for example, the second set of stylolites are developed
in roughly the same direction as the first set).

The shaly nodules in the basin shales are always

free from signs of stylolitization. All of the

compaction effects are probably absorbed by the surrounding

shales (which are heavily compacted around the limestone
nodules) so that none are transmitted to the limestones
themselves., Similarly, signs of tectonic deformation

are common in the shales, but none were apparent in the

limestone nodules examined.

eomo
Very few if any of the textures shown by the

Devonian nodular limestones, studied are primary. Most

are the result of neomorphic changes which have taken

place since the sediments were deposited.
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Three types of neomorphic change are important,
all three being "aggrading®™ in character (Folk, 1965):

(1) Replacement of original aragonitic shell material
by calecite with retention of details of the shell
structure;

(2) Replacement of originally acicular cements by
fibrous calcite ;scudcnorphs;

(3) Replacement of matrix, allochems and sometimes
diagenetic fabrics by coarser grained calcite
(usually microspar, but seuntia.s pseudospar),

(1) Replacement of aragonitic shells,

The only definite signs of calcite replacement of
shell material are to be found in the shaly nodules of
the basin facies, where ammonoid and bivalve shells are
preserved with the original shell layering intact (page 106).
The calecite within the shell shows none of the character=
istics of void-filling spar (Bathurst, 1971) but appears
to have crudely imitated the original crystal orientation
trends within the shell, This mode of preservation
contrasts sharply with that of the ammonoids in the
schwellen limestones which are always preserved as spar-
filled moulds, Most probably the low permeability and
high magnesium content of the shales, together with the
protection of organics (e.g. amino-acids) were responsible
for the preservation of aragonite in this environment,
when it was being dissolved elsewhere (Flichtbauer and
Goldschmidt, 1964; Kennedy and Hall, 1967). The time

of replacement by low magnesium calcite cannot be



determined due to the lack of other diagenetic features
within these nodules,
(2) Replacement of acicular cements.

Apart from one or two shells with bladed fibrous
overgrowths projecting into the matrix (which may not
have had any acicular "base") (Fig 4.,6e), this type of
neomorphism is found only in ericoconerid rich layers of
Givetian and Lower Frasnian age., These cement-

replacement fibrous calcites have recently been intensively

studied by M.,Tucker (1973) who convincingly demonstrated

how such a replacement could occur, The original

acicular cement is thought by Tucker to have been aragonitic,

but no evidence exists for this assumption in the limestones

in the present study, and it wmay equally well have been
high or low Mg calcite, The time of replacement is
thought by Tucker to coincide with subaerial exposure of
the limestones in the Mid-Carboniferous, mainly because a
source of Mg depleted pore water is needed to bring about
the neomeorphic change. As was shown above, however,
such magnesium deficient water could be present in a deepe
burial environment and so replacement may have occurred
at a much earlier stage, especially so since these fibrous
calcite overgrowths are affected by both pressure solution
and microspar replacement (Fig 4.6¢c).
(3) Aggrading neomorphism,

The most important neomorphic change the limestones
have undergone is wholesale aggradation neomoerphism to

microspar, or, in a few cases, to pseudospar (Fig 4.6g).
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The increase in grain size has mainly affected the matrix,
but recrystallization has been so widespread that thin
ostracod and bivalve shells are barely discernable against
the matrix (Pig 4.61).

Aggrading neomorphism beyond the micrite size limit
(4 4 ) can take place only when magnesium contained
between the grains, inhibiting their lateral growth, has
been removed (Folk, 1973). This can easily be
accomplished during subaerial exposure by flushing with
fresh (magnesium-deficient) waters, but could equally
well occur during burial, by flow of magnesium deficient
connate waters through the rocks.

Textural evidence in the rocks studied suggests
that growth of much of the microspar occurred at a late
stage in diagenesis since guartz grains are etched by,
and both void filling and Tibrous calcite replacements,
are affected by microspar formation (Fig 4.,6h). Calecite
filling tectonic vetdq. however, is unaifected by
neomorphism indicating that the microspar growth was
either pre- or syntectonic,

There is no evidence, however, that all of the
microspar is of the same age, and it is likely that
microspar formation has occurred more than once, whenever
conditions existed in which magmesium could be removed
effectively from the rocks. During dedolomitization
of the partially dolomitized limestones at Rotenberg,
for example (page )s magnesium was removed on a

large scale, This may explain why these rocks are the



most affected by microspar formation of those examined
in the present study. Aggrading neomorphism has been
reported accompanying dedolomitization and surface
weathering elsewhere (Chafetz, 1972).

No trace of aggrading neomorphism was observed in
the shaly nodules, This is not surprising however
when one considers that the grain sige of the none
skeletal calcite is largely determined by the size of
the pore space between clay grains. Thus, it is
doubly difficult for these calcite grains to increase
in size since they are not only bamnded by non-carbonate
material, which would have to be forcefully displaced
during growth, but this material contains magnesium
which itself inhibits the growth of the calcite,

A summary of the diagenetic history of the schwellen

and basin limestones is given in Fig 4.7,
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Fig 4 /Comparison betueen diagenotic histories of schwellen and
basin "nelagic" limestones
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Summary

In its general nature the fauna of the pelagic
limestone facies differs little from that of the
contemporaneous basin facies. In both, nekton and
plankton predominate, benthos being rather rare. The
present differences between the faumas are, it is thought,
due mainly to differing sedimentation rates and selectivity
of preservation, so that siliceous organisms are abundant
only in siliceous sediments, and calcareous fossils only
in carbonate sediments, The major faunal features of
the "pelagic" facies ' are compared in Fig 4.8 in which
the probable ecological roles of the faunal constituents
are also listed.

Certain faunal differences do exist, however,
between the basin and schwellen, sediments: 4in the basin
sediments, benthonic animals are virtually absent, but
are found in the schwellen limestones, especially those
which developed on schwellen tops or adjacent to massive
limestone developuments.

The preserved fauna is made up of the fellowing
elements:

(a) a pelagic nektonic death assemblage dominated

by ostracods, cricoconarids, ammonoids and conodonts, but

* The terms "pelagic facies"and "pelagic environment"
refer to those sediments and that general enviromment
where little or no apparent contribution was made
by shallowewater deposits or by benthonic life-forms,
generally considered to have lived in shallow marine
environments. In the studied area such environmental
conditions were present in areas away from the Bieber
Schwelle in the Upper Givetian and Adorf, and
throughout the region from then until the Lower
Carboniferous.
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containing wminor pseudoplanktonic or epiplanktonic
animals. :

(b) a sparse indigenous death assemblage containing
a "mixture” of basin forms (e.g. trilobites and rarely
traces of siliceous sponges) and schwellen forms (e.g.
crinoids, brachiopods and corals), the latter being
especially noticeable in those limestones lying above
or immediately adjacent to the massive limestones of the
Bieber area.

(c) an exotic death assemblage, rich in crineoids
and brachiopods found as intercalations within those
nodular limestones lying downslope of massive

fossiliferous limestones at the time of deposition.

Faunal relationships
The inferred relationships between different elements

in the fauna of the "pelagic environment'*are shown
diagramatically in Fig 4.9. Construction of a food-web
such as this, can, at beat give only an approximate
model of the real system, since information on feeding

habits of Devonian animals is unobtainable and recourse

* The terms "pelagic facies" and "pelagic envircoment®
refer to those scdiments and that general
environment where little or no apparent contribation
was made by shallow-water deposits or by benthonic
life-forms, generally considered to have lived in
shallow marine environments. In the studied area
such environmental conditions were present in areas
away from the Bieber Schwelle in the Upper Givetian
and Adorf, and throughout the region from then until
the Lower Carboniferous,
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must be made to Recent related forms, or, in the case

of extinct groups;, to generally accepted life-habits,
Also; the preserved fauna almost certainly gives a very
biased picture of the original biota., The presence

of burrows in nearly all of the schwellen carbonates,
for example, indicates the former importance of an
infauna of which there is now no other record, Likewise
there is no preserved record of "primary producers",
though they must have existed to support the preserved
fauna,

The food-web model presented in Fig 4.9 is therefore
based on only that fraction of the living date, which
has been preserved, It is thought unlikely, however,
that the addition of "missing-links"™ in the food-chain

would severely upset this model,

Post-mortem transport

With the exception of the exotic elements in the
fauna, the lack of abrasion of fessils in general suggests
relatively weak current transport on the sea floor, though
winnowing of microfossils from the sediment may

occasionally have taken place. All of the pelagic and

nektonic fossils must have undergone vertical transportation

to the sea floor prior to burial and it is probable that
many of the larger forms (e.g. ammonoids and conodonts)
underwent some lateral transport by surface drifting,

By analegy with modern nautiloids and marine vertebrates,

such lateral drifting may have amounted to several
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hundreds of miles, Even allowing for such drifting of
individuals, it is not thought likely that this has
severely upset the ecological distribution of animal

groups in "pelagic" environments.

Lnvironment B ONC 1O

FASLES G4 8. — ’ -

(1) Temperature + salinity: The presence of radiolarians
in the basin areas and the prolific development of skeletal

carbonates in the Bieber area suggests a tropical climate.
All elements of the fauna are open-marine in nature.

(2) B e : The importance of bioturbatiom in
all but the Kellwasser limestones indicates that not

only the bottom waters, but also the upper layers of the
sediment, were generally fully oxygenated.

(3) Nature substrate: Bioturbation within the
sediments indicates that, for much of the time, they were
relatively unconsolidated and probably much like the
cocolith-foram oozes in the Oceans today. Substratum
type had no effect on most of the preserved fauna, being
pelagic or nektonic, and the preserved benthos indicates

a soft bottom rather than hard. Hard-bottom encrusters
have not been found in any of the studied limestones,
though the increasing frequency of crinoids and brachiopods
in shallow schwellen top limestones could possibly
indicate an increase in formation of temporary hardgrounds
in these areas.,

(4) er th: Little direct control is exerted over

the distribution of marine life by water depth alone, but



such depth-controlled parameters as light intensity,
salinity, temperature, dlsselved oxygen concentration
and food supply can have an important effect,.

The majority of the calcareous mudstones are thought
to have been formed at depths in excess of 50m for the
following reasons:

(a) nodular limestones of Givetian and Adorf age
exist as lateral equivalents of actively growing reefs,
and those of later age lie on top of "dead" reefs. The
calcareous mudstones, therefore, were formed at depths
below the zone of reef growth, probably at depths in
excess of 50 or 70m.

(b) benthonic algae have not been found in any of the

limestones examined, but are common in the Adorf limestones

around Bieber, Their absence is taken to indicate
deposition below the photic zone, in depths greater than
50-100m, for most of the nodular limestones, Isolated
occurrences of red algae have been reported from schwellen
limestones elsewhere in the Rheinisches Schiefergebirge,
indicating that locally perhaps these limestomnes may have
been deposited at even shallower depths (Tucker, 1973).
The presence of red-algae, however, is, in itself, no
guarantee of shallow-water origin (Playford and Cockbain,
1969).

A lover depth limit is more difficult to assess,

Estimates of maximum depth of deposition of the nodular
limestones in the lithologically and faunally similar

Ammonitico Rosso range from a few hundred metres (Hallam,
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1967; Wendt, 19693 Jenkyns, 1970) to several thousand
metres (TTGu@y, 19603 Garrison and Fischer, 1969).

All depth estimates have hinged on interpretation of the
"oceanic" nature of the limestone fauna, with its sparse
benthos and rich plankton and nekton, It is, therefore,
necessary to establish the reasons for the virtual
exclusion of benthos, before one can give any depth values
to the sediments.

In the present marine environment a benthonic density
(though not diversity) gradient exists between the shallow
continental shelf areas, where benthos are plentiful, and
the deep ocean areas, where benthos are scarce (Hessler
and Sanders, 19267). The main factor influencing the
amount of benthonic 1life is not depth alone, however, but
food availability. Benthonic animals are most abundant
in shallow continental-shelf conditions for the following
reasons:

(a) the concentration of nutrients supplied by rivers
from the land is highest in shallow waters bordering the
landmass.

(b) primary production by benthonic algae on which
much of the zoobenthos feed is possible only in water
depths shallow enough to allow light penetration to the
sediment surface for photosynthesis.

(¢) the zoobenthos live in the same environment as
phytobenthos, thus little energy wastage is met with to
consumer fom producer, either through decomposition or

passage through several foed-chain links.

1=
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The sparse nature of the benthonic fauna in the
Devonian schwellen limestones can therefore be explained
by the following:

(a) they were deposited in an area distant from the
continent, Land derived nutrient supply was, therefore,
negligible,

(b) they were deposited, for the main part, below
the photic zone, Primary production was, therefore,
limited to phytoplankton,

(¢) the benthonic animals did not live in the
environment where primary production was taking place.
Consequently with increasing depth, the consumers became
increasingly separated both spatially and temporally
from the primary food supply. With increasing depth the
feeding characteristics of the benthos possibly also
changed. As most of the food drops from the water
column above, detritus feeders would predominate, and
deposgit feeders would be at an advantage over suspension
feeders, in being able to obtain concentrated feod
supplies from the sediments or sediment surface,

Great depths do not have to be resorted to to explain
the nature of the fauna of the pelagic limestones,
therefore, since food supply is the overall control,
Certainly selective dissolution of aragonite does not
appear important (as it is in the Jurassic nodular
limestones) as ammonoid shells are found in nodules in
the basin shales and are not restricted toc schwellen

sediments,
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The presence of arenaceous foraminifera (mainly
Tolypammina sp.) in boih the Jurassic Alpine nodular
limestones and Devonian limestones of Germany has been
taken as indicative of depths of less than 200m (Wendt,
19693 Tucker, 1973). Modern Astrorhizidae and
Ammodiscidae have their maximum development in deep
oceanic sediments, largely due to the exclusion of
calcareous foraminifera below the Compensation Depth
(Murray, 1972)., The apparent contradiction in these
results emphasizes the difficulties (and dangers) in
extrapolating modern ecological distributions into the
past, It is probable that in the Devonian, these
agglutinated foraminifera occupied a much wider range of
envireonments, being subsequently displaced by the
development of calcareous foraminifera in the late

Palaeozoic and Mesozoic,
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CHAPTER 3

Magsive limestones

In this chapter, a range of limestone types are
considered which, though showing a wide range of
lithological variation, are nevertheless sufficiently
distinctive both in their lithological, faunal and
floral characteristies and in their mode of origin, to
warrant independent consideration, The major
differences between the nodular schwellen limestones
already discussed and those dealt with in this chapter

are summarized below.

Nodular limestones Hgggiyc limestones
Grain size Microsparites Mainly sparites or
sparudites
Insoluble high levels (5-40% low levels (0-8%
residues by weight) by weight)
Texture mud supported generally grain
allochems supported allochems
Fauna+flora dominantly pelagic dominantly benthonie
Gross poorly bedded- thinly-bedded to
characteristies nodular massive
Colour generally grey, generally grey to
yellow or red black,

The richness and diversity of the mainly benthonic
fauna and flora, and the absence of fine detritus in

grain-supported sediments, suggest that limestones of



133

this type were deposited in environments where current
energy was much greater than was the case in those
Schwellen areas where nodular limestones developed,

It is thus assumed that the limestones dealt with here
wvere deposited on submarine rises whose summits were
shallow enough to allow a prolific benthonic development
and on which current strengths were strong enough to
keep the majority of the sediments relatively free from

fine detritus,

Geographical distribution

In the studied area, these massive carbonates are
restricted entirely to the volcanic rise areca between
Konigsberg, Bieber and Waldgirmes (Fig 1.5). To the
north and west of Ksnigaborg and to the south of Waldgirmes,
they are replaced by time equivalent pelagic nodular
limestones and siliceous shales, and to the east of Bieber
by shales and greywackes (Fig.%.1). The massive limestones,
therefore, appear to be virtually surrounded by sediments
considered to have been deposited in deeper waters,

No massive limestones occur in the Erda-Weipoltshausen-

Altenvera schwellen area. (Fig 1.5).

t i ical t i
Over most of the area, complete segquences have not
been preserved, but where the base of tiie limestone is
exposed against the @ivetian volcanics (though generally
a tectonic beundary), conodont faunas of Upper Givetian

age have been obtained, Limestone fragments within the



134
voleanic tuffs on the summit of the Schwelle also yiélded

conodonts of this age (Appendix III).

The top of the sequence is rarely exposed, Erosion
has removed the overlying sediments over much of the area,
cutting well down into the massive limestones. Only at
Eberstein is a complete sequence exposed, and here the
change from massive to nodular pelagic limestones occurs
in the P, gigas zone.

The majority of the massive limestones are, therefore,
of upper Givetian or lower Adorf age. Younger sediments
are, however, included within fissures and caverns within
the limestones and these are dealt with in this chapter,
for convenience, regardless of rock type. Fragments of
limestone of Carboniferous age are also dealt with in this
section, since they shed considerable light on.tho late

evolution of the schwellen area.

L 1 rr t

Correlation between sections and hand specimens
within these limestones presents more problems than are
presented by nodular limestones for the following reasons:

(i) rapid facies variations are more pronounced in
the massive limestones and lithological correlation cannot
be applied successfully over most of the sequence.

(11) conodonts are rare in these limestones, and those
found are generally conservative forms of limited
stratigraphical value.

(11i) in contrast to the nodular limestones, great



thicknesses of massive limestones were deposited during
one conodont zZone, and so even with perfect conodont
chronology, correlation within zones is impossible.
Macrofossils are common, but generally of littlg
stratigraphical value, either because they are long
ranging forms, or because discrimination of accurate
ages depends on recognition of specific characters

difficult to distinguish because of poor preservation,
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I ies es in the massive limestones

Massive limestones of Middle and Upper Devonian age
in the eastern Rheinisches Schiefergebirge are
collectively known as "Massenkalk" (Paeckelmann, 1922),
Over much of the Rheinisches Schiefergebirge this
"Massenkalk" sequence can be subdivided into three major
lithostratigraphic units: the Schwelm, Dorp and Iberg
Facies (Krebs, 1968b), *  These three facies units are
recognized also in the Rodheim-Bieber area, with the
addition of one other facies - herein referred to as
the Colitic Facies, which although temporally divorced
from the Devonian "Massenkalk" is dealt with in this
chapter for convenience as it too was developed on the
Rodheim-Bieber Schwelle, but at a later date (CuIIj/Y).

The main features of these Facies are tabulated below:

Facles type Age Lithological character in
the Rodheim-Bieber area
Oolitice Lower Light grey oosparites-oomicrites.

Carboniferous Not seen in situ but only as
fragments in schwellen-slope

breccia.

Iberg Middle Adorf Light grey bedded calcarenites,
developed locally over Dorp
limestones and grading into

nodular pelagie gggegtoneg.

* The names Schwelm, Eskesberg, Dorp and Iberg were
originally applied to biostratigraphic divisions of
the "Massenkalk" in the Bergish Land by Paeckelmann
(1922)., More recent work, however, has shown that
these divisions are not biostratigraphic but
lithostratigraphic units, and that the Eskesberg and
Dorp limestones are lithologically indistinguishable.
The term "Eskesberg" therefore has been abandoned in
reapplying these terms as names of major lithofacies
units by Krebs (op. cit.).
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Facies type Age Lithological character in
the Rodheim-Bieber area
Dorp Lower to Mainly light grey massive to
Middle Adorf bedded calcirudites, calcar-

enites and calecilutites.
Rapid lateral and vertical

_variation in 1ithology.

Schwelm Upper Givetian Dark grey to black generally
massive calcilutites, calcar-
enites and calciridites with
scattered algal-stromatoporoid

boundstones.

It must be Stressed, however, that many of the
characteristics of one Facies may be, at least partially,
replicated in subfacies of another (e.g« many features
of the Schwelm Facies are found in cartiin lithologies
in the Dorp Pacies, as are many of the limestones of the

Iberg Facies).
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Schwelm Facies

Rocks belonging to this Facies are all of Givetian
age and are best exposed in the southern part of the
quarry at Eberstein (Fig X, Appendix I) where their
dark colour, generally fine grain size and "splintery"
nature distinguish them from the light to dark grey
bioclastic limestones of the overlying Dorp Facies.

The base of the sequence is exposed only immediately
south of Eberstein (Fig 2.1a), but here it is a thrust
contact, the limestones adjacent to the overthrust
volcanics being deformed, and little of the primary
depositional fabriec can be distinguished. Because no
limestone is exposed between this locality and outcrops
bordering the quarry at Eberstein, the account given
here is based mainly on lithologies developed in the
upper half of the Schwelm sequence though, in hand
specimen at least, the rocks in the upper part of the
sequence appear to be similar to those seen near the
base.

Three major lithological groups are recognized within
the sequence, though many individual specimens do, of
course, show features transitional from one group to
another:

(a) Stromatoporoid-Amphipora intraspawites and mierites,

(b) Dense poorly fossiliferous calecilutites.

(¢) Poorly fossiliferous pelsparites and pelmicrites.



a) Stromatoporoid=- hipor tr ites and micrite

These limestones are easily distinguishable from
those of the other two groups by the rich fauna and
flora contained within them, In the exposed sequence
of Schwelm limestones ot Eberstein, limestones of this
type are most important in the lower part of the
sequence being replaced in the upper part by limestones
of types (b) and (e).

The faunal compeosition varies éonsidortbly from
place to place in the sequence. In some areas the
sediments are composed entirely of buibon- and elongate
massive in-situ stromatoporoids (Fig 5.1a) commonly
reaching heights in excess of 15¢cm. Stromatolitic
micrite coatings are common on the surfaces of these
stromatoporoids, The sediment between these growth

colonies is dominated by algal degraded fragments of

Amphipora, Stachyodes and by abundant gastropods
(*Turbinopsis"™ and “Murchisonia" types) (Fig 5.1c).

Microscopically the matrix of these rocks ranges
in composition from "dark bituminous" intrasparites to
dismicrites, the intraclasts frequently showing an
elongate "whispy" structure. These intraclasts are in

most cases probably algal grains, as Girvanella threads

have been noted in some of them. The most common faunal

constituents of the matrix are ostracods (normally
articulated), foraminifera (Bisphaera, Parathurammina,
Earlandia sp.) fragments of dasycladacean algae

(? Yermiporella sp.) and calcispheres (Fig 5.1b).
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In the upper part of this subfacies massive
stromatoperoids decrease in importance and are replaced
by dense Amphirora colonies in a fine dismicrite matrix
lacking the coarse intraclasts and algal degraded

colonies seen lower in the sequence (Fig 5.1d).

Discussion

Sewveral features shown by the limestones discussed
above are considered particularly important in
discussing their origin,

(1) The abundance of algae aﬁd algal products
suggests that they were formed in water depths less than
50 metres and probably less than 20 metres (Swinchatt,
1969 ).

(ii) The common occurrence of massive bulbous and
elongate stromatoporoids, provides strong evidence for
formation in the turbulent water zone above wave baao.'

(i4i) The lack of orientation and poor sorting shown
by allochems, and the presence of a fine grained matrix

on the other hand, suggests deposition in quiet-water

areas where fine sediment would not be winnowed by current

action, Because of the abundance of algal traces in the
patrix of these poorly-sorted rocks, however, it is
likely that allocliems were stabilized by algal mats,
prevon;ing their reworking and removal, even in high

energy environments,

* See page /90 for full reference list.



(iv) The restricted nature of the fauna, with
organisms normally only found in backe-reef environments
in the overlying Dorp Facies (e.g. Amphipora,
Parathurammina) apart from massive stromatoporoids
being important constituents. Skeletons typical of
fore-reef environments in the Dorp Facies are not found
in limestones of the Schwelm Facies, suggesting that
environmental conditions were, in many respects, similar

to those in the backereef areas of the Dorp complex,

ns oor fossiliferou leilutites

Rocks of this type are extensively developed in the
upper part of the Schwelm sequence between the fossiliferous
rocks discussed above and the basal skeletal calcarenites
of the overlying Dorp Facies.

They are unbedded and in hand specimen in places
have a conspicuous mottled appearance (Fig 5.2a) which
may suggest that these are massive "organic" structures
of some kind, especially as subspherical "lumps" of
similar massive featureless calcilulite are seen in the
type (a) limestones below., Microscopically, however,
no trace of any organic structure can be seen, all traces
of primary texture having been lost through neomorphism.
In the upper parts of this sequence a few scattered
Themnopora fragments and rare traces of gastropods were

noted.
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(a) Dense calcilutite subfacies. Light and dark mottled

(b)

unfossiliferous microsparites are typical of this
group. Hand specimen,. Scale bar = 1cm.
Sample no, E22,

Pelsparite subfacies passing up into demnse caleilutite
subfacies, Large sheet cracks and small horizontal
elongate fenestral voids (lower right). Spar
filled mould of gastropod (upper centre) is the
only fossil present, Hand specimen,

Scale bar = 1cm, Sample no. E23,

(e) Pelsparite, (detail of above). Dense well sorted

(a)

ovoid pellets in sparite cement., Thin section,
plane polarized light. Scale bar = Tmm,.

Massive multidomed colony of Sphaerocodium and
lla overlain by pelsparite. Colony cut by
vortionl fibrous calecite filled fissure. Large
"bedding-parallel"” cavity on right appears to be a
primary feature. Hand specimen, Scale bar = 1cm,.
Smlo noe ‘3".
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Discussion

Because of the widespread recrystallization which
has affected these rocks, little information remains
which might shed some light on the environment of
deposition of these rocks, Their massive character
in the field suggests that they are not primarily
organic growth colonies since the rocks are a completely
homogenous thick mass, It is thought most probable
that these rocks were deposited as lime mud sediments
in areas where environmental conditions excluded
the faunal elements seen in the underlying fossiliferous

limestones,

: fossiliferous pelsparites-pelmicri

Rocks of this type are indistinguishable texturally
in hand specimen from those of type (b) above and occur
as lenses within them near the top of the Schwelm sequences
at Eberstein, They are always lighter in colour,
howvever, than the dense calcilutites.

Macroscopic bedding is not developed though
microscopically aligned sheet cracks and fenestral voids
occur, and bands of pelsparite and pelmicrite, resulting
from differences in pellet grain size and degree of
compaction, alternate (Fig 5.2b), Gastropods are
virtually the only fossils present, though rare Amphipora
fragments have heen noted, In the upper part of this

sequence bulbous growths of Sphaerocodium and Girvanella

occur on a pelleted sediment base (Fig 5.2d),
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Most of the limestones are composed of well sorted

pellets (Fig 5.2¢c), few other allochems being present,

Discussion

Because of their regular ovoid shape, the absence
of any intermal structure and the association with
gastropods, the pellets are ianterpreted as being of
faecal origin., The occurrence of domed algal growths
within this sequence suggests that these sediments were
formed in shallow waters, and the common development of
parallel sheet cracks may indicate that a§ times these
sediments were exposed subaerially, allowing the

sediment to dry out, as do lithologically similar

sediments in the Bahamas today (Kornicker and Purdy, 1957).

In addition to the exposures noted at Eberstein,
rocks of the Schwelm Facies crop out in places on the
Bieber Schwelle, Nowhere else, however, does the
thickness of the sequence approach that seen at Eberstein,
In the central schwellen region (around Dicke Eiche and
Haina), the Schwelm Facies, when seern, tends to be
lithologically very like the overlying backereef
limestones of the Dorp Faclies and appears to grade upwards

into them,

Summary of Schwelm Facies deposition

Because rocks of this Facies are well exposed only

at Eberstein, the spatial relationships between individual
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lithological groups could not be assessed.

The faunal, floral and sedimentological charactere
istics of the sediments discussed above suggest

(1) that the sediments were deposited in shallow

water conditions, probably above normal wave
base and possibly, at times, above low water,

(11) that during their deposition, many of the

sediments may have been stabilized by algae.
Stromatolitic crusts are certainly developed on
massive stromatoporoids,

(1ii) that the sediments were deposited over a wide
range of enviromments, ranging from areas where
skeletal organisms were apparently excluded
(Dense caleilutites) through areas able to
support a meagre faunal (pelsparites) to areas
with a rich fauna and flora (stromatoporoid-
Amphipora intrasparites).

The severely restricted nature of the fauna of the
dense calcilutes and pelsparites may be partially due to
the fine grain size of these sediments, but is thought to
be largely caused by fluctuations from subtidal to
intertidal conditions within the areas in which these
sediments were deposited. The fauna and flora of the
stromatoporoid-Amphipora intrasparites, though rich, is
restricted in its diversity. Once again, many organisms
commonly found in the overlying Dorp limestones are not
found in this subfacies presumably because their

development is inhibited by some environmental limiting
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factor. This factor cannot have been food availability
due to the abundance of algae present. Nor could it
have been depth since these sediments formed in very
shallow waters, It is concluded therefore that either
increased temperature or salinity, or temporary sube
aerial exposure were the most probable factors
controlling the biotic composition of these sediments,

It is therefore suggested that the Schwelm limestones
were deposited on intertidal to subtidal "flats" developed
on the Givetian volcanic summit and that varying
hydrographic conditions on various parts of these flats
gave rise to coarse fessiliferous carbonates with
scattered stromatoporoid growths in the more exposed
areas, while fine calcilutites and pelleted muds
were formmed in quieter more restricted embayments.

Limestones showing somewhat similar characteristics
are developed in the overlying Dorp Facies, where the
field associations and petrographic characteristics
suggest that they were formed in similar eanvironments
to those in which it is suggested the Schwelm limestones

were deposited.



Dorp Facies

Rocks belonging to this Faclies group are best
developed in a crescentic zone between Kdnigsberg,
Eberstein and Bieber, Scattered outcrops occur also
in the area between Rotenberg, Dicke Eiche and
Rotestrauch, but here the Dorp limestones are thinner
than those in the main outcrop area, (Maps 1+2,
Appendix I1).

All the limestones in this group are of Lower Adorf
age (mainly P, asymmetricus zone). The base of the
sequenice is exposed only at Eberstein where it appears
to be transitional to the underlying Schwelm limestones,
The base has been taken at that point in the sequence
marked by the influx of light grey crinoidal-brachiopod
calcarenites (page 153). The top of the sequence is
well marked at Eberstein, where the upper few metires
of limestone are riddled with sediemnt filled caverns,
but is not exposed elsewhere,

A wide range of laterally impersistent lithological
groups can be recognized in the Dorp Facies suggesting
that at this time on the Bieber Schwelle, enviroumental
conditions varied considerably from one area to another,
In view of the fact that the majority of the limestones
in the main outerop area (Konigsberg-Bieber) consist

mainly of skeletons and skeletal debris of large

colonial org@nisms, and that those of the central
schwellen area (Rotenberg, Dicke Eiche, Haina) contain

few if any colonial organisms, it is thought likely that
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the diversification of environmental conditions was
caused by the establishment of an organically constructed
"hbarrier" or reef on the northern and eastern edges of
the schwellen area.

The major subfacies recognized in this study are
listed in Fig 5.3 below. Their skeletal and non
skeletal characteristics are compared in Fig 5.21.*

The subfacies have, as far as is possible been shown,
more or less, in correct segquence relative to the "reefe-

margin” zone. In this study a distinction has been

made between sediments of the fore reef area and sediments
of the back-reef area. These two groups are almost

symme trically arranged about the reef margin area
(characterized by large massive in-situ colonial growth
complexes), both showing a progressive decrease in grain
size away from this marginal area (Fig 5.3), the former
grading into deeper water off-reef pelagic limestones,
the latter into fine non-skeletal sands and muds of
extreme lagoonal type, as the influence of the reef wanes
with distance from it, and local environmental conditions

increase in importance,

* Subfaciies distinctions are based mainly on large
scale Taunal, floral and sedimentary features,
since the matrix, especially in the fore reef area,
is commonly similar in iimestones of different
subfacies, For this reason, polished reck slabs
have been used to illustrate subfacies types in
preference to thin sections in many cases, since
the essential differences between subfacles types
cannot be shown on the small area of a thin
section.
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Fig 5.3 (a) Subfacies types in the Dorp Kacies, their
inferred environments of deposition. (Vertical bars
1, II and I1I indicate respectively (a) facies range
over which massive or laminar colonial skeletons are
common, (b) facies range over which dendroid colonial
skeletons are common, and (c) facies range dominated
by fine skeletal or non skeletal debris.

(b) Comparison between Dorp subfacies described here
and those described from Devonian reefs elsewhere in
the Rheinisches Schieferpgebirge,
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Sediments of the fore reef area

(1) Skeletal biosparites
Limestones belonging to this group were found at

Strohmuhle and Eberstein, In the latter locality,
where field relations could be examined, they lie
directly on Schwelm limestones and are, to some extent,
transitional to them. They are overlain by Alveolites-
stromatoporoid biosparudites (Fig X, Appendix I).

The most distinctive feature of sediments of this
group is the general lack of large colonial skeletons,
In most cases brachiopods (both whole shells and broken
frngmonts) are the only commonly recognizable macrofossils
apart from scattered Thamnopora stems (often algal coated)
(Fig 5.5a). As the contact with the overlying sediment
group is approached, however, small flat lying Chaetetes
and encrusting Alveolites colonies and Thamnopora stems
become common (Fig 5.5b).

The matrix of these rocks is a moderately well
sorted crinoidal bloeosparite containing fragments of
fenestellid bryozoans, ostracods, gastropods,
foraminiferids (normally Bisphaera)and small mieritic
intraclasts common to the matrix of the majority of the
detrital massive limestones (Fig 5.5¢).

The main features of this group are summarized in

Fig 5.1‘1
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(a)

(v)

{e)

Fig 5.5

(Scale bar reprecents lom. unless otherwise
indicated)

Skeletal biosparite. Ucattered broken brachionod shells
(and rare larger erticulated shells with geopetzl rediment
infillinge) and crinoid ossicles are typically the only
recognizable macrofoscils seen in the fine skeletal
calcarenite matrix. M specimen, Sauplo nos £39.

“keletal biosparites Large brachiopod mns (left), algal
coated atems (lower t), and in-situ

colony (overgrown by Alveolites) (centre right) in fine
crinoidal 'bioaparﬂe matrix. Bmd enecimen, Sample noes #40.

Skeletal biosparite. Transition to Stachyodes-Thamnopoma
biosparudites showm by the inereaced importance of solitary
and dendroid rupose and tabulate corale (Thamnopora) and
by the appearance of stromatoporoid frogmente in a fine,
partially dolomitized qa.t:'i.x. Hand specimen. Sample Ho. B46,
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Discussion
The characteristic lack of "reef" organisms in

these limestones suggests either that they were deposited
in an area so remote from the reef-margin that coarse
skeletal material never reached them or that no reef
existed at the time of their deposition and thus no
source of coarse skeletal material was available for
coarse skeletal debris.

It is not considered likely that these limestones
were deposited in the distal areas of the fore reef
slopes (as were lithologically similar fore reef
limestones described by Krebs (Microfacies Q and 7, 1969)
and FPranke (facies C, 1973)) as they lie directly over
Schwelm limestones showing "back-reef" shallow-water
characteristics.

The restriction of limestones of this type to the
junction between the Schwelm and Dorp Faciles, is
considered critical to any interpretation of their origin
because at this time the reef-margin rim, which was to
control sedimentation throughout the lower and middle
Adorf, had not yet established itself, No source fpr
coarse skeletal debris, therefore, existed at this time,

This subfacies, therefore, is best interpreted as a
transition between the Schwelm and Dorp Facies, during
which skeletal crinoidal sands were deposited over the
Schwelm sediments prior to the establishment of a reef-rim,
It is thought significant that crinoid (+/- brachiopod)

rich sediments are generally developed immediately after
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major facies-breaks (sce page 195 ) and may represent
"pioneer" sediments developed during the initial periods
of marine transgressions,

The degree of breakage of brachiopod shells indicates
that these sediments underwent considerable movement, as
does the high degree of large grain orientation and
sorting. The depth of water in which these sediments
were deposited cannot be accurately assessed, though the
presence of algal crusts on some Thamnopora stems suggests
that water depths were probably less than 20 metres or so.

The gradual appearance in higher rocks in the sequence
of low lying encrusters (Chaetetes and Alveolites) and the
upward transition to the Stachyodes-Thamnopora biosparites
is thus interpreted as the record of gradual establishment
of reef-conditions, rather than decrease in water depth,

Because of their field associations, rocks of this
subfacies are probably more closely related to the
"skeletal calcarenites" of Klovan (1964) than to the reef-
distant fore reef deposits of Krebs (1971). Klovan also
noted that crinoidal calcarenites poor in "reef-skeletons"
tended to occur intimately associated with fore-reef
and even back-reef sediments, an association he found
difficult to explain but thought may have been the
result of localized quiet-water regions within the

reef and near-reef zones.
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(2) stachyodes-Thamnopora biosparudites

Limestones included within this class are exposed
at Eberstein, Rehmuhle and Bieber (Maps 1 and 2,
Appendix I). In addition a few limestones similar to
Thamnopora-rich varieties seen at Dieber were noted
scuthwest of Rotestrauch (Sample no. W10).

Two varieties of this group can be distinguished:

(a) Limestones consisting entirely of coarse skeletal
debris, lacking any interskeletal detrital matrix
(Type 1).

(b) Limestones containing coarse skeletal fragments
in a finer skeletal calcareous matrix(Type2)

The main features of these limestone-types are
summarized in Fig 5.4,

(a) Type 1

A large variety of lithologlies are represented
within this group, ranging from limestones containing
only Stachyodes, Thamnopora, Alveolites or solitary
rugose corals, to limestones with all four components,
mixed in varying proportions (Fig 5.6a-d). In all
cases interskeletal voids are filled by fibrous calcite,
any sediment present being restricted to localized
interskeletal "traps" in the rock (Fig 5.6d),

In some cases, the size of the interskeletal voids
is so great that it is difficult to imagine such rocks
being composed of grain supported skeletal fragments
(Fig 5.6a and d). Such sediments possibly represent

cemented dendroid branching growth colonies, while others
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Fig 5.6

(Scale bar represents lem, unless otherwise indicated),

(a) Stachyodes stems in fibrous calcite cement. Stems

do not appear grain supported but "floating” in
spar, suggesting that they are connected in throee
dimensions, Hand specimen, Sample no, B62,

(b) As above, but Stachyodes stems here are smaller,

probably grain supported fragments, Edges of stems
are blackened by algal(?) degradation or by solution,
Small patches of sediment are trapped between stem
fragments (upper centre), Hand specimen,

Sample neo. B36,.

(e) sSmall Alveolites and Thammopora fragments in fibrous

(a)

calcite cement containing dark inclusion zones
parallel to cavity walls, Hand specimen,
Sample no, B4,

Thamnopora stems (possibly growth colony) and solitary

rugose coral (Disphyllum sp.) in fibrous calcite
cement, Patches of fine skeletal detritus trapped
between and above skeletons, Some subsequent
solution is indicated by sharp vertical edge on
sediment (arrowed). Note internal sediment deposited
after fibrous calcite (upper centre). Hand specimen,
Sample no, B3,

(e) Junction between Stachyodes-thamnopora biosparudite

type 1 (above) and type (2) below. Only small
shelter cavities are found in the latter sediment
group, Grains in upper sparry zone are mainly
Alveolites and Thamnopora, though Stachyodes and
broken fragments of solitary rugose corals also occur,
Hand specimen, Sample no, ES6,

- U —— ———
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with more closely packed stems may represent
concentrated gravel-like deposits of stromatoporoid and
coral sticks (Fig 5.6b and ¢).

A conspicuous blackening of stem edges (marginal
micritigation) is seen in many limestones of this group
(Fig 5.6b), Such blackening may have been caused by
boring endolithic algae or by solution alteration
(Ginsburg and Schroeder, 1973).

{b) Type 2

The macroskeletal components of these rocks are
similar to those of zyp. 1 but here interparticle voids
are restricted to small geopetal shelter cavities
beneath skeletons as rocks of this type, unlike those
of type 1, contain appreciable amounts of detrital
sediment between coarse skeletons (Fig 5.7a). The
junction with the above described lithological group
is normally sharp (Fig 5.6e).

Crinoid ossicles and brachiopod fragments are the
only macrofossils, apart from those already mentioned,
which can be readily seen in the matrix, They are
nommally little abraded and are associated with fragments
of fenestellid bryozoans, trilobites and foraminifera.
The greater part of the matrix, however, is not skeletal
but consists of well sorted micritic (now largely
microspar) intraclasts, Many of these appear to be
badly preserved algal remains, some are stromatolitic
and detrital crists on microfossils {woolly overcoats"

of Toomey et al, 1970), and some may be sediment clots,
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Fig ST

(Scale bar represents lom. nnlcas otherwise
indicated)
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transported into their present depositional environment,

or degraded pieces of skeletal debris (Wolf, 1965bj;
Braithwaite, 1966).

These limestones are texturally immature or
submature well to poorly washed biosparites with little
preferred skeletal orientation. Fragmentation of

large skeletons is generally uncommon, as is abrasion,

Discussion

Some of the limestones described above and included
in the type 1 variety, may be growth frames of dendroild
stromatoporoids and tabulate or rugose corals, but the
majority most likely were formed as concentrates of
dislodged skeletal branches., The absence of sediment
between branches suggests that these linestﬁnca were
deposited in environments in which current strengths
were strong enough to keep the skeletonal voids free
of sediment, while those of type 2 were deposited in
lower energy environments, The transition from the
depositional conditions of type 1 to type 2 limestones
could have been due to increased water depth, type 1
being deposited above, and type 2 below wave-base for
example, or the environmental changes may have been more
complex involving local variations in cﬁrrent strength
along the reef-front, due to the presence of surge~
channels or other such features.

Alternatively the absence of matrix in the

type 1 limestones may have been exag erated by poSt-
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depositional solution of the matrix, which appears
to have been responsible for enlargement of void areas
elsewhere in the fore-reef area (see below), The
general closer packing of skeletal grains in type 1
limestones, and the common occurrence of monotypiec
skeletal rocks, which are never found in type 2 varieties,
suggests that the essential differences between the two
groups are due to prihary depositional effects and not
to post~depositional processes.

It is therefore concluded that the majority of
these limestones were deposited as skeletal debris,
at times in areas where currents were strong enough to
wash~out the finer skeletal debris, In a few cases,
however, small dendroid growth colonies, (not necessarily
in situ) may be present, The marked variation in
fossil-type between samples suggest that the skeletal
fragments were derived from growth colonies close at
hand, though other limestones, showing a high degree
of skeletal mixing, often display a marked upwards
decrease in skeletal grain-size, These are interpreted
as skeletal talus fans deposited on the fore-reef
slopes (Fig 5.7b).

At Eberstein, rocks of this type are separated from
stromatoporoid biolithites (interpreted as reef-margin
deposits) by the Alveolites-stromatoporoid biosparudites
discussed below, It is therefore concluded that
dendroid colonies either grew at a greater depth, or

were deposited at greater depths farther from the
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reef-margin, dendroid skeletons being more easily
dislodged and transported than low lying encrusters
(Pig 5.14). The presence of high interskeletal
porosity, however, suggests that the facies relation-
ships may have been more complex and that Stachyodes-
Thamnopora biosparudites could form in waters shallow
enough for sediment winnowing to be accomplished,
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(3) Alveolites-stromatoporoid biosparudites

Limestones of this subfacies are easily
distinguished from those of other groups by the
increased importance assumed by massive and lamellar
colonial corals and stromatoporoids,

Three varieties are here distinguished:

(a) Limestones containing abundant appareatly ine-
situ lamellar (and less frequently massive) corals and
stromatoporoids, showing pronounced preferred
;ricntgtion. Voids are restricted to local shelter
cavities beneath skeletal sheets (type 1),

(b) Limestones in which the lamellar skeletons
are partially unsupported by matrix, and appear to
"float" in cement in places. The tendency for
preferred skeletal orientation is still retained (type 2).

(¢) Limestones containing disorientated apparently
dislodged and perhaps reworked colonial skeletons
(type 3).

The main features of each of these groups are
summarized in Fig 5.4 and only brief descriptions are
given below:

(a) Type 1

Lithological varients of this type are exposed at
Eberstein, where they succeed Stachyodes-Thamnopora
biosparudites in vertical sequence (Fig x, Appendix I),
The transition from one subfacies to the other is marked

by the appearance in the sequence of flat-lying lamellar
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stromatoporoid colonies, normally only a few centimetres
thick encrusting a biodetrital matrix almost identical
to that of the underlying Stachyodes-Thamnopora bio-
sparudites, Complex intergrowths of Keega,algal (?7)
micrite and Renalcis are also found (Fig 5.8a).

Higher in the sequence the importance of
stromatoporoids as growth masses is roduéed as veoli
increases in abundance and size (Fig 5.8b). This coral
occurs elither as flat-lying encrusting sheets or as
hemispherical "heads"™ sometimes greater than 15cm,. in
diameter, the latter growth habit being more common
higher in the sequence.

The matrix of these rocks is virtually identical
to that of the underlying Stachyodes-Thamnopora
biosparudites with fenestellid bryozoan fragments,
erinoid ossicles, Renalcis fragments and non-skeletal (?7)
mieritic intraclasts being the most important constituents.

At Bieber too, similar rocks are found, Encrusting
stromatoporoids predominate in some rocks (Fig 5.8¢)
while, in others, Alveolites colonies are more important
(Fig 5.9a). In both cases shelter cavities are found
below branches of growth colonies, indicating that they
were not wholly encrusting the sediment surface during
growth,

Unlike Eberstein, where Alveolites dominated
limestones overlie lamellar stromatoporoid rocks which,
in turn, succeed Stachyodes~Thamnoporoid biosparudites,

all rock types at Bieber are found in close proximity



(Seale bar represents 1em)

All specimens are of Alveolites-stromatoporoid
biosparudites (type 1).

(a) Tangled growth colony of %gggg encrusted and overlain
by dense algal micrite (with Renalcis) in which

scattered [+] stems are trapped, Coarse
skeletal matrix above contains fragments of
h and erinoids, Hand specimen.

Sample no, E72.

(b) Massive (right cemtre) and tabular Alveolites colonies
(various locations ), apparently in-situ in coarse
skeletal matrix similar to (a) above. Small
upward facing colonies (top contre) apparently grew
directly on sediment, but downward facing laminar
colonies underlain by shelter cavities (centre left)
filled by fibrous calcite must have grown freely
projecting into the water column, Hand specimen.
Sample no, E74.

(e) Horizontal branches ofiKeega and other stromatoporeid(?)
branching at various levels from central stem (Just
out of picture to right), Shelter cavities present
beneath all branches indicate that colonies did not
hug sediment surface during growth, Upper surfaces
of some branches intensively bored (centre). Note
interconnected Thammopora stems below Keega (bottom)
lying on bedding, Lack of large skeletal fragments
in matrix between branches is probably due to close
sheeting of stromatoporoid colony restricting
access of sediment, Hand specimen, Sample no, BA42,

— g S et —
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and interfinger with one another,
This group is also seen at Strohmuhle, between the

two localities mentioned above.

Discussion
The high degree of orientation of large skeletons,

none of which appear to be disturbed, indicates that
these rocks represent in-situ growths of coral and
stromatoporoid within a detrital matrix, which has either
been trapped in a skeletal frame or encrusted by low
lying growths (Fig 5.14).

In those sediments directly above the Stachyodes~
Thamnopora biosparudites at Eberstein, the large skeletons
are all low-lying encrusters dominated by stromatoporoids
and upward growiné crusts of Alveolites, but farther up
the sequence, between these rocks and the Stromatoporoid
biolithites (described below), the appearance of shelter
cavities beneath colonial skeletons indicates that
sediment trapping may not have been solely due to sediment
encrusting, but that sediment may have been trapped in low
lying dendroid, laminar or massive growth colonies capable
of growth above the sediment surface, In some sediments
the presence of lateral and downward skeletal growths
(Fig 5.9a) and of vertically interconnected lamellar
stromatoporoids (Fig 5.8¢) suggests that many of the
skeletal sections seen were interconnected in three

dimensions,
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(a) Alveolites-stromatoporoid biosparudite (type 1).
Large inesitu(?) Alveolites colony (left) underlain
by shelter cavities, as are near horizontally
aligned Alveolites and Keega skeletons (centre and
left). Matrix consists of fine skeletal debris
with fragments of Stachrodes, The delicacy of some
c¢olonial skeletons (e.g. Alveolites (lower centre)
and their lateral, amnd often downwards orientation
indicates that they are in-situ sections of a larger
framework, Hand specimen, Scale bar = lcm,
Sample no, B10,

(b) Alveolites-stwomatoporoid biosparudite (type 1)
(type 2 transition), Lower zone crowded with low
angled thin in-situ Alveolites and Keega bLranched in
fine detrital matrix in upper part of rock. Hand
specimen, scale bar = lem, Sample no, B11,

(e) Alveolites-stromatoporoid biosparudite (type 2).
Lamellar Keega colony roofing cavity. Skeletal
debris matrix trapped on cavity bottom formed by
algal encrusted Stachyodes and in "traps" on upward
directed stromatoporoid branches (left). Matrix
consists of algal degraded grains ggfg;ggg,frﬁlﬂ!nt-,
forams and broken shell material typical of matrix
in all rocks of this facies. Thin section, plane
polarized light, Scale bar = tmm, Sample no, B32,
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Rocks of this type were observed only at Bieber
gquarry. They appear to be missing from the sequence
at Eberstein and elsewhere.

The coarsest varieties of this type occur as
elongate lenses (normally about 1 metre thick) within
Alveolites-stromatoporoid biosparudites of type 1
(Fig 5.10a), The composition of the rock varies
between leoalitios within the quarry depending on the
size, type and abundance of the various skeletal
components and the amount of fibrous-calcite filled
cavity area. In areas where skeletal components are
small (Fig 5.9b) the rocks are less obvious in the field,
as the spar filled interparticle space is reduced,

The most abundant fossil constituents are elongate
sheets of lamellar stromatoporoids. These are
generally unbroken but are commonly severely pitted,
usually, but net invariably on their upper surface
(Fig 5.10b). The orientation of the vast majority of
these sheets is subhorizontal, though high angled sheets
(normally small) do occur, Smaller, possibly detrital,
fragments of stromatoporoid occur within the matrix
(Fig 5.10¢),

Alveolites occurs both as an encruster on the upper
and lower sides of stromatoporoids and as discrete coral
heads. Detrital fragments are rarely seen,
Syringoporella, commensally intergrown with stromatoporoid,

is also seen, but is rare.
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Fig 5.10

(a) Alveolites-stromatoporoid biosparudite/biolithite,
Field photograph of fibrous eanlcite filled wvoids
between large (mostly tabular) skeletons and fine
skeletal rediment, The large cavity system is roofed
by laminar Alveolites (left) and downward projectiung
lamellar stromatoporoids (right). Large angular
interconnected "lumps"™ within cavity system retain
thelr origin orientation (and are therefore not
dislodged boulders), Irregular nature of cavity
complex with vertical contacts with host rock sediment
suggests solution enlargement of primary cavities.
Scale bar = Scm, Aleber quarry.

{b) Large colonial skeletons (mainly stromatoporoids)
roofing fibrous calecite filled cavities. Presence
of detrital matrix in teches on undersides of some
skeletons (lower right) indicates the former presence
of sediment, now largely removed by solution. Seale
bar = icm, Cut Slab, Sample no, B32,

(e) As above. Tracing of skeletal distribution,

lamellar stromatoporoids

~— ghell fragments, '
Large skeletal organisms show a strong horizontal
alignment and are not overturned, Fregquent encrusta=-
tion by (vhieh also occurs as massive
colonies) are seen, Dendroid skeletons (Stachyodes,
Thamnopora, rugose corals) are of secondary importance
are randomly orientated, Some fragmentsof brachiopods
and gastropods also ocour,

(d) As above. Traecing of cavity and cement distribution,
Stipplete matrix and gskeletons

Black shadingi= 4uitial cement rim (dark
:lu h-ad aptetm)







Dendroid skeletons (Thamnopora, rugose corals, and
more rarely Stachyodes) are normally unbroken, sometimes
branched and, in contrast to the larger colonial
organisms, do not show any preferred orientation. The
occurrence of branching colonies apparently "floating"
in fibrous calecite (Fig 5;10b) may indicate, however,
that many of these skeletons are in growth position
anchored to other skeletons or to the detrital matrix
in three dimensions,

Broken brachiopod valves and gastropods are rarely
found in the matrix, which resembles that of the type 1

Alveolites-stromatoporoid biosparudites (Fig 5.21).

cussi
Limestones showing the characteristics of this
group could have been formed by either of the following
processess
(a) Large skeletons could have been dislodged and

deposited as a coarse-skeletal debris pile, with finer

detrital material filtering into the interstices producing

geopetal sediment layers.
(b) The large skeletons could represent an open
in-situ growth framework, the detrital matrix partially

infilling cavities between framework branches,

In some places a detrital origin for these limestones

seems reasonable, but in the majority of cases where these

limestones occurred, a purely detrital origin is rejected

for the following reasonsi
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(1) colonial skeletons show a high degree of preferred
orientation, with large lamellar sheets of stromatoporoid
(Keega) lying nearly horizontally and sometimes growing
down into voids (Fig 5.10a), Massive colonial corals
always grow vertically upwards, though solitary and
fasiculate colonies tend to be poorly orientated. In the
latter case, however, lack of orientation would be expected
if these organisms were in situ, a pronounced horigontal
alignment indicating transportation prior to burial,

(2) The -ajorify'cf the skeletal components are
undamaged., Some breakage would be expected if they had
undergone transportation. Thin plate<like stromatoporoids
especially, some of which have very complex shapes (Fig 5.10b,
lower right) and are in places extensively pitted and
cokroded. show no signs of abrasion or breakage.

(3) Skeletal packing is extremely loose (Fig 5.10¢).

It is highly improbable that such a loose skeletal network
could be produced merely by grain support of skeletal
fragments. The common occurrence of skeletons "floating"
in fibrous calcite cement also indicates a non detrital
origin,

(4) Alveolites overgrowths are found both on the upper
and lower sides of lamellar stromatoporoids, but in the
latter case are always underlain by fibrous-calcite filled
voids, suggesting that the corals grew on the stromatoporoids
in their present position,

The majority of limestones of this group are, therefore,

interpreted here as in-situ growth complexes of lamellar



stromatoporoids and tabulate corals, between whose
branches, fine skeletal detritus has been partially
trapped (Fig 5.14).

Limestones of this group resemble the "type 4"
fore-reef limestones of Krebs, 1969 /= Microfacies I}
Krebs, 1965/ interpreted by Krebs (op. cit.) as deposits
of coarse skeletal rubble deposited in the upper part
of the foree~reef zone, the size and nature of the
skeletal material being controlled by variations of
stromatoporoid growth in the immediate vicinity. For
the reasons given above, a purely detrital origin is
rejected for the limestones discussed here,

The nature of the complex cavity system common to
all.rocks of this type requires further comment.

Three modes of origin are possible:

(a) The cavities were primary open interframe voids
which have since been partially filled by sediment
washed into the framework,

(b) The cavities are secondary in origin, having
developed by leaching or winnowing of matrix from
between the skeletons of colonial organisms.

(¢c) The cavities originated in part as primary
interframe voids, were partially filled with sedimant

and were subsequently enlarged by leaching or winnowing.
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The common occurrence of downward growing encrustations

of Alveolites into voids, and of geopetal tops to
sediment flooring many voids, provide evidence for a

primary origin, but areas of matrix sediment below
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lamellar growth colonies and above cavities (Fig 5.10b,
lower right), laminar colonies apparently floating in
calcite cement, and high anglad Junctions between cement
and matrix are all suggestive of a secondary origin,

In places irregular blocks of sediment appear to float
in calecite (Fig 5.8bupper), but these blocks are inter-
connected in three dimensions and the orientation of
skeletons within them is like that seen elsewhere in
the rock, indicating that these are not dislodged
boulders but in situ interconnected solution remmants.
A combined primary/secondary origin is thus thought to
best explain the void characteristics noted,

The millimetre~thick black seams present at the
contact between skeletal components and vold filling
fibrous calcite described by Krebs (1969), and attributed
by him to encrusting blue green algae, are also especially
conspicuous in limestones of this group (Fig 5.10d4).

No ¢trace of any algal structure could be found in these
seams and they appear to be part of the "cement". As
the fibrous calecite is secondary, however (page 2343),

any possible algal structures may have recrystallized
with the original cement. It is interesting to note that
the anastomising secondary voids in recent Bermuda reefs
are marked by a distinet blackening of the cavity edges
(Ginsburg and Schroeder, 1973). Marginal micritization
of skeletons, presumably due to algal boring, is

commonly developed, especially on lamellar stromatoporoids,
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{c) Type 3

Limestones of this type are exposed at Strohmuhle
and Eberstein (Fig x, Appendix I)., In both cases they
are intercalated with Stachyodes-Thasmopora blosparuditeées.

The most apparent difference between these
limestones and those described above is the complete
lack of skeletel alignment of any kind,

Skeletons are normally large (commonly > lcm,
some >5c¢m), angular, and show little or no signs of
abrasion, Masesive Alveolites heads (a few centimetres
in size) are the most common faunal constituents, though
lamellar stromatoporoids, Thamnopora and Stachyodes
are also common (Fig 5.1%1a). The matrix, consisting
predominantly of crinoid ossicles, is, as a rule, much
better sorted and coarser grained than that of the other

fore-reef subfacles (Fig 5.12¢) (Fig 5.21).

Discussion
Rocks included within this group are essentially

bioconglomerates composed of disturbed colonial coral

and stromatoporoid colonies as well as smaller fossils,
The replacement of the fine detrital matrix seen in other
fore-reef limestones, by a coarser welle-washed crinoidal
calcarenite is considered as possible evidence of
deposition in the turbulant zone, these sediments
representing local concentrations of skeletal rubble

within the reef margin area.
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i B

Fig 5.11

(Seale bar represents 1em, unless otherwise indicated)

(a) Alveolites-stromatoporoid blosparudite, type 3.

Randomly orientated Alveolites colonies (mainly
massive Bulbous forms), Stachyodes, and lamellar

stromatoporoids in well washed coarse crinoidal
mattix, Hand specimen. Sample no. BA46,

(b) Stromatoporoid biolithite, In situ massive
hemispherical stromatoporoid mound developed on

larger stromatoporoid base. Field phetegraph,
Bieber quarry,

(e) Biolithite., Stromatolitic(?) (+ Sphaeroccodium? )
algal overgrowih on stromatoporoid (lower right).
Hand specimen, Sample no, E78,

- r— .
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(4) Stromatoporoid biolithites

As wvas mentioned above, some of the rocks included
here within the Alveolites-stromatoporoid biosparudite
subfacles, composed largely of in situ stromatoporoid
and coral growths forming a porous framework complex,
are considered to be biolithites. Piscuasion in this
section is limited to rocks, with a very low primary
inter:knlatﬁl porosity, composed mainly of wmassive in
situ stromatoporoid growths,

Rocks éf this type are developed at Eieber quarry
(where they are the oldest rocks exposed in the quarry
entrance), at Eberstein (immediately below the cavernous
zone preceding deposition of the Iberg limestones, and
at Strohmuhle (Figs x and y, Appendix 1),

They are distinguished from other rocks of the
Dorp Facies by the abundance of massive, subspherical,
bulbous or hemispherical stromatoporoids and, in places,
tabulate corals, normally so tightly packed that other
skeletons and detrital matrix are ¥irtually excluded
(Fig 5.11b) (Fig 5.21). At both Eberstein and Bieber
large areas of limestone are composed almost entirely
of stromatoporoid colonies some larger than 30cm in
diameter, They are mainly in growth pesition but, where
transitions to fore-reef limestounes occur, Ifragmented
colonies form a stromatoporeid rubble with shelter
cavities partially filled with calcareous sand similar
in composition to the matrix of other fore-reef limestones.,

At Eberstein many of the stromatoporoids are

185



136. -
Pig 5.12

(Scale btar reprecenic 1lmm. unlese otherwise indieated)

(a) Stachyoden = Thamnopors biosparudite. Detail of matrix.

- The majority of the allochems anpear to be "algel greins",
with gkoletal fragments (mairly brechiopods and fenestellid
Bryozoans ) £ pocondary importence. ‘!‘hin saotion. plene
pelnﬂ.m la.gh:t Sample noe E56. Nt ulob,

(a)cﬁmd uwmfmu&m
mwwﬂmmmmefmwmm
and the lack of broken and abraded skeletsl debrins Inter— '
_m«mmﬂmawwwwaum ummﬁa.
.,mwhmwmn cavern rystems in the reef=

AT lﬁmtnm anloi‘lomrnling

 goovetal woide wiithin, brachiopod shellms | SR
,Pm. plane polaﬁ:ea lid!h Smle nOe 13?5. na@m; pm ' .

Loy stmﬁomm mﬁmh {5 R iﬁm W QPrIE
m underlying brachiopod hmape.ﬂha similar to (s)
'ut:per lmre 4hese dense (?) algal masses =nd in ‘bhb

. bare of the mrlm bioclastic limestones. Thin section,
plm polarized lte.ht. Sample no. H‘rﬁ. nemﬂw nrint.

1

» . - m 1A =y a o L e v 'I- :
_ . o o _ ﬁ._.
—umq—-aw ¢
.ﬁL;p--m,u.—m«-—-b--iqf Sty B -

_i.__ﬂ‘.__.,"“,_i..__, b R






188

intergrown and overgrown by dark grey to black
stromatolitic crusts and mounds, developed initially

as thin crusts on skeletal fragments or massive
stromatoporeids but developing into substantial hemi-
spherical colﬁniel as layer upon layer wae build up

(Fig 5.11c, Fig 5.,12d). No algal tubes have so far been
identified in these stromatolites but this may be due
partly to recrystallization, Girvanella ii definitely
not present but Sphaerscodium or some finer, perhaps
non~calcareocus filamentous alga may have been responsible
for their formation, Renalels is normally found on or
near the surface of these growths, These structures
appear to be superficially similar to the stromatolitic
crusts described by Land and Goreau (1970) and to
structures referred to the algal genus Spongiostroma
(Hadding) by Seoffin (1971). They seem to have fully
encrusted and bound skeletons (Fig 5.12¢) and thus
probably played an important role in this subfacies as a
"cementing" agent, adding considerably to the strength

and wavesresistance of the structure.

Discussion
Evidence obtained in this study indicates that only

a small proportion of the reef-complex is actually composed
of rocks of this type, the vast majority of the limestones
being biodetrital. The rarity of exposures of in-situ

reef margins can be explained by the following:



(1) In modern atoll reef-complexes the reef crest
area (composed of massive algal boundstones in the
Pacific) is thin (less than 100 metres wide) compared
to the total width of the reef complex. In Pacifie
atolls, for example, in-situ reef-builders form only
about 5-10% of the total volume of carbonate in the
reef complex (Ladd and Tracey, 1950). Even with 100%
preservation of the reef-complex, the number of
exposures expected of this facies would be low,

(1i) It is likely that this rock type did not
occur as a continuous "wall" around the rim of the reef-
complex, but as discontinuous patchy mounds, perhaps
often short lived, established only on isolated parts of
the rim vhere bathymetric or hydrographic conditions
were suitable for the development of massive
stromatoporoid growth, I

The actual lateral thickness of the reef margin
zone is impossible to assess due to lack of adequate
exposure, but at Eberstein, limestones rich in
stromatoporoids (with or without stromatolites) occupy
a vertical zone less than 30 gpetres thick, The
thickness of this zZone in other German Devonian reefs is
thought to have been less than a few hundred metres, when
developed (Krebs, 1974). The Devonian reefs are not,
however, peculiar in this respect as similar reef-
margin boundstones are only rarely developed in reef-
complexes in the Carboniferous (Wolfenden, 1958;

Broadhurst and Simpson, 1973), Permian (Smith and Ffancis,
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1967) and Triassic (Zankl, 1969).

Of all the fore-reef rock-types discussed above,
the stromatoporoid biolithites are thought to have
formed nearest to sea level for the following reasons:

(1) they contain abundant massive stromatoporoids,
generally thought to have been adapted to conditions above
wave base, by most authors by

(11) at Eberstein they occur immediately below a
zone of extensive karst erosion, indicating proximity
to intertidal or supratidal conditions,

Stromatolitic algae also occur in this subfacles,
but the preseunce of such structures is no guarantee of
very shallow waters s similar structures have been
found in limestones deposited in water depths of at

least 45m in Devonian reefs in Australia (Playford

and Cockbain, 1969).

Summary of reef margin and fore-reef lithological groups

Although the limestones described above have been
discussed in terms of distinct groups, transitions
obviously exist between them. With the exception of
the Skeletal Calcarenites, which are in some respects
beat regarded as transitional between the Schwelm and

Dorp Facies, typical Dorp Facies sediment types can be

* (Lecompte, 1954%; Dinely, 1960; Edie, 1961;
Perkins, 1963; Klovan, 1964; Leavitt, 1968; Jenik
and Lerbekmo, 1968; Fischbuch, 1968; Embry and
Klo:?n, 19713 Gwodsz, 1972; Krebs, 1966, 1971,
1974 ).
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described in terms of variations in interskeletal
porosity and the size and nature of the constituent
skeletal components, (Fig 5.13 and Fig 5.21),

Reconstruction of the spatial relationships between
the lithological groups discussed above is difficult
however, for the following reasons:

(1) only "proximal" fore-reef subfacies are exposed
in the studied area, and so no sgdiments deposited in
the transitional zone between fore-reef and pelagiec
limestones were seen in the present study.

(2) The most common lithologles (i.e. Alveolites=-
stromatoporoid and Stachyodes-Thamnopora blosparudites),
are closely associated in the field, especially at
Bieber where transitions from one group to the other
occur again and again within a few metres., At Eberstein,
on the other hand, a clear vertical transition from the
latter to the Tormer occurrs below stromatoporoid
biolithites, indicating that, in general, Alveolites-
stromatoporoid bilosparudites were formed in areas between
the reef-core and the environment of deposition of the
Stachyodes-Thamnopora biosparudites. In Fig 5.14,
therefore, the Stachyodes-Thamnopora biosparudites have
been interpreted as having formed seawards of the
Alveolites-stromatoporoid biosparudites, though the
factors controlling the distribution of these subfacies
may not have been primarily depthedependent, but controlled
by local hydrodynamic and topographic conditions along

the reef-{ront.
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ediments of © b - £ =]

(1) Skeletal biosparudites

Rocks of this type are exposed in roadside outerops
between Eberstein and Bieber, and in forest path
outcrops on Rotenberg.

Three subfacies can be recognized, though transitions
between subfacies are common because of the heterogeneous
nature of the rocks:

(a) Stromatoporoid biosparudites-containing

abundant "reef-skeletons" in a crinoidal
pelsparite or intrasparite matrix.

(b) stachyodes biosparudites-containing well-sorted

"reef-skeletons® in a fibrous calcite cement.

(¢) Crinoidal biosparudites and biosparites-

in which "reef-skeletons" are of only secondary
importance.

The important features of these subfacies are

summarized in Fig 5.15.

]a) §grgge§oggrogd biosparudites
The limestones included within this subfacies are

unbedded, and characterized by an abundance of poorly
sorted, coarse skeletal fragments (mainly of colonial
organisms ) showing little or no preferred orieuntation
(Fig 5.15).

The composition, size, orientation and proportion

of skeletal material present varies from sample to



‘Relations to
other subfacies.

Interfingers with
k+5

2y 3

1, 3+ 4

Interfingers with

Interfingers with
L IR el

Interbadied with
h2+3

Interhedded with
143

Interbedded with

3 w7

Enttﬂndded with

1)Stroma toporoid 2)5tachyodes 3)Crincidal k)Fenestral - 5) Algal flake 6)Micro- 7iMicrited 8)Bedded
biosparudites , | biosparudites bissparudites [micrites Hmestones intrasharites dolontones -
Colour « — light grey— e — dark-grey/black | red -
Bedding type | € massive — > | « thin — -
esaential| Ltachyodes, Amphiporal Stachyddes crinoids L = i - =
+ Thamnopora
§uhopd- [Bulbous stromats. Amphipora + Stachrodas, Amphipora |Amphipora o forams — _
Skeleto Sphasrocodium(?) Thamnopora (Thamnepora
ccessory| crinoids — |Sphanrecodiua(?) gastropo is ostracods dasyclad, algme = ——
caleisphares
tx | Finely comminuted finely comsinuted Ny I N T
Carbonate matr debris, intraclasts . debris, intraclasts |Micrite micrite flakes intraclasta + microsparite recryst.doloni
+ microfossils + micrafocsils (structureless) microfossils i N L 3
|_lsoluble reniduesis 2 = 4 s = - 5% = B =
Voids Geopetnl cavities Cavities present fenestral voldn
in places between between all |rare //bedding rare P il vign(//badding
skeletal fragments fragments L ) o E MRV )i in placen),
Cement fibrous calcite fibrous calcite fibrous calcite/ Micrite fibrous + sparry fibrous + aparry Micrite
syntaxial overprowths calcite calcite/syntaxial —_—
LR o H B | SR B Ty T T L ] T =
[TR5 ¥ias Fongw e e o 0 o ' 43 to 54 22 to +fp hto o6 2 to sl
[ Sorting ___|ve 1ow high Tow-high Righ | v, high v. high | v bien i v. hirh
Degree of grain
orientation. low high low high | high - low
Internal fabric [Handom - debris Aligned - debris |Randnm = debris Fine micrite Strong grain = itandom non
in spar/matrix in spar lin matrix slight lamination alignment nriented prainn

Laternl equiv.
6+ 7.

Fig. 5:/5 Summary of main featurss of"back-reef" Dorp limestones.

Gé1



196
sample, In the eastern exposures, in-situ massive
stromatoporoids become common near the reef margin area,
These massive to nodular stromatoporoids occur as small
isolated colonies, commonly overgrowing rugose coral,
Stachyvodes and Thamnopora fragments, the latter, in places,
themselves coated by stromatolitic micrite. In general,
however, only fragmented colonies are found, especially
farther west where both the size and nature of the
large colony fragments change. Stachyodes, Amphipora
and Thamnopora are the most widespread colonial
akel?tons (Pig 5.21),

In many cases, little matrix is present, the Lroken
and abraded fragmonts being wholly cemented by fibrous
caleite. More commonly, however, 2 crinoidal pelsparite
matrix is present, espacially west of Rotenberg where
erinoidal material increases and "reef-skelatons" decrease

in importance (Fig 5.16b),

Discussion
Lithologically these limestones are almost

indistinguishable especially in the eastern part of their
outerop area from detrital reef material within the

reef and fore-reef arcas, The more common occurrence

of Amphipera and algal (Sphaerocodium?) rims on skeletal
grains, together with their association in the field
with limestones of undoubted "back-reef" origin, suggest
however that these sediments represent piles of
dislodged and transported framework grains deposlted

immediately leeward of the "reef margin" zome (Fig 5.19).



(a)

(b)

(e)

(a)

Stachyodes biosparudite composed mainly of horizontally
aligned, algal coated mggm_}, Amphipora (and
rare rugose corals, lower right) in fibrous calcite
cement, Hand specimen, Scale bar = 1cm,.
Sample no. S5.

Fragments of bulbous stromatoporoid in erineidal
Stachyodes intrasparite overlying (with stylolitized
contact) finer erinoidal biosparite similar to (d).
Hand specimen, scale bar = lem, Sample mno, R2,

Crineoidal biosparite, Poorly sorted c¢rinoid ossicles
with syntaxial rims in pelleted sparite matrix,
Peel, plane polarized light, Scale bar = Tmm,
Sml. Nno. 33.

Graded crinoidal biosparite. Basal part of unit
contains unabraded Thamnopora and Amphipora stems
and algal degraded crinoid ossicles in an
intrapelsparite matrix, Upper part of unit lacks
"reef" skeletons and is essentially a crinoidal
pelsparite. (Transitional lithology between
crineidal biosparite and microintrasparite
subfacies). Thin section, plane polarized light.
Scale bar = Tmm, Sample no, H1k4,
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hyodes o) udi

These are massively bedded or unbedded, well washed
grain supported rocks composed largely of broken, and often
rounded, unually algal-coated dendroid framework
constituents in a partially recrystallized fibrous calcite
cement (Fig 5.15 ).

The skeletal components are almost entirely
Stachyodes and Amphipora fragments, showing a pronounced
near-horizontal alignment in hand specimen (Fig 5.16a).
Less frequently, algal coated solitary rugose corals,
Thamnopora stems, Chaectetes fragments, and brachiopod
valves occur, and in one case a small Manticoceras shell
was noted (Fig 5.21), The size of individual skeletal
fragments varies between samples but is generally fairly
uniform within any one sample. In areas where the
fragment size is smaller, alignment is less marked and
grains are more tightl& packed,

Rocks of this type are less common than the skeletal
biosparudites described above, and were seen only at a

few locallties southeast and southwest of Rehmuhle.

Piscussion

At least two modes of origin could account for the
features seen in the above described rocks,
(a) They may be lag deposits of coarse skeletal
material from which the matrix has been removed
by current action.

(b) They may represent strand line deposits.
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The latter explanation is favoured here since the
former does not explain the pronounced current-orientation
of skeletal fragments, the abrasion of the fragments,
or the admixture of reef and off-reef elements (e.g.
ammonoids) in the sediment. Furthermore, the rocks
bear a striking resemblence to recent Acropora cervicornis
gravels in Isla Perez (Kornicker and Boyd, 1962) and to
similar shingle ramparts of the Low Isles of the Great
Barrier Reef (Fairbridge and Teichart, 1948).

In the Rodheim=Bieber complex, such rocks are
restricted to the area between the massive skeletal
reef-like limestones of the Bieber area and the bedded
"non-skeletal" backereef limestones of the Haina area
(Fig 5.20). No evidence exists, however, for the
former presence of any exposed volcanic "land area"
between these two localities and it is thought more
probable that no such land area existed, but that
material torn from the reef{ area by wave action and storms
was pilled up leeward of the reef area as low island
ridges, as is the case with many present day atolls
(Fairbridge and Teichart, 1948; McKee, 1959) (Fig 5.19).

rinoidal bio rudite bio rites

These are generally located farther from the reef
margin than either of the two limestone-types described
above and differ from them in being essentially crinoidal
sparites, in which "reef" organisms (e.g. Stachyodes,

Thamnopora etc.) are of secondary importance (Fig 5.21).
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As the proportion of large skeletal debris increases
eastwards, these rocks pass laterally into stromatoporoid
biosparudites, and into microintrasparites as the amount
of skeletal debris decreases westwards,

In places, pure encrinites, with few if any allochems
apart from erinoids, occur (Fig 5.16c), but transitional
rock-types containing transported (often stromatolitic
coated) "reef" organisms (Fig 5.16b), and graded units

containing Amphipora, Thamnopora, forams, intraclasts
and peloids (some algal) are more common (Fig 5.16d).

Discussion
The location of erinoidal sediments in areas

intermediate between the reef-margin (stretching from
Eberstein to Bieber) and the central backereef area
(around Haina and Dicke Eiche) suggests that in life
they probably lived in this general environment.

Crinoids are common in back-reef areas in the
Rheinisches Schiefergebirge (Krebs, 1966, 1969, 1974;
Franke, 1971, 1973) but are absent in the back-reef areas
of reef-complexes of the same age in Canada (Klovan, 1964;
Jamieson, 1967; Leavitt, 1968). As modern crinoids
(and presumably ancient crinoids too ) are stenohaline,
the occurrence of crinoids in their present situation can
only be explained by one of the following alternatives:

(1) Crinoid material may have been swept into the
back«reef area from the fore-reef region through channels

in the reef margin by storms,
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(11) Crinoids may have been able to grow in the back-
reef areas in German but not Canadian reefs. This
would suggest that the salinity of German back-reef
areas was normal marine, whereas that of Canadian
lagoons was higher than normal,

The first of the above alternatives is not
considered likely in the present case for the following
reasons:

(1) Crinoidal sediments are purer and more abundant
in back-reef than in fore-reef sediments.

(11) Crinoidal material is commonly very poorly sorted

(1i1) Crinoids are rare or absent in Stachyodes

biosparudites, interpreted as being (at least in part)
accumulations of skeletal material swept into the back-
reef area from the reef margin and fore-reef areas.

The absence of “"reef" limestones in the western
part of the Schwelle and the occurrence of conodonts
in sediments of the "lagoonal" region suggests that the
backereef and open marine eavironments were interconnected.
It is, therefore, likely that normal marine conditions
prevailed throughout the greater part of the backe-reef
area, and that local thickets of crinoids grew whérever
the substrate and hydrographic conditions were suitable

(Fig 5.19).
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(2) Laminites

As used here, the term "laminite" includes those
limestones found which are both fine grained and show
distinct banding in hand specimen. All of the rocks
of this group are unfossiliferous or very sparsly
fossiliferous,

Two main rock-types are included within this

category:

(a) Fenestral micrites

(b) "Algal-flake" limestones.

‘51 Fenestral micrites

Limestones of this type occur in roadside exposures
south of Rehmuhle interbedded with the "skeletal
bieintrasparudites" described above,

Macrofossils are extremely rare, only Amphipora
stems have been noted (Fig 5.17a). Microfossils appear
to be restricted to calecispheres (Fig 5.17b), no algal
filaments or conodonts were found (Fig 5.21 ),

Sheet cracks and smaller fenestral voids occur
parallel to the bedding, the former commonly weakly

interconnected by sporadic vertical cracks.

bl * l-flake™ lim one
Limestones of this type are exposed at Obermuhle
and Rotenberg where they are interbedded with "skeletal
biointrasparudites”,

No macrofossils occur in these limestones, only
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(a)

(»)

(e)

(a)

Fig 5.17

Dense, massive to poorly laminated micrite cut by
horizontal and vertical stylolites, Laminated
zoune (lower centre) rich in bedding-parallel
fenestral voids, Amphipora stems are the only
macrofossils present, Hand specimen, Scale
bar = jeom, S“pl. no, 810,

Detalil of abeve. Finely laminated micerite with
fenestral voids (lower left) and scattered
calcispheres, Thin section, plane polarized light,
Scale bar = 1mm, Sample no, S10,

Laminated "algal-flake" limestone composed of dark
micritic (algal?) flakes aligned horizoatally in
a recrystallized spar matrix, Possible ostracod(?)
upper centre, Some flakes resemble Girvanella(?)
filaments, Thin section, plane polarized light.
Scale bar = Tmm, Sample no, RS,

Dark recrystallized laminated limestone with bedding-
parallel fenestral voids(7?7). Laminae at base are
horizontal but those in upper part of rock are
updomed, (stromatolitic?), Hand specimen,

Scale bar = 1em, Sample no, RSB,
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rare (7)ostracod shells or (7)forams and crinoid
fragments being noted (Fig 5.21 ). Conodonts were
recovered from rocks of this group. In contrast to the
limestones described above, traces of algae (7¢irvanella)
are commonj the entire matrix consisting of horizontally
aligned tﬁiu "flakes" of dense mierite, thought to be
algal in origin (Pig 5.17¢). In hand specimen, the
lamination produced by the elongation of these flakes

is very pronounced and convex laminated structures

(resembling stromatolitic domes) commonly occur (Fig 5.17d).

ter ati
Several features of these limestones are thought to
be very relevant to the interpretation of their mode of
origin,
(1) The low fossil content and restricted range of
fossil types, I
(2) The presence of sheet cracks and fenestral voids.
vt The-pronounc.ﬁklﬁmination (shown in hand
specimen, at least).
(4) The association with well-washed and sorted
skeletal calcirudites showing a marked alignment

of skeletal fragments.

(1) The absence or extreme rarity of many fossil groups
normally seen in the massive limestones is interpreted
as evidence of environmental conditions, in the areas of

deposition of these sediments, extreme enough to exclude
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the vast majority of the animals found elsewhere in the
Dorp Facies. Since no stenohaline animals are represented
within these sediments, but only forms (e.g« Amphipora)
apparently capable of withstanding inereased salinity
(Krebs, 1966, 19693 Klovan, 19643 Leavitt, 1968), they
are thought to have formed in hypersaline, shallow water
or possibly intertidal conditions,

(2) Deposition at times above low tide level is indicated
also by the many beddinge-parallel sheet cracks and fenestral
voids, resulting most probably from dessication of the
sediment in this sone (Fischer, 1964; Shinn, 1968).

(3) The preservation of lamination within these sediments
indicates that sedimentation was at times discentinuous :
and that burrowing activity within the environment of
deposition was low or absent. In present-day environments
burrowers effectively turn over sediments in all subtidal
environments (Rhoads, 1967), their activity only
decreasing when the subsurface environment is reducing in
nature or when salinity is increased or reduced, normally
by dapqsition above low tide level.

(%) The field oeccurrence of these sediments also favours
an intertidal or supratidal enviromment of formation as
they are intimately associated with coarse skeletal
gravels, some of which resemble beach like concentrates
seen on modern atoll islands. The fine grained nature

of the limestones discussed here however suggests
deposition in a low energy environment. This paradoxical
situation can only be resolved if during deposition these

sediments were stabilized by algal mats,
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It is, therefore, concluded that these sediments
were deposited in intertidal areas on the leeward
sides of shoals (possibly, emergent at times), of
skeletal debris, resembling the shingle-ramparts seen
in modern atolls (Fig 5.19). Such islands could have
provided the necessary intertidal areas required, as well
as providing, on their leeward side, a sheltered,
possibly at times hypersaline, environment in which
algal mud flats could develop, as is the case on the
leeward side of Andros on the Bahama BDank at the present
time (Monty, 19673 Shinn et al., 1969).
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(3) Non-skeletal dark calcarenites and calcirudites

Limestone types grOuﬁed together in this category
all share the following gross characteristics (see also
Fig 5.15 for comparison of major features).

(i) they are dark coloured, normally black.

(11) they are well bedded, and traversed by bedding=
parallel stylolites,
(iii) they are restricted to the area between Dicke
Eiche and Haina (Fig 5.20).

Two main lithological groups can be recognized:

(a) non-skeletal microintrasparites,

(b) microintrasparites rich in macrofossils.

N e 1 c nt it y

Microscopically these sediments range from well
sorted intrasparites (Fig 5.18a) to fine laminated
"micrites" (now microsparites) in which no allochem
structure can be seen (Fig 5.18b), Small dense, black
micrite "lumps" are the most common allochems sometimes
enclosing tests of forams (forams with "furry overcoats"
of Toomey et al, 1967), though scattered ostracods,
caleispheres, dasycladacean algae (Vermiporella sp.),
filamentous algae (Girvanella sp.) and sparse crinoid
ossicles also occur (Fig 5.21). The cement is cloudy

sparry caleity (possibly recrystallized).

* The term "microintraclast" is used here for peloid
grains of irregular shape common within these
limestones. Similar grains in rocks elsewhere in
the Rheinisches Schiefergebirge have been described
as "pellets" (Krebs, 1969, 1974),
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(a)

P:I.g 5.18

(Scale bar represents 1mm unless otherwise indicated)

Microintrasparite, Dasycladacean algal stem _

(centre top) and structureles: dense black
intraclasts and peloids in turbid sparite (possibly
recrystallized, in part), Thin section, plane
polarized light. Sample no, HS,

(b) Leminated black microsparite (possibly recrystallized
micrite). Ne fossils are present, Peel, plane
polarized light, Sample no, H28,

(e) rodes stems (with stromatolitic or Sphaerccodium
coating), algal degraded crinoid ossicles and

(a)

articulated ostracods in fine microintrasparite
matrix, Many of the intraclasts, like the
fragments in matrix may be pieces of "algal"
mierite, Thin section, plane polarimed light,
Sample no, I6,

Bedded dolostone, Lower part of photograph shows

comparatively coarse grained xenotopic to

hypidiotopic dolomite (possibly dolomitized

equivalent of (b) above)., Upper part of photograph
shows fine grained xenotopic domomite, with fine
sedimentary lamination preserved (possibly dolomitized
equivalent of (¢) above), Thin section, plane
polarized light, Sample no, H17.

b — S R R W A —— gt . i——
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b ssiliferous microintr rite
In many respects, rocks of this type are
t¢ransitional between the non-skeletal limestones above
and the skeletal limestones and laminites of the back-
reef area. They are poorly sorted due to the wvaried
skeletal content, the composition of which varies from
sample to sample, probably reflecting the heterogeneocus

nature of skeletal growth areas from which the debris was

derived., Crinoid ossicles, Thamnopora, Amphipora and
Stachyodes (often encrusted by (7 )Sphaerocodium) (Fig 5.18¢)
are the most common skeletons present (Fig 5.21).

Graded units rich in crinoid material form transitions
to the crinoidal biosparites described above (Fig 5.164),
and limestones containing algal coated dendroid
stromatoporoids (Stachyodes), in which the intraclasts
show a tendency to elongation (resembling “"algal flakes"),
are probably transitional to the laminites found further

to the east in the area south of Rotenberg.

Discussion
The black colour, unique to limestones of this

subfacies in the massive limestones of the Rodheim-Bieber
area, is caused by high concentrations of unoxidized

organic material preserved in the 1ntrno1asts.* The

* When dissolved in acetic acid, large amounts of H,S
were given off and a black oily film was developeﬁ
on the surface of the acid and on the sides of the
beaker in whieh the limestone was dissolved,
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restriction of black colouration to this subfacies alone,
suggests that the organic material is a primary constituent
of the rocks, suggesting that conditions below the
sediment surface, and possibly even above the sediment-
water interface, at the time of deposition were reducing
in character, due perhaps to sluggish water circulation
in some parts of the central regions of the back-reef
area. Similar dark organic-rich sediments are found in
central llgﬂﬂﬁll'nrtallcf other reef-complexes of the
same age in other areas of the Rheinisches Schiefergebirge
(Gwosdz, 1971).

The dominantly non-skeletal autochthonous allochem
content is consistent with the remoteness of the
depositional environment from the "reef-margin" area in
the Bieber region to the east. The origin of the non=
skeletal intraclasts is, in many cases, difficult to
assess, though three possible modes of origin are thought
likely:

(1) formation of intraclasts by "cletting" of micrite,
or by adhesion of micrite to the spinose tests of
unilocular forams and calcispheres (Illinhg, 1954).

(ii) formation by micritization of skeletal grains
due to intensive algal and/or fungal boring (Purdy, 1963;
Bathurst, 1966)., Grains so formed would be more easily
rounded and thus loose any trace of their original
skeletal shape (Bathurst, 1967).

(1ii) formation by trapping of micrite by algal threads

to give algal grains (Wolf, 1965a).
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All three processes played some part in the genesis

of these grains, but the occurrence of definite
Girvanella threads within some of the intraclasts, and
the dense black nature of the micrite of the intraclasts
suggests that algae were commonly involved in their
formation either as "borers" or as "trappers".

These sediments bear a striking resemblance to the
“erapestones" of the Bahamas platform, both petro-
graphically (compare Fig 5. with Fig 152, page 124;
Bathurst, 1971) and in their site of formation:

(1) both are dominated by non skeletal microintraclasts.

(11) both are dark coloured and rich in organic
material,

(1i1) both lack benthonie "reef" organisms but
contain a comparatively rich foram fauna, (Forams
are even more abundant, however, in Paecific atoll
lagoons where the dominant forms are spinose
globular species (e.ge Calcarina), superfieially
similar to the abundant Parathurammina species
found in rocks of this subfacies (Cushman et al,
1953) ).

(iv) both occur in central lagoonal emviromments,
passing laterally iato micritic sediments in
deeper or quieter waters.

For these reasons, the sediments of this subfacies are

considered as ancient analogues, though not necessarily
homologues, of recent "srapestones”", and are interpreted

as having formed under similar conditions (Fig 5419).



In those microintrasparites where large skeletal
material is abundant, the size grading and orientation
of the skeletons within the sediment indicates that they
have been brought into the environment from elsewvhere,
The lack of abrasion, however, suggests that, once in
their present énvironment, little if any current
disturbance occurred, as no indications of current
sorting or of winnowing were noted.

The inecrease in grain size and importance of large
skeletal organisms (e.g. Amphipora, Thamnipora, Stachyodes
and crinoids) from west to east and northeast in the
back-reef area indicate that the source of this material
lay to the east and north east of Haina. Some of the
material may have been derived from the reef area, but
it is probable that much of the debris came from areas
of stromatoporoeid, coral and crinoid growth in the back-
reef area itself, closer to the reef rim,

Bedded dolostones

Thinly to thickly bedded dolostones occur in one
locality south west of Haina, The sediments are
completely replaced by a xenotopic dolomitic fabric, and
no fossils are present. Considerable control has been
exerted over dolomitization by original grain size
differences, however, and fine bedding structures are
preserved (Fig 5.18d), 1In their bedding characteristics,
these dolostones resemble the microintrasparites described
above, and are most probably dolomitized equivalents
(Fig 5.15). Dolomitization in these sediments is

considered in more detail in Chapter 6, page 377

215



216
of k-roef 1 olo 1 =)

The present distribution of the various lithological
groups in the back reef area of the Rodheim-Bieber reef-
complex indicates that, in general, transitions from
one group to another occur laterally rather than vertically,
with coarse-grained, skeletal, reef-derived bliosparudites
developed in the eastern part of the back-reef area,
ynsning.w.stwnrd. into non-skeletal carbonates as the
influence of the reef-margin decreased (Fig 5.19 and
5,21). Between the two extremes of the reef margin and
the remote back reef areas, local variations in
topography, substrate typa'and salinity are thought to
have given rise to the wide variety of sediment types
seen in these areas.

Because of the small gizme of the Rodheim-Bieber
reef complex, the range of environments in the backe-reef
area were not so extensively developed as in other areas
of the Rheinisches Schiefergebirge (Krebs, 1967; 1974).
Consequently rapid transitions from one lithological
type to another occur, and hybridization of sediment
characteristics of adjacent environments is common, due to
the increased likelihood of sediment mixing over such a
small area. Because of the small size, also, skeletal
derivation from the reef margin has exerted a strong
influence on sedimentation over large areas of the back~
reef region,

The absence of a reef "rim" in the western part

of the complex, moreover, appears to have resulted in
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near-normal marine conditions over most of the backe
reef area, The main effects of this are seen in the
importance of ecrinoids and in the rarity of Amphipora
in the majority of backerecef sediments, the latter
occurring abundantly in more restricted lagoonal areas
elsevhere in the Rheinisches Schiefergebirge (Krebs, op.
ceit.) and in Canada (Klovan, 1964; Jamieson, 1967;
Leavitt, 1968). Only in local areas on shingle ridges,
in the eastern part of the lagoon, where salinity
conditions fluctuated is Amphipora an important faunal

element.
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Summary of Dorp Facies lithologic groups

In the Adorf stage the greatest diversification
of lithologlies occurred within the Rodheim-Bieber
carbonate complex, The relationship between individual
lithologies is commonly complex with lenses of one
rock-type occurring within large masses of another,

In broad terms, however, these major lithological
divisions show a fairly distinct geographical separation.
The spatial relationship between the major rock
types is summarized in Fig 5.20 below, Such a diagram
can at best of course only present a generalized picture

of the depositional pattern, since it attempts to
illustrate geographical relations over a period of
geological time (in this case, the P, asymmetricus zone)
during which the position of facies boundaries did not
remain constant, In some areas, for example, conditions
appear to have fluctuated between "backereef" and "fore-
reef" as at Obermuhle and Rehmuhle, The actual facies
groups moreover have not retained their true spatial
relationships due to tectonic shortening,

From the evidence still remaining in the Rodheim-
Bieber complex, however, the following conclusions can
be drawn:

(1) The massive Dorp limestones are virtually
surrounded by offe-reef sediments deposited in deeper water.

(11) The limestones are limited in area, Even
allowing for tectonic compression, the total width of

the complex could not have exceeded a few kilometres.
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(i1i) A definite lithological zonation is apparent
within the complex. The coarsest and thickest sediments
occur along the north-eastern and eastern edge of the
complex with thinner and finer sediments developed in
the central, south-western and western areas (Fig 5.21).

(iv) A definite faunal and floral zonation can also
be distinguished, with massive and dendroid colonial
organisms, some capable of frame construction,
concentrated in the arcuate eastern zone between
Konigsberg and Bieber, To the west and south west of
this zone the frequency of large colonial skeletons
rapidly decreases, and the degree of reworking rises
(Fig 5.21).

The distribution of lithological groups in the

Dorp Facies, therefore, indicates that at this time
the carbonate complex was atoll-like with an arcuate
reef-zone enclosing, or partially enclosing, a quieter
lagoonal area in which finer grained sediments, lacking
the prolific colonial growths seen in the marginal areas

to the east, were deposited,
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Iberg Facies
a on

Limestones included within this facies are only
exposed in a few areas, and are best developed in the
northern extension of Eberstein guarry where a total
thickness of 25 metres of these limestones is almost
completely exposed, Scattered exposures of lithologically
similar rocks were also seen west and south of Dicke
Eiche (Sample nos. Wik + N16, Maps 1 and 2, Appendix I),
and possibly alsoc at Rotenberg, but there the rocks are
tectonically deformed making lithological comparisons
aifficult. “

In all cases rocks of this facies stratigraphically
follow massive Dorp limestones of the A, triangularis
zone and are succeeded by nodular limestones of Upper

P, gigas age.

Macroscopic features
Two distinct limestone groups or subfacies can be

recognized within the Iberg limestone unit at Eberstein:
(a) a lower distinctly-bedded group (Fig 5.22a),
generally light in colour, coarse grained and often
containing lenses of very coarse skeletal debris (e.g.
Stachyodes and Thamnopora, normally), more typical of
the skeletal Dorp limestones below (Fig 5.22b), Near

the base of this group, small flattened mound-like

colonies of Alveolites and Philipsastirea are,found



(a) vVertically bedded Iberg limestones-northern extension
of Eberstein guarry, Junctions between major bedded
units modifled and emphasized by bedding-parallel
stylolites, Finer bedding can be seen within these
major units, Note tendency for development of
incipient cleavage at a high angle to bedding
(diagonally from lower left to upper right in
photograph), Scale bar = 0cu. 4 Field photograph.

(b) Poorly sorted ecrincidal calcarenite unit, containing
disorientated and relatively unabraded $ '
{and more rarely, Thammopora and stem
fragments, above calecarenite lack these
macrofossils, (Skeletal suhfaeio:?. Scale bar
= lem, Hand specimen from lower part of Iberg
sequence, Eberstein, Sample no, E98,

(¢) Mottled and indistinctly bedded fine ealcarenites and
calesiltites. Light mottled areas are fine sparry
skeletal calcarenite layers within demnsely packed
microskeletal calecisiltites. Macrofossils (e.g.
broken solitary rugose coral, lewer left) are
extremely rare, and always severely abraded,
Stylolites common throughout. In places, rocks
look superficially like nodular limestones, into
which they grade., (Microskeletal subfacies).

Scale bar = 1em, Hand specimen from upper part of
Iberg sequence, Eberstein, Sample no, E102,

i i e —————







inesitu in places. These limestones (referred to
hereafter as Skeletal calcarenites) appear to be
equivalent to the Hahnenfurth subfacies of Krebs (1974).
(b) a finely bedded or indistinctly bedded, normaily
dark coloured, group of fine grained limestones, in which
macrofossils (greater than 0,5cm.) are rare or lacking
(Fig 5.22c)., This group lies above the skeletal
calcarenites and below the nodular pelagic linaafenai
at Eberstein, and is, in many respects, transitional
between the two, These limestones (referred to

hereafter as Microskeletal calcarenites) appear to be

equivalent to the Schlupkothen subfacies of Krebs (1974).

In those parts of the sequence, near the base
especially, where in-situ coral growths and dendroid
stromatoporeid lragments are common, the limestones tend
to resemble the Stachyodes-Thamnopora biosparudites (type2)
of the underlying Dorp Facies. Most of the limestones
are crinoidal biosparites in which the grains are normally
poorly sorted and rounded (Pig 5.2%a). Apart from
crinoid fragments, which are by far the most important
matrix constituents, brachiopod and fenestellid bryozoan
pleces, gastropods, ostracods, trilobites, and pieces of
Renaleis are found in the matrix, Renalcls also occurs
in ecrusts on skeletons, particularly Amphipora (Fig 5.23b).

Allochem size and composition vary from sample to sample



Fig 5.23

(Scale bar represents 1mm unless otherwise indicated)

(a) Thammopora-rich erinocidal biosparite (skeletal
subfacies). Crinoid ossicle (centre) encrusted by
Thammopora, Matrix composed mainly of crineid
fragments and scattered pieces of Renalcis cemented
by syntaxial overgrowths on crinoids, Thin section,
plane polariged light, Sample no, E89,

(b) Crinoidal biosparite (skeletal subfacies).
stem (upper left) wholly encrusted by B?gg;gizgillta
which also occurs fragmented in matrix {(black blobs)

along with crinoid ossicles, Way up given by
geopetal infilling in crinoid ossicle (upper centre).
Thin section, plane polarized light, Sample no, E92,

(¢) Stylolitized junction, between crinoidal calcarenite
(above skeletal subfacies) and fine skeletal
calesiltite (below microskeletal subfacies),

Majority of grains in calcarenite are crinoidal,

though raver Stachyodes (upper centre), Thamnopora,
Renalecis, brachiopod and ostracod fragments also
present, Note fine geopetal internal sediment trapped
within ianterparticle voids, Calcsiltite composed of
closely packed microfossils, with and finely
comninuted skeletal debris. Thin section, plane
polarized light, Sample no, E98,

(d) Finely comminuted skeletal and microskeletal calecisiltite
(microskeletal subfacies) similar to basal sediment
in (e) interrupted by thin erinoid-Renalecis biosparite
layer. Way up given by geopetal infilling in
ostracod shell (extreme right, centre). Note broken
solitary rugose coral (centre) at base of upper
microskeletal caleisiltite unit, Thin section, plane
polarized light, Sample no. E104,

(e) Finely comminuted skeletal calecarenite (Microskeletal)
Tiddled by sediment filled burrvow(?) structures,
Fine sediment fillings contain ericoconarids. Thin

section, plane pélariged light. Sample no, E108, .. ..

" (f) Oolitic Facies, Crinoid ossicles (frequently marginally
e T I s R R 0y iy Bt 1t
in recorystallized ferrcan-microsparite, parite

_ : despite silicifica ¢
section, plane no, X3,







but all of the sparites in this group are "well-washed"
with fine detritus only occasionally found in "traps"
between skeletal grains (Fig 5.23c).

{b) Microskeletal calcarenites

In contrast to the calcarenites described above,
limestones in this subfacies rarely contain large skeletal
components (such as Stachyodes, Ihamnopora, rugose corals
ete,), and when these do occur they are always broken
(Fig 5.23d).

The matrix is also considerably finer, consisting
of finely comminuted ecrineid, bryowocan and brachiopod
material plus fragments of Renaleis, calcispheres,
foraminifera (both uni- and multilocular), ostracods,
trilobites, conodonts and, in places, cricoconarids.
Allochems tend to be more tightly packed in this upper
unit giving the limestones a superficial calcilutite
appearance (Fig 5.23¢c). Near the top of the sequence,
burrow(?) structures filled with cricoconarid micro-
sparite are found (Fig 5.23e).

One of the most distinctive features of these
fine greained limestones is the occurrence of irregular
and bedding-parallel sheet crack and stromatactis~like
structures (Fig 5.254). Some of the smaller restricted
cavities are obviously shelter cavities, possibly
secondarily enlarged, but the larger elongate cracks are
postlithification structures, showing neo roof-skeleton
traces capable of supporting loose sediment above the

void, Shear failure, suggested as the cause of similar



"gheet-cracking in Carboniferous Walsortian "reefs"
of Ireland (Sehwarzacher, 1961; Lees, 1964), is
considered the most likely explanation for the sheet-

eracking in the fine-grained sediments discussed here.

Discussion
The rocks of this facies show the influence of

three sources:
(1) indigenous skeletal material, mainly crinoids,
Renmalcis, ostracods, brachiopods and foraminifera.

(i1) reef-derived material or, at least, material
showing more affinities with reef environments (e.8.
Stachyodes, Thamaopora, Amphipora, corals) important
near the base but decreasing in importance up the
sequence,

(ii1) pelagic material (i.,e. microsparite and pelagic
organisms) which is normally swamped by coarser material
but can be seen to be present in the form of rave
cricoconarids in some samples, particularly in the
wgransitional" limestones at the top of the sequence.

The limestones therefore probably formed in a
¢transitional environment between the reef and pelagic
voff-reef" environments, Such an environment is found
in the fore-reef situation of reef-complexes in the
Rheinisches Schiefergebirge in the fore-reef facies
deposited farthest from the reef source (Xrebs, 1966,
1971, 1974; Franke, 1973). These limestones, therefore,

could be interpreted as talus material deposited low on
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the fore reef slope, the shift from "reefl dominated"
to "pelagic-dominated" sediments reflecting a shift of
eanvironment basinwards,

This interpretation is rejected for the following
reasons:

(1) rocks of this facies are younger than any known
upeefl® limestones in the area.

(14) at the time of deposition of these rocks,
material was being deposited in fissures and caves
eisewhere (e.g. at Bieber).

(iii) these limestones appear to lie over a karste-
eroded area of reef limestone in which pelagic mud was
deposited prior to deposition of the limestones here
described (see page 261 ).

(iv) the limestones dealt with here commonly contain
Amphipora, normally not found in foreereef limestones
and certainly not seen in fore-reef limestones deposited
at a great distance frgm t!}a_ :‘a_c.f.

As an alternative to the above interpretation, it is
suggested that the limestones of this facies were not
deposited on the lower fore-reef slopes, but on the upper
slopes or on the reef-margin area itself, and that they
represent sbort-lived “shelf-sands"™ deposited on or
immediately seawards of the reef-margin in the period
between reef destruction and the onset of pelagic
sedimentation. The upwards decrease in importance of
"reef" skeletons in these sediments is thus interpreted

as being due not to increasing distance from source but



to the progressive elimination of that "source"™ through
reef death, erosion, and subsequent subsidence,

Cap-like deposits of skeletal (mainly crineidal)
sands are commonly found above Devonian reef-limestones
in Burope (Xrebs, 1966, 1968, 1971, 1974) and Canada
(Mountjoy, 19673 Leavitt, 1968)., In all cases they
are succeeded stratigrapbically by nodular calcilutites,
Analogous situations are found also in many areas of the
Alps, where erinoidal biosparites are commonly found
irregularly developed between karst-eroded Triassic
and Lias:ié reef and shelf carbonates and younger Jurassic
nodular pelagic limestones (see Jenkyns, 1971 for full
references).

The wellewashed nature of at least the lower
limestones of this facies indicates that these sediments
were deposited in a high-energy envirenment, In this
rﬁnpoct they differ from the faunally similar reef-distant
limestones which contain a high proportion of fine detrital
matrix, The degree of sorting of the erinolid ossicles
is not taken to be a reliable measure of environmental
conditions, since the pogt-mortem behaviour of crinoids,
when subjected to current movement, makes winnowing and
sorting difficult (Cﬁin, 1968)., Shallow marine
conditions aro_alao indicated by attempts, early in the
sequence, by colonial rugose avd tabulate corals, to
reestablish biolithites similar to the Alveolites~
stromatoporoid biosparudites of the underlying Dorp Facies.

Failure to reestablish reef-conditions is thought to be

b J
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due to resumption of subsidence after emergence at too
fast a rate for "reef-organisms" to sueccessfully
recolonize the old reefl surface. Conditions at this
time are thought to have been very much like those in
parts of the backereef flats in the lee of the Dorp
reef-margin, where prolific crinoidal growth also
occurred, as fossils (e.g. Amphipora) typical of backe
reef, but never of fore-reef Dorp sediments, are eonn&n
in the Iberg limestones.

It is therefore concluded that these sediments were
formed in shallow water conditions above a dead reef
surface (the hard bottom favouring prolific'drinoid
development (Clark, 1957)) as skeletal sand banks,
Continued subsidence throughout the A.triangularis zone
resulted in the elimination of these sediments in the
lower gigas zone and to their replacement by carbonates
lacking a benthomic fauna or flora,

There is considerable evidence, however, (crinoidal
deposits in fissures of tolIl 3 and Cullp/Y age) that
similar conditions to those described above either
persisted in a few areas on the dead reef surface
throughout the Upper Devonian and Lower Carboniferous or,
more likely perhaps, that such conditiens were reestablished
locally through tectonic uplift associated with fissuring
at certain periods in the Upper Devonian and Lower

Carboniferous (page 24%).



Qolitic Facies
This faclies is restricted to the Lower Carboniferous

(CuIII< ) in the studied area and is represented
only by fragments within "deeper-water" breccias in the
area north of Konigsberg (Chapter 3, page 70 ).

Though not temporally connected with the main
carbonate development of the Rodheim-Bieber area, the
presence of ocolitic limestones is indicative of shallow
water conditions on the Schwelle long after the cessation
of reef growth, and Lherefore provides important
information on the post-mortem development of the
rveef-complex,

The rocks of this faclies are all oosparites, in
places grading into oomicrites (FPig 5.23f). Crineids,
mainly marginally micritized, are by far the most
important faunal constituents and commonly act as nuclei
for ooids, though foraminifera (mainly Endothyra, but
arenaceous forms also present) are also common both as
nuclei, and lying free in the matrix, Fragments of
brachiopods and fenestellid bryozoans are seen, but are
unec onuon, Microsparite intraclasts occur and they too
act as oold nuclel, Some are "riddled" by meandering
silicified tubes which resemble Girvanella and are
interpreted as such, These intraclasts, therefore,
resemble the Girvanella "lumps" seen in many Dorp
limestones. 5ilicified tubes of this type are also

present within the cortex of oolitic coatings. Ooids

are very common, most fossil fragments having oolitic rims.
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All have been silicified (see page 379, figs 6.5,c+d. ¥e
though fine concentric and radial structures have been

preserved, Broken and recoated oolids are common,

cussio
Modern ooids occur in a very limited range of
environments, often with waters supersaturated with
calcium carbonate. Within these environments ooids are
normally restricted to water depths of less than 2 metres,
though ooids have been noted in depths of 10-15 metres
(Newell et al, 1960)., Shallow water ooids generally
form in high energy environments, strong agitation
producing multiple oolitic coating. Ooids found in
deeper waters are normally only superficially coated
(Bathurst, 1967b). Because of the well developed oolitic
rims én nuclei and the presence of stenohaline fossils,
the oolitic sediments found here are interpreted as
ancient analogues of the marine ocolitic sands at present
forming in marginal areas of the Bahama Bank (Newell et al.
ope. Cite)s The present location of these ocosparites as
fragments within deep water breccias suggests that they,
like their modern counterparts on the Bahamas platform,
formed close to the edge of the schwellen top (Ball, 1967).
The importance of this facies, as mentioned above,
is that it provides proof of shallow water conditions on
the Bieber Schwelle long after the cessation of reef-
growth in the Middle Adorf.

The timing of this renewal of shoal conditions
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coincides with the resumption of volcanism on the

northern edge of the Bieber Schwelle, ' It is
therefore inferred that the reduction in water depth
was due directly to this veolcanic activity. Such
shallowing could have been brought about in either
of the following ways:

(a) Lavas extruded on to the sea bottom, could
have accumulated to such a thickness that the top of
the volecanic plle either emerged above sea level or
came close enough to sea level to allow shallow water
carbonate sediments to develop. As the estimated
maximom thickness of the Lower Carboniferous volcanics
is around 250m. (Kegel, 1933), this would imply that the
vater depths at which the Upper Devonian pelagic
limestones were deposited were of that order of
magnitude and were thus certainly not abyssal,

{v) Local shallow water areas could have been
formed by block faulting associated with volecanism,

A number of large faults are present in the area; many
are of Tertiary age but some are Variscan and may have
been initliated prior to orogenesis. The fact that these
oolitic sediments are now found only in "avalanche"
brecclas in deeper water oif-rise environments strongly
suggests that some rapid fault movements did occur

about this time,

* Volcanism is dated as Cullp (anchoralis zone);
the breccia dated at Cullle ; but rock fragments in
the latter are probably of Cullj/¥ age (anchoralise-
bilineatus interregnum),



The second alternative is considered the more
probable explanation, though the evidence now
available is not sufficient to draw firm conclusions.

The oolitic sediments are equivalent in age to
the youngest fissure and cavera fillings at Eberstein
and Bieber (pages l,8+2:5 ). The reopening of these
fissure systems too is thought to be a result of
volecanic activity. The fissure-filling sediments,
however, do not show any definite characteristics
of shallow water formation and could have formed at
depths below those at which the oolitic limestones
formed but probably at depths shallower than those
at which the bulk of the pelagic limestones were

deposited.



sures

High angled neptunean dykes (here termed "fissures")
are common in the massive limestones in the quarries
at Bieber /70890, 10500/ and Eberstein /69150, 11850/
and are intermittently seen in roadside exposures of
massive-limestone between these two localities (Fig 5.24).
Sediments, interpreted as fissure fillings because of
their lithological similarity to undoubted fissure
fillings, were found also in the mine dumps at
Konigsberg /68060, 118607
Orientation and age

The fissures are generally straight sided and
maintain a fairly constant orientation at any one
locality. Fissures from differemt localities, however,
differ in their orientation (Fig 5.24). The directions
followed by fissures at all localities are major tectonic
joint directions, but the fissures predate orogenic
deformation and many were initiated at a very early
stage in the Upper Devonian, as can be proved by
conodonts from the sediments filling them. Because
of the constancy of direction regardless of age of
infilling, fissuring probably occurred in one phase,
though fissures were reopened at later times,

The oldest datable fissure sediments at Bieber
are almost contemporaneous with reef growth (A.triangularis
gone (toId)), Fissuring, therefore, must have taken
place during the period when the reef was actively

growing or very shortly afterwards. Indeed, it is
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possible that fissuring and cessation of reef growth
were connected (page %64). Pelagic nodular limestones
above bedded massive limestones at Eberstein are not
fissured. The youngest rocks in which sigas of
fissuring were found were of upper gigas-triangularis
age, and in these fissuring was on a small scale.

Fissuring described from other areas of the
Rheinisches Schiefergebirge appears to follow this
pattern (Krebs, 1972).

exten

The extent of fissuring is difficult to assess as
nowhere was the top of bottom of a fissure exposed, but
most apparently extend vertically up quarry walls for
20 metres or so without interruption, Exceptions to
this are found in small localized fissures which are

seldom more than a few metres long.

Fissure fillings

No two fissure fillings are exactly the same, and
some aspects of sedimentation within a fissure wvere,
no doubt, unique to that fissure. The range of fillings,
however, is limited, though many combinations of each may
be present in any one fissure, either representing
different pulses of sedimentation during one episode of
fissure filling or different phases of sedimentation
resulting from repeated opening of fissures, In the

former case the sediments will normally be more or less



conformable with no time gaps. In the latter ca;a. later
sediments will transect, and sometimes include fragments
of, older fillings and a substantial time gap may exist
between filling episodes,

Six main types of fissure filling can be recognized.
The main features of these are summarized in Fig 5.32
and they are discussed in detail below,

(1) Loealssed irregular small fissures, less than
a few metres in length, contain only material derived
from the immediate surroundings (i.e. wall rock fragments
and initial cement), There is no evidence that material
was introduced from outside the immediate area (Fig 5.25a).
These fissures are not early diagenetic features, since
they transect cavities already cemented by fibrous
caleite, but are definitely pre-tectonic in age as they
are cut and offset by tension gashes (Fig 5.25b).
No difference in age between country rock and cavity
£ill could be detected,

Fissures on a larger scale are more widespread.
They are usually straight edged and have sharp
boundaries against the country rock (Fig 5.25¢). In
the simplest cases, these fissures are filled by fibrous
calcite crystals growing normally to the fissure walls,
Such fissures are small (less than 2em. wide)., With
increasing thickness they grade into "compound" fissures,
in which sediment of some type is included between these
crusts of fibrous calcite (Pig 5.25d).

(ii) In thin fissures (less than 5cm. normally)
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(a)

(v)

(e)

(a)

s e —— —

Near vertical small fissure partially filled with
broken carbonate debris, cutting primary cavities and
sheet cracks cemented by fibrous calcite, in Iberg
limestone. Concordance between sediment levels in
fissure and host rock indicate that fissure formation
was pretectonic, Sparry calcite cement in fissure
suggeste subaerial cementation, Thin section,
plane polarized light, Scale bar = 1mm,

Sample no. E110,

Small fissure (as above)(centre vertical) offset to
left by tectonic veins, Field photograph.
Scale given by hammer, Eberstein, Iberg Limestones.

Sharp edged fissure, cutting Stachyodes~-Thamnopora
biosparudites, composed of many layers of fibrous
calcite crystals growing normal to fissure edge.
Thin light band in centre is light pink mierite,
other bands are zones in fibrous calcite. Field
photograph, Scale bar = S5em, Bieber quarry,

Detail of (c¢) showing sharp fissure junction cutting
fossils ) and matrix alike, Dense
band on left edge of specimen is micrite, other bands
are clouded and clear fibrous calcite. Hand specimen,
Scale bar = 1em, Sample no. B6O,






the most common sediment found is grey-pink or red

structureless micrite. In wider fissures (up to 20em.

observed width) this micrite is sometimes graded

(Fig 5.26a+b), in others fenestral voids and sheet-

eracks are developed within the micrite, in places so

intensively that the fissure sediment consists of

alternating bands of micrite and fibrous calcite (Fig 5.26c).

The general absence of fossils (conodonts were

present in only one sample) may be due to introduction

of micrite into the fissures through fine openings

through which materialcoarsa than silt grade could not

pass, or possibly through derivation from an unfossil-

iferous source, Derivation from "terra rossa®™ forming

on exposed limestone areas has been suggested as a

possible source for sediments of this type (Fischer, 1964;

Krebs, 1971). Whatever the source, the absence of

sedimentary structures other than graded bedding and

small scale deformation structures in some layers, suggests

that these sediments were deposited in a calm environment.
(i1i) Red micrites containing scattered ostracods

and rare fragments of feno-fellid bryozoa and crinoids

are found in many fissures. Sedimentary structureé

are rare but cross bedding is sometimes present,

It is possible that such structures could be due to

water movement in the fissure, but may possibly

represent structures formed by interaction of several

cones of sediment continually building up on the



(b)

(e)

(a)

Graded nonfossiliferous micrite filling large fissure
in Stachyodes~Thamnopora biosparudite, Note
graded bedding in fissure sediment. Both fissure
‘and host sediment are cut by irregular tectonic
veins, Hand specimen, Secale = lem.

Sample no, E66a,

Detail of above showing fine graded micritic infill,
Methylene-blue stained peel, negative print plane
polarized light, Scale bar = Tmm,

Fissure filling consisting of altermating horizomtal
layers of unfossiliferous micrite (graded in places -
lower centre) and fibrous calecite, Washout and small
scale deformation structures are also seen in some
micrite layers, This rock resembles the "Zebra-
rock" fissure fillings of Fischer (1964), Hand
specimen, Scale = lcm, Sample no., E36a.

Large multiple fissure, rimmed by thick fibrous calcite
erusts, cutting Alveolites-stromatoporoid bioesparudites.
Centre of fissure filled with red erinoidal micrite.
Note parallel thin fibrous-calcite filled fissure
cutting lamellar stromatoporoid to the right of the
large fissure, Field photograph, Scale given by
pen. Blieber quarry.







fissure floor by sediment "avalanching" down into
the fiasuro.‘

(iv) Red micrites, packed with Wnabraded, non
algal-bored, crinoid ossicles are common in younger
fissures (Fig 5.26d+Fig 5.27a). The presence of still-
articulated ossicles suggests that the crinoids did not
undergo much transportation prior to deposition in the
fissures, They possibly represent the remains of
erinoid "meadows" on the limestone surface above the
fissure. The depth at which these crinoids grew is not
known, but the association with rare brachiopods suggests
depthe in excess of those in which "reef" limestones
could develop, but shallower than those in which the
majority of pelagic nodular limestones were deposited.
Alternatively, substrate type rather than depth may
have been the primary control on the growth of crinoids.
If this were the case, then perhaps rocky exposures of
the former reef surface provided an environment more
suitable for crinoid development than the surrounding
"muddy"® pelagic carbonate bottom.

(v) ¢rinoidal mierites also form the matrix of the
youngest fissure fillings (Fig 5.27b). These differ
from the other fissures discussed in having very

irregular wall edges, no fibrous calcite wall linings,

* Lithologically these sediments bear a close
resemblance to the nodular limestones, but lack
most of the fossils commonly found in nodular
limestones of equivalent age.

™



and in containing angular clasts of surrounding

country rock, as well as fragments of former fissure-
filling sediments of types (ii) and (iv) (Fig 5.27¢).
The irregular brecciation and rapid filling of these
fissures was probably "triggered-off" by contemporaneous
volcanism of Cullp /¥ age. Though no volcanic rocks
of this age occur on the southern side of the Bieber
Schwelle, the higher insoluble residue content of these
sediments (Appendix II) may indicate a contribution from
volcanic dust, These sediments resemble, and are
equivalent in age to, the Erdbach Limestones I (Krebs,
1966).,

(vi) In contrast to the predominantly muddy
sediments discussed above, the only other fissure
sediment observed is a well-washed biosparite composed
entirely of articulated and disarticulated shells of
brachiopods (mainly aff. Iso » Pugnoides, Donella,
in part) (Fig 5.274). Sediment of this type was found
overlying red micrites of type (iii) at Bieber.
Conodonts from the biosparite gave an age of tolj/y ,
whereas those from the micrite below were of tolX/} age.
The underlying apparently younger sediments are however
cut by the overlying biosparites, indicating that the
latter are in fact the younger, and that the sparse
conodont fauna recovered was probably reworked from the
host limestone,

Well-washed shell accumulations have been moted

previousaly elsewhere in the Rheinisches Schieferbirge,

N
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(v)
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(a)
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Detail of Fig 5.26d, showing (from left to right)
(1) multilayered fibrous calcite crust, (ii) red
unfossiliferous micrite, cut by (1ii) red crineoidal
micrite. The latest sediment in filling is itself
cut by thin fibrous spar filled fissures., Hand
specimen, Scale = 1em, Sample no, B61,

Red-brown "shaly" erinoidal micrite, cut by clay seams
("flasers®), containing fragments of red unfossili-
ferous micrite (centre right). Methylene-blue
stained peel, plane polarized light, Scale bar =
lmm, Sample taken from matrix of (e) below,

Extrasparudite-type fissure filling, Poorly sorted
angular fragments of Dorp limestone (centre), fibrous
spar (white fragment, right) and previous fissure
fillings in dark red shaly crinocidal micritic matrix
(see (b) above). Note fissure sediment .infill in
cavity in massive limestone fragment (lewor centre).
Hand specimen, Scale bar = lem, Sample no, BG63,

Brachiopod biosparite consisting entirely of overe
pacikked, articulated and disarticulated brachiopod
shells, Many shells contain geopetal internal
sediments (grey mierite). All pore spaces are
filled by fibrous calcite. Hand specimen,

Scale bar = 1cm, Sample no, B57.
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but they do not always contain brachiopods, Cephalopods,
bivalves, and corals have been found (Krebs, 1971, 1974).

Brachiopod fissure-fillings are, however, not
uncommon in the geological record. Fillings very
similar to those described here have been noted in
Triassic limestones in the Alps (Fiouhor, 1964; Scholl
and Wendt, 1971). These occurrences have been
interpreted as near life-assemblages of fissure-living
faunas.

In modern corale-reef environments, bfaehiopoda are
restricted to fissures and caves within the reef frame~
work (Rudwick, 1970)., It seems possible, therefore,
that such environments were also preferred by at least
some Devonian brachiopods. Jux and Stauch (1965)
concluded that the Middle Devonian brachiopod
Martinia inflata, which occurs in shell pockets within
the Lower Plattenkalk of the BergischeGladbach-Paffrather
area, lived in just such environments within a karst-
eroded limestone surface.

In the present case, well preserved articulated
brachiopods are rare in most of the massive limestones.
Scattered shells occur in fine calecarenites, but in
coarse biosparudites only broken disarticulated shells
are seen, large concentrations of well preserved
brachiopods being found only in fissures (as at Bieber)
and in pockets in massive stromatoporoid biolithites of
similar age normally "riddled" by solution caverns

(see below) (as at Eberstein). In the latter case,
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however, the brachiopods do not appear to belong to

the same genera (and are possibly Atrypids).

e sm of T fil
Fissures similar in many respects to those
described above have been interpreted as having been
filled from below (Pray, 1965) and from above (Lewis,
1973 ). The age of the fissure sediments proves that

they were filled from above,

use of f

Fissures can be produced in limestones by two main
means i

(1) karst erosion.

(2) tectonic fracturing.

Karst erosion is rejected as a primary cause of
fissuring for the following reasons:

(a) the edges of most fissures are straight, sharply
defined and parallel; not curved or irregular as one
would expect if due to solution,

(b) fissures maintain a constant trend at any one
locality., In this respect they are more like joints or
igneous dykes than solution pipes.

Tectonic fracturing is, therefore, suggested as
the cause of fissuring, though the possibility of later
karst exploitation of these fissure systems is not ruled
out, and did apparently take place in the Tertiary.

The fissures described are very like thqae described

from the Triassic and Jurassie of the Alps (Fischer, 1964,



von Schlager, 1970; Wendt, 1971; Schdll and Wendt,
1971; Xrystyn, Schaffer and Schlager, 1971), from the
Devonian (Krebs, 1965, 1971; Franke, 19713 Szuleczewski,
1973) and from the Silurian (Manten, 1971).

In all of the above examples, tectonic fracturing
is thought to have been the primary cause of fissuring.
In the case of the Triassic and Jurassic Alpine fissures,
differential subsidence between a southerly basin area
and northern shelf area is thought to have led to
eracking of the shelf edge area with the production of
fissures parallel to the shelf edge. Such a mechanism
is not thought feasible for production of fissures in
the studied area since those described here are radially
distributed around the Bieber Schwelle schalstein area
and are thus almost normal to the supposed "shelf"
edge (Fig 5.24).

Voleanie updoming is thought to have caused the
fissuring for the following reasons:

(a) Orientation of fissures in a radial pattern
suggests a process of formation in some ways similar to
that responsible for radial igneous!dyke swarms around
voleanic centres.

(b) There is a strong temporal relationship
between cessation of reef growth and fissuring which
could be due to some kind of volecano-tectonic activity
capable of raising the reef above sea level, No
extrusive rocks of this age are known in the Rodheim-
Bieber area, though they occur elsewhere in the Lahn-Dill

area (Krebs, 1966; Quado, 1965; Goldman, 1968).



(¢) An equally strong temporal relationship exists
between Carboniferous volcanicity and reopening of old
fissure systems.

As the upper surface of the massive limestones is
rarely exposed and schwellen~basin transition zones are
nowhere exposed in the studied area, it is not possible
to determine how much surface damage was done to the reef-
complex by this fissuring. In the Carboaiferous
fissuring occurred immediately before deposition of
cosparite clasts in the basin area to the north of the
schwelle (page 70 ). Fragments of lithified massive
limestone of both Adorf and Lower CarboniferQua age are,
however, found in basin areas bordering Schwellen
elsewhere in the Lahn-Dill area (Krebs 1965; 1971, 1972,
1974).

Caverns

Closely associated with the high angled fissures
discussed above, there also occur nearly horizontal
cave systems, which, in contrast to the fissures, are
not straight sided but branch through the host rock at
several levels, These anastomising cave systems are
here described as "caverns" though no genetic connotation

is necessarily implied by this term,

Location

The caverns are found in two main areas: in Bieber

Quarry where they have been found in loose blocks and



only rarely in situj; and at Eberstein, where they
appear to be restricted to the northern part of the

main guarry occupying a zone about 30 metres thick,

in which the host limestones are generally more distinctly
bedded than the main mass of limestone in the quarry,
This cavernous zone is overlain by well-bedded Iberg
limestones and then pelagic nodular limestones, neither
of which show any signe of caverns. Cavern-like
sediments have also been seen in roadside exposures
between these two localities at Rehmuhle and in the area
south-west of Rotesirauch, but at these localities the
field relations of the sediments were difficult to

study due to lack of exposure.

Size

Because of their ramifying nature, the absolute
size of these caverns is difficult to assess. At
Bieber they are limited in the exposures seen, being
less than a few metres thick in total, but "roof pendants”
and wall extensions commonly extend well into the cavern
systems making them appear smaller (Fig 5.28a). At
Eberstein the caverns appear to be larger with many metres
occupied by cavern sediments in places. Assessment
of the actual shape and size of the caverns at Eberstein

is made difficult because later karst erosion (Tertiary)

* (A sample from this locality showing dissolution
features and later infilling by micrite was figured
by Krebs, 1971).



has exploited these cavern systems, and many areas are

now occupied by slumped masses of Tertiary sediment.

Age

The precise time when cavern formation took place
is, unlike that of fissuring, difficult to assess
exactly and may have been polyphasal.

At least some of the caverns are thought to have
formed at an early stage after limestone lithification
for the following reasons:

(i) Sediments in many of the fissures gave
conodont ages contemporaneous with those of the host
limestone. The conodonts may have been reworked from
the limestones but mo conodonts of a later age were
found in such sediments,

(11) Some of the sediments contain contemporaneous
tpeef" organisms (e.g. Amphipora) not rimmed by cement,
suggesting that cavern filling took place while such
organisms were still actively growing at the surface.

(1i1) Likewise styliolinids form important constituents
of one type of cavern sediment, As this group became
virtually extinct in the late Adorf, an early upper
Devonian age of cavern filling is indicated.

(iv) Caverns are restricted to Adorf limestones
and are mainly found in the upper parts of the Dorp
limestones, Similar caverns in the Alpine Triassic
are likewise found near the upper boundary of reef and

shelf carbonate sequences (Wendt, 1971).



(v) No caverns, other than primary voids, are found
in the bedded calcarenites of lower P, gigas age lying
above the Dorp limestones, nor in the nodular limestones
above these,

All of the available evidence therefore indicates
that, like the fissures dealt with above, initial cavern
formation took place in the A, triangularis zone (teI ),
though these cavern channels may have been exploited, as
was the case with the fissures, at several periods

thereafter.,

Cavern sediment fillings
Unlike the majority of fissures described above,

fibrous calecite crusts are not found on the walls and
roofs of sediment filled caverns, Only three sediment
types are found (see also Fig 5.32 ):

(1) In the smaller caverns (e.g. at Bieber, Rehmuhle,
Rotestrauch), the wost common sediment is a pink, red
or buff fenestral sparse biomicrite (Fig 5.28b).
These are similar to the sparse biomicrites seen in
some fissures and may be genetically related to them,
In this case, however, the sediment does not 1ie in
sharply defined calcite lined fissures, but in a series
of interconnecting dissolution channels transecting host
rock allochems, cement and matrix (Fig 5.28a). In some
cases clear evidence of cross-=cutting of earlier micritic
sediments (possibly also cavern.sodimont-) can be seen

(Fig 5.28d). These infillings appear to be earlier than



(a) Sediment filled caverns in Stachyodes-Thamnopora bio-
sparudite, At least two generations of sediment
infilling are present (i) light grey-pink
unfossiliferous micrite, filling pockets in lower
half of limestone block, and (ii) dark red-brown
fossiliferous micrite filling large pocket in centre
and smaller pockets lower in block, The shapes
of the caverns here are very complex due to the
protrusion of bridges and roof pendants of hest rock
into the cavern areas, Field photograph, Scale
bar = S5em, Bieber quarry.

(b) Detail of light grey-pink micrite from (a) showing
small fenestral wvoids, Such voids normally occur
in horizontally aligned zones. Peel, plane
polarized light, Sample no, B72, Scale bar = (mn

(¢) Detail of red-brown micrite infilling solution cavities
in (a) above. Both rugose corals and fibrous
calcite cement rims are transected by the sediment.
Hand specimen, Scale bar = Tem. Sample no. B73.

(@) Pink unfossiliferous micrite "ecutting” lithified
fossiliferous biomiecrite (possibly also a cavern
filling), Peel, plane polarized light,

Sample no, W10, Scale bar=z 0°'Sem
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the others described below, though they do not contain
conodonts, »

(1i) Lying above the above-described sediments at
Bieber and in caverns of A, triangularis age at Lberstein,
one finds red or brown micrites or microsparites rich in
ericoconarids (Fig 5.28¢)., “These sediments also
contain fragments of trilobites, ostracods, crinoids
and bryozoans, and, at Eberstein, commonly pieces of
Amphipora (Fig 5.31a).

Conodonts obtained from Eberstein 1adioatq that the
filling is not much younger than the host rock, both
yielding conodont faunas belonging to the same zone.

At Bieber the sediment yielded comnodonts of Givetian to
lower Adorf age, but as the faunal diversity was small,
all conodonts were "conservative" forms, and the filling
occurred in host limestones of undoubted lower Adorf age,
cavern formation prebably occurred at about the same
time as at Eberstein.

At Eberstein, the relationship between the cavern=-
£i11l sediments and host rock is more complex than at
Bieber. The cavern sediments here lie near the top of
the Dorp limestone sequence, a few metres below the base
of the Iberg limestones (Fig 5.30).

The lowest cave deposits found, like those at Bieber,
occur as irregular pockets cutting organisms and cement
alike (Fig 5.30A, Fig 5.31c). Above this horizom,
however, a distinet irregular widespread jumction is

found between massive limestones and cricoconarid



Serial section through specimen from base of crico-
conarid mudstone unit (B in Fig 5.30).

Black areas: "reef" organisms, not in growth position,
often overturned,

White areas: fibrous calcite-filled voids,

Coarse stipple: cricoconarid microsparites.

Fine stipple: fine micritic internal sediment,

The following sequence of events can be reconstructed
from the serial sections shown:

(1) "Reef" organisms were dislodged from position of growth
and deposited either individually (e.g. Alveolites,
lower right corner of 1-8), or as interconnected clusters
(e.g+ Stachyodes, upper right, 1=9) on an irregular
solution-relief surface,

(2) cricoconarid microsparites with stems of ora, were
rapidly deposited over skeletal rubble with the formation
of shelter cavities below and between some large skeletons,
(The presence of Amphipora in the mudstones suggests
that they either passed through areas in which
grew, or that AE!E*%EE. actually grew in places on the
dead-reef, and 8 simply incorporated within the mude
stones when they were deposited).

(3) Pine suspended clay sized material settled out forming
fine internal sediment in shelter voids,

(4) The cricoconarid mudstones were lithified,

(5) Renewed solution(?) of rock produced Stromatactis-like
cavities, with no apparent roof support, These cavities
are extremely irregular in shape and interconnect in
three-dimensions, They are considered to be post=
lithification features as thin almost vertical and
therefore presumably cemented pillars of cricoconarid
sediment separate adjacent cavities in places (see 5).

(6) Again, fine clay-sized material settled out of
suspension onto the floers of these cavities,

—
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D l] iJ Bedded Iberg limestones.

Pure Cricoconarid microsparite zone (sediment laminated towards top).(Fig.ﬁ.}lb)

Cricoconarid microsparite & disorientated 'reef' organisms. (Fig.5.29)

Junction between cavern sediment % host limestone.(Fig.5.31a)

ﬁ#m;.?

Host limestone permeated by solution channels filled with cricoconarid
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/
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microsparite.(Fig.5.31c)

/
L

Host limestone unaffected by cavern sysltems.

Stachyodes-Thamnopora biosparudites)
J

Fig. 5.30. Diagram illustrating the rolation between cricoconarid microsparites

and massive limestones in the northern part of Eberstein quarry.



microsparites, the latter containing many large

(greater than 5em.) dislodged unorientated stromatoporeid
and tabulate coral skeletons at the base (Fig 5,308,

Fig 5.31a). The presence of calcite filled shelter
cavities below skeletons indicates that the mlicrosparite
sediment was deposited after the skeletal material

(Fig 5.29, 1«9). The cricoconarid sediments above

this zone lack large skeletons, (though stems of
Amphipora are common) and within 1 metre of the junction
are finely laminated (Fig 5.30C). An erosional gap
intervenes at this point below the basal limestones of
the Iberg Facies (Fig 5.30D).

The cricoconarid microsparites are interpreted in
this case as sediments deposited on and within an
exposed cavernous limestone surface, The uppermost
sediments are thought to have been deposited on a dead
reef surface, the lowermost infillings within eroded
cavities within the rock itself. Evidence of renewed
solution after lithification of these sediments is
provided by the presence of Stromatactis-cavity networks
throughout the mudstones (Fig 5.29, 1=9).

(iii) Red-buff crinoidal mudstones occur as cavern
fillings only in the upper part of the Dorp sequence at
Eberstein, where they are found several metres below the
cavern fillings described above.

These sediments are similar in many respects to the
matrix of the extrasparudite fissure fillings. Crinoids,

unbored by algae but often broken and disarticulated,



(a) Irregular solution relief between cavern filling
cricoconarid mudstones above and Stachyodes~
Thamnopora biosparudite below, Note the
Amphipora stems at the base of the mudstones,

Such stems commonly occur in this sediment but are
extremely rare in the underlying massive limestones.
fiand speéimen, Scale bar = icm, Sample no.
Eberstein quarry, E86,

(b) Detail of upper sediment in (a), showing cricocomarid
shells in fine microsparite matrix. Near the base
of this sediment, small foraminifera (Bisphaera sp.
and Renalcis) have also been found, Thin section,
plane polarized light. Scale bar = 1mm.

Sample no, E86,

(¢) Cavernous zone in massive Dorp limestones below (a).
Internal sediment filled cavities cut both skeletons
and fibrous calcite cement. Peel, plane
polarized light, Negative print, Scale bar = 1mm,
Sample no, E84,

(d) "Massive" red-brown erinoidal mudstone composed almost
entirely of broken crinoid fragments in a fine
"shaly" caleareous matrix, Methylene-~blue rtained
peel, plane polarized light, Scale bar = 1cm,
Sample no, ES81,

(e) "Graded” red<brown crinoidal mudstone. The layer of
overpacked crinoid ossicles (top) marks the base of
a "graded" unit, lying on top of several other
graded units, Methylene~blue stained peel, plane
polarized light, Scale bar = 1um. Sample no. E81,
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are virtually the sole faunal constituents, though
conodonts do occur also, Small quartz grains are
found sporadically in the matrix which is of clay size,
varying from dominantly calcitic near the base of the
cavern complex to shaly (or tuffitic(?)) towards the
top. The lower sediments are of rhomboidea age
(toXIz) (the same as lithologically similar crinoidal
fissure fillings at Bieber) and are poorly bedded

(Pig 5.31d). The uppermost sediments contain conodonts
of the bilineatuse-anchoralis interregnum (CulXjf/Y)

and are thus equivalent in age to the extrasparudite
fissure fillings found at Bieber, These sediments are
often conspicuocusly graded (Fig 5.31e) indicating that
filling occurred in short pulses rather than in one
filling episode.

Thin cracks in the limestones below these cavern
systems are often filled with the fine matrix of the
above sediments, Some of this material has even
managed, in places, to filter down into unfilled wveoid
centres within the Dorp limestones, giving rise in some
cases to mixed conodont faunas reflecting both the age
of the limestone and of the fillings (Specimen E69a,

Appendix III),

Cause of Cavern formation

The origin of the caverns in the Rodheim-Bieber
limestones is thought to be intimately linked with the

origin of the fissures for the following reasons:



(i) phases of fissure formation and filling are
exactly matched in time by phases of caveran filling.

(i1) the sediment types found in fissures are also
found in caverns,

The general succession of fissure fillihgs through
time is alsc seen in cavern fillings,

Either the caverns were formed in the same manner
as the fissures (i.e, tectonically) or they were formed
by karst so;ution of the limestones at the time of
fissuring.,

A purely tectonic origin is here rejected because
the caveras show none of the structural characteristics
shown by the fissures:

(a) they are not"clean-cut" straight edged features.

(b) they show no parallelism in their development.
Rather their irregular ramifying form and the manner in
which the caverns cut irregularly across cements, matrix
and in some cases fossils, suggests that solution was the
prime force in their formation, Furthermore, when field
relationships, between cavern fillings and the host rock
are seen, they are seen to be solution and not structural
features,

The temporal coincidence between fissure and cavern
formation therefore is thought not to be due to a single
origin for both, but that both resulted from the same
primary cause (i.e. "igneous activity"), the fissuring
directly, through fracturing of the rock, the cavern

formation indirectly, through solution of the limestones
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Summary of faunal, floral and lithological features of fissure and cavern sediments.



resulting from emergence and exposure of the reef due to

updoming of the schwelle,

Origin of cavern se nt

In many respecits the sediments found in caveras
differ little from those found in fissures of equivalent
age and a common source is likely. Two elements are
met with in cavern sediments whieh are not seen in

fissure sediments, however, and warrant further discussion.

s ton

Deposition of lower Carboniferous fissure and ecavern
fillings took place immediatlaly after a period of active
vulcanicity, and it is likely that the tuffitic matrix
may have been derived from erosion of volcanic tuffs.

The eroded material was then transported into the cavern
system picking up crinoids in its path. The repeated
graded bedding seen in these deposits may indicate
repeated spasms of sediment influx,

ii) the cricoconarid micros e

Faunally and lithologically these sediments most
resemble the pelagic limestones of the same age deposited
in the wWestern edge of the schwelle, but differ mainly in
the common inclusion of Amphipora stems, Amphipora is
generally most common in"back-reef" environments and is
rare in "fore-reef" situations, This sediment, therefore,
probably marks the breaching of the "barrlier" between
"off-reef" and "back-reef" areas, and is interpreted as a
pelagic sediment swept onto the reef area after cessation

of active reef growth,



