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-cocyncline (sediments
czmosed in the Rheinicches 3Schicferrebirre rnl florn Yountring,
Centrel Ce-meny) condensed releqic limesionecs, locr1ly rich in
cenhrlonods (Cenhelovodenkelk), cccurulcted or submarine rises
(terned Schwellen). These limestones nres loterclly into chrles vith
nodules cnl noduler linmestonec commonly involved in sedimentory
slumninge ér revorkin~ which were dewsosited or the slones of the
Schrellens 3ilty chelesy loeclly with turbidites were denosited in
the iceper weter creas (Teciien) between the rices. The cephclorod
limzctones ocour in three situctions, above brserent rises (geanticlines)
submerred reefs ana volccnic ridges. The Schucllen frcies s fvesent
elsevhere in Iurove, narticulerly during the Unper Devonian?J cs
been exenined in S.7. dnglend end the Vontr me lLoire (S. Freonce).

The denth of denosition of the nelagic limestones probably did
not exceed z few hundred metres znd in some ceces wes 50 m or less,
There is no evidence of cmersion ~nd 211 early cdiercenetic events took
vl~ce subtidally. The basincl sediments vprobebly cccumulated ot
Zenthe in the region of 1000 n.

The Schwellen limestones azre fine grcined corbonates with a
dominently pelegic fauna (cephalonods, thin-shelled biveclves, conodonts
and cricoconcrids) which hezve suffered extensive recrystallization
and are now mostly homogeneous microsvarites. Leminated cerbonetes
and thin terrigenous units occur locelly, the latter indicoting
deposition from low density susvension currents (or possibly nevheloid
leyers). Fossil concentrates of thin-shelled bivelves, cricoconcrids
and octr-cods z2lso indicrte current cetivity.

Lrclz of compoetion ond certein sedimentory structures sugrest eady
lithificetion of the cepheslonod limestones and hardgrounds indicating
synsecimentary cementetion are locelly developed. Planar corrasionel
hardground surfaces cut covity-f£ill cements end skeletal material.
Rediexial cezlcite filling the truncated czvities has nuclezted from

the erosion surfesce indicrting revlecement of an earlier cemmnt.



Crymtohrrorounis hevings curflreco vwith an irreuler relief cnd ~hoving

~

evilicenece of oubcolution rre encrustec vy crencceous forrminilcrc.

Cricoconcric microcoquines were cemented cerly throuch syntrxinl

ov: rerowths. The fivrous ovorerowth crystols, showing some cimilerities

&
with redicxiel celeite, ere o replccenent of an corly sciculer ccment
the host sediment.
sheet creeks in the 3chwellen lincctones filled by microsn»aritie
internel secdirent and rediexial crlcite cre of vericble sice and sheve
enc rre consid red to hove formed by sheor-frilure. Levntunien dylzes

clso occur.

Farromrnsonece encruttrtionc cosocicted with en ructings foreminifera

("rom *he Yontr me I nire) are de-lcted in iron, mensenese and nickel
relrntive to moiern meirrnecse nocules. Chemicerlly the Schwellen
linestones rre comn-rrble with Recent vnelaric sedinents end rre
simificeontly c¢ifferent from limestones of other focies in being

low in msrmesium, high in iron end nmanganese. Differences exict betireen
h nisn Schweidlen limestones, clope end hesinel nodulesi the

slovc sediments with 2 more vorisble chenistry, tend to be cnriched

in mernesium, iron ond mencenesc. The enrichments cre ettributed to

the effects of the slove end movement of connzte woters.
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CHAPTER 1

Introduction

The Unper Tevonian sediments of the Rhenish geosyncline ¥
exnosec in the Rheinisches Schiefergebirge and Horz Mountzins,
Centrzl Germeny, are essenticlly pelegic of two contrasting types.
These are condensed fine grerined limestones, locally rich in cephalopods
(Cephalopodenkalk) and much thicker shales often rich in pelagic
ostracods (Cypridinenschiefer). These two rock-types, deposited at
the same time, may crop out within a few kilometres of each other.
In 1925, Hermann Schnidt susgested that the condensed limestones
accumulzted én submarine rises (termed Schwellen) and that the ostracod
shales were deposited in the deeper water areas (Becken) between
the Schuellen. Rebien (1956) described two tyves of submarine rise,
high Schwellen supporting reefs and shallow water carbonates and
low Schwellen where the deever water cephalopod limestones accumulated.
The Schwellen limestones and ostracod sheles representing pelagic
sedimentation belong to the Hercynian facies of German geologists
(Erben, 1964).

Schwellen limestones,typically with numerous tectonic stylolites
and shale stresks, pass laterally into nodular limestones and
shales with nodules which were devosited in the slope region. The
slope sediments have commonly been involved in sedimentary slumping
and reworking. The basinal deposits are mostly silty shales, locally

with turbidites.

* The term geosyncline for the trough of deposition in the
Rhenohercynian: zone of the Variscan fold belt has been applied by
many suthors (e.g. Aubouin, 1965; Krebs, 1968a; Rutten, 1969) and
is used in this thesis,



Rich founes of the Schwellen limectones, mostly of velagic
orgenisms, hove enabled zonal schemes to be erected for ammonoids
and conodonts and to o lesser extent for trilobites. Much deteiled
stratigraphical work on the Devonian of the Rheinisches Schiefergebirge
anc Harz Nountzins hes been published using thesc faunal elements.
Acdvantege has teen tzken of the German literature on this which
hes enezbled the sedimentological and geochemical work presented
in this thesis to be undertaken and facilitated the placing of samples
and sections stratigraphicolly within the Devonian.

Outside the Rhenish geosyncline Devonian cephclopod limestones
occur in S.W. Englend, Montasme Loire (S. France), the Pyrenees,
the Xastern Alvs, Zaest Germany, Bohemia, the Urals and lLiorth Africa.
Aim of the thesis

This thesis is concerned with the Schwellen, slope end basin
sedaiments anc the aim is towards ah understanding of their sedimentary
anc¢ diagenetic environments. These sediments have not previously
been examined sedimentologicelly in detail and their fabrics,
sedimentary structures and diagcnesis are described. Evidence is
presented concerning the condit;ons end depths of deposition. The
chenmistry of these sediments is discussed as & result of atomic
2bsorption work and comparisons made with Recenb pelagic sediments
end ancient corbonates of other fecies. Ferromangenese nodules were
discovered during the ccurse of this work and these are described
and their sedimentologicel significance discussed. The occurrence
of Schwellen sediments within the Rhenish geosyncline in space and
time is discussed, with their stratigraphical and stiructural association.
Field Work

The Devonian pelagic sediments have been exemined in Germeny,

S. France anc S.W. England. In Germany, the author was attached to

the Geologisches Institut, G6ttingen University, during the summer

of 1969 and April 1970, and examined sections recommended by Professor
D. Meischner in the Harz HMountains and Rheinisches Schiefergebirge.
The Schwellen limestones were examined in detail in the N.W. Harz
where several sections show the transitioy to the basin sediments.

Details of the localities examined with map and literature references



ere riven in Avpvendix 1 . Cettain ereas (Langenaubzch-Breitscheid

(mill Syncline), Lohn Syncline ond the Aitencorn region) and certein
horizons (Kellwesser limestones) were not exomined where Gernmen
reolosiste ere orking (Profescor Krebs eond his students sné ceologists
from Verburg University).

A month was srent in the Yontr-ne Loire, S. Frrnce, in July
1970 when the Upper Tlevonien sriotte wes exemined. A note on the
presence of ferromengrnese nodulec wre nublished recently and is
sppendecd. A visit wos clso nmaid to the Sponish Pyrenees where similar
rocks are exnosec.

In 5.%. Fnsland, the Upner TDevonilan brsinel sedimento were
etudied in the Pedstow region, Ii. Cornwall during September and
Cctober 1968, 2znd Januery 1969. A peper on crinoidal turbidflites
oceurring in this aree was published es 2 result of this work (Appendix).
In South Tevon, the Schwellen fccies has been examined at Chudleigh,
neer liewton Abbot and decever weter shales at Saltern Cove (March 19693
Kay 1970). Research in these two areas in South Bevon with P. van
Streaten (G8ttingen) (October, 19695 January, 1971) using conodonts
for zccurste dating hes been published and is in press. These papers
are 2lso vlaced in the Avpendix.

Generzl Technioues Used

In the field, sections have been measured ané described and
where the sge of the sediment was not known conodonts were obtained
from acetic ceid treatment. Apart from disused quarries, normally
providing continuous outcrov, most exposures are along forest road
cuttings which are frecuenily overgrown or badly weatherecd. The
fine grained nature of the sediments studied, the relative paucity
of sedimentary structures at many locslities and weathering of the
limestone have necessitated the collecting of numerous samples for
examinetion in the laboratory. For geochemical anslyses an unweathered
senple was collected, charateristic of the lithology for each Upper
Devonien stage. Bach semple is shown on the section for that locality (eg<3)-

FPetrological studies of samples collected were made in Reading
with polished surfaces, acetate peels and th$n sections (all made

by the author). Some limestones were examined with the electron



microccope to look &t the finer cetnils of the carbonate febrics.

A selection of senvles from the 3chwellen, slove snd brsinal sediments
was analysed by atomic cbsorrntion. spectrophotometry for the elements
caleium, mecnesium, strontium, iron and mengonese. X-Reay diffraction

tnalyses were uncertaiten to ascertain the minerals present and

insoluble recidues weore zlso dcotermined, Ferromongeonese nodules were
found in the »nelagic limestones from the Hontacne Noire and thecse

vere analysed by X-Rey fluorescence. The inter-element relationships
were established with the eleciron microprobe.
Murther Work

This thesic reprecents the first sttemvt at a deteiled reciment-

ologicel study of the Schwellen Trciec. lony asnects recuire further
stucy. In merticular, the geochemical cata presented here althouch
showing that the neclegic limestones can be distingmished from other
limestones is only o reconnaissance. Further ocnalyses are requirec
with additional elements when it will be vossible to mcke better
compcrisons between the frcecies and with other published work. Further
rnore aetailec palzeoecologiczl work of certain aspects of the fauna
might also be expeccted to yieléd veliable informetion on the environment
of Gdeposition. Kore work on the fine cetails of carbonate sediments
can be made with the scenning electron microscope (the trensmission
electron microscove wrs used in the work here) when it may be

vossible to determine the nature of the original sediment, and perhaps

find relict organic structures.



CHAPTER 2

The Rhenish Geogyncline and the Occurrence of Devonian Pelagic Sediments

The Rhenish geosyncline was a depositional trough from the
Lower Devonian until the Lower Carboniferous and represents the northern
part of the Variscan geosyncline which covered much of Europe. The
01d Red Sandstone Continent and the Brabant Massif formed the northern
margink_ }?nwas bounded to the south by a geanticline (the Mitteldeutsche
Schwellqﬁ Brinkmann, 1948), a land ridge for much of the Devonian and
Carboniferous, which through uplift and erosion provided the synorogenic
flysch of the Rhenish geosyncline. The Thuringian basin, where similar
sediments were deposited, was situated south of the geanticline and
bordered on its southern margin by the German - Bohemian Island, formed
by the Erzgebirge and Fichtelgebirggf'mwo the west deposition in the
Rhenish geosyncline was continuous with that in the Ardennes. The
Devonian and Carboniferous development in S.W. England is very similar
to that in Germany.

The sediments of the Rhenish geosyncline are exposed in the
Rheinisches Schiefergebirge and Harz Mountains (Fig. 2.189. The thickness
of sediment varies across the strike and a total of about 6 to 8 km
were deposited between the Lower Devonian and Lower Carboniferous
(Kegel, 1949; Fig. 2.2). The geosyncline was divided into north-
western and south-east?rn basins ( here fermed Sauerland and Taunus
basins respectlvely? by a mid-geosynclinal ridge upon which sediments
of various types were deposited. The deposits of this ridge, only
20 km wide, are exposed in the Kellerwald where the ridge lis termed



Filre Ze1A Sltetch mon showins locetion of Rhenish geosyncline
within Centrnl Zurope. The Mitteldeutsche Tchwelle
(YeDoCche) senarcted the Rherish fron the

Thurincisn ~cocyncline. (RL'-ScL. * Rheinisches 9““*’“‘0"3‘”’”?)'
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Fig.60. Composite stratigraphic section across the Rheinisches Schiefergebirge, from Essen to Wiesbaden, showing
variations in thickness of parts of the Devonian and of the Carboniferous. (After KeGeL, 1948.)

Pigs 2.2 Section across the Rheinisches Schiefergebirge
showing varictions in thickness of the Lower

and Middle Devonian (:Frem Kegel, 1950).



the Kellerwald - Grossschwelle (Meischner, 1968). On this ridge(Fg.Z7,P3{L
smaller ridges (Ense, Haingrube and Steinhorn Schwellen) were active

at various times upon which pelagic carbonates accumulated. These
sediments form narrow belts of facies along the strike (SW - NE) and
although they may only be a few kilometres across they are seen again

in the Harz (200 km away).

Section 2.1 Volcanism

Three main phases of volcanism occurred in the Rhenish geosyncline.
1) During the Emsian (upper lower Devonian) vast quantities of keratophyres
(lavas and tuffs) were extruded, particularly in the Attendorn region (F@.Z:ﬁ
Sauerland basin). 2) Basaltic spilites (mostly pillow lavas) and
intrusives with subordinate andesites, picrite basalts and serpentinites
were developed at the end of the Givetian and in the lower Frasnian.)
Most volcanic activity took place in the Lahn and Dill syncline(s[;zs.xd in
the north-eastern part of the Sauerland basin. 3) Extrusive and
intrusive basaltic spilites were developed during the Lower Carboniferous,
before the main flysch phase. Most activity took place in the Lahn and
Dill regions again. (A similar volcanic history occurs in S.W. England,
Middleton, 1960). The distribution of volcanics is shown in Fig. 2.3.

Section 2.2 Tectonism

The Rhenish geosyncline according to Krebs (1968a) and MacGillavry
(1970) shows two main phases, a tensional phase followed by a
compressional phase. During the tensional phase vertical crustal
movements allowed subsidence and the formation of fault-bounded basins
(accompanied by acid and later basic volcanism). The compressional
phase, which affected the Taunus basin first, led to uplift and erosion
of the Mitteldeutsche Schwelle, and the formation of the synorogenic
flysch.

The structure of Hercynian Middle Germany diverges from the
Mitteldeutsche Schwelle (Brause, 1970) with overturning of major folds
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directed away from this former land ridge. Thus in the Rheinisches
Schiefergebirge folding is overturned to the north-west. Southward
facing folds occur on the south side of small stable blocks within the
Rhenish geosyncline (e.g. on the south side of the Siegener block,
Rutten, 1969). The Rhenish geosyncline was folded during the Lower
Carboniferous into a number of anticlinoria and synclinoria which
pitch towards the north-east. The subsidiary folds have wavelengths
of about 10 km. Cleavage dips to the south-east. Schuppen tectonics
(high angle thrusts) is usually associated with the fommer ridge areas;
for example in the Kellerwald (Meischner, 1968). Major overthrusts and
nappe structures are absent in the Rheinisches Schiefergebirge and
Harz.

The sediments in the Rheinisches Schiefergebirge show very little
metamorphism and do not exceed chlorite grade. A metamorphic belt is
developed just to the north of the Mitteldeutsche Schwelle in the
Taunus region, southern margin of the Rheinisches Schiefergebirge
(Stenger, 1961) and in the south-eastern part of the Harz (Reichstein,
1964).

Late orogenic and post orogenic volcanism occurred particularly in
the vicinity of the Mitteldeutsche Schwelle (Schwab, 1970). Post
orogenic granites were intruded in the Haxz (e.g. Brocken granite) and
are thought to exist below same parts of the Rheinisches Schiefergebirge.
The Harzburger gabbro is also post orogenic.

Section 2.3 Depositional history

Sedimentation in the Rhenish geosyncline can be divided into five
phases. (Betails of the sediments can be found in Bogdanoff et al,(1962),
Kockel (1958), Schmidt and Plessmann (1961), Mdbus (1966) and Meischner
(1968)).

1. Deposition of a thick terrigenous sequence in rapidly subsiding
troughs, with detritus derived mostly fram the 0ld Red Sandstone
Continent to the north (Lower to Middle Devonian).



2. Formmation of shallow water carbonates and reefs along the margin
of the shelf bordering the northern continent and on volecanic rises
within the basin. Carbonate turbidites, derived from the 'reefs'
camon in the basinal sediments (Givetian to middle Frasnian).

3., Pelagic sedimentation over much of the geosyncline with ostracod
shales in basins and cephalopod limestones on sultmarine rises
(Schwellen and Becken facies) (Upper Devonian and Lowest Carboniferous
(Gattendorfia Stufe). More uniformm black shales and cherts in

Lower Carboniferous.

4. Flysch sedimentation, deposition of greywackes derived from the
" Mitteldeutsche Sohwelle. Mainly Lower Carboniferous, but began in
the south in the Middle Devonfan,
5. Molasse developed only in the most northern part of the Rhenish
geosyncline. Much of the geosyncline uplifted at this time and
undergoing erosion (Upper Carboniferous).
On the mid-geosynclinal ridge pelagic limestones, cherts and
neritic sandstones were deposited (Lower Devonian to Lower Carboniferous).
It is the deposits of the third phase, the Schwellen limestones,
deposited on sutmarine rises, the slope sediments and basinal shales
which have been examined in this study. In tems of geosynclinal
sequences these sediments belong to the euxinic phase of Pettijohn (1957),
the leptogeosynclinal phase of Trimpy (1960), the bathyal lull of
Goldring (1962) and the preflysch of Aubouin (1965). It is considered
that the Rhenish geosyncline was intracratonic. '

Section 2.4 Pelagic Sedimentation in the Rhenish geosyncline

German geologists have recognised two major facies in the Devonian,
the Rhenish and Hercynian facies (Scimidt, 1926; Rabien, 1956; Erben,
1964.). The distinction is based effectively on depth of water and/or
agitation of the enviromment. The Rhenish facies is characterised by
'impurd'sediments, conglomerates, sandstones and silty shales with very
little caco3. Brachiopods are common. This facies is particularly well
developed during the Lower Devonian when neritic sediments were

deposited over wide areas. The Hercynian facies consists of 'pure’



gediments, fine ~rain~d limcstonecs and argillacrous shales with =
dominantly nelagic fauna of cephalopnds, thin-shelled bivalves and
styliolinids. Reef carbonates are nlaced in the Hercynian faci=s.
Schwr1len and Beckon endimeonts belone to the Heroynian faciere.

Brben (1964) distinguiches four intrafaciss of the Hercynian
magnafarise from the Devonian in Bohemia. Srchwellen limestones belong
to the Dvorce — Prokon intrafacies, and the Beckxen shales belong %o
the Badeholz intrafaries.

The Schwellen faciecs ig develoned in thres main situations within
the Rhenich geosynecline, above reefs or shallow water carbonates, on
basement riscs (geanticlines) arnd on volcanin ridoes (Fig. 2.10, n. 4/ ).
Jenerally, the geanticlines accumulated nelagic limestones from the
Lower or Middle Devonian, the voleanins ridges from the Givetian or
Frasnian and the reefs from the middle Frasnian. In most cages,
nolagic carbonate deposition continued until the end of the Pamennian,

locally it persisted into the Gattendorfia Stufe (Lowest Carboniferous).

Some of the reefs were also developed above volecanic rises within
the Sauerland basin during the Givetian and Frasnian, the
hydrographical conditions determining whether reef or pelagic carbonates
formed. Loecally, Auring the upper Givetian and Frasnian cephalopod
limestones were deposited on the flanks of reefs and then contain
thin bands of digplaced shallow water material.
The main Schwellen with their important localities are shown in
Table 2.1 and the distribution of Schwellen limestones in the Rhenish
geosyncline is shown in Fig. 2.4.
There are few Schwellen which did not receive carbonate sedimentation.
Two subsidiary ridges of the mid-geosynclinal rise (the Hundsdorfer
and Keller Schwellen, Fig. 2.7) supported neritic terrigenous
sedimentation during the Upper Devonian, with the sediment probably
derived from erosion of the ridge (Meischner, 1968). Rarely shales
were deposited on rises (e.g. Hithnertalskopf, West Harz Schwelle, Fig. 2.6),
although thin shale horizons are interbedded with the pelagic limestones.
In the following pages, the stratigraphical development of the
Schwellen and Becken facies in the Rhenish geosyncline is described,

with the situation and context of the pelagic limestones.
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Arnsberg Teul, Wocklum
Attendorn Obermarype
Reef Brilon fattensiepen
Schwellen Langenaubach Langeneubach
Lahn Syncline Gaudernbach
Dill Syncline Eibach
Volcanic Haingrube Haingrube
rises Hauptgrinsteinzug Adorf am Martenberg
Oberharzer Diabas-Zug Buntenbock, Hutthaler Widerwaage
Westharz Schwelle Aeketal, Hahnertelskopf,
Langestal, Riesenbachtal,
Basement Romkerhalle.
Rises Ense Schwelle Bicken, Blauer Bruch,
Steinbruch Schmidt,
Steinbruch Syring.
Steinhorn Schwelle Silberstollen
Reef Flank Attendorn reef Bonzel, Grevenbruch
Table 2./. The main Schwellen in the Rhenish geosyncline

with their importent localities.,
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Pig. 2.4 Sketch map showing vosition of main Schwellen during
the Devonian in the Rhenish geosyncline.
Schirellen of the mid-geosynclinel rise with stege from
which they affected secdimentation are as follows:-
2) WestHerz Schwelle (Eifelian)
b) Oberharzer Diabes-Zug (upper Frrsnian)
¢) Schwelle in the S&ése Syncline (Fresnian)
d) Acker-Bruchberg Zone (Fresnian)
e) 'Sautzl! Schwelle in the Sieber Syncline (Lower Devonian)
f) Hundsdorfer Schwelle (Frasnédn)
g) Haingrube Schwelle (Frasnian)
h) Ense Schwelle (Eifeclien)
i) Keller 3chwelle (Frasnien)
j) Steinhorn Schwelle (Lower Devonian)
k) Voleenic Schwelle in Dill Syncline (Freasnian)
1) Ense or Bickener Schwelle (Eifelian)
m)%ggﬁwelle in Lahn Syncline (Lower Devonien)
Pelagic carbonetes accuiulated on Schwellen a,b,8,e,g8,h,J,yk
and l. lleritic sandstones were devosited on 4,f,i and m.
Pelagic carbonete sedimentation ceesed at the end of the
Devonien but the mid-geosynclinel rise still affected
secimentation and reduced thicknesses occur in the Lower
Cerboniferous. The correlation of Schwellen in the Harz,

Kellerw2ld and Rheinisches Schiefergebirge is es folluws:-~

a =7
b=g=%k
c=h=1
d=1=n
e = J

Other Schwellen, Brilon, Arnsberg, Attendorn end Elbingerode
developed above 'reef! limestones were sites of velagic
carbonzte:secinentation from the middle Fresnien till the end
of the Femennian. The Adorf Schwelle (Hauptgrinsteinzug)
eccunulated velagic limestones from upper Giveitian to upper
Fresnian.

(After Schmidt, 19263 Mohr, 1968; lieischner, 1968; Meischner
and Schneider, .1970).
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Pre-Devonian cediments in the Rhenish seosyneline. A strong unconformity

exiete in the Sauerland between Lower Devonian and Lower Palaeozoic
sandstones and shales. In the ¥Yellorwald the Devonian is conformable
with the Silurian, which consiests 0f ralcareons and fine sandy sediments
(Kocke1, 1958).

Lower Devonian. Transgrescive Gedinnian sediments occur over the whole

region and with the exception of the mid-gensynclinal ridge area they
are of fairly uniform thickness (The Ardennes and S.W. England also
display a similar transgressive sequence at this time). In the Harz,
sedimentation began a little later (Siegenian or Emsian). The Lower
Devonian in the Rhenish geosyncline was mainly an episode of terrigenous
scdimentation (Rhenish facies). Sediment wac largely derived from the
Cld Red Sandstone Continent to the north. Deposition occurred within
troughs orientated parallel to the geosynclinal axis and for most of the
time sedimentation %ept pace with subsidence. The neritic deposits pass
laterally (south-east) into deeper water shales. The mid-geosynclinal
rise was a positive area and received little sediment. During the
Lower Devonian two subsidiary ridges on the mid-geosynclinal rise, the
Fnse and Steinhorn Schwellen supported pelagic carbonates while shales
were deposited in the deeper inter-rise depressions (Meischner, 1968).
The palaeogeography for the end of the Lower Devonian is shown in
Fig. 2.5.A.

Middle Devonian. Coarse terrigenous sedim:ntation decreased markedly

during the Middle Devonian and shales (Wissenbacher Schiefer, Hercynian
facies) became more widespread during the Eifelian. A distinct shelf

area developed in the north of the Sauerland basin after a transgression onto






Fige 245 Sketch maps of the gencerslised pclaeogeorsravhy
of the Rhenish geosyncline. & Lowenﬂf’ddle Devonian,
B Middle/Upper Devoniesn, C Unper Famennian.

The Rhenish facles revrcsenting neritic scdimentation
is dominant in the Sauerland besin in the Lower
Devonian.

The Hercynian factes (in the mavs ovposite, shales
with e nelagic foune loczlly with turbidites) is

most widesprerd during the Upner Devonian (C).

The Schwecllen facies ond 'reefs! (Hercynian intra-
fecies, Erben, 1964) are showm separately.

(After Rogdenoff et al, 19623 Schmidt, 1962)
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the continent, and reworking of sandstones took place here.

In the northern part of the Harz, the depositional area was
divided in two during the Middle Devonian as the West Harz Schwelle
began to affect sedimentation. Where subsidence was most rapid 1000 m
of Wissenbacher shales were deposited during the Eifelian, while on the
Schwelle only 80 m of shales were developed (Mohr, 1968). In the
Givetian, pelagic carbonates accumulated on the ridge (10 to 15 m of
limestone) whilst in the basin 200 to 300 m of silty shales were
deposited.

Volcanic activity towards the end of the Givetian produced large
quantities of basic pillow lavas and tuffs and led to the formation of
the Hauptgrinsteinzug (a volcanic ridgéfigrgﬁ;dgéuerland basin,Fiq. 2. 4?
Similar tidges were developed during the Frasnian in the Harsz
(Overharzer Diabas-Zug) and 1n the Kellerwald (Haingrube Schwelle) on
the mid-geosynclinal ridgéé On these volcanic ridges condensed pelagic
1limestones accumulated, in some cases till the end of the Devonian.

The Hauptgrinsteinzug extends for 50 km along the strike. At Adorf am
Martenberg 2 m of crinoid-rich limestone occur above the pillow lavas
of the Hauptgrinsteinzug, and above this appears the pelagic carbonate
facies ( 5 m representing most of the Frasnian) which itself passes
upwards into nodular limestones and ostracod shales (Lower Famennian).
Commonly there is an horizon of hematite enrichment (Roteisenstein)
immediately over the pillow lavas. Hydrothermal solutions passing
through the volcanic material are generally considered to be the origin
of thig iron ore (Bottke, 1965).

The Givetian is marked by a great development of reefs and other
shallow water carbonate sediments. These are particularly well developed
along the shelf margin to the north of the Sauerland basin (Krebs, 1968b).
(Extensive reef growth occurred in the Ardennes at this time as well).
Other reefs developed within the basins where thick piles of tuff and
lava had raised the sea floor (e.g. in the Attendorn region, Dill Syncline
(Langenaubach, Krebs, 1966) and the Lahn Syncline). The reefs provided
detritus which was deposited in the deeper water areas around the reefs
as turbidites (allodapic limestones, Meischner, 1968). In the Harz,

treef' limestones were deposited in two areas, Elbingerode and Iberg.
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Cephalopod limestones accumulated on the flanks of some reefs and
detrital bands of shallow water material occur within the pelagic facies.
The latter passes through shales with nodules into dark grey shales
which were deposited in the inter-reef areas.

On the mid-geosynclinal rise, pelagic carbonates continued to
accumulate on the Ense and Steinhorn Schwellen.

Uplift and erosion of the Mitteldeutsche Schwelle began in the
Middle Devonian and turbidity currents brought greywackes into the
Taunus basin. The palaeogeogravhic situation at the end of the
Givetian is shown in Fig. 2.5.B..

Upper Devonian. Volcanic activity continued into the Frasnian in some

areas and two volcanic ridges, the Haingrube Schwelle in the Kellerwald0?32~v
and the Oberharzer Diabas-Zug, were formed at this time. Both ridges
(in contrast to the Hauptgriinsteinzug) remained positive areas,
maintaining their topographic elevation for the whole of the Upper
Devonian. The Haingrube Schwelle supported pelagic carbonates but
stromatoporoids, corals and calcareous algae developed at the same time
a few kilometres along the ridge (Schneider, 1969). At Hutthaler
Widerwaage (on the Oberharzer Diabas-Zug) condensation is extreme.
The uppermost Prasnian and Famennian is represented by just 98 cm of
pelagic limestone. All conodont zones in this sequence are present
though two disconformity surfaces occur (Meischner and Schneider, 1970).
The relief between different parts of the volcanic ridges may have been
substantial. In depressions (termed Spezial Becken) condensed deposits
may form which are transitional between rise and basin sediments
(cfs Tucker and Straaten, 1970). The sediments here are usually dark
grey shales, locally siliceous and flaser limestones.

Reef growth in the Rheinisches Schiefergebirge, Harz, Ardennes,
SeW. England and other areas was terminated during the Frasnian
(commonly in the middle Frasnian) by rapid subsidence (Meischner, 1964).
Cephalopod limestones accumulated upon these former reef areas but for
some, more pronounced subsidence allowed 'basinal' shales to be deposited
over the reefs. This occurred in the north-western part of the
Sauerland basin and in the central part of the Taunus basin (compare
figs.2/5.B and C).



The widespread change from carbonate deposition to deeper water
sedimentation is not everywhere synchronous and obviates the suggestion
of a catastrophic event. (McLaren, 1970, considered Frasnian reef
growth to be terminated by the effect of a large meteorite hitting the
earth). Within reef limestones evidence of subsidence before the
major facies change occurs. At Chudleigh (S.W. England) Scrutton (1969)
interpreted early Prasnian limestones ogféoral fauna as showing a
gradual deepening environment, which was succeeded by Cephalopod
limestones (the Dunscombe Farm Goniatite Bed)s. In the Rhenish geosyncline,
reefs gradually decrease in their areal extent with time suggesting reef
growth could not keep pace with subsidence (Meischner, 1964). Subsidence
may have continued after the cessation of reef growth and the overlying
pelagic limestones thus pass upwards into 'basinal' sediments (shales
with nodules). This probably occurred in the Chudleigh area where
the sediment gradually becomes more argillaceous upwards (Tucker and
Straaten, 1970).

In most cases Cephalopod limestones accumulated over submerged
reefs until the end of the Devonian. Large neptunian dykes penetrate
gome 'reef' rock and are filled by pelagic carbonates (e.g. Langenaubach,
Krebs, 1966).

The West Harz Schwelle was a prominent feature in the Aeketal area
(Fig. 2.6) where the Upper Devonian sediments are condensed limestones
less than 20 m thick, compared with 400 m of shales in the North-West
Harz Basin. In the easterm part of the rise, the Clymenia and
Wocklumeria Stufen are absent, and at Langestal (Fig. 2.6 ) the youngest
Upper Devonian sediments are lower Famennian (Mohr, 1962). The Lower
Carboniferous is paraconformable over the whole area. At Aeketal
(10 km from Langestal) a continuous sequence is developed (Fuhrmann, 1954).
Stoppel (1968) invoked subaerial erosion to account for the stratigraphical
break. Only one neptunian dyke is known from this region (where styliolinid
limestone fills a small pipe 30 cm deep in the Frasnian limestone below,
Mohr, 1962) yet Stoppel has suggested karst weathering during Famennian
emergence. Upon present day rises, Tertiary sediments are oomménly
found exposed at the surface (e.g. Milliman, 1966; Cifelli et al, 1966;
Ewing et al, 1966). Current activity is considered to sweep seamounts
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and ridges and cause erosion. It is therefore unnecessary to invoke
emergence for the stratigraphic break in the eastern part of the

West Harz Schwelle. There is no indication of the structures
characteristic of partial emergence (dessication cracks, birds eyes,
stromatolites) or of more extreme emergence (relict soils, karst surfaces,
caves etc.). Stratigraphic breaks also occur above reef limestones in
the Sauerland basin and although now attributed to submarine erosion,

they were thought to indicate tectonic movements between the Devonian

and Carboniferous (Krebs, 1968a).

A much condensed Upper Devonian sequence occurs at Hithnertalskopf
(Fig. 2.6), which is possibly part of the West Harz Schwelle, though
it is separated from the main exposures further east by 5 km of Lower
Devonian sandstone outcrop. The Upper Devonian is only 12 s thick,
and nearby the Famennian is again absent (Stoppel, 1968). The sediments
on this particular rise are unusual since the succession is mostly shale.
(Flaser limestones are present in the Frasnian and some nodule bands
are developed). Miiller-Steffen (1965) and Stoppel (1968) have termed
this rise a 'Spezial Schwelle!.

On the mid-geosynclinal trise (Fig. 2.7) pelagic carbonate
sedimentation continued on the Ense, Steinhorn and Haingrube Schwellen.
Another subsidiary rise became effective during the Upper Devonian
(the Hundsdorfer Schwelle) and neritic sandstones and arkoses containing
brachiopods were deposited here. Transportation along the ridge is
suggested from current directions (Meischner, 1968). These sediments
were interpreted by Meischner as shallow water deposits derived by
erosion of parts of the ridge, possibly of emergent parts.

The Horre-Acker-Bruchberg zone, a belt of atypica% Upper Devonian
sediments which occurs on the mid-geosynclinal r1ée? is 1nterpreted by
Meischner (1968) as a subsidiary ridge (the Keller Schwelle? However,
Bender and Brinckmann (1969) working in the Lahn Syncline consider this
zone to be a deeper water area.

Depressions between subsidiary ridges of the mid-geosynclinal rise
received little sediment and siliceous shales and cherts were depositedﬂ?}Z7)
Meischner suggested that in these depressions water depths were less
than 100 m. ‘

During the Upper Devonian, nodular limestones and shales with nodules
were deposited on the flanks of the former reef areas, the mid-geosynclinal



Fig. 2.7

Section across the mid-geosynclinal rise in the

Kellerwald during the Upper Devonian showing the

subsidiary ridges. Approximate thickness of sediment

for the Palmatolenis cuadrentinodosa conodont zone

(Cheiloceras/Platyclymenia Stufen) indicated by the
width of the black band. The lithology at that time
is marked above (From Meischner, 1968).
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rise and the West Harz Schwelle. Slumping and reworking of sediment
commonly took place in this slope environment. In the basins, silty
shales rarely with calcareous nodules and locally rich in ostracods
were deposgited.

Turbidites occur in the basinal shales at some horizons in the
Rheinisches Schiefergebirge. During the Frasnian, allodapic limestones
were derived from the reef areas. In the Famennian, sandstones deposited
by turbidity currents (which flowed around former reef areas) were
derived from the shelf area to the north (Plessmann, 1962; Einsele, 1963).

Continued uplift and erosion of the Mitteldeutsche Schwellg with
the formation of greywackes had nearly filled the Taunus basin by the
end of the Devonian. (P.‘lmj.ojf.fky of He Upper Devowion, Fig.2.5 C and 53.2.8).

Lower Carboniferous. Pelagic sedimentation in the Sauerland basin of

Schwellen limestones and light grey ostracod shales persisted locally
until the Gattendorfia Stufe. Black shales {Liegend Alaunschiefer) and
cherts (Kulm Kieselschiefer) yielding only conodonts, goniatites and
posidonids were deposited over wide areas with fairly uniform thickness

during the Gattendorfia and Pericyclus Stufen. The mid-geosynclinal

rige only caused a small reduction in thickness.

Shelf carbonates were extensively developed in the Ardennes during
the Lower Carboniferous and extended across the shelf area to the north
of the Sauerland basin. Turbidity currents brought carbonate detritus
into the basin forming allodapic limestones (Kulm Plattenkalk) (Fig. 2.8).

The main period of flysch deposition occurred during the Lower
Carboniferous and a vast amount of detritus was brought from the south
by turbidity currents and slump flows (Kuenen and Sanders, 1958;
Plessmann, 1962). They reached the mid-geosynclinal ridge during the
Pericyclus Stufe, and some of this sediment was reworked on the mid-
geosynclinal rise to form the Keller Quartzite (Fig. 2.8). Greywackes
filled the Sauerland basin during the Qoniatites Stufe, and detritus
for this probably came from the uplifted Taunus basin to the south
Fig. 2.8. The turbidites are interbedded with dark grey shales
(Xulmtonschiefer) containing a pelagic fauna of posidonids and goniatites.
Upper Carboniferous. The Taunus and Sauerland basins were both uplifted

above sea level by the end of the Lower Carboniferous, and pelagic

gsedimentation ceased. Deposition only persisted in the most northern






FiF. 2.8 Sections ccross the Sezuerlond vesin from Middle
Devonian to Upper Carboniferous (From Wunderlich,
1965). The south-eastern Schwelle (lebelled KGS)

is the mid-reosynclinzl rise of lleischner (1968).

Section 1, Uvpper Givetian, with reef develoved zlong
the margin of the shelf ezrea, and velagic limestone
deposited on the nid-geosynclinezl risc.

Section 2. Upper Frasnian. liarine trensgression on to
continental area with spread of Hercynian facies.
Pelagic limestones deposited above reefs.

Section 3. Upper Famennian.

Section 4. Lower Carboniferous (Gattendorfia/Pericyclus

Stufen). Teunus bzsin filled by flysch, which re-
vworked on mid-geosyrclinel rise into the Kellerwald
Quertzite. Extrusions of besalt (Diabas) along
flanks of rise. Pelagic cerbonete sedimentation
absent and black sheles and cherts accumulated in
the SauerlanEZmDeVGIOpment of shallow water carbonates
(Kohlenkalk) on northern shelf.

Sectionsb, 6 and 7. Lower Carboniferous (Goniatites Stufe
%, R and ¥). Seuerland besin filled by greywackes
derived from uplift and erosion of the Taunas basin.
Allodepic turbidites in northern part of Sauerland
besin derived from shelf.

Sections 8,9 and 10. Upper Carboniferous (Namurian,
Westphalian and Stefanian). Uplift and erosion of

Sauerlend besin with formetion of melasse.
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part where subgreywackes, sandstones (Flézleeres) and paralic coal

measures were deposited. (Fig. 2.8).

Section 2.5 Oceanic crust in the Rhenish geosyncline?

The association of basaltic spilites, serpentinites, picrites and
pelagic sediments (which characterize the second phase of volcanicity)
is an ophiolite suite (Aubouin, 1965; Krebs, 1968a; Dewey and Bird, 1970).
This might suggest the geosyncline was underlain by oceanic crust and
Mitchell and Reading (1969) suggested that "Schwelle subfacies (of
preflysch) will occur on rises and Becken subfacies in small basins on
the mid-ocean ridge'". However, the pillow lavas have a widespread
distribution (Fig. 2.3) and are not concentrated along one particular
zone, as might be expected if a suture zone existed in the
Rheinisches Schiefergebirge.

Hermann and Wedepohl (1970) analysed spiltic lavas and intrusives
from the Hauptgrinsteinzug (Sauerland basin), Kellerwald, Lahn-Dill
region and the Harz. Their analyses show that the basaltic spilites,
andesites and picribasalte have major element and mineral composgitions
comparable to Recent spilites from oceanic ridges, but that the spilites
have rare earth abundances typical of continental tholeiites and
oceanic islands.

Tectonism and metamorphism in the Rheinisches Schiefergebirge are
less intense and quite different from the Alps, west coast of North
America and island arc situations. The Rhenish geosyncline was unlike
many present-day areas which are considered to represent geosynclines.
These are marginal to continental areas (e.g. Dewey and Bird, 1970;
Mitchell and Reading, 1969). Crustal tension existed during the early
part of the Rhenish geosyncline (Krebs, 1968a; Mac@illavry, 1970) but
the work of Hermann and Wedepohl (1970) suggests that the geosyncline
did not open sufficiently for oceanic ridges and sea floor spreading to

develop.



Section 2.6 Other Occurrences of Devonian Pelagic Sediments

Erben (1964) summarized the development of the Hercynian and
Rhenish facies in Germany and noted the occurrence of pelagic limestones
(Hercynian facies) elsewhere in Europe. In central Europe, cephalopod
limestones are found in Thuringia, Bohemia and Austria (Carnic Alps)
developed on geanticlines and above reef limestones. They also occur
in the Urals geosyncline and in North Africa.

In southern Europe, pelagic limestones occur in the Montagne Ndre
(s. Francéﬁ?;;é& ﬂngyrenees, where they are known as griotte. Locally
the Devonian is conformable on the Silurian in the Montagne Noire and
the Lower Devonian consists of sandstones and conglomerates. During
the Middle Devonian, shallow water carbonates and in some areas reefs
developed until the end of the Givetian or the early Frasnian, when
pelagic carbonate sedimentation spread over much of the Montage Noire
(Bayer et al, 1968). The Upper Devonian griotte is exactly the same
facies as the Schwellen limestone, although the griotte is generally
red through the presence of hematite. In the Pyrenees an identical
facies developed on geanticlines during the Middle and Upper Devonian.
Griotte occurs igYEantabrians in the Upper Devonian, but is very
widespread during the Lower Carboniferous.

In S.W. England, pelagic limestones occur at Chudleigh near
Newton Abbot and are described in Tucker and Straaten (1970) which is
appended. The pelagic limestones occur above shallow water carbonates
during the Frasnian in a situation similar to that in Germany. Deeper
water shales are developed extensively in S. Devon and N. Cornwall
during the Upper Devonian and contain turbidites at some horizonms.

The Hercynian facies of condensed pelagic limestones and ostracod
shales is only well developed in the Variscan geosyncline., In other
areas (North and South America and Australia) these sediments do not
occur (Oswald, 1968) and neritic sediments of the Rhenish facies are

developed.
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Section 2.7 Comparison with Recent and Ancient Geological Situations

Environments can be found today which are comparable with the
conditions of deposition envisaged for the Schwellen limestones but
exact analogies including the tectonic situation are difficult to find.
Many Recent examples can be cited of pelagic sediments developing on
submerged 'reefs! or volcanic rises in an oceanic environment
(e.g. Hamilton, 1956). The Blake Plateau, off the east coast of
North America is a continental area which has undergone rapid subsidence
since the Cretaceous (Sheridan et al, 1969). Lower Cretaceous algal
limestones have been recovered from the plateau indicating that it was
once at sea level. Rapid subsidence prevented the continued formation
of shallow water carbonates, and pelagic foraminiferal oozes have been
accumulating since the Tertiary. A similar situation exists off the
Iberian coast where Black et al (1964) described non-magnetic seamounts
which are part of the continental basement. Recent pelagic sediments
are accumulating over some shallow shelf areas where there is little
terrigenous influence (e.g. the Yucatan shelf in the Gulf of Mexico,
Logan, 1969). This type of situation must have existed during the
Upper Devonian in the Rhenish geosyncline when pelagic shales and
limestones were deposited over wide areas. Submarine rises of
continental crust are present off the N.W. coast of New Zealand (Brodie,
1964) and are receiving pelagic carbonate sedimentation. These may be
similar © the geanticlines or basement rises occurring in the Rhenish
geosyncline (WestHarz Schwelle, mid-geosynclinal ridge).

The pelagic limestones of the Tethyan Jurassic are comparable to
the Devonian cephalopod limestones. In the Alps and Sicily, pelagic
carbonate was deposited over Triassic'reef limestones when the rate
of subsidence became too great for continued 'reef' growth. A break-up
of the carbonate platform into seamounts is suggested by Jenkyns and
Torrens (1971). The Briangonnais zone in the Western Alps had a
similar effect on sedimentation as the mid-geosynclinal ridge of the
Rhenish geosyncline. It was a stable ridge with subsidiary ridges
where calcareous sediments considerably reduced in thickness were
deposited during the Mesozoic.

In the Lower Palaeozoic, sediments gguivalent to the Schwellen



limestones are condensed graptolitic shales, which are congidered to
have been deposited on submarine rises (Williams, 1962). The basinal
shales (Becken facies) of the Rhenish geosyncline are similar to the
Schistes lustrés of the Alps and to mudstones and siltstones occurring

in Lower Palaeozoic basing before the development of flysch.

Section 2.8  Summary

In the Rhenish geosyncline condensed pelagic carbonates occur on
three types of topographic é;gh[(Schwellen)( ),a submerged reef or
shallow water carbonate area,(ll),a voleanic ridge, (iii), a basement rise
(geanticline). Outside the Rhenish geosyncline, Devonian pelagic
carbonates were developed mainly above reef limestones. The
relationship between reef, basement rise and basin (after Krebs, 1968b)
is shOﬂgrtgdzig. 2.9,

The/sediment is similar on the different types of rise. However,
basalt fragments and tuff may occur within pelagic sediments on
volcanic rises, and neptunian dykes containing pelagic carbonate may
penetrate reefs.

Pelagic sediments occurring above reef limestones are normally
middle Frasnian to Upper FPamennian in age, those on volcanic ridges
are upper Givetian or Frasnian to the end of the Devonian. The
mid-geosynclinal rise was a persistent feature of the Rhenish geosyncline
and supported pelagic carbonates on two subsidiary ridges (Ense and
Steinhorn Schwellen) from the Lower Devonian till the upper Famennian.
The Westarz Schwelle affected sedimentation from the Eifelian and
pelagic limestones accumulated from the Givetian till the end of the
Devonian.

The slope fa01eg %tran91tional sediments between the Schwellen and
Becken facies,is characterised b&?presence of slumping (possibly due to
fauting along the flanks of the Schwellen) and normally consists of
gshales with nodules and nodular limestones. It is difficult to
ascertain the width of the slope facies because of folding and non-
expogure but in the Harz, the distance today from the Westlarz Schwelle
(Aeketal region) to the basinal sediments (Innerstetal) is about 12 km.

(Fig. 2.6).

g
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Fige 2.9 Diagremmatic section showing relationship between
reefs, basins and Schwellen. (From Krebs, 1968b, based
on Rabien, 1956). Rabien considered reefs as forming
on Hochschwelle (high rise) an< cevhalopod limestone
as forming on Tiefschwelle (deep rise). Reefs occur
along the shelf margin or on volcanic rises in the
basins. Cephalopod limestones fpom above basement rises
(geanticlines) (e.g. mid-geosynclinal rise) volcanic

rises, submerged reefs and on the flanks of reefs.
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Dizcerems zhowing the situctions of the Schwellen
linestonce (shadod blrek).

Le Pelegic limestones occurrin~g chove o cubnersed
rcef enl witiin nevtunicn dykes renetrs-ting the reef,
The nelegic crrboncte freciec o olco chowm on the
Dlenlzs of the rcef vhere it contring horizonc of
disnleaced chollow weteor nrtrmicl. The reef itoelf
iz chown occurrivr~ ohove volesnics (c.r. Lttendorn
reef) but rcefe clro Zcveloned alons the shkelf
nmersin of the continent to the north.

Be Pelegic limestcnes occurrins on o volcernic
ric¢re. Tenressions occur on the volernic ridrsrgo
(21so on submer~cd reefs) where Fleser linestones

A siliceous shelec commonly formed.
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Nis-rennetic Scohiellon to Teclion section showing
mcin fertures of the sedincntes. Iinectonec,
formecd or ton of the rice ond in the urmer clove

rcrion moy occur as zlunmed bloclzs lower down
the c£lore,. The slonc cediments, chrles with nodules,
notulrr linectoner end choleg, were commonly
involwed in clumnins or revorltings. In the lover
nert of the colore, ciirles with nodules are
wneifected by slurrine enl nooe lotorelly into
cilty sh-les of the brein, loer1ly with clestic or

corbonete turbiiitas,
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Deep wrter shales with a pelegic fauna (Jiercinian facies) are
developed from the Lower Devonizn onwards and their distribution, then
linited to the south-ecastern vart of the geosyncline, became more
widespread in the MNiddle Uevonien and in the Famennion covered most
of the devnositionel ares, ancrt from the tonogrrvhic highs,.

In the next taree chavnters, the sciimentology of the Schwellen,
beein ond slove secinents is descerited with their lithologicel
features, sclimentary structures, faunez ond cdiarenesis. The limestones

devositer on the Schwellen are described in detsil in chopter 3,

but the neritic sandstones which occur on subsidisry ridees of the

nal rise have not been examined. The smndstones have
been studied by ceologists from Géitinscn (Keischner, 1968 and
Heblisation (ii. press) and students unpublished dissertations). Similarly
the Kellwesser limestone, a feature of Frcsonian Schwellen sediments
hes not been examined (Professor Krebs). The division of the Uvper
Zevonian pclagic sediments into Schwellen, slope and brsin is besed
vrimerily on lithology, clthough there were times when limestones were
developed over a slightly larger eres. For exemple, during the Frasnien

and Pl:tyclymenia Stufe corbonates were renerally more widespread

ané Flaser limestones occurred lowver down the slope, vhereas in the

Cheilocercs Stufe sheles were denosited over larger esress ond commonly

limestones only cevelopned on the top of the rise (Kﬁller—Steffen, 1965).
The rcleationship between the thrce frcies and the lithologies is shown
in Mige 2411, pe43 . The Schwellen sediments described are Flaser

) which would also have been deposited .
limestones[in the upper slone region ond occur in smzll denrescions on
the rices (e.g. Adorf eam liartenberg, Fics 3.37, .95 )« The slope facies
(chenter 5) is distinsuished on the nresence of slumped and reworked
celinents, »robrbly resulting from denosition on the cteeper rarts of
the slope. The brsinel ccdfiments stly silty shales, locally with

(mo
ness laterally into shelec with ccoleareous nodulec showing

3

éi

o+

e

turo

ce

t
sediment movement, vhich eccumuleted in the lower slope region

N

o sirms o

o

(henece chenter 4 éecls with 'besin ené lower clove frcies!, deever

weter cedinentes with no indiertion of slumping).
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CHAPTER 3

)]
8]
oh

“inentolory of the Schwellen Frcies

Schwellen limestores, remresentings secdimentetion on submorine
rices in the Vrsriscen geogyneline, are fine srained limestones,
typicelly with meny shrle strecks or Flesers (hence term Flaser
lirestone) Tormed throurh ¢irsccenesis and tectonics. Thev are reduced
in thicknecs conpsred with the scdinents derocited on the slope and
in the besins. The limectones ~rc itywicrlly homoreneous microsyerites
or biomicrocreriters, rich in nelegic microfossils, cnd locally thin-
chelled bivelves end zmmonoids. The nresernce of romonoids hes led to
the Germon sirctigrevhicel torm for this linestone, Cerhclorodenkelk,

The mein frctors controllins~ dewosition are o) rate of
scdimentection, determined ty crrbonezte nroluction and terrireneous
influence, b) denth, in cffect, vhether the rise is ncer or within
the —hotic rmone ({150 m), ¢) current cctivity ani d) emount of
orgrnic matter (2 foetor immoriont in Zicrencsic). Cther foctors

offecct the fecies locnlly.

Lvidcence for derosition on submeorine tovosrrmhic hishs is
nrovided by the mreascence of sedimentrry slunns end revorked sediments
in thc clone frciec (ve235), the rrecter thickness of besinal

cecéiments comnored with Schwellen linestones ond the differ

fruncs of the rise ond broin environmente. The Schwellen sedinents nass

dovrelorze into nolulsr linmectones, chrles with nodules ond shales
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locally rich in octrecodse. The depth of deposition of this pelagic
ccrbonate fecies probably dié not exceed a2 few hundred metres and in
meny cases was 50 m or lesw (p.!/96). Lo evidence for emergence has been
found in the Schvellen limestones, The zpproximcte retes of sedimentation
(Fig. 3.1) arc comparable with modern pelagic sediments (normally less
than 2 mm per 1000 years). In the basins the rcte wzes much hicher

(20 to 30 mm/lOOO yre, not azllowing for compsction). Typical successions
in Schwellen focies are shown in Figs. 3.2 and 3.3. Localities referred

to in this chepter zre shown in Fig. 3.4.

Section 3.1 Schwellen sediments

The Schwellen secdiments ere typlically well-bedded Flaser limestones
(Figs. 3.5,3.6 2nd 3.7) varying in thickness from a few centimetres
to about a metre. ¥ore nocdular horizons may be present and these are
perticularly well developed in the HMontegne lioire and Pyrenees, where
these fine greinec limestones zre termed griotte (Figw. 3.8, 3.9 and
3+410). Irregular bedding surfezces sre commonly developed through
pressure solution (Fige 3.9). Thin chale horizons a few millimetres
thick occur between limestones end mey 2lso be the product of pressure
solution. Thicker shale beds (up to 5 cit ) rarely occur. They are
usuelly dark grey in colour and contain little carbo¥ﬁﬁgéﬁxk

The limestones are composed of 80 to 9% CaCOB,Kmostly #¢ micro-
sparite (5 to 20u3 Folk, 1959), but patches of coarser calcite
(pseudosparite) cre commonly precent. Micrite (<4ﬂ) is not very common

end occurs as vegue clots resembling structure grumeleuse (Cayeux, 1935).

Pelletoids up to 200ﬁ in diemeter and consisting of micrite grains
rarely ocfur (Fig. 3.11). About 90¢% of the limestones exemined in thin
section are homogeneous with no lamination. This could be through
extensive bioturbation and neomorphism (recrystallization).

The limestones are generally rich in skeletal debris (biomicro-
sparites). The cricoconarids Styliolina sp. and Nowzkia sp. are common
microfossils in Givetian and Fresnien sediments cnd thin-shefled.
bivealves and goniatites are important macrofossils during the Upper
Devonien.

The origin of the carbonate in Schwellen limestones is not
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Fig.3.2. Succescion at fdorf zm I'ertenders (Ssucrlend)
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35 em
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50 em
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60 cn

Grey shale with ostrrcods
(Cheilocerrs “iufe)

Light grey #®leecer lincctone,
pertly dolonitic,

Thin dolonitic linectones,

ight orey linesntore, cdolomitic
in the urner nert.

Red Mlaser linentone.

-3

hin bedded nirk Fleacer lirestone.

(] 'J- -

Crey linecstone bend.

Thin pl=tey Fleser limentone
end cavity structure.

Reddish rsrey Flroeer limestone
end sedimentrry dyke,

Thin red and grey limecstones
contzining foraniniferzl

/algal nocules, .

Red thin-beldded nlatey limestone
erd stylioliniis,

Hemetitic limectorne 'with
crinecids oné ericoconrrids,
indistirctly bedced.



Fic, 3,3, Upper “evonicn Succerczion of Aeiotrl (rro
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3 ecm

20 cm

25 cm

20..cn

+2 m

Grey Tlecer limeatone
(Clrronis Stufo)

1 m 50 cn firey ®ecer linertone

(P21etyclymenin Stufe)

Thin shale horizon.

Grey Fleser linestone + gonictites
end bivelves (Plotrelweonin Stufe)

Meocer linecstone,

Padly exzoceld venthored

linestone (Cheilocerss Stufe)

Thin bedded Ploser linestone +
shele prrtinecs (Prosnion)

Uzrer Kellwzacer limestone rich
in stylioliniss,

1 m 50 en Crey Flaser limestone,

Lower Kellwasser limectone,

Floser limestone (Frrzniecn)

£

Calcrreous sholes with thin
limestone bands,
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\/:;’u:v Bruch
;"". Schmidt

- KELLERWALD

3.4 Sketch map of the Rheinisches Schiefergebirge
showing locaztion of mein outcrops mentioned in
the text. Imvortant loczlities ir21 the Harz
liountains are shown in Fig. 2.6/’:. ;‘ull details
and references of locelities are given in the
appendix(r. 34’2),
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Fig. 3.5 Tedded Flocer limectones sepsrated by nillimetre
thick shale nartings. Uvper Frrosnicn. Steinbruch
Schnidt (Znse Schvelle) Kellerwald.

Scele bar = 10 cn.

Fig. 3.6 Typicel cephalopod limestone, grey finc grained
limestone cut by horizontal and verticcl
stylolites (Flasers). Frosnien. Guerry south of
Syring (Znse Schwelle) Kellerwald.

3cale bar = 10 cm.
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Fig, 3.7

(o]

cut by shele strecis (¥lecsers) parallel to
the cleavare direction. Horizontal shale

pebtings elso mresent. Scele bar = H cm.

Red hematitic limestone (griotte) cut by
numerous shale stecks, giving the rock e
brecciated anpearance. Sczle bar = 10 cn.

Lower Famennian. Mont Po.\/rouy,) Montagne Noire.

rey Fomennien limestones Trom Aeketal (Harz)
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Figs 3.9 Femernion sriotte with orominent horizontel
stylolites between beds end noduler horizons.

<

¥ont Peyroux, lontarme Loire. 3Sccle bar = 20 cm.
4 b <

PMige 3.10 Irreguler, nocular bedding surfcce of griotte,
rich in goniatites, Lower Famennien. lont

Peyroux, Fontegne Hoire. Sczle bar = 10 cm.
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conteinine numcrous cskeletsl fro-ments end
npelletoids of micrite rreins. Lower F'reenien.
n, 111 3ynclinc. Thin ssction S 22950b.

Scele bor = ZOQM.

zlectron gicrosrenh of Jurro-ic velagic limestone

with coccoliths. Lower Jurnrscice. lMaurach,
Sonnwvencgenirge, Austrinc. Re~lico of samnle

S 23076. 3crle ber = 5/.(.
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inowm. The fecies is very sinilar to the Jurcssic vnelegic lincestones
of the Alzs which are locclly rich in coccoliths (Pischer et al,
1967). Electron microscopy wrs used to secrch the Schivellen limestones
for comperoble orgsrnic structures and o Jurcssic linestone was examined
for compcrisor (Fire 3./2) and to checit preparatory teclmigues
(&pvencix II ). Although coccoliths =sre rccorded from the Devonien

Néel (1961) structures resembling them were not found. Possible
orgenic struciures in the Schwellen limestones (Figs. 3./3, 3./4

and 3./5) were rerely encountecred ané were mostly circular structures
with centrzl hollovws. Neomorvhisnm hes largely oblitereted the originel
texture of the Schwellen limcstones. In some ceses, the limectones
appear to be composed entirely of broken skeletel meterial which

hes been altered to microsparite (Fie. 3.// ). Sediments such as

these with o nmedien grein size of IQy arc coarse compared with

Recent and fossil coccolith oores which are micritic (less than 4ﬁ)
(Cremlette, 1953). Coarser melagic oozec (75 cerbonate silt)
consisting of cogknuted velepic orgrnisms occur on the Yucezteon

shelf todey (Logan, 196¢) and the Schiellen limestones may have

becn more like these, then finer pelagic devosgits.

Other components: Limestone clests are occasionelly found, particularly

in nevntunian dyke fillings. Ferromenganese encrustotions (p.287)
occur around shell fragments anda linestone clests at some locelities
in the ;riotte of the Kontzgne Koire (Mont Feyroux, Combe D'Izzrne
end Coumiac) end at Ticken in Germeny. Phosphatic nodules are rare
end were only found at Eibach (Dill Syncline).

Quertz grains (up to medium silt) are = minor constituent
of the limestones (zbout 1%) but may locally be 5:. Volcenic material,
gernerally chloritized tuff and bescltic clasbs occur in the limestones
at Adorf am Kartenberg (Fig. 2./6), Haingrube and Hutthaler Widerwaage.

Kellwesser Limestone. Limestones contcining a vlanktonic and

nektonic feuna of bivrlves, goniatites, orthocones, ostracods and
fish esre comnonly cdeveloped at two horizons during the Frasniane.

The limcstones are blsck, bituminous and pyritic, and the absence
of trace fossils supgests euxinic conditions during deposition. This

facies has been described from Germeny, but occurs at about the
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E“j.lc?o 3.13
Fi{:o 3-14

Zlectron microrrovh cf Uchwellen limestone
with orgrrnic siruciture. he reeratrllized
arpeercnce of the mririx with Pew discrete
greins is tyvicel of most Schuellen limectones
crrminec. Unner Yroeonien. unccombe Forn,

Caudlcirh, 3.9. Znglrnd., Renlica of scomrple

3 2098¢. Sccle ber = 5#.

-

ible orgrnic structure

y
o3
0

Blectron microgrcoh o
in Devonian »elagic linm one. Sresnian. Acketel,
UeW. Iarz. Replica of grmple S23038.

3czle bar = %M‘
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Fig. 3.15 Possible orgenic structure in Schwellen limestone.
Frasnian. Aeketzl, N.W. Harz. Electron micrograph
of sample S 23038. Scale bar = %M.

Fig. 3.16 Chloritized volcenic fragments cemented by
calcite. Frasnien. Adorf am Martenberg, Sauerland.

Thin section S 23069. Scale bar = 1 mm.
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cene time in Telsdiun, T. Fronce, Fyrenccs tnd lorth Afries, tchnict
(1228} sur-ected o cizurtion similrr *o the Srrrreco “ee.
“eetion 2.7 Cedinmentory ctructuren

Generslly relinentcry ctructurer cre not common in the Tchwellen

linestones, rnd come hrve only tecn Tound ot o Tew loer

}_J

ities
Structurcs decoribved rre 1) thoce produced by current cetivity,

2) herdorounis, ) cheot crocks ond 4) neovtunion dyes,

JeZsl dedinentory ctructures nrofuced by current cctivity

Current activity is shown by four tyves of structure, 1) thin
graded units of terrigenous materizl, 2) lominated carbonates, 3) fossil
concentrates and 4) corrasional hardgrounds. The last sbructure is

described sepsrately uncer the section on hardgrounds.

3.2.1.1 Thin graded units of terrigenous material (5%&3./7 to 3.19)

Limestones from Aeketal (Hest Herz Schwelle) and from cuzrries
in the Kellerweld in Znse Schwellen limestone (8chmidt, Syring and
Blouer Bruch) commonly contein thin gredec units of terrigenous silt
and clay. The units cre usually 1 to 5 mm thick end contein up to 20%
fine and medium silt grade quarts greins. The bese of the units may be
gradational, but it is ususlly sherp, locelly erosive or irregular
with smell scour structures (Fig. 3.17). The top of the units is slweys
gradationel into the backsround cerbonate. The terrigenous material may
be piped cown into the carbonate below (Fig. 3.18). In some cases the
units are not continuous end this is probzbly through bioturbation.
Pyrite as cubes and aggregetes is concentrated in the graded units but
there is normelly very little skeletal debris compared with the fine
grzined carboncte between (Fig. 3.19).

The features of these graded units suggest thet they were
produced by ceposition from suspension currents. However, clastic
turbicdites do not occur in.the basinel facies of the N.W. Harz Mountains
and are only locezlly developed in the Rheinisches Schiefergebirge in
the Upper Devonien. Thin silty lemince are common in the basinal shalese.

tnother process which may have been operative
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M. 36017

Pig. 3.18

Thin unit of terrigenous silt end clay with
irregular bese, 3keletel nateriel concentrated
in the beckgrouni ccrbonate. Frocnian. Aeketal,

LeWe Hzrze Thin section 823041. Scrle bar= 1 mme

Lemine of terrigenous materizl with irregular
base ond burrow structure filled by terrigenous
naterial end spearite. Upper Froenian. Steinbruch
Schmidt (Ense Schwelle) Xellerwald. Thin

seciion S 22992. Scale bar = 1 uzm.
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M. 3.19 Greded unit of terrisenous silt and clay.
‘icrofossils (ostracods and thin shelled
bivelves) common in beaclc round cerbonate
seciment., Uvver Fresnien. Aeketel, L.W. IHarz.

Thin section S -3047Z. 3ccle bar = 1 mnm .

Mg, 3. 20 Limestone with horizontzl and cross lamination.
Silty errbornete bioturbated in uvnper nart.
Lover Prcrnian. Bleuer “ruch (Znse Schwelle)
Kellerweld. Polished surfoce S 22973a.

Scele ber = 2 cR.
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concerns the so-celled nepheloicd loycrs. Susponsion-rich layers

have recently been described Troir the woters ctove the continentel

[&]

)

lope ond risc off the Atlantic coecst of the United States (Bwing
ke

14 Thorndike, 1665). These leyers renge un to 95C m in thickness

B
2
H
[
e
-
o]
‘ﬂ

(e}

ore considered to be a mecium of transporiing fine grained materiel

from chel?f

M

reas into deerver veters. The sediment is thought to
£o into suswencion through the action of ctorms ond currents in the

shelf. Ueposition from such e sediment layer would give groded units

e

rich in silt and cley. Little shell cebris would be expected since
this would b= be too cozrse to go into suswvension. However, as
vointed out by Stonlewy (1969) it is very difficult to distinguish
between the devosit from o nevheloid layer, and thet from a low
density, slow moving turbidity current and meybe the two mechanisms
are releted. Crganic metter too would be brought along with the
sediment and could cccount for the concentration of pyrite in the
greaeé units. Although these suspension-rich water messes occur

todey at ceptias of 1000 am or more, denths greater than those envisaged

for the Schwellen limestones, the process shoulcd still operete

31

2t shzllower

-+
epths.

e

wuartz greins of fine to medium silt occur scattered throughout
the pelegic carbonecte, normally constituting about 1%, and some
of this silt, slong with finer terrigenous material could have
been trensvorted by wind. Rex end Goldberg (1958) showed that
much of the clastic meterisl less then 4/Ain diameter, and sone
of the cuartz grcins up to ZQN’ occurring in the Recent velagic
sediments of the Atlentic Ocean arc aeolion in origin, derived
fron the Sahors. Wind trensportation of severel thousand kilometres
was revorted. The situation nust have been very similor in the
vevoniszn with the 01ld Red Continent subjected to tropical wezthering

only & few hundred kilometres to the north.
Some clastic materizl in the Schwellen limestones could be derived
from the neritic Schwellen.
3e24le2 Lemineted carbonates

Linestones from Blauer “ruch end Heingrube display horizontal

and cross leminetion. At Plauer 3ruch, Frasnian Flaser limestones
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are bioturbated microsverites rick in cricoconcrics (occurring at

¢

21l anclec to the bedding). Leomincted corbonate 1 to 3 em thickk
conteainings less cleoy noterial occur within and in the lover vortis

of limectone bece (Pirs. 3,20 end 3.21). The contact of the lamincted
vert with the nicrosyerite bedow is often irreruler, and renerclly
erosive. Cricoconcrids zre only wresent in some lomince where they cre

all :rr:1llel to the bedding. The crrboncate greins in the leninated vort

=4

cre mostly 5 to 2, in diemetor dbut silit-size icrite clots occur
vhich nay be nelletoids or the »rocducts of neomorphism. Cross-lominee
cutting horizontal laomince ot 2z few demrees are mresent in smrll
lqhes. ticroctylolites hrve Tormed betireen some lrniince.

Leineted corbonetes from Moinsrute arce comvosed of slichtly
cocrser sroins (medium to corrse cilt). Cross lenmination at 5° to 8°
to the horicontzl ic continuous es z thin beé 5 nm thiclkt in one
linestonc.

Thesc structures indicrte thet et certein tinmes current activity

worked the neleric s diment into horizontel leminetion and smell

sccle rinnles. Theoe o ructures were »robebl orc frecuentily develored

<
2]

¢t by binturovstion end dicgcnesis.

27413 Foscil concentreo

Foorils mor be concentrrted with ond without »referred oricentcotion.
In rost limestoncs, the foscils are rendomly orienteotcd ond ericoconarids
end goniatibtes fo exemvle occur normel to the beddinge. Micrococuinas
consistine of 909 cricoconerids with & preferred orientotion commonly
occur in Zivetion on¢ Frasnien limectones. Zuch cricoconorid nmicro-
cocuince commonly exhibit o type of graded bedding: at the base of

each unit the limestone is lorgely cempoced of cricoconarids in
contoct with each other but with the apnecrence ond upwerd increcs
of microsncr metrix they srode into cricoconerid free microsperites
(thiclmess of units 5 to 10 cm). "hinner cricoconarid microcoauincs
are comionly cecociated with cheet crocks (p.97). Ostrocods end
thin-shelled& bivelves locally form shell bands less thon a centimetre
in thiclmess (Fige 3.72). In some cases there is very little matrix

precent and the shells ore now in 2 svorry cnlcite cement (biosparites).
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Fig.

3.21

ilorizontal ond cross leminoted limestone,
bioturbected in upper pcri. Lower Frosnian.
Rlzuer “ruch (Znse Schwelle) Kellerweld.

Polished surface = 22973b. 3czle bar = 2 cm.

Foesil concentrate of ostracods and thin shelled
bivelves in calcareous shele. From o count of
150 shells 33, were concave unwards, 465 convex
upwerds and 21 verticcl or subverticel. Upper
Givetian. Hihnertalskopf, L.%. Harz. Thin

gsection S 23072. Sczle bar = 1 mm.
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wh[c‘\
Pe’agfc “mes+ones[MﬁW deporitcl on the Tlrniks of 'reefs

(cer#t Bonocl o.... Greventruch, hove thin beids of derived shellow
water matericl,. These cre ucuclly 2 ¢ or lesg in thickness and
contecin Iresmentis ol corcls, trichiopods, crlecrcous alpce,
stromcioporoics and oryoseans, cni silt-size corboncte clasts,
Paunal remains in the Schwellen sedimcnis cenerzlly indicete
that secdimentction wes cuilet but thet intermittent currcnt activity
reworkca the sediiment and vrocuced shell conceaitrates. Fine grained
cortoncte wes probably carriec off the 3chwellen into the slove
regions. Current sctivity can be considerzable on modern submarine
rises (sezmounts, cuyots ani riiges) compared with the Tlenk end

vasinel regions, end currcnte uv to 1 m per sec hove been recorded

Jeeccen and Hollister, 1964).

~~

Je242 Herdgrounds end disconformity surfec

e
Jerdgrouncs provicde evidence of ezrly lithifidation. 4 slow
net rcte of sedimentstion, or o vzuse in cedimentation is one of

the moin reguirements for their formction. Hordgrounds are croduced

oy lithificetion on the see-bottom and, once formed, the surfcce

may te mocified by loter nrocecces (e.g. mechenicel crosion),

which mey fecilitete the recognition of these curfeoces in the field.

Two types of hardground surfece (or iiscontinuity surfece) con be

recornisec ir. the Uevonien pelagic limectones, 1) a planor surfece

wiich cuts shelle end ceavity cemeuts, ond 2) en irregular surfece

with 2 relief of ur to a centimetre vhich is encrusted by fixosesile

foraminifera. The first type is an erosionsl surface and its nature
ugrecte thet the plenation wan czusced by corrasion. Disconformity

surfaces of this type occur in tlie Ordovician and Upper Devonian

of Russiz (Mecker, 1970) where it is cugrested thot the sbresion

ves coused by the movement of shell debris across the surface. They

are also recorded from the Hiadle Jurassic of Dritein (A. Kendall,

PETS. CONle o 1971) ené the movenment of o0olith sheets is here invoked

as the cause of planation. Purser (196G) and Kazmierczak and

Fszczolkowski (1965) describe similar hardgrounds from the Juressic

of Frince and Poland respectively. One of the features of the erosional
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type of hardground is their laterrl extent, which can be considerable
(e.gs up to 50 km in the cazse of the Folish hardgrounds). lLewell
(1967) raised some obJections to the existence of lithified
sedinents before planation by erosion, and suggested that a firm
substrate only is needed to nroduce the features of hardigrounds.
llowever, the cutting of cshells and ccvi@i& cements to the same level
a5 the surrounding secdiment, shows that they must have been of the
same hordness, i.e. the sediment must have been cemented. Hewell's
interpretations were made before the occurrence of Recent lithified
subtical carbonate muds was known. In the lest few years, there have
been neny references to this (e.g. Fischer and Garrison, 1967).
Harderound surfaces of the second type have not been previously
descrived. They are characterised by an irreguler surfeace which is
encrusted by fixosessile foraminifera. The surfaces were detected in
thin scction but could nct be found in the field, although their
presence wes known a2t a definite horizon. They are therefore termed
cryptoharderounds. In some cases, there is evidence that subsolution
has occurred. These herdgrounds probebly represent locel lithification
f the sediment as a result of cerbonate solution/precipitation in
2 mammer similar to thet described by Fischer onc Corrisdn (1967) for
Recent 1ithified subtidel cezrbonate muds.

3e2.2.1 iarderounds with corrasional surfaces @%5.123 fo &28,p76,7q4~499

Hardgrounds with evidence of crosion were found at Bicken,
Ense Schwelle (a besement rise in the Rheinisches Schiefergebirge)
and Mont Peyroux, Montarme lioire (where velagic sediments follow
'reef! limestones). Both hardgrounds are present in microsparitic
limestones of lower Fracnian ege. The hardsround surfaces are overlain
by 2 few millimetres of calcareous shele before the next Flaser
limestone. In the cese of the BDicken disconformity surfece, the presence
of bivalves, orthocones and crinoidal debris within the shale
(?ig. 3.23) indicates that there has been no bedding - plane slip
at this horizon. The surface at Bicken can be trzced for 3 m across
the outerop, and is irregularly exposed d@ver one square metre. The
Mont Peyroux surface can be followed for 5 m, and terminates & red

hemztitic limestone (Fig. 3.24) which is rich in microfossils. Both






Pig,

3.24

Bivrlve recting on corrssionel hardgsround
surfcce. Lower #rrenien. Tiicken, 11ill Syncline.

Hané svecimen 5 23063. Scale bar = 5 cnm.

Bedling rlane is a corraesionel heardground
surfece. Sediment below enriched in hematite.
Lower Freocnian. lont Peyroux, Montesme Loire.

Scecle var = 10 cm.
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herdiqround surfcces

Q

ut at severzsl nointc o thin wavy czlcite filled
3.25 and

covity structure or cheet creclz (Fig./3.26). This clearly shows that
.erogion has tcken nlace, cne thet the cceleite £illine the sheet
cracii it synsedimentery (Furscr, 1969). The Mont Peyroux surface
¢lso cuts chells with ¢ ferromencoriese cocting. Ferromcongonese
noiulez occur in the toyn fcow centimetres of limectone below the
corrasion surfrce, ond in the sheet crack ot Zickesn (Fic. 3.26).
Theee {crromengencese cucrustotions ere »robably ecssocicted with a
clowing Zown of the sciimentetion rete, which lcfd to the formection
of tnc herdoround.

Two tines of boringe wenetrote the Ticken heriground curfoce
very finc borinrs, lﬁp ccrocs within the top lmmond lorper ones
200=-2 bQM in dirmeter neretrotirveg dowm o Jew millinectres. Zorings

were not ocvscrved in the lont Feyroux surfcce.

M

Henctizetion cssocicted srith Vont Fevroux hordiground. The sediment

below the T.ont Feyroux horisround surfece ic nrriiculerly enriched

: much of the

i hematite. Indeed in come »lices hen
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feune end in other wvleces, the actusl sediment has been replaced.

(9]

end cricoconarids thet project into the cevity (Fig. 3.27)

QJ

rinoi
are hematized, indiccting thet this occurred before the covity-
£ill stzge. Cricoconarids avperr to be the material most easily
renlaccde Crinoids scem to be repleceil with difficulty, only pores
of the ctereom being filled by hematite. On the other hand, where
the fine gr:ined metrix is hematized (Fig. 3.28) skeletal materisl
is unaffected. This, however, may be 2 later diagenetic event, since
cricoconarids within a hematized matrix alone possess syntaxial
overyrovwths., Also hematized matrices occur within more shaley varts
of the limestone associcted with pressure solution. Pressure solution
hos zlso affected the upper portions of some cavities where sutured
stylolites outlined by hemetite occur.

For the formetion of the herdground surfaces the sediment
must have been lithified and the smooth nature of the surface

indicetes corrazsion. Other prominent bedding planes occur at Bicken

(and other localities) and it is possible that some of these are
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Pice 3425

Corr:cionezl hardground. Above: view of surface
shovwing truncated ferromanscnese encrusted
shells, and covity £ill cement. Delow: side

view showing trunccted Stromatactis-like

cavity. Lower Xressnian. Mont Peyroux, Montasme

Loire. Hend svecimcn S 22951. Scele as shown,

Section below heriground surfece. Corrasional
hardground et top has cut a calcite filled
sheet crack. A bivalve is resting on the hard-
ground surfece. Ferromangenese encrusted shells
and clasts occur below the surfece in the
sediment and sheet crsck fill. Lower Freosnian.
Bicken, Dill Syncline. Photograph of thin

section S 22950a. Sczle bar = 0.5 cm.
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Fire 3428

Sheet crvity below c@rasﬂonal surfrce. Crinoid
Trosment in ceovity pertly revlaced by hemetite.
rematite ¢lso v»resent zlong stylolite at top of
cavity. Lower Freenisn. Yont Feyroux, Nontaosne

loire. Thin section 3 22957b. 3cale ber = 1 mm.

“ematite revloccencnt of sediment below corrasional

surfcce. Lover ¥Freonian. Yont Pegroux, Fontosme

Loire. Thin section S 22957a. Scale bar = ZOQﬂ.
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herioround surfeces. ovever, hordsround surfrees can omly be
definitely recormised by the vresence of itruncrted structures, end
tectonic novement and wnressure solution have commonly affected
bediing plenes.

To sumnmerize, the orier of events for the corrasional hardsrounds

1) curtzilment of sedimentation and formetion of ferromangrnese
nodules and encrustations.

2) lithificetion of the corbonete mud.

3) formation of sheet cavity before or efter initiel lithificetion.

4) replacemecnt of skeletzl material by hemztite (Montegne
oire surfece).

5) cavity filling by internel sediment and cement.

6) corresion of lithified sediment, cutting shells and the
ceviiy cement.

7) grein growth around cricoconarids followed by hematization
of metrix. Exact time of this not knowmn, but probably after 6.

Ja2.2.2 Cryptoherdgrounds (E5L3.2ﬂ te 3.3, F83 and 84)

Harédsrounés with irresulcr relief were found at three localities,
1) Heingrube (upper Famennian) a volcanic Schwelle in the Kellerwald.
2) Acorf en Martenberg (Fresnion).
3) Riesenbachtal (lower Femennisn) West Herz Schwelle.

The aisconformity surfeces cut microsparite carboneate and
if the first centimetre of sediment ebove there is usually an enrichment
oé?ggii c1:d clay indicating that there was a lower rate of carbonate
oo it tion. The meximum distence that one of thece suricces
hos been trzced is 14 om (limited by size of svecimen). Hewewed In
onc cece 2 surfece war noted to fede into the backsround seciment.
“he relief of the surfrce rezches up to two centimetres, though
nmoetly it is a few millimetres.

The cryontohercground suricces are encrustecd with arenaceous
foreminifera, of the genus Tolypammina (identified by Dr. G. Eicﬁbff).
In many cases, the tests have only three sides - the fourth being

the firm substrote (Fige 3.29). Tolypammina is not resticted to

the hezrdrrounds and zlso occurs encrusting shell fragments aend



Cryptohardground surface encrusted by

arenaceous foraminifera. Upper Framennian.
Haingrube, Kellerwald. Pegl S 22970.

Scale bar = 1 mm.
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ronirtites and is associated with ferromensiiicrc cnerusteaiions (De287)e
Thet the suriace was lithifiec rather then firm 1o shown by e leyer

of foreminifera thot con be followed over a goniztite with its

upper part trunccted (Fig. 3.30; c.f. Lindstrém, 1663). Thc scne
situation is shown with o crinoid fregment (Fige 2.31).

Sone of these hardground surfrices heve o suvcriicisl resemblance
to precsure solution vlcnes, suggesting that the forecminifers were
encructing a shell or occurring in the sediment, and zfter nrecsure
solution were left as vpert ol the incoluble residue. Pressure
solution could te invoked for the cryptoherdground cutting a crinoid
ossicle (Fig. 3.3/ ) but for the truncsted goniatite (Fige. 3. 30)
end the Haingrube surfeces (Fige 3.29) there is no evidence of a
stylolite. Foraminifera of this type are rare as individuals in
the sediment , and normelly occur on substrates that were obviously
herd (e.o. shell fragments). The Toraminifera zre not deformed
as one might expect if vressure solution had tcken nlece at this
Junction. The versistence of the forzminiferal bends for at least
1C cm or more &lso precludes & prescure solution origin.

Crigins The orcsence of a truncoted goniatite and crinoid ossicle

with the irregular relief of the hardground surfece, suggest that
subsolution of the lithified sea-bottom occurred, rether then submarine
corrasion. The latter mey heve been operative before subsolution

took vlace. Identical truncction of enmonites occurs in the red

pelagic limestones of the Tethyan Jurassic (Hollmenn, 1962) (a very
similer focies to the Devonian rise sediments) and subsolution

surfeces are commonly coated with a ferromenganese crust (Pig. 7. lqypzaﬁ
(Jenkyns, 1972 .

The cryptohardgrounds revresent local lithification of the
sea floor. This is sugrestied by the occesionzl merging of a dis-
conformity surfece into the microspsritic limestone. Lithification
coulé be caused by solution ané precinitation of czlcium carbonate
in & similer way to that proposed by Fischer and Garrison.(1967)
for Recent lithified oozes. Cementation is commonly through high
nzgnesiunm celeite (Millimam, 1966) which is precipitated es a

micrite from sea water ané leter reverts to low magnesiun celcite
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Crypitoherdground surfrce with truncated gonieatite

encructed by foreminifera. Freonien, Adorf aom
o

Yartenverg, Sauerlond. Thin section S 22974,

3ccle bar = 1 mm.

Crryptoherderound with trunccted and bored crinoid,
encructed with forasminifera. Fresnien. Adorf am
Yartenberg, Sauerlend, Feel 3 22975.

Scele ber = 1 mm.



36"




with the loss of mogrmesiume. owever, crogonitce nicritic cements
(fricaman, 1968), aciculcr high magmesium crlcite cements (Ginsburg
end Schroeier, 1969) and low mernesiun ccolcite cenments (Garrison

et a1, 1969) arc also renorted from subtidzl ccemented cearbonate

nude, It is unlikely thet the exect process of cementetion for eancient
corbonzcte muds can be deduced, since it is impossible to distinguiczh

between groins end the intergranuler cement.

3e2e3 Sheet crocks and covities

Sheet cracks and csvity structures cre the most common type
of sedinentary structure in the Schwellen limestones and two mein
tyves con be distinguished on their size and cements, &) sheet
cavities and cracks tenging in height from 1 to 5 cm, some showing
meny stazes of internal sedimenteation and more than one phase of
cement formation. These have probably formed by shear fzilure on
a slicht elope. b) Very thin sheet cracks, 1 cm or less in thickness,
versistent over at least 2 m and cheracterized by kite-shaped
calcite crystals filling the void. The second type are probably
uniocue to the ZDevonian and hcve not bveen descrived vefore. They
are restricted to cricoconzrid-rich horizons, znd were found at
Dicken end Donzel in the Rheinisches Schiefergebirge.

3.2.3.1 Sheet cevities produced by shear failure Gﬂp.332 L 337)—

Sheet ccvities of this ty-e were found in the Cephalovodenkalk
at tdorf, Ticien, “lruemBruch, Eiboch (Rheinisches Schiefergebirge),
Lrarestel (Ferz), Uont Ferroux (8. Trrnce) ené Chudleich (S.7.
Enrlens). S1i-ht movenent of pertinlly 1ithifiecl seliment on o slogpe
ir couridomnd the mact TinTr mech-ndcn o thei- formetion.

The cevities are always associzted with microsparitic limestones
with very little clay materiel vresent. The cavities vary in size
from & few millimetres to 5 cm in height and the lateral extent,
comaonly 10 to 20 cm, may be up to 2 m. The cracks are mostly parallel
to the bedding but occassonally ceavities at different levels are
cormected (Fig. 3.32). In most cases the roof parzllels the floor
of the cavity both of which are rather flat. Other cracks (eege

that cut by the Mont Peyroux corrasion surface, p.74) have a smooth
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“hin sheet crecks filled by internel cediment,
fibrous celcite and red celeisiltite. Frarnien.

m Lertenberg, Scuerlsnd. Polished

g
I3
(o]
-
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surfrce 3 22978, 3czle as showm.

v

Deep cavity siructure with skeletsl frecments

and limestone claste in lower part, and fine

s f\)

rcdéed bendés higher une Burrow structures

1t in the intornel sediment. Smell dis-

S

TEEer

-
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nlacencnt of internsl sediment upver left of
cevitye. Preonizn. Ldorf cm Xartenberg, Seuerland.

Polished surface S 22979. Scale os shown.
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undulecting floor, but o more irreguler roof. This itype can ve 7 cn

in height, and resemble some of the sheet varieties of 'Stromatsctis!

(Lees, 1964). Some cevities thoush, cut the bedding cuite considerably
(Fige 3.33) ond hove skeletal frogments and sediment intraclasts
in the lowest pert of the cediment fill.
The sediment filling the cavities 1s thin, normally graded
bands of nicrosperite. However bands may coarsen upwards through a
crack, & feature also noted by Schvarzacher (1961). Rerely cross
lemindtion or smell chennel structures are develonel. Red pelite
(Krebs, 1969) also forms thin bands in some fills. Smzll burrow
(1 mm in dicmeter) occur in some interncl sediments, filled by a
slightly coarser sciiment then the surrounding mctrix. The final
internzl sediment is often 2 coorse hematitic calcisiltite which
is later thon the m-in fibrous czlcite cement phose. Very thin
bands composed of sgingle fibrous czlcite crystels may occur between
bands of internel cediment. These indicate vauses in the internel
sedimentetion when cement wars precipitstes from the ambient water.
lost ceavities show an extensive develomnent of fivbrous ceclcite
os the Tirst cement, «nd some ecrveizls may be 2s nuch as 1 cm long
Pice 34 3%4). The Tibrous crlcite ususlly has curved twin planes
(concave zwey from th¢ sutstrate from which it grew) and suberystels
are developed. Convergent optic axes cre vresent in the crystals. The
fabric ic the radiaxisl fibrous type described by Bathurst (1959a,
1969). The sheet cracks cut by corrasion surfeces at Bicken and
Kont Peyroux (p.79) show thzt the radiasxisl calcite is replacive.
The celcite filling the sheet cracks is not cut by the corrasion
surface, but heas seeded from the erosion surface itself (Fig. 3.35 )-
This fcobric must therefore have develoved after the corrasion surface
was cut, by replacing an earlier cement. The possibility that the
first cement dissolved.and that the fibrous calcite was precipitated
in = void is precluded by the presence of borings into the cavity-
fill cement of the Bicken hardground surface. The borings would
heve fzllen to the bottom had there been a void stege. These faois
then clearly show thet the radiaxial fibrous czlcite is replacing

an earlier cement. A note on this in press (Kendall and Tucker, 1971)

is appended (pe403 to 40s),
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Pig. 3435

Larpe cheet ceovity filled by numcrous graded
units and fibrous calcite. Red calcisiltite

is final intcrnsl sediment after Tibrous cezlcite.
Freonisn. loose blocikz, Adorf om liertenbery,
Scuerlend. Polished surface 3 22977.

Sczle ag shoime

Sheet ~rack cement cut vy corrscsionsl surface.
Fibrous radiexiel calcite ecrystels heve nucleated
from the erosion surface, and contein borings.
Lower Fresnien. Bicken, Jill Syncline. Thin

section S 22950a. Scale ber = 1 nm.
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red hemetitic sedinment the crystel terminations may be broken (Fig. 3.36)

end fregmorts of the scelenohedrel terminations mey be seen in
the red cediment cbove. If this red sediment is siniler to the
vedose silts of Junhem (1968), then it wes introduced at o late
stese, cbove the woter teble, presumably towerds the end of the
Lower Carboniferous. The rewnlacement of the early ccment by rediaxial
fibrous cclecite muct thus have tzken vlece between the Frasnian
and Lowver Carboniferous.

The finel occlusion of the cavities is by ecuant sparry
calcite. In some covities, eauaznt calcite hes replaced the fibrous
veriety end lsrze sparite crystals stretch acrose the whole cavity.

However, ghosts of former fibrous crystals can be scen in some

=

of thece gcuant crystals which heove strazight cleavage planes, but
uncdulose extinction. This type of ccvity-fill cement, fibrous csleite

and then drusy eouant sparite is well documented in the literature

(e.g. Tathurst, 195923 Crmec and Trown, 19633 Zankl, 1969; Krebs, 1969).

Rarely, the seciment and cement of a cavity is slightly displaced

(Fie. 3e33) which could be due to a settling of the sediment,

end shows that it was firm or lithified. Sneall displacements of

this kind in cevity-£fill sediments were figured by Orge and Brown (1963).

To summarize, these horizontal sheet cavities show that the
carbonate mud was either a cohesive, partly compacted sediment,
or lithified to some extcnt, so that a feirly ridgid framework
could provifle cavities which remeained open for some period of time.
Generally the paragenesis recorded here is as followsi-
a) compaction or vertial lithification of carbonate mud,
b) formation of the sheet cavities,
c) filling of the cavities by the mechanical introduction of interneal
sediment, zné vprecipitetion of zn early cement, growing up from
the floor, znd down from the roof. Dement may also develop during
breaks in internal sedimentation. Replacement of the acicular
cement by fibrous celcite. Hematitic calcisiltite is commonly
brought in after the fibrous czlcite has formed. Final occlusion
of the cavity is by drusy sperite, which may replace earlier fibrous

cements,






Fig. 2.36  Sheet crvity filled by fibrous colcite and
red celeisiltite. Jome of the crystel
termninations heve been broken. Fracnian. Adorf
em Yartenbers, Scuerlend. Peel S 22978.

3crle brr = 1 nmm.

Pige. 3437 Exposure of ccohelownod linmegtone at Adorf am

) ('oo[lirp west

Fartenterg, Seucrlnn@f';ho cliff fazce is of
Presnien limestones, cenped by ostpacod sheles,
of lower Femennien ese. Rocks exposed in front
of the cliff ezre crinoidel limestones. These
celiments were denosited in 2 small depression

or the volcznic ridge, Hauptgsrunsteinzug.
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Origins of the sheet cracks: lL.umerocus origins of sheet-cracks

ané cevities hove been provosed:— a) an orgenic origin, caused
by the decay of & soft bodied animel, or through burrowing, b)
cracks end cevities formed throush dessication, ¢) openings caused
by slight movencnt downslope, d) cavities produced by dewatering
of sediment (syncresis crccks), e) cavities formed by internsl
erosion of sediment and f) tectonic overnings.

An organic origin, either due to burrowing, or the former
vresence of 2 soft bodied animel, as hes been invoked for some

'Strometactis' structures (Bathurst, 1559) or the 'Stromatactis!

spere of Lees (1964) is not avpliczble to the shket cavities in

the Devonian. The laterzl extent, and freouent confinement to the
tedding implies 2 mechanical rether then an organic origin.

Fischer (1964) figured similar sheet cracks from the Lofer cyclothems
(Dachkalk) of the Alpine Tridssic. He interpreted them as dessication
crecks since the presence of stromatolites, birds-eyes and mud

crecks suggests subeserial exposure. These associated features

are completely absent from the Devonian sediments, indicating

an exlusively subtidzl environnent.

Internzl erosion zlone is unlikely to heve formed the cavities
but mey have occurred once the camities were formed by some other
process. MNechonical erosion hes probably occurred in the case of
Mge 3433 for excmple, and cut down into carbonate mud. Tectonic
movements have created sheet-like cavities in the Alpine Jurassic
(Wendt, 1971) but they exhibit evidence for meny veriods of infill,
indicating that they were reopened a number of times. The cavities
ii. the Devonian pelagic limestones -were ovened and filled during
a single event. There is no need to invoke tectonic movements.

Schwarzacher (1961) and Lees (1964) Gescribed sheet cracks as

enother type of 'Stromatactis! structure (sheet spars of Lees)

from Cerboniferous 'reef-flank'! deposits in Ireland. The oriengation
of the cavities was related to primary 'reef' slopes. Schwarzacher
suggested that they formed along planes of shear failure developed
during sediment creev, slumping, or compaction at an early stage.

For some Devonisn sediments with sheet cracks, there is no eviaence
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of an appreciable depositional slone, however, slopes of only a few
degrees are needed to cause sediment movement (Lewis, 1971). At

Adorf, where the best developed cavities were found, there is

evidence of a depositional slope. The limestones at this locality
appear to have been deposited in a small basin, at least 10 m across
(Fig. 3.37). The present depositional dip is 10°, and could easily
have caused some slight movement of sediment. There is no need to
invoke lithification before or during the formation of these

cavities, as long as the sediment is coherent, cracks can form.

However, some of the cracks are quite high (5 cm) and in these

cases, at least partial lithification is needed to keep them open.

If the sediment were impermeable, cavities will not close by hydrostatic
pressure alone (Schwarzacker, 1961). The cavities appear to be

confined to relatively pure carbonate muds (suggesting some lithification)
for within the more argillaceous sediments downslope, they are

absent. It is considered then that small movement of sediment on

a slope is the most likely cause of the sheet cavities.

3.2.3.2. Horizontal sheet cracks in cricoconarid rich sediments(ﬁ3a33945$éo)

Thin calcite filled sheet-cracks occur in lower Frasnian
limestones at Bicken. They are also present at Bonzel, near Grevenbruck
(Rheinisches Schiefergebirge) where the pelagic facies accumulated
on the flanks of the Attendorn reef complexe Thin detrital bands
consisting of displaced shzallow-water material occur within
cricoconarid-rich sediments. These sheet cracks appear to be confined
to this type of sediment and are connected with early cementation
of cricoconarid microcoquinas. At Bicken, the sheet cracks occur
some 60 cm above the hardground described above (Fig. 3.38) and can
be traced for up to 2 m across the outcrop (Fig. 3.39). The cracks
have a spacing of 1 to 3 em and about 10 occur. The calcite cement
fill is only 1 or 2 mm thick and is a distinctive kite-shaped fibrous
calcite. Below this, internal sediment between 1 and 10 mm thick
occurs as a number of thin graded units, some comtaining cricoconarids.
There is some evidence for pulling apart in the cracks from Bicken.

If the internal sediment and cement were removed from the cavities
(particularly the central part of Fige. 3.40 and Fige. 3.41), it appears

as if the cracks could be closed up.



Subverticel/horizontal neptunian
‘iyke .

Nioturbateé red limestone.

Thir sheetcs in cricoconarid
micrococuines.

Subverticel neptunian dyke.

Corracsional hordground surface
cutting sheet cracks.

Neptunian dyke (disturbed) with
lirestone clasts.
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Cricoconcrid-rich limestones.

Pire 3,38 3 m of the lower Frasnian succession at Benner Quarry,
Bicken (0ill Syncline). The top of this section is

situated 3.7 m below the lower Kellwasser Horizon.
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Dire 3.39 ®Bhin sheet croceks in cricoconerid-rich sediments,

L]

Zicken, 3ill 3yncline. 3ccle BBr = 5 cm.

Fige 3.4C  Sheet cracks in cricoconcrid-rich sediments,
filled by internsl cecdinment and Tibrous celeite.
Lower Frronian. Bicken, 1ill Syncline.
Photogrzph of thin section S 23065.

Scrle ber = 2 con.
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Deteil of Pig. 3.40. Sheet creck with mztching
cices susrcetins 2 pull - avert mechenisme
Lovwer #rosnien. “icken, 1ill Syncline.

Thin section 3 23065. Scalc bor = 1 mn.

Cricoconarids with fibrous ceclcite overcrowths,
some pcrtly removed by pressure solution.
Lower Froconien. Ricken, Dill Syncline. Thin

section S ©3065. Scale bar = 1 mm.
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The seliment associated with the cracks is very rich in
cricoconarids, an¢ ia some darts there is very little notrix at
all. Therc iszprefcrred orientation of the cricoconarids in thin
gection, and often itwo or three cricoconarids occur inside each
other. These festures suggest current activity (Fisher, 1962).

Thin clry sezms, less than & millimetre thick, have been injected
into the sediment through »nressure solution at the same time as

the formation of clecvage. The cricoconarids show extensive syntaxial
overgrowth development, with the formation of fibrous calcite crystals
up to 500m x 100m (Fig. 3.42 ). These have grown outwards and inwards
from the walls of the cricoconarids. The centre of the cricoconzrid
nay be filled by sediment or ecuant calcite. In transverse section,
the fibrous calcite overgrowths are directed with their c-axes

normal to the cricomonarid wzld. The crystals increase in size
outwards, and usually have scalenohedral terminations (Fig. 3.43 ).
Ghosts of former growth stases may be indicated by dusty areas

(Fig. 3.44 ), but ghosts are best seen in the calcite filling the
sheet crack. A pseudouniexial cross is present under crossed nicols
(Pige 2e45 ). The twin vlanes {0112} are usually very vprominent

anc mey be straight (Fig. 3.43 ). However, they are frequently

curved (Fig. 3. 44) and the twin planes are always concave towards
the styliolimid. The twin vlenes from one crystal are often coincident
with those of adjacent crystals. If this is perfectly developed,

then a series of concentric rings is obtained; the whole resembling
en oolith (Fig. 3. 46). In longitudinal seétion, the twin planes

are elways directed towards the open end of the cricoconarid.

Fitrous crystals developed alorng the shell in longitudinal section

in the seme way as in the trensverse section, but commonly, one

large overgrowth is developed (Fig. 3.47) which has undulose
extinction.

There is substantizl evidence to show that the fibrous calcite
overgrowths are replacing a former ecicular overgrowth, or replacing
the host sediment. In transverse section, within the fibrous over-
crowths, lines of inclusions can be discerned normal to the cricoconarid
well (Fig. 3.48) (observetion of Dr. A.C. Kendell). These could
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Fir.

3.44

Tibrous oversrowth cround ¢ cricoconarid.
Celcite cryotrls hove cireisht twin plenes,
vut metch up with thosc of cdjecent crystels.
Lower ®¥rronien. “icken, ill Syncline,

Thin section 3 23065. Scecle ber = 200u.
/M

Fibrous oversrowth zround £ cricoconesrid.
Ghosts of ecrlier growth stages cen be seen,
and twin lancllae sre curved end continuous.
Lower Froinien. Dicken, Dill Syncline.

Thir. section S 23065. 3cale bar = IOQM.
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seucouniaxial cross ovirined with fibrous
ovcrrorowths around cricoconerids, under crossed
nicels. Lower Frocnien, 2icken, will Syncline.

Thin section 3 z30i5. 3cele bar = 1 mh.

Fseudo-oolitic structures nroduced by continuous
tvwir rlenes srounc cricoconerids. Lower Pracnian.
Bicken, 411l Syncline. Thin section S 23064.

Scale bzr = ZOQF’
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Longitudinal section of cricoconcrid
fibrous overgrowth. Lower Prornien. Ticken,
»ill 3vynecline. Thin soction 3 23065,

Scele bter = 1 nmo.

Morous ccleite overpgrowths cround cricoconzrids
showing lines of inclusions rrdisl to the shell

well. Lovwer Fr: nian. Langestrl, N.W. Herz.
Feel S 23045. Sczle bar = lOOﬂ.
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ornly occur if the fibrous cclcite crystels had replaced an earlier
ecicular crrbonete, which grew radially from the styliolinids.

On theoretical grounds, it is easier to exnlezin the fibrous calcite
overgrowths as rerlzocive. Since cricoconerids have e prismectic

shell structure (Fisher, 1962), one would expect a creater number
of seeding points for crystal overgrowth development, than are
indiceated by the number of fibrous celcite crystals seen now as

the overgrowth. In a number of places, perticularly where a geopetal
cavity hes formed inside a cricoconarid, the overgrowth can be seen
replacing the host sediment (Fig. 3.49 ). The fibrous calcite within
the cavity is clear, but that outside is full of inclusions and

hzs obviously revlaced the seciment. This situation is well seen

in a section from the Montezsne Loire (Fig. 3.50) where the twin
plenes of the overgrowth clearly pass into the surrounding hematitic
sediment. Other evicence that this type of calcite heas replaced

en eszrlier carbonate is given above (v.90).

Sheet crack cement fill. The sheet cracks at Bicken are filled

by lerge kite-sheped crystels of fibrous czlcite, which may be up

to 2 om x 15@# in size. These are also overgrowths, developed
radiclly from cricoconarids thzt either project into the cavity

or are just within the sediment above the crack (Fig. 3.5/ ).

Smzller fibrous crystels of the type described above, may be present
on the upper parts of cricoconarids which have large fibrous crystals
growing down into the cavity. It seems reasonable to infer from

this thzt the fibrous crystels in the sheet crack have grown in &
similar wey to those around the cricoconarids in the host sediment,
i.€s. by revlecing an earlier acicular cement. The fibrous calcite
crystels filling the cavity also have well-developed twin planes
which are mostly straight, but nearer the cricoconarid they tend

to be curved. The twin planes of adjacent crystals frequently coincide
in the seme way as those overgrowths developed in the host sediment.
The extinction may be undulose, dividing large grains up into
subcrystals es in radiexial calcite (Bathurst, 1959a, 1969), but
more commonly each crysteal extinguishes at the same point (Fig. 3.52).
Within meny of the kite-shaped crystals, ghosts of earlier growth
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Mg.e 3449 Longitu#dinal section of & cricoconarid
showing replccenent of host scaiment by fibrous
overgrovithe Lower Fra-nien. Ticken, Jill

i
Syncline. Thin section 3 23065a. Scale ber = 1 mm.

Pig. 3.50 Longitudinel section of cricoconarid projecting
into sheet crack. Pibrous overgrowth has
renlcced host sediment, and grown in continuity
with cdjecent crlecite crystels in the covityl
Lover Fresnian. Mont Pevroux, Montagme loire.

Thin section 3 22957a. Scale bar = 1 mn.
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Figs 3451

Fige 3.57

Hite—shzmed Tibrous crlcite cryetals, which
heve grown from cricoconerids, filling sheet
cracks Lower Frocnien. Ticken, Dill Syncline.

Thin section S 23055. Sccle bar = 1 mn.

Fibrous crlelte crystols with comnlete
extinction under crossed njcols. Chosts of
ccclernohedral termincations of ccrlier growth

~es present within fibrous crystcols. Lover

o

i
3 23065. Serle var = 200m
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stages can be seen, with fine sczlenohedrzl terminations (Figs. 3. 52
end 3.53). The vresence of these ghosts is shown by a light brown/
colourless banding. Inclusions are present in the derker bands
making the crystidls vseudopleochroic. In lékitudinal section,
growth stages of the same type are normal to the shell wall, but
21l now included in one large overgrowth crystal (Fig. 3.54).
Where the ghosts are not so well preserved, their former presence
is indicsted by a dusty erea full of inclusions. The light brown
pseudopleochroic bands contein many inclusions which could be
organic matter or clay particles. Hudson (1965) descrited brown
pseudopleochroic celecite from Jurazssic bivazlves ancd esttribubed

the colour to orgenic matter. Similar zonation patterns due to
varying emounts of iron in the calcite lettice, were described

by Evany and Shecrmen (19653 1969) and Dickson (1967). Staining

of the samples from 3icken with potessium ferrdicysnide and Alizarin
Red showed thet ferroan celcite is not present, but only calcite.
Acjacent crysteals have slightly irresular consertal contects, and
it can be seen that material hes been lost here. The outcr parts
of the earlier growth staces have been lost along the junction
with adjacent crystals. This vrobebly occurred through competition

during growth of adjecent crystals as they revlaced the original

115

acicular crystals. The fibrous calcite in the sheet cracks is replacing

a cerbonate which wes cleerly a void-filling cement.

The sheet cracks at Bonzel are slightly different in that
secondary cracks are also present. The main cracks are about a
centimetre thick and filled by grey and red internal secdiment, and
then fibrous calcite. The latter is of two types, fibrous calcite
that is zn overgrowth from cricoconarids, and radiexial fibrous
calcite (Pathurst, 1959a3 1969) which hes mainly grown up from
the cevity floor (Fig. 3.55). Secondary cavities formed where
partly lithified host sediment cracked and slipped down slightly
towards the main cavity (Fig. 3.56). The smaller cracks are filled
by fibrous celcite which has mainly grown froa cricoconarids.

Internal sediment in sheet cracks. The internal sediment now filling

the sheet crocks at Bicken is a microsparite, with grains up to
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FlFe 3.53

Pire 3.5H4

Choste of ecrrlier srowth stores within fidrous
celcite oversrowtihs fillings o sheet croci.
Lower ¥rr rien. “Yicken, i1l 3yncline. Thin
section (crosced nicols) S 23065.

3cale bar = 109p.

Chosts ¢f corlier srowth ~toges ceen in
longitudinel section of cricoconaridi. Lower
Freenion. icken, ill Syncline. Thin section

3 23065, Sccle ter = 1 mm.
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wheot crrc’c Tilled oy rrdicxiel celeite eoc
overrrovthe from cricoconrriis. Givotian/
Tr-siien. onzel, fttendorn region.

thi: section S 73067. 3crle brr = 1 mm.

Secondrry crreiis formct cbove larger sheet
crack, Tilled by rriicxmiel ccleite end

[ Coda

overgsrowths from cricoconcrids. Givetisn/

“rernione Tonzel, Attendorn resion. ‘Thin cection

S 73067. “ecle bor = 1 nmn.
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QQﬂ. Althouch neomorphism has occurred to give a cocrscr fabric,
grooing of the sediment is still vreserved. Some crocks have several
rroied bends of ~rey microsparite, which contain cricoconarids

with syntexisl overr~rowths. The red internal secdinent pertly filling
the cheet crecks from Jonzel is reversely graded at the top—- 2

)

fecature noted by Schwarzacher (1961) in Certoniferous *'Stromatactis!

cevities. The red sediment consists of & tirht mosaic of inter-
locking erzins (Fig. 3. 57) with 2 border 0.5 to 1p thick between
the greins, where clays and iron minerzls are concentrated. A
later neomorphism of the internal seciment has pertly repleced

the fibrous overgrowths. Some of the fibrous crystals radiating
outwzrds from cricoconarids have been replaced by microsparite
(Fig. 3.58), and occasionzlly, sn odd vatch of fibrous colcite
con be seen cut off from its growth nucleus by microsparite. The
twinning in the overgrowth fragment however corresvonds to that of
the cricoconarid from which it originally extended (Fige 3.59).

Interpretations, origins and lithification. The cricoconarid-rich

secinents were cemented before the formation of the sheet cracks.
The creacks would not remain open over such distences as 2 nmetres,
unless the host sediment was lithified. In modern lithified pelagic
oozes, lithification often occurs in bands, with softer uncemented
meterial between (Millimen et al, 1969).

Cementation of the cricoconarids probably took vlace by the
formztion of overgrowths. The fibrous cezlcite overgrowths replaced
an earlier aciculer cement which was probably aragonitic (brachiopods
with celcitic skeletons originally and crinoids which had high-
magnesium calcitic skeletons are perfectly well preserved without
overgrowths of this type). Modern acicular aragonitic cements are
well documented and a Recent exeamvle that is very similar to the
Devorian cemented cricoconarid microcoquinas occurs adb the bottom
of the Red Sea (Gevirtz and Friedman, 19663 Milliman et al, 1969).

Here lithified pteropod oozes are cemented by syntaxial overgrowths

120

of acicular aragonite (pteropods are composed of aragonite) (Fig. 3660)s

It is suggested that cementestion of the cricoconarids occurred through

the formation of similar aragonitic overgrowths which also grew
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Pire 3.58 Interncl sedirent hee recrystelliced to 2
nicrosnwerite cnd renleced the lower nert of
the fikrous oversrowths. Lower ¥rs nien. “iicken,
%111 Syrcline. Thin section S 23065.
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Flpe 3459

Fig. 3.60

Zecryst-llization of the internel seciment 1o
nicrostorite hos vortly rermoved the fibrous
oversrowths argound cricoconarids. Remnents of

the overgrowth are separcted from the cricoconarid,
but czn be recognised by the twin plene directions.
Lower Prcinian. Sicken, Dill Synclirie.

Thin section S 23065a. Scrle ber = 209#‘

Recent aciculzr arcgronite which hos Formed
syntaxielly eround pteropods (From Gevirtz

and Friednen, 1966).



F16. 5.—Cross section of Pteropod in hard layer
showing syntaxial and drusy fibrous aragonite.

F16. 6.—Enlargement of fig. 5.
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into the sheet cracks. Later, the arzgonite fibres were replaced
by the growth of fibrous cazlcite, seeded from the cricoconarid well.
These revnlacements grew outwards and the ghosts of the growth stages
reveal the shape these replacing crystals took.

The prescnce of continuous twin planes from one crystal to
the next, at first a very difficult thing to exvlain, can be understood
knowing thet the fibrous caléite crystals are replacing acicular
aragonite. The original aragonite overgrowths would have been very
fine crystals, (modern ones are 100m X lQ/Q and odjecent fibres
will ciffer 1little in optic orientation. Hence the aragonite fibres
rodiating round the shell cen be regarded as one large overgrowth.
As fibrous replacement crystals grow, they would include a large
number of aragonite fibres. Since the arzgonite fibres do not
differ much in orientation, they can be accomodated by the developing
replacenent crystal, but the net result, will be a strained fibrous
crystel. This strain is released by the formation of twin planes
and since effectively, there is one large overgrowth crystal, release
of strain will czuse concentric twin plenes to form. The continuation
of twin planes from one crystal to the next, could only occur if
the crystals have the same a—orientation. They have the seme c-
orientation, this can be seen in thin section. For the overgrowth
crystals to have exactly the same orientation, can only mean that
the shell structure of the cricocornarid has determined hew the
overgrowth crystals were seeded.
The paragenesis of the sediments with the sheet cracks from Bicken,
is as follows;
l. Deposition of cricoconarid microcoquines, which are cemented
by syndaxial acicular aragonite overgrowths eround the cricoconarids.
2. Formation of sheet oracks, which are filled by internasl sediment,
locelly containing cricoconarids. Growth of acicular aragonite
overgrowths into the cavity.
3. Replacement of arzgonite fibres by fibrous celcite seeded on
the cricoconarid well. Growth outwards envelopning aragonite producing
sirained crystals.

4. Release of strain producing curved twin planes, frequently
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continuous forming bodies resembling ooliths.

5« heoworphism of internal sediment and mairix between cricoconaric
shells vroducing a coarser moseic. Replccement of some fibrous
celcite overgrowths by microsvarite.

6. Production of thin diegenetic veins.,

7. Intense pressure solution, coincident with the development

of cleavage, producing numerous solution stringers, injecting

cley, removing parte of the cricoconarids and/or their overgrowths,
and displacing thin veins.

Two mechenisms operate todey forming cavities below lithified
sediments, a) 1ifting and erosion and b) burrowing. Cavities can
form from a slight lifting uv of o lithified leyer through force
of crystallization. Shinn (196¢) described low emplitude folds
from the Persian Gulf which may have formed in this way. Lindstrom
(1963) figured similar fold structurec from the Ordovician Qrthoceras
limestones of Scandinavia and invoked movement or gliding of cemented
bands over the marls. After lifting, scouring out of soft sediment
nay occure. Soft sediment below a lithified band may be excavated
by crustaceans or fish and produce small cavities (Shinn, 1969).

The lateral extent and spacing of the Bicken sheet cracks
is the main problem and the mechanisms outlined above would probably
not give rise to cracks over 2 m long. The origin of cracks in
cricoconarid microcoguinas is not kmnown but early cementation of
the sediment is vwobably one of the main factors since this type

of crack does not occur in other lithologies.

3.2.4 INeptunian dykes (Fqs 3.61 + 3.69).

Neptunian dykes occur locelly in the Devonian pelagic sediments
at Adorf, Bicken, Celvarienberg, Bulenspiegel and Gaudernbach
(Rheinisches Schiefergebirge), Langestal (Harz) and Combe D'Izarne
(Kontagne Loire). The dyke from Langestel has been interpreted
previously as due to karstic weathering during emergence (Stoppel,
1968). Dykes formed by tectonic fracturing occur in Jurassic pelagic
sediments of the Alps (Wendt, 1969).

Two types of dyke cen be distinguished on scale and age,
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a) dykes where tic Till is of a cimiler litholoey end age to the
host sediment and b) dykes venetrating down into apprecizbly older
sediments where the host lithology and fills are quite different.

Uylces of the first type comnonly occur in the same sediments
as sheet cracks, Flaser limestones with very little clay. The dykes
ere mostly vertical or subverticel and renge in size from 1 to 30 cm
in width (Figs. 3. b/ and 3.62). They penetrete down to at least
one metre. One dyke at Ricken cuts across the bedding and then
follows the bedding, vpossibly through coinciding with a sheet
crack. Dykes at Bulenspiegel are comnonly shallow structures, 20 cm
wide and cutting down 10 to 15 cm (Fig. 3.63).

All the cykee are filled by numerous graded units of microsparite,
each 5 nm or less in thickness (Fig. 3. 64 ). Irregularities in the
internal becdin~ occur in subvertical dykes near the roof. Dykes
in Givetian/Frasnian limestones commonly have bends of internal
sediment comvosec soley of cricoconarids. In some ceses, the internal
sediment is very rich in pyrite, as minute grzins 1—%# across or
acgrecates (Fig. 3. 65 ). Limestone intraclasts ere commonly present
in the dykes, and arc mostly 1 cm across. Evidence of lithification
of the host sediment before the dyke sediment was introduced (apart
from intraclests) is showmn in one instance where a shell filled
with the host sediment projects well in the dyke scdiment (Fig. 3.66 ).
Much of the shell hed dissolved before the dyke sediment came in
but the shell-fill retzined its shape. Thin dykes, 1 cm wide,
comnonly cut limestone beds eand are filled by numerous thin laminae
of microsparite.

Thin fibrous calcite bands may be present within the dyke
sediments. The cement at the top of the dyke is mostly a drusy
equant celcite, but in places, a fibrous mosaic is developed. The
latter was probably the original cavity fill, much of it having
been replaced by sparry calcite.

Microstylolites commonly 'underline' or slightly displace
the laminae of the internal sediment. The sides of dykes have sometimes
been affected by pressure solution or small tectonic movements.

. _pe c
Larger more complicated dykes of Upper Devonlaglgggiments
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Pig. 3.61 Verticzl nentunizn dyke filled with numerous
croded berds of microsverite. Thin bands of
fibrous crlecite occur within the sedinment.

Dyke on right filleé with cricoconrrids, lime-
stone and shele clests., Lower frosniane. Ticken,

2111 Syncline. Seecle ber = 5 cm.

Pige 3462  Verticel nentunian dyke rvenetroting cricoconarid
N7 ! ;
rich sediments. Lower ¥rc-.nien. Ziclken, Dill

Synecline., 3cele bar = 5 cm.



129







s

ice 3.62

Shellow nentunian dyke in srey ¥loser limectone.
Calcite hes Tilled¢ finrl wvoid. Froenion.
Julensvierel, neear W¥orsicin, Seuerlonu.

Scele bar = 10 cnm.

Horigontel nepntunian dyke cutiting cricoconarid-
rich limesgtone. 3Sone internel sediment ovands
comvnosed entirely of cricoconzride. Lower

Prr nione. Ticken, .ill Syncline. Polished

surfrce 8 23064, Scale var &s shown in cm.
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Teods of nicrite ond microsvarite in 2 noptuniean
dyke. Pyritc iz wresent os ainute sreins Zﬂ in
airmeter, rnd ac agrepctes. Frrosnian. Eulensviegel,

near Werstein, Secuerlend. Thin section S 23851

Frojection of host sediment which had filled
a skeletrl Trepment into nentunien dylke. The
distinct sheve ond undisturbed nature of the
nrojection sugecectec lithificrtion of the host
secinent before interncl sedimentetion in the
dyize. Lower Fresnian. Ticken, Dill Syncline.
liecrtive print of thin section S 23064.

Scele bar = 5 mm.
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in ficsures in the lower Frasnien/Givetian 'reef' linestones,
occur at Geudernbach and zre recoréed from other locclities that
vere not exemined (Krebs, 1968a). These dykes extend dowm at least
30 n into the 'reef' limestone and similar dykes eleswhere give

a veriety of Uvper Devonian zeces, based on conodonts (Krebs, 1568a).
Large clasts of reef limestone are included in some of the dykes,
an& also pieces of fibrous celcite cement which filled wvoids in
the 'reef! limestone (Figs. 3.672nd 3. 68). These are normelly
enbedéed in e coarse red calecisiltite. Other dykes are filled

by numerous graded bands of czlcisiltite end micrite of verdous
shades of yellow, red and brown (Fig. 3.69). At Calvarienberg,

black Clymenia shales fill a large fissure in Platyclymenia Flaser

limestone.

Origin: For vertical or subvertical sedimentary dykes there zare

four vossible mechanisms for their formation (Wendt, 1971), a) Karst
weathering, b) submarine erosion, ¢) slight movements of the lithified
sediment, and d) tectonic freacturing contemporaneous with sedimentation.

There is no evidence for emergence although Stoppel (1968)

envisared such o mechanism for a smell sedimentary dyke in similar
sediments at Lengestal (Harz). Submarine erosion is more likely

to be a contributary factor, modifying the dyke form rather than

an initiating process. For example, erosion has probably occurred

ir the case of the shallow dykes at Eulensviegel (Fig. 3. 63).
Settling of lithified carbonate, mass transport of sediment downslope,
or shear failure on a slope could give rise to seéimentary fissures
and this type of process probably occurred with the smaller dykes

in the Schwellen limestones.

Dykes frecuently are formed by small tectonic movements.,

Wendt (1971) hes shown this to be the main fector in the formation
of the neptunian dykes which pervade much of the Jurassic of Sicily
and the Alps. Pelagic sediments, locally with specially adapted
faunas, penetrcte down to several hundred metres, into the Triassic
rcef limestone. Also in the Northern Calcareous Alps, Fischer (1965)
describing similar structures in the Loferites considersd tectonic
frecturing 2 likely ceuse. Large scale mudcracking as well as karet

wecthering are also cuggested as possible mechenisms. The absence
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linectone enbedded iu red caleisiltite.

Geaudernboch, Lehn Synclines Zcrle ber = 10 cme

nculer fregments of reef maotericl end fibrous
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celcite (formes in voids in the recef) embedded
in & red crleiciltiite and occurring es a
fissure Tilling in a Givetian/Frernien 'reeft.
Gaudernbech, Lehn 3yncline. Foliched surfeoce

S 23047. Scele 25 shown in cm.
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Leminated red and brown czlcisiltite of Upper

Devonien age occurring in channels and dykes in
Givetien/Fresnian 'reef! limestone. Gaudernbach,

Lehn Synecline, Scale bar = 10 cm.
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of any evidence for emergcnce in the Levonian sediments, precludes
the latter two. Unforiunctely, not enourh cyxes were encountered

in Gerneony to moke messurements of their orientotion for comparisons
with tcctonic directions. However, tectonic frzcturing seems Likely
for the lzrger dykes at Gaudernbach and Celvearienberg and could
apprly to some of the smeller ones too. In some cases, lithification
of the host sedinment before dyke forﬁation hzs cleerly taken place
and so useful information is gained if the dykes fills are not

much younger than the host cediment,

Section 3.3. Lithification

The Devonian pelagic limestones are fine grzined and have
suffered extensive recrystallization. Within the grester part of
the sediments therefore cements cannot be distinguished. However,
evidence from sedimentary structures described above (sheet cracks
and neptunian dykes) and the presence of limestone clests, shows
thet at least where these occur, lithification occurred during
early diezgenesis when the sediments were still in:.a completely
submarine environment. The presence of hardgrounds (p.73 ) shows
that in some insteznces lithified sediments formed the seajfloor.

Generally, secimentary structures are not very common but lack of
compection before lithification is a feature of the limestones and
also suggests early lithification.

In modern carbonate muds, most compaction takes vplece in the
first 50 cm below the sediment/water interface, when a great loss
of water occurs, reducing an original soupy sediment to a mud with
a porosity of 50 to 70% (Ginsburg, 1957). The vorosity is gradually
reduced by compaction, and in Recent deep weater sediments the
transition from dominant compaction to solution welding of grains
and cementetion is between 250 and 500 m (Scholle, 1971). There
is very little evidence for compaction due to overburden pressure
in tha Schwellen limestones and the sediments must have been 1ithified

before much burisl. Only one exemple was encountered where a geopetal
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cavity hcd collevsed (Fige 2. 70) and this was in a nodular limestone
(griotte) rich in goniatites which are filled with carbonate and
have more argilleceous sediment between them. The nature of the
fracture sugrests thot it occurred after lithificoation of the sediment
enc before the filling of the geopetal covity by calcite. One
frectured shell wes found (Fig. 2.7/ ) which may have bcen brodken
through compaction. Otherwise all other fossils ore full bodied
and breakeres have not occurred. Trece fossils ere circuler in
section and show no evidence of deformetion. The velezgic carbonate
must hove teen sufficicently cemented before the overburden pressure
wes hich enough to ceause aporeciable compcetion. Observations
of this kind on ancient shallow water carboncte muds have been
mace by meny authors c.g. Fray (1560), Beales (1965), Bathurst (1970).
As Bathurst (197C) concluded, 2 vast cuantity of carboncte is needed
for the ccmentation of these cervonate muds - more than half the
volume of the limccotonee. The problems of the origin of this meterial,
how it was trinsported end precivitated are still unsolved. Compaction
after cementstion has occurred in many Schwellen limestones with
the formztion of microstylolites ancd lazter diagenetic wressure
solution »lenes.

The fectures of the Schwellen limestones then suggest early
diegenetic lithification in the submarine environment. A few years
ero it waes considered that carboneate sediments could only be lithified
in cubeeriel environments (Friedman, 1964) but there have recently
been meny records of submerine lithification from various envirorments
2t verioas depths (Fischer and Garrison, 1967). One of the main
factors in early lithification of Recent submarine sediments is
slow sedimentation, and it is probebly the slow sedimentation of
the Schwellen sediments which led to their early cementation. Their
eerly diegenetic history is in marked contrast to carbonate turbidites
which sccumulated at a much faster rate and show evidence of early

compaction before cementation (Scholle, 1971).

/
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Fig. 3.71

ed by o rondatite trhich

-/

a

Geonetel crovity For
wne freoctured before beins Tille’ by celcite,
hut ~fter 1lithificrtion of the host cedinment.
Lovwer Prmennirn. Coumiac, Hontarme woire,

reel S 22966, Scrle bor = 1 mnme.

Shell with a ferromanccinese contine~ thet has
been frrctured. Fregments of the ferromengenese
coating occur in the druny calcite and insice
the shell indiceting thet a2 void ctrre existed.
The shell is now 2 svnarite vseucomorph.

Lowver Famennien. Combe D*'Izarne, "ontosme XNoire.

Thin cection S 22954b. Scele bar = 1 mm.
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Section 3.4 leonorphisnm (late diagenesis)

Folk (1965) cefined recrystollization as applied 1o corbonate
rocks as revplacemcnt of one cclcite type by calecite of 2nother
grein size, morochology or orientation. For the change aragonite

to celcite the term inversion is used. Folk introduced the word
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neomorphism when it is not possible to decicde whether recrystallization

or inversion has occurrec. Folk also distinguishes two .types of
neomorphism, agsrading and degrading, and divides zggreding into
porphyroid and coalescive depending on how the increase in grain

size takes place. Porphyroid sggreding neomorphism, ovroceeding

from a number of isolsted nuclei is considered by Folk (1965) to

be the initisl process which is rorely preserved. Coalescive
neonorphism is general coarsening of the mosaic by the growth of

come greins, in preference to others, and is considered to take

over from porphyroid neomorphism once a certain grazin size is reached.
In the Schwellen limestiones, most iypes of recrystallization

described by Folk can be recognised.

3.4.1  Aggrading neomorphism (Fgs-3-11+ 3.83).

The metrix of many of the Devonian pelagic limestones has

a mottled appearance where micritic areas are surrounded by arees

of sligntly coarser microsparite. These featuees may represent
originel inhomogeneities in the sediment, through burrowing or

the presence of compound greins,but irregular neomorphism could

also give rise to this febric. Coarser greins, 20*05Qﬂ in size,

are commonly scattered throughout the sediment and probasbly represent
fregments of skeletal debris which have undergone neomorphism.
Relicts of shells which were nearly obliterated through aggrading
neomorphism of the sediment can frequently be discerned. A number

of limestones (e.g. those from Bicken) consist entirely of miocro-

speribe or pseudospar with numerous skeletal fregments, and the

originel sediment must have been a celcisiltite rather than a calcilutite

that has undergone extensive neomorphism.
A tyve of fabric which resembles the porphyroid aggrading



ncomorphism of Folk (1965), the grain growth of Zathurst (1658,
1959 )} &ncé Orme.&nd Brown (1963) is vresent in the Frosnisn limestones
Fron thﬁ(Ense Schwellen limestones)from Steinbruch Schmidt in the
Kellerwald. These are limestiones with very little clay material.
Small patches, & few centimetres across, consisting mostly of
pseudosperite groins ZQﬁto 30ﬁ in size are develoved in some exemples
(Fig. 3.'72). These »patches grede into the background carboncte
which here consists mostly of micripﬂé and microsyarite. The frobric
resembles the siructure Grumeleuse of Cayeux (1935) and the diagenetic
feorics described by Becles for pelleted limestones (1965). These
cpccimens show that recrystellizetion began from & number of isolated
centres. and could eventually lead to &z comvlete coarsening of
the originzl mossic. This type of neomorphic fobric may develop
from origirel variations in the secdiment, but since these vpatches
of mnseudospar grade into normal micrite/microsparite, this fabrie
is probebly Jjust & diagenetic fecture, and may be an execmple of
Folk's porphyroid neomorphism.

Sanples from Grevenbriick where velzric cezrbonctes deposited
o the flenks of the Attendorn reef zre exposed, show an edvanced
stace ol porphyroid neomorphism vwhere the original fine grained
scdiment is left only as clots in a pseudosparitic matrix consisting
of crystzls up to 79” ceross (FPige 3+ 73 ). The remains of skeletal
mcterial con be discerned in the centres of some pseudosparitic
crystels (p.lél ).

Bedding-parallel bends with aggracding neomorphism in some
of the limestones from Steinbruch Schmidt (Fig. 3. 74) contain
some patches of very coarse mosaic (Fige. 3.75) which on first

exomination would be identified as 'Stromatactis'- type cavity

structures. The calcite grzins in the coarse patches are mostly

up to 60/1to 7%” across but some are 2 mm or more in diameter.
Cricoconarids and shell fragments occur within this horizon (Fig. 3.7
showing that it is a neomorphic fabric, and not &z complex cavity
gsystem filled by drusy calcite. Grading of sparite grains may ocour
into the coerser parts but the shepe of the grains is normally

irreguler. Enfaciel junctions (Bathurst, 1964) are absent, indicating
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Pie. 3,77

Irrequlor = iches of microsnoarite and vseulo-
cnerite formed by neomornhism of thce host
sedimen<. Froonien. Steinbruch 3chnidt (Unse
Schwelle) Kellerwald. Peel S 22990.

Scrcle bor = 1 mm.

Vicrite clots in pseudosneriiic limestone.
Givetian/Prr-nian. Grevenbriick, Attendorn

region. Peel S 27998, Sceole bar = 209#'
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Mire .74 FPotches of psculoswnarite cnd cocrse miero-
snarite forming & brnd percllel to the bedding.
Skeletel mcteriel occurs within the bend of
coarser mosaic. Frroenian. Steinbruch Schridt
(Ense Schwelle) Kellerwald. Peel 5 22991.

Sceale bar = 1 mme.

Pig, 3475 Lrea of coerse pseudosvarite grading into
the backeround micrite/microsvarite. Fresnian.
Steinbruch Schmidt (Ense Schwelle) Kellerwzld.

Peel 3 27991. Scale bar = 1 nm.
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7 ~ — o
Fire 2.76 Scorse microswar

(=5

te ond »nseudosmerite with

sizeletal frorments. Trivle Junctione are present but

enTrcicl Jjunctions rorc. Frorniene. Steinbruch
Schnidt (Snsc Schirelle) Kellerwold.

Yeel T 22991. Scrle bor = ?OQN.

Fire 2,77 Arecc of cozrce pseudosnarite with flat bese.

m > -
This wes

]

robcbly 2 crvity structure originelly
and loter modified by neomorphism. Freconian.

Steinbruch 3chmidt, (Znse Schwelle) Kellerwold.

Feel 3 22991. Scale b r = 1 m.
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the prescnce of mseucdosperite. Thece neomorphic febrics tend to
occur in the central nertes of limestone brids,.

There ¢re notenes of cocrse celeite which have flct bottoms
end ¢ line of small cquant crystcls at the base (Fige 3.77).
There ic zlso some surrestion of en internel sediment. These were
wrobebly ccvities originelly, although they crale into the recrystallized
crens. Gradations can be Tound betircen definite cevities, and obvious
reerystcllizetion vatches (¥ig. 2.78). In the latter, cocrse patches
with micrite 'islands' occur but with cuite flzot bases. It is édifficult
to escertrin the imvortance of bioturbrtion in the neomorphism

here. Some of the 'Stromatactis! structures could have been coused

by burrowing sna then later modified by neomorphism. Structures
which ecre clearly burrows usually have & coarser fabric than the
host ricroctrrite encd fine downwerds (Fige 3479 ). The borders
of the burrows are commonly diffuse.

Lt Acketsal (Zarz), limectones conteining graded bands rich
in terrigernous metericl, may have peatches of coerser pseudosparite
with greins up to 50m (Fig. 3. 80) in the beckground sediment
between the silty bonds. These are simply irregular coarse vatches
grcdetional into the surrounding micrite. With the electron microscove,
the mosaic of limestones from Aeketal, Hihnertalskopf, Hutthaler
Widerwacge (Harz) and Chudleigh (Devon) is very irregular and
aiscrete greins are badly developed. Coarse grzins lqpto QQM with
diffuse bounderies are interspersed with smaller grzins. Cleavage
plenes of calcite cryctcls are commonly present suggesting that
much of the mosaic has undergone recrystallization. Limestones
from Steinvruch Schmidt (Ense Schwelle) show a tight mosaic of
grains, mostly 10m or less in diameter, but lerger grains up to
20u ere also present (®Pig. 3. 8] ,Torgenic structure in lower right
of photograph). In deteil, the grains are interlocked and the contacts
are very irregular (Fig. 3. 82). Fischer et al (1967) termed this
mosaic amoeboid end suggested solution welding as the process
cousing the interpenetration of grains. In some replicas very
lerge crystals up to IOQﬂ across showing cleavege planes appear to

be replacing the grenuler mosaic (Fig. 3. 83).
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Pir. 3.78

Prtches of pseudosueorite and coarse micro-
crerite. The urmer notch hos o flat bese

and ney heve heen o nrinery void. CGther vpotches
are irrerular and grede into the beclirround
nicrite/microsperite. Frernian. Steinbruch
Schmidt (*nse Schwelle) Kellerwald.

Peel & 22990, Scele bar = 1 mm.

Burrows filled by a conrser corbonate sediment

and cdrusy sparite. Frarnian. Acketzl, Ii.W.

iarz. Thin section S 23038. Scale var = 1 mm.
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Fig. 3.80 Patches of corrse microsnarite and wseudo-

sverite which occur in the ccrbtonete secdiment
between tcrrigenous bends. Fresnian. Aeketel,
Ne.¥. Harze. Thin cection S 230338,

3ccle ber = 1 mm.

Tight mosaic of microspazrite with some much
lerger 'greins'. Possible organic structure
lower right. Frasnien. Steinbruch Schmidt

(Ense Schwelle) Kellerweld. Electron microgreph
of sample S 22990. Sceale bar = IQp.
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slectron microgranh showing sutured contacts

(@9]
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co
ny

'ig.
of grerins. Presnian. Steinbruch Schnidt (Ense
Schwelle) Kellerwzld. Replica from sample

S 72990. Sczle bar = %ﬂ.

Pig. 3.83 Granuler mosaic of microsparite with large
crystal showing cleavage plrnes thet appears
to be relecing the surrounding nmosaic. Frasnian.
Steinbruch 3Schmidt (Ense Schwelle) Kellerwald.
Electron microsreph from sample S 22990.

3cezle bar = 1oﬂ.
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To summarize, recryscisrllizction of the cocrbonate sediment
hos been oxtencive and little remcins o the original texture.
decent susgestiont thet reeryctellizetion of limestones is controlled
by the clay content and occmrs if the insoluble residue is less
then 25 (e.g. Beusch, 1968) ere borne out to a certasin extent in the
Schwellen lincstones. In the limestones from qgetal, recrystallization
is confined to the carbonate rich varts between thin terrigenous
unite. Llco in the Ense 3chwelle samples, each limestone band is
underlain e¢nd overlain by a thin shale band (3 mm or less in thickness)
end recrystollization is most prominent in the central portion of
th bed. lMany Schwellen limestones now have a higher clay content
through tectonic pressure solution (p.l66).

Folk (1965) considerel that the neomorphic process leading
to the formation of microsperite involves a renlacement in the solid
state with the aid of interstitial solutions leading to the formation
of coarser grzins. Other mecheanisms suggested include the formotion
of overgrowths (rim cementation), the solution of minute supersoluble

grains and vrecsure solution (Bathurst, 1958, 1959 Folk, 1965).

3.4.2 Syntaxial overgrowths (Biys.3.8+4% ’5.97).

A comnon type of neomorphism in the Schwellen limestones,
perticulerly those contzining cericoconsrids is the formetion of
syntaxial overgrowths, where calecite had grown around suitable
hosts in opticel continuity, either by replacing the sediment
or as & cement (i.e. filling 2 void). The overgrowths zround cricoconarids
are cescribed above in section 3.2.3.2.

Syntexisl overgrowths occasionally occur zround crinoid
ossicles. This is well documented and céan either be a cement, as in
crinoidal biosparites (Evemy and Shearman, 1969) or through neomorphism
of the surrounding motrix (both types described by Bathurst, 1958,
and Orme and 3rown, 1963). In the rise limestones, crinoidal over-
crowths are of the neomorphic type (Fige 3.84).

Overgrowth formation has been suggested as a possible mechanism
of eggraiing neomorvhism (Bathurst, 19593 Folk, 1965) and some

evidence for extensive overgrowth developément is seen in samples



Bored crinoid with syntaxial overgrowth.
Trosnian. Adorf am Mattenberg, Sauerland.

Peel S 23075. Scale bar = 1 mm.
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fron the lzingrube volecenic Schwelle (Kellerwsld) and from Grevenbriichk
(Rheinisches Schiefergebirce). Cocrse limestones ot these locclities,
e few centimetre thick, cre very similer to the pseudosperites

of Polk (1965), composed of 'loaf' shaped greains (rounded to subeqguant
¢Toins) with a diemeter up to 0.4 mm (Fig. 3.85). However, on

closer examination the remcins of crinoid znd shell {re-ments can

be ceen, encloced within the coarse grains (Tigs. 3.86 and 3. 87).

-~

343 verrading neomnorvhism (C@s.3.88 #oT&QI)

Few excmples of degreding neomorphism were cencountered although
this coulcd be the rcsult of extonsive degradation, leaving few cases
of purtly micritized sklkfal fngwemis. A number of micritized crinoigd
ossicles were found (e.g. Fig. 3. 88), but of more interest is a
bivalve from Langenholt#hausen (Rheinisches Schiefergebirse) which
is preserved os & spezrite pseudomorph in one part, and then the
crein size gr&duall%;gfiﬁ%Fses elong the shell until it is indistinguishable
from the host sedimengﬂ This bivalve shows that degrading recrystallization
has occurred and in other cases it may have comovletely removed all
evidence of the former presence of skeletel materisl. This could
suggest that the oréginal sediment was senerally much cocrser, or
contzined more skeletal debris and that neomorphism has legd to an

homogenization of the mosaic.

Section 3.5 Pressure solution (E3a3.92md &93).

The effects of pressure solution in the formation of stylolites
(Flasers) are often very metked in these pelagic limestones. Three
periods of stylolite formation can be recognised, early diagenetic,
late diagenetic, and tectonic.

Berly diagenetic pressure solution has caused microstylolites
to form parallel to the bedding. These are not elways laterally
persistent. They are patticua®Xy well seen where the limestone
consists of coerse and fine bands where they occur at the base

of the coarse band. Thin diagenetic celcite veins displace these
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Pipe 3485 Pseudosvaritic limestone congisting of rounded
to subecuent 'greins', Upper Famennicn. Haingrube,

Kellerwzld. Peel 3 22969. Scale bar = 0.5 mm.

Fig. 3.86 Pseudospcritic limestone (as Fig. 3.88 above)
but with syntaxial overgrowth around echinoderm
fregment. Upper Famennian. Hazingrube, Kellerwald.

Pell S 22969. Scale ber = 209#'
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Fige 3,07 Syntcxiel overzrowths around echinoderm fragments.

C

Central exrmvle chows & later stege of over-
rrowth. Givetian/Frasnian. Grevenbruch, Attendorn

recion. Peel S 22998. Sczle bar = 200#.

Fige 3.88 Partielly micritized crinoid fregment. Conodont
present uvver left, and foraminiferal/algel
nodule lower left. Frezcnian. Adorf am Martenberg,

Sauerland. Thin section 3 22974. Scale bar = 1 mm.
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Pig. 3.89, 3.90 and 3.91.
Photomicrocravhs taken at threc voints along

2 bivzlves

3.90 |

A groduel decrccse in crain size of the shell
mosaic occurs until at the lowest point (3.91)
the shell is indistinguisheble from the host
sediment. Lower Famennian. Langenholthausen,
Arnsberg region. Pegl S 22997.

Scele bar = ?OQp.
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early stylolites. Limonite and clay minerzls are freguently developed
along these planes and fragments of skeletal meterial mey have been
removed a little or displaced slightly.,

Stronger stylolites zre vresent in many limestones and it
ic often difficult to distinguish between late diagenetie and
tectonic ones. The latter are best recosnised by their consistent
orientation, parallel to the cleavage direction and cutting earlier
structures. Lete diagenetic stylolites cut geopetal end other cavity
structures. They are therefore post cementation, and are themselves
cut by tectonic veins and stylolites. The effect of the two later
types ic very similar though. With horizontal stylolites, the maximum
amount of material lost, as seen from goniatites and shells, does
not appear to exceed a few millimetres. Pressure solution is more
prevalent in clay-rich parts of the the limestone and for this
recson, many of the limestones hezve irregular bedding surfaces.
The millimetre thick shale partings between beds are zccentuated
and distorted through pressure solution and much of the shale itself
could have originated through late stage compzsctional pressure.
Shale stireaks (Flasers) frecuently penetrate the limestones from
the shele partings and commonly the Flasers are concentrated elong
the outer parts of the bed, suggesting an injection of clay into
the limestone. Upper znd lower perts of Flaser limestones may have
a rother nocdular appearance due to this szme effect. In some ceses
Fleser limestones bresk laterally into nodules (Fig. 3.93) where
the injection of clay has been more extreme.

Solution stringers (Schmidt, 1965). a few millimetres long
end filled by clay are common in cricoconarid limestones (Fige 3.92).
and were formed by pressure solution coincident with the development
of cleavege. One of the effects of extensive pressure solution
has been to increase the clay content of the limestones. With the
cricoconarid micrococuinzs, for example, the clay}goncentrated

along the solution stringers.
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Fige 349 Solution stringers filled with clay cutting
a2 disgenetic vein in & cricoconarid-rich
linectone. Lower rfricnian. Bicken, 0ill Syncline.

Thin section S 23065. Scale bar = 1 mm.

Figs 3493 Fleser limectone with nodulep developed tectonically
within the bed. Prrsnisn. Bicken, Dill Syncline.

Scale bar = 20 cm.
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Section 3.6 Faunel preservation and ecology of the Schwellen
limestones(ﬁgy3.ﬁ4 o 3,H3)

The fossil eabuncdance of the Schweéllen limestones vzries
considerably from outcrov to outcror. and within sections, but
generelly the limestones are ouite rich. Ammonoids are verhepns the
best known fossils from these rocks (hence the term Cevhalopodenkalk),
but often the limestone is full of conodonts or in the Givetian
znd Frihian with cricoconarids. Thin shelled bivelves and foraminifera
are loczlly common. Faunel lists of Schwellen limestones are given
by Beusheusen (1900), Schmidt (1921), Fuhrmenn (1954) and Rabien (1956).

Skeletcl materiel in the Schwellen facies is preserved in
several weys 1) with little alteration of the skeletal carbonsate
(or with ersgonitic shells, paremorphic revlacement) preserving
the original structures, 2) solution of the skeletal carbonecte
(particulerly if zragonite) forming a void which is later filled
by celcite, vroducing & sperite pseudomorph, 3) micritization of
the skeletal carbonzte, 4) formation of overgrowths, and 5) replacement
of skeletal cerbonate by other minersls, verticularly hematite and
pyrite.

Cephzlopods (Goniatites/Clymeniids/Orthocones)

In some Schwellen limestones, smmonoids are common (i.e. about
10 may occur in a 2 kg semple of limestone, e.g. Adorf am Martenberg).
Horizons of the griotte in the Montagne Noire (particularly the
Cheiloceras Stufe) are also very rich (Fig. 3. lC[ and the goniatites

give the rock 2 nodular appearance with calcareous shale concentrated
between the 'nodules'. In many limestones from Germany, however,
ammonoids are rere and are only occasionally scen in thin section
(e.g. icken, end sections in the Harz Mountains). Goniatites and
clymeniids generally have no preferred orientation and occur at all
angles to the bedding, although large shells tend to be perallel

to the bedding (cf. Reyment, 1970). Goniatites, olymeniids and
orthocones, like the Mesozoic ammonoids, may be considered to have
been nektonic or nektobenthonic.

The preservation of goniatites can e quite complicated and
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it is often difficult to decide how reptecement of the original
ercsonitéc shell occurred. Rarely, & two-laycred shell structure
ic secn (ig. 3.94), a thin outer layer and ¢ thicker inner layer.
Limonite may be devosited between the two layers, suggesting that
one of them (the inner leoyer from its nosaic) passed through a
void siege, during which time the limonite wzs precivitated. Where
geonetal cevities were formed by gonistites, the shell wall and
septz cre commonly missing in the cevity. The void, filled by equant
sperite, may nave smell crystals eround the edge (Fige. 3.95) as most
drusy ccavities of this type (ZDathurst, 1964) or be filled by scveral
lorre erystals vhich ere in direct contazct with the sediment (Fig. 3.96).
This situetion in a geopetal caovity is concidered by Bathurst (1964)
to indieate thct the shell experienced o void stace.

In other instances, the shell is still dietinguishable although
surrounded by crusy celecite (Pige. 3.97), suggesting that the well
¢id rot go throurh o void strie.

Some of the gonictites from the lontr ne Noire have camerze
filled by cozrse cclcite. One such gonistite (Figs. 3.98 end 3.99)
has & compliczted history. Internel sediment with ostrecods wes
denosited on the sevte but there is now no trcce of the septa or the
shell well and the septal fills appear unsuvported. The void was
filled by ecuant calcite, showing many triple junctions, but few
enfacicl junctions (Bathurst, 1964). The calcite crystals themselves
have strong}y develovned twin planes and undulose extinction, characters
not tyriccl of cparite druses. Around the edge of the cavity, calcite
with undulose extinction is fall of inclusions. The simplest explanation
for the unsupported internal sediment is that the cevity wes filled
by an errly cement which wes later repleced by eguant calcite. All
troce of the sevta was removed during the replacement (cf. Kendell,
1969). However, the same effect could arise from lithification of
the interncl sediment (so thet it could support itself) followed
by a nhase of solution affecting the septa and shell wall. The void,
containing cemented internal sediment, was then filled with calcite.
Bivolves

The checrecteristic types of lamellibrench in Schwellen limestone

e s=pckoeoncntf nostly belongda® to the cenera Posidonies ond
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Fire 3.94 Goniztite shell with & two-laycred wall.
Limonite is present between the logers and
the mosaic of the inner (lower) layer sugoests
that a void stazge existed. Lower Famennian.
Combe J'Izarne, lontarme iioire.

Feel 5 22955. Scele bar = QOqM.

Fig. 3.95 Geopetal cevity formed by a goniatite sﬁell.
Cavity ic filled by c¢wnerite druse with smell
pveriphercl cslcite crystals. All evicdence of
the shell wall in the cavity has disapveardd
sugegesting that a void stage existed. Frasnian,
Bicken, Dill Syncline. Thin section S 23064,
Scale bar = 209#‘
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Fige 3.96 Geopetal cavity formeé by goniatite shell,
filled by large calcite crystals. Fresnian.
Adorf em !Yasrtenberg, Seuerland.

Feel 5 229863, Scele bar = 1 mm.

Fig. 3,97 Geopectal cavity formed by goniatite where
the shell is still dicstinguishable within the
drusy sparite. Platyclymenie Stufe, Upper

Devoniane Langenholthausen, Sauerland.

Peel 5 22997. Scale bar = 1 om.
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g 2
M. 3.G8

Figo 3099

Goniatite cumerae with avpparently unsuvported
internel secdiment. Cavity filled by ecuant
cclcite with triple junctions. lLower Famennien,
¥ont Peyroux, llontasme Loire{See 9,170).

Thin section S 22960. Scale bar = 1 mm.

Detail of goniatite fill above. lio evidence
of septum in the calcite filling cevity.
Lower Famennian. llont Feyroux, Montagne lioire.

Thin section S 22960. Scale bar = 2ng.
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Zuchiola. These heve o thin shell (lesc then 200m thick) ond are
commonly about & centimeire ccross. 3chmidt (1935) sus~ested o
pseudorlenztonic mode of life for Duchiols, 2ttached to floating
weed., Jefferies and Minton (1965) recognised that zdult Paleeozoic
posidonids were nektoplenktonic. Very smell bivelves, 2 to 3 mnm
ocross were obtained in come insoluble resicdues ond may zlso have
been peeoudornleanktonic. Thicker-shelled bivalves, un to 5 cm azcross

2re not so cemmon ond mostly belons to the genera Cerdliola and Kochiz.

The thin shelled bivclves core common locelly in Schwellen
sediments. They ey form cocuinas o centimetre or less in thickness
consisting soldy of shells in & sperite matrix, which czn be troced
for up to = metre in the field, In nost crses, however, they are
rendonly orientated in the limectones ond madnly occur as single
velves,

Very thin biveolves (shell wall.(BQﬂ thick) commonly heve fibrous
calcite overgrowths developed with their c-axes normel to the shell
w2ll (Pige 3.100) renlacing or growing into the host seciment. Others
have lost their outer walls and ocrur as a band of inclusions within
larse oversrowth crystels (Fig. 3.101).

Few bivelves in the Schwellen limestones show cvidence of
in-situ replecement, preserving the internal struc}ure with inclusion
rich bends (Fig. 3.102). In most coses the sheldi}”é;d the shell
mosaic is now a2 grenuler ccleite (Fig. 3.104 and 3.113). Micritic
envelopes zre present in & few cases with fine borings penetreting
the shell (Fig. 3.103). Where these are broken, fragments of the
envelope may occur within the shell (Pig. 2.104) indicating the
existence of a void stase (Bathurst, 1966). Rivalves from the
¥ontegne Loire commonly have 2 thin coating of limonite (Fige 3.71,pl4)
which behaved in 2 similar way to the micritic envelope and may
also occur within the shell,

Partiel micritizetion has occurred with some bivalves
which may be due to the activity of boring orgenisms (Fig. 3.105)
or through degrading neomorphism of the shell (Fig. 3.91¢.u5)
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Pice 34100 Thin-shelled bivzalve with fibrous celcite

L

overgrowth. Frronian. Blauer “ruch (Ense
Schwelle) Kellerwald. Peel S 23077.

Scale bar = 1 mm.

« 101 Thin-shelled bivelve preserved as e bend of
inclusions with cperite overgrowth crystals.
Lower Famennizn. Dicken, Dill Syncline.

Thin section S 23035. Scele bar = 2OQﬁ'
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File. 34102 'wo bivelves chowing original shell structures
and inclusion-rich bonds. & henatite costing
is vresent on the outside of the shells.

Lower Frasnien. Nont Peyroux, lonterme Hoire.

Thin section 3 22957. Scele bar = 209M°

Fire 36103 Rivelve with e limonitic coating on one side
end borings venetreting the shell from this
surface. Lower Fomennian. Combe D'Izarne,
Iontesne Loire. Thin section S 22965.

Scele bar = IOQM.
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Mere 3,104 Tivelve with e micritic envelore ent fine
boringss on one side. The envelove is broken

ond a fragment ocrcurs within the chell showing

ot

het 2 void stame existed. “he shell is filled
by s»erite which heg grown scross the fraciure.
Lower Fomennian. Combe T'lIzarne, lontarne

loire. Thin section S5 229546, 3cele ber = 1 mme

Pire 34105 Eivrlve extensively bored eni necrly comnletely
micritized. Dorings are cocted in limonite,

end ferromeng-nese occurs arouné the outsice

o)

f
£ the shell. Lower ¥emennian. Combe 2 'Izorne,
ontemne Loire. Thin section 5 22954z.

3cezle ber = 1 mm.
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Gectronods.

Gestropoas arc rere in the velesic corbonctes. They very in
size from globular forms 2 few millimetres ccross, to turretted
types ur to 3 cm long. They have usually been preserved through
2 void sizge, and ore now sverite pseudomorphs with no trace of the

origingl shell structure (Pig. 3.106). Pleurotomaria sp. and

iaticopsis sp. oppezr in faunal lists but ecologically, these gastrovods
are not restricted to particular depths and the smeller ones may be
planl:tonic.

Other macrofaunal elements.

Brachiovods ané?éommon but orthids, rhynchonellids and athyrids
heve bveen recorded (Rabien, 1956). Insoluble resicdues occasionally
yield single vclves, less than 3 mm in lengthyof inarticulate brachiopods
of the orders Lingulida and Acrotretide. These brechdopods, were
orobably pelegic and Rudwick (1965) sugmested they may have been
pseudovlanktonic atteched to floeting weed.

Crinoids are not imvortant in the Schwellen limestones and
mostly occur as single oscicles. Two hemeotized colyxes (2 mm in
diameter) of microcrinoids were obtained from insoluble residues
from the Montcgme lioire. At Adorf am Martenberg (Sauerland) crinoidel
limestones occur below the €¢ephalovod limestones suggesting a greater
depth of devocition for the latter (p.2¢ ). Borings with a2 diemeter
of cbout 100m commonly occur in crinoid fragments. Micritization
of crinoids (Fig. 3. 88? hgs rarely occurred and vrobzbly took pleace
by degrrding neomorphism rother than through the activity of boring
2lgee.

Corzls ere very rere and only single corcls ef the Syringaxon
tyve (identified by Dr. C.T. Scrutton) have been found. Trilobites
are occrsionclly geen in thin section where they cre usurlly dis-
articulctcsd. u:i";"§§e Unwer Devonien most trilovites belongedto
the blind phacop:l/groups(Clarkson, 1967) .

Cricoconcridic.

Givetian ani Presnircn Schuellen limestones are usually very
rich in cricoconerids which may form microcoquinas with sbout 10%

sediment (p.70 ). These microfossils were easily affected by current
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Coatropod mrecerved oo r anerite mscudomorph
with no trerce of thoe ori~inel chell structure.
Lower Trmennien. Combe D'Izcrie, Nontarme

lioire. Peel S 2205C, 3crle boer = 1 mme

Limestone clest enecrusted by arenesceous
forrminifera ani ¢ red clge (light crey erees
eround clest). Fr-:nien. Adorf am lcrienberg,
Scuerlonde Thin section S 22974,

3cele bar = 1 mm.
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y c.& err ve founa with o nreferred orientation. Their shells
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e racked inside each other. Thrce tynes ofcur, Stylioline,

Tentzculites end Lowekia. The latter two ere distinguished by a

corrugrted tect ana Tentaculites hes septa. They erc normelly nrescrved

with a fibtrous cclcite overgrowth which mey be 2 cement or a revlecement
of the host cediment (v.103). Loczlly, hematizotion or pyritization
of thece microfossils hes occurred. ‘ost authors regerd the styliolinids
end Howakia os pelagic (Rabien, 17563 Fisher, 19625 Boucek, 1964)
in view of their thin testS Their world wide distribution would also
sugrect this. Tentaculibids are not so comron and with a thicker
septrte shell are concsicdered to heve teen nektoboenthonic.
Ostreccods.
Thesc do occur in the Schwellen limestones but are more common
in sheales of the slove znd brein resions. Rebien (1956) considered
tac dominent rouv, the Entomozoccea, to be nelagic.
Conoaontse.

Conolonts ere very abundent in 3chwellen limcstones ancé 2
foir hundrea rm of sediment cen yield more then 2 10CO indivicduals.
Their abundence is probebly due to slow retes of sedimentation and
current activity removing fine greined c: rbonate but lecving the
relatively dense conodonts. Even in the most condensed successions
(e.c. Upner Jevonian is 98 ecm, Mutthaler Widerwaace, Meischner and
Schneider, 1¢70) all conodont zones are revresented and mixed feaunas
only occur at disconformity surfoces. Current ideas on the offinities
of conodonts refer them to ecrly nektonic fish (Halstead, 1969).

Ioreminifera.

Arenaceous foraminifera are common a2t some horizons and can
be found encrustings bivalves, gonietites and limestone clests (Fig. 3.107).
They also encrust cryptohardgrounds (p. 83 ) and occur within ferro-
mengancse encrustestions (p.300) (Tucker, 1971). Foraminifera also
occur associsted with clgae in nodules. The foraminiferzl tests,
100 to ZQQN across, are composed of medium sitt size quartz grains
(Fig. 3.108). Some forms ere simple mearidering tubes while others
are planispirelly coiled. In meny ceses, the test is not a complete

tube, but is ebsent where the orpenism wes in contapt with the
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FPorominifern of the gemus Tolypammine with
tests composed of numerous cnartz ~reoins.

Fresrnion. Adorf om Fertenvers, Scucrland.

Thin section 3 22974. 3ccle bor = ?Ogﬂ.

Poreminifersl/alecl rssociction. Frrsnian.
Acdorf =m Martenberg, Scucrland,.

Thin sectioh S "20974. Scrle bar = 1 nm.
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subztrete. oot of these 'nerusting foreminifers belong to the

cenus Tdypepmine (Bickhoff, pers. comm. 1070). The Toreminifere

cre imoortent since they orc definitely vernthonic. Wendt (1969)

ceceribed encrusting foreminifere of the seme genus from the Alpine

Jurcscic and comparing them with medern excmyples, considered a depth

of cevwosition not excceding 200 m (sublittoral zone).
Forcminifersl/elpel nodules were found at Adorf am Mertenberg

where they occur as white cleste in the limestone. These two orgenisms

heve grown tosether (#ig. 3.109). Sonme nodules ere rounded and heve

»robroly been rolled on the sez floor (Wig. 2.110). The alga hes

a rrowth Torm cimilar to thzt of Solenonﬁé Spe.y & Ted 2lga. Schneider

(1970) <cescrived foraminifera encrustinge Uvper Devoniesn conodonts

eand notes  mossible associntion with 2lgce. Wolf (1965) =2lso records

crencceour Toraminifera rrowing with clgae. Foreminiferal/algal

nodules occur in nelrcic sediments on the Yucatan Shelf (Logean, 1969).

They occur »redominmntly between 33 and 66 m, but locclly extend

un to 20 m. Therce rnocdulec rre not attrchsod but cre occasionelly

moved by strons currents.

Czleispheres.

Sphericel cclcitic structures hove recently been described
Trom the Givetian and lower Fracsnian 'recef'! limestones in Germeny
(F1ligel et 21, 1971) but they are rare in the pelagic facies. Similer
bocdies, with 2 diemeter of 100m were found in the Frzsnien limestones
from Ficlen. They heve a thin outer wall composed of single calcite
cryctels, 2m in diemeter, and ere filled by coarse czlcite crystels.
These structures may ve 2lgrl in origin and zre vrobably planktonie
(Flurel et 21, 1971).

Bioturbstion.

Burrov structutes are present in many limestones and wury
in cdiemeter from 0.5 ma to 5 mm. They are commonly filled by a
slightly cocrser sediment, or calcite druse and have diffuse boundaries.
Some have been modified during diagenesis and now resemble 'Stromatactis'
structures. They are rerely visible on bedding surfaces and are then
simple meandering types, occasionally brancliing. In one case where

trace fossils could be seen on & surface, there was no indication
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Fire 2,110 Toreninifersl/zlsol nocdules. Fresiien.
Adorf om “ecrtenberg, 3Souerlond.
fhir section S 272974. Tcrle ber = 1 mm.
wae -

Mgoe 30111 Radioting borings in o brechiovpod shell,

Lower Fr-rrnien. Aeketel, LL.W. Harze.

Jor.é specimen S 23036. Scale bar = 1 mm.
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of their vresence in thi. section. "ioturiztion may hove been more
cxtensive thon is now zpverent, ond bveen destroyed during diagenesis
by recrystellization.

Lercer vorings

Irochiopods from a celeareous shzle ot Aeketal (Fig. 3.111),
crnd poniatites from Adorf contein borings 100 to 3OQN acrocs. Those
at fLclkketrl rediste from a central noint, with main brenches giving
off smcller ones. Those from Adorf are more irregulsr in arrongement,

ecncer in the shell, crossing eczch other but rarely brenching.
Tits 0.2 =mm across a2lso occur in the shells. Echinoderm frzgments
in thin cection commonly hove borings with o similer dicmeter (Fig. 3.112).
Schindewolf (1962) deseribed borings (with o dismeter of 15 to 2qM)
in emmonite shells of the lower Jurcssic ané recorded similer borings
in ronietite shells from Adorf. A fungel origin wes sur-ested and this
intervretation could well avply here, zlthough the borings ere lorger.
Toring nolychaete worms (e.g. Polydoro SDe), btryozocns and sponges
alco rroduce torings of this =icze,

Torings in btivrlves from the liontrrme lLoire heove similer
dizmcters (100 to ZOOWO to the Germon exemnles and were nrobably
mede by the scme orgonism. Three tynes of preservation are noted,
a) £i1leé with micrite with a vegue border, gradationzl into the
snarite of the shell, b) filled with micrite, but with & definite
border rni ¢) boringd filled with ecuant czlcite (Fig. 3.113).
l'lost cre filled with brown micrite anc¢ in places nuch of the shell is
micritizes (Fig. 3.105). The bored surface in the shell is commonly
coeted in brown limoniie, indiczting thet the borings were open
for some time before they were f£illed by micrite.

Smeller borings

Some lamellibranchs from the Montagme Noire heve a hematitic
or limonitic envelope formed by boring orgenisms. The borings are
2 to 4p in diemeter (Fige 3.103) and are similer to the micritic
envelopes of elgel origin described by Bathurst (1966) and Wolf (1965).
Borings of this size enriched?irdn £lso occur in the Juraessic pelagic
limestones (Jenkyns, 1970¢. If the borings are algal in origin then

this would indicote o depth of devosition within the photic zone
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Fored crinoid which i nrrily micritized.
Perromengrnese encructztions and Wimonitic
coeuliflowers! erc slso developed. lower
Fresnien. Mont Peyroux, MNontcrme loire.

Peel S 22959, Scale bar = 1 mnm.

Rivzlve with borings, some filled with micrite

others with svperite. A micritic envelope occurs

around the central boring. The shell has an

irrecular surfaece and is encrusted with feram-
inifera and ferromzngcenese. Lower Femennien.

Combe T'Izarne, Nontarme Lioire. Thin section

S 22954a. Scele bar = QOQN'
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(lers ihen 150 m, dudson, 1967). However, elgrl borings are similer
in vize to fungel borings vhich cre not restricted in depth (riedman
ct 21, 1971). The presence of r micriiic envelove around o lerge
boring within & chell (¥ig. 3.113) susgests thot these borings

ney incdeed be fungcl in origin.

Sunmary end depth of devnosition

The fzuns ic domineated by nelasic orgonisms, with goniatites,
conoicnts, cricoconcrids ond posidonidé bivelves veing the nost common.
This aspect of the faune surrests 'relatively deep water', where
conditions were not suitable for benthonic orgrnisms. Encrusting
foraminifere were found a2t a number of locslities end encble one
to be more precise about the depth of deposition. Following Wendt
(2969) for the Juressic, the foreminifers encrusting herdgrounds
and ckeletrl frogmente indicete a2 depth of 200 m or less. The vresence
of foeaminiferal/algal clests by anzlogy with modern excmples suggest
even shellower dewvths, in {the region of 50 .

The stratigraphic nosition of some Devonisn pelegic sediments,
commonly ocecurring above shellow water cerbonates (reefs), sugrests
depnths of devosition greater than that suitable for stromatoporoids,
rugose and tobulete corcls (e.g. Schwellen sediments in S. Devon,
Scrutton, 1969). During thc uovper Givetian and Fresnien, cevphszlopod
linestones eccunulated on the flanks of reefs, contemvorsneous with
reef rrowth, and contain thin detrital bsands of reef debris (e.g.

Attendorn region, localities Bonzel eand Grevenbriick). The Haingrube
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voleznic Schwelle in the Kellerweld suvported celcereous zlgae, corals,

stromatovoroids and brachiopodés at one vointywhile & few kilometres
a2long the ridge, pelegic carbonntes accumuleted (Schneider, 1969).
Recent reef corzls grow at depths of less then 25 m, and meximum
srowth tokes plece 2t 10 m or less (Stoddert, 1969). Illumination
is coneilered to be the most critical frctor.

In conclusion, certain fsunel elements and stretigraphical
relotionships sugzest a dedth of devosition in the lower sublittoral
zone to the upper bathyal zone, from some tens of metres to a few

hundreé metres.



Section 3.7. Lhe formetion of Devonian comdensed limestones

Jenkyns (1971) recently reviewed the genesis of Jurassic
condensed secuences and concluded that two processes are involved.
These cre stretigraphic condensation, where little cediment is
entering, or being formed in, the devositional zrea (starved
basin situetion) and reworking, where reduction in thickness
occurs through current cctivity. With the Schwellen limestones
both processes were ki operative. Sedimentery structures within
the Devonien limestones (laminctions, fossil concentrates,
hardgrounds end limestone intraclests) attest to current activity
which could zlso have removed fine cerbonzte particles off the
Schwellen onto the adjoining slope regions. The hemztite
enrichment of the velagic limestones in the Montagne Noire and the
presence of ferromanganese nodules suggests a low organic content
which may result from current activity (p.3/6). Stratigraphic
condensation is sugcestec by the generzl reduction in thickness
of the Upper Devonizn over the whole Rhenish geosyncline. The
shales deposited in the deeper water areas between the Schwellen
ere about 300 m thick for the Upper Jevonian in the N.W. Herz
(Mﬁller-Steffen, 1962). The thickness for a compcrable time span
(10 million yeers) in the Lower Devonian is several kilometres
(Fig. 2.2&?- Also in the inter-rise depressions on the mid-
geosynclinal ridge, condensed.cherts and shales were developed
sug - esting a 'sterved basin' situation in this case caused by the

renoteness of land. A slow net rate of sedimentation on the

Schwellen cczused by stretigraphic condensation and current activity

ere considered to be resvonsible for the reduced thickness of the

cevhalopod limestones.

The carboncte of the Schwellen limestones was probably biogenic

in origin, similar to Jurassic (Fischer et al, 19673 Jenkyns, 1971)
and Recent (Bramlette, 1957) pelegic calcareous sediments. Whether

the carbonate wes genersted uniformly over the whole depositional

aree (giving a pelegic 'rain') or develoved only sbove the Schwellen

is not known. The absence or paucity of cerbonate in the besinal
sholes night suggest the latter, but solution during diagenesis

could have removed CaCO. from the shales.

3
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Section 3.8

History of Sedimentation of the Devonian pelagic limestones

Sedimentation

Secimentation of the Devonian pelagic carbonates was generally
rather cuiet giving rise to fine grained limestones with randomly
orientated microfossils. Depths of deposition probably never exceeded
a few hundred metres and in many ceases was 50 m or less. The
micritic cerbonate is considered to be biogenic in origin - mainly
by analogy with Tethyan Jurassic limestones of the Alps end Recent
pelagic carbonates. With coarser limestones the original sediment
was composed of a high provortion of finely broken skeletal fragments.
During periods of current activity microcoquinas were deposited.
and occasionelly the pelsgic sediment itself was reworked into
horizontal and cross lamination. Deposition from low density suspension
currents (or nepheloid layers) gave rise to graded units. with
erosive bases rich in terrigenous meterial.

During periods of reduced sedimentation, or pauses in sedimentation,
local cementation of the carboneate sediment occurred on the segfloor,
and gave rise to herdgrounds. The cement causing lithification
was probably & micritic carbonate, but in view of the fine grained
nature of the sediment and later neomorphism, it is not possible
to detect the cement. Once formed, the hardground surfaces in the
Schwellen limestones were modified by twd processes, corrasion and
subsolution. Corrasion hardgrounds are characterised by a smooth
surface cutting cavity dements and skeletal masterisl. Cryptohardgrounds,
showing evidence of solution, have a more irregular felief. amd
may also truncate shells.

Ferromanganese nodules are locally developed (particulerly
ig the Montzgne Noire) and formed on the sea bottom, This is shown
by the presence of encrusting foraminifera actually within the
ferromengenese crust (p.294).

Evidence of biesurbation is found in meny of the limestones
but in most ceses it appears to be simple burrowing of soft bodied
organisms of various sizes. The homogeneous nature of most Schwellen

limestones may be cdue to extensive bioturbation.



Barly Disgenesis

Juring early diagenesis - i.e. after sone burizl, sheet
cracks anc cavities and neptunian dykes formed. The lack of comvaction
suggests that lithificetion occurreé during eerly diagenesis,

Some sheet cracks formed through the cementation of the host sediment
others through shear fzilure on 2 slope. Sédimentary dykes also
formed after lithification of the sediment. The internal sedinments

in these structures are groied colcisiltites andealcilutites,
occasionally with microfossils,

Acicular cements were vrecinitated in the cavities which
were later replaced by fibrous celcite. The exact timing of this
replecenent is not known, and so this event is placed in late
disgenesis. Also with goniatites and some bivalves the timing of
aragonite solution producing a2 void which was later filled by sverite,
is not lmown. In genercl ezrly disgenetic events proceeded as follows:-
2) cementztion of sediment cither by a micritic cement or acicular
overgrowths sreund cricoconcrids,

b) formation of sheet cracks ond cavities, ona sedimentery dykes.
Some of the smzller sheet cavities could heve formed in unlithified,
but coherent sediment,

c) partial filling of the open space rtructures by internzl sediment,
d) vrecivitation of acicular druses in the voids and zt times

within the internzl sediments during peuses in sedimentztion,

e) solution of skeletal aragonite vroducing & void which was later

filled by sparite.

Leter Diagenesis

Acicular cements, in-.cavities and a2s overgrowths around
cricoconzrids were repleced by rediaxisl fibrous celcite. This
calcite also locally replaced the host sediment. The replacement
may have been accomplished by inversion, if the originel fabric was
aragonitic. Generally neomorphism of the sediment, leading to a
coorser mosaic, is probably late diagenetic since in places fibrous
replacement crystals hcve themselves been replaced by microsperite.

However, other evidence shows that degrading neomorphism has occurred
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and this mey heve reduced o lrrce crount of coorse sliteletal debris
to nicrosyaite. Coarse =ilts were intoduced as the final internzl
scfimcnt?ﬁrvity structures, end remaining voids were filled by
ecuent drusy s»orite. Fressure solution cove rise to horizontel
stylolites and microstylolites, which cut geonetal cements.

Gencrdlly the order of lote discenctic cwents is cs follows:e-
1. Replacement of ocicular druse by radiaxiel fibrous crlcite,
cné locel replccenent of sediment by Tibrous caleite.
?e lleomorvhism of host sediment tec nicrosparite and locsl replacement
of fibrous crlcite by microsmarite.
3s Derraiing neomorphism of sleletzl debris to microsvarite.
4. Cozrse hematitic silts introduced into cevities gs finzl covity fill.
5« Final occlusion of voids by ecuant drusy sperite.
6. Pressure solntion leading to stylol®tes and microstylolites,

rostly norallel to the bedding, cutting earlier cements.

Tectonic Effects

Deformetion of the Schwellen limestones has produced numerous
solution stringers and cloy strecks. This woas caused by tectonic
pressure solution, coincident with the developbment of cleavage and

led to the production of Flaser limestones.

o o 0 o o
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CHAPTER 4

Besin and lower Slope Facies

The basinal freies of the Civetisn and Upper Devonian in
Germany has been referred to as the Pldecheimerschiefer and Cypridinen-
schiefer by German geologists. This facies, normally =z relztively
thick succession of shales, locally with turbidites, wes deposited
in the deeper weter orens bgtween torosrerhic hichs (Schwellen),
where much thinner succéssions, mainly pelagic corbonates accumulated.
For instance, in the Uvper Devonian of the north-west Herz Bashq(ﬁyZ.aPZﬂ
more then 300 m of this facies is present, ecuivalent in age to
about 12 m of pelagic limestone, devosited on the West Jlarz Schwelle,
to the csouth. In some areas (e.g. Innerstetal, ii.W.Harz) silty
chales convrise some 90:: of the succession (a typical basinal
succension is shown in Fig.4.| ) end shales with calcareous nodules
form the remainder. As onc noves towaris the Schwellen area the
succession decrecces in thickness ond sheles with diagenetic nodules
become more imvortant. This lithology may meke up 60% to 70% of
the succession in the lower slope region (Fiz.4.2). The slope sediments
(chapter 5) are distinguished on the precence of slumped or re-
worked sediments. Turbidites are important in the cdeever wzter
successions of the Rheinisches 3chiefergebirce during the Givetian
znd at certzin times during the Upper Devonian. Similar basinal
shales with turbidites are developed in the Middle and Upper Devonian
of S.W. Englend. Volcanic horizons, mostly thin tuff bands may
e intercdlated with the sheles.

Sections in the brsinal facies have been examined in the

lorth West Harz at Junkernberg, z cuarry south of Langelsheim,



<Vc
Fig.4./. Basin succession in the North Rest Harz (Junkernborg region)
after lluller-Stefion (1962).

Greyweckee oand black shales
(Goniatites Stufe)

40 m  Culm Cherts (Kieselschiefer)
(Pericyclus Stufe)

lm Alaunschiefer,
10 m Grey celcarcous shzles with
nodule bands (Gattendorfia Stufe)

80-100 m Grey green shales, locally with
large nodules (Clymenic and
Wocklumeria Stufen

80100 m  Red and green silty sheales,
locelly with nodules
(Platyclymenia Stufe)

40-50 m Grey’green or brown micaceous
shale, several nodule bands
(Cheiloceras Stufe)

60 m Dark grey-black laminated i
sheles, Locally rich in styliolinids
Pyrite nodules present i
(Frasnien)

§

200-300 m Grey leminated micaceous
shales (Givetian)
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snd othe reilwoy cutiting olons the Inncr: tetrsl Besevoir (bﬁf«Z.Qp.Qﬂl
Snrller outcrons rere excuined in the Trilon and Lrnsberg orers
(Snner?ﬁnd), Hellerucla ond in the 411 2né Lahn “ynclines, in the

Rheiniccher Sehieferrmebirse. The “ictribution of this freies for

.29
the Tinner cvonion ic shown in Fi;.Z,E&.'ihc redinents ere described
unlew the hertines 4.1, “heles, 4.2 FPouno, 4.3 urbilites, 4.4

Cheles with nodules ond 4.5 Gricin of erlerreous nodules.

Section 4.1 Shales

Sheles, the beckeround redinent of the Rhenish geosyncline
durings the Givetien and Unper Jevonicn, ~how 2 veriety of colours
from bricrht red to jet black. Generelly, ~rey chales characterize
the Yiidle Devonien ~nd Frrosnien in Germany end S.W. BEnglend, and
li~hter colours vpredominate in the Pemennien. lLocally, the colours
are sufficiently restricted in time for uce in geolorsicnl mapping.
Red (or vurple) end ereen sheles zre develoved in Cermony and
S.W. Enrlend dquring the lower wart of the Pzmennisn. The colourztion

“is not confined to the beddings 2nd prtches of green shele occur
within the red. These may be isolated green areas, or developed

along tectonic freacture vlanes. Commonly the green sheales are coarser
creined ond show better silty lemination. There appears to be a
orimcry colour alterncstion, which is later modified by diagenesis.
Similar colour effects are common in fluviztile secuences and

have been relzted to contemporcneous water table fluctuations
(Friend, 1966). Movement of connate and meteoric waters during

burizl andi efter uplift has probably affected the colours of these
merine Upper Devonian shales.

Avart from colour,three iypes of shale can be recognised,

a) shales with fine silty laminae, b) cezlecareous shales and ¢)
carbonaceous sheles.

Shales with fine silty lominze are most commonly developed
(Fig. 4.3). The leminae, due to medium and coerse silt ({60),

very in thickness from z few g¢rains to 3 or 4 mm. Some laminze

cUq
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Pilge 403 Chole with silty lominee un to 1 mm thick,

Pletyelymenic Stufe, Upper Devonia

Junkernbers, Innerstetel, L.¥. Horz.

Thin section S52307Cv. Scale bor = 1 nm.

M. 444  Plack laninated corboneceous sheles with
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have cherp boses but most are arcdationzl into the backrround
seciment. The ¢ilty lominae must represent devosition from low
density suspension currents or nevheloid loyers (the latter process

is described in chenter 3, v. 69). In some cases, bioturbation

o

as cdicruonted or destroyed the laminstion. Burrows, 2-3 mn across,
ere usually nore cuartz-rich then the surrounding sedinment. Calczreous
shales heve the some silty lamination. The cerbonate cen comvrise
uo to 30, of the sediment anid is ferroan dolomite (identified by
ttrining technicue). The cerbonzte grains are now microsperite
((20/4in size) but larger greins probebly representing former
skeletzl fregments do occur. Dark grey or black cerbonaceous shales
have o fine benéing (Fig.4.4), which is not due to the presence

of gilt, btut to varying compositions of the clay fraction. The
banding mey be the result of e variable carbon content. Pyrite
occurs finely dissemincted in the cediment end ze¢ nodules up to

2 cm zcross. This a2lso indicates an originel high orgenic content.

These cerborrceous chrles are commonly developed during the Fresnian.

Section 4.2 Pauna of the Shales

The founa of the bosinel sheles is impoverished and dominsted
by pelegic forms. Styliolinids and tentaculinids are most common
in the Givetien and Frezsnien sheales, znd ostrecods nredominate
in the Femennizn. The exzct affinities of the styliolinids and
tentaculinids ere not known and they are ploaced in their own group,
the cricoconerids (Fischer, 1962). i styliolinids esre considered
to be pelagic whereas the tentzculitids with thicker walls, often
ceptate, cre probebly nekto-benthonic. These microfossils are rarely
found with a preferred orientction (2lso noted by Rebien, 1956)
end minimal current activity is suggested. The ostrzcods are usually
1 to 2 mm across and hed very thin shells composed of chitinous
rnd celcecreous meteriel. Most belong to the Entomozozceza group
end Rabien (1956) compares them with the modern Halocypriden whioh

cre active swimmers. Conodonts are ubicuitous and current ideas
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on their z2ffinities rclrste thenm to early nektonic fish. The world

wide distribtution of thesc ostrncods, conodonts and cricoconarids

indicete thet they too were velagic. Thin-shelled bivalves (rosidonids)
occur sroradlcnlly in the vreincl cheles and were vprobcbly nektonlanktonic
(p./77). Coniatites are rere ond occur as comwressed imnrints with

no trcce of the shell.

Rebien (1956) describved eicht tynes of trace fossil from the
Rheinisches 3chiefersebirse 2ll of which he escribed to soft bodied
enimcls, protebly annelids. A1l of these were found on the soles of
clastic turbidites in Famennian sheles. Trilobites are occasionzlly
found in the basinal shales and most of these belong to the blind Phacopid
group. Clarkson (1967) showed that blindness in modern arthbopods
begins at about 6060 m denth, and suggested that for the basinal

sediments, there is no need to infer a depth greater then 1000 m.

Section 4.3 Turbidites in the basinal shzles

In the Rheinisches Schiefergebirge and the Harz Mounteins two
main types of turbidites occur in the basinal facies between the
Middle Devonien and Lower Carboniferous, a) carbonate turbidites
and b) clastic turbidites.

Carbonate turbidites. Carbonate turbidites (Flinz limestones, or

allodapic limestones, Meischner, 1964) consisting of allochthonous

reef material are well developed during the Middle and lower Upper
Devonisn in the Rheinisches Schiefergebirge and were mainly derived

from the shelf area to the north. Reef growth on the shelf during the
Lower Cartoniferous produced more czrbonate turbidites (Kulm-Plattenkalk,
Rhena Kalk). In the Harz Mountains Flinz limestones occur in the
vicinity of the Elbingerode reef during Givetian and lower Frasnian
times, but are sbsent in the N.W. Harz basin.

In S.W. BEngland, carbonate turbidites are developed in the Middle
and Upper Devonian shale facies of N. Cornwell (Marble Cliff Beds) and
South Devon, in the Torquay district. Those in the latter region
(exposed at Saltern Cove, Galmpton Point and Elberry Cove) are 'reef!
detrital beds of Frasnian sge showing some of the features of the
allodepic limestones of Meischner (1964). Crinoidal turbidites are exposed

in the Padstow erez, N. Cornwall and a description of these is appended.
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are lerger and bands

ere further avart; but with a hicher content, nodules zre thinner

snd tenc to cozles 2nd bands

zre closer together. Thick, isolated

nodules (Migs.4.5 i 4.6) usually have rounded ends suggesting that

their chrpe has not been affected by compection or tectonics.

Thinner nodules (Fig.4.7) commonly have pointed ends, suggesting

some degree of compaction. The nodule/shale boundary is gredational

unless pressure solution hes occurred

along the junction. The nodules

themselves ere made of cclcitej only one exception was encountered,

that of ferroszn dolomite nodules of Lowest Carboniferous age, from
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4.5
446

Crey sheles with bende of cclerreous nodules.
‘ends neve unusuel rhythnic crrensement, 3 or 4
occur to~ether within 1T cm of chzle,
cevrroted by 15 cn of sheale without nocules,
Lodules ere mostly isolnted, thou~h some form
necrly continuous bonds, Yroce fosegils were found

inn these nodules. Clvmenis Stufe, Unper Devonian.

Redilwey cuttineg, south end of Innerstetel Reservoir,

LeWe Yerz. (Geochenicel semmle § 23005 collected

here). Length of hemmer = 35 cm.

Red sheles with isolated coclesreous nodules

which have rounied ends. Plaztyclymenia Stufe,

Unver Devoniaen. Railway cutting, south end of
Innerstctal Reservoir, i.W. Herz. (Geochemical
semple S 23004 collected here). .

cele bar = 20 cn.

o}
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Thin nodules in grey rrecen chales, some heve
coclesced to form necrly continuous bonas.
Cheilocercs Stufe, Lower ¥amennian. Rallway
cutting, Innerstetcl Recervoir, k.W. Hdarsz.
(Geochemical samnle 5 23003 collected here)

Length of hemmer = 35 cm.

3ilty laminae in chales compacted around &
celecareous nodule, Difference in lamins
thickness across rodule and in shale gives a

]
compaction of 60% in the shale. Cheiloceras

Stufe, lower Famennian. Railway cutting, Innerstetal

Reservoir, {.W. Harz. Thin section 3 23073.

Scele bar = 1 mm.
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Inncrstetel, weWelierss The nodules generslly heve 70-80;. Ca.CO3

vhich iz nrecent as micrite oznd nicrospirite (greoinc of dircmeter 15/u

and lezs). Fatches of corrser crrooncte groine mey oceur within
.- i . there ic
tae notuler cna less commonly|a renercl coersening cround the nerivhery

of thec .odules. There ic much more cuartz in the shele (uy to 30w
#11t) thrr in the nosulec themeelves (1-5.) but this nurt sim-ly
te ¢ refleoction of Sifferentirl comwmrotion. The leotter can be
mercures in rome inctencer vhore rooc leminection is mresent (Pip. 4, 8
! counrtion of rbout 60 is iniierted,

Trrce Toncile were found in the rodules of Clvmeniz rre st
Irnerotetsl, l..Y0lern, chowing theat nolule formmtion 1o carly
dieecenetic, “he trrceoc nre -imrle burrovs occurring at cll angles

noiii

ol

to the © ins but nmostly verticel. Jome burrows breonch and neender,

<

On rirze, two tyﬁcs cor be diztincuished. The najority are 2-3 mm

in licneter ond crn he followed Tor 3 or 4 cme. 4 few ameller burrows

-

1

occur vith o dismeter of less thai 1 mm. These burrown can 2lso0

be Jdiccerned in the rheles, but very vadly Jeformed by conpection )
'n’ e¢lervere. In the nodules, the trece Toscils eare ¢ lighter colour
thrn the surroundings meteoricl due to # cmaller amount of clry mrterizl

in the burrow fills. The cerboncte of the burrows is often coarcer

creined, 15-?Qﬂ. Drusy celcite occurs in some of the trcces. The

=9

nofulen often have o boudinsged ¢openrence, but the presence of
unéeformed trece Ffongiles in snite of the irresulear shene of the
nolules, ~hows thet the nodulec are nmurely sedimentery and heve
not been modified by tectonic effects. The trece fossilc are of
a very cimvle tyve, =nd vrobsbly revresent the burrows of sn snnélid
or zome such worm-like orgenisn.

Shells and trilobites occurring in the :odules zre alweys
unconnressed, wherers those in the s#djccent sheles are flatiened

in the bedding end distorted by clesvege. This too indicates early

lithificetion of the nodules. Ostrzcods znd bivelves in the sheles

el

»r¢ usurlly only imprints. The cerbonate that formedé their shells
mey hove been dissolved at en early stege to contribute towards
nodule Tformction. Shelle in the :odules may have geopetal structures

£illed by drusy cclcite if they provided s cavity. One such struciure



at the top of & nocdule (Fig.4nQ) shows a collevsed cavity which
is filled with drury cclecite. This nsugreste thet the cevity-fill
atege of lithificetion came efter comnretion of the surrounding
seciment. Eivelves in the nodules sre ~enerrlly well preserved.
The=e rre moctly dicerticulsted end occur =t 011 =ngles to the
bedding. Cstrrcodn too ore morntly sincle velves end heve commonly

n

been silicified.

Section 4.5 Cri~in of Devorirn Crlerrcous locules

frindel end Résler (1962) divide Usver evozmien noduler keds

~

into the Zellorinse-

Knollenschiofer (“nolich trenclotion: ehrles writh rciu]or)
| €rrvonrte contont lecs thrn BEC . Fornelly isoleted
or zrrtly eontinven~ nodules, nrrrllel to heddins.
¥nollenkalk (noiulrr linmestone)
Crrhonrte content rrerter then 507, Nodules narsllel
to veiding end often forming nofuler bonde.
Plezerkelk (Flrser linestone)
Cerbonrte content rbout 85-95%, Clay metericl forms
thin streccse (Wlosers) hetween the nodules. Nodules

not zrronced prrellel to bedéing, often geod limestones.

“rracitione oceur betreen 211 three tynes ond the ~enerrl nrme
c»rlies o this litholosy is Kelklmollensesteine. The term Kremenzelkalk
ir often used but this is reslly e field term end refers to the
wecthered smnecrence of these nocduler rocks. The nodules werther
more cuic'zly tham the sheoles rsnd the rack snpears to he full of
holer (¥ir, 4.10).

There rre £ix mein theoriec for the origin of celerreocus
nodule~, &) tectonic b) sediment movement c¢) comvection 4) sub-
solution e) synrenetic/concretionsry f) disgenetic migretion of Ca003.
2) Tectoric orisin. Rorn (1921), Falke (1949) and Weber (1965)

consideredthat continuous beds of limestone were broken up by tectonics

to £ive the nodules. Born (1921) ecceptsd a sedimentary contribution
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Froctured geopetal covity in ceclcoreous nodule.
Freeture took nlece before the formation of
czlcite. Clymenia Stufe, Upper Ffemennian.

Reilwey cutting, Innerstetal Reservoir, N.W, Harz.

Folish:d surface 3 23057. Scale ber &#n cn.

Beadly weathered nodular or Flaser limestone
with typical 'honeycomb¢' appearsnce known
as Kramenzelkalk. Femennien. Kattensiepen,

neer Werstein, Sauerland. Scale ber = 20 cm.






ouveric tho nodularity but Felze rnl Jeber belilevedthrt tectonics

~lone 20 thr mrdn frctore rPeles vith onoules ctn o oocilyv Le notificd
bxr “rctnnicn rn’ ndend orc orl Tind notulee clonc:tel or rototed
b ER)

in the ele-veoe Tirveetion, Totover

, the orcurreico of nofules in

- - . .. ~ o Eal P SV S - [E SR AR Al 3 - - Fe
coldiranis An cv orrer of ooy miner strusturcl Tefarnrction (1.W.Trrs)

crotre thet o feotapde oricir die amitooiohle,

b) Lotnles favand her cntinant mav-oaert,  Oreiling (1087) for the
™

rer cvonirn of Frankertol” ont Tarcorn (7_“9) For

21

Jurercdic, curcreoias then

e~ r rocult of ertrotvonhie Taticlore o 18Sding et owenont eoucen

by pepithotronpra. J1H o mavenerd of <lore ~ofiments hes dnken
~1=ce in the Iore Tanmtedns (ehroter 5), tho woulec hed clecTly
- A - ’

~Tres Ty Porre’,
N ™ e

2

¢) Tomsrotion orisdin, Yelrocsen (7057) sns Wokber (1967) rescribed

U
i

noculsr limestnoncs crn’ Senlote noculen rnf cuccested thet these
ere formed by commretiorn of orisirclly coatinuous limentone honds.
telronern envicr~e® o leoterr] emreordings of the crlerreour recinent
tue to ~ lovwer wleeticity of thic comprred with the currounding
elry-rich cn’inent, » olichtly irresuler deroritionrl surfrce or
“li~ht loterel vrrirtions in the density of the mud ecre accumed

tn rve initietec the oHrocess. Such o hynothesis is clesrly not
ennliesble to the crlerreour nodule~ of the Upper Devonian in
Ternrny. The nrerence of undisturbed trrce foesils rchows thet no

movement of cediment wres involved,

d) Subrolution. Hollmann (1962) surrested thet czlcereous nodules

were the remnonts of extensive cubsolution, and thet these clests
were trensported and embedied in cleys to give the typicel shnles
with nodules lithology. Subsolution is of minor importence in the
Jevonisn sediments and cannot be considered to have formed parallel
bands of isolested nocules.

e) Syngenetic/concretionsry origin. Schindewolf (1921 and 1923)

suggested that the bacterial decay of soft bodied orgenisms would
liverate ammonia which would react with seawater to precipitate

Ca003 and form the nodules. Weeks (1953) and Zangerl (1968) invoked

2 similar mechenism for concretions and Berner (1968) has shown

o ro ulec Foraed by ornounnivinge of rcediment
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exmerimentn2lly how this occurse This process hro certainly overeted in
the formction of some concrctions, but is unlikely to heve been importont
in the ccse of the Uvnper Tievonicn nolulcece

f) Dizrenetic mirrction of CaCO3 Verious euthors hove suggested that

cclecrecous nodules form by dirzgenetic micration of CRCO3 (Illies, 19493
Tellem, 19643 Luces, 1955), but the only full exclenetion of how this
mirht occur woes riven by Grindel and Résler (1963) fron e study of
Unper Devonian secdinents in Thuringisz. They noted thrt the verticel
dictrnce between nodule brnrde, s well s the size of the nodules, is |
devendent on the czrbonete content of the seciiment; the hisher the ccrbonate
content, the smaller is the verticel dirtence between the bonds and the
smaller cre the nodules. These relctionships heve clso been observed in

the Trrz Mounteins ond the Rheinisches Schieferrebirge.

Hellem (1964) exeninige the limectone/shale rhythm of the Rlue Lias
cshowed that there wos 2 primary clternction which was modified by diegenetic
mi~retiog of cnrbonate the nodulaer cppearsnce of the limestones and
the formation of isoleted celcareous nodules.

Grindel end Résler recloted nocdule formetion to the oxidation/reduction
zone which is found in most sediment profiles today. Both zones contain
bacteria which decompose organic natter. The oxidetion zone is normally
2 light brown colour due to the presence of ferric iron, in contrast to
the derker colour of the reduction zone where iron is in the form of
dissemineted pyrite. HQS is formed in the reduction zone through bacteriel
activity, end the lowering of pH as a result of this, csuses finely
disseminzated CaCO3 to dissolve in the pore weater. This solution moves
upwards througsh the sediment (possibly through the overburden or by
compaction) into the oxidetion zone. The pH of the oxidation zone is
higher (3 8) and oxidizes the $%~ 1on to 3042-. The chenge in pH lowers
the solubility of Ca,CO3 producing a more concentrated solution and
3 Crowth of nodules tzkes place in the

oxidation zone until sedimentation, and with it the slow upward movement

eventually precipitation of CaCO

of the oxidation/reduction zone boundary, czuses the nodules to pass
into the reduction zone. The size of the nodules and distence apart of
the bends is easily explained with this hypothesis. Pore solutions

low in CaCO3 will start tp precipitate higher up in the oxidation
zone, and will have a longer time to develop before passing into

the reduction zone. Hence larger nodules will form, and the



distence betwee:: nodule bends will be grester. With vore solutions
rich in CaCO3 the nodules will begin to form esrlier, lower down
in the oxidrtion zone, but they will hrve lese time to Jevelon.
Trn this wey cnell rosules ot clo-aly enrced intcrvele w111 Sevelom,
The rrocess enviscped by Orimiel ~nd beler outlire’ rohove
i+ errtrinly the mott rttrrctive hymothecio for cyrnindipin-. the
formstion of the Uvmer Tevonicr chrlor with nomler litholosy,
rn reeourte for cory of the ebecryr” frots, T criticilmn cen
he rote i conn ection tith their bhyrothneerics 1) vhy ere the nodules
not Cigeolve” vwh-n ther ~ree drnto the »ednction zonc ond C) hatr
An roaler Torn in ved cordinote,
With the first eritioier, it conlsd e r ~nestion of ~ige,
The @-CC, which soes into solution is »robshly the surercoludl
4

reteline erleite which ie Ydereniartes thrmoush the sediment.

Perhone the rnotule~ ~ve tog Trree 4y he ~ffected by the zlirhtly

¥

reifie rore Tluirs whieh sre wracent in the reluction 7one. Yo
evi‘ence of »rrtirl solution of nosulre hrs heen otcerved. [o~ules
rew heve predectlone? shern contrets mith the rrowncing shele,
Zemending on the'deﬁree of comnection or “eform-tion. Shell mnteriel
is normelly well nrecerved irn the nodulens but ic miesince if it
extennes out of the nodule into the ~hrle. 3o0lution of skelet:l
c-rbhonrte in the shale hce trken »lcce snd would rlso contribute

Cel0., for the formrtion of the nodulern,

L

The ccecond criticism eoncerns the recduction zone which is

ecsentir]l to ohtrin the iritiel dissolution of CFCOB. Nodules
commonly occur in red shrlec (e.r. Plrtyclymenia Stufe of the Upper

.evonirn, criotte of Yontsrne loire, Ammonitico Rosso of the Alvs)

#ni1 if one internrets thece hemctite-rich ~edimente in the treditional
way, thet is devosited under oxidising conditions, then presumably
there wesc no reduction zone nrezent in the cediment. This would
sug~est thet the reduction zone is not so imvortant in the formation
of the nodules, and r process must be found to explain nodules
occurring in shelec of different colours reflecting deposition
under different redox potentials.

There are very few reports of nodules forming in sediments

R



todery. Coraos hrve been collected from mont environments but none
have rhown » seliment unnixing of the type under discussion here.
Pentin (1957) Aereribed n lrrge dircenctic concrction dredred off
I'ew Zerlond, which hre formed in the last 20,000 yerrs. Its formetion
is sttribnted to dirgenetic nicrrtion of orcanic or Jdetrital cerbonate
thet woo orisineslly di-+tributed throuch the enclosing sediment.
Possibly these Zirmenetic modules ore nore widesnrerd today then
ie thousht, snd it is = cuestion of time before these are found

The »roblem of how the crlcoreous nodules were formed is far
from teing ~olved. Yowever, the new observetionc on nodules mede
during this work, nemely thet of troce fossils, slumped and reworked
nodules (described in chanter 5) accord with an eesrly diagenetic
origin for the nodules. The exzct process of nodule formation is
not known, but it must be a2long the lines proposed by Grindel end
Rdsler and related to sdlution end vrecipitation of CaCO3 within

the sediment.

Sectign 4.6 Histery of sedimentation

The dominant pelagic fauna in the basinal shales indicates
that either the sea was very deep, or the bottom was practically
inimical to 1ife. A fauna, typical of agitated well oxygenated
shallovw seas, as is found in Lower Devonian and Bifelien shales
(Rhenish facies) is completely absent. The absence of strong bottom
currents is shown by oricoconarids which are rarely orientated.

Y¥ost of the fine grained clastic sediment in the deeper water
areas between the Schwellen must be derived from the shelf area and
continent to the north. The sediments are dominantly shales with a
8ilty lamination, the lafter representing deposition from low density
suspension currents (or nepheloid layera), superimposed on the
constant rain of clay and organic matter. Horisons of dark grey or
black laminated shales with pyrite indicate a lack of ocurrent
activity. Turbidites are locally developed in certain areas and may
be carbonate turbidites derived from ‘reefs' on the shelf or within



222

the bzsin, sandstone turbidites derived from the shelf to the
north, or immature greywackes (the synorogenic flysch) which are
derived from the lané ridge to the south.

During early diﬁiiﬁisis, calcareous nodules formed in the
shales if the carbonate/was sufficiently high. Compaction lefd
to a reduction in thickness of the shales, of at least 60%. Pressure
solution and compaction accentuated nodule/shale boundaries, and
locelly rotation of nodules and fracturing occurred through tectonic

stresses.

o o 0 o o
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CHAPTER 5

Sedimentology of the Slone Facies

The slope fsciec is varisble 1lithologically and transitional ©
between that of the Schwellen and basins, Shales with isolated
or locally continuous nocdules and nodular limestones are the most
common lithology but these have commonly been affected by mass-—
transport downslope and contrin slumps, or are reworked as intre-
formetional breccies. It is on the basis of slumped or reworked
sediments thet the clope facies is differentiated from those in
the “chwellen and Becken aress. Sediments of the Schwellen and
Becken feocies may~at times be developed in the slope environment.
For example, durinc the Fresnian, Fleser limestones were more widespread
and occur interbedded with shales and nodules.

Slope deposits are well developed on the northwestern side
of the West Harz Schwelle, where a number of complete Upper @evonian
sections show sediments from various perts of the trensition from
Schwellen to Becken facies. Localities in the slope facies &re
Sperenberg and Loautenthel in Innerstetal, south of Langelsheim,
and Margaretten Klipven and Hegsenweg in Granetal, south of Goslar
(locations shovm in Fig.Z.ﬁ??q n the Rheinisches Schiefergebirge,
outcrops of these deposits were examined at Prewer Provincial
Steinbruch, near Warstein, where the sediments accumulated on tha
flanks of the Schwelle formed by the Brilon Massive limestone,
and at Ose where the sediments accumulated on the slope of the
Arnsberg Schwelle (also underlain by Hiassive ljimestone), (loontibhc
shown in Fig. 3. +‘ %Dther outorops, where slumped or reworked

sediments are exposed, were exsmined eleswhere in the Harz and in
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the Lehn Syncline (centrcl prrt of the Rheinisches Schiefercebirse).

Section 5.1 Slove sediments

The dominent 1lithology in slone successionz, shales with
nodules and nodular limentones generelly constit@k 50 to 80% of
the succession. Flaser limestones zre less common and mey comprise
ebout 10%. Typical successions in slope sediments are shown in
Figs. 5.1 gnd.S.Z. The fellowing sub-frcies 2re described, H.1.1
Flaser limestones, 5.1.2 noduler limectones, and 5.1.3 shales, and
sheles with nodules. The sub-frcies are effectively based on the
carbonzte content, end 211 of these may be involved in slumping

and reworking (described in section 5.2).

5.1.1 Flaser limestones

Flaser limestones (i.e. fine grained limestones with diagenetic
and tectonic shale streaks) are uncommon in slope sequences. They
are similar to Flaser limestone from the Schwellen (chepter 3).
Cnce comnosed of fine proined crlcite with rendomly orientated
microfossils, the sediments are now microsperites, containing coarser
czlcite crystals (originelly ékeletal fragments ¥). Some patches
of coarser neogorphic calcite occur, with crystals up to 100« in
size, but these mosaics are less common and smaller than those
in the Schwellen limestones. Pyrite is commonly present, either
as cubes, finely disseminated particles or aggregates. Bioturbation
is common end burrows are filled by equent celcite. Hardgrounds,
sheet cavities and sedimentary dykes have not been found.

‘ Some Fléser limestones contain bedding types similar to those
seen in Schwellen limestones (graded bands rich in silt and clay,
carbonate laminations and thin shell bands). Graded carbonate laminae
are present in some limestones and these could be derived from
the Schwellen. |
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Fir. 5.1 Uvver Zovonisn muccession in slove freics ot Loutenthel (Horz)

20 m

15 m

20 m

15 m

Cerboniferous shale

Grey cheale + necdule bends
(Clymenia cra2 Wocklumerie Stufen)

Fault

Browmnish-grey sheles with many
crlecercouss nodule bends
(Platyclsmenis Stufe)

Fault

Grey silty sholes with few
nodule bands (Cheilocercs Stufe)

Slumped nodule bends end reworked
nodules in grey shale. Three ‘
Kellvesser horizons (Fresnien)

Fault

Grey sheles with limestone
bends,

Fault |

LI S : :

Derk grey sheles with limeetons
beds end pockets of reworked

nodules (Civctien)
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in elone frediee nt Mrrercretten Klinmen (Vﬁrﬂ)

40 cn

15 m

15 m

[

10 m

+41nm

Rlack or dark

Corboniferous Cherts

Alaunschicfer

erey sheles with

a few nodule bends (Clvmenie
snd Yoc lumeria Stuf€n§

Red ¢nd green cheles with nodule
bends znd noduler limestonec. -
Slunping common,

(Plotyelmenie Stufe)

Bends of ocalozreous nodules in
vy sheale, Slumpning precent..
Cheiloccree Stufe)

[Rrat i

Grey sheles + Pew nodules, .

No exposure

Fleser limestore (Frocnien)
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5e1s2 Wodular limestones

The term nodular limestone is used here to refer to continuous
limestone bends with irregular, hummocky surfsces, which are inter-
bedded with sheles. The origin of the noduler limestones ic considered
to be 2 combinetion of »rimsry chrnges in sedimentetion end diagenetic
nisretion of c:rbonrha@%ﬂf. dellem, 1964). At Drewer and Ose in
the Rheinisches Schiefersébirgse noduler limestones with interbedded
bleck sheles constitute most of the Famennian. At clore locelities
in the Herz Younteine, nodulsr limestoner cre develoned a2t some
horizorns.

The limectone metrix is 2 combination of microsparite and

m

crite, with lrrger crystals (probsbly skeletel debris) (e.f.

i
Pleser limectones). Silt is nresent in verisble quantities from |
1 to 10¢, but in the interbedded shale the cuartz content mey resch
?5:. The shelec between the limestones are bleck end rich in fine
greined pyrite. The limentones commonly heve e mottled anpearance,
throuch verying emounte of csrbonate, some of which may be due
to bioturbation. Definite burrow structures 2re common, Z or 3 mm
acroos, ond cre filled by slightly cozrser celcite. Rerely burrovs
can be seen extendings upwerds into the overlying sheles. The transition
from limestone to shale &s greditional where not affected by pressure
solution. Where vressure solution hezs occurred at the junction,
skeletzl material within limestone is truncated. Fossils are noticeably
ebsent in the shales but are common in limestones. Goniatites
precent between limestone bznds are rzre, but where they do ocour,
colcareous nodules have formed around them. The gonistite shell
has been dissolved where it extended outside the nodule.

The limestones are composed of non-ferrosn calcite whereas
the carbonate in shales is ferroan dolomite.

The thickness of individual noduler limestones and their
intervening shzles et Drewer is remarksbly constent (limestones
5 to 8 cmj shales 1 to 3 om). The lateral passage of nodular limestones
into discrete nodules and the development of nodules around
goniatites between nodular limestones indicate that there has been

much diagenetic mobilization of carbonate.
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Fipe 543 Lioduler limestones interbedded with bleck sheles,

Clymenia Stufe, Upper Femennien. Drewer, near

Harstein, Sauerlend. Length of hammer = 35 cm.
(Fext,p-227).

Fice 5.4 Cavity within & clymeniid shell filled first with
radiaxial calecite full .of inclusions and later
with clear sparite. FPibrous calcite has also
grown from the shell wall into the sediment.
Clmenia Stufe, Upper Devonian. Drewer, near Warstein,
Sauerland. Thin section S 23061.

Scale bar = 1 mm.
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Late diegenetic and tectonic »ressure solution hes affected
thece sediments by erhencing the limectone shele contact and
'vrenoing' the chrle sround the nodular peris. Flasers may cut
the nodulcr limectones, but stylolites zre not so common zc in
the 3Sclhwellen limcetones.

Sheet crrc’is rnl selimentery dykern were not observed in the
noduler limectones. leomorphism of the mrtrix to very cocrse moseics
is rlco sbhesent. Mowever, clymeniids are present znd provided crvities
in which crlcite wre nreciniteted in 2 similer way to the shret
cracks of the “chvellen limestores (p. 37 ).

Shells of climeniids mey occur un to 10 cm in diameter.

Larrer chellr cre Tound orienterted parellel to the bedding, whilet
smrller chells ney be at all engles. The clymeniids are filled by
internel rcedimente znd corrsely crycstrlline carbonate. Internel
cediments are comnonly white to licht-srey microsperites occurring

as thin greded lsminse. The crvity remrining efter internzl sedimentation,
woe lined by redisxial fibrous crlcite, znd then later filled by
erurnt sperite (c.f. sheet cevitier in Schwellen limestones, -. 81).
Pibrous crlcite ic commonly particlly or comnletely renlsced by

Inater crlecite cryctals. Within inner whorls of some clymeniid

shells, fibrous crlcite crystels are less zltered end turbid with
inclusions comnszred with the nearby ecuent sparite. Radiaxial fibrous
crleite hrs grown from the shell well of the clymeniid which is

£ti11 distinguishable (Rig. 5.4 ). Fibrous crystals have also grown
out from the shell into or renlacing the host sediment. Where there
is no marginal fibrous calcite, the shell wall is no longer visible
and snarite is in contect with the host sediment. This suggests

thet edbleed the shell wall of the clymeniid dissolved before the
sperite wes vrecipiteted (Bathurst, 1964).

One clymeniid, partly filled with light grey internal sediment,
was found with a small patch of this sediment in the host limestone
above the shell (Pig.5.5 ). The lamination within the shell is
deformed. This is interpreted as a fluid - escape structure, similar
to those described by Zangerlet al (1969). A sudden release of
gas or water carried some of the internal sediment out of the clymeniid.
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Tige 5.5 Section across a clymeniid filled by internal
seciment and calcite. & small patch of internal
sediment occurs above the shell and bands of
internal sediment are deformed within the shcll.
This is interrreted as a fluid-escape structure.
Burrow~fills occur in the nodular limestone
which is grecationel into the black pyritie shale
above. Clymenia Stufe, Upver Devonizn. Drewer,
neer Warstein, Sauerlané. Polished surface S 23059.

Scale bar in cme Cﬁ*t,F.ZBO}

Pig, 6.6 Kottled nodular limestone rich in ammonoids.
Geopetal sediment shows wide veriestions in angle
of deposition. Clymeniid upper right undervent
a phase of colution after deposition of white
internal sediment on the septa (see text).2331
Clymenia Stufe, Upper Devonien. Drewer, near
Warstein, Sauerland. Polished surface S 23062.

Scale bar = 2 cm,.
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This implies thet neither the host sediment nor the internsl sediment
wes lithified ot the time.

There 2 clymeniid extended outside the nodude the shell is
cbeent. Shells in the Jimectone may heve been nertly dicsolved.
Cl'meniide occur with white internal sediment pertly £illing the
nocitions once occupied by the cevta, formins boat sheved lenses
(Fic. 5.6). & thin lcyer of c-lcite wes nrecipitrted over the internal
sedinent. A reriod of ~olution occurred and the septe werc dissolved.
The remrinings crvity wer leoter Tilled by ¢ lizht grey corboneate,
enc¢ the finrl void wro occlude” by fibrous ond ecuent celcites.

The firct internrl sediment muct heve been cemented hefore the

finel Tillines of the chell cince the lenses of thirs sediment retained
their shrve ofter solution of the =eptel walls, and the lenses

hrve not been zffected by the lrter lirht rsrey internal rediment,

Geo?etal structures in the nodulrr limestones cen be used
to cetermine the originel deponitionszl dip. In the field, thece
structures zre not common and et Trewver some 20 observctions were
mede, verying from prrellel to the bedding to e meximum deviation
of 10° (Fir. 5.8). However, as cen be seen from Fig. 5.6, the angles
are not consistent even in one hand specimen. Most measurements
made in the Harz (12 resdings) do not deviate significantly from

: s : o
the bedding (Fig. §.9), and a2 maximum ancle of 5 was recorded.

5.1.3 Shales ¢nd shales with nodules

Celcareous nodules in silty sheles is the most common lithology
in the slove facies. Nodulec tend to occur in bends commonly
regularly speced less then 10 cm apart. The nodules themselves are
emall (1 or 2 cum across) but they commonly cozlesee forming thin
noduler limestones. Nodule bounderies are zredationsl unless affected
by pressure solution. Generally, nodules in the slope region are
smaller and Wands are closer together than those in the basins.
Otherwise they show exactly the same features. The origin of the
celecereous nodules is discussed in chapter 4 (p.215).

The shales in the slope region are also very similar to fhoai’

in the basin (chapter 4). Silty lemination is commonly developed.




Fig. 5. 7-
10°
Fig. 5.8. s o
Figo 5.9
Fig.5.7. Directions of transport meaéured from slunped nodule

Figs. 5- 8

Fig’ 5 . 8
Fig. 5.9

bands (with arrows) end reworked nodules. (Directions
ere apvroximate since most sections are two-dimensional).
Sparenberg end Lautenthal (Harz).

-

and 5.9, AngleaAof slope measured from goopetal structures.

from Drewer (Sauerland), 13 measurements perallel to bedding.
from Sperenberg, Lautenthel and Margsretten Klippen (Hers),
7 measurements parallel to bedding. _
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“ome very calccreous shales occur between nodular limestones snd
heve 2 fine cley-rich snd clsy-poor lrmination. Huscovite, chlorite
end i1t ore nrecent ond the cerbonste iz ferroan dolomite. Crlcite
iz restricted to lerge skeletal frogments. Cerbonaceous shrles

are Tcrely develoned sneort from the Kellwecser Horizon (e thin
orgerniic rich thrle or lime<tone develoned over lerge crees during
the Presnicn). Bioturbrtion is present end hes locclly dicturbed

the eilty l#minaticn.

Section 5.2 Slumned ond Reworked Sediments

5e2.1 Reworked seciments crnd breccics

Slumped end rewvorked devocits serve to distinguish the slope
cediment from those of the rises end brsins. Some Flaser limestones
in the slove region contesin thin horizons, a few nillimetres thick,
of engular limectone fragments. The frregments mey differ from ecch
other in litholo~y end fossil sbundconce. Lerger limestone clests
in shaley horizons occur et meny locelities. At Spesrenberg (Innerstetal,
Harz) for exsmple, Stoppel and Zscheked (1963) have described
blockq g€3“r esnien Flaser limestone, 3 m across in Frasnien grey
naleg/ Also blocks of reworked limestone occur within the Saltern
Cove CGonistite Bed, in S.Devon, an analogous situation (Streaten
and Tucker, 1971, in press, monuscript appended).

Horizons of reworked celcereous nodules, shrle intrecleasts
and frezgments of limestone beds exhibit imbricetion of the type
shown in Fige. 5.10. Transport directions were also obtained from
slump folds, and all meesurements indiczste derivetion from the
south or south-east, the direction of the West Harz Schwelleaﬁg.sfﬂ'
Derived nodules ere undeformed by‘compaction, indicating 1lithification
before reworkifg. Shale clasts and fragments of the Kellwasser
Horizon are on the other hand distorted. Isolated pockets of reworked
nodules occur. a2t Lautenthal (Fig.5.10). In the La.hn'Syncline, .
revorked blocks of Middle Devonian limestone are recorded from

the Upper Devonien shales (Bender, 1965).
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Pig.S5.10. Pocket of reworked czlcrcreous nodules,
Givetien, Loutenthel (Ferz).

Pig.5.11. Disturted nodule bends throuch slﬁnplﬁg or fluid escepe.

Freenicn, Leutenthel (Harz).
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Figo 5.‘2.
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Pig.5./2. Celcareous nodule bznds folded énd diﬁmpteﬂ by rovenent
of scdiment. Platvclrmenie Siufe, Mergeretten Klippen (Harz).

Fig.5.13. Slunped end rét-rorked blocks of Givetitm/lower Fresriiari
Fleser limestone in Frosnien shales. Sperenberg (Herz),
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Fig. 5. 14.

West

Fig.5. /4.

Pig.5.15,

Fold produced hy slumping, Plotyclrmenis Stufe,
¥erceretten Xlinpen (Harsz). '

Disturbed nodule bende through slumping or fluid esoipe;

Pletyclvmenia Stufe, Mergeretien Klipper (Herz).
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In the Montegne ioire and Pyrenees, breccizs occur zt =2
number of horizone znd form beds up to 10 m thick. Lerge blocks
of Fleeer limectone meoy be reworked zlongs with celeareous nodules
anc =hrle frerments. Other brecciss from the griotte in the Montasne
+o0ire consist of cmrll fragments of 1irpi?ﬁ3e, zbout a centimetre
in dirmeter, embedled in hemetitic sheléL'The nalaeopeosrephy
0 the Unver Devonian in therce regions is unknovn thus it is not
norcible yet to relszte the breccizs to identified Schwellen.

Frult scrrp breceiss were develoned during the Uprer Devonian
in the Rheinisches Schiefersebirge. Tor exemple, the Schlagwesser—
breccin, outcropring neer Worstein (Sauerland), is a coerse conglomerste
conteining a veriety of limectone blocks with conodonts of Kiddle
Tevonien to upper Femenniern rge. Schmidt end Plessmann (1961)
considered this depocit » tectonic breccia, but it has recently
been recinterpreted 2¢ hzoving formed through contemmorsneous fault

movements (Stoscheh, 1968).

5.2.2 Sedimentary slumping

Small Zisvlzcements of sediment by downslope slip have produced
non-parallel bends of celcereous nodules (Fig.5.18). The plane
of movement (glide plane) cannot usually be seen unless the slide
or toreva block has cut down and thus truncates undisturbed nodule
bends (Fic.5.19).Individusl bands of nodules may have crumpled
and be slightly folded (Fig.5 -20) dut elsa;ﬁgﬁi)slump folds with
en rmplitude of 2 metre or less have formeqé and local underthrusting
of nodular limestones has resulted (Fig.5.2/). Alternatively,
noduler bands may be locally brog¢ken up, leaving the nodules irregularly
errenged in the shale (Fig.5.23). Beds zbove and below slumped
horizons mey be planar-bedded, suggesting that only the top few
metres of sediment has moved at any one time. However, evidence
has not been found showing that erosion of the folds took place,
and movement may therefore have occurred under a cover of sediment.
Lamination in slumped shales is distorted or absent gltogether
The absence of silty laminations itself can often be used as an
indication that slumping has taken place. This is used in Straaten






Fig. 5.16 Reworked nodules in grey chzle, overlain by a
continuous limestone bend. Unver Givetian.

Lautenthal, K.W. Harz. Scale bar = 5 cm.

Fige 5.17 Breccia consisting of limestone clasts embedded
in hematitic shezle. Frasnian, Fonteine de la
Santé, Caunes Minervois, Montegme Koire,
Peel S 22962. Scale bar = 1 mm.



241




[ {8



Fig. 5.18 Bands of calcereous nodules with irrecularities
ceused by movement of sediment. Cheiloceras
Stufe, Lower Pamennian. ¥orgaretten Klippen,

H.W. Harz. length of hemmer = 35 cm.

Fig. 5.19 Slumped nodule bands with those in the centrel
part cutting across ezrlier bands. Uvper Givetian.

Sparenberg, L.W. Harz. Length of hemmer = 35 cm.
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Fige 5.20 Jisturbed nodule bends, some slightly folded,

others broxen up. Flatyclymenia Stufe, Upper

Devonian. Weilburg, Lahn Syncline.

Scale bar = 10 cne

Figs. 5.71 Folded and thrusted noduler limestone bands.
Broken up nodular limestones also present.
Lowest limestone band is vlanar and undisturbed.

Platyclymenia Stufe, Upver Devonian. Margarettien

Klippen, iieWe. Herz. Scale bar = 20 cme
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Fige 5.72 Thin bend of calcereous nocules vhich has been
thrust over itself during dovmslope movement
of secinment, overlzin by continuous uncdisturbed
bend of nodules. Cheiloceras Stufe, Lower
Femennian. Margaretten Klippen, i .W. Harz.

Scele bar = 20 cm,.

Fige. 5.23 Nodular limestone partly broken up at the crest
of the fold. Limestones above andé below are vplanar.

Platyclymenia Stufe, Uvver Devonian. Margaretten

Klippen, N.W., Harz. Scele ber = 20 cm.
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end Tucker (1971, in press) as additional evidence for the slumped
oririn of the 3altern Cove Goniatite Red, S. Devon.

Lerce scrle elumping is vresent at Drewer where come 50 m
of cecdiment slumned down the flenk of the Rrilon 'reef'! Schwelle
during the lowert Corboniferous (Fig.5.2¢). Slump folds are develoved
i the lower mrrt of the moved block in uprer Femennien streta
(7irc.5.25 #n@ 5.26). In the upper nert two bleck shele horircons,
the Trnrenbers-3chiefer ond flaun-Schiefer, heve zcted es incomvetant
layers rerulting in décollement ond wedese out up the quarry fece.
Unsicturbed Carboniferous cherts overlie the clumned beds. The
direction of slumping is from the eacst, where the Schwellen weas
2t the tinme.

In some noduler limestonec (seen 2t Lautenthsl snd Rebenklippe
in the Terz, rnd Werstein in the Tzuerlq-nd) very locel disruntion
of belding hee occurred with frr-mentsz of limentone forced upwards

. in Fig.5.27
(ir8.5.1l w5 The broken up nart of the sediment/ie uy to 30 ém
hirh snd hre the appénr:nce of » shorp fold. It in overlein by a
nlansr nodulerr limestone. Structures of this type cre internreted
re the rerult of » sudden escome of poreweter.

Yovenent of sediment?gggmarine slopes has. been described from
meny ceological situstions, involving various rock types (e.&. Jones,
19403 Kuenen, 19493 Greznt-Mzckie and Lowry, 1964). Movement oocurs
when the shear strength of the sediment 1s exceeded by the component
of the chezr stress scting downslope. Shear strength of the sediment
i» determined by meny factors including composition, grain size,
end rrte of sedimentation. Bewis (1971) reports failure of modern
crndy-silt shelf sediments off New Zealand at slopes of only 1°.
Steep slopes sre not a prerequisite of slumping. It is likely that
the slope from Schwelle to basin was steeper in some parts than
others, and slumping on the steeper parts could cause movement
lower down in less steef areas.

The initiation of slumping is often attributed to earthquakes
(Morgenstern, 19673 Lewis, 1971) end this may well have been the
czuse of slumping in the Upver Devonian slope sediments, perhaps

through fezulting along the flenks of the Schwellen. Other mechanisms

(= 25
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Fige 5.24 lLarge sczle slumpigg of sediment. The prominent
black shale band (Hangenberg Schiefer) is cut
out higher uv the cuesrry fzce. Slump folds are
developed below this in uvnper Famennain nodular
limestones. Cerboniferocus cherts at the top of
the gquerry are not involved in the slumping.

Urewer, near Worstein, Sauerlond.

Fig. 5.25 Slump folds in Upper Devonian nodular limestones
Detail of cuarry fece above; Hangemberg Schiefer
in upper part of photorraph. Drewer, near Warstein,

Sauerland. Sccle bar = 1 m.
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Fig. Slump fold in Uovner Bevonien nodular limestones.
Uetail of gquerry fece in Fig. 5.24. Drewver,

near Warstein, Seuerlend. Length of hammer = 35 cm.

Fig. 5.27 wodular limectone with local area of disturbance,
probably formed by fluid escape. Upper Famennian.
Kettensiepen, nezr Warstein, Sczuerland.

Scale ber = 20 cm.
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rre hirh secirmentrtion »rtec, ctorms 2nd hurricrnes which lerd to

inctebility ond then slumpigg.

Section 5.3 Feuna of the Slone Sediments

The fossil sbundence of the slone cediments is verisble
(some locrlities providing meny forsils, others zre brrren)., In
the Fors sediments, microfos~iles are most common, cricoconesrids
in the upper Givetian and Wrrenisn, ostrrcods in the Umnwer Devonian,
end conodonts throushout the Devonirn. The ortrscods, 1-2 mm long,
ere well precerved in cerlcrreous sediments aznd mey be erticulsted
or nrecent a& wingle velves. Cricoconarids usuelly heve fibrous
oversrowths (p.103).

Hodulrr limectones zt Drewer contain 2 rich =nd diverce fauna
(ronirtites, clymeniids, orthocones, trilobites, brechiopods, thin-
shelled biverlves, gestronods, solitery corels end crinoid fregments).
m?rrchionods, crinoids and corels retein their originel miecrostructure.
The molluscen fauna is preserved either as paresmorphic revlacements

(retrining the originczl microstructure) or as sperite pseudomorphs.

Section 5.4 History of Sedimentation

The slope sediments are very variable in lithology (dependent
on the ezmount of carbonate present) and rock-types characteristioe
of both Schwellen and Becken facies occur. Generaily, shales with
nodules and noduler limestones are most commonly developed. The
fine greined clastic sediment forming the shales would have been
derived from the continent to the north. The carbonate meterial
in Flaser limestones, nodular limestones and nodules, must have
the same source as the Schwellen limestones, i.e. probebly biagemﬂ&ﬁﬁ‘
in origin.

Slumped and reworked sediments, the distinguishing feature
of the slope region, have originated through instebility on the
slope. Veriations in the steepness of the slope must have existed

223
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zné these may be reflected in the different sccles of slumping.
Slope engles of less than 50 are suggested from geopetal structures,
anc in meny ceses the nlove wee nrobably little more then = degree.
Teking 24 km es the distence from the Werst Herz Schwelle (Aeketel)
to the verin (Innerstetel) (distance todey is 12 km, shortening
fector of 50% used, Wunderlich, 1965), a depth of 400 m is obtzined
for » ¢lore of 1° and 2100 m for 2 slope of 50. The Schwellen were
probably siturted et 2 meximum depth of 300 m, and so the figures
for 1O on” 50 give basinal depths of TOO end 2400 m. This comperes
receonrbly well with the denth of 1000 m surgested by Clarkcon
(1967) for the basin.

fCurrcrnt cetivity in the slope region is indiceted by the
precence of craded units and shell bands, and since these are less
comnon thrn in the Schurellen limestones, there was probebly less
current rctivity on the slope. Turbulence would be nassocinted with
the =lumning however, and has given rise to reworked nodules end
shales.

Eerly diasgenesis in the clope cediments hes been very effective
and leZ¢ to the reorgenisation of much of the corbonate meterial
into calenreous nodulec. Nodular limestones were also affected by
dizgenetic migration of cerbonate and the interbedded shales are
now non-calczreous and unfossiliferous. The reworking and slumping
of calcereous nodules shows that their formation took place during:
esrly disgenesis,

Late diagenetic snd tectonic pressure solution have legd
to the development of Flasers in some limestones, and sccentuated
nodule/shale ' boundaries. Primery structures in the shales are not

too tadly affected by cleavage.

Section 5.5 Comparison of the Schwellen, slope and basinsl facies.
The rise, slope and basinal sediments have now bwen desoribed

end the main featwres and differences of these facies are summarigedc
in the following table.



COMPARISON BETWEEN SCHWELLEN, SLOPE AND BASIN FACIES

SCHWELLEN SLOPE BASIN
Average thickness
for Upper Devonian 10 m 100 m 300 m
(from North West Harz)
Dominant lithology Flaser limestone Nodular limestone Silty shales
and shales with
nodules
Other lithologies Nodular limestones, Flaser limestones, Shales with

thin shale partings
between limestones

breccias, shales,
volcanic horigons

nodules, turbidites
volcanic horizons

Crystal or grain size

Microsparite, less
commonly micrite,
coarse neomorphic

Micrite/microsparite
in calcareous sediments;
shales with fine and

Shales with fine and
medium silt sigze

qua.rtz

patches. medium silt-size
quartz
Carbonate type Calcite Calcite in limestones Ferroan dolomite

locally ferroan
dolomite; ferroan
dolomite in shales

in shales; calcite
in nodules, rarely
ferroan dolomite
or dolomite

GGz



SCHWELLEN SLOPE BASIN
Sedimentary structures sheet cracks absent absent
connected with hardgrounds " "
lithification neptunian dykes " n
Current structures thin terrigenous present present
graded units
laminated carbonates present absent
fossil concentrates present rare
Slump structures locally developed common and rare
diagnostic of
this facies
Reworked sediments . occasionally limestone nodules, shale rare
intraclasts and limestone
clasts commonly
reworked
Pyrﬂe

Iron minerals

ferromanganese nodules,
pyrite §especia.11y in
Germany) hematite
(especially in Montagne
Noire)

pyrite common,
as cubes, nodules
and disseminated

grains

occurs as nodules
and disseminated
grains

9G2



SCHWELLEN

SLOPE

BASIN

Diagenesis

Lithification during
early diagenesis.
Little early diagenetic
compaction.
Recrystallization
during late diagenesis.

Early diagenetic
formation of
calcareous nodules.
Compaction of
surrounding shale.

Compaction of shale

Late diagenesis/

Fformation of Flagers

Flasers formed in

Cleavage developed

tectonism and stylolites through limestones. Nodule/ in shale.
pressure solution, most shale boundaries
at the time of cleavage accentuated through
development. pressure sdution.
Cleavage in shale.
Fauna €ommon, locally present rare
Cephalopods abundant
Bivalves common, locally present present
abundant
Brachiopods, corals, rare rare rare or absent
gastropods
Trilobites present present present
Crinoids locally common present rare

Lse



SCHWELLEN SLOPE BASIN
Conodonts abundant common present
Ostracods present locally abundant locally abundant

in shales in shales
Cricoconarids abundant locally abundant common
Foraminifera locé,lly common rare absent
Algae (red) rare absent absent
Calcispheres rare absent absent
Suggested depth of 30 m to 300 m — transitional - 300m - 1500m?

deposition
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CHAPTER 6

Geochemical Studies of Devonian Pelagic Sediments

In a rise and besin situation different sedimentological
and geochemical processes are operative in different parts of the
system. For example, greater current activity occurs on the rise
compared with the slope and basinsl regions (chapters 3,4 end 5)
and, probably as a function of this, oclay is concentrated in the
besinel sediments compared with those on the rise. In recent pelagic
sediments, deposits on topographic highs can be differentiated
on their geochemistry from those in the basin. Similarly pelegioc
carbonates can be distinguished from shallow water carbonates.
The object of the geochemicel work was to see whether such differences
existed in the Devonian and how they compare with R‘ecent sediments.
Severzl sections in the N.W.Herz Mounteins show a transition
from basin to rise sediments. Samples for enalyses were collected
from the following localities (also shown in Fig. 6.1):-

Sample Nos.
Aeketal (rise sediments) 2529
Margeretten Klippen (upper slope) 22=24
Lautenthal and Sparenberg (middle-lower slope) 6-17
Innerstetal (lower slope and basin) 1-5
Hutthaler Widerweage (very condensed volcanic rise) 30,31
Hiihnertalskopf (very condensed but mostly shale) 18-21

Bicken (rise in Rheinisches Schiefergebirge) 32-35



:
o1 2 3 4 Rheinisches ® Kosse!
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Fig. 6.1

Sketch map of the N.W. Harz showing locelities from
which samples for chemicsl anslymses were collected.
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The age of each sample is based on conodont determinations by
Ziegler (1962) for Aeketal, Stoppel (1968) for Hargaretten Klippen,
Eickhoff (1962) for Lautenthal and Sparenberg, Muller-Steffen
(1962, 196§) for Innerstetal and Hihnertelskopf, Meischner and
Schneider (1970) for Hutthaler Widerwaege, and Ziegler (1965) for
Bicken.

Samples of rise sediments (nos. 18-21, 25-35) are all grey
Flaser limestones, except for samples 20 and 21 from Hiihnertalskopf,
which are calcareous nodules. Samples from the lower slope and
basin environments are mostly rather large nodules up to 20 cm
across, those from the upper end middle slope ere smaller nodules,
thin continuous nodular bands, or limestone beds similar to the
rise sediments. Thin sections or peels have been made of all samples

analysed.

Section 6.1 Analytical Methods

The elements calcium, magnesium, strontium, maenganese and
iron were determined for 35 samples using & Perkin Elmer 403
Atomic Absorption Spectrophotometer. Details of the preperation
of samples are given in the appendix (p.37¢). Briefly, an exaot
weight of the powdered sample was digested in a certain volume
of acetic acid, and then this solution was diluted to a certain
volume depending on the element to be analysed. Standard solutions
of the various elements were also prepared, and the absorbance
of these solutions was compared directly with that of the sample
solutions. Insoluble residues were determined by acetioc acid
digestion under the same conditions as used in the preparastion of
solutions for atgomic absorption. The mineralogical ocomposition
of a selection of samples was determined by X-Ray diffraction
and staining of thin sections.



Section 6.2 Results of Chemicel Anslyses

The results of the atomic absorption work are showm in Tebles
1 and 2, and the X-Ray diffraction results in Table 3. The average
composition of the three major fascies, rise, slope and basin with
standerd de¥ietions for the elements are shown in Table 4. Sample 2,
a Carboniferous basinal nodule,has not been used in the averages
since it is quite different from all other saemples in being composed
of dolomite (Table 3).

Table 4 shows quite clearly that there are major differences
between the three facies. Caioium is higher for the rise sediments
and lower in the slope and basin. Magnesium content is similar
in rise and basin sediments (0.37% and 0.33%), but enriched in
the slope deposits by a factor of two (0.67%). Through this the
average Ca/Mg ratio is markedly lower for the slope (58) compared
with the other two facies (98 and 92). Strontium is rather similar
for all three facies though there may be a trend to deorease down-
slope. Sr/Ca ratio is appreciably higher for the slope facies.
Manganese is rather low for the rise sediments (0.057%) but much
richer for the slope (0.33%) and basin facies (0.26%). Iron is
merkedly enriched in the slope sediments (0.74%) four times that
of the rise facies (0.17%) and ten times that of the besinal facies
(0.075%). Possible reasons for these variations are discussed later.

Section 6.3 Comparisons with Recent pelagic sediments

The calcium content ob§iously depends on the clay ocontent
and so this element cannot be used in comparison. The Mg content
for the rise limestones is similer to that for Recent pelagic
sediments which normally have less than 1% (Bl Wakeel and Riley,
1961). Averege velues for the Ca/Mg ratio given by Goldberg and
Arrhenius (1958), Graf (19601V), El Wakeel and Riley (1961), and
Chester (1965) for Recent pelagic carbonates vary from about 30
to 130. The averages for the Devonian pelagic sediments (98, 58 and
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Explanation to Tebles and Figures

rd

Geochenical samples are referred to here as smmples numbers
1 to 35, but the hand specimen(s) and peel or thin section for
each sample for the Reading University archives have the numbers
S 23001 to S 23035. The exact locations of samples are given in
(p.380) and are also marked on the sections for the

Appendix

appropriate localities,e.q ®.
The localities (Table 1, column 2) with the symbols used

in the figures for the environment

® OpPe < nwm
"

Basin. Seamples 1 to 5, Innerstetal (IT
Slope. Samples 6 to 11, Sparenberg (SB

Upper slope.

are as follows:-~

3

12 to 17, Lautenthal (LT)
Samples 22 to 24, Hergaretten Klippen (MK)
Schwellen. Samples 25 to 29, Aeketal (AT)

w 32 to 35, Bicken (B)

'Special Schwellen'. Semples 18 to 21, Hithnertalskopf (HTK)
" 30 to 31, Hutthaler (HWW)

Widerwaage

The age of the samples (Teble 1, column 33 Table 3 and some

figupes) are the sbbreviated German stratigraphiczl namess- .

Cat
" Das
Hem
Neh
Adf
Giv

(Gettendorfia)

(Dasberg)
(Hemberg)
(Nehden)
(Adorf)

* (Givet).

Lower Carboniferous
Clymenia Stufe
Platyclymenia Stufe
Cheiloceras Stufe
Frasnien

Givetian

Teble 1, column 4 gives the lithology:-

Lgiod = large nodule, SmNod = smell nodule, Nod = nodule
and Lst = limestone. :



No.

O O~ O D W NN

W W W W w N NN NN NN NN DN P
mhwmwommﬂmm#wmwowou-qmm.:swmwo

Loc.

IT
IT
IT
IT
IT
SB
SB
SB
SB
SB
SB
T
T
LT
LT
LT
T
HTK
HTK
HTK
HTK
MK
MK
MK
AT

4
wwwwﬁ%’égeg

Age

Das
Gat
Neh
Hem
Das
Giv
Aaf
Adf
Adf
Neh
Hem
Giv
Adf
Adf
Adf
Neh
Hem
Giv
Adf
Neh
Hem
Adf
Neh
Hem
Adf
Adf
Adf
Neh

Hem -

Adf
Hem
Adf
Adf
Adf
Hem

Lith,

LgNod
LgNod
Nod
Nod
LgNod
Nod
Lst

.. Lst
NodLst
Nod
SmNod
Nod
NodLst
SmNod
NodLst
SmNod
NodLst
Lst
Lst
Nod
SmNod
Lst
SmNod
NodLst
Lst
Lst
Lst
Lst
Lst
Lst
Lst
Lst
Lst
Lst
Lst

Ca%

33.23
21.54
26.87
26.83
29.31
24.21
28.73
31.87
28.03
14.34
29.02
30.44
29.64
20.96
28.10
27.72
22.98
29.82
31.13
27.89
22.95
33.80
25.60
30.07
31.70
3533
33.90
33.38
30.76

26494

31.60
32,67
32.10
32,37

CaCO3%

83.07
53.85
67.17
67.09
73.28
60.52
71.82
79.68
70.09
35.85
72.56
76.10
74.12
52,41
70.24
69,30
57.45
7457
77.85
69.74
57.38
84.51
64.00
75.18
79.25
88.32
84.74
83.45
76.90
67.36
79.00
81.68
82.77
80.93
82.19

Mg%.

0.28
6.63
0.33
0.28
0.41
0.22
0.33
0.68
0.62
0.50
0.23
0.27
1.05
0.74
0.79
0.73
1.92
0.30
0.24
0.17
0.47
0.41
0.22
0.24
0.40
0.31
0.38
0.31
0.75
0.24
0.25
0,26
0.34
0.34
0.25

Tebleble Atomic absorption results

MgCO 3% Ca/Mg

0.96
23.0
1.14
0.98
1.41
0.76
1.13
2.37
2,17
1.74
0.81
0.95
3.62
2,58
2.74
2.54
6.66
1.03
0.82
0.59
1.62
1.41
0.77
0.84
1.38
1.08
1.31
1.08
2,60
0.83
0.86
0.90
1.17 -
1.18
0.88

118.6

3.3
81.5

95.8

1715
110.0
87.1
46.9
45.2
28.7
126.1
112.7
28.2
28.3
35.6
38,0
12.0
99.4
129.7
164.2
48.8
82.4
116.4
125.3
7943
114.0
89.2
107.6
41.0
112.2

126.4
125.6

94.4
95.2

'131.6
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No. Sr ppm Sr/Ca(xlOB)
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256
234
231
272

0.77

0.87
0.86

0.93

Mn%
0.258

1.50

0.446
0.147
0.172
0.340
0.192
0.170
0.213
0.449
0.223
0.218
0.461
0.343
0.408
0.706
0.221
0.073
0.101
0.108

0.091
0,118

0.446
0.096
0.055
0.044
0.060
0.103
0.079
0.038
0.043
0.050
0.023

10.032

0.064

Feb
0.078

3.237
0.079
0.048
0.114
0.236
0.265
0.568
0.714
0.908
0.085
0.296
0,961
0.813
0.992
0.832
24240
0.213
0.186
0.176
0.380
0.313
0.259
0.238
0.156
0.145
0.099
0.184
0295
0.125
0.062
0.168
0.158
0.206
0.152

45

Mn/Fe  InsRes

3.3
0.46
5.65
3.06
1.5
1.44
0.73
0.30
0.30
0.49
2,62
0.77
0.48
0.42
0.41
0.85
0.10
0.34
0.54
0.61
0.24
0.38
1.72
0.40
0.35
0.30
0.61
0.56
0.29
0.30
0.69
0.30
0.15
0.16
0.42

Tablek2. Atomic absorption results

15.90
8.25
30.27
31.76
27.49
37.85
26,29
16.13
25.11
56,05
26.17
22,29
18.39
40,24
20,04
23.47
29.94
23.19
19.87
27.11
38.10
11.72
32,03
22.57
18.69

':’10.,30 ‘

k13.26
15.43
19.72 -
31.80
17.95
17.18
14.38
'16.97
15.71



gsf—Chem Locality
1 Inmmerstetal
” "
3. "
4 w
5 "
6 Sparenberg
9 "
10 "
13 Lautenthal
- Marg. Klippen
18 Hthnertalskopf
19 "
25 Aeketal
28 "
29 "
- Langestal
31 Butt. W.W.

Dunscombe Farm

Table‘&.

Age

Das
Gat
Neh
Hem
Das
Giv
Adf
Neh
Adf
Adf
Giv
Adf
Adf
Neh
Hem
Adf
Hem
Adf

Calcite Quartz Dolomite Feldspar

H O OM M M M K MK K M MM M K KN

X - Ray Diffraction Results

M M M M M M M M M M M MK K K M XM
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RISE FACIES

Aeketal and Bicken

Ca %

CaCo, %

Mg %

Mg CO, %

Sr ppm
Ce/Mg

Sr/Ca (x103)
¥n %

Fe %

Mn/Fe

Mn/Ca (x103)
Fe/Ca (1103)

Insoluble
Residue %

Tablebd:

32.8

82.3
0.37
1.29
280

97.6
0.87
0,057
0.174
0.35
1.7
5.3

15.9

(1.32)
(0.15)
(5.7)

(0.024)
(0.c54)

0.330 (0.158)
0.742 (0.567)
0.75
12.4

28.2

28.6

267

SLOPE FACIES BASIN FACIES
Sparenberg and Innerstetal
Lautenthal
2643 (4.93) 29.1 (3.0)
65.4 72.9
0.67 (0.47) 0.33 (0.,06)
2.34 1l.12
260  (56.3) 248 (19.4)
58.2 91.8
1.16 0.86

0.256 (0.135)
0.075 (0.027)
3.38

8.8

2.6

2644

Teble of averages foi Devonian pelagio

sediments from Germany. Standard deviﬁtiona,
in breckets,



92) fell well within thic ronge.

The Sr/Ce rotio decresses with increcsing geological time
through diagenetic removal of Sr (Wolf et al, 19673 Dodd, 196%),
end it is for this reason that the Sr values for the Schwellen
limestones are so low compared with Recent pelagic sediments which
heve Sr contents in the region of 1000 ppm (El Wakeel and Riley,
1961). Although thic is based on whole rock analyses, Graf (1960 111)
considers that most Sr is substituted for Ca in calcite. Similarly,
figures for ¥n and Fe are based on whole sediment analyses and
this results in the modern pelagic deposits having a higher
concentration than the German limestones. Values given for ¥n
(Bl Wekeel and Riley, 1961 end Graf, 1960) average O.3% though
lower velues are recorded e.g. 0.02% for an Atlantic Globigerina
ooze (Graf, 1960) showing that the Devonian values are of the
right order of magnitude. Mn and Fe are also depleted during
diagenesis (Gavish and Friedman, 1969).

The anelyses then, show that the Devondin limestones compare
well with modern pelagic sediments, although their geochemistry
has been modified during diagenesis,

Section 6.4 Comparisons with other limestones

The literature on the geochemistry of limestones is rather
limited and there are very few analyses of pelagic limestones.
Only Audley-Charles (1965) gives e few znalyses of manganiferous
and ferriferous limestones of late Cretaceous age from Timor, and -
Hellam (1967) mentions the composition of Jurassic pelagio limestones
from the Alps. Many thousends of limestones of PreCambrian to
Caenozoic age have been analysed from the Russisn Platform (Vinogredov
and Ronov, 1956) and this forms the major work in limestone
geochemistry. Some analyses of other limestones are given in Table 5

for comparison.



Schwellen
lLimestones

Up.Devo—Lr.Carb.
Veevers (1969)

Up.Devs~-Lr.Carb.

. Russian Platform

Up.Cret. Timor

Fe rich 1st,

Mn rich 1st.
Aud-Charles (1965)

Tethyen Jurassic
Hallam (1967)

Average Limectones
Graf (1960)

Average Pel. Carb.
E1l Wakeel & Riley
High Cerb. Pel. Sed,

Average pel. Carb.
Chester (1965)

Glob. Ooze
Graf (1960)

Lith. Pteron. Ooze
Milliman (1969)

Ca
32.8

3.7

28.0

24.4

255

28.3%

20.0
31.9

22,17

31.8#

33.0

Ng
0.37

0.90

6.00

0.45
0.63

0.66% 42,9 -

1.03
0.42

0.85

0050* 6306 -

1.19

Sr ¥n
0.028 0.057

Cafiig
97.6

35.0 0.037% 0,035
4.7 0.045 0.047%

54.2 0.040% 0.660%

40.5 0.038% -
0.021%

- 0.048% 0,050%

19.4 0.111 0.210%
75'9 - 0.050*

26,7 0,100 0,240%
0.420%

27.7 0.640 0.210

* denotes whole rock enalysis, Ca and Ng values
are for carbonate phase.

Tabl 66:50
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Fe
0.174

0.115

2.700%

1.700%

2.700%
1,500%

2.100%

0.510

Some analyses of limestones and Reocent pelegio sediments

for comperison with the Devonian Schwellen limestones.

LY



6.4.1 Calcium and Magnesium

The analyses of limestones (mostly shellow water) of Upper
Devonian/Lower Cerboniferous age from the Russian Platform (Teble 5)
show a similar Ca content (28%) but a much higher Mg content (6%)
in comparison with the rise sediments (0.37% Mg). The Ca/Mg retio
for the Russien cerbonates is really low (8) compared with 98 for
the Schwellen limestones. The Jevonian pelagic limestones then,
with reference to the Russian Platform carbonates are deficient
in Mg by & factor of 20, and one must consider whether this is
significant, i.e. does it reflect an original low concentration
of Mg, or has Mg been lost diegenctically, a phenemenon illustrated
by the analyses of Stehli and Hower (1961) and Gavish and Friedman
(1969) for Recent end Pleistocene shelf carbonates.

Veevers (1969) enalysing Upper Devonian/Lower Cerboniferous
platform sediments from Australia (Bonaparte Gulf Basin) obtained
an average Mg content of 0.9% and & Ca/Mg retio of 35. Since this
retio is much higher than the Russien value for rocks of the same
age, Veevers considered that such a low Mg content could only
be explained by 'some factor preventing hypersalinity, such as
a wet climate czusing low evaporation, or continuous mixing of
the shelf water with the deeper oceanic water'. The letter hypothesis
is applicable to the Schwellen limestones, that it is ‘oceanic!
water that is causing the low Mg concentration. It is usuelly
thought that Mg is concentreted by restricted marine conditions
(Veevers, 1969) and clearly it could be the reverse of this, open
ogeénic conditions, that has caused the low Mg content of the
Schwellen limestones.

Various authors (e.g. El Wakeel and Riley, 1961; Dodd, 19673
Billings and Ragland, 1968) have suggested that the ﬂchB content
depends on the type of calcareous organism predominant in the
sediment. ¥ost caloasreous pelagic sediments today are oozes formed
of foreminifers and/or coccoliths, both of which have tests made
principally of low Mg ocalcite (Blackmon and Todd, 19593 Stehli
end Hower, 1961). It is possible then that the Schwellen limestones
were also formed by low Mg carbonete skeletal materiazl which has
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resulted in the high Ca/¥c ratio.

It hes often been written in the literature thet the Ce/Mg
retio for limestones cecresses with geological time (e.g. Wolf et
al, 1967). This increase in Mg probably results from the longer
time aveilable for contact with connate znd meteoric waters. This
is shown in Fig. 6.2, redrawn from Vinogradov and Ronov (1956),
and based on numerous snalyses, mostly of shallow weter limestones.
It czn be seen clearly thet the Ce/Mg velues for the Devonian
rocks do not fit in with this scheme. They are comperable rather
with those of the Cretoceous, which have 2 high Ca/Mg ratio since
chalk, so widespread &t this time, is conmparable with modern pelagic

oozes and is composed meinly of coccoliths (low Mg calcite).

6.4.2 Strontium

Graf (1960) on whole rock analyses of Palaeozoic limestones
gives Sr zs 420-490 ppm. For late Cretaceous pelagic limestones
however, iudley-Charles (1965) obtained lower values, 300-460 ppm,
and possibly low Sr is a fezture of pelagic limestones. One might
expect this since low Mg calcite, the dominant mineral in pelagic
orgenisms, does not hold as much Sr in the lattice as the other
carbonate minerals, high Mg celcite and aregonite (Siegel, 1961}
Billings and Raglend, 1968), which are characteristic of warm shallow
water cerbonate areas. However, other analyses for Sr show that
there is & wide renge of values. Sternberg et al (1959) recorded
Sr values of 60 to 1600 ppm for the Jurassic Steinplatte Reef in
Austria, and found an increase in Sr in the deeper water limestones.
Kahle (1965a) obtained velues between 230 and 400 ppm for Silurian
and Lower Cerboniferous oolitic limestones. The average for the
Devonien Schwellen limestones (280 ppm) falls well within the range
reported for other limestone typeé, gshowing thet Sr is not significantly
diffeqht in these pelagic limestones. |

6.4.3 Mangenese and Iron
The Mn and Fe values for the Schwellen limestones are higher

than most published analyses of limestones, which are all shallow
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weter or recf ccrbonetes (e.g. Veevers récords 0.035% Mn and

0.115% Fe, end velues obtained here are 0.057% ¥n and 0.174% Fe).

The values for these elements from the Russian Platform czrbonates

are csimilar for Mn (0.047%), but much higher for Fe (2.7%). However
whole rock enalyses were made and much of the Fe and some of the

En must be in the clay fraction. By comperison the Jurzssic pelagic
limestones from the Alps (Hallam, 1967) heve quite low kn (0.021%)

end Pe (1.7%) contents on whole rock analyses. The snalyses of
Audley-Charles (1965) were of Cretaceous pelagic limestones especially
rich in Mn and Fe, and cennot be compered.

Generzlly then, the Mn and Fe contents of the Devonian pelagic
limestones are higher then limestones of other environments. These
elements may be derived from continental run-off or volcanic sources
(Krauskopf, 1967). An enrichment in these elements is typical of

pelagic cediments, through the slow rate of deposition.

Section 6.5 Disocussion of Results for Devonian Pelagic Sediments

6.5.1 Calcium and Mesgnesium
From Teble 4, it can be seen that there is less Ca and more

Mg in the slope sediments, and hence that the Ca/Mg retio is quite
distinct. The insoluble residue is lower for the rise and higher
for the slope and basin. One would expect this from greater ocurrent
activitj on the rise, sweeping clay materisl towards the basin.

The lower Ce averasge for the tslope sediments is somwwhat surprising,
but examination of the data shows that it is certsin nodule szmples
(10, 14 and 17) which lower the Ca value and produce a high standerd
deviation. This could in fact be & sampling error if some of the
shele from around the nodules waé included in the anelyses. Collecting
only the central part of nodules in the slope facies (to obtain

s sample free from weathering and without the surrounding sheale)

is at times rendered difficult by the small size of the nodules.

The size of nodules decreases-up-slope, but nodule bands are closer

. together (ch. 4). However, the amount of insoluble residue does



not affect the Ca/¥g retio, and the everage for the slope (58)

[uN

s appreciebly lower then the rise end basinel values (98 and 92
respectively). Leaching of lig from clay minersels during digestion
of the sample is not considered importent, since only 3% acetic
ecid wes used. Hirst and kicholls (1958) concider that even 25%
ecetic acid does not cause significant lecching.

Figs. 6.3 end 6.4 show the plots of insoluble residue and Ca
egeinst Kg. From Pig. 6.3 it is scen that about € of the samples
have Mg concentrations between 0.2 and O.4Z,and that the rest are
randonly scottered. Similarly in Fig. 6.4 about & of the samples
occur together— the rise and basin semples, with & few from the
slope. The rest (10) are quite widely scattered and these are mostly
samples from the slope (hence high stendard deviation for Mg in
the slope facies, Table 4). Plotting Ce/Mg ratio and CaCo, content
against distence across the West Harz Schwelle for Adorf, Nehden.
end Hemberg samples (Figs. 6.5 = 6.10) 2gain show the veriations
in the slope region (outcrops Spzrenberg and Lautenthal) but they
2lso show that the veriations are not consistent et a particular
locality. Fige. 6.11 of Ca/Mg ratio against insoluble fraction is
interesting since the samples fall into two groups, those with
high Ce/lg ratios and those with lower values, which are the semples
giving the wide scetter in Figs. 6.3 and 6.4. Samples with high
retios are all the rise limestones except one, all the besinal
nodules, znd some of the slope sediments - those from the upper
slope. &nd some lithologically similer to basinal nodules. Of the
samples with a low Ca/Mg ratio, i.e. rich in Mg, seven samples
(8,9,13,14,15,16 and 17) come from beds which are associated with,
or close to slumped or reworked sediments. Other semples with low
Ca/Mg ratio (10,14 and 21) are nodules from dominantly shaley parts
of the succession. The samples with higher Mg are of mixed lithology,

it iz not as if they are 21l nodules. There is no correlation between

Ca ond Mg (Table 6) for the rise or slope facies. To explain the
enrichment of Mg for some samples then, there are at least four
possible causes, 1) Diagenetic migretion of Mg from clay minerals
to the ecalcite (c.f. Kahle, 1965b). This could account for samples
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Rise (7 degrees of freedom)

¥g o =059

n 0,10 +0.28

Fe -0.67 +0.75 +0,28
Ca Mg Mn

Slope (10 degrees of freedom)

Mg ~0.14

Mn -0.26 0.1

Fe -0.35 +0.96 +0.15
Ca Mg ¥n

Besin = (2 degrees of freedom) (not significant)

Mg ~0.14

¥n. 005 0.1

Fe : +0.30 +#0.89 031
Ca Vg ¥n

Teble 6.6, Correletion liztrices for Rise, Slope and Basin
Samples., Correlations significent at 95 per cent
level underlined,
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10, 14 ené 21. 2) 'Secondary' enrichment of g from seawater to

the pore-waters in portly consoliderted sediments ceused by down-

slove movement of sediment - this could account for seven of the
semplec. 3) lligretion of pore-waters within the clope sediment.

g 4) Migrction of connate waters, upslope, through compaction

and pressure solution of the basinzl sedimerts. This will be discussed

further i: section 6.5.3.

6.5.2 Strontium

Unfortunetely only thirteen zamples were analysed for Sr,
end this is not sufficient to draw any definite conclusions (Fig.
6.12). Basinel somples are quite constant in acid-soluble Sr (average
248 ppm). The slope samples however, again show a wide range (330 to
200 ppm) and have a hich stendard deviation. For the rise, the
two samples znalysed give similer values (280 ppm). The slightly
higher Sr content of the rise sediments could reflect less diagenetic

activity there, than in the basinel or slope sediments.

6.5.3 Mengenese and Iron

The three facies, rise, slope and basin can be distinguished
on their Mn and Fe contents and Mn/Fe ratios (Table 4). The rise
limestones are low in Mn and Fe, slope facies are high in Mn and
Fe, and the basin facies are high in Mn and low in Fe. From Pig. 6.13
(graph of Mn and Fe) it can be seen that 1) the rise sediments
have similer Mn and Fe contents, end they all cluster together
eround Mn 0.05% and Fe 0.17%, 2) the basin sediments are enriched
in ¥n relative to Fe and 3) the slope sediments show a high but
verisble Mn and Pe content, giving high standard deviations (Table 4).
Pigs. 6.14 and 6.15 of Mn and Fe plotted against Ca, show clearly
the rise sediments clustering together, and the wide scatter for
the #lope sediments. Figs. 6.17, 6.18 and 6.19 of Mn/Fe ratio against
distence across the West Harz Schwelle show clearly the rise of
the ratio towards the besin.

Two problems arise from the Mn and Pe determinations, 1) why
is there more Mn than Fe in the besin samples and 2) why is there
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such a scatter for the slope sediments.

The enrichment of Mn relative to Fe in the basinal nodules
may be a question of lithology. The basinal samples are quite large
calcareous nodules (up to 30 cm across) and presumably took longer
to accrete than the smaller nodules generally occurring in the
slope region (chapters 4 and 5). More pore-water would have been
involved in the formation of the larger nodules, and since Mn goes
into solution more readily than Fe (Lynn and Bonatti, 1965) this
would lead to an enrichment in Nn over Fe. Manganese nodules are
thought to be enriched by the same process. The rise sediments are
generally rather low in Mn and this presumably is also due to the
upward migration of Mn, caused by dissolution in the reduction gone
of the sediment..

In connection with the second question, the samples giving
the scatter are the same ones as those with high and variable
Mg contents described in section 6.5.3. The suggestions put forward
there may apply in the case of Mn and Fe t0o. Since these sediments
have insoluble residues mostly falling within the range of the
rise and basin samples, it is likely that the higher Ng, Fe and
Nn contents are original enrichments, and are not due to leaching
from clays during digestion.

The enrichment of these elements is probably due to the effects
of the slope itself. It has been suggested by a number of authors
that compaction and pressure solution in basinal sediments leads
to a migration of connate waters upslope, providing much of the
carbonate for cementation of limestones on shelf areas (Chilingar
et al, 1967; Trurnit, 1968a; 1968b). The Schwellen and Becken
situation provides a test for this hypothesis since there is no
evidence of emersion to oonpiica,te matters. The evidence from the
geochemistry and sedimentology points against the migration theory.
The Mg, Mn and Fe contents of the rise sediments are low compared
with the slope facies suggesting that migration has not ocourred
in this direction. The carbonate in the Schwellen limestones, as
revealed by staining and X-Ray diffractiom, is always calcite.
Dolomite and ferroan calcite, which would be present if a migration
of cementing fluids had taken place, are completely absent. Also,
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there is evidence for eerly lithification of the limestones
(chepter 3). Ferroan ceslcite and ferroan dolomite do loceally occur
in limestones lower cown the slope (chapter S), where they would
certainly be expected from the higher Mg and Fe contents.

These results suggest then thet connste weters have not migrated
from the slope to the Schwellen region (unless some physical barrier
such as 2 feult plene prevented this). The similerity of the basin
sediments to the rise sediments (apart from higher ¥n in the basin)
would suggest that it is movement of connate waters within the
slope sediments that is causing the enrichment. Perhaps then there
is a greater diagenetic leaching of clay minerals in the slope
region leading to the enrichments in Mg, Fe and M¥n.

Goldberg and Arrhenius (1958) sugsest that the rate of
deposition of marine sediments is inversely proportional to the
Mn content. This is certainly not illustrated by the analyses here,
the ¥in content does not decrease downslope as the sedimentation
rate increzses. There has presumably been too much diagenetic
redistribution of Mn, but also only the Mn in the calcite has been
determined and account has not been taken of Mn in the insoluble

fraction or in the shales associazted with the nodules.

Section 6.6 Conclusions

The results presented above show that indeed the Devonian
pelagic sediments can be differentd4dted from limestones of other
facies on their chemistry. and thet they show similarities with
Recent pelagic sediments.

The Schwellen limestones are characterized by low Ng and
high Mn znd Fe, in the acid-soluble fraction. Following Graf (1960)
and Veevers (1969) these elements are considered to be in the caloite
lattice. Low Mg (apart from disgenetic depletion) is either due
to low Mg czlcite skeletal materisl forming the limestones, ox
the result of oceanic conditions. These two possibilities are
obviously interrelated. High Mn and Fe are to be expected for pelagioc
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sediments. The it concentration doec not differ much from other
limectones.

The seochemical detae also shows that there are differences
between the rise, slope and beecin facies, which can be ascribed
to orizinal topographic relief ana diagenesis. The slope sediments
are rether verieble in Ce, Mg, Mn and Fe. The basin and rise samples
are more constent, althouch Mn 1is enriched reletive to Fe in the
basinal nodules. The veriable but high lig, ¥n and Fe for the slope
senvles is attributed to movement of comnate weters within the
slope seiiments. There is no evidence for escending connate waters
frogygasin to the rise, leading to the cementation of the Schwellen

limestones.
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Chapter 7

Ferromanganese Nodules from Devonian pelagic sediments

Manganese nodules are characteristic of present-day pelagic
sediments but also occur in marginal marine (Manheim, 1965) and
freshwater environments (Ljunggren, 1955). A slow rate of sedimentation,
enabling manganese and iron to be concentrated, low organic content
and oxidising conditions appear to be the main factors in their
formation (Price and Calvert, 1970). Volcanism and continental run-off
are considered the main sources of the iron and manganese.

Ferromanganese nodules and encrustations around shell fragments
and limestone clasts are described here occurring in the Upper Dovonian
pelagic limestone facies (griotte) of the Montagne Noire, S. France.
They were only found at one locality in the Rheinisches Schiefergebirge,
Germany. The nodules have been collected mainly from Combe D'Izarne,

a valley section 4 km S.W. of Cabriéres (Hérault) at the eastern end
of the Montagne Noire. They have algo been found at Mont-Peyroux in
the central part, near the village of Causses—et-Veyran. Localities
of the Montagne Noire are shown in Pig. 7.1l. Conodonts give Famennian
ages for the nodule horizons at Combe D'Iszarne, and lower Frasnian
for Mont-Peyroux (Appendix). At the other localities examined in the
Montagne Noire (Coumiac, Caunes Minervois, and St. Nazaire de Ladares)
nodules are not so common. At various horizons in the Upper Devonian
diagenetic enrichments of iron and manganese occur along pressure
golution planes and fossils have been hematized (p.17). Epigenetic
mineral veins are developed at Caunes Minervois, at the western end
of the Montagne Noire.

In the sections examined in the Pyrenees, west of Seoc de Urgel,
where a similar Upper Devonian pelagic facies is developed,
ferromanganese encrustations arcund shell fragments were only
occasionally seen.

Fossil ferromanganese nodules have previously only baen described
from the Cretaceous of Timor (Audley-Charles, 1965) and the Tethyan
Juragsic of Sicily (e.g. Jenkyns, 1967, 1970) and the Alps (e.g. Wendt,
1969; 1970; Germann, 1971). The Cretaceous nodules from West Timor
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are considered to be deep water oceanic nodules, on their rich trace
element content; those from East Timor are more akin to marginal
nodules (Price, 1967). Jenkyns and Torrens (1971) consider the
Jurassic nodules to have formed on current-swept seamounts within the
photic zone (on the evidence of algal stromatolites interbedded with
the nodules). Perseil (1968) has studied the mineralogy of manganese
minerals in the south of France and has described these occurring as
cements in Permo-Triassic sandstones and Carboniferous quartzites, and
as nodules and lenses in the Upper Devonian griotte of the Pyrenees
(Massif de l'Arize) and the Montagne Noire near Caunes Minervois.
Perseil considers the Devonian manganese minerals to have formed by
‘gedimentary concentration, where later enrichment by secondary
processes is manifest'. Although Perseil says the nodules must have
been formed penecontemporaneous with sedimentation, she does not appear
to have recognised these nodules as the fossil equivalents of the
manganese nodules which characterize modern pelagic sediments.

Section 7.1 Ferromanganese nodules and encrustations

A brief description of these nodules is given in Tucker (1971),
(appended). The nodules take the form of encrustatioms around
limestone clasts and skeletal fragments and range in sige from a few
millimetres to 4 or 5 cm in diameter (Pigs. 7.2 and 7.3). They are
generally a reddish-brown colour though some are almost black.

Shells, particularly bivalves, are frequently coated in a 1 mm thick
ferromanganese crust, which usually shows the development of colloform
structures (the limonitic cauliflowers of Jenkyns, 1970). These are
up to 0.5 mm aocross and consist of an alternation of black and yellow
laminations (Pigs. 7.4 and 7;5) each about 10/; thick. These
structures have been interpreted as organic in origin (Parinnacci,
1967) but Cronan and Tooms (1968) have described them from Recent
nodules and furnished evidence to show that it is caused by diagenetic
movement of the manganese and iron. This process works from the
centre outwards, replacing the original concentric banding. In some
cases in the Devonian nodules this has gone to an extreme and complete
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Fige 7.3

Limestone clast encrusted with a ferromengenese
crust, contzining foraminifera and skeletal
fragments. Black 'halo' around the nodule,
replacing the sediment, illustrates the mobility
of iron and mangcnese. Lower Famennian.

Combe D'Izarne, lontasne Noire. Thin section

S 22965. Sczle bar = 0.5 cn,

Limestone clast with ferromangenese encrustation.
Colloform structures are developed zround the
outside and complete segregations occur further
into the crust. Lower Femennian,

Combe D'Izarne, lontarme loire.

Thin section S 22964. Scale bar = 0.5 cm.
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Fice Te4 Colloform structures developed in a ferromangenese
cocting of o limestone clest. Lower Frocnian.
ont Peyroux, llcntarne loire. Peel S 22956.

Scale bar = EOQM.

Fige 75 Ferromanganese crust with bend of iron and
mengonese cenrichment outside the crust, which
has vartly replaced the host sediment. Colloform
structures and foreminifera developed in the
crust. Lower Famennion. Combe D'Izarne, Montegne

Noire. Thin section S 22965. Scele bar = 0.5 mn,
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segregations of yellow or brown carbonate have developed with opaque
areas between the segregations (Figs. 7.6 and 7.7). A black or

dark brown band is developed around some nodules (Fig. 7.2 and 7.5)
where ferromanganese has migrated outwards and replaced the sediment.
Evidence can be found that the colloform structures too are replacing
earlier fabrics in the matrix. A concentric banding of light brown
and black bands commonly occurs (Figs. 7.8 and 7.9).

Shell fragments and limestone intraclasts form the centres to
the nodules and these are usually intens1ve1y bored, particularly the
shell pieces (Figs. 3. 1o§} 3.113/and 7.8). The borings mostly have a
diameter of about O.1 mm and are usually filled by a brownish micrite
(p. '13)s Limonite is commonly developed around the walls of the
borings (3. 113f indicating that the shell fragment was lying on the
gea floor for sometime before the ferromanganese crust began to develop.

The limestone fragments in the centres of nodules are usually
identical to the host sediment, but the clasts may be of a slightly
different lithology. Volcanic fragments have not been observed as
centres (cf. Jenkyns, 19709 and volcanism is absent in the Montagne
Noire during the Upper Devonian (Géze, 1949). The limestones in which
the nodules occur is a typical pelagic facies, a condensed, hematitic
sediment containing a dominantly pelagic fauna of goniatites, conodonts,
cricoconarids, thin-shelled bivalves and restrioted benthos.

One of the most interesting features of these ferromanganese
nodules is the intimate association with the encrusting forasminifera
Tolypammina sp. This foraminifera is common at some horigons in the
Schwellen limestones of Germany  (p./87, and Eickhoff, 1970).
Tolypammina is found encrusting the shells and clastes within the
ferromanganese coating (Figs. 7.9 and 7.11), showing that the
ferromanganese coating is syngenetic. The test of this fixosessile
foraminifera is very irregular in arrangement and consists of a
meandering tube, occasionally branching, with a diameter of 100-200/A .
They are circular in cross-section. Normally the test is composed of
quartz grains (p.!83)but here, the tests usually consist of iron
minerals (Fig. 7.12) which may have replaced original quarts grains.
Shell fragments, conodonts and crinoid ossicles commonly occur within
the manganese crust.
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Ferronangenese encructeiion around limestone

clest with se~recctions of yellowish brown
corbonate surroundel by opecuw matericl. Colloforn
structures developecd eround the outsice. Lower
Femennien. Combe D'Izerne, Montoeme lioire.

Thin section 3 22964. Scale bar = 1 nm.

Complete segresetions of yellowish browm cerbonate
developed in z ferromansrcnese encrustation.
Lower Fenenniapg. Combe D'Izarne, liontesne Loire.

Thin section 3 22964. Scale ber = 0.75 mme



b



297



Bored end vertly nicritized shell with 2 ferro-
mengcnece crust. Licht enc dork tendinge well
develoned in some nrris, ~ut neercr the chell
thie is renleced by colloform structures.

Lower Frmemnicne. Combe 2'Izarne, llontrrme loire.

hin section § 22963. Scole bor = 1 mm.

Part of 2 ferromcngsenese crust with 1licht brown/
dark brown bendings. Forcminifere »resent within
cone of the bends. Lower Femennian. Combe D'Izarne,
liontzrne Loire. Thin secction S 22967.

Scale ber = 0.5 mm,
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Fir. 7.10 Shells bored[;crtly micritized,with ferromanganece
encrustrtiionc, Concentric bending oné colloform
structures are nrecent. Lower Pamennion.

Combe N'Izcrne, lionteme lloire. Peel S5 22952,

Scele ber = 1 mme.

Pire Te1l Ferromongenese and foraminifera encrustations
around o bored bivelve, Some of foraminifera
have tests comnosed of cusrtz srains, others
have tests of ferromangcinese minercls.

Lower Fomennicn. Combe D'Izarhe, YNontogne Noire.

Thin section S 22967. Sccle ber = 1 mn.
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Pige Tol3

FPoreminifera within & ferromenrcnese cocting
with testc composci of ferroncngrnere ninerals.
Lower Fomonnian. Combe D'Izorne, lonterme Noire,

Thin section S 22965, Tceole ber = C.5 mm.

Ferromanganese encrustcetiions with colloform
structures developed around a limestone intra-

n

clast and skeletczl fragment. Lower Frecnien.
Bicken, Till Syncline, Germeny.

m

i

hin sectiion S 729502, Scale ber = 1 mm,
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Some of the shells have a very irr ar surface on which the
crust has been deposited (Fig. 3.11ﬂ IZ.:xd the limestone clasts too may
be angular (Figs. 7.2 and 7.3). Although there is no other evidence
available, these irregular surfaces could be the result of subsolution
(Hollmann, 1964), which normally occurs as the result of very slow
sedimentation under oxidising conditions. Iron stained shells have
been reported from the Atlantic (EL Wakeel and Riley, 1961) in an area
of negligible deposition where the sediment is in a very oxidized state.
The same sort of conditions - slow sedimentation and an oxidizing
environment must also have existed during the deposition of the
griotte.

Wendt (1969) described 'microreefs' of Tolypammina, occurring on
hardgrounds encrusted with limonite, in the Jurassic Hallstatt facies
of Steiermark (Austria). They occur at very condensed horigons where
subsolution of the seabottom had taken place. From comparisons with
other fossil occurrences of encrusting foraminifera and from Recent
examples, Wendt considered a depth of deposition less than 200 m
(infra-circa littoral zone) for this Jurassic pelagic limestone. A
gimilar depth is envisaged for the nodules from the Montagne Noire.

Ferromanganese encrustations from the Schwellen limestones in
Germany were only found at one locality, Bicken in the Pill Syncline.
The nodules, occurring in a oricoconarid-rich grey Flaser limestone,
are associated with a hardground (p.77) and are present in the top
few centimetres below a corrasion surface. These enorustations show
the same features as those from the Nontagne Noire. The ferromanganese
encrusts limestone intraclasts and shell fragments (Fig. 7.13)and
foraminifera are also present. Pyrite cubes occur in the sediment with
the nodules.

Section 7.2 GQeochemigtry of the nodules

Twenty-one nodules and encrustations were analysed by X-fiay
fluoresence to determine the amount of iron, manganese and nickel
present. The material presented difficulties since the nodules are
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embedded in a hard limestone and a fair amount of this was unavoidably
incorporated in the sample. The nodules t0o are rather small and not
enough material was available to make the tetraborate beads which

one normally uses for X.R.F. work. Consequently, determinations

were made on the whole powdered sample and then the limestone was
dissolved out using dilute acid. The Fe, Mn and Ni values were

then recalculated for the acid insoluble fraction. Results are

shown in Table 1.

It is immediately apparent that the Fe and Mn values are very
variable and some of this is clearly the result of different clay
and silt contents of the samples. . However, two analyses of a
Jurassic ferromanganese encrusted hardground from the Sonnwendge-
birge, Austria (Fig. 7.14) gave different results. The Pe content
was 30% in one case, and 2% in the other. MNuch of the variation
in the Devonian nodules could be a true refkction of original
compositional differences. Previous workers have remarked on the
great variation even between adjacent nodules (Price, 1967, Jenkyns,
1970). ' '

The average Fe and Mn contents of the nodules are 1.8% and
9. 2% respectively and the In/?e ratio is 0.2, Comparison with
analyses for Recent nodules (e.g. Nero, 1965; Price and Calvert, 1970)
shows that the Devonian examples are depleted in Mn relative to Fe.
Some fossil nodules from Sicily have low Mn contents (Jenkyns, 1967;
1970) as do the two analyses of Jurassic age made here (Table 1).
Post-depositional mobility of Mn has been well established (Lynn
and Bonatti, 1965) and it is probably this which gives rise to Mn
depletion. This occurs particularly where reducing conditions exist
in the sediment, with the result that buried nodules end up with a
lower Nn/Fe ratio than their original value. Black and brown 'halos'
occurring around some nodules indicate migration. The Ni ocontent
(0.035 $) is also low compared with other anaylses.



Fig. T.14

SIHLINIINID O

Ferromanganese encrusted harderound surface.

Subsolution of the underlying shallow water
limestone has occurred end produced the irregular
surfece. Red pelagic limestone overlies the
subsolution surface. Jurassic, Maurach,
Sonnwenggebirge, Austria. Polished surfeace

S 23068. Scale as shovm.
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Locality

- . Combe D'Izarne

"

”

"

Mont-~-Peyroux

No.

1
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
4
4
4

32
32

Alps (Jurassie)

Table T.1.

Fe %

15.33

7.30
7.25
6.47
9.82
8.33
4.51

11.25

12,75
9.45
8.15

10.51
5455
5.00
6.35
4.98
7.61
9.30

1 9.32
8.85

31.23

1.96
30.96

‘Results of XRF analysis of ferromenganese:
nodules from the Montagne Noire and the Alps.

0.81
1.10
0.91

- 1.18

0.98
0.99
2.00
1.18
3¢49
1.72
1.37
2.09
2,11
2.09
1.56
0.55
1.42
1.09
1.46
3.94
5.08

- 0.96

1.17

Ni

=R

0.120
0.024
0.017
0.020
0.022
0.022
0.038
0.036
0.044
0,031
0.036
0.041
0.027
0,038
0.023
0.103
0.017
0.023

0.028

0.055
0.040

0.053
0.087

Mn/Fe

0.05
0.15
0.13
0.18
0.10
0.12
0.44
0.11
0.27
0.18

0,17
0.20
0.38
0.42
0.25
0.11
0.19
0.12
0.16
0.45
0.16

0.49

0.38

Mn/Ni

6.7
46.8

54.0

599
43.8
45.7
53.2
32.9
793
54.9
38.4

50.9

78,6
54.4
67.0

5.4
82.1

48.4

51.1
7.2
127.2

18.1
13.3
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Correlation coefficients for Fe, Mn and Ni (with 19 degrees of
freedom)are as follows:—

Mn O. 60 i
Ni 0.175 -0.063
Fe Mn

Cronan (1969) reports a positive covariance between Mn and Ni

but there is no indication of this here. There is however a positive

correlation between Fe and Mn (significant at the 99% level). However,

as shown below, on the microscale the covariance is negative. Since

the ferromanganese encrustations exhibit banding or colloform structures,

the inter—element relationships are best examined with the electron
probe. Traverses were made across five nodules to determine the
variations of Fe, Mn, Si and Ca. The results with the locations of
the traverses marked on photomicrographs are shown in Figs. 7.15 to
T. 4.

The traverses show clearly that in the ferromanganese crust,
Fe is positively correlated with Si, but negatively correlated with
Mn. Mn covaries positively with Ca. The crust is commonly made up
of light and dark brown bands, and the microprobe analyses show that
the light brown bands are generally high in Ca and Mn, but depleted
in Si and Fe. The dark areas on the other hand are enriched in Si
and Fe. Traverses across complicated textural areas, where colloform
gstructures are present still show these inter~element relaxionships.
There is a greater variation of Si generally and this must be dus to
the presence of arenaceous foraminifera within the crust. The probe
traverses of Jenkyns (1970) across Jurassic ferromanganese nodules
and crusts show a similar negative correlation of Fe and Mn. Cronan
and Toome (1969) for Recent nodules with colloform segregations
gshowed that Mn (and Ca) is concentrated within the segregation and
that Pe is more evenly distributed. Further diagenetic processes in
the Devonian nodules may have accentuated the Fe and Nn distribution.
X-Bay diffraction analyses of these nodules did not conclusively
reveal the Fe and Mn mineralogy. Hematite was definitely present,
but for Mn only a trace of rhodochrosite was obtained in one sample.
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Fig. T7.15

Electron microprobe traverse across a ferro-
mzngenese encrustztion around a bored shell
fragment. The full seccle deflection for calcium
is approximctely 43., for silicon 14%, for iron
2. and for mangenese 4. Lower Femennian.

Combe D'Izarne, Yontarme Lioire.

Thin section S 22967. Scole =5 shown.
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Pice T.16 Electron micronrobe traverse ecross a ferro-
mengenese encrustation zround a bored shell
froegment, The full scrle deflection for celeium
is anprozimetely 43, for silicon 14, for iron 2%
and for mengenese 4. Lower Femennien.

Comte D*Izarne, lfontarme lioire.

Thin section S 22967. 3crle as shown.
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Pipg.e T.17 Hlectron microprobe traverse across o ferro-
nengonese encrustetion around a2 bored shell
frorment. The full scale ceflection for cealecium
is eporoximetely 43, for silicon 14i. for iron
4. ené for nongenese 4:. Lower Femennicn.

Combe D'Izarne, Yonteosone Loire,

Thin section S 22967. Seccle 2 showm.
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Electron microprobe traverse across a ferromanganese

encrustation around a bored shell fragment. The maximum

deflection for calcium is approximately 43%, for silicon

67%, for iron 4% and for mangenese 8%. Lower Famennian,

Combe D'Izarne, lontegme lioire. Thin section S 22968.

Scale

as shown.
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The concentration of the ferromanganese minerals must be below the
detection 1imit for X-Ray diffraction (about 10%). The positive
covariance of Mn and Ca might further indicate the presence of Mn

in the carbonate phase. Perseil (1968) has recorded Mn minerals from
the Montagne Noire, which are found in Recent Mn nodules (todorokite
and manganite).

The microprobe traverses also revealed interesting information
about the shells which are encrusted. Normally, the shells are very
low in Si, Fe and Mn, but where the shell has been micritized (? through
boring organisms) then Pe is higher and Si may have some strong peaks
(Pig. 7-18). Where there is a little Fe or Mn present in the shell,
these still vary negatively (Fig. 7.16). Borings in the shell have
lower Ca than the rest of the shell, and higher Si. Commonly, the
borings have a brown border (p.294) which shows a clear enrichment in
Fe, and to a lesser extent in Mn (Pigs. 7.3 and 7.%9).

Section 7.3 Sedimentological significance of the ferromanganese encrustations

Direct comparisons with Recent nodules are not really possible,
since the mobilities of Mn, Fe and Ni are different and the ratios
of these elements have altered. The sediment containing the nodules
however would point to an open 'oceanic' environment some distance -
from the influence of land. Price and Calvert (1970) consider the
rate of sedimentation a most important factor in the formation and
geochemistry of Recent nodules since it is this which determines the
amount of organic matter in the sediment. MNost of the griotte is
coloured red through the presence of hematite, which ia probably a
diagenetic alteration product of goethite (as considered by Hallam
(1967) and Jenkyns (1970b) for the red limestones of the Alpine
Jurassic). The presence of hematite in the griotte, indicating
oxidising conditions, suggests that there was very little organic
matter in the sediments originally. This could bs oaused hy low
organic productivity in the overlying waters, or a curreat swept

gea~floor.



It is not possible to determine the rate of sedimentation for
the Combe D'Izarne section since the exposure is not continuous and
the succession has not been dated accurately with conodonts.

Prof. M.R. House (pers comm. 1970) gives a figure of 28m for the
griotte (Frasnian and Famennian) at La Serre, one km south of
Combe D'Izarne, and this would give an approximate rate of
2.5mm/1000 years for the Upper Devonian. This figure is comparable
with pelagic sedimentation rates today.

Nodules and encrustations were only observed at one locality
(Bicken) in the Schwellen limestones of Germany. This is somewhat
surprising since the sedimentation rates are similar or in some
cases much lower. The limestones there are normally grey and contain
pyrite. Where hematite is present --(e.g. Adorf am Martenberg (p.zé¢ ))
then this is diagenetic and has come from hydrothermal solutions
connected with a basalt extrusion below (Bottke, 1965). Shells are
frequentiy bored in the German limestones and encrusting foraminifera
are present (p. 187) but apart from the Bicken examples, they are not
encrusted with ferromanganese. The Bicken encrustations are a
special case since they are associated with a hardground (p.77 ).
Enrichments of Mn and Fe might be expected in such a situation, and
occur at a similar hardground in the Montagne Noire (p. 77). One
possible explanation which could account for the absence of Fe and
Mn is that there was a much higher organic confent of the sediment.
On burial, this would create a reducing environment in the sediment
which would enhance the mobility of manganese (and iron to a lesser
extent) (Lynn and Bonatti, 1965). Dissolution on burial, has been
guggested by Manheim (1965), and several authors have noted the
apparent absence of manganese nodules in the reductidn gone of Recent
pelagic sediment cores (e.g. Bonatti and Nayudu, 1965). Organic
productivity in seawater is highest in areas of upwelling, particularly
around land areas, though the organic content of marine waters
today, below 300m, is uniform (Menszel, 1967). Perhaps then, the
proximity of the 0ld Red Continent to the north of the Rheinisches
Schiefergebirge and the Harz Mountains affected the Schwellen
sediments in this way. With the Montagne Noire griotte, low organio
content and perhaps greater current activity, could account for the
marked enrichment in ferric.iron.
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Two sources are generally considered for the manganese,
1) volcanism, 2) continental run-off (Arrhenius et al, 1964; Bonatti
and Nayudu, 1965). Volcanics are developed at a number of horizons
in the Upper Devonian of Germany and the Schwellen sediments
sometimes occur directly on top of pillow lavas. On the other hand,
volcanism is absent in the Montagne Noire (Geze, 1949). Ronov and
Ermishkina (1959), from many analyses of limestones on the Russian
platform, showed that the Mn content decreases with distance from
land, and that most Mn is concentrated in the coastal region. The
pelagic facies in the Harz Moutains and Rheinisches Schiefergebirge
was deposited a few hundred kilometres or less, from the shore-line
(Schmidt, 1962). The presence of volcanics and proximity to a
continent should favour the development of ferromanganese nodules.

A high organic content is the most likely factor to have prevented
the formation of ferromanganese nodules in the German Upper Devonian.
The Schwellen limestones of (Qermany are unlike many Recent
pelagic sediments (and fossil ones) which are enriched in certain
minerals, mainly as a result of the slow deposition. in enrichment
of iron and manganese in the soluble carbonate fraction does ocour

(chapter 6) compared with other limestones. The absence of
ferromanganese nodules has been considered, but other minersls,
glauconite and phosphate, as occur in the condensed Ordovician
Orthoceras limestones (Lindstrdm, 1963) and at certain horisons in
the Chalk, are also rare or absent in the Schwellen limestones.
Phosphatic nodules were only found in one limestone sample (from
Eibach, a volcanic rise in the Dill Syncline) and glauconite was
not found at all. ’

o o 0 o o
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CHAPTER 8

Conclusions

A detzilec sedimentological analysis has been présented of

Devonisn pelagic sediments and apart from the new material specifically

on these sediments (summarized in this chepter) results of wider
implication include the following:-

l, Lithification of the Schwellen limestones occurred during early
dizgenesis end in some cases took place on the sea floor, with the
formation of hardgroungs. Contact with meteoric water, which has
been previously invoked as necessary for cementation of carbonates,
did not occur until uplift during the mid-Carboniferous.

2. Bvidence has been presented on the origin of fibrous radiaxial
calcite ( a common void-filling calcite in many limestones, which
has previously been condidered a primery precipitate from fresh,
marine or connate water as calcite or aragonite) éhowing that it is
a replacement of an early acicular cement ( a note on this is in
press, Kendall and Tucker, 19T1ped apgpedsd, (403 4 05).

3. The presence of Devonian ferromanganese nodules (the oldest so
far recorded) shows that these nodules are not dissolved through
burial as suggested by various suthors.

4. The analyses of the Devonian pelegic sediments and the absence
of ferroan calcite and dolomite in Schwellen limestones suggest

that migration of connate waters from the basin to rise did not oocur.

Such a process has beeg proposed to account for the lithification
of shelf carbonates.

From the papers appended on S.W. England, perhaps the most
important contribution is that the German conodont zonation for the
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Upper Devonian is applicable to the sediments of S.W. England
(Tucker and Straaten, 1970). Streeten and Tucker (1971, in press)
show that detailed micropadaeontological and sedimentological work
may reveal that geological situations are more complicated than

at first appear. Tucker (1969) describes crinoidal turbidites with
a central dune bedded divigion (not v;sible in the field) which is

apparently ebsent in terrigenous turbidites.

The main points concerning the Schwellen limestones, slope
and basin sediments arising from the work presented here are as followss-
l. Devonian cephalopod limestones accumulated on submarine rises
within the Rhenish geosyncline, a depositional trough from Lower
Devondén to lower Carboniferous which is considered to be intrecratonic.
The pelagic limestones were developed in three situations, above
basement rises (geanticlines), submerged 'reefs! and on volcanic
rises. Thicker deposits of sheles with nodules and nodular limestones
locelly with slumped and reworked beds were deposited on the flanks
of the Schwellen. Silty shales, locally with turbidites, were deposited
in the basins.
2 The depth of deposition of the pelagic limestones probsbly
diéd not exceed a few hundred metres and in some cases was 50 m or
less. The shallower depths are suggested from foraminiferal/algal
nodules and the ococurrence of fixosessile arenaceous foraminiferas
indicate depths down to 200 m. The slope region probably varied in
width and in the Harz Mountains was sbout 20 km wide. The basinal
sediments probably accumulsted at depths in the region of 1000 m.
3. The origin of the carbonate sediment is not known but by comparison
with Recent carbonetes it was probably biogenic . Meny of the limestones
are homogeneous microsparites and the original textures have been
largely obliterated by recrystallization. In some ozses the original
sediment appears to have been composed of comminuted skeletal meterial,
compareble with the silt-sized pelegic carbonate sediments oocurring
on the Yuoatan Shelf today. The Jurassic pelagic carbonates of the
Alps on the other hand are generally finer grained (miorites) and



321

are comparcble rcther with Recent coccolith ocozes.

4. Current activity in the Schwellen limestones is indicated by

the presence of lcminated carbonates and fossil concentrates,
Cricoconarids, thin shelled biveolves and ostracods mey form micro-
coquinas, and cricoconarids mey be packed one indide the other

elso indiceting current activity. Thin units of terrigenous silt

and clay commonly occur in some limestones and represent deposition
from low density suspension currents or nepheloid layers.

5e Hardgrounds locezlly occur in the cephalopod limestones and
indicate synsedimentary cementation. Corrasional hardgrounds, similar
to those in the British Jurassic and the Russian Ordovicien and
DeYonian, cut sheet cavity cements, skeletal material and ferro-
mangenese encrustations. Hematization of microfossils and the host
sediment has occurred in the case of one hardground. Cryptohardgrounds,
having surfaces with a relief of up to 1 cmywhich are encrusted

with fixoses;?T%ngiow evidence of subsolution. They were only
detected in thin section since the sediment above and below the
cryptohardground surface is similer and did not allow differential
erosion to take place.

6. Sheet cracks of various shapes and sizes, some resembling
Stromatactis sheet spars occur in the Sochwellen limestones and are
filled by internal sediment, now microsparite, and rediaxial ocalcite.
The cracks are considered to have formed by shear failure on a

slope. In one instance, where a sheet crack is cut by a corrasion
surface, radiaxial calcite has nucleated from the surface$, and

has not been ocut by the abrasion, showing that the radiaxisl calcite
has peplaced an earlier cement which filled the cavity. A note on

this is in press (Kendall and Pucker, 1971).

Te Barly cementation of cricoconarid microcoquinas occurred through
the development of syntaxial overgrowths, analogues to the cementation
of pteropod oozes at the bottom of the Red Sea. The fibrous overgrowth
crystals showing some similarities with radiaxiasl fabric, are a
replacement of an early acioular cement or the host sediment. Thin
sheet cracks formed through this cementation are filled by kite-
shaped fibrous crystals and internal sediment also rich in cricooconarids.
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8. leptunian dykes of various sizes penetrate the Schwellen
limestones and are commonly filled by internal sediment similar

to the host sediment. In some cases the host sediment was lithified
before the filling of the dyke. Dykes may have formed in & similar
way to the sheet cracks, or through small scale tectonic movements.

9. Lack of compaction and certain sedimentary festures (hardgrounds,
limestone intraclasts, sheet oracks and neptunian dykes) indicate
early lithification for the cephalopod limestones in the submearine
environment. Contact with meteoric waters did not affect these pelagic
limestones until uplift at the end of the Lower Cerboniferous.

10. The late diagenesis of the Schwellen limestones, is similer

to thet for other fine grained limestones. Recrystallization has

led to the development of microsparite and patbhes of coarse microspar
and pseudospar. Aggrading neomorphism may have been important in
reducing skeletal fragments to microsparite. Syntaxial overgrowths
occur around cricoconarids and some crinoid fregments.

11, Late diagenetic and tectonic pressure solution, the latter
coincident with the development of cleavage, have given rise to
numerous thin stresks of clay and stylolites in the Schwellen
limestones.

12, Ferromanganese nodules and encrustations were discovered in

the Upper Devonian griotte of the Montagne Noire and at one locality
in Germany. A concentric light and dark banding 1s commonly developed
and in some cases this is replaced by colloform structures and
segregations. The encrustations esre depleted in manganese, iron

and nickel relative to Recent nodules. The encrusting foraminifere

Tolypemmina occurs within the ferromanganese orusts. Glauconite

was not found and phosphatic nodules are rare in the Bevonian
limestones.

13. The fauna of the limestones is predominantly pelagic, consisting
mainly of ammonoids, thin shelled bivalves, cricoconarids and conodonts.
Foraminiferal/al@al nodules occur at one locality and suggest shallow
depths (&bout 50 m). Arenaceous foraminifera encrust shells, conodonts
and cryptohardgrounds, and suggest sublittoral depths less than

200 m.
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14. The slope facies is characterised by slumped and rewotked
sediments and in most cases the angle of slope was 5° or less.
Steever slopes and fault escarpments existed locally. Ceslcareous
nodules, common” §n slope lithologies and locally in the basinel

sheles, were formed by early diagenetic movement of Ca003. The shzles,
locally rich in eostracods, typically have a silty lamination although
at certain horizons this is absent and black or derk grey leminezted
carbonaceous shaé¢ds are developed.

15. The chemical anclyses of the Schwellen limestones compare

well with Recent pelagic earbonstes in being low in magnesium and

high in iron and mengenese. The Devonian limestones are also significantly
diffement from limestones of other facies. The slope sediments have

a more veriable chemistry than the rise cnd bacsinal semples enc tend

to be enriched in magnesium, iron amd mengenese. The enrichments

are attributed $o the effeets of the slope itself and the movement

of comnate water.

o o 0 o o
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APPENDIX 1

Details of lLocalities

The importent locelities in Schwellen, slope and basin sediments
of the Variscen geosyncline are briefly described with mep and
literature referencec. Sectionc of the most comnlete secuences are
civen in Pips. A.l to A.13, cenerelizes from field sections.
Loeclities 2re orranceld clvhrbeticolly within the regions Hers
Fountiring, Rhcinisches Scicfergebiree, ¥ontocne Yoire, Pyrenecss

nl T,W. Encleond.

Horrz ¥ountrins
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telzetel, 6 ¥m S of Cosler. Crid Reference R35993 H57455, ®ig, 3,3, p. 49.

A emrll currry in the Steeteforet Schulenberg exposen the
vhole Trmennirn rs 85 n of grey Flaser limerstone. Procnion limectones
rre tolly ormoced in the bonk of forest treck necrby. The sedimente
contrin thin crerled vnits of terrigenous metcriel end cocrse moscies
occur hetreen seme crele’ brnde, References @ Rorn (191°), Fuhrmenn

(1054), micclor (1962).

Tuntenboclz, 4 km S of Clcousthrl Zellerfeld, Grid Ref, R3591Q I57379.
Dndly exnoced Uwnper Devonien occur® in o disused iron-ore

pit. The secdiments (Fleser limestones, black shales andccherts)

[ors

were deposited in e deprescion on the Oberharzer Disboe-Zug.



343

Toeeontos, MAnenotel, 5V W of Moslrr, Mrid Ref, R2E0A/ TTRTAOC,

remamme Al TThner Tiesrand en eTane mafddmante crith ~e Timacterr
T ; e . mho evid ters

clrmdine, Qe famenges Stammel (104
clumine, D cc: Ztonmel (1049),

THihneztolo o, T ' NI of forlar, Orid Ref, M2EOAY I8BT40, e, 9,),f,356

..... EET I PN -

A oo erreoure in The bonlz of Zorect vord showre ¢ very
conter el Tivaen “ovgnicn rucensoion (lZ.m thig-) which is w-inle
) ich i mrinly:

chele (187e0ic] Zehelle! of Trith, 1040). Reference: Wiiller-Steffen (1965).

‘mttholer Tiiemicome, 5 m W of Clousthel Zellerfeld, Crid Ref.

7259607157298,

A very noor section in the bed of o streesn ~there the Upper
Nevonien is condenrced to 98 om in grey Tlrcer limestone with two

disconTornities. Reference: Weischuer ané Schneider (1970).

Tnnerstetal Reservoir (I), 6 m S of Lengelsheim, Grid Ref.
R35892 H57521.

Exposure of Frasnisn basinal shales in railway cutting. Dark

grey and bleck corbonsceous sheles loecclly rich in cericocorerids.

Reference: Miiller-Steffen (1962).

Tnnerstetel Resevoir (II), 2 km SW of Langelsheim, Grid Ref.
R35884 H57506, Rig. 4.2 ,p.203.
The rcilway cutting by the south end of the resevoir contains

a good exposure of Famennian lower slope/basinal facies. There is
no evidence of sediment movement. The section extends from the
Cheiloceres Stufe to the Lower Carboniferous. Referencess Eickbff
(1961), Maller-Steffen (1962).

Junkernberg, Innerstetal, 2 km SW of Langelsheim, Grid Ref.
R35907 H57551, Fig. 4.1/, p.202.

A disused guarry showing top part of Famennisn end lowest
Carboniferous developed in basinal facies. Clymenia Stufe as grey
shades with large calcareous nodules. References: Muller-Steffen
(1962), Stoppel (1968).
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Langestel, 8 km S of Oker, Grid Ref. R36012 H57454.

A good exposure on the north side of an arm of the Okertal
rese&oir shows Givetien and Frasnian Flaser limestone but the
Famennian is absent. A nevtunian dyke penetrating 30 cm eocrer:
in the Frarnian limestone. Many limestones are rich in cricoconarids.
References: Stoppel (1968), Mohr (1962).

Lautenthal, 10 km S of Langelsheim, Grid Ref. R35890 H57486,
Fige 5¢1, De225,

The section zlongside the River Innerste, 500 m NE of the
town, shows the Givetian and Upper Devonkan developed in slope
fecies. The lithology is varieble and sedimentary slumping and
reworking occur. Referencess Eicﬁbff (1962), Stoppel (1968),
Stoppel and Zscheked (1963).

Vargaretten Klippen, Grenetal, 4 km S of Goslar,
Grid Ref. R35947 H57508, Fig. 5.2, p.226.
This section zlong the forest road from Granetal to Goslar

and in the woods above is in Upper Devonian slope facies, mostly
shales with nodules and nodular limestones. Good examples of slump
folds ere present. References: Meyer (1965), Stoppel (1968),
Stoppel and Zscheked (1963). ‘

Rebenklinpe, opposite Romkerhalle Waterfall, 6 km S of Ckeityr
Grid Ref. R36017 H57469.

Hillside exposure of Givetien to Lower Carboniferous.

Sediments of slope facies showing slumping and reworking.
References: Wackendorf (1961), Stoppel and Zscheked (1963), Stoppel (1968),

Riesenbachtal, near Oberschulenberg, 8 km S of Goslar.
Grid Ref. R35978 H5T447T.
Upper Devondan Flaser limestones deposited on the West Harx

Schwelle are poorly exposed in the bed and banks of & small stream
end in an overgrown guarry nearby, 2 km west of Okertalsperre.

A cryptohardground was found in one of the limestone beds.
References Fuhrmenn (1954).
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Romkerhalle Waterfall, 6 km S of Oker, Grid Ref. R36023 H57468.
Fig. A.2, p.257.

Givetian to lower Carboniferous section mostly in grey

Flaser limestones. Slichtly metamorvhosed by the Oker granite,
1 km zway. References: Wachendorf (1961), Stovpel (1968).

Sperenbers, 2 km N of Leutenthal. Grid Ref. R35889 H57489.
Fige Le3y Po3S8.
Bifelien to upper Famennian strate are exposed on the east
benk of the River Innerste, south of the road to Wolfshagen. It
is mainly a shaley succession with calcareous nodules and nodular
limestones. Slumped blocks of Givetien/lower Frasnian Flaser
limestone occur in Fresnian shales, and limestone breccias occur
in the Upper Frasnian.
References: Eickﬁff (1962), Stoppel (1968), Stoppel and Zscheked (1968).

Sternplatz, 3 km W of Lautenthal, Grid Ref. R35869 H57483.

Poor exposures of Frasnian Flaser limestone, and
Femennden shzles with nodules. Slumping and reworking of
sediments has occurfd.

References Stoppel (1968).

Rheinisches Schiefergebirge

Adorf am Martenberg, 19 km ESE of Brilon (Sauerlend)
Grid Ref. R34873 H56918, F‘lg. 302’ Pe 4'% and ng. 3.37, Pe 95s.



The guarry at Martenberg is a classic locality for the Frasnian
'Cephelopodenkalk', which was deposited in az small depression on e
volcenic ridge, the Hauptgrunsteinzug. Crinoidal limestones pass
up into red and grey Flaser limestones containing foraminifersl/
algsl nodules, 'cryptohérdgrounds', sheet cavities and neptunian
dykes. At the top of the cuarry ostracod shales of Cheiloceras age
occur. Recent references: Ziegler (1959), Bottke (1965).

Belecke, 5 km K of Warstein (Sauerland), Grid Ref. R34538 H57045.
Vertical Frasnian nodular limestones are overlain by horizontal

Carboniferous cherts in a small quarry by the Junction of the BS5S

and B516 roads, one km north of the town. The ‘'unconformity! is

due to slumping down the Brilon 'reef' Schwelle during the lowest

Cerboniferous, connected with that at Drewer. References Schmidt

end Plessmann (1961).

Beul, near Eisborn in Honnetel, 7 km SSE of Menden (Sauerland),
Grid Ref. R34213 H56938.

Red and grey Flaser limestones deposited above the Armsberg
treef! are poorly exposed in thick forest. Typicel pelagic carbonate

facies. Reference: Paeckelmann (1924).

Bicken, Benner Steinbruch, 8 km SE of Dillenburg (Dill Syncline),
Grid Ref. R34576 H56163.Fiq. A.4, p-359 and Fig. R.1S,p.371.

At this classic locality on the north side of the road between
Bicken and Offenbach, the whole Middle and Upper Devonian is
condensed to some 60 m of grey Flaser limestone which was deposited
on the Ense Schwelle (a subsidimry ridge of the midgeosynoclinal
rise). The quarry is now mostly filled by water and only the upper
Givetian and Uvper Devonien part is accessible. Structures present
in the Frasniasn sediments include ferromanganese nodules, oricoconarid
microcoguinas with fibrous overgrowths, a corrasion hardground
surface, sheet cracks and neptunian dykes. Referencess Kockel
(1958), Wittekindt (1965). |

Blauer Bruch, 2 km SBE of Bad Wildungen (Kellerwald), Grid Ref.R34315H56635
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A disused quarry on the road to Wenzigerode exposes Givetian
and Frasnian Flaser limestone. The Frasnian limestones are thinly
bedded and contain horizontal and cross laminations. Reference:
Kockel (1958). Fig. A.5,p.360.

~ Bonzel am Rhenert, near Grevenbruck, 8 km E of Attendorn, Grid Ref.
R34315 H56635.

Givetian and Frasnian Flaser limestones exposed in an over~
grown querry 500 m east of Bonzel contain thin detrital bands of
displaced sheallow water material, derived from the Attendorn 'reef!.
Sheet cracks and fibrous overgrowths areund cricoconarids are well
developed. 1 m of this Cephalopodenkalk is equivelent to 200 m
of 'reef' limestone deposited during the same time a few kilometres
away. References: Schmidt and Plessmann (1961), Ziegler (1965).

Calvarienberg, near Kallenhardt, 6 km B of Warstein (Sauerland),
Grid. Ref. R34616 H56914.
In thick woods 2 km east of Kallenhardt grey Platyclymenia

Flaser limestone is ocut by a neptunian dyke 1 m wide by at least
10 m, which is filled by dark grey shales with nodule bands of
Clymenis Stufe. References: Schmidt (1921), Schmidt and Plessmann (1961).

Dernbach, near Gladbach, 18 km WSW of Marburg (Dill Syncline),
Grid Ref. R34647 H56252. '

Famennian basinal shales with large nodules 15 cm in diameter
and 3 cm thick are exposed in a road cutting 1 km south west of

Dernbach, on the road to Wommelshausen.

Drewer (Provincial Steinbruch), 6 km N of Warstein (Sauerlend),
Grid Ref. R34557 H57050, FigeA.b,p. 361

A very large disused quarry on the eestern side of the Drewer
to Belecke road exposes sediments of Frasnian to Lower Carboniferous;
The Upper Devonian is developed in slope facies, nodular limestones
interbedded with bleck shales. Mass movement of sedimént off the

Brilon 'reef' Schwelle ocourred during the lowest Carboniferous,
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forming slump folds end sedimentary slides. Culm cherts overlie

the moved devosits. The nodular limestones are rich in macrofossils,
particularly clymeniids. References: Schmidt and Plessmenn (1961),
Stascheh (1968).

Dunsbachtzl (Eberstein), 20 km SSW of Marburg (Lahn Syncline),
Grid Ref. R69310 H11910.

An Upper Devonian succession of Flaser limestones is developed

above Givetian and lower Frasnien 'reef! limestone. Typical Cephalopoden-

kalk. References Bender and Brinckmann (1970).

Eibech, 4 km E of Dillenburg (Dill Syncline), Grid Ref. R34530 H56216.

An overgrown cuarry on the south side of the village, exposes
Upper Devonian Flaser limestone and nodular limestone whish accumulated
on a volcanic Schwelle. Phosphatic nodules and sheet cracks occur

in the limestones. Reference: Krebs (1960).

Eulenspiegel, 6 km ENE of Warstein (Sauerland), Grid Ref. R34615 H57024.
A very lerge disused guarry in Upper Devonian pelagic facles

on the north side of the road between Kellenhardt and Ruthen, exposes
Fresnian Flaser limestones in the lower part and Famennden nodular
limestones higher up. These sediments were deposited above the

Brilon 'reef!. Neptunian dykes are present in the Frasnian limestones
end slumping has occurred in the Famennian sediments. References:
Schmidt (1921), Schmidt and Plessmenn (1962).

Gaudernbach, 5 km WSW of Weilburg (Lahn Syncline) just north of
the village, Grid Ref. R34436 H55913. ,

A large working quarry in Middle Devonian ‘reef! limestone
contains vertical neptunian dykes filled by Upper Devonian €ephalopod
limestone. Fragments of ‘reef! limestone and clasts of fibrous ocement
ooccur in the dykes. Refersnces: mentioned in Krebs 1968a and 1969.

Grevenbriick, 9 km E of Attendorn, Grid. Ref. R34313 H56653.
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An overgrown quarry on the south western side of the town
off the B236 road exposes Givetian and lower Fresnien Schwellen
limestones which contein thin detrital bends of meterizl derived

from the Attendorn 'reef!.

Haingrubé, near Haddenberg, 13 km S of Bed Wilgungen (Kellerwald),
Grid Ref. R35050 H56524, Fig. A.T,p.%62.

A poorly exposed Upper Devonian succession ineforest cutting
shows pelagic sediments developed on top of a volcanic ridge. Some
shales and limestones are rich in ostracods and a cryptohardground
is developed in a limestone band of upper Platyclymenia age.
References: Bering (1967), Schneider (1969).

Kallenhardt, 7 km E of Warstein (Sauerland), Grid Ref. R34609 H56998.

An overgrown guarry on eastern dide of the village exposes

the Schlegwasserbreccia, a synsedimentary fault breccia contalning
blocks and conodonts of Middle Devonian to upper Famennian.
References:s Schmidt and Plessmann (1961), Staschen (1968).

Kattensiepen, 3 km NE of Warstein (Sauerland), Grid Ref. R34580 E57020.
A large quarry along the road between Warstein and Rithen

is working Famennian nodular limestones which were deposited on the
flenks of the Brilon 'reef! Schwelle, Sedimentary slumping is
developed on a minor scale. References Schmidt and Plessmgnn (1961).

Kleine Leuchte, near Fischbach, 10 km SW of Bad Wildungen (Kellerwald),
Grid Ref. R35057 H56548.
Very poor exposures on the hillside north of Fischbach are

of red shales with rare bands of calecareous nodules. These were
deposited in the trough between the Ense and Hundsdorfer Schwellen
on the midgeosynclinal rise. References Schneider (1969).

Langenaubach, Konstenze Quarry, 7 km SW of Dillenburg (Dill Syncline),
Grid Ref. R34433 H56183.
A smell quarry (Mamorbruch) at the eastern end of the main
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basalt quarry exposes the Upper Devonian in Flaser limestone which
was deposited on a volcenic ridge in the Dill Syncline.
Reference: Kockel (1958), Krebs (1966).

Langenholthausen, 17 km S of Menden (Sauerland), Grid Ref. R34219 H56853.

A badly weathered section zlong a roed cutting in Famennian

nodular limestones which were deposited on the flanks of the
Arnsberg 'reef' Schwelle. Reference: Schmidt and Plessmenn (1961).

Lohnberg, 2 km N of Weilberg (Lahn Syncline), Grid Ref. R34476 H55948.
Upper Devonien basinal facies are exposed in an 0ld quarry

on the main road from Ldéhnberg to Wellberg on the right bank of

the River Lahn., The Femennian red and green shales are locally

rich in ostrzcods and posidonid bivalves.

Mellen, near Balve, 14 km SSE of Menden (Sauerland), Grid Ref.
R34220 H56868.
An overgrown quarry just off the mein road 1 km west of Mellen
shows Famennian nodular limestones and calcareous nodules in red
shales. There is no evidence of slumping and nodules are present
in closely packed bands. The sediments accumulated on the flanks
of the Arnsberg 'reef! Schwelle. Reference: Schmidt and Plessmann (1961).

Obermarpe, near Cobbewode, 18 km NE of Attendorn, Grid Ref.
R34194 H56946.

The Upper Devonian is exposed along a road cutting, and consists
of shales with noduler limestones and calcareous nodules. This
succession was deposited oy the flanks of the Arnsberg 'reef' Schwelle.
References: Schmidt and Plessmann (}961), Ziegler (1962).

Ose, near Hemer, 5 km SW of Menden .(Seuerland), Grid Ref. R34154 H56952,
Fige R.8,p. 363

A section on the north side of the B7 road, in Famennien
slope facies (eimilar to that at Oberrodinghauben) oonsists mainly

of calcareous nodules and nodular limestones in red and green shales.
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References: Schmidt and Plessmann (1961), Ziegler (1962).

Padberg, 14 km E of Brilon (Sauerland), Grid Ref. R34842 H56945.

A road cutting between Padberg and Bredelar exposing Famennian
basinal facies, red and green shales with rare ceslcareous nodules.
Reference: Schmidt and Pleesmann (1961).

Pfaffenherdt, near Erda, 24 km SW of Marburg (Lahn Syncline),
Grid Ref. R34659 H56245.
Middle and Upper Devonien grey sheles are exposed in a disused

auarry in thick woods. Clasts of Flaser limestone occur in Givetian
shales and nodule bands in the Frasnian shales have slumped.
Reference: Bender(/q65).

Silverstollen, near Densberg, 15 km SW of Bad Widungen (Kellerwald),
Grid Ref. R35056 H56476.

Very pwor exposures in thick forest of Flaser limestone of

Lower to Upper Devonian. Deposited on a basement Schwelle, the
gouthern ridge of the midgeosynclinal rise.
References: Stoppel (1959), Kockel (1958).

Steinbruch Schmidt, near Braunau, 5 km S of Bad Wildungen (Kellerwald),
Grid Ref. R35091 H56594, Fig. A.9,p36¢ aud Fig.A. 14, p. 37|
Steinbruch Schmidt is a very important locality where pelagioe

limestones of lower Frasnian to upper Famennien age are exposed.
These are mainly thin-bedded limestones separated by shale partings.
Two Kellwasser horizons are well developed in the quarry. These
sediments were deposited on the Ense Schwelle, one of the ridges

of the midgeosynclinal ridge. Limestones contain thin graded units
of clestic silt and cley. Neomorphism has 1gﬁﬁ to formetion of
coarse mosaice in some limestones.

References: Ziegler (1959), Kockel (1958).

Steinbruch Syring, near Oderhausen, 3 km S of Bad Wildungen (Kalierwald)
Grid Ref. R35091 H56608, Fig.A.I0,p3s, also smaller quarry south of
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Steinbruch Syring, Crid Ref. R35097 H56603, Fig. A, 11, p 34

These two cuarries expose Givetian and lower Frasnian limestones
very similar to those at Steinbruch Schmidt. Thin platey limestones
and Flaser limestones are separated by shale partings. Some beds

are rich in cricoconesrids. Referencess Kockel (1958), Ziegler (1959).

Heilburg (Lahn Syncline), Grid Ref. R34478 H55919.
Upper Devonian slope sediments are exposed in a road cutting
Just south of the town by the canal tunnel. Shales with calcareous

nodules and nodular limestone are slumped. Reworked nodules also occur.

Weipdtshausen, 17 km SW of Marburg (Labn Syncline),
Grid Ref. R34713 H56184.
A disused quarry situated 500 m west of the village exposes

Givetian and lower Frasnian Flaser limestone, locally rich in
cricoconarids. These sediments were deposited on a geanticline
in the Lahn Syncline. References Bender (1965).

Wocklum, near Balve, 14 km SSB of Menden (Sauerlend),
Grid Ref. 34221 H56886.

The type locality of the Wocklumeria Stufe is a quarry exposing
a dark grey nodular limestone on the right bank of the River Borke.
These sediments were deposited on the Arnsberg 'reef' Schwelle.
References Schmidt @nd Plessmann (1961).

Mont e Noire (S. France

Caunes Minervois, Fontaine de la Sante, 19 km NE of Carcassone,
Fig.A.12,p. 361 |

A complete Upper Devonian sudoession in Flaser limestone
and nodular limestone (griotte) is exposed in the valley of & stream
700 m ENE of the town. Some horizons of the limestone are rich
in goniatites. Of note is the presence of 10 m of breccia ooneisting
of Flaser limestone clasis and shale fregmenis. Epigenetic manganese
mineralization is developed in veins. References: Géze (1949),
Boyer et al (1968).



Combe D'Izarne, near Cabrigres, 9 km SE of Clermont 1'Hérault.

Famennian Flaser limestones crop out on the north side of the
D-15 road, 2 km west from the junction with the D124, 2 km south
of Cabrieres. Red and grey limestone locally rich in goniatites,
contains ferromanganese encrusteations around skelets]l materiel and

limestone intraclasts. Reference: Géze: (1949).

Coumiac, north of Cassenon, 10 km NE of St Chinian.

An 0l1d quarry (marked Carriere de marbrefon the Michelin
map 83) situated between Cessenon and Caunes-et-Veyran on the north
side of the D136 road. The Upper Devonian is developed as red and
grey Flaser limestone with some beds containing many goniatites.
- Ferromangenese nodules not very common.
References: Geéze (1949), Boyer et al (1968).

Mont Peyroux, north of Causees-et-Veyran, 13 km NE of St Chinian,
Figs A.13,p. 368 and 3¢9.
Upper Devonian griotte is exposed on the hillside to the

north of Ceausses-et-Veyran. A corraesion hardground surface is developed
end ferromanganese noduges and encrustations ere present. Hematization
of some limestones hes slso occurred.

References: Géze (1949), Boyer et al (1968).

Pic de Vissou, near Cebriéres, 7 km WSW of Clermont 1'Hérault.
Pic de Vissou, a mountain 3 km north of Cabriéres has an

exposure of Upper Devonian griotte towérds the top. Brecociated
horizons, consisting of angular limestone clasts one centimetre aoross

are developed. References Géze (1949).

Smaller exposures of griotte in the Montagnc Noire were examined
at La Seree, Vailhan, Mas Rolland, Roquebrun, St. Nazaire de Ladarey
and north of Caunes Minervois.

Upper DevoniQST:g‘the same facies (Flaser and nodular limestones)
were also examined in the Mouthoumet inlier, situated between the

Montagne Noire and the Pyrenees. (Localities given in Ziegler, 1959a).



Spanish Pyrenees

Flaser and nodular limestones (griotte) are developed at various
localities in the Pyrenees and exposures in the Seo de Urgell region
(eastern part of the Spanish Pyrenees, 20 km south of Andorra)

were briefly examined. Griotte locelities are mentioned in De Sitter
and Zwart (1961) and Ziegler (1959). The Upper Devonian sediments

are very similar to those in the Nontegne Noire and Germeny, although

geformetion has been greater in the Pyrenees.

Espahent, Rio de Castellas, 15 km SW of Seo de Urgell.

A smell quarry in red Famennian Flaser limestone is situated
on the plateau gbove the junction of the Rio de Castellas and Rio
de la Guardia, 2 km south of the village of Espahent. The griotte
here contains goniatites and other skeletal material and is cut by
numerous tectonic sflolites.

Reference: De Sitter and Zwart (1961).

Gorge Rio Castellas, 16 km SW of Seo de Urgell.
A working cuarry by the River Cestellas, situated 1 km from

the junction with the Guardis river. Upper Devonian grey and red
Flaser limestone with poorly developed bedding. Goniatites are rare
although styliolinids are present in the lower parts.

Reference: De Sitter and Zwart (1961). ‘

Tre jubell, above the Rio de la Guardia,lB km west of Seo de Urgell.
Griotte of Middle and Upper Devonian age outdr&ps slong the
track pest the villege of Trejubell. Brecciated horizons are developed,
consisting of limestone elasts up to 30 cm across.
Reference: De Sitter and Zwart (1961). |

Gerri, 6 km S of Sort, Palleresa Valley.

Just north of the village of Gerri, Middle and Upper Devonian
Flaser limestones and nodular limestones are exposed. In parts,
the limestones are badly recrystallized and coarse mosaics have
developed. Reference: Ziegler (1959z).



S.H,. England

Chudleigh, N of Newton Abbot, S. Devon.

Schwellen limestones are developed above Givetianknd lower

Frasnian 'reef' limestone at Dunscombe Farm (SX 886791). The limestonse

is rich in conocdonts and goniatites and some of the latter have
been filled by red czlecisiltite contsining conodonts.

Bxposures in Upper Devonien shales with nodules and nodular
limestones occur in the Kiln Wood region (SX 861779). The Upper
Defonian sediments in the Chudleigh area are described in Tucker

and Strasten (1970) which is appended fp=3ff—tctoa]

Seltern Cove, S of Torquay, S. Devon.

Upper Devonian shales with bands of calcareous nodules and
tuffes are developed from the centre of Saltern Cove to the north
end of Waterside Cove. Slumping of sediment has occurred and clasts
of Schwellen limestone are present in the shales of the Saltern
Cove Goniatite Bed. These sediments end the slumping are described
in Streaten and Tucker (1971, in press), the maﬁuscript of which
is appended{rssg-k 4or).

Padstow, North Cornwell,

The sediments of the 'St. Minver synclinorium' are mainly
Givetian and Upper Devonian shales with esh bands and turbidites
developed at various horizons. A vefy brief summery of the sediments
is given in Tucker (1969) (appended). The Marble Cliff Beds of upper
Givetian/lower Frasnian age are crinoidal turbidites interbedded
with black shales. These ere described in Tucker (1969) which is

Hhe Rppandiv.
included as part of phap*5Q—4—en-the=hasiuu§=liaias.
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Fig, A, 2. Civetian to Corboniferous succecsion et Bomzarholle Wrsserfall
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Givetian/Frasnian Succession at Blzuer Bruch
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Femennisn/Louer Crrhaniferous Succession ot Mrewer
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+ volecenic froqments,

! Yo exposure
=1 10 cnm Crey lirestone + hardsround.

1m Dark srey end green cheles +
limestone bends

=] :mall Frult

—_— .;...:':E:."‘-:. e

4nm Grcenish shele, loczlly rich in
ostrrcods, with nodluler
limestones end crlecoreous nolules.
Poor exrosurc,

30 cm Thin lizestone bende.

1 . i S S — Crrl] Poult
- . .. . .

e s & s e s u +1 n Tuffitic sheles ond dolerite
L2 CD. 22 ‘ with crleareous nodules, Very
Lt L ' badly exnosed. ‘
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Famennian Succession at Ose (Seuerlend)

Sanz . — .-\,
BYRT I"’ -“‘*I s
Tt et e T B

.10

3nm

Grey sheles and greded sandstones
(Wocklumeria Stufe)

Grey green shales and nodules
and nodular limestones.,

Grey shales and calcareous nodules

(Clymenie Stufe)

Red sheles and nodular limestones
(Platyclymenie Stufe)

Green shales and calcareous nodules.

Greenish shsles and nodular
limestones and nodules.

Red shales and nodular limestones.

Red sheles end nodules.

Green shales, red in parts with
few nodules. ‘

Green sheles end nodules.

Greenish-brown sheles.

Red shales with small nodules

(Pletyclymenia Stufe)




=
-

fowed
-

-
—
g S SO W

-

=1.2.B5
1

52 en

+2 n

Thin bedded Tlecer limestones
with thin sheale bends betueeon,

Upper ¥elliwesser horizon.

Fleser linestone beds 2 to 20 cm
thick, =sepcrcted by thin shele
pertince, :

Lower ¥elliressex horizon
(blac: shrlez + noduler limestone)

Fleser linegtone Bends, verying
in thic'mess fron 2 em to 30 on,
seperctel by shele pertings.
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Givetion/Prornicn cucenraion =t Steinhruch Swrine norr O evhrousen

10

1.n 10

70

1n €0

1nH’

1m80

1 m60

n

cn

cn

cm

cm

cm

(ellerrld

Thin limectones, un to 6 cm
‘thict + shale nertincs,

Red rcholen 4+ celerreous rodules.

Thin limectone brnis, un to
2C cn thicl,

Derlz greoy shele + few nodulec,

Thin M reer limestornes 5 to 25 cm
thiclz + chele nertings,.

Flecser linestorcs, thin shele
pertings.

Red shele,

CGrey Flacer linestone rich

in =tyliolinids,

Grey shele

Grey Flcser lime:tone.



St

?i~, RLIL GiVétiPr/%rr%ni?n cuccercion in rurrrr nouth of Sypin~
~ o™ h of Svpinr

(Kellerueld)
3in Mecthered Plraer linectone +
shole —ertinge,
_;;§i¥¢, 45 cn Nexls orey choles,
} 1 1
] I 1
1 | I
) I I
1 ] I
T T T
T ] )| }
i L — 2m 5 cn Thin limestone brnds 2-6 cn
T : I | l;1 thick, separcted by very thin
T | T I shelec beonde.
T I 1
I ] I
1 I I
T I 1
1 1 1
1 I I
1
R | [ ¢ 1
1 I 3m 80 em Fleser limestonez 5 to 30 cm
a | | ' - thick. Thin shele rcrtings,
Rich in cricoconerids,

| I | 40 cm Grey Flrzer linestohes +
1 | ‘ericoconerids.

2m  Grey Flaser limectornec,
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Pig.AJ2. Upver Devonien Griotte Succession ai Caunes Minervois,

Hontarme Noire

un
B8

ny
=]

12 cm
2 m

305 m

10 m

2m
1mn
2 n

"+ sheley vertings.

+9m

Grey Flaser limestone.

Red Flaser limestone.

Red griotte, rather shaley
+ gonistites.

(Lower Femennian)

Red & grey Flaser limestone
+ nodular limestone.

Kellwesser limestone. (Frcsfian)
Grey Flaser limestones

Red Fleser limestonee

Breccia, limestone fragments and
nodules in red shales.
Te/I'n enrichment.

Pink nodular lireszione.
Grey Fléser limestones
Coerse breccia.

Pink/rrey Flaser limestone
(Frasnien)

Pinlz & grey Flaser limentone.

Crey & pirk noduler limestone.

Grey/Pink Flzser limestone

+ shzley pertings.

Red noduler/Fleser limestone.
Grey limestone + shaley pertings,
CGrey Flaser limentone.

Thin ]imestones + shale partings.
Grey Flzser limestone

Grey Flaser lizectone (givetian)
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Tir. A.13 Unper Jevonian Criotte Succession at Mont Peyroux.

The Unper Ilievondan at Mont Peyroux hes not been dated with
conodonts by Royer et al (1968). Four conodont samples (e.z. 8 )
were ovtrined from the horizons indiceted on the section opposite
ené determined as follows (vrovisionzlly by ¥.E.T., checked by

P. van Straaten). O = cf. determination.

L | B |C|D
Mncyrodelle gigas YOULGRUIST 1947 X
Ancyrocella retuncilota ERYAIT 1921 x
Ancyrocella sppe. x
Icriodus spp. X
Falmatolepis srecilis pracilis  BRANSCH & MEHL 1934 X | X
Polyrmathus asymmetricc osymmetrica x
Polyenethus linguiformis  HILWDE 1879
Polygnothus xylus  STAUFFER 1940
Polyemethus spp. b 4
FPseudopolysnathus svp. x
Syathomeathocus costetus costatus IDRANS0N 1934
Spathornathodus costetus sninulicostotus BRANION 1934 o]
Spethogmathocdus stzbilis DRAVSCH & YEHL 1934 o
Spethomethus stricosus  DRANSON & MEHL 1934 o
Svathosnathus sp indet. X

The stratigrevhic positions of the semnles (from Ziegler, 1962)

ore as follows:~

Semple A Givetian/Fracnien

Semple 3  Lower Frasnien (osymmetricz zone)
Semple ¢ Uvper Femennian (coctatus zone)
Samvle T Upper Fomennion (costotus zone).



Pig.A./3 . Upper Devonion Griotte Succescion at Mont Peyroux,
isontzamne Noire

Crert (Zertoniferoun).

- 4 n Grey Tlrcer limestone.
imnm Crey nodulrr linestione,
5 Grcy Tlreer linecstone,
16 : 1n Pin'z/rrey commact limestone.
G 6] ¢
15 6] 6 16 5 m Prirht red nodulecr limeztone
6] 6( 6 : (criotte).
14 v . . »
5 n inkt/red limestone + goniestites
[ 6 . .
I3 3.5 m Rrirht red nodulrr lirmestone
C] 6 6 (
eriotte).
101
5
m,
12 16 m Yostly srey Fleser lirectone.
0
1 L{j 4 m Grey Fleser limestone,
10 lm Red Fleser limestons.
Corresion surface
9 15 m Red linertone + hemetized band.
a::[:i:]::i:]:: 3.5n Red Flaser- linestone.
7 by 2n ~ Red nodulor/Fleser limestone.
6 1m Grey Flaser limestone.
5 20 om Red noduler limectone.
4 ? 0 en Grey & nink Flzser limesione.
: ¥Yon exnosure
3 6.5 n Grey Fleser limestone
575 m Grey & pink Flaser limestone.
| ]
| , [ | . Light grey massive limestorne,
I I . ‘







Steirkruch Jeimidt (neer Rrauncu) Kellem-mld(loal«znj east).

The two trominent beds (o the left) which have

teen excrveted Turther are the urver anl lower
Kellvescer Horizons. A foult in the centre of
the querry secperate§ the Mresnian succession

on the left, from the Femennien on the right.

Benrer Steinbruch, Bicken (near Dillenburg) (lockig east)
£ill Syncline. Section immedietely 2bove lake

is in Prasnion Floser limestones, with two
¥ellwosser horizons exposed in the centrzl part.
¥Femennian cephclopod limestones ere exposed in

the cliff face on the right.
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Locations of figured specimens

A1l specimens (thin sections, peels and hand specimens)
figured in thie thesis are crchived in the Sedimentology Research
Laboratory, University of Reading. Additional material has also
bben placed in this collection., Particulars about the locelities
ere civen ecrlier in this appendix. The abhreviations Rh.Sch.,
M.l. and S.W.Eng. are used for Rheinisches Schiefergebirge, Montagne
Noire and S.W. Bngland respectively.

Archive No. Locality Looation of Specimen

S22950 Bicken 4m 70cm below lower Kellweasser limestone

$22951 Mont Peyroux Corrasion surface loczted 55m NE of
(M.N.) small quarry, 30m from beginning of

the griotte, 20m stratigrephically &bove
light grey massive limestone,

§22952 Combe D'Izarne 20m above and to N of stream, 10m of
(m.N.) beginning of exposure, 30m west of track.
§22954 Combe D'Izarmne a8 522952, sample collected 15m W of
\ (M.N.) beginning of exposure, 35m W of track.
522955 Combe D'Izarne 20m stratigraphically above light grey
(M.N.) massive limestone, 60m NW of track.
(25m N of sample S22952)
522957 Mont Peyroux As S22951, specimen from below corrasion
(M.N.) surface. |
522958 Mont Peyroux As S22951, sample 30om below corrasion
(M.N.) surface.
822959 Mont Peyroux as S22958
(M.N.)
§22960 Mont Peyroux Semple from entrence to smell quarry
(M.N.) om hillside.
§22962 Caunes(Mine;vois im from bese of brecciated horizon.
M.N.
522964 Cohbe(D'Iz§rne As S22954
HIN.
322965 Combe D'Izarne As S22954
(M.N.)
522966 Coumisac Higher quarry, 14m above Kellwasser = ..
(M.N.) horizon of Boyer et al,1968, 5m below ‘
oL S e upper Famennian grey Flaser limestone. . -
522967 Combe D'Izarne As 822952 S
(M.¥.)
522968 Combe D'Izarne As. 822952

(¥.N.)



Archive
}:0 ]

522969

$22970

522973

522974
522975
522977
$22979
$22983
$22986
$22990
$22992
822997
$22998
$23035
523038
523038
s23041
$23042
$23045
S23047
$23051

$23052

523054

Locality

Haingrube
(Rh.Sch.)

Haingrube
(Rh.Sch.)
Blauer Bruch
(Rh.Sch.)

Adorf am Martenberg
(Rh.Sch.)
Adorf om Martenberg
(Rh.Sch.)
Adorf am Martenberg
(Rh.Sch.)
Adorf am Martenberg
(Rh. Sch.)
Adorf am Martenberg
(Rh.Sch.)
Dunsconbe Farm
Chudleigh (S.W.Eng.)
Steinbruch Schmidt
(Rh.Sch.)
Steinbruch Schmidt
(Rh.Sch.)
Langenholthausen
(Rh.Sch.)
Grevenbruck
(RhQSCho)
Bicken
(RhoSCho)
Aeketal
(Harz)
Aeketal
(Harz)
Aeketal
(Harz)
Acketal
(Harx)
Langestal
(Harz)
Gaudernbach
(Rh.Sch.)
Eulenspiegel
(Rh.Sch.)
Railway cutting
Innerstetal Reservoir
(Harz)
Railway ocutting
Innerstetal Reservoir
(Harz)

Location of Specimen

Limestone band below limestone
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containing cryptohardground (see section

p.?‘Z’ 4m 30om above dolerite.

Highest limestone before non-exposure,
im 50cm above dolerite extrusion.
Samplgs of thin bedded limestones, 60cm

above poorly bedded grey Flaser limestone,

exposed behind farmhouse.

ln 40em below ostracod shales at top of
section. NB corner of gquarry cliff.

Im 30cm below ostracod shales at top of
section. NE corner of quarry cliff.
loose block.

3m 70cm below ostracod shales at top
of section.

1m 50cm below ostracod shales at top
of section. NBE corner of cliff.

im 50cm above top of massive
limestone. .
25cm below lower Kellwasser horizon.

1m 10cm above lower Kellwasser horizon.
Sample of nodular limestone, about

10m from base of section.

Semnple 4m 30om above base of section,
9m above upper Kellwasser horison,

3m 50cm from base of cliff section.

3m 50cm below lower Kellwasser horizon.
50cm below lowér Kellwasser horizone.
TOcm above lower Kellwasser horizon. .
dm 40cm above lower Kellwasser horizon,
By telegraph post 26, 2m 10cm from

base of section.
Loose block.

Specimen from Frasnian limestone, W face

of quarry, 4m from base of section.

By railway post no. 66 collected 3 to 4m

from base of grey green shales with
nodules,

40m N of railway post no. 48, sample
of black shales in bank.



Archive Locality
10 e
523059 Drewer
(Rh.Sch.)
8523061 Drewer
(Rh.Sch.)
523062 Drever
(Rh.Sch,)
523063 Bicken
(Rh.Sch.)
S23064 Bicken
(Rh.Sch.)
$23065 Bicken
(Rh.Sch.)
523067 Bonzel
(Rh.Sch.)
S23068 Maurach Sonnwendgebirge
Austris
S23069 Adorf em Martenberg
(Rh.Sch.)
§23070 Junkernberg
(Herz)
$23072 Hihnertalskopf
(Harz)

523073 Reilway cutting
Innerstetal Reservoir

(Harz)
523075 Adorf am Nertenberg

(Rh.Sch. )
$23077 Blauer Bruch

(RhoSCho)
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Location of 3pecimen

5m below Hengenberg limestone, near
exit of quarry.

5m below Hengenberg limestone, near
exit of cuarry.

10m below Hangenberg limestone, 20m
east of cuarry exit,

4m T70cm below lower Kellwasser horizon.

3m 80cm below lower Kellwasser horizon.
4m below lower Kellwasser horizon.
1m 5Ccm below top of querry, approx. 3m

above Terebratude pumilio bed.
Loose block from quarry, E of village.

3m 90cm below ostracod shzles at top

of section. N part of quarry cliff.
Samples from exposure of red and green
shales, in bank of forest track to
Junkernberg ocuarry. 250m W of Langelsheim
to Lautenthal road.

3m 50cm ebove top of Givetian limestone.

Bxposure of grey greenish shales with
nodules. Opposite railway post no. 64,
2m from base of section.

60cm below ostracod shales at top of
section. NB corner of quarry cliff.
Thin bedded limestone 25 cm sbove grey
poorly bedded Flaser limestone,
exposed behind farmhouse.



APPENDIX TII

Appendix to Chapter 3: Blectron Microscpe Preparations

One surface of a centimetre cube of the limestone sample was
highly polished, finally using 1 micron powder. The polished surface
wes then etched in 1% hydrochloric acid for 14 seconds. Various
acid concentrations and etch times were tried to find the best
effect. Acetate peels were then taken of the surface and the
second or third one was used in the replicating stage. The peel
was shadowed at 30° with gold/palladium (40% Au) and then coated
with carbon from three directions. A small piece of the acetate
peel, about 3 mm across was placed on a grid and then the acetate
paper dissolved away in acetone vapour. The replica was then ready
for viewing with the electron microscope.

I am very grateful to Mr. John Forsdyke for the excellent
preparation of replicas of 25 limestone samples.

o o 0 o o



APPENDIX TIX

APPENUIX TO CHAPTER 63 Details of Analytica} Technigues.

Preperation of Solutions for Atomic Absorption Spectrophotometer

For determinations of Ce and Mg O.1 gms of oven-dried powdered
sample were weighed and then digested overnight in a beeker with
200 mls of 3% acetic acid. The solution was transfered to e flask
end mede up to 1000 ml with de-ionised water. After sheking well,
the solution wes filtered into a 1 litre plastic bottle. This
solution was the stock solution from which further dilutions were
nade.

5 ml of stock solution were pipetted into a 50 ml flask. To
this were added 10 ml lanthenum chloride solution (5% solution La
and the whole made up to exactly 50 ml. This solution in a small

34')

plestic bottle wes then analysed for Ce and Mg ions. The purpose

of lenthenum ions in the solution is to release the Ca ions and
make them ell availeble for atomic absorption. Cleanliness is
essential throughout the preparation, glesswere and plestic bottles
must be washed several times with nitric acid, hot water and de~

ionised water to prevent contamination.

Preparation of solutions for Sr, Mn and Fe

For determinations of these elements, a stronger solution
is obviously needed, end so approximately 0.5 gm of powder were
sccurately weighed out and digested overnight as before, with 200 ml
3% acetic acid, end then mede up to 250 ml. The solution was now
ready for analysis of Mn and Fe, but a further stage is reguired
for Sr. 20 ml of solution were withdrawn by pipette and placed in
e small plastic bottle. 5 ml of sodium chloride solution (5% Na')
were added from & burette, and then determination of Sr underteken.

Sodium ions heve & sinmiler effect on the strontium as the 1anthanum



on celcium, they release the Sr ions and nrevent interference

from calcium.

Preparation of Standard Solutions

To calibrete the atomic ebsorption spectrophotometer
standerds were made up for the various elements. The standard
solutions in esch cese contained the seme amount of scetic acid
es the szmple solutions.

Calcium For Ca 2 1000 ppm stock solution was made by dissolving
0.2497 gm of dried Analar CaCO3 in de-ionised water and making

up to 1000 ml, By two dilutions standard solutions of 1,2,3 and

4 ppm Ca2+ were obtzined. The correct smount of lanthanum chloride
vas also added.

Magnesium A 100 ppm stock solution was obtained by dissolving
1.0136 gm of MgSO4JH20 and meking up to 1 litre. Solutions of

0.25, 05y 0.75 and 1 ppm were prepered by two dilutions.

Stontium 0.30431 gnm Sr012.6H20 were dissolved and made up to

1 litre to give 100 ppm stock solution. From this, standerd solutions
of 1,243 and 4 ppm were made. The requisite amount of NaCl was also
added.

Mengcnese and Iron These elements have not been anaslysed by

atomic sbsorption hefore in Reading and so two sets of standards
were made to test for matrix effects. To one set & certain amount

of Ca2+ ions were added so that the standerd solutions had a similer
celcium concentretion to the samples. Caz* ions were not sdded »

to the other set of stendards. Standerds renging from O to 10 ppm
were made for both Fe and Mn, all standards contain the same acetic

acid concentration as the samples.

Precision

To check the precision of the method for Ca end Mg, 10

=y
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deterninztions were made of Uteandard Argillaceous Limestone T A
(Eational Burezu of Stcnderds) aud 6 determinetions were made of

2 semples from Germany (Innerstetal 2 and Bicken 34) one rich

end one poor in lig. For Sr, Mn and Fe pﬁhisions, ten determinations
were mede of a German semple, Aeketel 29, Standard deviestions

obtrined for the precision tests are as followss-

Ca ¥g Sr ¥n Fe
Argill. Limestone 1A 0.32 014 - - -
Bicken 34 0.78 .020 - - -
Innerstetal 2 0.29 .083 - - -
Aeketal 29 - - 011 L0017 0069

The accuracy of the method cannot be determined since the
Ce end Mg values given for the Standard Argilleceous Limestone
are based on whole rock analyses, and results obtained here are
from the acid-soluble fraction. Values given for the limestone
by N.B.S., with those obtained by the author, and Mr. H.A.Guntilake

(also on acid-soluble fraction) ere as followss:-

1.B.S. M.E.T. H.A.C. Thompson et &l 1970
Caf 29.53 29.17 29.59 -
s, 1.32 0.74 0.71 -
Sr ppm 1945 1880 - 2000t 117
Fe%b 1.14 0032 - -
Mn ppm - 0.037 - o -

*Thompson et al (1970) published trace element analyses on whole

rock seample by emission spectrocopy.

Insoluble Resgidue

0.1 gm of the powdered sample were digested overnight in
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€00 ml of 3i: acetlic acid and the residue wes obtained using o
Gooch crucible @nd Buchner Flack, attached to a vacuunm pump. The
difference in weight between the oven-dried crucible and insoluble
residue, and the oven-dried crucible before filtration gave the

insoluble recidue.

X-Ray Diffraction Anzlyses
=N

A selection of the samples were analysed in the standard
way on z Philips X-Rey Diffractometer to ascertain the major mineral
phases vpresent. Most powdered samples were scanned from 4° to 640,

using CuK« recdiation.

o o 0 o o



Locations of Geochemical Samples

The stage or Stufe to which the sample belongs is given in

Table 1, chapter 6, and mep and literature references to the localities

are given in Appencix I. The sample horizons are marked on the

vertical section for each locelity e.g. ®

« Powder samples, numbered

1 to 35 have hand specimen(s) and thin section or peel numbered
23001 to 23035 in the Reading University Sedimentology Research

Laborztory archives.

Locality

Junkernberg
(Innerstetal)

Railway cutting
S. end of
Innerstetal
Reservoir.

Sparenberg

Sample
No.

Exact location of sample

Small exposure of brown shales
with large nodules on SE side of
querry about 25 m below Lower
Carboniferous dolerite.

Main quarry, NW face, sample
from band of calcareous nodules
2m 45cm below intrusive dolerite.
40 m S of railway post no. 64,
sample collected 3m 50om from
base of grey shales with nodules
lithology.

Section by railway post no. 66,
sample collected 2m 30om from
base of section in red shales
with nodules.

Sample oollected 4m 50cm from
start of grey shales with
nodules.,

Bifelian to upper Famennian
section on B bank of the River
Innerste. Sample from S end of
section, collected 7 m below
base of lower Frasnian shales
containing large slumped blocks
of limestone.

Sample from blook of slumped
lower Fresnien limestone, 2 m
above evenly bedded Givetian
shales with nodules.

Sample colleoted 1 m below fault,
2 m above base of middle Frasnian
limestone.

Sample collected 150m helow top
of highest Frasnian limestone.

Archived
Material

s, TS, P,

S, TS, P.

HS, TS, P

s, TS, P.

B, P,

HS, P.

B, P.
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Locality Sample Exact location of sample Archived
No. Material
Sparenberg 10 Sample collected from nodular HS, TS, P.

band in grey sheles 8m 20om above
the highest Frasnian limestone.

" 11 Sample collected 28 m above highest HS, TS, P.
Frasnian limestone, from red shales
with small nodules, 80 cm above
'U. Hem' (lower Platyclymenis)
painted on rock.

Lautenthel 12 Section situated along footpath HS, P.

on B bank of River Innerste.
Sample collected from nodular
limestone 10 m N of first fault,
5 m below first band of reworked
nodulese.

" 13 Sample collected immediately HS, P.
below first black Kellwasser
horizony 2 & S of second fault.

" 14 Sample collected 80 cm above HS, P.
first Kellwasser hoxrizon.

» 15 Sample collected immediately HS, P.
above top Kellwasser horizon.

" 16 Sample collected from nodular HS, P.

band in grey shales, 15 m S
elong path from highest Frasnian
limestone, first nodule band 6 m
below fault.

" 17 Sample collected 4 m S of a HS, P,
brick structure, 5 m above a
prominent fault,

Hilhnertalskopf 18 Section along forest track, HS, TS, P.

sample taken lm 20om up from
base of first limestone, at the
N end of the succession,

" 19 Sample from Frzsnian limestones R, T8.
2m 10cm S of large tree, 80 om
from base of limestone.

" 20 Sample from nodular bend lm 40om HB, P.
eabove the Frasnien limestones. .

" 21 Sample from nodular bend 4m 20om HS, P.
above top of Prasnien limestones.

Margaretten 22 Section ealong a forest track, HS, P.
Klippen sample taken from 50 om above
base of lowest Frasnlan limestone. ‘
" 23 Sample taken 9 m above the top HS, TS, P.

of the Frasnian limestone, from
shales with nodules Rithology.
" 24 Sample teken 25 m sbove Frasnian HB, P.
limestones, 9 m ebove the start
of the Platyclymenie red and

green shales,



Locality

Aeketal

Hutthaler
Widerwaage

Bicken

v 8 B

Sample
Noe

25

26
27

28

29

30

31

32

33
34

35

Exact location of sample Archived
Material

Section slong a forest track, sample HS, P.

collected 60cm below the Lower
Kellwasser horizon.

Sample collected 50om zbove HS,
the lower Kellwaesser horizon.

Sample collected 1lm 20cm HS,
above the upper Kellwasser

horizon.

Sample collected from bank at BS,

back of quarry behind a fir

tree, 50 cm below outerop of

first continuous limestone in

quarrye.

Sample collected 60cm above BS,
prominent bedding plane in

central part of quarry, approx.

7 m above the upper Kellwesser
horizon. :

Streem section, sample ocollected HS,
from 10 cm ebove a thick

extrusive dolerite.

Sample collected 20 om above B8,
thin doderite dyke of Platyclymenia
age. '

Flooded quarry. Semple collected HS,
S5m 20om below lower Kellwasser
horizon. '

Sample collected 2m 60cm below HS,
lower Nellwesser horizon.
Sample collected 95¢cm above HS,

lower Kellwasser horizon, 25cm

below upper Kellwasser horigon.

Sample collected approx. 9 m BS,
above the upper Kellwasser

howizon, 3m 50om from the base of

the cliff section above the lake.

Hand specimen
Thin section
Peel

P.

P.

P.

P,

P.
Pe

P.

P,

™S, P,

°b L
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APPENDIX IV

Published work and work in press

The following papers and manuscripts are appended:-

Tucker, M.E., 1969. The sedimentological history of the Padstow area,
North Cornwall (Abstract). Proc. Ussher Soc., 2 plll.

Tucker, M.E., 1969. Crinoidal turbidites from the Devonian of Cornwall
and their palaeogeographic significance.
Sedimentology, 13: 281-290.

Tucker, M.E., 1971. Devonian Manganese Nodules from France.
Nature (Physical Science), 230: 116~117.

Tucker, M.E. and Straaten, P. van, 1970. Conodonts and Facies on the
Chudleigh Schwelle. Proc. Ussher Soc., 2¢ 160-170.

Tucker, M«E. and Straaten, P. van, 1970. Conodonts from the Upper

Devonian of the Saltern Cove - Elberry Cove area

(Abstract). Proc. Ussher 80c., 2 pe159.
Straaten, P. van and Tucker, M.E. The Upper Devonian Saltern Cove
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Two papers and an abstract of work published with Peter van Straaten
are appended. Field work for the two papers was mainly carried out
by the authors in October 1969. The areas had been examined previously
by M.E.T. in March, 1969. Purther work at Saltern Cove when more
conodont samples were collected, was undertaken in lay 1970 by MeE.T.
and by both authors in January, 1971.

Conodonts from acid digestion were obtained by both authors in
Reading and in Gottingen but all final determinations were made by
P. van Straaten. All sedimentological work was undertaken by M.E.T.
in Reading and both papers were written by M.E.T. Text figures and
photographs were also prepared in Reading.
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The sedimentological history of the Padstow area, North Cornwall .

(Abstract) : by M. E. Tucker.

The Middle and Upper Devonian bathyal sediments of the
thrusted St. Minver synclinorium are exposed along the coast from
Booby’s Bay to Portquin, North Cornwall. The successions are
significantly different on either side of the structure : sedimentation
was influenced locally by positive rises.

The oldest sediments (Trevose Slates in the west) are finely
 laminated grey slates and distal turbidites, with a dominantly
pelagic fauna. A series of allodapic limestones interstratified with
black pyritiferous shales (Marble Cliff Beds) follows in the west.
The limestones, interpreted as near-proximal turbidites derived
from a rise to the south-west, are composed almost entirely of
crinoidal and bryozoan debris, with no terrigenous material,

Volcanic activity followed giving rise to the Pentire Pillow
Lavas and associated sediments in the north, which are partly
equivalent to tuff and agglomerate bands in shales of the west
(Longcarrow Cove Beds). A period of calm conditions then ensued
giving variously coloured shales with goniatite bands (Merope
Island Beds and Pentire Slates). A further rise effected local coarse
sedimentation within the northern argillites (Gravel Caverns Con-
glomerates). Finally, stable conditions prevailed over the whole
area, with the deposmon of purple and green ostraood shales (Pol-
zeath Slates).

Acknowledgements to G. Gauss (D. PhilL Tbuu Oxford 1967)
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Devonian Manganese Nodules
from France

MANGANESE nodules are characteristic of present-day pelagic
sediments. Price and Calvert! consider post-depositional
processes to be the most important factors in the formation
and geochemistry of the nodules, particularly diagenetic
migration of manganese and related elements?. The solution
of nodules on burial has been suggested by Manheim?® for
neritic nodules, and this could account for their scarcity in the
fossil record. Fossil manganese nodules have been described
from the Cretaceous of Timor* and the Tethyan Jurassic of
Sicily® and the Alps®. In this article we report ferro-manganese
nodules from Upper Devonian pelagic facies of the Montagne
Noire, South France. Perseil” recently described some man-
ganese minerals (including todorokite and manganite) from
the Upper Devonian of Haute Pyrénées, Ariege and Aude
(France), occurring as nodules, lenses and cements, concen-
trated by sedimentary and secondary processes.

The nodules from the Montagne Noire occur in similar
lithological association to the younger manganese nodules,
that is, with pelagic limestones, a facies in which they seem
most likely to be preserved. The nodules are in the form of
encrustations around limestone clasts and skeletal fragments,
and have sizes from a few millimetres to 4 or 5 cm. Shell
fragments, which are often intensively bored, are coated in a
1-5 mm thick ferromanganese pellicle. A concentric banding
is occasionally seen but is usually replaced by mineral segre-
gations and colloform structures (the limonitic caulifiowers of
Jenkyns®). This process is attributed to a diagenetic rearrange-
ment of Fe and Mn (ref. 9).

The composition of the nodules shows considerable vari-
ability. They are low in Fe and Mn, compared with recent
nodules*, chiefly because of the differing clay and silt content
of the samples. XRF analyses of twenty nodules give the
following averages: Mn, 1.8%; Fe, 9.29%; Ni, 350 p.p.m.;
Mn/Fe, 0.2; Mn/Ni, 57. The low Mn/Fe ratio of these
nodules is probably due to diagenetic depletion of manganese,
and in fact a black or brown “halo™ is often seen around the
nodules (Fig. 1, lower nodule), attesting to the movement of
iron and manganese.

The Devonian nodules are associated with red or, occa-
sionally, grey nodular limestones (griotte) in the Famennian
near Cabriéres (Hérault) and Frasnian at Mont-Peyroux
(Aude). As with the Mesozoic examples, the pelagic, con-
densed, hematite-rich micritic limestones yield a dominantly
pelagic fauna of goniatites, conodonts, thin-shelled bivalves
and pteropods, with little benthos. A further feature is that
the nodules are intimately associated with the encrusting
foraminifera Tolypammina. These occur around shell frag-
ments and clasts, within the ferromanganese coating. In the
Jurassic this foraminifera has been recorded forming ‘‘micro-
reefs” on Mn and Fe encrusted hardgrounds'® and has been
taken to indicate a sublittoral depth (<200 m). Similarly,
Jenkyns® considered that the manganese nodules of Sicily
formed at quite shallow depths on current-swept topographic
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Fig.7.2,p.291.

Fig. 1 Photomicrographs of iron-manganese encrustations

around limestone clasts. In the upper nodule there are segre-

gations and colloform structures (x 5). The lower nodule has

foraminifera (arrowed) and a black **halo’™ which has replaced

the sediment around the nodule (x4). From Combe D'lzarne,
Cabri¢res, Montagne Noire, France.

highs, and a similar situation is envisaged for the French
nodules.

The Upper Devonian pelagic facies is also well developed in
the Harz and Sauerland areas of Germany and at Chudleigh,
South Devon'!, but manganese nodules seecm to be absent.
This could be due to a higher organic content of the original
sediment, causing reducing conditions, which promotes
manganese mobility. Volcanic fragments do not occur as
centres to the nodules and there is no evidence of contem-
poraneous volcanism in the Montagne Noire during the
Upper Devonian. Volcanism is present, however, in south-
west England and Germany. This would suggest that vol-
canism is not the source of Mn, at least for these particular
nodules.

I thank Dr A. Parker for anaiysing the nodules, and Dr R.
Goldring and Dr R. Till for comments.

MAURICE E. TUCKER

Department of Geology,
University of Reading

Received March 12, 1971.
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Conodonts from the Upper Devonian of the Salterm Cove—Elberry
Cove area (Abstract) : by M. E. Tucker and P, van Straaten.

Conodonts have been obtained from several red micritic
limestone bands and blocks associated with the shales and tuff
succession about the classic Saltern Cove goniatite bed. Blocks in,
and immediately to the south of the goniatite bed, blocks within
the limestone conglomerate, and in the first limestone band to the
north of this conglomerate, have yielded conodonts of lower
quadrantinodosa zone (to IIB) together with older Givetian cono-
donts in the conglomerate. Conodonts include: Palmatolepis
distorta Branson & Mehl, Palmatolepis glabra elongata Holmes,
Palmarolepis glabra pectinata Ziegler, Palmatolepis quadrantinodosa
inflexoidea Ziegler and Palmatolepis quadrantinodosa marginifera
Ziegler.

The goniatites indicate an Upper Frasnian age (to 18) (House
1963). This surprising occurrence of Upper Frasnian goniatites with
upper Cheiloceras zone conodonts could be due to 1). tectonic
complications, 2). miscorrelation of the ammonoid and conodont
chronologies when applied to south-west England or 3). to re-
working of the goniatites and conodonts, Other work suggests that
the first two possibilities are unlikely; it is thus tentatively suggested
that the goniatites (and probably other clements of the main fauna)
are derived.

To the east of Elberry Cove, conodonts show that only the
Frasnian is represented, up to lower triangularis zone (to I5),
slightly younger than House (1963) obtained from goniatites below.

(Samples are preserved in the Dept. of Geology, University of Reading)
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THi. UPPZE DIVONIAN SALTERN COVE GONIATITE BED IS AN

INTRAFORMATIONAL SLUMP

by PETER VAN STRAATEN and MAURICE E. TUCKER

ABSTRACT. The Saltern Cove Goniatite Bed, which contains upper Prasnian
conodonts, ostracods and goniatites, is shown also to contain blocks of
Famennian limestone and to lie within a sequence of Famennian sediments.
From the sedimentology it is considered that slumping of Famennian
limestones caused the en bloc movement of upper Frasnian shales. A
Schwellen area (rise) nearby is suggested bty the nature o0f the derived

limestone blocks.

Saltern Cove (Orid. Ref. SX 895585) S lm south of Torquay, south Devon

(text=fig. 1) is a classic locality for Upper Devonian goniatites. It
was first described by Lee (1877) and subsequently by Ussher (1903),
Anniss (1927), Donovan (1342) and House (1963). The goniatites are now
ascribed to the Holsapfeli zone of the Prasnian (1 § ) Upper Devonian.
Recent work by the authors (briefly reported in Tucker and van Straaten

13702) has shown that the stratigraphical context of the goniatites is
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not juite so simcle as would “irst appear. T“reviously, all the Up.er
Tevonian in Saltern ‘ove and “atereide . ove has been ~onsiderei to be
0° “ragnian age, apart from the last 20 t0 320 m at the north end of
Jatersile Cove which were attributed to the lower Famennian. lesulis
sresented here, show that all the suc~ession from the north end of
Saltern “ove is Famennian in age, though with several beds o7 older

intra‘ormational Jderived sediment. These include the Coniatite Bed.

STRATIGRAPHY AND STRUCTURZ

The Devonian in South Devon is tectoni-~ally complicated and in the
Torquay area, Richter {163) has recognised four phases of structural
deformation. In the Saltern Cove area the bedding is near vertical and
youngs northwards. There are several small faults and a strong cleavage
is present, which ie ~lmost horizontal or dips south-east at a few
degrees.

In the central jpart of Saltern Cove a 3 m thi~cx bed of massive
limestone (dated on coral evidence as middle Frasnian by S~rutton 1,67)
is succeeded by about 20 m of alternating limestone and red shale bands.
The limestones are composed of corals, crinoids and other carbonate debris
and represent the talus {rom a carbonate broducing area nearby. The

northern part of the bay is occupied by some 25 a of purple and red

pudstones, with rare crinoidal limestones, which are of lower Famennian
age (Cheiloceras Stufe) at the top. These are terminated by a fault
running ESE-Y¥N7 which forms the northern side of the cove (text-fig. 1).
The succession from this fault to the north end of Waterside Cove is

(youngest beds, most northern, at the top):



Lower Teaevonian

- - = = Faglt - - = =

Dated each
) m Purple mudstones with tuf{ and shell

banids (central part of “atereide “ove). IIg-IITA
1 m Limestone conglomerate (described by clasts : Givetian, T aud
Holwill 1,66). IIg-IIIR.
Tn red shales with nodules and tuff bands
(southern part of “'aterside "ove). IIg=IIIe
lm Red shale with numerous derived
limestone and tuff fragments. IIP—IIIK.
@ The Zanltern “ove Coniatite Bed. Fed
silty shales with many limestone clasts. shales IS.
(most southern part of “'aterside rove
and promontory bdetween ‘aterside and clasts IIFPIIIIQ

caltern “ove).

20 m Ned and purple shales with many tuf?
bands (coastal platform between ''aterside 11p-1114.
and Saltern “ove).

- « = Fault formming corthern side of Saltern "ove - - - -

AGT DITEMINATIONS IN THZ VICINITY OF THE GONIATITE BED.

Beds above andi below the Goniatite Bed.

Samples Zrom tuffs and calcareous nodules collected above and
below the Coniatite Bed all yield conodonts of the antinodosa zone
(IIp- III& upper Cheiloceras - lower Platyclymenia, Famennian). Location
of the E?nplcc is shown in text-figs. 1 and 2, and conodont determinations
1nt;22iaﬁbf' Linestone clasts from the conglomerate {Holwill 1366) give
a range of ages; blocks with corals are Oivetian-lower Prasnian (Holwill
1:66), whilst fine grained clasts give Frasnian and lower Famennian ages

on ~onodonts (samples 13, 1: and 20).
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Immeliately below the Coniatite Bei, and out~ropping on the south
fare of the promontory, ies a thin but continuous calcareoue band (sample 6)
whi~h is parti~ularly rich in ~onodonts (often broxen), thin shelled
bivalves, crinoid fragments and ostracois. The ostra~ode, with their
stratigraphi~ range after 3lumenstengel (1365) are Acratia spo.,

Amphissitis bispinosus (upper Cheiloceras—Platyclymenia, IIp -III) and

Ceratacratia cerata (IIA-VI). Purple mudstones at the north end of

Saltern Cove (sample 1, text-fig. 1) yieldei Entomozoe (Nehdentomis)

nehdensis Matern 1329 indicative of the lower FPamennian (Cheiloceras Stufe).

The Goniatite Bed.

a) Shales. The goniatite fauna, recently revised by House (1)63),
belonge to e Holzapfeli zone (I 5) of the upper Frasnian. The fauna is
dominated by the genus Archoceras. The gonintites are usually a centimetre
or less in diameter and are haematised. MNost have been obtained from the
shales in the clif{ section just north of the promontory (text-fig. 2).
Goniatites also occur on the south face of the promontory (M.R. House, pers.
comme., 1367)s In addition, the authors have found goniatitee at the
same horizon in the vicinity of the large tuff block figured by Holwill
(1766), 10 m west of the promantory. Other fossils present in the
shales include Buchiola spp., orthocones, trilobites, brachiopods,
crinoids (Anniss 1327) and haematised ostracods identified as Entomoprimitia
spp. (upper Prasnian) and Entomozoe (Nehdentomis) tenera Rabdien 1354

asnian - lower Famennlan, i- . onodonts ocour in sa reducsion
(Fraeni 1 P ian, I-II). Conodont in small ‘reduction’

centrest Palmatolepis gigas Niller and Youngquist 1947, Palmatolepis

subrecta Miller and Youngquist 1)47, Palmatolepis triangularis Sannemann

1355 and Polygnathus spp. These indicate an upper Frasnian age. The

goniatites, ostracods and conodonts all indicate a similar age.

3
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b) Calcareous clasts within the Goniatite Bed.

Within the Goniatite Bed are a number of angular and rounded limestone
blocks (sample numbers 7 to 16, text-fig. 3). Most are about 20 cm x 10 cm x
10 cm, but some reach uo to 2 m x 50 om x 30 cmes The block of calcareous
tuff figured by Holwill (1766) measures 3 m x 1 @ x 50 ~m (sample 8).

All yielded conodonts of the quadrantinodosa zone (upper II‘s- lower IIIoA)

or rhomboidea ~ gquadrantinodoss zones (IIg~- lower III«). Other
foseils found in the limestone were crinoid fragments, orthocones,
ostracods, gastropods and one goniatite (epecies indeterminate). The
Goniatite Bed (red shales with limestone clasts) and the limestone
conglomerate can also be found at the north west corner of Saltern Cove.
Conodonts from limestones here (samples 2 and 3) again show the presence

of the lower Famennian.
STRATICRAPHICAL INTERPRETATION

The data presented above show the apparently anomalous situation in
the Goniatite Bed where a shaley sediment contains blocks of reworked
limestone clasts, two whole goniatite sones younger than the enclosing
sediment and the adjacent shales. There are three possidle explanations:
1) Mie—correlation of goniatites and conodonts.

The ostracods and conodonts in the shales are the sane age as
the goniatitea. This shows that there is no local mie-correlation of
the goniatite and conodont chronologies and that the German system
(Ziegler 1962) is applicable to the area. Indeed, at Chudleigh, 30 km
NNW of Saltern Cove, the conodont succession from the Cheiloceras Stufe
shows complete agreement with the German chronology and with the goniatite

succession (Tucker and Straaten 1970b).
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2) Tectonic explanation.

From the bedding/cleavage relationship around the promontory
(bedding vertical, cleavage horigzontal) a fold cannot possibly be
constructed so that the Qoniatite Bed occurs in the centre of a tight
anticline, unless such a fo0ld was developed during an earlier deformatimnal
phase. However, the bede above and below the Qoniatite Bed Wwéd show
normal grading (northwards), indicating that early folding did not take
place. From text-fig. 4, it is clear that faulting and /or shearing
has not occurred around the Goniatite Beds The tectonic deformation is
only such that the limestone blocks have been rotated by the cleavage,
and once continuous ash bands are sheared. A complication of the
tectonics then is most unlikely to have raused these Frasnian shales to
occur in a Famennian succession. ‘

3) Large-scale slumping of sediment.

A sedimentary explanation means that the youngest elemente in
the Goniatite Bed, the limestons clasts, slumped into older muddy sediments
and that the whole then slumped into a muddy succession undetectably
different in age to the clasts. Evidence that this was the case can be
seen from an examination of the sedimentology of the succession.

Lamination of sediments. A petrographic examination of the shalea of the

Ooniatite Bed shows that they are quite distinoct from the shales above

and below in one important reepect, that good lamination is absent. 1In
spite of the strong cleavage, thin continuous laminae of medium to coarse
silt, 0.5 mm thick, ococur in the shales above and below (text-fig. 5).

In the goniatite shales, however, the same amount of silt is present but
ia either irregularly distributed or present in discontinuous lenses.
Numerous graded tuff bands from a few millimetres to 40 cm thick occur at
intervals of 20-30 om above and below the Goniatite Bed and can be traced
for up to 70 m across the wave—cut platform. A small channel structure is
also exposed here. However in the shales of the Goniatite Bed

macroscopic laminations of this type are completely absent. It is suggested



F 394

that penecontemporaneous movement destroyei the primary lamination.
There is no evidence 0 any erosional structure between the Goniatite
Bed and the underlying laminated shales.

Limestone clasts. .ihe blocxs of Famennian limestone and tuff are -learly

derived. There is some concentration of clasts towards the base o: the
Goniatite Bed, but many occur randomly scattered throughout the shaloc.

The limestoncs are micritic with an ap;reciable amount of silt. Some

are almost completely .lolomitizede “rominent ;ressure solution ;lance
{stylolites) occur in some blocks and there are aleo ravity-fill
structures. A fuw ~lasts ~ontain a networx of ravities filled first by
pfii&k‘al calrite, and then silty shale meterial. Hany of the |
limesion2 blorke are reminis-~ent of the condenged relagi~ fa~ies (S-hwellen
facies) which at Chuileigh and commonl;” in Cermany followe Civetian/

lower Frasnian sha low-vater masaive limestones.

Another band with many tuff and limestone fragments occurs
inmediately above the Coniatite Bed, and conodonts suggest that the
~lasts are the same zonal age as the shales. The limestonc conglomerate
(7 m above the Ooniatite Bed) described by Holwill (1366) contains
limestone fragments of various types and ages. The bed is graded and

Holwill guggested a proximal turbidity current origin.
COUPARISONS

Three types of sediment movement have occurred at Saltern “ove
(a) of more “rejuent o~~urreance, movement o° lithified shallow-water
sediments (limestones) downslope into a deeper water environment, whers
the elumped material is generally older than the hoet sediments
(1imestone ~onglomerate) {b) slumping of lithified shallow-water sediments

iounslop> where the slumvped ~lasts are of the same zonal age a8 the



deeper water sediments and (e) en blo: “lumcinz of shales and pelagi-
limestone clasts where the shales are older than the host sediments and
clasts. Slumping of the second type, with no stratigraphical break, is
typical of most intraformatisnal conglomerates and i{s town in a

similar situation in the Upner Devonian of the Harz Mountains, Germany

(Stospel and Zschexed 1363). Slumping of the third type is less ~ommon.

It is only detectable whare either the stratizraphical break is largze
enough or sufficiently fine dating is sossible. 1In the absgencs of the
latter only the lac: of lamination might give a ~lue to the detailed

historjo
SIGNIFICANCE OF SLUMPING AT SALTERN CONZ

The two pelagic facies of the Upper Devonian, the -ondensed
linestones (Schwellen or rise fa-ies) and ostracod shales (Becken or
bYasinal facies) are developed in south west Tngland, though the rise
facies im only well <nown at Chudleigh (House 163, Tucker and
Straaten 1370). However, it may be present at Petit Tor Conbe
(Orid. Ref. SX 326665, £ km northeast of Torqua) where patches of
nodular limestone containing middle Prasnian goniatites were rerorded
by Ussher (1870). The basinal faries is well developed in the Torquay
iistrict. The blociks of Famennian limestone at Saltern Cove indicats
that pelagir carbonate was denosited in the vi~inity on a tOpograéhic
highe The well known Torquay and Brirxham shallow-water limestones are
likely source areaxs, or the massive limestone immediately to the west
at Goodrington. Holwill (1766) considered volraniem as the immediate
rause for the limestone songlomerate. However, for the Coniatite Bed,
instability on a slope and movement of the underlying sediment is as
likely an explanation. Movement may have been initiated hy volcanic

antivi t}'o

tas
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CONCLUSIONS

1) The Saltern Cove Goniatite Bed is a slumped deposit with
Frasnian shales and Famennian limestone blocks within a secuence of early
Famennian sediments.

2) The sedimentology of the finer grained gediments provides a clue
to the stratigraphical interpretation.

3) The type of slumping is unusual since en bloc movement of shales
has occurred, whizh are older than the contained limestone clasts and
associated sediments.

4) The derived Famennian pelagic limestones indicate the former
presence of a nearby Schwellen area.

5) Where tested the GCerman goniatite, conodont and ostracod zonation

is applicable and confirmed in South Devon.
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Text~Fig. 1. Geological sketch-map of Saltern Cove and Waterside Cove,
South Devon (after mapping by the authors), showing location
of conodont samples, 1,2,3 and 24.
Text-Fig. 2. Sketch of the promontory between Saltern Cove and Watersidg,COVe,
viewed obliquely, showing location of conodont samples 4 to 23.
Text-Fig. 3. Conoiont determinations from Saltern Cove and Waterside Cove,
Jouth Devons The specimens are deposited in the archives
of the Department of Geology, University of Reading, where
they are numbered H@U? 22301=22924. o - oF defermination
The conodont zones represented by the samples (after
Ziegler, 1962; 1965, and Klapper, 1766) are as follows:-
Sample 20 asymmetrica sone (I o).
Samples 1, 5, 7, 11, 12, 15, 16 rhomboidea —-quadrantinodosa
zones (IIg - lower IIIA),
Samples 3, 4, 6, 8, 10, 17, 18, 19, 21, 24 quadrantinodosa
gone (upper II p- lower III1K),
Samples 13, 14, 22 lower quadrantinodosa zone (up;.r IIf ),
Sample 2 quadrantinodosa - middle velifera sonee (upper
IIp - I11p ),
Sample J upper triangularis - upper velifera gones (Ig-IIIP ).
Text-Fige 4o The Saltern Cove Goniatite Bed. Location of samples

indicated.

Text-Fig. 5. FPhotomicrograph of shales above the Joniatite Bed. Good

lamination of gilt is developed.
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Text - Fig. 2.
SALTERN BELOW LIMESTONE BLOCKS WITHIN .
COVE | GON. BED GONIATITE  BED ABOVE GONIATITE BED
I 2 3[4 5 617 8 9 10 11 12 13 4 B K[17 18 19 2 2t 22 233&‘
Ancyrodeila  rotungriobo BRYANT 1921 X
icrnodas  spp X X
Paimatolepis  distorta BRANSON B MEWL 1934 X X X
FPai globro lepta ZIEGLER 8 HUDDLE 1969 X [} X X X
Pol glabra pectinata 2IEGLER 1960 . X X X X X X X X o o X
Pai glabra primg ZIEGLER 8 HUDDLE 1969 x X x X
Fal graciis gracilis BRANSON 8 MEHL 1934 X X
Pur minuta minu'g BRANSON 8 MEHL 1934 X XX X X X X x X X X X
Pai periobata  schindewolfs MULLER 1956 X x X o] X
fFal quadrontinodosa nflexa MULLER 1956 X X
Pal guadrantinodosa infiexodea ZIEGLER 1962 X X
Pol quodrantinodosa marginifera ZIEGLER 1960 X|X_Xx X x X =] X X X X X
Pal spp X X X X X
Potygnathus diversa HELMS 1959 X
Po!  glabra  glabra ULRICH & BASSLER 1926 ) X X
Pol  noaocostata s BRANSON 8 MEHL 1934 X X X X X x X X |[x X X X
Pot  nodocostota cf pennatuloideo HOLMES 1928 x
Pol  nodoundata HELMS 1961 X X
Pot triphyliata ZIEGLER 1960 X X X
Pol spp X X|x x x X X X X X X X X
Polylophodonta  confluers ULRICH 8 BASSLER 1926 X
Spathognathodus  amplus BRANSON B WMEHL 1934 . o
Spathognathodus  spp X X 3 X X X X X

Text - Fige 36
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RapiaxiaL Fiskous CALCITE — in situ replacement origin after
syn-sedimentary cement — — — — — —— —

Radiaxial Fibrous Calcite as a

Replacement after Syn-Sedimentary
Cement

THERE is considerable controversy' about the origin of the
coarsely crystalline calcite mosaics which have been found
filling cavities in reefs and mudmound complexes of varying
geological age around the world, The calcite mosaics are
composed of fibrous crystals, and there is doubt about whether
they represent primary precipitates (cements) or are replacive,
and about the time and environment of their formation. Orme
and Brown? consider some fibrous calcite to be replacive, but
usually the external morphology of the mosaic and its associa-
tion with internal sediments suggest a cement origin*-*. Direct
precipitation of fibrous calcite from freshwater, marine water,
or brines trapped in the sediments (or derived from neighbour-
ing sediments) have been suggesied'. Newell®, Cotter® and
Zankl’, on the other hand, suggest that fibrous calcite filling
cavities was originally aragonite.

In this article we consider only those fibrous calcite mosaics
in which the crystals possess an internal structure termed
“radiaxial” by Bathurst®® and characterized by curved twin
lamellae and glide planes (the “cleavage™ if Bathurst), optic
axes that converge away from the cavity walls and subcrystals
which diverge in this same direction and thus cross cut the
optic axis convergence. Such mosaics are present within sheet
cracks and “"Stromatactis”-like cavities within Upper Devonian
pelagic limestones of the Rheinisches Schiefergebirge and the
Montagne Noire. We believe that these mosaics represent

replacements of earlier cements which were precipitated soon

after deposition,

In the examples illustrated (Figs. | and 2), the lower parts
of horizontal cavities with irregular roofs are filled by laminated
sediments (internal sediment) and by radiaxial fibrous calcite,
but the cavitics are sharply truncated by smooth, plunar and
horizontal erosion surfaces. These surfaces also smoothly
truncate the host-sediment, fossils and ferromanganese nodules
(Fig. 1).» The presence of the internal sediments with their
horizontal upper surfaces (thus forming a geopetal structure)
indicate that the cavity was once a void and also strongly
suggests that the overlying fibrous calcite is a void-filling
cement. 8

Fig. 1 Upper and side \_*icws of smooth, planar crosion surface
truncating Srromatactis-like cavities (partially filled with internal
sediment) and ferromanganese encrusted shells. Upper Devonian

Griotte, Mont Pczroux, Herault, Montagne Noire. S 22951,
Fiq.3.25, 0.79.

Fig. 2 Photomicrograph of truncated sheet-crack. Fibrous
radiaxial mosaic nucleated from erosion surface (arrowed).
The crystals are turbid with inclusions, increase in size away from
erosion surface and contain i situ fills of borings. Upper
Devonian Cephalopodenkalk. Bicken, Rheinisches Schicferge-
birge. Thin section S 22950. Plane polarized light. The bar
represents I mm. 57 3&5,(,92.

The sharpness and smoothness of the cavity truncation
indicates that (1) the erosion surface was cut by abrasion rather
than by solution; (2) pre-crosional lithification of the host-
sediment took place; and (3) the cavities were formed and filled
by internal sediment and a cement before erosion took place.
On the other hand, the relation between the fibrous calcite
filling the cavity and the erosion surface suggests that the first
of these was formed after erosion and therefore cannot be of
the pre-erosional tand syn-sedimentary) cement generation.



The size of the erystals in the fibrous mosaic increases away
from the cavity walls, upwards from the upper surface of the
internal sediment and downwards from the erosion surface.
The last occurrence is anomalous because if the fibrous calcite
were the pre-crosional cavity-filling cement, the zone of
crystal size increase should huave been associated with the
original cavity roof and not with the later crosion surface,
The original roof and its .ssociated zone of finer crystalline
cement should have been removed by erosion. The association
of this zone with the erosion surface implies that the surface
must have been present before the development of the fibrous
mosaic (the crystals having nucleated from this surface). The
cavities and their present fills of fibrous calcite are thus of
ditferent age-—-the cavities arc pre-erosional and the fibrous
calcite post-erosional.

Fig. 3 Diagrams illustrating the formation of an idealized

truncated cavity and its Jater fitl by fibrous radiaxial calcite.

A, Formation of cavity within partially lithified pelagic sedi-

ment and partial illing by internal sediment: B, cavity com-

pletely filled by syn-sedimentary cement and lithification of host
sediment: C, eroston of cavity and 1ts cement fill;  organisms
penetrate crosion surface and their borings are later filled with
fine-grained carbonate: 1. sedimentation resumes followed by
in situ replacement of cement {ill to radiaxial fibrous calcite
mosaic (seeded on cavity walls, surtace of internal sediment and
erosion surtace): internal sediment recrystallization to micro-
spar and boring-fills to micrite; erosion surface thus truncates
cavity but not the fabric of the calkite fill.

Nevertheless, the cavities were filled by a cement before
erosion, for they are smoothly truncated. The material causing
the abrasion has not entered the cavities and the fibrous calcite
must therefore be either a replacement of this pre-erosional
cement or a cavity-filling cement which was precipitated after
the earlier cement had been dissolved away. There is no
evidence for a solution phase in the history of the cavities and
so this explanation can be excluded as the fills of borings (which
penetrated downwards from the erosion surface into the pre-
erosional cement) are still in sine. (A void-stage would have
allowed them to fall to the cavity-floor.)

The Upper Devonian pelagic limestone exhibit no evidence
of subaerial exposure during their deposition and probably
accumulated at depths of S0 m or more (M. E. Tucker, un-
published). The pre-erosional cement of the cavities was there-
fore precipitated from marine (or marine-derived) waters.

Another feature of radiaxial calcite crystals which suggests
their in situ replacement origin is the presence within them of
brownish inclusions—this feature seems to be characteristic of
radiaxial fibrous mosaics in general. Recent submarine cements
are commonly brown or vellowish and contain disseminated
organic matter, clay or colloidal material. This non-carbonate
material seems to have been retained during in sirw replacement
and forms the inclusions within the calcite crystals. In some
crystals inclusions may be so numerous as to impart pseudo-
pleochroism to the calcite, a phenomenon also known from
in siru calcite replacements after skeletal aragonite®-11,

The enlirgement and systematic orientation of crystals within
radiaxial fibrous mosaics are commonly thought to suggest a
void-filling cement origin. ldentical fabrics, however, are to be
expected from any process that begins at a surface and pro-
gresses outwards'?, For radiaxial fibrous calcite, the walls of
cavities, the upper surfaces of internal sediments and erosion
surfaces have acted as discontinuities on which the replacement
calcite crystals have nucleated. The non-planar intercrystalline -

4ot



boundaries, which are also a characteristic feature of these
mosaics, are more suggestive of replacement mosaics than of
those with crystals that precipitated onto free surfaces’ 2,

We suggest that the evidence provided by the relationships
between cavities, their radiaxial fibrous calcite fills and erosion
surfaces can only be interpreted as demonstrating the in situ
replacement origin of radiaxial fibrous calcite after a pre-
existing and syn-depositional cement generation. The origin
of the characteristic features of radiaxial fibrous calcite mosaics
and the date of the replacement will be discussed elsewhere.

We thank R. G. C. Bathurst and R. Goldring for criticizing
a draft of the manuscript.
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CONODONTS AND FACIES ON THE CHUDLEIGH
SCHWELLE
by M. E. Tucker and P. van Straaten

Abstract. Age determinations from the Chudleigh area S. Devon are
presented, which show that the Kiln Wood Beds are equivalent in age to the
Lower Dunscombe Goniatite Bed. The Kiln Wood Beds are interpreted as
being deposits of a local deeper part of the Chudleigh Schwelle. Conodonts
and facies are also considered for the lower part of the Mount Pleasant
Series (Lower Famennian).

1. Introduction

For a consideration of facies changes, accurate dating is
essential, and we are fortunate in the Upper Devonian that exact
correlations can be made through conodonts, which are very com-
mon at this time. Good conodont faunas have been collected from
Kiln Wood Quarry (SX 861779), the section in the road running
past the quarry, and from the track leading to Winstow Cottages
(Fig. 1). Other conodonts have been obtained from outcrops above
Palace Quarry in the Riding Parks (SX 869787), and from the old
quarry at Lower Dunscombe Farm (SX 886791).

WINSTOW

COT TAGES %

100 metres

LOCATION OF SAMPLES IN KILN WQOD AREA

FIGURE 1. Map showing location of conodont samples in the Kiln
Wood area, Chudleigh, South Devon.



A continuous but much reduced Upper Devonian sequence
(House and Butcher 1962) of nodular limestones and shales occurs
in the Chudleigh area on top of massive limestone, which is in part
Frasnian in age. The thickness given for the Famennian is 53 m
and it has been termed the Mount Pleasant Series by House (1963).
House has described the ammonoid succession in the Chudleigh
district and shown that all the German ammonoid Stufen are
present, and that many of the species zones can be recognised too.
House also shows that the Mount Pleasant Series is of Schwellen
type (Schmidt 1926), that is a succession of condensed limestones,
nodular limestones and shales with calcareous nodules thought to
have been deposited on a submarine rise. In the Chudleigh case,
the Schwellen sediments occur above Middle and lower Upper
Devonian coral/stromatoporoid limestones. In contrast to the

Wockiumeria w v
——————————— v/ Spathognathodus M
costatus L
Clymenia -—
<Z[ Stufe (to V) T Polygnathus U
Z |z styriaca 'r
a2 -
= Ll . u
% = Plgtyclymenia — I | Scaphignathus "
Vad ‘
> ﬁ Stufe (to II - to W) velifera L
wl o
o ﬁ P. quadrantinodosa E
Cheiloceras = P. rhomboidea
ac U
g Stufe (to I) o | P crepida "
L
2 S N 3—7 1]
- P. triangularis M
Z S L
S Manticoceras — P gigas L:
g 7
(g Stufe (to T) A. trigngularis
& A Polygncthus a
(o8 asymmetrica T

FiGURE 2. Chart showing correlation of ammonoid Stufen and
conodont zones for the Upper Devonian (after Klapper
1966). “P.” is abbreviation for Palmatolepis.



Schwellen facies, Becken sediments consist of ostracod shales some-
times with volcanic horizons and turbidites, and were deposited
in deeper water (basinal) areas. These are also present in South
Devon and occur in the Newton Abbot and Torquay districts (House
and Selwood 1964). Scrutton (1969) has shown that the coral faunas
in the early Frasnian massive limestone indicate a gradually deepen-
ing environment. This trend continues throughout the rest of the
Upper Devonian.

In this paper the conodont zonation of Ziegler and others for the
Upper Devonian is used, and a full list of the references employed in the
determinations is appended. Conodont zones and their relation to Upper
Devonian orthochronology is shown in Figure 2.

2. Conodonts and Facies

Conodonts show that the Kiln Wood Beds (Goldring et al.
1967, fig. 4) of Middle/Upper Frasnian, are equivalent in age to
the Lower Dunscombe Goniatite Bed, which contains (House 1963)
the zone fossil Manticoceras cordatum. These two units both occur
above massive limestone but are very different lithologically. They
represent deposition in quite different environments, though both
related to a Schwelle. In the field, the two facies occur only 14 km
apart, though there is probably some horizontal movement between
the quite incompetent Kiln Wood Beds and the underlying massive
limestone.

The nodular limestones of the Lower Dunscombe Goniatite
Bed (1.7 m thick) are typical Schwellen carbonates, greyish-pink
micritic limestones with many pressure solution planes and very
thin irregular shaly horizons. These sediments yield a rich and
varied fauna of goniatites, brachiopods, trilobites, rare corals
(Syringaxon sp., identified by Dr. C. T. Scrutton) and bivalves
including Buchiola sp. The dominantly pelagic fauna and restricted
benthos suggests deposition at greater depth than in the case of
the underlying limestone. There is evidence of small-scale sedi-
mentary dyke formation. Dyke fillings consist of a coarse grained
red carbonate containing crinoids.

Conodonts obtained at Dunscombe Farm show that the massive
limestone (sample 1) below the goniatite bed is also Middle Frasnian
in age (Table 1). Sample 4 from the top of the goniatite limestone
shows that the upper gigas conodont zone is present, which is
equivalent to the lower part of the holzapfeli goniatite zone of
Upper Frasnian age (to I5).



TABLE 1. Conodonts from Lower Dunscombe Farm and Kiln
Wood Quarry. Location of samples for Kiln Wood shown in Figs.
I and 2. For Dunscombe Farm, samples 0 and 1 from bottom and
top of massive limestone respectively. Samples 2, 3 and 4 from the
goniatite limestone. Sample 4, 15 cm from top of quarry. (o=cf.
determination).

Age of samples
Lower Dunscombe Farm
Sample 0: middle asyimmetrica to lowermost gigas zone. 1: upper
asymmetrica to lowermost gigus zone. 2: lowermost part of upper
Qigas zone, 3: lower part of upper givus zone. 4: upper part of
upper gigas zone.
Kiln Wood Quarry
Sample 1: as sample 1, Dunscombe Farm. 3: as sample 1,
Dunscombe Farm. 11: Ancvrognathus triancularis to lowermost
upper gicas zone. 12: lower to lower upper gigas zone. 16: crepida
Zone.

Dunscombe __Kiln Wood

ol1 /2341 ]3]ttl2'16
Ancyrodella curvata . . . x| x{x{x})x|x|x1{x
A. gigas . . . . . X X ‘
A. ioides . . . . . x|
A. lobata . . . . . X o i
A. nodosa . . . . . X X 1
Ancyrodella sp. indet. .
Ancyrognathus asymmetrica . x| x|x o
A. triangularis . . . . x|o X | x
Icriodus symmetricus . . X X
Ieriodus sp. indet. . . . X | x x| x| x| x ‘
Palmatolepis crepida linquitormis
P. gigas . . . . . X X
P. hassi . . . . . X
P. minuta minuta . . . | X
P. punctata . . . . X | x X ‘
P. punctata var. transitans i
P. quadrantinodosalobata . . Ix
P. subrecta . . . . Xix X| X | X ]
P. tenuipunctata ‘ X
P. unicornis . . . . X 0
Palmatolepis sp. indet. . . X i:
Polygnathus sp. indet. . . X x [ x| x : X
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The Kiln Wood Beds (9 m thick) exposed in Kiln Wood Quarry
consist of black and dark grey micaccous shales which contain
siliceous horizons (Kieselschiefer) and three {laser limestones
(Fig. 3). A flaser limestione is a relatively pure (85-959, calcium
carbonate) sometimes nodular limestone containing irregular streaks
or ‘ veins ” of clay material at all angles to the bedding (Flaserkalk
of Griindel and Rosler 1963). The dark shales containing pyritised
fossils indicate deeper water sedimentation of pelagic material
under anaerobic conditions. The flaser limestones. which have been
partly silicified, contain many small bivalves, mostly disarticulated,
and crinoid ossicles, probably brought in by bottom currents.
Fixosessile arenaccous foraminifera occasionally occur attached to
the lamellibranch valves and attest to the presence of aerated
bottom waters. Two tuff horizons are also developed. Conodonts
show that most of the Kiln Wood Quarry succession is Middle
Frasnian, including the top of the massive limestone (Table ). At
the top of this section the grey nodular limestone (sample 16) is not
in situ; conodonts give a crepida age (to 1l a).

It is suggested that the Kiln Wood Beds represent deposition
in a localised deeper part of the Schwelle. Similar “ special basins’
occur along the Diabas-Schwelle in the Oberharz, Germany
(Straaten 1969). Here, sediments traditionally regarded as basinal,
occur with shallower water Schwellen limestones in local depres-
sions on the volcanic rise. Local areas of lower relief were sites of
accumulation of fine grained terrigenous material, though periods
of higher and more widespread carbonate precipitation over the
Schwelle gave rise to flaser limestones in the special basin succes-
sion. In the Chudleigh area, tectonics and lack of exposure do not
permit an elucidation of the shape of the basin.

In the road running past Kiln Wood Quarry, there is a con-
tinuous outcrop for 150 m of Famennian nodular limestones and
shales, belonging to the Mount Pleasant Series. This
Kalkknollenschiefer succession dips and youngs north. The cono-
donts obtained belong to the Cheiloceras Stufe (to 1I), conodont
zones crepida, rhomboidea and the lower part of the
quadrantinodosa zone (Table 2). Rocks of this age and lithology
also crop out in the Riding Parks above Palace Quarry, | km
north-east of Kiln Wood, and yielded conodonts of the crepida
zone. The conodonts from this nodular limestone group agree with
ages obtained from ammonoids by Prof. M. R. House.



TABLE 2. Conodonts from the Kiln Wood road section. Location of samples shown in Figs. 1 and 2.

Age of samples
Samples 30 to 24: crepida zone. 24 to 21: lower to middle crepida zone. 18 and 17: upper crepida zone.
11 and 10: rhomboidea zone. 6 to 1: lower quadrantinodosa Zone.

30(29(28127125{24(23(22|21120]19]|18117}{16|15]14{11|10|9| 716 |5(3 |1
Ancyrognathus sinelamina . X X

Icriodus sp. indet. . . . X X [x|x X X X
Palmatolepis crepida crepida . x X |x x| x
. glabra elongata . . . X
. glabra glabra . . . x| x| x|x|x b
glabra pectinata . . . x x x x x
. gracilis gracilis . . . x X X
minuta minuta . . . x x| x|[x]|x x|x|[x]|x{x]|x X |x|x x{x|xfx X
. quadrantinodosalobata . x{x|{x|x|[x{x|x X x
cf. regularis . . . . x| X
rhomboidea . . . X
. subperlobata subsp. a Helms . X X

tenuipunctata . . . x| x|[x|{xix|xjx|[x|x x

T YT T YW YUY T

termini . . . . . x| x x
Polygnathus glabra glabra . x| x X X
P. nodocostata s. 1. . . x X X

Polygnathus sp. indet. . . X X X x|x|x|xix

Spathognathodus sp. indet. . x X




Samples taken from outcrops along the track to Winstow
Cottages (Fig. 1) yielded conodonts of the styriaca zone (Table 3).
A more argillaceous succession occurs here containing less carbon-
ate than the underlying Kalkknollenschiefer, and consisting of larger
calcarcous nodules (up to 10 cm across) in grey or green shales.
Towards the top of the Upper Devonian (Wocklumeria Stufe)
Kieselschiefer are present (House 1963), which continue into the
Carboniferous (Matthews 1969).

TABLE 3. Conodonts from outcrops along track to Winstow
Cottages. Location of samples shown in Figs. 1 and 2. (o=cf.
determination). All samples are of styriaca zone.

1 2 3 41 5] 6
Palmatolepis distorta manca X
P. gracilis gracilis . . . X X X X X
P. gracilis sigmoidalis X X| o
P. helmsi . . . . . 0 X
P. maxima X
P. perlobata schindewolfi . X X X
P. perlobata sigmoidea
P. schleizia . . . . 0
Palmatolepis sp. indct. . . X | X
Polygnathus styriaca . . . X X X
Polygnathus sp. indet. . . X
Spathognathodus stabilis . . X 0
Spathognathodus sp. indet. . X | X X X

The conodont work in the Chudleigh area illustrates that the
conodont chronology employed in Germany can be applied with
confidence in south-west England. In the 55 samples taken from
the area, only two anomalies were encountered. 1) In the Winstow
Cottages section, samples 4, 5 and 6 yielded a good fauna of the
lower/middle sryriaca zone (to 1V-V), together with the species
Palmatolepis gracilis sigmoidalis Ziegler. In Germany this conodont
begins in the lower costatus zone, the conodont zone above.



2) Sample 7, of the rhomboidea|quadrantinodosa zone from Kiln
Wood road section contained specimens of Palmatolepis
tenuipunctata Sannemann. This species is normally found in the
zone below (crepida zone), but could have been reworked into these
beds of younger age.

3. Formation of Calcareous Nodules and Flaser Limestones

Calcareous nodule formation is best explained by diagenetic
migration of carbonate very soon after deposition. In the reduction
zone, a low pH (less than 7.8) causes the solution of the
microcrystalline calcite which is disseminated throughout the muddy
sediment. The dissolved carbonate is carried upwards by pore
fluids into the oxidation zone, where the higher pH causes the
calcium carbonate to be precipitated (Griindel and Rosler 1963).
Field evidence shows that the size of the nodules and the distance
apart of nodule bands both increase with decreasing carbonate
content. From this and the process of formation outlined above, it
follows that the size of the nodules is proportional to the rate of
sedimentation, and that the distance apart of nodule bands is
proportional to the amount of carbonate present in the original
sediment. More continuous limestone bands and flaser limestones,
representing periods of high carbonate production, are primary
limestones which have been modified by early or late diagenesis,
and/or tectonics. The shale streaks in flaser limestones can be
formed in three ways (a) compaction, where the shaly material is
injected into the surrounding, partly lithified limestone, (b) pressure
solution (diagenetic or tectonic) where the flasers are residual seams,
and (c) flasers produced by cleavage.

Trace fossils in carbonate nodules have been recently dis-
covered by one of the authors (M.E.T.) in the Harz Mountains, in
sediments of similar lithology and age to the ones described above.
This find substantiates a very early diagenetic origin for the nodules.
The trace fossils, a simple worm-burrow type of 1-3 mm diameter,
occur at all angles to the bedding, but are mainly perpendicular to
it. The bioturbation is rarely observed in the shales.
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CRINOIDAL TURBIDITES FROM THE DEVONIAN OF CORNWALL
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SUMMARY

Devonian limestone turbidites from North Cornwall, composed mainly of
crinoidal debris. are considered to have been derived trom an oceanic rise or s<chwelle.
Large-scale cross-bedding (representing division C) occurs in some limestone bands.
The turbidites lack a pelitic division and there is usually a sharp contact with the
shales above. Typical flutes are rare but broad grooves and channels are present
on the soles.

INTRODUCTION

A series of turbidite units of crinoidal limestone has been recognized in the
Devonian of the Padstow region, North Cornwall (Fig.1). The turbidite origin has
been suggested by M. R. House (in GOLDRING et al, 1968). The structure of this area
has been elucidated by G. A. Gauss (unpublished . Phil. thesis. University of
Oxford. 1968). The area was mapped by the Geological Survey (REID et al., 1910),
and Fox (1903, 1905, 1906) and Crick (1905, 1906) made contributions to the
palaeontology. House (1956, 1960, 1963) has made more detailed stratigraphical
and palaeontological observations on the area, involving goniatite studies. The
Devonian rocks at Padstow occur in two structural blocks. and the successions in
each block are significantly different, giving eastern and western successions. The
western block is a recumbent syncline, with the axial plane dipping gently to the
south and this is overthrust from the north, by an inverted northerly dipping block
(Gauss. 1968).

Localities are referred to by National Grid References from sheet 185
(1:63360).

GEOLOGICAL SETTING

The limestone turbidites with interstratified black shales have been named
the Marble Cliff Beds (Housie, 1960). They succeed the Trevose Slates, a thick

Sedimentology, 13 (1969) 281-290



282 M. E. TUCKER

T T T T T

Carboniferous

RUMPS POINT

0 10 20 30 START POINT
[ —— PT.

|- 80

STEPPER POINT POLZEATH 7

PADSTOW

BIG GUNS COVE

- 075 KM N,

083 KM E. 85
L A

Fig.1. Locality map of the Padstow District.

sequence of laminated dark grey shales with many light graded bands. The latter
are probably of tuffaceous origin, and are regarded as distal turbidites. The Trevose
Slates yield mainly pelagic fossils (goniatites, orthocones, and Styliolina, House and
SELWOOD, 1964). The lithology indicates steady, vertical sedimentation in a quiet
deep-water basin. Following the Marble Cliff Beds, another series of banded
shales is developed within the western succession (the Longcarrow Cove Beds of
Gauss, 1968), which contain graded tuff bands and agglomerates partly equivalent
to the Pentire Pillow Lavas of the eastern succession.

The Marble CIiff Beds thus make a very marked incursion into what is
otherwise a fine-grained succession.

The type locality for the limestone turbidites is Marble Cliff, north of Tre-
vone (National Grid Reference SW 891764), in the western succession, where the
beds are inverted and form cliffs 50 m high. Further to the west, the limestones
can be found at Big Guns Cove (SW 872761), near Cataclews Point: Little Cove
(SW 865760), at the east end of Mother Ivey’s Bay; and Dinas Head (SW 848763),
near Trevose Lighthouse. On the eastern side of the Camel Estuary, the limestones
are poorly exposed on the foreshore at Rock (SW 934756). In the eastern succes-
sion, turbidite limestones are not so well developed but the stratigraphic equivalents
of the Marble CIiff limestones crop out at Rumps Point (SW 931812), north of
Polzeath.

Sedimentology, 13 (1969) 281-290
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DEVONIAN CRINOIDAL TURBIDITES OF CORNWALL

The Marble Cliff Beds at Trevone have been dated by Dr. W. T. Kirchgasser
as Upper Givetian to Lower Frasnian on the basis of the conodont fauna. Cono-
donts of the Polygnathus varca Zone (Upper Givetian) occur in the Rumps Point
limestones. The coral Phillipsastrea hennahi hennahi (LONSDALE), a characteristic
Upper Givetian form, also occurs in the turbidites. A goniatite band occurs just
below the turbidite sequence (Pentonwarra Point, SW 890760) and belongs (HOUSE,
1963) to the Upper Givetian zone ol’ Maenioceras terebratum. The first dateable
horizon above the turbidites is just above the top of the Longcarrow Cove Beds.
where Manticoceras cordatum Zone goniatites occur (Middle Frasnian).

The shales interstratified with the limestone bands are black pyritiferous
argillites containing the trace fossil Chondrites, commonly found on the soles of
the turbidites. The shales, formed by relatively slow sedimentation, are unfossil-
iferous apart from very small brachiopods and goniatites (2-3 mm in diameter)
found only at Rock.

THE LIMESTONE TURBIDITES

Some 80 limestone bands form Marble Cliff (Fig.2) where they vary in
thickness from a few centimetres to a metre. Individual bands can be traced the
whole length of the outcrop. a distance of about 206 m. The regularity of the beds
is striking. The shale divisions between many bands arc of similar thickness,

Fig.2. Limestone turbidites interstratified with black shales, Marble Cliff, near Trevone,
North Cornwall. (SW 891764) The succession is inverted.

Sedimentology, 13 (1969) 281-290
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Fig.3. Large scour structures on soles of limestone bands at Marble CIliff. Shown in
normal succession,
indicating periodic influxes of carbonate sediment. Continuous exposure is not
available at the other localities, due to faulting and folding. At Rumps Point,
however, the decreased size and number of the limestone bands is considered to
be due to the more distal nature of the turbidites.

Bouma (1962) has described the succession of structures found in sandstone
turbidites. The structures developed in a turbidite must depend in part on the
state and size of the grains present in the depositing current. The wholly cal-
careous Padstow turbidites display a sequence of structures not generally associ-
ated with terrigenous turbidites.

About 60 % of the limestone units have a perfectly planar sole, but some of
the thicker bands have irregular bases with scour marks (Fig.3). At Marble CIliff
common scour structures are channels, box-shaped or rounded in cross-section,
up to three metres wide and which cut down up to 30 cm, and may cut the under-
lying limestone band. Undersurfaces are poorly exposed but the channels can be
followed for 2-3 m. The channels are filled with coarse-grained sediment, which is
often horizontally laminated. Clearly no post-depositional deformation, such as
load casting has taken place. It is not always possible to tell whether the channels
(gouge-channels of KUENEN, 1957) are large groove or flute casts, but some are
certainly the latter. Longitudinal groove casts are seen at a few localities. They are
generally up to 10 cm wide and semi-circular in cross-section. All channels and
groove casts have a southwest-northeast trend (see Fig.6). Normal flute casts are
rare but tool marks (probably saltation marks) are occasionally seen.
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The most frequent internal structure is a horizontal or nearly horizontal
lamination. Limestones thicker than 30 e¢m invariably show a lower and an upper
laminated division (representing divisions B and D of the Bouma sequence), with
a central cross-laminated part (division C of Bouma) of similar thickness. This is
characteristic of limestone bands which grade from a maximum of coarse sand grade
(0.75 mm) to silt grade. The lamination is due to alternating coarse light coloured
and fine darker laminae, each about 2 mm thick. In a few bands, where the upper
horizontal lamination is absent, the top-most few centimetres may be reworked
into current ripple, with local contorted lamination. The grain-size distribution
was determined from thin-section for a 43 ¢m thick, well-laminated band from
Marble Chff using the sorting index of FoLk and WARD (1957). The sorting of the
coarse laminae (a¢ 0.58) is greater than that of the fine laminae (6¢p -~ 0.89).
Fine laminae contain higher percentages of silt grade carbonate. The central
cross-laminated division, up to 15 c¢m thick, is not obvious in hand specimen and
can only be seen by etching and staining using the techniques of HAMBLIN (1962).
The inclination of the lamination may reach 20, and is again due to alternating
coarse and fine bands. However, sorting into the two fractions is not as good as in
the horizontally laminated divisions and individual cross-laminae are up to 7 mm
thick. The grain size of this dune phase is of fine-sand grade (2.25-2.5¢)

Although most limestone bands do not show a separate graded division in
the lower part, there is a continuous decrease in grain size up through the bands.
Sorting decreases upwards from an average of a¢p - 0.70 at the base, to 6¢p - - 1.36
at the top. A 25-cm band at Big Guns Cove shows three graded units before passing
into horizontal lamination. This “multiple grading™ (Ksiazkiewicz, 1954) is
thought to represent deposition from an immature density current in which sorting
of grains had not yet been achieved (WALKER, 1965). In the few beds which do
show a separate basal coarse grained division, fragments of corals and stromato-
poroids. shells and reworked pieces of limestone up to several centimetres in
diameter occur, and at one locality (see below) blocks of coral up to 40 ¢cm across
are found.

Limestone bands showing thec complete Bouma turbidite sequence are un-
common at Trevone. However, at Rumps Point, one band does show an ABCD
sequence (Bouma, 1962). though there is a large grain size difference between the
graded division A and the horizontally laminated division B (Fig.4). At the top of
the graded division many grains of 1-2 mm diameter are present, in a coarse sand
grade matrix. The B division contains mainly carbonate of fine and medium sand
grade. Crude horizontal and cross laminations occur in the coarse grained band.
It seems possible that this very coarse lower part has been deposited from a
traction current (WALKER, 1965). Convolute bedding occurs at the top. with sharp
“anticlinal™ structures and axial planes at right angles to the bedding separated
by a broader trough region.

The pelitic division (E) is never present, probably due to the absence of mud
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Fig.4. Limestone band from Rumps Point (SW 932812) near Polzeath.

and clay in the source area of the carbonate. The top of each limestone is either a
distinct break or a gradational passage into shales within 10 mm. There is no
evidence to suggest that the sharp break is due to diagenetic migration of carbonate
accentuating the limestone/shale interface. The various features described in the
limestones suggest that they are medial-proximal turbidites, deposited by currents
still able to transport large blocks of material and to cut deep erosion channels.

COMPOSITION OF LIMESTONES

The limestones have been derived entirely from an area of carbonate sedi-
mentation (Fig.5). Terrigenous quartz makes up less than 19 of the total com-
position, and some is certainly authigenic (quartz is often seen filling the cavity
between ostracod valves). Crinoid fragments form the largest component of the
limestones (up to 789%), but some have been converted to micrite by diagenesis.
This masks the original crinoid content, which was probably a little higher, and
also the original micrite percentage. The skeletal carbonate is well packed and so
sparite cement is generally present only in subordinate amounts. However, it does
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Fig.5. Petrographic modal analysis of five limestone bands.

form a significant amount in very coarse bands (around 209]). Sparite is often
present as a syntaxial growth.

A coarse 40-cm limestone band exposed at Dinas Head contains some large
allochthonous blocks of the coral Phillipsastrea hennahi hennahi. These reach
45 - 40 » 10 cm, the average size being about 12 cm square by 5 cm. The blocks
are concentrated at the base of the band indicating that the corals were transported
by the turbidity current and did not float into place. WELLS (1967) suggested that
colonial rugose corals can be necroplotic and travel hundreds of miles before being
deposited in foreign sediments. Associated with Phillipsastrea are fragments of
Stromatopora concentrica up to 10 cm across, Favosites sp., and solitary corals.
Minor constituents are small ostracods and occasional pieces of calcareous algae.
Indeterminate fragments of thick shells are common, up to 3 cm long.

Insoluble residues (using 109 acetic acid) contain up to 609, pyrite which
is disseminated throughout the limestone bands. Pyrite (probably epigenetic) is
concentrated on the upper and lower surfaces of the turbidites. Pyritized centres
of goniatites less than 1 mm in diameter are found in the residue, along with
pyritized fragments of orthocones, gastropods, ostracods and styliolinids. Well
preserved conodonts are common. Much of the original calcite and dolomite has
been converted to ferroan carbonates, and most of the ferroan dolomite is re-
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stricted to the micritic matrix. Many of the crinoid fragments, particularly the
smaller ones, have been converted to ferroan calcite. Ferroan calcite also forms
the sparite cement and millimetre veins in the limestones.

PALAEOGEOGRAPHIC SIGNIFICANCE

The limestones are clearly the deposits of turbidity currents which brought
pulses of carbonate detritus into a deep-water basin. This basin was a bathyal
environment where argillaceous deposition prevailed. The carbonate came from a
sub-littoral environment supporting crinoids and a reef community. Phillipsastrea
indicates shallow seas. The crinoids probably lived on the slopes of the shallow
water area and the corals and stromatoporoids higher up where light was available.
Stick bryozoa and algae probably inhabited the fore-reef environment with the
crinoids.

Although only a few current directions were measurable at Trevone, owing
to the poor development of suitable sole marks and cross-bedding, the evidence
does clearly indicate a south-westerly provenance (Fig.6). Immediately to the
south older rocks are exposed, and although the stratigraphy of the Devonian of

Fig.6. Current data from limestone bands at Marble Cliff and Big Guns Cove. I. Meas-
urements from cross-bedding. 2. Measurements from gouge channels, groove casts and tool
marks.
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South Cornwall is still little understood (GOLDRING et al., 1968) there is no sug-
gestion of a nearby shore-line. The virtual absence of terrigenous material in the
limestones, the predominance of crinoids, and the near-proximal origin of the
turbidity currents, show that the turbidites must have come from a positive rise
or schwelle in the ocean. uninfluenced by terrigenous erosion. There is no evidence
that the swell rose above sea-level.

Schwellen are well-known in the Devonian of central Europe and are con-
sidered to be present in the Famennian of southwest England because of local
developments of schwelle-type sediments. The crinoidal turbidites indirectly
indicate their presence in the Middle Devonian of southwest England.

COMPARISONS

The limestone turbidites at Padstow show a number of atypical characters,
related to their peculiar composition. Admittedly, large erosional channels have
been recorded on the soles of sandstone sequences, but groove and flute casts, and
various tool marks, are more usual. Lamination due to coarse and fine bands
features the Padstow calcarenites. whereas in sandstone turbidites it is more often
due to small-scale bedding. The dune phase is apparently absent in sandstone
turbidites, but its presence here could be due to the different physical properties
of the grains. The pelitic interval (£ division of Bouma) is ab.ent from the Marble
Cliff Beds. but in other turbidites is usually present and can form up to 609 of the
bed. A distinct upper boundary is commonly found at Padstow; in normal tur-
bidite sequences there is a gradational passage into the background shale.

The Cornish limestone turbidites here described show many similarities
with the allodapische Kalk of MESCHNER (1964). Both derive from a reef en-
vironment. the Padstow turbidites being mainly crinoidal and the allodapic lime-
stones more varied faunistically. including pelagic forms. However. the German
calcareous turbidites, unlike those in the Marble Cliff Beds. often show a “*prephase™
unit of fine-grained marl below the coarsest part of the limestone. This is in fact
calcified background sediment. formed by diagenetic migration of carbonate
within the sediment.
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